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

Product Warranty

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

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

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

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

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

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

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

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

NOTE

In This Manual

This manual describes some sample application programs and setup files, which will be
helpful for creating your own applications using Agilent 4155B/4156B.

All programs and setup files described in this manual are stored on the Sample Application
Program Disk (DOS formatted, 3.5-inch diskette) that is furnished with your
4155B/4156B. All programs are written in the Instrument BASIC, and ready to run in the
4155B/4156B’s built-in Instrument BASIC environment.

This manual covers the following applications:

V-RAMP

J-RAMP

SWEAT

GO/NO-GO Test
HCI Degradation Test
Charge Pumping
Flash EEPROM Test
TDDB

Electromigration

These programs are only examples, so you may need to modify these programs and setup
files for your own application before executing. If these example programs damage your
devices, Agilent Technologies is NOT LIABLE for the damage.

You should copy all files in the Sample Application Program Disk to a diskette that you
will use as your working diskette, and keep the original diskette as backup.
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V-RAMP

Voltage-Ramped (V-Ramp) test is one of the Wafer Level Reliability (WLR) tests, which is
used to evaluate device reliability on a wafer. This test can provide quick evaluation data
for estimating the overall reliability of thin oxides, and this data can be used to improve the
thin oxide manufacturing process.

With the thickness of oxide shrinking along with device geometries, creating a reliable thin
oxide has become an important issue. The integrity of the thin oxide in a MOS device is a
dominant factor in determining the overall reliability of a micro-circuit. The V-Ramp test
can promptly give useful feedback to the manufacturing process about oxide reliability.

This operation manual covers a sample V-Ramp program running on Agilent 4155/4156,
and how to use and customize the program. The program is written in the Instrument
BASIC (IBASIC), and is ready to run on the built-in IBASIC controller of the 4155/4156.

“Theory of V-Ramp Test Procedure” describes basic theory, procedure, and terminology of
the V-Ramp test.

“Basic Operation” describes the V-Ramp sample program. Included are V-Ramp
methodology using the 4155/4156, how to execute the sample program, and program
overview.

“Customization” describes how to customize the sample program. This is very helpful
because you probably need to modify the sample program to suit your test device.

“Measurement Setups” shows the 4155/4156 page settings that are stored in the setup files.

1-2
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Figure 1-1

V-RAMP
Theory of V-Ramp Test Procedure

Theory of V-Ramp Test Procedure

This section describes the Voltage-Ramped (V-Ramp) Test procedure. Included are basic
theory, procedure, and terminology of V-Ramp test. The V-Ramp test procedure is based on
JEDEC standard No.35.

V-Ramp Test Overview

V-Ramp test measures the breakdown voltage (Vbd) and breakdown charge (Qbd) of thin
oxide capacitors, which you designed as test structures on the wafer. These results are used
to evaluate the oxide integrity. The higher the V’hd and Obd measured by this test, the better
the integrity of the oxide on wafer.

You extract these two parameters from a large amount of test structures and extracted
parameters are used for standard process control to quickly evaluate oxide integrity.

In the V-Ramp test, an increasing voltage is forced to the oxide capacitor until the oxide
layer is broken. Breakdown voltage (Vbd) is defined as the voltage at which breakdown
occurs. And breakdown charge (Qbd) is the total charge forced through the oxide until the
breakdown occurs.

Figure 1-1 shows a simplified flowchart of V-Ramp test.

Simplified Flow Diagram of V-Ramp Test

Initialization

Initial Test

Ramp Stress Test

Post Stress Test

Failure Classification

Data Recording

VRMP2-01
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V-RAMP

Theory of V-Ramp Test Procedure

The V-Ramp test consists of three tests: initial test, ramp stress test, and post stress test.

In the initial test, normal operating voltage is applied to the oxide capacitor, then leakage
current through the capacitor is measured to check for initial failure.

In the ramp stress test, linear ramped voltage is applied to the capacitor, and the current is
measured.

The post stress test is for confirming that failure occurred during the ramp stress test. The
normal operating voltage is applied to the oxide capacitor again, and leakage current is
measured under the same conditions as the initial test.

After the tests, the test results must be analyzed and saved (data recording).

Before performing the V-Ramp test, test conditions must satisfy the following:

* Gate bias polarity is in accumulated direction. That is, negative (minus) voltage is
applied to gate conductor for P-type bulk, and positive (plus) voltage is applied for
N-type bulk.

+ Diffusions and wells (if any) must be connected to substrate.

* Temperature is in 25 + 5 °C range.

Initial Test

Initial test is to confirm that the oxide capacitor is initially good. If leakage current of that
capacitor exceeds 1 LA, it is categorized as initial failure.

For example, when you test a TTL-level oxide capacitor, constant voltage of -5 V is
applied to that capacitor, and leakage current is measured. If the leakage current is more
than 1 pA, that capacitor is an initial failure.

Post Stress Test

The post stress test checks the oxide status after the ramp stress test. If the oxide is broken,
proper ramp stress was applied to the oxide capacitor. If not, maybe the ramp stress was not
applied correctly.

To check the oxide status, the normal operating voltage is applied to the oxide capacitor
(same as initial test), then leakage current is measured. The leakage current (Ijo,) value
indicates the following:

o If L > 1 pA:
The oxide was broken by the applied ramped voltage.
o If g <1 pA:
The oxide was not broken by the applied ramped voltage.

If the applied ramped voltage reached the maximum electric field, the testing was
probably faulty: for example, the ramped voltage was not applied to the oxide due to an
open circuit.

For example, if you test a TTL level oxide capacitor, constant voltage of —5 V is applied to
that capacitor, then leakage current is measured. If the leakage current is more than 1 pA,
the capacitor was properly broken.

1-4
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Figure 1-2

V-RAMP
Theory of V-Ramp Test Procedure

Ramp Stress Test

A linear ramped voltage or a linear stepped voltage, which is approximately ramped
voltage, is applied to the oxide capacitor. While the ramped voltage is forced, the current
through the oxide is measured.

The ramped voltage is stopped when one of the following conditions occurs:

» Current through the oxide exceeds ten times the expected current. The expected current
is calculated from the applied voltage and structure of oxide capacitor. For example, the
expected current density J for a 200 angstrom oxide capacitor is calculated from the
equation for Fowler-Nordheim current as follows:

J =4 ~E2exp(—@

Where, 4 and B are constants in terms of effective mass and barrier height.E is electric
field.

» Current through the oxide exceeds the current compliance determined by the current
density compliance limit of 20 Alem?.

* Electric field generated by the applied voltage exceeds 15 MV/cm. This typically
indicates faulty testing.

Figure 1-2 shows the concept of V'bd and Qbd. In the graph, left vertical axis shows current
through the oxide, right vertical axis shows voltage applied to the oxide capacitor, and
horizontal axis shows time.

When the current through the oxide reaches 10 times the expected current, the ramped
voltage is stopped, and the applied voltage at this point is the breakdown voltage (Vbd).
Breakdown charge (Qbd) is calculated by integrating the current through the oxide:

Tbd
Obd = j Imeas(t)dt

Tstart
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V-RAMP
Theory of V-Ramp Test Procedure

Figure 1-3 shows the two ways to apply the voltage: linear ramped voltage or linear
stepped voltage.

Note that the applied ramped voltage must satisfy the following conditions:
* Ramp rate is in range from 0.1 MV/cm-s to 1.0 MV/cm:s.

+ Current measurement interval is 0.1 s or less.

* Ramped voltage starts at normal operating voltage or lower.

+ Ramped voltage stops if electric field reaches 15 MV/cm.

If you use the linear stepped voltage, the following conditions must be satisfied also:

* Step value of ramped voltage is 0.1 MV/cm or less.

+ Current measurement must be performed at least once for every step.

Figure 1-3 Linear Ramped and Linear Stepped Voltage
Stop| - 7 Stop| ------oe e
/
) / o
O (o]
s S
o . o
> / > Step Value
o ° T < 0.1 (MV/cm)
o 8 t
a ﬂLe a
o o
< Interval < 0.1 (s) <
Interval < 0.1 (s)
Start|--- 7 T— Start|---
Current Measurement
\ Current Measurement
Time Time
(a) Linear Ramped Voltage (b) Linear Stepped Voltage
VRMP2-02
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V-RAMP

Theory of V-Ramp Test Procedure

Failure Categorization and Data Recording

According to the measurement results, the oxide status is categorized as follows and

recorded:

Initial Failure:

Catastrophic Failure:

Masked Catastrophic Failure:

Non-catastrophic Failure:

Other

Failed the initial test. Indicates initially defective oxide
capacitor. Other tests should not be performed.

Failed ramped and post stress tests. Indicates that oxide
capacitor was properly broken by the ramped stress test.

Did not fail ramped stress test, but failed post stress test.

Failed ramped stress test, but not post stress test.

Did not fail ramped stress test or post stress test.

The failure category is recorded for each test device. If the catastrophic failure is observed,
breakdown voltage (V'bd) and breakdown charge density (g, = Qbd/Area) are also

recorded.

Table 1-1 shows the oxide failure categories.

Table 1-1 Oxide Failure Categories

Failure Category Initial Test RamTPesS:ress Post Stress Test
Initial Fail n.a. n.a.
Catastrophic 2 Pass Fail Fail
Masked Catastrophic Pass Pass Fail
Non-catastrophic Pass Fail Pass
Other Pass Pass Pass

a. Vbd and g, are also recorded.

Agilent 4155B/4156B Sample Application Programs Guide Book, Edition 3
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V-RAMP
Basic Operation

Basic Operation

This section covers the following for using an 4155/4156 to perform V-Ramp Test:
required equipment, required files, methodology, how to execute the sample program, and
sample program overview.

Methodology

The entire V-Ramp Test procedure can be performed by executing the VRAMP sample
program on the built-in IBASIC controller of the 4155/4156.

As explained in “Theory of V-Ramp Test Procedure”, the V-Ramp test consists of three
measurement parts and an analysis part. Each measurement part executes three steps as
follows:

1. Loads the measurement setup file into the 4155/4156 execution environment.
2. Changes some of the measurement or analysis parameters on the setup pages.
3. Executes the measurement.

The VRAMP program executes the above three steps for each test: initial test, ramp stress
test, and post stress test. Using the measurement setups (step 1 above) loaded from a file
reduces the length and complexity of the program. For details, see Programmer's Guide.

Measurement setups, which are loaded into the 4155/4156 execution environment, were
previously developed and saved to measurement setup files on the diskette. You can easily
modify the measurement setup information in fill-in-the-blank manner in the 4155/4156
execution environment. The VRAMP sample program is also saved to the diskette. You
can easily modify the sample program by using the editor in the built-in IBASIC
environment.

The VRAMP sample program assumes that the built-in IBASIC controller of the
4155/4156 is used, but you can also use another controller, such as HP BASIC running on
an external computer. To do so, you must modify the sample program for your
environment. See “Customization” on how to modify the program to run on an external
controller.

Initial Test

The initial test makes sure the oxide capacitor is initially good by applying the normal
operating voltage (Vuse), then measuring the leakage current (I, ) through the oxide. If
[iea €Xceeds 1 LA, the oxide capacitor is categorized as "initial failure".

The sample program assumes that SMU1 and SMU4 are connected to the oxide capacitor
as shown in Figure 1-4.

1-8
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V-RAMP
Basic Operation

For the initial test, the sample program does as follows:

1. Sets up the 4155/4156 according to the VRSPOT.MES setup file, which the sample
program previously loaded from the diskette into internal memory MEMI1.

2. Sets up SMUI to constant voltage Vuse for PMOS device, or —~Vuse for NMOS
device. Vuse value is specified previously in the sample program, and reset on the
MEASURE: SAMPLING SETUP page by OUTPUT statement (line 2550 of the
sample program).

3. Forces voltage from SMU1, then measures current after the HOLD TIME, which was
setup by VRSPOT.MES setup file described next.

4. Checks if current through the oxide ITg exceeds 1 pA. If so, the sample program aborts
further testing.

The following are main points about the setup by the VRSPOT.MES setup file:
*  On CHANNELS: CHANNEL DEFINITION page (see Figure 1-13)
+ MEASUREMENT MODE is set to SAMPLING.

+  SMUI and SMU4 are set to be constant voltage sources.
+ Igisdefined as name of current measured by SMUI.
*+  On MEASURE: SAMPLING SETUP page (see Figure 1-5)
* NO. OF SAMPLES is set to 1 to execute the measurement once.
+ HOLD TIME is set to 2.00 s to allow the output voltage to stabilize.
+  SMUA4 is set to force a constant 0 V.

+ STOP CONDITION is enabled, NAME is set to Ig, THRESHOLD is set to 1 pA,
and EVENT is setto Val > Th.

So, the measurement will stop if the current through the oxide (Ig) exceeds 1 pA.
If so, the sample program will abort further testing.

Figure 1-4 Simplified Measurement Circuit and Output Voltage of Initial Test

SMU1

Oxide Capacitor

SMU4

Measurement
Hold Time /
— Jov = -
E—

Vuse

v oV

Output Voltage from SMU1

VYRMP3-01
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V-RAMP
Basic Operation

Figure 1-5 MEASURE: SAMPLING SETUP Page for Initial Test

MEASLRE : SAMPLING SETUP 94JANOL O1:30PM

Voltage Ramp Initial/Post Spot Measurement LINEAR

Stop condition is enabled

*SAMPLING PARAMETER *STOP_CONDITION —]

MODE LIEART 7] [ENABLE/DISABLE [ENABLE = | [ o510

INITIAL INTERVAL| 1.00000 s| |ENABLE DELAY | 0.0000000 s | — variable Name

NO. OF SAMPLES —— [\ o sapies |1 NAME Ig -
TOTAL SAMP. TIME|AUTO THRESHOLD 1.0000000UA 1 u
ozs 1 | Threshold Value
EVENT Val > Th
HOLD TIME @ [HOLD TIME [[2.0000 s | |EVENT NO. 1

[FILTER [on | L0650

*CONSTANT THINED)

UNIT SMUL:FR  |[SMU4:FR [VSUL VsUz

NAVE \Z] Vsub vauL vsuz

out
MODE i v v v
SOURCE 5.000 V 0.0000 V| 0.0000 V| 0.0000 V
COMPLIANCE | 10.00uA 100. 00UA |- ———————— | —————————

LINEAR

Select Sampling Mode with softkey or rotary knob.

S LG MEASLRE| [OUTPUT PREV NEXT
SETUP  ||SEa PAGE PAGE

YRMP3-04

Ramp Stress Test

After the initial test, the sample program executes the ramp stress test. Linear stepped
voltage is applied to the oxide.

The measurement setup for the ramp stress test is stored in the VRSWEP.MES setup file on
the diskette. At the beginning of the sample program, this setup is loaded into internal
memory (MEM2). Then, at the beginning of the ramp stress test, the sample program loads
this setup into the 4155/4156.

To force proper stepped voltage, the sample program and VRSWEP.MES set the following:

+  SMU channel definition (see Figure 1-6):

SMU4 is set to force a constant 0 V, and SMUT is set to voltage sweep mode.
+ Constant step interval time (see Figure 1-8):

Step interval time of output sweep voltage must be constant.
*  Measurement stop mode:

If the current through the oxide reaches the specified compliance, the voltage sweep
and measurement stops.

* Auto-analysis and user functions:

After the measurement, the 4155/4156 executes analysis automatically to search for
Vbd, and to calculate Qbd.
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SMU Channel Definition.

The sample program assumes the connection between the SMUs and the oxide capacitor as
shown in Figure 1-6. SMU4 is set to force a constant 0 V, and SMUT is set to voltage
sweep mode by the VRSWEP.MES setup as shown in Figure 1-7.

Figure 1-6

Simplified Measurement Circuit of Ramp Stress Test

V-RAMP
Basic Operation

VRMP3-02

Figure 1-7

SMU1

Single linear sweep

SMU4

0 V output

Oxide Capacitor

CHANNELS: CHANNEL DEFINITION Page for Ramp Stress Test

SMU1 and SMU4 are
connected to the
oxide capacitor.

VRMP3-06

CHANNELS: CHANNEL DEFINITION 94JANO1 01:30PM
Yoltage Ramp Sweep Measurement SWERP -*
*MEASUREMENT MODE
SWRER" °
SAM- .
PLING SMU1 is sweep
*CHANNELS T
MEASURE STBY SERIES L source VAR
UNIT [VNAME [INAME | MODE FCTN || ANCE BEEQB;E
SMUL:HR | Vg Ig v VARL - © ohm
7l smuz: HR SEIP_| | SMU4 is constant
SMU3: HR | W W
™™ SMU4: HR |Vsub Isub v CONST -— | source.
Vsui vsul o |- v CONST VEVME M
vsuz |vsuz — v CONST Voltage
VMUL VMUL L - Ramp S
VM2 VYMU2 - | -
PGUL - MEM3 M
PoU2 - FET
ooU | |emeee - VGS-1DS
MEM4 M
DIODE
VF-1F
SWEEP
Select Measurement Mode with softkey or rotary knob.
GHANNEL | [USER USER NEXT
[OFF.+" .-} [FCTN VAR PAGE

Agilent 4155B/4156B Sample Application Programs Guide Book, Edition 3
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V-RAMP
Basic Operation

NOTE

Figure 1-8

Constant step interval time.

To keep a constant step interval time for the voltage sweep and measurement, triggering
and measurement ranging techniques are used. VRSWEP.MES sets the measurement
ranging mode to FIXED, so the time between measurements does not vary due to range
changing.

VRSWEP.MES enables the TRIG OUT function, and the sample program calculates and
sets values so that the step interval time becomes constant as shown in Figure 1-8. The step
interval time (Step_time) is the delay time (Step delay t) plus step delay time
(Step_keep_t). Strictly speaking, the sample program calculates these as follows:
Step time=Vstep/(Ramp rate*Tox)-1.2ms+0.1lms

Step delay t=Step time/2
Step keep t=Step time-Step delay t

Where,

* 1.2 ms is overhead time associated with the delay time for voltage sweep measurement,
when the WAIT TIME field is set to 0 (zero). So, do not set another value in this field.

¢ 0.1 ms is overhead time associated with the TRIG OUT function.

* Ramprate (Ramp_rate), oxide thickness (Tox), and step voltage (Vstep) are
specified in lines 1800 to 1840 of the sample program.

The start voltage (Vstart), stop voltage (Vstop), and step voltage (Vstep) are
specified in sample program in lines 1830 to 1850. For NMOS devices, the ramp stress test
subprogram actually sets the opposite polarity for these values by using the Tp variable.

Measurement stop mode.

The JEDEC standard says that the ramp stress test should abort when the current through
the oxide reaches 10 times the expected current (Iexpect). But this sample program
aborts when the current reaches current compliance (Igcomp). The Texpect and
TIgcomp values are specified in lines 1860 and 1870 of the sample program, and must
meet the following condition: Tgcomp > Texpect x 10.

VRSWEP.MES file sets the sweep stop condition to SWEEP STOP AT COMPLIANCE as
shown in the Figure 1-10.

Output Sweep Voltage for Ramp Stress Test

Output Wave

Trigger Output

VRMP3-03

Measurement Step Interval Time
— —_———

¢ Step Voltage

Delay Time

Step Delay Time
Trigger: Enable, Output Mode

1-12
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Figure 1-9

V-RAMP

Basic Operation

MEASURE: MEASURE SETUP and OUTPUT SEQUENCE Pages for Ramp Stress

Test

Ranging mode is FIXED.
Trigger setup is ENABLE.
MEASURE : MEASURE SETUP 94JANOL 01:30PM
Voltage Ranp Sweep Measurement i
HAMEASUREMENT RANGE Trigger Out Mode
UNIT _ [NAME RAPIGE ZERO CANCEL [OFF
SMUL:HR |Tg T3&D.- ] 100UA OFF [ 10pA]
SMU4:HR[Isub  |FIXED |100uA OFF [ 10pA]
VMUL YMUL - AUTO - OFF ENCE 94UANRL 01:30PM
yMUz  [vMuz  |AUTO |- OFF casurement
#TRIGGER SETUP
MODE ENABLE /DISABLE [ENABLE
FUNCTION TRIG OUT
*:01d data 1s used.) STEP DELAY 500.0ns
WAIT TIME is O. *INTEG TIME v POLARITY POSITIVE
TIME __|NPLC v R
SHORT | 640us |0.032 M :
MED ®| 20.0ms |1 v
LoNG | 320.ms]| 16
HWAIT TIME
[0 |*(DEFAULT WAIT TIME)
e |:|
Select Range Mode with softkey or rotary knob.
SWEER - MEASLRE| [oUTPUT PREV NEXT
SETUF . SETUP||SEQ PAGE | |PAGE
. MUZ HR
MEASURE: MEASURE SETUP Page .t oucput sequence with softkey or rotary knob.
SWEEP MEASURE | [oUTAUT.” PREV | [NEXT
SETUP SETUP | [gEh,»" PAGE || PAGE
MEASURE: OUTPUT SEQUENCE Page
VRMP3-05
Figure 1-10 MEASURE: SWEEP SETUP Page for Ramp Stress Test
Sweep aborts at COMPLIANCE.
MEASURE : SWEEP SETUP OQ4JANOL 01:30PM
Voltage Ramp Sweep Measurement
#VARIABLE  [VARL VARZ2
UNIT SMUL:HR
NAME Vge
SWEEP MODE |51
LIN/LOG
START
STOP
STEP 200.0mv
NO OF STEP|176
COMPLIANCE | 100.00uA
POWER _COMP | OFF
*SWEEP |STOP AT COMPLIANCE | Status |:|
H#CONSTANT
UNIT SMU4:HR  [VSUL VSU2
NAME Vsub VSUL VSU2
MODE v v v
SOURCE 0.0000 V| 0.0000 V| 0.0000 V|-—-—-—---
COMPLIANCE | 100.00uA
SINGLE
Select Sweep Mode with softkey or rotary knob.
SWEE] PGU MEASURE| [oUTPUT PREV NEXT
SETUP | [SETUP  ||SEQ PAGE PAGE
YRMP3-0g
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V-RAMP
Basic Operation

Auto-analysis and user functions.

The sample program does the following:

1. Sets up the maximum and minimum values for graph axes: X, Y1, and Y2. Lines 2940
to 2980.

Performs the measurement. Line 3020.
Moves marker to maximum Ig, and saves value to ITgmax. Lines 3100 to 3170.

Moves marker to position where Tg = Texpect*10. Line 3200.

AN

If compliance was reached or if ITgmax > Texpect*10, the sample program reads
the value of Vibd and Qbd at present marker position. Lines 3250 to 3320. Where Vdb
and Qbd are specified as described below.

The VRSWEP.MES setup file defines user functions on the CHANNELS: USER
FUNCTION DEFINITION page (see Figure 1-20) as follows:

Table 1-2 User Functions for Ramp Stress Test
Name Units Definition
Time (sec) @INDEX * 12
Vbd %) @MY?2
Qbd Q INTEG(Ig,Time)

a. This is a temporary value. Value of Time is redefined by line 2810 of the
sample program.

The above user function calculates Qbd as follows:

Tbd N
Qbd = J. Imeas(t)dt = %Z (Imeas;+ Imeas;_) x (T;=T,_,)
Tstart i=2

Where, N is step number when the breakdown occurs.
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V-RAMP
Basic Operation

Post Stress Test
Post stress test checks the oxide status after the ramp stress test.

The methodology of the post stress test is the same as for initial test. The normal operating
voltage (Vuse) is applied to the oxide, then the leakage current (Ije,) is measured.

For the measurement circuit, connections, and measurement setups, see “Initial Test”.

Failure Categorization

Table 1-3 shows the oxide failure categories that are determined by the sample program.
The failure category is displayed for each device, and Vbd, Qbd, and gbd are also

displayed.
The measured data and measurement settings are saved in a file.
Table 1-3 Oxide Failure Categories
Category Initial Test Ramp Stress Test Pos}j::ess
Initial Iheas> 1 LA | na. n.a.
Catastrophic Ineas ST HA | Lipeas = expect X 10, or Ineas > 1 LA
I compliance reached.
Masked Catastrophic Imeas S THA | Ieas < lexpect % 10, and Ineas > 1 LA
I compliance not reached.
Non-catastrophic Ineas ST HA | Iipeas = expect X 10, or Ineas <1 LA
I compliance reached.
Other Imeas S THA | Ieas < lexpect % 10, and Ineas < 1 LA
I compliance not reached.
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V-RAMP
Basic Operation

Required Equipment

The following equipment is required to use the V-Ramp sample program:

Agilent 4155 or Agilent 4156 Semiconductor Parameter Analyzer
Two triaxial cables

Probe station

This operation manual

Diskette that contains sample program file and two setup files

Files on the Diskette

The following files are stored in the sample diskette:

VRAMP V-Ramp sample program. This is an IBASIC program file saved in

ASCII format.

VRSPOT.MES  Measurement setup file for initial and post stress test.

VRSWEP.MES  Measurement setup file for ramp stress test.

1-16
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V-RAMP
Basic Operation

Executing the VRAMP Program

Before executing the program, you may need to customize the program to suit your test
device. See “Customization”.

To execute the sample program, use the following procedure:

1. Connect your 4155/4156 to your test device. See Figure 1-4.
2. Turn on your 4155/4156.

3. Insert the diskette containing the VRAMP program into the built-in 3.5 inch flexible
disk drive.

4. Press Display key in the IBASIC area of the front panel until All IBASIC screen is
displayed.

5. Load the VRAMP program. Type: GET "VRAMP" and press Enter key.
6. Press RUN key in the IBASIC area of the front panel to start the program.
Measurement results similar to Figure 1-11 will be displayed on the GRAPHICS page of

the 4155/4156.
Figure 1-11 An Example of Measurement Results
GRAPH/ LI ST: GRAPHI CS SHORT 940CT23 10: 53AM
Vol tage Ramp Sweep Measur ement Vsub
0.00 V
MARKER( 28.1250000 sec -50.0048mA -27.450 V ) 100. mA
Vbd -27.450000000 V L
(A) Qb d 13.059987500mQ (V) ——
vVSsSu1
-1.00 -40.0 0.00 V
T VSsu2
g | Vg 0.00 V
dec eff{ NS e e e
I div I div
1.00p 5.00
0.00 Ti me (sec) 5.00 I div 43 . "
STATUS: 00 80 00 ( 8 - - - - - - - - ) B
AXI S MARKER/ LI NE SCALI NG DI SPLAY||SWEEP TI MI NG CONST
Y1 CURSOR SETUP SETUP SETUP SETUP

Note that this example is obtained when the maximum electric field is set to 50 MV/cm.
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V-RAMP
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Flowchart of Sample VRAMP Program

Figure 1-12 shows flowchart of sample VRAMP program and corresponding subprogram
names.

Figure 1-12 Flowchart of Sample VRAMP Program

START )

Initialization
/
— T
Setting Parameters
and Checking them

Loading Meas. Setups
into Internal Memory

Executing Initial Test | _________ Init_fin_test("Init" Result_init$)

Yes ( sTOP Judge(Result_init$,Result_su$, Result fin$)

Subprogram Name in VRAMP

fffffffff Test_setting

,,,,,,,,, Get_file

Initial Failure ?

Executing Ramped
Stress Test

777777777 Sweep_test(Result_su$, Vbd,Qbd)

Executing Post
Stress Test

\
Categorizing Failure | Judge(Result_init$ Result su$ Result fin$)

Saving Meas. Results | - - - - - - - — — Save data

777777777 Init_fin_test("Fin",Result_init$)

VRMP3-10
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The following provides a brief description for each subprogram.

Test setting Specifies and checks the parameter values. These are values that the
program will set directly instead of some of the setup file values.

Get file Loads measurement setup files from the diskette into internal memory:
spot measurement setup into MEM1, and sweep measurement setup
into MEM2. Having the measurement setups in internal memory
reduces the measurement time.

Init fin test Executes the spot measurement for initial test or for post stress test.
First parameter specifies the test: Init is for initial test, and Fin is
for post stress test. The measurement results are returned to the second
parameter.

Judge Categorizes failure according to measurement results of initial, ramped
stress, and post stress tests. If the failure is initial failure, this
subprogram aborts the program.

Sweep_test Executes sweep measurement for ramped stress test, then returns the
result flag, Vbd, and Qbd to the three parameters. The measurement
result data is temporarily stored in internal memory (MEM3).

Save data Saves measurement result data (that is in MEM3) to a file on the
diskette.
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V-RAMP
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Customization

This section describes how to customize the sample program to suit your test device.

Using an External Computer

This sample program (VRAMP) is assumed to run on the Instrument BASIC that is built
into the 4155/4156. The 4155/4156 is used as both the measurement instrument and the
controller running IBASIC, so VRAMP sets device selector 800. On the following three
lines, the 4155/4156 is assigned and interrupt from it is enabled as follows:

1470 ASSIGN @Hp4155 TO 800

1540 ON INTR 8 CALL Err check

1550 ENABLE INTR 8;2

If you use an external controller (that can run HP BASIC environment) to control the
4155/4156, you need to modify a few lines of the sample program. For example, if you use
HP BASIC/WS on an HP 9000 Series 300 computer, you only need to modify lines the
above three lines as follows:

Select Code: 7
P BASK / 4155/4156

(=] Srooose - B8 BRREE
HERE
oc BE55R

——

/ \ GPIB Address: 17

HP 9000 Series 300 | . . . . .
Computer 1470 ASSIGN @Hp4155 TO 717
1540 ON INTR 7 Call Err_check

1550 ENABLE INTR 7;2
-

0000000
o
[m]
o
o
o
o]

—

VRMP4-01

In this case, the 4155/4156 has GPIB address 17 and is not used as the system controller,
and is connected to the built-in GPIB of the HP 9000 series 300 controller with an GPIB
cable. Use the following procedure to set the GPIB address and system mode:

1. Turn on your 4155/4156.

2. Press System key.

3. Select MISCELLANEOUS softkey.
4

Move the field pointer to the "415x is " field, then select the NOT CONTROLLER
softkey.

5. Move the field pointer to the "415x" field in the GPIB ADDRESS area, then enter: 17.

1-20
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System Mode—|

GPIB Address

V-RAMP
Customization

SYSTEM MI SCELLANEOUS 99DEC10 04:42PM

CON-
TROLLER

*4156B is *POWER LI NE FREQUENCY

NOT SYSTEM CONTROLLERH 50 Hz
NOT
CON-

GPI B ADDRESS 4156B NETWORK SETUP TROLLER

41568
HARD COPY 1

HOST NAME
| P ADDRESS

0.0.0.0

USER I D 200
*REMOTE CONTROL

4155/4156

GROUP 1 D 100

COMMAND SET

*NETWORK PRINTER SETUP

PRI NTER

| P ADDRESS 0.0.0.0
TEXT OUT - h
GRAPH OUT -h -1
SERVER TYPE

*CLOCK

1999 |12 |10 16|42

*SYSTEM SETUP
BEEP
SCREEN SAVE

*NETWORK DRI VE SETUP

ON
30

LABEL

mi n | P ADDRESS 0.0.0.0

LP TI MEOUT 300 sec DI RECTORY !

NOT SYSTEM CONTROLLER

Select System Control Mode with softkey or rotary knob
FI LER MI SCEL - CONFI G CALI B/ PRI NT COL OR
LANEOUS DI AG SETUP SETUP

Specifying Setup File to Load

Two setup files are used to set up the 4155/4156 for the V-Ramp test: one is used for initial
and post stress tests, and the other is for ramp stress test.

Filenames of these setups are defined on the following lines:

1730 Init file$="VRSPOT.MES"
1740 Sweep file$="VRSWEP.MES"

!Spot Measurement Setup File Name
!Sweep Measurement Setup File Name

If you want to use other setup files, store the setup files on the diskette, then modify the
filenames on the lines above.

File for Saving Measurement Results

The following lines specify the filename for the measurement results file. The filename
starts with "D", then HHMMS, then ends with ". DAT". Where HH is hour, MM is minute,
and S is second (tens digit only).

1750 Save_file$=TIMES (TIMEDATE)
results

1760 Save file$="D"&Save fileS$[1l,2]&Save file$[4,5]&Save file$[7,7]&".D
AT"

!File Name for saving measurement

The following line commands the 4155/4156 to create the specified file on the diskette,

then stores the result data in the file.
3860 OUTPUT @Hp4155;":MMEM:STOR:TRAC DEF, '"s&Save file$&"', 'DISK'"

For example, "D09344 . DAT" file that contains measurement data is created on the
diskette. This filename means the "data file created at 9:34 4x seconds."

To change to your desired filename, you only need to edit line 1760.

Agilent 4155B/4156B Sample Application Programs Guide Book, Edition 3
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Setting up Input Parameters

Input parameter values are specified on the following lines. These are values that the
sample program will set directly instead of using some of the setup file values. You can
easily modify the values by editing these program lines.

1780 TypeS$S="NMOS"

1790 Vuse=5

1800 Ramp rate=.5*1.E+6
1810 Tox=160*1.E-8

1820 Area=.001

1830 Vstart=5

1840 Vstop=24

1850 Vstep=.05

1860 Iexpect=.003

1870 Igcomp=.05

Type NMOS -- Pbulk, PMOS -- Nbulk
Vuse
Ramp rate (MV/cm*s)

Oxide Thickness (cm)

Gate Area (cm"2)

Start voltage (V)

Stop voltage (V)

Step voltage (V)

Expected breakdown current (A)
Ig compliance (A)

(V)

Parameter Default Description
Types$ NMOS @ Bulk type: NMOS is for P bulk and PMOS is for
N bulk
Vuse 5(V) Normal operating voltage for the device

Ramp rate

5.0x10° (MV/cm-s)

Ramp rate of stepped voltage

Tox 1.60x1076 (cm) Thickness of oxide

Area 0.001 (cm?) Area of target oxide

Vstart 5(V) Start voltage

Vstop 24 (V) Stop voltage

Vstep 50 (mV) Step voltage

Texpect 3 (mA) Expected current through the oxide
Igcomp 50 (mA) Current compliance through the oxide

a. If type is NMOS, opposite polarity values for the voltages are actually used
later in the program by using the tp parameter, which is set to —1 in line 1880.
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V-RAMP
Customization

Searching for 10 x Iexpect

In the VRAMP program, Texpect is set to 0.003 A in line 1860 of the program.
However, this is a very simple method and might not give accurate results.

lexpect is the expected current through the oxide, and is a function of the electric field E.
So, the actual lexpect depends on the applied voltage.

To get more accurate results, you can plot a graph of Jexpect versus Vg by using the
Fowler-Nordheim equation:

J=4- Ezexp(—@

Where: 4 and B are constants in terms of effective mass and barrier height. E is electric
field.

The oxide capacitor of MOS can be considered to be a parallel plate capacitance, so the
oxide thickness (7ox) and its area (4rea) results in the
following:

2 . . .
Texpect = Area-J = Area- A-(-Lo) expl BL08) - Aread 2 o ((BeTox) 2 oo (D)
Tox V Tox2 14 v

Where: V' is applied voltage.

To draw the curve for the above equation, you can use a user function. For example, when
=100 and f=-415, you set the following user function on the CHANNELS: USER
FUNCTION page:

NAME UNIT DESCRIPTION

Texp A 100*Vg"2*EXP (-415/Vg)

So, after the measurement finishes, you set up Vg for the X-Axis, Ig for the Y1 axis, and
Texp for the Y2 axis on the DISPLAY: DISPLAY SETUP page.

Also, set up analysis so that the marker will move automatically to the point on the curve
where 1g is equal to 10*Iexp. In the DISPLAY: ANALYSIS SETUP page, you would
set as follows:

*MARKER: At a point where

[Ig ] = [10*Iexp ]

[ ]
This method allows you to find more accurately the Vibd, which it the value of Vg where
Igisequalto 10*Texp.
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Measurement Setups

Measurement Setups

This section covers the measurement setups that are stored in the VRSPOT.MES and
VRSWEP.MES files.

Setups for Initial and Post Stress Tests

The measurement setups stored in VRSPOT.MES are used for the initial and post stress
tests. The setups of each page are shown in Figure 1-13 to Figure 1-18.

Setups for Ramped Stress Test

The measurement setups that are stored in VRSWEP.MES are used for the ramped stress
test. The setups of each page are shown in Figure 1-19 to Figure 1-25.

Figure 1-13 CHANNELS: CHANNEL DEFINITION Page for Initial/Post Stress
CHANNELS: CHANNEL DEFI NI TI ON 95FEB02 08:17AM
Vol tage Ramp Initial/Post Spot Measurement SWEEP
*MEASUREMENT MODE
SAMPLI NG SAM-
PLI NG
* CHANNEL S
MEASURE STBY]| [ SERI ES
UNI'T VNAME I NAME MODE [FCTN RESI STANCE DEFAULT
SMU1: HR | Vg g v CONST 0 ohm MEASURE
SMU2: HR 0 ohm SETUP
SMU3: HR VEMT ™
SMU4: HR |Vsub I'sub Y CONST B Tr
vsut. e VCE-1C
vsuz | |a--o---
VMU1T | e | e - MEM2 M
vMU2 | e e e - FET
VDS- 1 D
MEM3 M
FET
VGS- 1D
MEM4 M
DI ODE
SAMPLI NG VF-1F
Sel ect Measurement Mode with softkey or rotary knob.
CHANNEL| |[USER USER NEXT
DEF FCTN VAR PAGE
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Figure 1-14 MEASURE: SAMPLING SETUP Page for Initial/Post Stress
MEASURE: SAMPLI NG SETUP 95FEB02 08:19AM
Vol tage Ramp Initial/Post Spot Measurement LI NEAR
*SAMPLI NG PARAMETER *STOP CONDI Tl ON LOG10
MODE LI NEAR ENABLE/ DI SABLE|ENABLE
INI TIAL I NTERVAL| 1.00000 s ENABLE DELAY 0.0000000 s
NO. OF SAMPLES 1 NAME g —
TOTAL SAMP. TI ME|AUTO THRESHOLD 1.0000000uA| |LOG25
EVENT Val > Th
‘HOLD TI ME \ 2.0000 s \ EVENT NO. 1
LOG50
‘FILTER \ON
* CONSTANT THI NNED
UNI'T SMU1: HR SMU4: HR ouT
NAME Vg Vsub
MODE Y Y
SOURCE 5.000 V 0.0000 V|---mommmo oo
COMPLI ANCE| 10.00uA 100. O0UA| - === |
L1 NEAR
Select Sampling Mode with softkey or rotary knob.
SAMPLNG MEASURE||OUTPUT PREV NEXT
SETUP SETUP SEQ PAGE PAGE
Figure 1-15 MEASURE: MEASURE SETUP Page for Initial/Post Stress
MEASURE: MEASURE SETUP 95FEB02 08:20AM
Vol tage Ramp Initial/Post Spot Measurement AUTO
*MEASUREMENT RANGE L
UNIT NAME RANGE ZERO CANCEL]OFF Fl XED
SMU1: HR| I g LI M TED[1nA OFF [ 10pA]
SMU4: HR| I sub Fl XED 100uA OFF [ 10pA]
LI Ml TED
AUTO
(*:0ld data is used.)
*I NTEG TI ME
TI ME NPLC
SHORT 640us |0.032
MED @ 20.0ms|1
L ONG 320.ms| 16
*WAI T Tl ME
“(DEFAULT WAIT TI ME)
LI M TED
Select Range Mode with softkey or rotary knob.
SAMPLNG MEASURE| |[OUTPUT PREV NEXT
SETUP SETUP SEQ PAGE PAGE
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Figure 1-16 MEASURE: OUTPUT SEQUENCE Page for Initial/Post Stress
MEASURE: OUTPUT SEQUENCE 95FEBO2 08: 20AM —
Vol tage Ramp Initial/Post Spot Measurement SMU1: HR
SMU2: HR
*OUTPUT SEQUENCE *TRI GGER SETUP
UNI T NAME MODE ENABLE/ DI SABLE| DI SABLE
1 SMU2: HR FUNCTI ON TRI G OUT
2 | SMU3: HR STEP DELAY 0.000 s SMU3: HR
3 SMU4: HR| Vsub \Y POLARI TY POSI TI VE
4 SMU1: HR| Vg \%
5 Vsut SMU4: HR
6 |VSU2
VSuU1
*OUTPUT SEQUENCE MODE Vsuz
OF SAMPLI NG
SEQUENTI AL
SMU2: HR
Select Output Sequence with softkey or rotary knob
SAMPLNG MEASURE| |OUTPUT PREV NEXT
SETUP SETUP SEQ PAGE PAGE
Figure 1-17 DISPLAY: DISPLAY SETUP Page for Initial/Post Stress
DI SPLAY: DI SPLAY SETUP 95FEB02 08:21AM —
Vol tage Ramp Initial/Post Spot Measurement GR?Z:'
*DI SPLAY MODE .
GRAPHI CS LI ST
* GRAPHI CS
Xaxi s Ytlaxis Y2axis
NAME | @T!| ME lg
SCALE| LI NEAR LI NEAR
MI N 0.000000000 s|{-2.000000000uA
MAX 2.00000 s 2.000000000uA
*GRI D *LlI NE PARAMETER
*DATA VARI ABLES
Vg
GRAPHI CS
Select Display Mode with softkey or rotary knob.
DI SPLAY||ANLYSI S PREV NEXT
SETUP SETUP PAGE PAGE
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Figure 1-18 DISPLAY: ANALYSIS SETUP Page for Initial/Post Stress
DI SPLAY: ANALYSI S SETUP 95FEB0O2 08:21AM
Vol tage Ramp |Initial/Post Spot Measurement NORMAL
*LINE1][ 1 L
GRAD
TANGENT
*LINE2: [ 1
REGRES-
S| ON
*MARKER: At a point where
[ @ NDEX] = [1 1
[ |
*Interpol ate: [ OFF] DI SABLE
Select Line Mode with softkey or rotary knob.
DI SPLAY||ANLYSI S PREV NEXT
SETUP SETUP PAGE PAGE
Figure 1-19 CHANNELS: CHANNEL DEFINITION Page for Ramped Stress
CHANNELS: CHANNEL DEFI NI TI ON 95FEB02 08:35AM
Vol tage Ramp Initial/Post Spot Measurement SWEEP
*MEASUREMENT MODE L
SWEEP [sam-
PLI NG
* CHANNEL S
MEASURE STBY| [ SERI ES -
UNI'T VNAME I NAME MODE [FCTN RESI STANCE DEFAULT
SMU1: HR | Vg g v VAR1 0 ohm MEASURE
SMU2: HR 0 ohm SETUP
SMU3: HR [MEM1 ™
SMU4: HR |Vsub I'sub Y CONST B Tr
vsut e VCE-1C
vsu2 | e S
1721 e MEM2 M
vMu2 | e e eea e | e FET
VDS- I D
MEM3 M
FET
VGS- 1 D
MEM4 M
DI ODE
SWEEP |VF-1F
Sel ect Measurement Mode with softkey or rotary knob. B
CHANNEL | |[USER USER NEXT
DEF FCTN VAR PAGE
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Figure 1-20 CHANNELS: USER FUNCTION DEFINITION Page for Ramped Stress

CHANNELS: USER FUNCTI ON DEFI NI TI ON 95FEB02 08:37AM
Vol tage Ramp Initial/Post Spot Measurement

*USER FUNCTI ON

NAME UNI T DEFINI TI ON
Ti me sec @ NDEX* . 0614

Vbd v @MY ?2

Qbd c INTEG(Ig, Ti me)

DELETE
ROW

Ti me

Enter User Function Name. (max 6 chars.)

CHANNEL | [USER USER PREV NEXT
DEF FCTN VAR PAGE PAGE

Figure 1-21 MEASURE: SWEEP SETUP Page for Ramped Stress

MEASURE: SWEEP SETUP 95FEBO2 08: 38AM
Vol tage Ramp Initial/Post Spot Measurement

*VARI ABLE VAR1 VAR2
UNI'T SMU1: HR .
NAME vg 'DoUBLE
SWEEP MODE | SI NGLE

LI N/ LOG LI NEAR
START -5.000 V
STOP -24.000 V
STEP -50. 0mVv
NO OF STEP|381

COMPLI ANCE| 50. 00mA
POWER COMP | OFF

SI NGLE

*TI Ml NG
HOLD TI ME 0.0000 s
DELAY TIME| 30.7ms *SWEEP | STOP AT COMPLI ANCE| St atus
* CONSTANT
UNI'T SMU4: HR
NAME Vsub
MODE \
SOURCE 0.0000 V|----mmmm | mmmm e e e e oo
COMPLI ANCE 100. 00MA | - - - - - - o - o | m e e e e e e e e m e a o -

SI NGLE
Sel ect Sweep Mode with softkey or rotary knob.

SWEEP MEASURE| |[OUTPUT PREV NEXT
SETUP SETUP SEQ PAGE PAGE
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Figure 1-22 MEASURE: MEASURE SETUP Page for Ramped Stress
MEASURE: MEASURE SETUP 95FEB0O2 08:38AM
Vol tage Ramp |Initial/Post Spot Measurement AUTO
*MEASUREMENT RANGE L
UNI'T NAME RANGE ZERO CANCEL \ OFF Fl XED
SMU1: HR[ I g FI XED 100UA OFF [ 10pA]
SMU4: HR|Isub FI XED 100uUA OFF [ 10pA]
[Limi TED
AUTO
(*:0ld data i used.)
“I NTEG TI ME
TI ME NPLC
SHORT@ 640us [0.032
MED 20.0ms |1
L ONG 320.ms| 16
*WAI T TI ME
|I|*(DEFAULT WAI T TI ME)
FI XED
Select Range Mode with softkey or rotary knob.
SWEEP MEASURE| |OUTPUT PREV NEXT
SETUP SETUP SEQ PAGE PAGE
Figure 1-23 MEASURE: OUTPUT SEQUENCE Page for Ramped Stress
MEASURE: OUTPUT SEQUENCE 95FEB02 08:39AM
Vol tage Ramp Initial/Post Spot Measurement SMU1: HR
SMU2: HR
*OUTPUT SEQUENCE *TRI GGER SETUP
UNI T NAME MODE ENABLE/ DI SABLE| ENABLE
1 [SMU4: HR| Vsub Y FUNCTI ON TRI G OUT -
2 | SMU1: HR| Vg \Y STEP DELAY 30.7ms SMU3: HR
3 | SMU2: HR POLARI TY POSI TI VE
4 | SMU3: HR
5 |vsu! SMU4: HR
6 |VSuU2
VSUu1
Vsu2
SMU4: HR
Sel ect Output Sequence with softkey or rotary knob.
SWEEP MEASURE| |OUTPUT PREV NEXT
SETUP SETUP SEQ PAGE PAGE
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Figure 1-24 DISPLAY: DISPLAY SETUP Page for Ramped Stress
DI SPLAY: DI SPLAY SETUP 95FEBO2 08:39AM -_
Vol tage Ramp Initial/Post Spot Measurement GR?Z:'
*DI SPLAY MODE [
LI ST
* GRAPHI CS
Xaxis Y1axis Y2axis
NAME | Ti me g Vg
SCALE| LI NEAR LOG LI NEAR
MI N 0.0000000 sec|-1.00pA -5.000000 V
MAX 40.000000 sec|-1.000000000 A|-30.000000 V
*GRI D *LI NE PARAMETER
*DATA VARI ABLES
Vbd
Qbd
GRAPHI CS
Select Display Mode with softkey or rotary knob.
DI SPLAY| |ANLYSI S PREV NEXT
SETUP SETUP PAGE PAGE
Figure 1-25 DISPLAY: ANALYSIS SETUP Page for Ramped Stress
DI SPLAY: ANALYSI S SETUP 95FEB02 08: 40AM —_—
Vol tage Ramp Initial/Post Spot Measurement NORMAL
*LINE1]] 1 L
GRAD
TANGENT
*LINE2: [ 1
REGRES-
S| ON
*MARKER: At a point where
[lg ] = [-.03 ]
[ ]
*Interpolate: [ OFF] DI SABLE
Select Line Mode with softkey or rotary knob.
DI SPLAY||ANLYSI S PREV NEXT
SETUP SETUP PAGE PAGE
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J-RAMP

Current-Ramped (J-Ramp) test is one of the Wafer Level Reliability (WLR) tests, which is
used to evaluate device reliability on a wafer. This test can provide quick evaluation data
for estimating the overall reliability of thin oxides, and this data can be used to improve the
thin oxide manufacturing process.

With the thickness of oxide shrinking along with device geometries, creating a reliable thin
oxide has become an important issue. The integrity of the thin oxide in a MOS device is a
dominant factor in determining the overall reliability of a micro-circuit. The J-Ramp test
can promptly give useful feedback to the manufacturing process about oxide reliability.

This operation manual covers a sample J-Ramp program running on the 4155/4156, and
how to use and customize the program. The program is written in the Instrument BASIC
(IBASIC), and is ready to run on the built-in IBASIC controller of the 4155/4156.

“Theory of J-Ramp Test Procedure” describes basic theory, procedure, and terminology of
the J-Ramp test.

“Basic Operation” describes the J-Ramp sample program. Included are J-Ramp
methodology using the 4155/4156, how to execute the sample program, and program
overview.

“Customization” describes how to customize the sample program. This is very helpful
because you probably need to modify the sample program to suit your test device.

“Measurement Setups” shows the 4155/4156 page settings that are stored in the setup files.

“Proof of Equations” shows how to solve equations described in “Basic Operation”.

2-2
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Theory of J-Ramp Test Procedure

This section covers Current Ramped (J-Ramp) Test procedure. Included are basic theory,
procedure, and terminology of J-Ramp test.

The J-Ramp test procedure is based on the JEDEC standard No.35.

J-Ramp Test Overview

J-Ramp test searches for the breakdown voltage (Vhd), then calculates the breakdown
charge (Qbd) of thin oxide capacitors, which you designed as test structures on the wafer.
These results are used to evaluate the oxide integrity. The higher the V'bd and Qbd
measured by this test, the better the integrity of the oxide on wafer.

You extract these two parameters from a large amount of test structures and usually plot the
cumulative breakdown/breakdown charge distribution on a probability chart. The
manufacturing process should be driven so that this distribution becomes closer to the ideal
shape.

In the J-Ramp test, an increasing current is forced to the oxide capacitor. This charges up
the capacitor so the voltage across the capacitor increases. When the oxide layer is broken
by the high electric field in the oxide, the current can flow through, so the voltage across
the oxide capacitor decreases (breakdown). Breakdown voltage (Vbd) is defined as the
voltage at which breakdown occurs. And breakdown charge (Qbd) is the total charge
forced through the oxide until breakdown occurs.

Figure 2-1 shows a simplified flowchart of J-Ramp test.
The J-Ramp test consists of three tests: initial test, ramp stress test, and post stress test.

In the initial test, an initial current /, (typical value is 1 nA) is forced to the oxide capacitor,
then voltage across the oxide is measured to check for initial failure.

In the ramp stress test, a stepped current is applied, and the voltage across the oxide is
continuously measured.

The post stress test is for confirming that failure occurred during the ramp stress test. The
initial current is forced again, then the voltage across the oxide is measured.

After the tests, the test results must be analyzed and saved (data recording).

Before performing the J-Ramp test, test conditions must satisfy the following:

* Gate bias polarity is in accumulated direction. That is, negative (minus) current is
applied to gate conductor for P-type bulk, and positive (plus) current is applied for
N-type bulk.

» Diffusions and wells (if any) must be connected to substrate.

» Temperature is in 25 + 5 °C range.
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Figure 2-1 Simplified Flow Diagram of J-Ramp Test

Initialization

Initial Test

‘No

J-Ramp Stress Test

Post Stress Test

Failure Categorization

Data Recording

JRMP2-01

Initial Test

Initial test is to confirm that the oxide capacitor is initially good. To do so, an initial current
1, (typical value is 1 pA), which is low enough not to break the oxide, is forced to the oxide
capacitor, and the voltage across the oxide is measured after a certain time #;,;,,,;. If the
measured voltage does not reach the normal operating voltage, it is categorized as initial
failure.

If an oxide capacitor is categorized as initial failure, test should not continue for the
capacitor. If the capacitor passes the initial test, the J-ramp stress test may begin
immediately.

The value of #,;,;,; is 50 ms or ten times the oxide time constant, whichever is greater.
Initial current /, must be large enough to charge up the capacitor within a reasonably short

time 7;,,;,;,;» but must be small enough not to break the oxide.

Typically, 10~ C/cm? is the minimum breakdown current density qpq that can be measured

due to the system capacitance. The initial current /, varies depending on the area of the
oxide capacitor (test structure), oxide thickness, and oxide defect levels.
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Figure 2-2

J-RAMP
Theory of J-Ramp Test Procedure

J-Ramp Stress Test

A stepped current is applied to the oxide capacitor, and the voltage across the capacitor is
continuously measured. Normally, applying the current to the oxide capacitor charges up
the capacitor, so the voltage increases across the capacitor. When the electric field reaches
a threshold, the oxide is broken, and current flows through the oxide.

Figure 2-2 shows the concept of Vbd and Qbd for the J-ramp stress test. The forced current
is increased logarithmically, and the voltage across the capacitor is measured at a constant
interval. When the measured voltage < previously measured voltage x 0.85, the breakdown
is considered to have occurred in the oxide. The previously measured voltage is considered
to be Vbd, and Qbd is calculated by integrating the current applied to the oxide.

If the measurement results indicate that breakdown occurred, the result of J-ramp stress test
is defined as "fail".

Concept of Breakdown Voltage and Charge

JRMP2-02

Forced Current

Measured Voltage

loF%—
|
|
|
Stef Time I
|
|
loF?— !
|
Initial Test |
|
IF |
|
I .
| o - Time
|
I gnitian : : :
/ ‘ LVprsv = Vnd
] i
!
: +— Vmeas < 0.85Vprev
|
| L |
| tmeast: constant measurement |
| interval :
Vieo|— ——Vmeas > Vuse |
Time
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Theory of J-Ramp Test Procedure

Step Increase Factor for Forced Current

The current forced to the oxide capacitor is stepped in a logarithmic manner. The value of
each step is related to the initial current /, by the step increase factor /" as shown in the
following equation:

I,= Iy x F"
Wheren=1,2,3, ...
That is,

I, =IyxF

I, =1, x F?
;=1 x F3
I,= Iy x F"

J-Ramp Characteristics (Conditions for Forced Current)
The forced current must satisfy the following conditions:
*  Current ramp rate: 1 decade/500 ms.

* Maximum time (7,,,,,) between voltage measurements: 50 ms or once per current step,
whichever is less.

* Maximum charge density: 50 Clem?.
* Maximum electric field (voltage compliance limit): 15 MV/cm.
* Maximum current step increase factor F: 10, approximately 3.2.

* Step interval time of applied current: constant.

Indication of faulty J-ramp stress test

If either of the following situations occurs during the J-ramp stress test, the test should be
aborted. This indicates that the testing was faulty.

* Accumulated charge density (q) reaches the maximum allowed charge density. Charge
density ¢ is the accumulated charge Q divided by the oxide area Area.

¢ Maximum allowed electric field E is reached.

2-6
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Post Stress Test

The post stress test checks the oxide status after the J-ramp stress test. If the oxide is
broken, proper J-ramp stress was applied to the oxide capacitor, and the result of post stress
test is defined as "fail".

To check the oxide status, the initial current (/) is applied to the oxide capacitor (same as
initial test), then the voltage across the capacitor is measured. The measured voltage
(Vyneas) indicates the following:

o I V,0us<V,

meas use :
The oxide was broken by the J-ramp stress test. Forced current flows through the oxide,
so the voltage across the capacitor does not increase enough.

o I Vyeus> Vi

meas use :
The oxide was not broken by the J-ramp stress test. Forced current does not flow
through the oxide enough, so the voltage across the capacitor increases.

One possible reason is that the testing was faulty as described in the previous section.
For example, the current was not forced to the oxide due to an open circuit.
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Failure Categorization and Data Recording
According to the measurement results, the oxide status is categorized as follows:

Initial Failure: Failed the initial test. Indicates initially defective oxide
capacitor. Other tests should not be performed.

Catastrophic Failure: Failed during J-ramp and post stress tests. Indicates that
oxide capacitor was properly broken by the J-ramp stress
test.

Masked Catastrophic Failure: Did not fail during J-ramp stress test, but failed post
stress test.

Non-catastrophic Failure: Failed during the J-ramp stress test, but zof post stress
test.
Others: Did not fail during J-ramp stress test, and did not fail

post stress test.

The failure category is recorded for each test device. If the catastrophic failure is observed,
breakdown voltage (V'bd) and breakdown charge density (g, = Qbd/Area) are also
recorded.

Table 2-1 shows the oxide failure categories.

Table 2-1 Oxide Failure Categories
Stress Failure Category Initial Test J-Ramp Stress Test | Post Stress Test
Initial Fail n.a. n.a.
Catastrophic 2 Pass Fail Fail
Masked Catastrophic Pass Pass Fail
Non-catastrophic Pass Fail Pass
Others Pass Pass Pass
a. Vbd and gy, are also recorded.
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Basic Operation

This section covers the following for using an 4155/4156 to perform J-Ramp Test: required
equipment, required files, methodology, how to execute the sample program, and sample
program overview.

Methodology

The entire J-Ramp Test procedure can be performed by executing the JRAMP sample
program on the built-in IBASIC controller of the 4155/4156.

As explained in “Theory of J-Ramp Test Procedure”, the J-ramp test consists of three
measurement parts and an analysis part. Each measurement part executes three steps as
follows:

1. Loads the measurement setup file into the 4155/4156 execution environment.
2. Changes some of the measurement or analysis parameters on the setup pages.
3. Executes the measurement.

The JRAMP program executes the above three steps for each test: initial test, J-ramp stress
test, and post stress test. Using the measurement setups (step 1 above) loaded from a file
reduces the length and complexity of the program. For details, see Programmer's Guide.

Measurement setups, which are loaded into the 4155/4156 execution environment, were
previously developed and saved to measurement setup files on the diskette. You can easily
modify the measurement setup information in fill-in-the-blank manner in the 4155/4156
execution environment. The JRAMP sample program is also saved to the diskette. You can
easily modify the sample program by using the editor in the built-in IBASIC environment.

The JRAMP sample program assumes that the built-in IBASIC controller of the 4155/4156
is used, but you can also use another controller such as HP BASIC running on an external
computer. To do so, you must modify the sample program for your environment. See
“Customization” on how to modify the program to run on an external controller.
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Figure 2-3

Initial Test

The initial test makes sure the oxide capacitor is initially good by applying an initial
current /; (IforceO in the sample program), then measuring the voltage across the oxide
capacitor. If the voltage does not reach the normal operating voltage, the oxide capacitor is
categorized as "initial failure".

The sample program assumes that SMU1 and SMU4 are connected to the oxide capacitor
as shown in Figure 2-3.

Simplified Measurement Circuit and Output Current of Initial Test

SMU1

fo=1uA

Oxide Capacitor

SMU4

Measurement

JRMP3-01

Interval: 10 ms
— |ov i /

/o

v oV s

Output Current from SMU1

For the initial test, the sample program does as follows:

1.

Sets up the 4155/4156 according to the JINIT.MES setup file, which the sample
program previously loaded from the diskette into internal memory (MEM1).

Sets up SMUI1 to constant current I force0 for PMOS device, or ~Iforce0 for
NMOS device. ITforce0 value is specified at beginning of the sample program, and
reset in the MEASURE: SAMPLING SETUP page by OUTPUT statement (line 2550
of the sample program).

Sets the THRESHOLD value of the STOP CONDITION to Vuse or ~Vuse, which is
the normal operating voltage that was specified at beginning of the sample program.

Forces current I force0 from SMU1, and measures as set up by the JINIT.MES file
described next.

Checks if the maximum voltage reached Vuse. If not, the sample program aborts
further testing.

2-10
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The following are main points about the setup by the JINIT.MES setup file:

*  On CHANNELS: CHANNEL DEFINITION page (see Figure 2-13)

+  MEASUREMENT MODE is set to SAMPLING.

+ SMUA4 is set to be a constant voltage source.

+ SMUTI is set to be a constant current source.

* Vg is defined as name of voltage measured by SMUI.

*  On MEASURE: SAMPLING SETUP page (see Figure 2-4)
* Sampling mode (MODE) is set to LINEAR.

+ Sampling measurement interval (INITIAL INTERVAL) is set to 10 ms.

«  NO. OF SAMPLES is set to 100.

TOTAL SAMP. TIME is set to 1 second (;,;,1)- So, for 1 second, the current

Iforce0 will be forced and sampling measurements will be performed.

*  SMU4 is set to force a constant 0 V.

+ SMUI is set to force a constant 1 pA.

*  STOP CONDITION is enabled, NAME is set to Vg, and EVENT is set to
|Val|>|Th|. Note that THRESHOLD is set to Vuse by the sample program as

described previously.

So, if the maximum Vg measured by SMUI reaches Vuse, the sample program
next performs the J-Ramp Stress test. If not, the measurement will abort further

testing.
Figure 2-4 MEASURE: SAMPLING SETUP Page for Initial Test
Stop condition is enabled.
MEASURE: SAMPLING SETUP 95FEBO2 09:20AM
Sampling Mode Voltage Ramp Initial/Post Spot Measuremen t LI NEAR
Interval Time “SAMPLING PARAMETER *STOP CONDITION Loc1o
MODE LI NEAR ENABLE/ DI SABLE |ENABLE
INITIAL INTERVAL| 10.00ms ENABLE DELAY 0.0000000 s
NO. OF SAMPLES 100 NAME Vg Variable Name
NumberofSampbs TOTAL SAMP TIME 1.00 s THRESHOLD 4.0000000~V LoG25
EVENT I val | =z [ Thi
‘HOLD TIME ‘ 0.000000 s‘ EVENT NO
Total Sampling Time 1
pling [riirer [on ] % Threshold Value
*CONSTANT THINNED
Event

UNIT SMU1: HR SMU4: HR our
NAME g Vsb
MODE | v
SOURCE -1.000uA 0.0000 V|--cooooooommnmnonn
comPLIANCE| 40.000 V]| t100.00mA} - |

LI NEAR
Select Sampling Mode with softkey or rotary knob

SAMPLNG
SETUP

MEASURE
SETUP

PREV
PAGE

OUTPUT
sEQ

NEXT
PAGE

1 This value is re-specified
by sample program.
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J-Ramp Stress Test

After the initial test, the sample program executes the J-ramp stress test. Logarithmic
stepped current is applied to the oxide, and voltage across the oxide is measured at least
once for each step.

The measurement setup for the J-ramp stress test is stored in the JRMP.MES setup file on
the diskette. At the beginning of the sample program, this setup is loaded into internal
memory (MEM?2). Then, at the beginning of the J-ramp stress test, the sample program
loads this setup into the 4155/4156.

To force proper stepped current, the sample program and JRMP.MES set the following:

SMU channel definition (see Figure 2-5):
SMUT is set to current sweep mode, and SMU4 is set to force a constant 0 V.
Constant step interval time (see Figure 2-7):

Step interval time of output sweep current should be constant. The time can be constant
by setting the delay time and step delay time. See Figure 2-7. However in the
logarithmic sweep, if the sweep range extends to 1 decade or more (example; sweep
range 1 pA to 100 pLA), the step interval time varies due to the output range changing of
sweep source. This interval time error will cause the calculation error of breakdown
charge (Qbd). Then the JRAMP sample program does the error correction of Qbd after
the measurement.

Stepped current to be forced:

Stepped current forced to the oxide is increased logarithmically. This stepped current is
defined in the sample program.

Measurement stop condition:
Current sweep continues until one of three conditions is satisfied.
Searching for breakdown point and calculating Qbd:

After the measurement, the JRAMP sample program gets the measured voltage values,
and searches for the breakdown voltage (V'bd). Then, calculates Qbd by using the
user-defined functions. Finally, the program compensates the Qbd calculation error,
and displays the Qbd value.

2-12
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SMU channel definition.

The sample program assumes the connection between the SMUs and the oxide capacitor as
shown in Figure 2-5.

The JRMP.MES file sets the following (see Figure 2-6 and Figure 2-9):
*  SMUA4 is set to force a constant 0 V.
+ SMUI is set to current sweep mode.

»  SMU4 is used prevent overcurrent by using its current compliance function.
Compliance is set to 100 mA.

Figure 2-5 Simplified Measurement Circuit of J-Ramp Stress Test
SMU1
Oxide Capacitor
SMU4
Single linear sweep —— |0V output
JRMP3-03
Figure 2-6 CHANNELS: CHANNEL DEFINITION Page for J-Ramp Stress Test

CHANNELS: CHANNEL DEFINITI ON

Vol tage Ramp Initial/Post Spot Measur ement

*MEASUREMENT MODE

SMU1 is sweep source (VAR1).

S WE E P

*CHANNELS

EASURE STBY SERI ES

UNI T VNAME I NAME MODE FCTN RESI STANCE

SMU1 and SMU 4 SMUT: HR Ve Lo ! VAR1 0 ohm
are connected to SMU2: HR 0 ohm
the oxide capacitor.

SMU3: HR
SMU4: HR |Vsb I'sb v
vsut | e
vsuz | e
VMUt | e
vMu2 | e

|
SMU4 is constant source.
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Figure 2-7

Constnt step interval.

To keep a constant step interval time for the current sweep and measurement, triggering
and measurement ranging techniques are used. JRMP.MES sets the measurement ranging
mode to FIXED, so the time between measurements does not vary due to measurement
range changing.

JRMP.MES enables the TRIG OUT function, and the sample program calculates and sets
values so that the step interval time becomes constant as shown in Figure 2-7. The step
interval time (Step_time) is the delay time (Step delay t) plus step delay time
(Step_keep_t). Strictly speaking, the sample program calculates these as follows:

Step time =0.5xlogjo(Factor)—3.7ms

Step delay t = Step time/2 (delay time)
Step keep t = Step time - Step delay t (step delay time)
Where,

* 3.7 ms is overhead time associated with the current output logarithmic sweep mode.
So, do not set another value in this field.

* Factor is the step increase factor. See later in this section and “Proof of Equations”
for details of this calculation.

In the logarithmic sweep, if the sweep range extends to 1 decade or more, the step interval
time (Step_time) varies due to the output range changing of sweep source. The output
range changing adds the range changing time to the step interval time. This additional time
depends on the range setting, but it is approximately 2 % of the time for 1 decade sweep.
The output range changing will also cause the calculation error of Qbd. The JRAMP
sample program can compensate this calculation error.

Output Sweep Current for J-Ramp Stress Test

Output Wave

Trigger Output

JRMP3-05

Measurement Step Interval Time
] —

¢ Step Current

Delay Time

Step Delay Time
Trigger: Enable, Output Mode
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Figure 2-8 MEASURE: MEASURE SETUP and OUTPUT SEQUENCE Pages for J-Ramp
Stress Test

Ranging mode is FIXED. Trigger setup is ENABLE. Trigger Out Mode
MEASURE: OUTPUT SEQUENCE 95FEBO2 09:41AM
Voltage Ramp Initial/Post Spot Measurement SMU1: HR
MEASURE: MEASURE SETUP 95FEBO2 09: 40AM SMU2: HR
Voltage Ramp Initial/Post Spoft Measurement AUTO *TRIGGER SETUP
ENABLE/ DI SABLE|ENABLE
*MEASUREMENT RANGE FUNCTI ON TRIG OUT
UNI T NAME RAI\/G ZERO CANCEL|OFF FI XED STEP DELAY 25. 0ms SMU3: HR
SMUT: HR|[Vg ELXED a0V OFF POLARITY POSITIVE
SMU4: HR|[Isb LIMI TED|1nA OFF [ 10pA]
SMU4: HR
LI M TED
AUTO
vsu1
(*:0ld data is used.)
“INTEG TLME
vsu2
TLME NPLC
SHORT@| 640us |0.032
MED 20.0ms |1
LonG 320 ms| 16
“WALT TIME
*(DEFAULT WAIT TIME)
ey or rotary knob |
PREV NEXT ‘
PAGE PAGE
FI XED
Select Range Mode with softkey or rotary knob. |
SWEEP MEASURE||[OUTPUT ‘ PREV NEXT ‘ MEASURE: OUTPUT SEQUENCE Page
SETUP SETUP sEaq PAGE PAGE

MEASURE: MEASURE SETUP Page
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J-RAMP
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Stepped current to be forced.

The sample program sets to force to the oxide a current that increases logarithmically
according to the equation I, = I x F", where n=1, 2, . . . n. See “J-Ramp Stress Test”. In
the JRAMP sample program, you specify the start current (I force0 on line 1800) and
step increase factor ' (Factor on line 1890), then the step interval time (Step time on
line 1900) and stop current (Istop on line 4560) are calculated. For NMOS devices, the
ramp test subprogram actually sets the opposite polarity for these values by using the Tp
variable (lines 2020 and 2030).

Iforce0 is normally 1 pA, as mentioned in the “Theory of J-Ramp Test Procedure”.
Three values (101/10, 1023, and 101/50) are possible for step factor F' (Factor) of the
4155/4156 because you can use 10, 25, or 50 steps per decade for the logarithmic sweep.

The step interval time 75 (Step_time in program) of each step depends on the number of
steps per decade, and must satisfy the condition that the ramp rate is 1 decade/500 ms. So,
if N is the number of steps per decade, then 75 = 0.5/N. The following is the relationship of
75 to the step increase factor F-

T5 = 0.5 x logoF

The current is stepped logarithmically until the charge density reaches the maximum
allowed value, which is normally 50 C/cmz, as follows:

qmax-Area

[tadr = f1y-F" -1 dn =

0 0

Where, I(t) =1y x F", t = n x T (time), n is step number, 75 is the step interval time, g,,,,, is
the maximum allowed charge density, and Area is the area of the oxide capacitor.

If you solve for # in the equation above, you get the following result:

L, = ) (IOgIOF' dmax Area 4 1)
log of 10 Iy T,

So, the current will be stepped » times to reach the maximum charge density, and the value
of the current (I stop) at that step will be as follows:

L,y = Iy F'

stop

So, the sample program calculates and sets 75 (Step time)and Istop as described
above.

For details about solving all the above equations above, see “Proof of Equations”.

2-16
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Measurement stop condition.

J-RAMP
Basic Operation

NOTE JEDEC Standard No. 35 specifies that the current sweep should abort when breakdown
occurs, but the JRAMP sample program continues the current sweep until one of the
following three conditions is satisfied:

» Current sweep setting reaches current stop (I stop), which sample program calculates
according to the maximum allowed charge density.

*  SMU4 (which is set to force 0 V) reaches current compliance, which is set to 100 mA
by the measurement setup file JRMP.MES.

» SMUI (which is current sweep source) reaches voltage compliance (Vgcomp), which
the sample program calculates as Max e*Tox, where Max_e is the maximum
allowed electric field, and Tox is the oxide thickness.

When the voltage across the oxide reaches the voltage compliance setting, the

measurement must stop and current sweep must be aborted. So, SWEEP STOP AT

COMPLIANCE must be set as shown in Figure 2-9.

Figure 2-9 MEASURE: SWEEP SETUP Page for J-Ramp Stress Test

MEASURE SWEEP SETUP 94DEC29 09: 29AM
SI NGLE
*VARI ABLE VAR VAR2
UNI T SMU1 HR
NAME g Sweep aborts at COMPLIANCE. DOUBLE
SWEEP MODE | SI NGLE
LI N/LOG LOG 10
START 1 000uA
STOP 100. 00uA
STEP |-«
NO OF STEP |21
COMPLI ANCE 30.000 V
POWER COMP | OFF
*TI MI NG
HOLD TI ME 0 0000 s
DELAY TI1 ME 25. Oms * SWEEP STOP AT COMPLI ANCE | Status
*CONSTANT
UNI T SMU4 HR
NAME Vs b
MODE 2
SOURCE 0 0000 V|- - -cooonmonmono |onmnonononononaa]eeenanenannan
COMPLI ANCE 100. 00OMA | - = = = = = = oo | oo o e eeeee | e emmmmaa
SI NGLE
Select Sweep Mode with softkey or rotary knob
SWEEP MEASURE OUTPUT PREV NEXT
SETUP SETUP SEQ PAGE PAGE
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Searching for breakdown point and calculating Qbd.
The sample program searches for the breakdown point as follows:

When a measured voltage < previous measured voltage x 0.85, the previous measured
voltage is defined as the breakdown voltage (Vbd).

To search for Vbd, the sample program stores all the measured voltage values in array
variable Vg, then searches for the first TRUE case of the following, then sets Vbd as
follows:

1.If Vg (2) <Vg (1) *0.85, then Vbd = Vg (1).
2.1f Vg (3) <Vg(2)*0.85, then Vbd = Vg (2).
3.1f Vg (4) <Vg(3)*0.85, then Vbd = Vg (3).

99. If Vg (100) <Vg(99) *0.85, then Vbd = Vg (99).
IBASIC programming can easily realize this algorithm.

After finding the breakdown point, the sample program performs analysis on the measured
curve to get Obd as follows:

1. Displays marker on the curve.

2. Moves the marker to the breakdown point.
3. Calculates Qbd by using a user function.
4. Saves value of Qbd.

The user-defined function calculates Qbd as follows:

I'bd n
1
Obd = [ Igdi = 33 (g, +1g; ) - (T,=T, )
Tstart i=2

Where, n is step number when the breakdown occurs.

The JRMP.MES setup file defines the user functions on the CHANNELS: USER
FUNCTION DEFINITION page (see Figure 2-21) as follows:

Table 2-2 User Functions for Ramp Stress Test
Name Units Definition
Time sec 0.05 * @INDEX 2
Vbd v @MY2
Qbdo C INTEG(Ig, Time)
Qbd C ob
a. This is a temporary definition. Time is redefined by line 2940 of the sample
program.
b. This is a temporary value. Qbd value is entered by line 3590 of the sample pro-
gram.
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Post Stress Test

Post stress test checks the oxide status after the ramp stress test.

J-RAMP
Basic Operation

The methodology of the post stress test is the same as for initial test. Initial current
(Iforce0) is applied to the oxide, then the voltage across the oxide capacitor is

measured.

For the measurement circuit, connections, and measurement setups, see “Initial Test”.

Failure Categorization

Table 2-3 shows the oxide failure categories that are determined by the sample program.
The failure category is displayed for each device, and Vbd, Qbd, and gbd are also

displayed.

The measured data and measurement settings are saved in a file.

Table 2-3 Oxide Failure Categories
Category Initial Test Ramp Stress Test Post Stress Test

Initial Vineas < Vyge | D.a. n.a.

Catastrophic Vineas = Vuse | Vimeas <0-85 X Viprey Vineas < Vuse
occurs.

Masked Catastrophic | Vieas > Vige | Vineas< 0.85 X Viypey Vimeas < Vuse
does not occur.

Non-catastrophic Vineas 2 Vuse | Vineas< 0-85 X Vpyrey Vimeas = Vuse
occurs.

Other Vineas = Vuse | Vimeas < 0-85 x Vprev Vineas Z Vuse
does not occur.

Agilent 4155B/4156B Sample Application Programs Guide Book, Edition 3
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Required Equipment

The following equipment is required to use the J-Ramp sample program:

4155 or 4156 Semiconductor Parameter Analyzer
Two triaxial cables

Probe station

This operation manual

Diskette that contains sample program file and two setup files. See below.

Program Files Required

The following files are used for the J-Ramp test:

JRAMP J-Ramp sample program. This is an IBASIC program file saved in
ASCII format.

JINIT.MES Measurement setup file for initial and post stress test.

JRMP.MES Measurement setup file for J-ramp stress test.

Executing the JRAMP Program

Before executing the program, you may need to customize the program to suit your test
device. See “Customization”.

This procedure describes how to execute the sample program.

1.

5.
6.
1.

Display the SYSTEM: MISCELLANEOUS screen, and set the REMOTE CONTROL
COMMAND SET field to 4155/4156.

Display the All IBASIC screen by pressing the front-panel Display key twice.

Insert a diskette containing the JRAMP program and JRMP.MES file into the built-in
3.5 inch flexible disk drive.

Get the JRAMP sample program as follows:
a. Select the GET "" softkey.
b. Enter JRAMP as shown below.

GET" JRAMP"

c. Press the front-panel Enter key.
(Optional) Edit the program, and change the measurement conditions. See Table 2-4.
Connect test device to the 4155/4156. See Figure 2-3.

Press the front-panel Run key to execute the program.

Measurement results similar to the Figure 2-10 will be displayed on the GRAPHICS page
of the 4155/4156.

2-20
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Table 2-4

Figure 2-10

JRAMP Sample Program Setup Parameters

J-RAMP

Basic Operation

Parameter Line Variable Default
No. Name Value

Device Type (NMOS or PMOS) 1790 | pypes @ NMOS
Initial current or sweep start current (A) 1800 | Iforcel 1.E-6
Normal operating voltage for the device (V) | 1810 | Vuse 5
(threshold value used for Initial Test/Post
Test)
Type of SMU used for current sweep source | 1820 Smu_type? |1
(1: HRSMU, 0: MPSMU or HPSMU)
Ramp step increase factor 10110, 10125 or | 1890 | Factor 10110
101/50
Maximum charge (C/cm?) 1940 | Max g 50
Maximum electric field (V/cm) 1950 | Max e 15*1.E+6
Thickness of oxide (cm) 1970 | Tox 130*1.E-8
Area of oxide capacitor (cm?) 1980 | Area 0.001

a. Iftype is NMOS, opposite polarity values for some of the values are actually
used later in the program by using the Tp parameter, which is set to —1 in line
2030.

b. Ifyou use the 4155, or MPSMU in the 41501 Expander, change the value to 0.
If you use the HPSMU in the 41501, use the JRAMP1 sample program. See
“When SMU Lacks Power to Break Oxide”.

An Example of Measurement Results

GRAFH/ LI ST: GFAPHIGS SHORT 9406TO7 D3:281AM
WARKER
CURSOR( -25.0000000m=s =2 ¢ 16 . 66662266 7GA -100. 270224175 LU |
MARKER( 2.40000000 =s=c -i2.5ama -241.6480 ¥ ) on
b d -2.7455274500mC
{8 Wb od - 24 .649000000 W Ly
MARKER
T S4d.0 0 |MINS Max
= I NTEF -
g L1 Vg FOLATE
o OFF
L1 Dl REGT
WA RKER/
dercadas 0 | |------
| GURSOR
Pdiw 4—4—‘—’” _-] Pdiow
—
J——— = WARKER
— SKIF
L~ \ AUTO
ANALY -
|| sl s
L-'—/_'—/
100 . n 0.00
GURSOR
o o Ti ma [EERC 200.m {fdiw 2.s50
SHORT
axl S WMARKER/ [ |LI NE SGALING DI SFLAY|[SWEEF TI M NG

1||CURESOR SETUFP SETUP SETUFP SETUP

CONST ‘
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Flowchart of Sample JRAMP Program

Figure 2-11 shows flowchart of sample JRAMP program and corresponding subprogram
names.

Figure 2-11 Flowchart of Sample JRAMP Program

START )
Subprogram Name in JRAMP

Initialization
/
— T
Setting Parameters
and Checking them

Loading Meas. Setups
into Internal Memory

Executing Initial Test | _________ Init_fin_test("Init" Result_init$)

Yes  STOP ) Judge(Result_init$,Result su$, Result_fin$)

fffffffff Test_setting

,,,,,,,,, Get_file

Initial Failure ?

Executing Ramped
Stress Test

777777777 Ramp_test(Result_su$, Vbd,Qbd)

Executing Post Init_fin_test("Fin", Result_init$)
Stress Test

\
Categorizing Failure | Judge(Result_init$ Result su$ Result fin$)

Saving Meas. Results | - - - - - - - — — Final session

JRMP3-10
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The following provides a brief description for each subprogram.

Test setting Specifies and checks the parameter values. These are values that the

Get file

program will set directly instead of some of the setup file values. This
subprogram calls the Calc istop subprogram to calculate the
sweep stop current value.

Loads measurement setup files from the diskette into internal memory:
initial/post measurement setup into MEM 1, and sweep measurement
setup into MEM2. Having the measurement setups in internal memory
reduces the measurement time.

Init fin test Executes initial test or post stress test. First parameter specifies the

Judge

Ramp test

Save data

Calc_istop

FNCompen

test: Init is for initial test, and Fin is for post stress test. The
measurement results are returned to the second parameter.

Categorizes failure according to measurement results of initial, ramped
stress, and post stress tests. If the failure is initial failure, this
subprogram aborts the program.

Executes sweep measurement for ramped stress test. After the
measurement, compensates the Obd value using the FNCompen
function, and displays Vbd, Qbd, and gbd values. The measurement
result data is temporarily stored in internal memory (MEM3).

Saves measurement result data (in MEM3) to a file on the diskette.

Calculates the sweep stop current value from the start current
(Iforce0) and ramp step increase factor (Factor).

Compensates the Obd calculation error caused by the sweep source
output range changing.
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Customization

This section describes how to customize the sample program to suit your test device.

Using an External Computer

This sample program (JRAMP) is assumed to run on the Instrument BASIC that is built
into the 4155/4156. The 4155/4156 is used as both the measurement instrument and the
controller running IBASIC, so JRAMP sets device selector §00. On the following three
lines, the 4155/4156 is assigned and interrupt from it is enabled as follows:

1450 ASSIGN @Hp4155 TO 800

1530 ON INTR 8 CALL Err check

1540 ENABLE INTR 8;2

If you use an external controller (that can run HP BASIC environment) to control the
4155/4156, you need to modify a few lines of the sample program. For example, if you use
HP BASIC/WS on an HP 9000 Series 300 computer, you only need to modify lines the
above three lines as follows:

( Y | Select Code: 7
"*P BAS'} / 4155/4156
’// =} g oo
=]
[\ ea
GPIB Address: 17
e~ ]
HP 9000 Series 300 | . . . . .
COrnputer 1450 ASSIGN @Hp4155 TO 717

1530 ON INTR 7 CALL Err_check
1540 ENABLE INTR 7;2

S e ——

~—— —

JRMP4-01

In this case, the 4155/4156 has GPIB address 17 and is not used as the system controller,
and is connected to the built-in GPIB of the HP 9000 series 300 controller with an GPIB
cable. Use the following procedure to set the GPIB address and system mode:

1. Turn on your 4155/4156.

2. Press the front-panel System key.

3. Select the MISCELLANEOUS softkey.

4. Move the field pointer to the "415x is " field, then select NOT CONTROLLER softkey.
5

Move the field pointer to the "415x" field in the GPIB ADDRESS area, then enter: 17
Enter.
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SYSTEM: MI SCELLANEOUS 99DEC10 04:42PM
CON-
TROLLER
*4156B is “POWER LI NE FREQUENCY
System Mode—| NOT SYSTEM CONTROLLER] 50 Hz Nor
CON-
*GPI B ADDRESS *4156B NETWORK SETUP TROLLER
41568 17 HOST NAME
HARD COPY 1 I'P ADDRESS |0.0.0.0
USER I D 200
*REMOTE CONTROL GROUP I D 100
GPIB Address COMMAND SET|4155/4156

*NETWORK PRINTER SETUP

PRI NTER

| P ADDRESS 0.0.0.0

*CLOCK TEXT OUT - h
GRAPH OUT -h -1
SERVER TYPE |BSD

1999 |12 |10 16|42

*SYSTEM SETUP *NETWORK DRI VE SETUP
BEEP ON LABEL

SCREEN SAVE 30 mi n | P ADDRESS 0.0.0.0
LP TI MEOUT 300 sec DI RECTORY !

NOT SYSTEM CONTROLLER

Select System Control Mode with softkey or rotary knob
FI LER MI SCEL - CONFI G CALI B/ PRI NT COL OR
LANEOUS DI AG SETUP SETUP

Specifying Setup File to Load

Two setup files are used to set up the 4155/4156 for the J-Ramp test: one is used for initial
and post stress tests, and the other is for ramp stress test.

Filenames of these setups are defined on the following lines:

1740 Init file$="JINIT.MES" !Init/Post Measurement Setup File Name
1750 Sweep file$="JRMP.MES" !Ramp Setup File Name

If you want to use other setup files, store the setup files on the diskette, then modify the
filenames on the lines above.

File for Saving Measurement Results

The following lines specify the filename for the measurement results file. The filename
starts with "D", then HHMMS, then ends with ". DAT". Where HH is hour, MM is minute,
and S is second (tens digit only).

1760 Save file$=TIMES (TIMEDATE) !File Name for saving measurement
results

1770 Save file$="D"&Save fileS[1l,2]&Save file$[4,5]&Save fileS[7,7]&
" .DAT"

The following line commands the 4155/4156 to create the specified file on the diskette,
then stores the result data in the file.

4120 OUTPUT @Hp4155;":MMEM:STOR:TRACDEF, '"&Save file$s&"', 'DISK'"

For example, "D09344 . DAT" file that contains measurement data is created on the
diskette. This filename means the "data file created at 9:34 4x seconds."

To change to your desired filename, you only need to edit line 1770.
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Setting up Input Parameters

Input parameter values are specified on the following lines. These are values that the
sample program will set directly instead of using some of the setup file values. You can
easily modify the values by editing these program lines.

1790 TypeS$="NMOS" !Dev type NMOS - P bulk, PMOS - N bulk
1800 Iforcel0=1.E-6 'Tnitial current (A)
1810 Vuse=5 !Vuse (V) (Reference for Init/Post test)
1820 Smu_type=1 !|SMU type used
1830 10:MP/HPSMU
1840 !'1:HRSMU
1850 -
1860 !'Allowable current factor:
1870 110~ (1/10), 10~(1/25), 10~(1/50)
1880 l==——m—m e
1890 Factor=10"(1/10) !Current factor
1900 Step time=.5/(1/LGT(Factor))-.0037 !Ramp step time
1910 Step delay t=Step time/2 !Step Delay time
1920 Step keep t=Step time-Step delay t !Step keep time
1930 !
1940 Max _g=50 !Maximum charge (C/cm”2)
1950 Max e=15*1.E+6 'Maximum Field (V/cm)
1960 !
1970 Tox=130*1.E-8 !0xide Thickness (cm)
1980 Area=.001 !Area of oxide capacitor (cm"2)
1990 Calc_istop !Calculate Istop (A)
2000 Vgcomp=Max e*Tox !Vg compliance (V)
2010 TIgcomp=.1 !Ig compliance (A)
Parameter Default Description
Type$ 2 NMOS Bulk type: NMOS is for P bulk and PMOS is for N
bulk
Iforcel 1 (nA) Initial current
Vuse 5(V) Normal operating voltage for the device
smu type® |1 Type of SMU used for current sweep source
(1: HRSMU, 0: MPSMU or HPSMU)
Factor 101710 Ramp step increase factor F
(101/10, 101/25, or 101/50)
Max g 50 (C/cm?) Maximum charge density
Max e 15 (MV/cm) Maximum electric field
Tox 1.30%107 (cm) | Thickness of oxide
Area 0.001 (cm?) Area of oxide capacitor

a. Iftype is NMOS, opposite polarity values for some of the values are actually
used later in the program by using the Tp parameter, which is set to —1 in line

2030.

b. If you use the 4155, or MPSMU in the 41501 Expander, change the value to 0.
If you use the HPSMU in the 41501, use the JRAMP1 sample program. See
“When SMU Lacks Power to Break Oxide”.
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When SMU Lacks Power to Break Oxide

You may encounter that the oxide does not break using MPSMU or HRSMU. Because
voltage enough to break the oxide is not forced when relatively high current is forced.
MPSMU or HRSMU can force maximum 20 V with the range of 40 mA through 100 mA.

To solve this problem, you can use HPSMU which is in the 41501 Expander. The HPSMU
can force maximum 100 V with the range of 50 mA through 125 mA.

The following program and setup files assume to perform J-Ramp Test using an HPSMU
and an SMU. Figure 2-12 shows the connections between SMUs and a DUT.

JRAMP1 J-Ramp sample program with HPSMU. This is an IBASIC program
file saved in ASCII format.

JINIT1.MES Measurement setup file for initial and post stress test with HPSMU.
JRMP1.MES Measurement setup file for J-ramp stress test with HPSMU.

Note that you may need to customize the JRAMP1 program and JINIT1.MES and
JRMP1.MES setup files for your application before execution.

Figure 2-12 Simplified Measurement Circuit of J-Ramp Test With HPSMU
SMUS
Oxide Capacitor
SMU1
HPSMU - |°V
MPSMU or HRSMU
JRMP4-03
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Measurement Setups
This section covers the measurement setups that are stored in the JINIT.MES and
JRMP.MES files.

Setups for Initial and Post Stress Tests

The measurement setups stored in JINIT.MES are used for the initial and post stress tests.
The setups of each page are shown in Figure 2-13 to Figure 2-19.

Setups for Ramped Stress Test

The measurement setups stored in JRMP.MES are used for the ramped stress test. The
setups of each page are shown in Figure 2-20 to Figure 2-26.
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Figure 2-13 CHANNELS: CHANNEL DEFINITION Page for Initial/Post Stress
CHANNELS: CHANNEL DEFI NI TI ON 95FEB02 09:19AM
Voltage Ramp Initial/Post Spot Measurement SWEEP
*MEASUREMENT MODE L
SAMPLI NG SAM-
PLI NG
* CHANNELS
MEASURE STBY| [ SERI ES —
UNI'T VNAME I NAME MODE [FCTN RESI STANCE DEFAULT
SMU1: HR | Vg g I CONST 0 ohm MEASURE
SMU2: HR 0 ohm SETUP
SMU3: HR EMT W
SMU4: HR |Vsb I'sb v CONST B- Tr
vsut e VCE-1C
vsu2 | | eeeeaas —
VMUT | eeeeeee e S MEM2 M
VMU2 | | eeeeeee e S FET
VDS- 1D
MEM3 M
FET
VGS- 1D
MEM4 M
DI ODE
SAMPLI NG |VF-IF
Sel ect Measurement Mode with softkey or rotary knob. |
CHANNEL | |USER USER NEXT
DEF FCTN VAR PAGE
Figure 2-14 CHANNELS: USER FUNCTION DEFINITION Page for Initial/Post Stress
CHANNELS: USER FUNCTI ON DEFI NI TI ON 95FEB02 09:19AM
Vol tage Ramp Initial/Post Spot Measurement
*USER FUNCTI ON
NAME UNIT DEFI NI TI ON
Vm v @uvi
[DELETE
ROW
Vm
Enter User Function Name. (max 6 chars.) |
CHANNEL | |[USER USER PREV NEXT
DEF FCTN VAR PAGE PAGE
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Figure 2-15 MEASURE: SAMPLING SETUP Page for Initial/Post Stress
MEASURE: SAMPLI NG SETUP 95FEB02 09:20AM
Vol tage Ramp Initial/Post Spot Measurement LI NEAR
*SAMPLI NG PARAMETER *STOP CONDI TI ON L0G10
MODE LI NEAR ENABLE/ DI SABLE| ENABLE
INITIAL I NTERVAL| 10.00ms ENABLE DELAY 0.0000000 s
NO. OF SAMPLES 100 NAME Vg
TOTAL SAMP. TIME| 1.00 s THRESHOLD 4.0000000 V| [LOG25
EVENT | Val| > | Th|
‘HOLD Tl ME \ 0.000000 s\ EVENT NO. 1
LOG50
‘FILTER \ON
* CONSTANT THI NNED
UNI'T SMU1: HR SMU4: HR ouT
NAME g Vsb
MODE | Y
SOURCE -1.000uA 0.0000 V|---comommn|ommanannnnx
COMPLI ANCE| 40.000 V| 100.00mMA|--------u|-nmoo-oo-
LI NEAR
Select Sampling Mode with softkey or rotary knob. |
SAMPLNG MEASURE| [OUTPUT PREV NEXT
SETUP SETUP SEQ PAGE PAGE
Figure 2-16 MEASURE: MEASURE SETUP Page for Initial/Post Stress
MEASURE: MEASURE SETUP 95FEB02 09:20AM
Vol tage Ramp Initial/Post Spot Measurement AUTO
*MEASUREMENT RANGE
UNI'T NAME RANGE ZERO CANCEL | OFF Fl XED
SMU1: HR| Vg AUTO  |----- OFF
SMU4: HR| | sb LI M TED|1nA OFF [ 10pA
LI Ml TED
AUTO
(*:0ld data is used.)
*I NTEG TI ME
TI ME NPLC
SHORT@ 640us |0.032
MED 20.0ms |1
L ONG 320. ms| 16
*WAI'T TI ME
*(DEFAULT WAI T TI ME)
AUTO
Select Range Mode with softkey or rotary knob. |
SAMPLNG MEASURE| [OUTPUT PREV NEXT
SETUP SETUP SEQ PAGE PAGE
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Figure 2-17 MEASURE: OUTPUT SEQUENCE Page for Initial/Post Stress
MEASURE: OUTPUT SEQUENCE 95FEB02 09:21AM —
Vol tage Ramp Initial/Post Spot Measurement SMU1: HR
SMU2: HR
*OUTPUT SEQUENCE *TRI GGER SETUP
UNI' T NAME MODE ENABLE/ DI SABLE| DI SABLE
1 SMU4: HR| Vsb \ FUNCTI ON TRI G OUT -
2 |SMU1T:HR|Ig I STEP DELAY 0.000 s SMU3: HR
3 | SMU2: HR POLARI TY POSI TI VE
4 SMU3: HR
5 |vsut Smus: iR
6 | VSU2
VSuU1
*OUTPUT SEQUENCE MODE Vsuz
OF SAMPLI NG 2
S| MULTANEOUS
SMU4: HR
Sel ect Output Sequence with softkey or rotary knob.
SAMPLNG MEASURE| |OUTPUT PREV NEXT
SETUP SETUP SEQ PAGE PAGE
Figure 2-18 DISPLAY: DISPLAY SETUP Page for Initial/Post Stress
DI SPLAY: DI SPLAY SETUP 95FEBO2 09:21AM P —
Vol tage Ramp Initial/Post Spot Measurement GR?Z:'
*DI SPLAY MODE I
GRAPHI CS LI ST
* GRAPHI CS
Xaxis Y1axis Y2axis
NAME | @T| ME Vg
SCALE| LI NEAR LI NEAR
Ml N 0.000000000 s|-110.000mV
MAX 1.00000 s -100. 000mV
*GRI D *LI NE PARAMETER
*DATA VARI ABLES
Vm
GRAPHI CS
Select Display Mode with softkey or rotary knob.
DI SPLAY||ANLYSI S PREV NEXT
SETUP SETUP PAGE PAGE
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Figure 2-19 DISPLAY: ANALYSIS SETUP Page for Initial/Post Stress
DI SPLAY: ANALYSI S SETUP 95FEB02 09:21AM
Vol tage Ramp Initial/Post Spot Measurement NORMAL
*LINE1{[ 1
GRAD
TANGENT
*LINE2: [ 1
REGRES-
S1 ON
*MARKER: At a point where
[ Vg 1 = [ MAX(Vg) ]
[ 1
*Interpolate: [ OFF] DI SABLE
Select Line Mode with softkey or rotary knob. |
DI SPLAY||ANLYSI S PREV NEXT
SETUP SETUP PAGE PAGE
Figure 2-20 CHANNELS: CHANNEL DEFINITION Page for Ramped Stress
CHANNELS: CHANNEL DEFI NI TI ON 980CT29 01: 34PM
Vol t age Ranmp Initial/Post Spot Measurenent SVEEEP
* MEASUREMENT MODE
I
SAM
* CHANNEL S FEENG
MEASURE STBY| | SERI ES _
UNIT VNAME I NAME MODE |FCTN RESI STANCE DEFAULT
SMU1: HR | Vg g | VAR1 0 ohm MEASURE
SMU2: HR 0 ohm SETUP
SMU3: HR o
SMU4: HR | Vsb I'sb v CONST MEMI M
VSU1 B-Tr
““““ VCE- |
vsu2 | e [VCE-1C
N e N Rl N i [MEM2 M
vMJ2 | | emee e e ---- FET
VDS- 1 D
MEM3 M
FET
VGS- 1D
MEMA M
DI ODE
Sveer [VE-1F
Sel ect Measurement Mode with softkey or rotary knob. B
CHANNEL | | USER USER NEXT
DEF FCTN VAR PAGE
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Figure 2-21 CHANNELS: USER FUNCTION DEFINITION Page for Ramped Stress

CHANNELS: USER FUNCTI ON DEFI NI TI ON 980CT29 01: 32PM
Vol tage Ramp I nitial/Post Spot Measurement

*USER FUNCTI ON
NANME UNIT

Time |sec

Vbd \

Qbdo C

DEFT NI TT ON
@ NDEX* . 0486
@nz
[NTEG(1 g, Ti me)

Figure 2-22

Qbd 9]

0

Ti me
Enter User

Functi on Name.

(max 6 chars.)

DELETE

ROW

CHANNEL| | USER
DEF FCTN

USER
VAR

R

MEASURE: SWEEP SETUP Page for Ramped Stress

MEASURE: SWEEP SETUP 980CT30 11: 19AM

Vol t age Ranmp Initial/Post Spot Measurement

*VARI ABLE

VAR1

VAR2

UNI'T

NAME

SWEEP MODE
LI N/ LOG
START

STOP

STEP

NO OF STEP
COMPLI ANCE
POVER COWP

SMUT: HR
g

SINGLE |

LOG 10

1. 0000uA
100. 00uA
21

30. 000 V
OFF

*TI M NG

HOLD TI ME
DELAY TI ME

0.0000 s
25. 0ms

* CONSTANT

UNI'T

NAME

MODE
SOURCE
COMPLI ANCE

SMU4: HR
Vsb
\%

0.0000 V|---
100. 00mA| - - -

SI NGLE
Sel ect

Sweep Mode with softkey or

rotary knob

* SVEEP ‘STOP AT CONPLIANCE‘Status

NEXT
PAGE

SI NGLE

DOUBLE

SVEEEP
SETUP

MEASURE
SETUP

OuUTPUT
SEQ

PREV
PAGE

NEXT
PAGE
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Figure 2-23 MEASURE: MEASURE SETUP Page for Ramped Stress
MEASURE: MEASURE SETUP 980CT30 11: 19AM
Vol t age Ranmp Initial/Post Spot Measurenent AUTO
* MEASUREMENT RANGE
UNIT NAME RANGE ZERO CANCEL ][ OFF ETXED —
SMU1: HR| Vg FIXED J40V OFF
SMU4: HR| | sb LI M TED| 1nA OFF [ 10pA]
LI M TED
AUTO
(*: 0 d data is used.)
*I NTEG TI ME
TI ME NPLC
SHORT@ 640us |0.0384
MED 16. 7ms | 1
LONG 266*ms| 16
*WAIT TIME
[:::::::::}*(DEFAULT VAIT TI ME)
Fl XED
Sel ect Range Mode with softkey or rotary knob. B
SVEEEP MEASURE| | OUTPUT PREV NEXT
SETUP SETUP SEQ PAGE PAGE
Figure 2-24 MEASURE: OUTPUT SEQUENCE Page for Ramped Stress
MEASURE: OUTPUT SEQUENCE 95FEB02 09: 41AM
Vol tage Ramp Initial/Post Spot Measurement SMU1: HR
SMU2: HR
*OUTPUT SEQUENCE *TRI GGER SETUP
UNI'T NAME MODE ENABLE/ DI SABLE| ENABLE
1 [SMU4: HR] Vsb v FUNCTI ON TRI G OUT
2 |SMU1:HR|Ig | STEP DELAY 25.0ms SMU3: HR
3 | SMU2: HR POLARI TY POSI TI VE
4 | SMU3: HR
5 |vsut SMU4: HR
6 |Vsu2
VSu1
VSsu2
SMU4: HR
Select Output Sequence with softkey or rotary knob. |
SWEEP MEASURE| [OUTPUT PREV NEXT
SETUP SETUP SEQ PAGE PAGE
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Figure 2-25 DISPLAY: DISPLAY SETUP Page for Ramped Stress
DI SPLAY: DI SPLAY SETUP 95FEBO2 09:41AM R
Vol tage Ramp Initial/Post Spot Measurement GR?Z:'
*DI SPLAY MODE .
LI ST
* GRAPHI CS
Xaxis Ytaxis Y2axis
NAME | Ti me g Vg
SCALE| LI NEAR LOG LI NEAR
MI N 0.0000000 sec 1.00000000uA 0.000000000 V
MAX 5.0000000 sec| 100.0000000mA| 30.000000 V
*GRI D *LI NE PARAMETER
*DATA VARI ABLES
Vbd
Qbd
GRAPHI CS
Sel ect Display Mode with softkey or rotary knob.
DI SPLAY| |ANLYSI S PREV NEXT
SETUP SETUP PAGE PAGE
Figure 2-26 DISPLAY: ANALYSIS SETUP Page for Ramped Stress
DI SPLAY: ANALYSI S SETUP 95FEBO2 09:41AM —_—
Vol tage Ramp Initial/Post Spot Measurement NORMAL
*LINE1]] 1 L
GRAD
TANGENT
*LINE2: [ 1
REGRES-
S| ON
*MARKER: At a point where
[ Vg 1 = [ MAX(Vg)
[ ]
*Interpol ate: [ OFF] DI SABLE
Select Line Mode with softkey or rotary knob.
DI SPLAY||ANLYSI S PREV NEXT
SETUP SETUP PAGE PAGE
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Proof of Equations

This section provides the information on how to solve the equations given in “J-Ramp
Stress Test” on page 2-5.

Step Increase Factor (F)

N steps per decade (N = 10, 25, or 50) gives the following equation:
10 x Iy=1Iyx FN

Solving for F gives the following:

10=r"

log 10 = log;oF

1 =N xlogoF

1/N =log;oF

F=10N

So F can be one of the following: 101191025 or 10", In the JRAMP sample program,
F is specified by the Factor variable.

Step Time (Step_time)

Relation between N (steps per decade) and F (step increase factor) is:
10=FrV

log;010 = log,oF Y

1 =N xlogoF

N=1/logoF

So,

log o F

The sample program sets N (Fact$) according to the F (Factor) that is set.

Current Stop Value (Istop)

The forced current / is a function of time ¢, so the accumulated charge to the oxide is:

-Area

.[I(t)dt = jlo CF'T,-dn =

0 0

qulllx

Where, I(1) = Iy x F", t = n x Ts (time), n is step number, 7% is step time.

2-36
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You want to solve to find the step number () of the step when the maximum allowed
charge density is reached:

n
J.]O'Fn Ty-dn = Gy Area
0

n
Iy Ty an-dn = Aoy Area

0

1 n

I,-T. - ——[F'] = A
0 " 10g10F[ ]0 Dmax * Ar€a
Iy T,
_logIOF(F”_ 1) = q,,4, - Area
Mg = G pax * Area-log  F

10 : TS

-Area - 10g10F+
[0 ’ Ts

F'l _ Dmax 1

(qmax -Area - log10F+ 1)

n- logIOF” = log
10 [0 ’ Ts

= o (qmax -Area - logloF+ 1)
log 10 Iy T

So, Istop is as follows, where M is the minimum integer that satisfies A > n. In the JRAMP
sample program, M is the Step n variable:

Istop =1 x M

NOTE Assuming "y= @, a: constant", you can get the following:
logy=loga*=xxloga
(logy) =loga
V' x l/y=loga
¥’ =(log a) xy = (log a) x a
So, the integration of &" is:

X

= _de = L Ydx = L . =4
J.a loga loga-[(y) loga Y loga

The result of this integration is used to go from 2nd to 3rd step of above solution
(integration of F).
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SWEAT

SWEAT means Standardized Wafer-level Electromigration Accelerated Test, which is an
accelerated electromigration test for microelectronic metallization on the wafer.

This test can quickly provide data for monitoring metal reliability and process consistency.

This operation manual describes a sample SWEAT program running on the 4155/4156, and
how to use and customize the program. The program is written in the Instrument BASIC
(IBASIC), and is ready to run on the built-in IBASIC controller of the 4155/4156.

“SWEAT” describes the SWEAT procedure and terminology.

“Basic Operation” describes the SWEAT methodology using the 4155/4156, how to
execute the sample program, and program overview.

“Customization” describes the customization procedure. This procedure is very important
because you probably need to modify the program to suit your test device.

“Setup files” shows the 4155/56 page settings that are stored in the setup files.

3-2
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Figure 3-1

SWEAT
SWEAT

START

SWEAT

This section describes the SWEAT procedure (based on the proposed JEDEC 4-June-92
standard) and related terminology.

Overview
SWEAT evaluates sensitivity of metal lines to failure caused by electromigration.

Figure 3-1 shows the flow of the SWEAT test according to the JEDEC proceeding titled "A
PROCEDURE FOR EXECUTING SWEAT" (4-Jun-92).

SWEAT Algorithm Flow

Bfail = R*1.5

&(7

Hre(i+1) = - Tred)

T

heasure Rinit
1=1+1
¥
Force Ifrcd and measure
Woltage (Vineas)
Calenlate CTTF at ]
00N ternperature R = Vineas/Tfre(i)
! ¥
Tfre{0) < - Jstart x Ares Estimste structure !
I thm‘-:“ | dlfec < Tfecfi) - Ire(i-13 ‘
Thee(1) <~ Itee(0) Calenlate CTTF
dlfre < - 1ué

_ Ttrefi) ~Tie(i-1) ) .
Deelta CTTen - (TTE-CTTED)

T
Crelta = 0.57

Delta=0.5

Py

Hreli+l) < - Ifee(i) +Drelta

First, the initial structure resistance is measured. If it is too high, the program finishes.

If initial structure resistance is within limits, the stress/resistance measurement loop is
performed, which is the part inside the dotted square in Figure 3-1. This loop is a feedback
control loop that does the following:
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1.

An initial current is forced through the test structure, and the calculated time to failure
(CTTEF) is calculated by using Black's equation. The current is adjusted in a feedback
loop until the CTTF is within a desired range (TTTF * Errband), where TTTF is the
target time-to-failure. This feedback period to reach the desired range is called the
settling period. The structure resistance is measured when CTTF becomes within
TTTF % Errband. This is called the settling resistance.

After settling, the current is continuously forced to the test structure. By continuously
adjusting the current, CTTF is forced to track TTTF. This period is called the hold
period. This adjustment is performed by the same feedback control algorithm as used
during the settling period. Gradually, the structure resistance increases due to
electromigration voids (CTTF deviates from TTTF).

The hold period continues until the structure resistance is /.5 x settling resistance. This

means the structure has ruptured (failed).

Input Parameters

Following table shows the input parameters required for the SWEAT procedure and the
values used in the sample program. You can change these values to suit your device.

Input Parameter
(Default Value)

Description

Ter (2.E-3 °K™1)

Temperature coefficient of resistance (This value should be measured before
performing the SWEAT evaluation.) See JEDEC No.33 Standard Method for
Measuring and Using the Temperature Coefficient of Resistance to Determine
the Temperature of a Metallization Line for how to measure TCR.

Rinitfail (1000 Q)

Maximum allowable structure resistance during the initial resistance test.

Tttf (190 sec)

Target time to failure.

Ttt (1000 sec)

Total testing time. Testing stops if this time is reached.

Troom (298 °K)

Room temperature.

Vcomp (20 V)

Voltage compliance.

Isrc_max (1 A)

Maximum limit of current source.

Errband (2 sec)

Allowable difference between CTTF and TTTF during feedback control loop.
If difference is greater than this value, forced current is adjusted.

Area (1E-8 cmz)

Cross sectional area of the narrowest region of the structure.

Jstart (1.0E-2/Area A/ cmz)

Starting current density.

Acc (1.LE+10 sA%/cm®)

Acceleration factor for Black's Equation.

Blk (2)

Current density factor () for Black's Equation.

Ea (0.6 eV)

Activation energy for the metallization for Black's Equation.
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Initial Resistance (Rinit) Measurement
Rinit is the structure resistance at room temperature and low current density.

The algorithm assumes that the ambient temperature is 298 °K and the current density is
sufficiently low so that Joule heating is negligible. Actual Rinit is measured when voltage
(small enough not to cause the Joule heating) is applied to the structure.

CTTF

CTTF is the Calculated Time to Failure of the structure based on Black's Equation:
CTTF = Acc * J" LK

Acc: Acceleration factor
J: Current density
Ea: Activation energy for the metallization

Current density factor
k: Boltzman's constant

Temperature in °K.

Rfail

Rfail is used to judge if the test structure fails during the stress/resistance measurement
loop. Rfail is defined as 1.5 x settling resistance.

Exit Condition

SWEAT program ends if any of following occurs. The Ex_cond variable is set to indicate
the exit condition and is saved to the result data file.

* Rinit is greater than Rinitfail (1000 € in sample program). Ex_cond = 10000.

» Rfail has been set and the structure resistance is greater than Rfail. This is the expected
exit condition for the test. Rfail is defined as 1.5 x settling resistance. Ex_cond = 1.

+ Total testing time has elapsed. Ex cond = 2.
» New force current for feedback control is larger than the current limit. Ex cond = 3.

* Voltage compliance of the current source has been reached. Ex cond = 4.
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Output Parameters
The SWEAT sample program stores the following results in the result data file when the
test is exited:
« Exit Condition
This is the number of the exit condition that caused the test to terminate.
e Time To Fail (TTF)
TTF is the time (in seconds) at which the structure failed.
* Fail Resistance
This is the resistance at TTF, which is the structure resistance value when structure
resistance exceeds Rfail (1.5 x settling resistance).
+ Fail J (Iforce/Area)
This is the applied current density at TTF based on the area of the narrowest region of
the test structure.
+ Temperature at Fail
This is the estimated temperature of the narrowest region of the test structure at TTF.
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Basic Operation

This section describes the methodology for using the 4155/4156 to perform SWEAT,
required equipment, required program and files, how to execute the sample program, and
sample program overview.

Methodology
The entire SWEAT procedure can be performed by executing the SWEAT sample program.

The program loads measurement setups (into the 4155/56) that were previously saved to
the measurement setup files on diskette. These setup files are included on the diskette with
the sample program. If you need to modify a setting, you can easily modify them in
fill-in-the-blank manner from the 4155/56 front panel, then resave to the file.

SWEAT test needs a controller to make complicated calculations (such as CTTF) and to
control the forced current during the stress/resistance measurement loop. When using the
4155/4156, two controllers are available: an external computer or the built-in IBASIC
controller of the 4155/4156. The measurement data (CTTF versus Time) is displayed on
the GRAPHICS page of the 4155/4156. Other result data is saved to a result data file.

The SWEAT sample program is created assuming that the 4155/56 built-in IBASIC
controller is used. The sample program can easily be modified to run on HP BASIC or
IBASIC on an external computer. Refer to “Customization” on how to modify the program
to run on an external computer.

If you use a high performance external computer, such as HP 9000 S382 , you can speed up
the feedback loop and reduce the settling period.

An HPSMU is necessary to force high current greater than 100mA, and must be connected
to SMUS port. Measurement mode is set to Sampling mode , and SMUS is set to Standby
mode so that current is continuously forced even when measurement is not being made,
such as during calculation.

Initial Resistance (Rinit) Measurement

First, Rinit is measured while 0.1 V is applied to the test structure. Applied voltage value
(0.1 V) is assumed to be low enough not to cause Joule heating. Rinit measurement circuit
is shown in Figure 3-2.

This measurement setup is in the RINIT.MES file on the diskette, and the sample program
loads this setup into the 4155/56 at the beginning of the measurement. You can easily
modify this measurement setup if desired. You just set the setup pages as desired from the
front panel, then save the new setup to the RINIT.MES file.
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Figure 3-2 Rinit Measurement Circuit

V=01V @— 6D:| |:@> oV
!

HP SMU Vml V2 GNDU
(SMUS5)

Stress/Resistance Measurement Loop

After Rinit measurement, sample program loads a new setup into the 4155/56, and a
feedback loop is entered. Current (Iforce) is applied to the test structure. Iforce is
controlled and adjusted until CTTF (computed using the measurement results) has settled
close enough to TTTF (within £ Errband). The 4155/4156 is set to sampling mode to make
a single spot measurement. SMUS5 port is set to standby mode to keep the current
continuously applied while measurements and calculations are performed.

Measurement circuit of this feedback loop is shown in Figure 3-3. Figure 3-4 and Figure
3-5 show an example CHANNEL DEFINITION and SAMPLING SETUP page. This
measurement setup is stored in the IFVM.MES file on the diskette.

Figure 3-3 Stress/Resistance Measurement Circuit
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Figure 3-4 CHANNEL DEFINITION Page
GHAMNELS: GHARMNEL DEFIMITION 94JULOZ O7:274M
*MEASUREMENT MODE
SAMPLI NG
*GHANNELS
MEASURE STEY||SERIES
Uni T VNAME | NAME MODE [FGTH RESI STANGE
SMU1: HR 0 ohm
SMUZ: HR
SMUZ: HR
SMU4: HR
SMUS: HP [vfre lfre 1 GONST [ON 0 ohm
vsutro [ e
vsuz [ e
VMU 0 I I v e
vV MUZ ymz |- v e
<11 I N
E<111-S I I
GHDU vand | --- - GOMMON [ GONST
DELETE
ROwW
Enter “oltage Name. (max 6 c¢hars.)
GHaMNEL||USER USER WEXT
DEF FGTH VAR P& GE
Figure 3-5 SAMPLING SETUP Page
MEASURE: SaMPLING SETUP 94JULOD3 O7: 29AM
LI MEAR
*SAMPLING PARAMETER “STOP GONDITION L oGio
MODE LINE&AR ENAELE/ DI SABLE DI SABLE
INITIAL | NTERVAL| 2.00ms ENAELE DELAY 0.0000000 =
WO, OF SAMFLES 1 MaME
TOTAL SAMP. TIME[AUTO THRESHOLD 0.00000000 LoGEz s
EVENT wal = Th
|HOLD T 1 ME | 0.000000 s| EVENT NO. 1
LGS0
[FriTer [oFF |
" GONSTANT THINNED
Uni T SEMUS: HP out
MaME 1fre
MODE 1
SOURGE 1.0000ma |- -« - -mn oo
GOMPLI ANGE| 20.000 V|- ---- - | ]
LI MEAR
Select Sampling Mode with softkey or rotary knob.
SAMPL NG MEASURE||QUT PUT FREW MEXT
SETUP SETUP SEQ FAGE F & GE

After every measurement, the program updates only Iforce.

When CTTF becomes within specified range of TTTF, the structure resistance is measured.

This is called the settling resistance.

Then, current continues to be forced and adjusted in the stress/resistance measurement loop
until sufficient electromigration has occurred to change the structure resistance so that it is

greater than Rfail (1.5 x settling resistance).

Agilent 4155B/4156B Sample Application Programs Guide Book, Edition 3
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Required Equipment
The following are required to use the SWEAT sample program:

+ Agilent 4155 or Agilent 4156 Semiconductor Parameter Analyzer

+ Agilent 41501 SMU and Pulse Generator Expander furnished with HPSMU (Option
410 or 412)

* Four triaxial cables
e Probe station
* This operation manual

» Diskette that contains sample program and setup files.

Files on the Diskette

Make sure that following files are on the diskette:

*+ SWEAT
SWEAT sample program.
+ RINIT.MES

File for setting up the 4155/56 to measure initial resistance (Rinit).
+ IFVM.MES

File for setting up the 4155/56 to measure resistance during stress/resistance
measurement loop, and to plot CTTF versus Time.
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Execution

Before executing the program, you may need to customize the program to suit your test
device. If so, see “Customization”.

1. Connect the 4155/4156 to your test device. Refer to Figure 3-2.

2. Insert diskette that contains SWEAT program into built-in drive of the 4155/4156 or
drive of external controller.

* To load the program into the 4155/56, press the IBASIC Display key until All
IBASIC screen is displayed. Then, type the following: GET "SWEAT" Enter

* To load the program into an external controller, type the following on the command
line of external controller display: GET "SWEAT:, msus" Enter

Where msus is specifier of mass storage device that contains the SWEAT program.
If default drive is used, just type GET "SWEAT" Enter.

Then, insert the diskette into the built-in drive of the 4155/56 because the 4155/56
will need to load the measurement setup files.

3. Press the IBASIC Display key until All Instrument screen is displayed.
4. To run SWEAT program in the 4155/56, press RUN front-panel key.

To run SWEAT program in external controller, type RUN Enter.
Measurement results will be displayed on GRAPHICS page of the 4155/4156.

Figure 3-6 Measurement Result Example

GRAPH/ LI ET: GRAPHICS EHORT 94JULD2 OTF7:22aM

MARKER

aFF

MARKEER
LR IRU P

IMTEER-
aTTCE ‘ FOLATE

aFF

RN BT P T S LT PN W MR P T

MARKER
SKIP

auTO
AMaLY-
s s

CURSOR

OFF

MARKER!
CURZOR

LIME FCALI MG OlIEPLAY

FETUP

FAMPLMG
FETUP

FTOPR
CcowMD

COMET
FETUP
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Sample SWEAT Program Overview

For the actual program code, edit SWEAT program.

Line or
Subprogram Name

Description

1510

Sets the 4155/4156's address. 800 means the 4155/4156 will be
controlled by built-in IBASIC controller.

1530 - 1560

Creates data file for storing results.

1590 - 1600

Defines names for setup files that are on diskette.

1630 - 1750

Assigns input parameter values.

1800 - 1880

Loads Rinit measurement setup file, then measures Rinit.

1930

Loads setup file for stress/resistance measurement and
displaying results.

1990

Sets standby mode.

2050 - 2400

Performs stress/resistance measurement loop.

2460 - 2500

Saves measured parameters into the result data file.

2520 - 2540

Displays "CTTF vs. Time" graph.

Init_hp415x

Subprogram for initializing the 4155/4156.

Get file

Subprogram for loading setup file from the diskette into the
4155/56.

Rinit meas

Subprogram for measuring Rinit.

Calc_cttf

Subprogram for calculating CTTF.

Calc_tmp

Subprogram for calculating structure temperature.

Sweat_graph

Subprogram for transferring measurement data from the
4155/56 user variable to program array variables, and setting up
the "CTTF vs. Time" graph.
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Customization

This section describes how to customize the sample program to suit your test device.

Using External Computer or Built-in Controller
Line 1510 specifies the address of the 4155/4156:

1510 ASSIGN @Hp4l5x TO 800 !Address setting

» Ifyou will execute the SWEAT program using the 4155/4156's built-in IBASIC
controller, use the above address (800).

» Ifyou want to execute the SWEAT program on an external computer, use XYZ instead
of 800, where X is the GPIB select code, and YZ is the GPIB address of the 4155/56.

For example, if the GPIB select code is 7, and the GPIB address of the 4155/4156 is
17, modify as follows:

1510 ASSIGN @Hp4l5x TO 717 !|Address setting

Also, set the 4155/4156 to NOT SYSTEM CONTROLLER on SYSTEM:
MISCELLANEOUS page.

Specifying Setup File to Load

Two setup files are required to set up the 4155/56 for the SWEAT measurement: Rinit
measurement setup file and stress/resistance measurement setup file.

These setup files are defined on lines 1590 and 1600.

1580 !-=--—- File name setting ---—-———————----
1590 Ri file$="RINIT.MES" !Rinit measurement setup file
1600 Ist file$="IFVM.MES" !Istress measurement setup file

If you want to use other setup files instead, store the setup files on the diskette, then modify
the file names on the above lines.
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File for Saving Measurement Results

The following lines create an ASCII file for saving the extracted parameters:

1530 File$=TIMES$ (TIMEDATE) !

1540 FileS=File$[1,2]1&FileS$[4,5] ICreating
1550 CREATE File$,1 ! Data
1560 ASSIGN @Filel TO File$; FORMAT ON ! File

Lines 1530 and 1540 create a file with name that is the present time: HHMM, where HH =
hour and MM = minute.

If you want to change the file name, modify line 1540, as shown in following example:

1540 FileS$="TESTDATA"

Line 1550 creates a DOS file, and FORMAT ON in line 1560 means ASCII file. So,
extracted parameters will be stored in an ASCII-format DOS file.

In the sample program, the following result parameters will be stored in the file:

+ Exit condition

+ Time to failure

+ Failure resistance

+ Failure temperature

+ Failure current density

You can add result parameters to be stored in the file by adding lines in the following
format:

OUTPUT @Filel, "parameter"

For example, if you want to store CTTF, structure temperature (T _now), time, and
resistance (R_now) during the stress/resistance measurement loop, add the following two
lines:

2172 OUTPUT @Filel;"I=";I;"CTTF(I)=";Cttf(I);" (s) T_nOw=";T_nOw;"(K)"
2174 OUTPUT @Filel;"Time=";Time(I);" (s) R now=";R now;" (ohm)"

3-14
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Setting up Input Parameters

Input parameter values are assigned from line 1620 to 1720. Modify these values according
to your test device.

NOTE Input parameters for CTTF calculation are not defined here, but are defined in the Calc_cttf

subprogram. See next section.

1620 !-=-——- Parameter setting ---—-—————-—----

1630 Tcr=2.E-3 !Temperature Coefficient of R (1/K)

1640 Rinit fail=1000 !Unallowable initial resistance value (ohm)
1650 Tttf=190 !Target Timeto Failure (sec)

1660 Ttt=1000 !Total Testing Time (sec)

1670 Troom=298 'Room Temperature (K)

1680 Vcomp=20 !Voltage compliance of every port

1690 Isrc max=1 !Current Limit of HPSMU

1700 Errband=2 !Allowable Error Band (sec.)

1710 Area=1.E-8 INarrowest cross section (cm”2)

1720 Jstart=

1.0E-2/Area !Initial current density

Parameter Description Default
Tcr Temperature coefficient of R 2 E-3 °K~!
Rinit fail | Maximum allowable initial resistance value 1000 Q
Tttf Target time to failure 190 sec
Ttt Total allowed testing time 1000 sec
Troom Room temperature 298 °K
Vcomp Voltage compliance 20V
Isrc_max Current limit of HPSMU 1A
Errband Allowable error band 2 sec
Area Narrowest cross section 1.E-8 cm?
Jstart Initial current density 1.0E-2/Area

(Alem?)

Setting up Input Parameters Related to CTTF Calculation

The following input parameters are used in Black's Equation to calculate CTTF in the
Calc_cttf subprogram. If you want to modify these values, change following lines.

2990 !-—--- parameter setting ---—————---——-
3000 Acc=1.E+10 I|Acceleration factor (s*A"2/cm”™4)
3010 Blk=2 !Dimensionless const for Black
3020 Ea=.6 !Activation Energy (eV)
Parameter Description Default
Acc Acceleration factor 1.E+10
(sAz/cm4).
Blk Exponent for current density (# in Black's equation) 2
Ea Activation Energy for metallization 0.6 (eV)
Agilent 4155B/4156B Sample Application Programs Guide Book, Edition 3 3-15
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How to Reduce the Settling Time of CTTF

If many operations are performed (such as displaying results) during the settling period, the
intervals between stress current adjustments becomes long. As a result, it takes a long time
for CTTF to settle close to TTTF. So, the test structure may become OPEN before the
CTTF settles. This leads to unreliable measurement results.

The following are hints for reducing the settling time of CTTF.

Display the Results after Stress/Resistance Measurement Loop

The sample SWEAT program displays measurement results affer the stress/resistance loop
is exited. The following describes how to modify the SWEAT program so that
measurement results are displayed during the stress/resistance measurement loop. If you
make this modification, the CTTF settling period hecomes longer.

The Sweat_graph subprogram is used to display the measurement results. In the SWEAT
program, the Sweat graph subprogram is called in line 2420, which is after the
stress/resistance measurement loop is exited. The stress/resistance measurement loop is
from line 2020 to 2410.

If you want to see the measurement results during the stress/resistance measurement loop,
modify the SWEAT program to call the Sweat_graph subprogram after line 2170 as shown
in the following, and add lines 3490 and 3500 to the Sweat_graph subprogram.

2170 Calc _cttf(Cttf(I),Iforce(I)/Area,T now) ICTTF calculation
2175 Sweat graph(I,Time(*) ,Cttf (*))

2180 !

3500 OUTPUT @Hp4l1l5x;":PAGE:GLIS" !Display Graphic page

3510 OUTPUT @Hp415x;":DISP ON" 'Enable Display Update

3520 OUTPUT @Hp41l5x;":DISP OFF" 'Disable Display Update

The above modification displays the measurement results during the stress/resistance
measurement loop, so the CTTF settling period becomes long.
Use a High Performance External Controller

If you use a high performance external controller (such as the HP 9000 S382 SPU), the
calculation time is reduced.

Use Optimum JgpaRrT

If difference is too great between Jgrart and the stress current value when CTTF is settled,
the CTTF settling time may become long. So, vary Jgragrt Value for first several
measurements to find the optimum JgpagT value.

In the sample program, JgparT is defined so that the first stress current is 1 mA.
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Figure 3-7

NOTE

SWEAT
Customization

Reducing Parameter Extractions during Measurement

If many parameters are extracted during the stress/resistance measurement loop, especially
when the stress current is being adjusted, the time interval between current adjustments
becomes long. (Extract means to transfer the parameter from the 4155/56 to controller.)

So, do not extract parameters that are not important for the measurement results. In the
sample program, only the resistance is extracted, which is required to calculate CTTF.

If you want to extract parameters other than resistance, you need to modify the setup file
IFVM.MES and SWEAT program as described in the example below.

First, add parameter name to be extracted to the DISPLAY SETUP page shown in Figure
3-7. In this example, Vm1 and Vm2 monitored by VMUs are added.

You need to save the new setup to the IFVM.MES file.

Modification on DISPLAY SETUP Page

Ll SPLAY: DI SPLaY SETUP 94JUL2E 04:094AM
Wirc
*DISPLAY MIDE
LI ST L Ere
*LI&T
o . | NAME
q R-eme Wmi
2 Svmi
3 | vmE :
4 -
Wmz
&
]
7
& Wand

Then, add following lines to the SWEAT program:

2130 OUTPUT @Hp4l5x;"TRAC? 'R'" !ExtractR_now
2140 ENTER @Hp41l5x;R_now !

2142 OUTPUT @Hp41l5x;"TRAC? 'Vml'" 'Extract Vml

2144 ENTER @Hp415x;Vml !

2146 OUTPUT @Hp41l5x;"TRAC? 'Vm2'" 'Extract vm2

2148 ENTER (@Hp415x;Vm2 !

2150 !

Adding parameters to be extracted increases the CTTF settling time.
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I)efinﬂllg'Jsjny(r

Test structure resistance is usually very small at first. So, the voltage drop across the test
structure is very small if the start current is small. The voltage resolution of the VMU in
sampling mode is 1 mV. It is very important for the current to be great enough to cause
enough voltage drop to get an accurate resistance value. Modify following part if you need
to change J, .

1710 Area=1.E-8 !Narrowest cross section (cm"2)
1720 Jstart=1.0E-2/Area !Initial current density

Use the following equation to determine the best JgrarT:

Jsrary ¥ Area * Rinit> 10 mV

Current Adjustment Routine

The sample program is made based on the proposed JEDEC 4-June-92 standard, but the
algorithm associated with the current adjustment routine in the stress/resistance
measurement loop may not work for some test structures.

2190 IF Cttf(I)<Tttf-Errband OR Cttf(I)>Tttf+Errband THEN

2200 Delta ifrc=Iforce(I)-Iforce(I-1)

2210 IF Delta ifrc=0 THEN Delta ifrc=1.E-6
2220 Delta=Delta ifrc*(Tttf-Cttf(I))/Cttf(I)-Cttf(I-1)
2230 IF Delta>.05 THEN Delta=.05

2240 IF Delta<-.05 THEN Delta=-.05

2250 Iforce(I+l)=Iforce(I)+Delta

2260 ELSE

2270 IF Rf set=0 THEN !

2280 Rfail=R now*1.5 !Set Rfail value
2290 Rf set=1 !

2300 END IF

2310 Iforce(I+1l)=Iforce(I)

2320 END IF

This routine is slightly different from the proposed JEDEC 4-June-92 standard. In lines
2230 and 2240, Delta is set to 0.05A (or —0.05A) if calculated Delta exceeds 0.05A (or
—0.05A). But in proposed JEDEC 4-June-92 standard, Delta is set to 0.5A (or —0.5A) if
calculated Delta exceeds 0.5A (—0.5A).

This modification is made due to the maximum current limit (1A) of HPSMU.

If the sample program does not work properly, try modifying Delta definition, Jstart, or
Errband until it works properly.
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Figure 3-8
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Setup files

Setup files

This section describes the settings of the 4155/56 setup pages that are stored in the
RINIT.MES and IFVM.MES files. If you change the setup page settings, you need to save
the settings to the files.

Setup File for Initial Resistance Measurement

The measurement setups stored in RINIT.MES file are used for the initial resistance (Rinit)
measurement. The setups of each page are shown in Figure 3-8 to Figure 3-11.

Setup File for Stress/Resistance Measurement

The measurement setups stored in IFVM.MES file are used for the stress/resistance
measurement loop and for displaying results (CTTF versus Time) on graph. The setups of
each page are shown in Figure 3-12 to Figure 3-18.

CHANNEL DEFINITION Page for Initial Resistance Measurement

CHAMMELS: CHAMMEL DEFIMITION J4MARIE O6:254M
Einil measurzmznl SWEEF
*MEAZUREMENT MODE
sam
FLI NG
*CHAMMEL S
MEA SURE zTEV||SERIES
UNIT WHAME I b A& ME MODE |FCTH RES ISTAMCE DEFAULT
SMUT: HR 0 _ohm MEASURE
sMUz: HR SETUP
SMUZ: HER T
SMU4 : HR B Tr
SMUE: HP |Wire Ifr« W COMET YEE- I C
WELUA S
VEUZ S MEMZ M
WU A Wmd S N S FET
VU2 Wma R L ' I P VOE- 1D
PEUA
PaL MEMZ M
FET
G o Wand cee - - | COMMOM | CONST |- - - - wEs- 1D
MEME M
0Dl oD E
TAMPLI NG MP-LF
Select Measurzmenl Mode: wilh zoftkzy or rolary knob.
CHAMMEL | [USER USER MEXT
DEF FCTH WaR FAGE
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Figure 3-9 USER FUNCTION DEFINITION Page for Initial Resistance Measurement
CHAWMELS: USEF FUNCTI OGN DEFI WNITION O4JULOT {4: SOFM
Finit measurement
*“USER FUNGTI OMN
A ME Unl T CEFI WITION
Finit ochm (Nmil-Ym2)J/ I fre
DELETE
E=21)
Rinit
Enter User Function Name. [(max 6 chars.)
CHAMMNEL| |USEFR USER FREWV MEXT
DEF FCSTH VAR FAGE FaGE
Figure 3-10 SAMPLING SETUP Page for Initial Resistance Measurement
MEASURE: SAMPLING SETUP S4JULOT 14 S1FM
Finit measurement
*SAMPLI NG PARAMETER *STOP CONDITION
MCODE LI MEAR ENABLE/ DI SABLE|DI SAaBLE
IMITIAL I MTERWAL 4.00ms EMABLE DELAY o. 0000000 =
Mo, OF SAMFPLES 1 MAaME
TOTAL SAMP. TIME[AUTO THREESHOLD 0. 00000000
EVENT Mal = Th
|HOLD T1 ME | S00. 0ms | EYENT M. i
[FILTER [oFF |
*CONSTANT
UnI T EMUS: MP
MAME wir e
MCODE kY
SCOURGE ioo.omy |- - e e
COMPLIANGE| 100.00mA |- - oo | oo
1
Enter Mo of Sampling (1 to 10004).
SAMFPL NG MEASURE||OUTPUT FREW MEXT
SETUP SETUP SEQ FAGE FAGE
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Figure 3-11

DISPLAY
Rinit

DI SPLAY SETUF

maasuUremant

“DISPLAY MWODE

LIST

*LIET

Mo

.| NAME

1

Finit

lfre

Womi

WomZ

Wire

o ||| dn | | D | R

*DAT A YWARIABLESR

LI ST
Select

Diz=play Mode with softkey or

rotary

DISPLAY SETUP Page for Initial Resistance Measurement

94JULO07 11: S2FM

knob.

SWEAT
Setup files

GRAPH-
[ey=i

SETUP

DI SPLAY

ANLYEI S
SETUP

FREWY
FPAGE

MEAZT
PAGE

Figure 3-12

CHAWMMELS:

GHARNEL

*MEASUREMERT MODE

SAMPLI NG

*CHAMNNELS

CEFI NI TICH

CHANNEL DEFINITION Page for Stress / Resistance Measurement

Q4 JULOZ OTF: 2T7TAM

MEASURE

Unl T

WA ME | NAME

MODE

FCTH

STEY

SEFRIE=
FEZI STANCE

S MU
SMuUZ:
SMU3:
SMU4
SMUS:
WEUA
wsuz
MU
¥ MUz
FGUA
FGUZ
GhDU

HR
HR
HR
HR
HF

Wi e I fre

wmli | - e e e
WmE o e e e e e

wgnd |- - - -

GO MM

CGONST

CGONST

O

Enter %Woltzage

Mame. (max 6 c¢chars.)

O ohm

R ow

DELETE

CHANNEL
DEF

USER
FCTH

USER
WaR

NEXT
F A GE
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Figure 3-13 USER FUNCTION DEFINITION Page for Stress / Resistance Measurement
CHAMMELS: USER FUNCTIOM DEFIMNITION a4JULOoT 4141 FM
*UZER FUNWCTI ON
M&ME UMI T DEFIMNITION
R ohm ARSI Mml-Wm2) I Tre))
DELETE
ROW
Enizr Ussr Funclion Mamz. [max & chars.]
CHAMMEL | [USER UZER FREY MEXT
DEF FCTH WAR FPAGE FAGE
Figure 3-14 USER VARIABLE DEFINITION Page for Stress / Resistance Measurement
CHANNELS: USEF WARIABLE DEFI NITI QN 94JULOT {14: 46PM
*USER YARIABLE
WA ME Ul T S ZE
Ti me sen 1
CTTF sen 1
DELETE
R Cwy
Ti me
Enter User Variable Mame. {(max 6 chars. )
CHANNEL||USER UZER FREWY NEZT
DEF FCGTH VAR FPAGE PAGE
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Figure 3-15 SAMPLING SETUP Page for Stress / Resistance Measurement
MEASURE: SAMFLING SETUP Q4JULOT7 {1: 43FM
LI MEAR
"SAMPLI NG FPaRAMETER *STOFP CONDITIGN Leaio
MODE LIMEAR EMABLE! D'l SABLE|DI SAELE
IWITIAL INTERVAL| 2.00ms EMABLE DELAY 0.0000000 =
M3, OF SAMFPLES 1 WA ME
TOTAL SAMP. TI ME|AUTO THRESHOL D 0. 00000000 LOGES
EVEMNT Wal = Th
|HOLD T1 ME | 0.000000 s| EVENT HO.
L 0G50
[FiLTER [oFF |
*GONSTANT THI NWED
umi T EHUS: WP auT
MAME 1fre
MODE |
SOURGCE 10000 mA |- -« o e e e
GOMPLIANGE| 20.000 W |- ---- -]
LI NEAFR
Select Sampling Mode with softkey or rotary knob.
SAMPLNG MEASURE||oUT PUT FREW WEXT
SETUF SETUF SEQ PAGE FaGE
Figure 3-16 MEASURE SETUP Page for Stress / Resistance Measurement
ME4SURE: MEASLRE SETUP Q4JULOT7 14: 44FPH
AUTO
* MEASUFEMENT RANGE
uniT & ME B & NGE ZERD GANWGEL | OFF FlxCD
SMUS: WP | Wfrc LIMTED| 20w OF F
VMU Wmi aAUTO ... OF F
WMUZ W mz aUTO ... OFF
LI MITED
AUT O
[*:2ld data is uwused. )
"I NTEG TI ME
T | ME WELG
SHORT @| &0us 0.004
WMED 20.0ms |1
L ONG zg0. m=| 16
“wal T TIME
“{ DEFAULT WAl T TI ME}
LI M TED
Select FAange Mode with softkey or rotary knob.
SAMPL NG MEASURE|[ouUTPUT FREW MEXT
SETUF SETUF SEQ FAGE FPAGE
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Figure 3-17 OUTPUT SEQUENCE Page for Stress / Resistance Measurement
MEASURE: OQUTPLT SEQUENGE 94 JULO7 11: 45FM
SMUT: MP
SHKMUZ: WP
*OUTPUT SEQUENGE *TRI GGER SETUF
UmIT haME MODE EMABLES DI SABLE| DI SABLE
1 SMUS: MRl 1 fre | FUNCTI ON TRIG COUT
z SMUZ: MP STEP DELAY 0o.000 = SMUZ: MP
3 SMUZ: MF POLARITY POSITI VE
4 SMU4 MP
3 SMUL MP SMU4: MP
7] VEL
7 WEsUR
] PGUA
o FPGUZ SMUS: WP
10| SMUG: HP
*OUTPUT SEQUENCGE MODE
OF SAMPLING SMUG: MP
SIMULTANEOQOUS
MZORE
SMUS: MP e
Select Cutput Sequence with softkey ar rotary knaob.
SAMPLNG MEASURE | [OUT PUT FREVW MEXT
SETUPR SETUFP SEQ FAGE FAGE
Figure 3-18 DISPLAY SETUP Page for Stress / Resistance Measurement
DI SPLAY: DISPLAY SETUP 94JULO7T H441: 45PM
GRAFPH-
(e

"Dl SPLAY MODE

LIST LI ST

"LIET
No. | NAME
1 R

L= e B =T 0 o

*DATA WARIABLES

LIET

Select Display Mode with saftkey aor rotary knob.

DI SPLAY||ANLYSI S FREW MEXT
SETUF SETUF FAGE FAGE
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Go/NO-GO

At present, incoming inspection and quality assurance inspection of semiconductor devices
is extremely time-consuming due to the need to inspect a large number of different devices.
It is important that the process be automated to save time. Also, the results are often
different depending on the individual conducting the tests, and it is desirable that these
differences be eliminated to raise the reliability of the results.

Using built-in Instrument BASIC (IBASIC) of the 4155/4156, you can turn the 4155/4156
into a functional and easy-to-use automatic incoming/outgoing inspection tester.

This operation manual describes a sample incoming/outgoing inspection program that runs
on the 4155/4156, and describes how to use and customize the program. This sample
program is stored on a diskette in the GONOGO file.

“GONOGO Sample Program” describes outline of GONOGO sample program.
“Basic Operation” describes basic operation of the GONOGO sample program.

“Customization” describes procedure to customize the GONOGO sample program to suit
your devices.

4-2
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GONOGO Sample Program

This section gives an overview of the GONOGO sample program. The GONOGO sample
program has following functions.

Menu driven operation

The program can basically be operated by selecting a softkey. For example, after the
device is connected, you need only press the NEXT DEVICE softkey. All measurement
parameters will be extracted automatically using the Auto Analysis function, then the
result values are displayed in the Result column.

Automatic binning

You can set upper and lower limits for the result values, which are judged automatically
by the program.

Viewing all measurement curves while measurement is in progress

It is possible to view the measurement curves while the measurement is in progress. Or
to only view the results.

Viewing a particular measurement curve

It is possible to view a particular measurement curve. This is useful for viewing the
device characteristics when the measured result is judged to be out of specification.

Changing limits
You can change the upper or lower limit after the program is started.
Showing statistics

You can display statistical results (average, maximum, minimum, standard deviation)
at any time.

Downloading to spreadsheet

After measurement for all devices is finished, all measurement data can be downloaded
to an ASCII file. You can import this file into a spreadsheet, such as LOTUS 1-2-3 or
Microsoft Excel.

Figure 4-1 shows the flowchart of the GONOGO sample program.

Agilent 4155B/4156B Sample Application Programs Guide Book, Edition 3 4-3



Go/NO-GO
GONOGO Sample Program

Figure 4-1 Flowchart of GONOGO Sample Program

| Input Operator Mame

e
| Felect Device Type ‘

s
| WAIN MENU ‘

! ! ! !

MEXTDEVICE Change Limir hloritor Surve Btaristcs

)

Meagure Device
Chracterstics

)

Extract
Parameters

hMeasured All
Devices?

Crownload to
Spreadsheet

LOTUS 1-2-3
or M3 EKCEL
[
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Basic Operation

This section describes the required equipment, required program and files, connection, and
how to execute the sample program.

Required Equipment

The following are required to use the GO/NO-GO test sample program:

Agilent 4155 or Agilent 4156
Agilent 16442A test fixture
Four triaxial cables

This operation guide

Diskette that contains sample program and the 4155/4156 setup files.

Files on the Diskette

Following files are on the sample diskette:

GONOGO

GO/NO-GO sample program.

VTH.MES

File for setting up the 4155/4156 to measure Vth and beta.
GM.MES

File for setting up the 4155/4156 to measure gm.
RDS.MES

File for setting up the 4155/4156 to measure Rds(ON).
BVCEO.MES

File for setting up the 4155/4156 to measure BVceo.
ICVC.MES

File for setting up the 4155/4156 to measure Va and Rc.
HFE.MES

File for setting up the 4155/4156 to measure hFE.
RE.MES

File for setting up the 4155/4156 to measure Re.
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Sample Devices

This sample program is for testing the following two devices:
* MOSFET (SD214DE): Agilent P/N 1855-0723

* Bipolar Transistor (2N3904): Agilent P/N 1854-0215

You can customize this sample program to suit your devices. Refer to “Customization” for
details.

Connection

Connect the 4155/4156 to the 16442A as shown below. If you use the 4156, connect
triaxial cables to the Force terminals, and open the Sense terminals.

Figure 4-2 Connection between 4155 and 16442A
Il
OO ©O
© ©
@
2 Q © ©
&, © ©
4
4155 16442A
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Execution

1. Insert diskette that contains GONOGO program into built-in flexible disk drive of the
4155/4156.

2. Press the IBASIC Display key until All IBASIC screen is displayed. And enter the
following command to get the GONOGO program.

GET"GONOGO™"
3. Press RUN front-panel key to execute the program.

4. You need to enter supplemental information, such as "Operator name", as shown in
Figure 4-3.

Type in your name, then comment as requested.

Figure 4-3 Operator Name Input Screen
snziane
azd0e
ity
Enter Operator Name. 4
{53
(&)
=D
FIEF L] FE e
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5. Program prompts you to select the device type from the selection menu as shown in

Figure 4-4.
Figure 4-4 Device Selection Menu
[EN]
S02140E
(23
2R304
Select Dewice type 3
1 -- SD214DE (HOSFET {n-chan.)) @
2 -- 2N3904 (Bipolar (NPH))
3 — ko ol ol
4 ok ok ol e (b:l
5 o ko ko
E —_— kA
B}
ERLD
|Step Hcont.i.- ‘ | BUR H | ‘Pa.u.se ”Stop ‘ |clear HReset
nme Lo
6. Select the softkey of desired device type. The following is displayed.
Figure 4-5 Main Display
e
DEVICE
OPERATOR :
DEVICE : SD?14DE (MOSFET) Date:
COMMENT 22 Mar 1994
CORRENT DUT Lack
Parameter Limits Result Status
VTH T 7
BETA 001 5. E+99 Uslock
Rdson 0 10
G .001 9.E+99
0 0
0 0
0 0
HORE
| ¥ | GOoD ‘ BAD | EXTIT
| | \ |
|St&p ||%%Iéti- | | EUH ” | |Pause ||St0'_|:| E}J;gal: ||Reset |
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7. Connect (on the 16442A test fixture) according to the device type you will use. See
following figure.

Figure 4-6 Connection of Device on Test Fixture (Top View)
SMUL U2 SMU3 SMuU4 SMUL sMU2 U3 U4
) » @ O
Drain Emitter
Gate j) Q Source Base D
(— e—
Sub Collector
MOSFET (SD214DE) Bipolar Transistor (2MN3904)

8. After putting the device on the fixture, press NEXT DEVICE softkey.

The parameter extractions are performed one by one. After all the measurements are
finished, results are displayed.

Each measured parameter is compared to the upper and lower limits, and judged GOOD
or BAD. If all parameters are within limits, the device is judged as GOOD, so the device
is ready to be shipped or to be used. If BAD, the device has some defects.

9. Attach next device to the fixture, then select the NEXT DEVICE softkey.

Figure 4-7 shows an example result screen after several devices are measured.

Figure 4-7 Example Result Screen
_ NEXT
OPERATOR:
DEVICE : SD?14DE (MOSFET) Date:
COMMERT : 22 Mar 1994
CORRENT DOT Lotk
Parameter Limits Result Status
VTH 1 2 .540605 GO0D
BETA . 001 9.E+99 .006761076 | GOOD Unlock
Rdson 0 70 L 0174365 G00D
GH . 001 9.E+990 00703 G00D
0 0 0 G00D
0 0 0 GO0D
0 0 0 GOOD
MORE
i 800D BAD EXTT
10 [] 1
ste Conti- FUH Panse sto Clear Reset
S T
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Viewing All Curves while Measurement is in Progress

If you want to view all the measurement curves in real time while the test is in progress,
select the Unlock softkey in the main display.

Figure 4-8 Unlock Function Shows Every Curve while Measurement is in Progress
Unlock .
== Monitor every curve
GRAPH/ LI ST: GRAPHI G5 SHORT Q4JULZ9 03:024M FERER
Seb\:;;IEIR(on Regi on \1“.200 W 22 .2425449326m T5.4225TT2T6m )
I Bl RGN U e
210, o %‘UF' e eo.o«
SCRTI =y 1335?.“ dordeam | CEME POL@E
W PER
2,01 oygpg o | e - cum
||'|II = — Skl P ! IE
i
000 Inirtpl: 922 |94 2m)| o oo FOLAT
0. T AT T m dr v .00
RILLZ9 03 O44M TR
Y| [CURSCR [SET UP SETUP [SET LP [SETUP 1
N e
e
Trirdpl : |22 5090 B
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Viewing Only Results while Measurement is in Progress

If you only want to see the measured parameter values, select Lock softkey in the main
menu. Only the following screen will be displayed.

Figure 4-9 Lock Function Displays only the Status Screen
»
Lock mmp  Stay in Status screen
OPERATOR:
DEVICE : ED214DE (MOSFET) Date:
COMMENT - 22 Mar 1994
CORRENT DUT LOCK
Parameter Limits Result Status
VTH 1 Z ~040605 GOOD
BETA -uul 9 _E+99 .006781076 GOOD HL 0 Cit
Rdson o 70 _0174365 GOOD
o .001 9.E+90 _00703 GO0D
0 0 0 GOOD
o 0 0 [e0]0)1]
[ 0 0 GOOD
HORE
[ # I GOOD I BAD | pr—
| 10 | ] | 1 |
|Step ||Elougt.i— | | RITR || | |Paus& ”St.op | E_S.ar ||Reset |
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Viewing a Particular Measurement Curve

If a device is judged BAD, you may want to remeasure, and display only a particular
measurement curve. If so, press MORE softkey, then the Monitor Curve softkey.

The softkey labels are changed to Curve curvename, where curvename is the name of each
curve. Select the softkey for the desired curve. The measurement is performed again, and
only selected curve is displayed as shown in the following example.

Figure 4-10 Monitor Curve Softkey
Honitor s Monitor each curve
curve
Example
Monitor
curve
GRAPH LIET: GRAPHI CE EHCRT Q4JUL2D 02:024M EFEER
SaIM:\’R;IEIh?n Resien \1”.200 W 22.249544926m T5.422577276m )
0 15 582, 3HFRIAATY 0
N = w emm
Curve SORTI Sy 1935{?{ dordaom | T POLS,T:E
vth spaesl 1] ] "3
: =
o oo )[ y Intrgpr: [ 922 [942m) 0. 00
o, WE U T m rdr v Lo l‘
|
Il | i 5t | i il =
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Figure 4-12
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Changing Limits

If you want to change the limit values after the program is started, select the MORE
softkey, then the Change Limit softkey. Then, select the softkey for the limit value that you
want to change. Type in the new value from the keyboard or front panel.

Change Limit Softkey
Ch
o mp Update the upper/lower
limit
CORRENT DOT,== — Leck
Parametep Limits REesult Status

YR | -1 s :

BETA ! .001 9.E+99 N Unlock

Rdson 0 u '

oM. . 001 5.E+99 | .

. ] 0 A
“ [ 0 0
] 1] [1] ]
T N e HOFE
Displaying Statistical Data
To display statistical results, such as average or standard deviation, press MORE softkey,
then Statistics softkey.
Then, select the softkey of the statistical data that you want to display. The statistical data
of all devices that have been measured is displayed in the Result column, and the type of
statistic is displayed in the Status column.
Statistics Softkey
Statig- . .
Stat = Show statistics

Average -y Show Average Example
Average
Max. mmip Show Maximum
Result Status
. . -940605 A
Min. mmp Show Minimum 606761576 | Avernge
-0174365 Average |
-00703 Average |
0 Awerage |
1] Average
stndrd | @ Show Standard . Averade
Dev.

Deviation
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Exporting Data to Spreadsheet

Figure 4-13 Exporting Result Data to a Spreadsheet

Microsoft Excel
File Edit Formula Format Data Options Macro Window Help

Bl el Al el

Lotus MS s e
1-2-3 EXCEL L1 1-Jun-04
.' 2T 14003 “vih Test Result
& B 13
e SD214DE (MOSFET) 12
115
- - i
i Good Bad
123456
E : ! ! Numbar

Import Good data B
P4 Number  VTH BETA Rdson G BETA/Rsdon/GM Tes

11199552 0005408 0018807 0008682 | |

2 155457 0005434 001571 00651 | oy e
371149902 0005395 0019592, Q00GBTT | 00T,
4 1146409 000536 001858, 0006604 | ol op
5 1145684 0005351 0018563 000659 123456

611468855 0.005371 0018581 000853 Nurnber
[ 120007 0006243 g L—

After finishing the test, you can export all the measured data to a spreadsheet as follows:

1. After all devices have been measured, select EXIT softkey on the main display.

2. Select Download, enter the desired file name, then select LOTUS 1-2-3 or MS EXCEL
softkey depending on which of these spreadsheets you have.

The result data is saved to a diskette in ASCII format, which can be imported into the
spreadsheet.

The following data is saved to the file on diskette:

* Date

e Time

*  Operator name

« Device type

*  Comment

*  Number of measured devices
*  Number of good devices
*  Number of bad devices

* Raw measurement data
* Average

*  Maximum

¢ Minimum

e Standard deviation
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Customization

This section describes how to customize the sample program to suit your test device.

Also, this section describes how to customize the sample program for use with a handler.

Overview
Customization procedure consists of following 5 steps:

1. Decide which parameters you want to measure.

. Decide upper and lower limits of each parameter according to the device specifications.

2
3. Create a 4155/4156 measurement setup file for each parameter.
4. Edit the Select_dut subprogram in GONOGO program.

5

. Edit the Dut_spec subprogram in GONOGO program.

The following describes each of these steps:

To Decide Parameters to Measure

Decide which parameters you need to extract as shown in the following example for a

MOSFET:

* Vth

. gm

* BVdss

*  Rds(ON)

To Decide Lower and Upper Limits for Each Parameter

Decide the upper and lower limits of each parameter as shown in following example for a

MOSFET:
Parameter Lower Limit Upper Limit
Vth 0.2 2.5
Gm 0.001 90
BVdss 40 9.E+99
Rds(ON) .001 9.E+99

Write down the values. You will enter these values in the program as described in step 5.

NOTE If you don't need to specify an upper limit or lower limit, assign a dummy value. For upper
limit, the dummy value could be 9.E+99. For lower limit, it could be —9.E+99
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To Create the Measurement Setup Files

Create a file (filename . MES) for setting up the 4155/4156 for each parameter that you
want to extract. For example, create the following measurement setup files for extracting

the parameters.

Parameter Setup file name
Vth EXVTH.MES
gm EXGM.MES
BVdss EXBV.MES
Rds(ON) EXRDS.MES

To extract the parameter, you can use the USER FUNCTION or Auto Analysis Function
of the 4155/4156. For example, to extract Vth, the following 4155/4156 settings should be
saved to EXVTH.MES. In the USER FUNCTION, define the parameter name to be

extracted. In this example, VTH is defined as @L1X , which is the X intercept of line 1.

Figure 4-14 CHANNEL DEFINITION Page
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Figure 4-15 USER FUNCTION DEFINITION Page
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Figure 4-16 SWEEP SETUP Page
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To Edit Select_dut Subprogram

Add the device type to the program by editing the Select dut subprogram.
In the IBASIC editor, enter the following command. And edit the subprogram.
EDIT Select dut

Adding Device Type to Selection Menu.

To add the device type, you need to modify one of the following lines:

9380 PRINT TABXY (13,13);"2 -- 2N3904 (Bipolar (NPN))"
9390 PRINT TABXY (13,14);"3 —— ***xxxxn !for future enhancement###
9400 PRINT TABXY (13,15);"4 —— ****xxxn ! for future enhancement###

For example, modify line 9390 as follows:

9380 PRINT TABXY(13,13);"2 -- 2N3904 (Bipolar (NPN))"
9390 PRINT TABXY(13,14);"3 -- 2N4351 (MOSFET (npn))"
9400 PRINT TABXY (13,15);"4 —— ****xxxn ! for future enhancement###

Setting the Device Type Flag.
The device type you select is passed to the other subprograms via the Dut flag flag.

You need to modify following part of the Select dut subprogram. The following
shows the original subprogram.

9470 ON KEY 2 LABEL " (2) 2N3904 " GOTO Dut2
9480 ON KEY 3 LABEL " (3) " GOTO End
9490 ON KEY 4 LABEL " (4) " GOTO End
9690 Dut3: !

9700 Dut_flag=3

9710 Dname$=""

9720 GOTO Exit

In this example, we will modify lines 9480 and 9710 as follows:

9470 ON KEY 2 LABEL " (2) 2N3904 " GOTO Dut2
9480 ON KEY 3 LABEL " (3) 2N4351 " GOTO End
9490 ON KEY 4 LABEL " (4) " GOTO End
9690 Dut3: !

9700 Dut flag=3

9710 Dname$="2N4351 (MOSFET)"

9720 GOTO Exit

Parameter Dname$ is passed to the other subprograms as the name of the device.

4-18
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To Edit Dut_spec Subprogram

The Dut_spec subprogram sets the following for your device: parameter names, limits of
each parameter, the name of the 4155/4156 measurement setup file to extract the
parameter, and unit of each parameter.

In the IBASIC editor, enter the following command. And edit the subprogram:

EDIT Dut_spec

This subprogram has a SELECT Dut_flag statement, which executes the CASE
statement according to the Dut flag flag value. The Dut flag value was set by the
Select dut subprogram according to the device you selected by softkey.

You need to add a "CASE" statement for your device just before the "CASE ELSE"
statement.

For example, insert "CASE 3" just before the "CASE ELSE" statement as follows:

2630 M file§(7)=""
2640 !

2641 CASE 3

2650 CASE ELSE

The "3" corresponds to the "2N4351 (MOSFET)", which you set in the Select dut
subprogram as described in the previous section.

You set the parameter names in the Par$ (1) variables (maximum 9 characters). You can
set up to seven parameter names.

NOTE This parameter name must correspond to the measurement setup file assigned to
M file$ (1).Forexample,if Par$ (1)="VTH", the setup file for measuring VTH must
be specified for M file$ (1). This measurement setup file was created as described in
“To Create the Measurement Setup Files”.

The variable for the upper limit of the parameter is Par Imx (1).
The variable for the lower limit of the parameter is Par Imn (1).
The variable for the unit of the parameter is Par 1u$ (1), maximum 1 character.

The variable for the setup file name isM file$ (i), maximum 10 characters.

NOTE This file name must correspond to parameter assigned to Par$ (1) . For example, if
Par$ (1)="VTH", the setup file for measuring VTH must be specified forM file$ (1).
This measurement setup file was created as described in “To Create the Measurement
Setup Files”.
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Example Modification.

Following is an example modification. If you do this modification which inserts lines 2641
to 2681, program line numbers 2650, 2660, 2670, and 2680 of original program will
automatically shift to 2683, 2684, 2685, and 2686, respectively.

2640 !

2641 CASE 3

2642 Par$S(1)="VTH" !parameter names
2643 Par$ (2)="GM"

2644 Par$ (3)="BVdss"

2645 Par$ (4)="Rdson"

2646 Par$(5)=""

2647 Par$(e6)=""

2648 Par$(7)=""

2649 !

2650 Par Imx(1)=2.5 !parameter spec max limit
2651 Par 1mx(2)=90

2652 Par Imx(3)=9.E+99

2653 Par lmx (4)=9.E+99

2654 Par 1lmx(5)=0

2655 Par Imx(6)=0

2656 Par 1mx(7)=0

2657 !

2658 Par Imn(1l)=.2 !parameter spec min limit
2659 Par Imn(2)=.001

2660 Par Imn(3)=40

2661 Par 1mn(4)=.001

2662 Par Imn(5)=0

2663 Par 1mn(6)=0

2664 Par Imn(7)=0

2665 !

2666 Par lus(l)="v"

2667 Par lus$(2)="8"

2668 Par lus(3)="v"

2669 Par lu$(4)="o"

2670 Par lus(5)=""

2671 Par lus(6)=""

2672 Par lus(7)=""

2673 !

2674 M file$(1)="EXVTH.MES"
2675 M fileS (2)="EXGM.MES"
2676 M file$(3)="EXBV.MES"
2677 M file$ (4)="EXRDS.MES"
2678 M files(5)=""

2679 M filesS(6)=""

2680 M files(7)=""

2681 !

2683 CASE ELSE

4-20
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Hints to Use with Handler

If you want to use the sample program with a handler, insert the control routine for the
handler as described in the following:

Mounting the DUT

When NEXT DEVICE softkey is selected in main screen, the program jumps to the
Next device label (line 4040).

Measurement parameter extraction starts from line 4130. Insert the handler control routine
between lines 4120 and 4130.

Sorting the DUT

The measured data is compared to the upper and lower limits in the Check data
subprogram. The result is returned to the F1ag parameter. If measured data is within
specification, "0" is returned. If out of the specification, "1" is returned.

The Check_data subprogram is called at line 4740.

If you want to sort the device using handler, put the control routine for sorting just after line
4740 referring to the value of Flag.
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HCI Degradation Test

Hot-carrier-induced (HCI) degradation of MOSFET parameters is an important reliability
concern in modern microcircuits.

This operation manual describes a sample HCI degradation test program and data analysis
program running on the 4155/4156, and how to use and customize the programs. The
programs are written in the Instrument BASIC (IBASIC), and are ready to run on the
built-in IBASIC controller of the 4155/4156.

“Hot-Carrier-Induced (HCI) Degradation Test” describes basic theory, procedure, and
terminology of the HCI degradation test.

“HCI Degradation Test Data Analysis” describes the HCI degradation test data analysis
procedure.

“Basic Operation” describes the HCI degradation test methodology using the 4155/4156,
how to execute the sample programs, and program overview.

“Customization” describes the customization procedure. This procedure is very important
because you probably need to modify the programs to suit your test device.

“Setup Files” shows the 4155/4156 page settings that are stored in the setup files.

5-2
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Figure 5-1

HCI Degradation Test
Hot-Carrier-Induced (HCI) Degradation Test

Hot-Carrier-Induced (HCI) Degradation Test

This section describes the Hot-Carrier-Induced Degradation measuring procedure (based
on the proposed JEDEC 29-JULY-93 standard) and related terminology.

Hot-carriers are generated in the MOSFET by large electric fields in channel near the drain
region. Hot-carriers break bonds at the Si/SiO, interface and can be also trapped in the
SiO,. The trapping or bond breaking creates interface traps and oxide charge that affect the
channel carrier's mobility, and the effective channel potential. Interface traps and oxide
charge affect transistor performance. The common method to identify performance
degradation is to monitor parameters such as threshold voltage, transconductance, and
drain current.

Generally n-channel MOSFETs have the greatest susceptibility. Therefore this manual
describes an accelerated test for measuring the hot-carrier-induced degradation of an
n-channel MOSFET under DC bias.

Overview

Figure 5-1 shows the flow of the HCI degradation test according to the JEDEC proceeding
titled "A PROCEDURE FOR MEASURING HCI" (29-JULY-93).

HCI Degradation Test Algorithm Flow

START

Connect Test
Device | Stress cycle |
Determine stress Interim Increment
condition characterization stress timers
Connect new | Record data |
test device

ermination?

| Select test device |

characterization

N2

| Record data |
L

First, a test device is used to determine the stress bias conditions. After that, other test
devices are connected and judged to be valid or not by measuring the gate, drain, and
source leakage currents.
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NOTE

The test device used to determine the stress bias conditions should not be used for
hot-carrier stress testing.

For test devices that have all leakage currents within limits, initial characterization is
performed, which measures and records the initial /dlin, Gmmax, Vtext, and Vici
parameters. Then, the stress/interim characterization loop is performed, which does the
following:

1. During the stress cycle, the devices are biased using the previously determined stress
bias conditions.

2. After each stress cycle, the device parameters are again measured, recorded and
compared to the initial values.

3. Ifthe parameter values have degraded past the limits, testing ends. Otherwise, another
stress cycle is performed.

Determining Stress Bias Conditions

Hot-carrier stressing should be performed under constant voltage bias conditions as
follows (you use a test device to determine the appropriate drain and gate bias voltages):

* Source voltage should be set to 0 V.
* Bulk voltage should be set to nominal bulk supply voltage of the technology (Vbb).

* (Recommended) Maximum drain stress bias voltage should be about 0.5 V below
actual breakdown.

* For the selected drain bias condition, the corresponding gate bias should be set to
induce the maximum possible bulk current. Peak Ib gate biasing typically results in the
greatest rate of n-channel MOSFET degradation.

Selecting Test Devices

Before starting the stress cycle, select only devices that have gate, drain, and source
leakage currents that are within desired limits. For the stress cycle, do not use the test
device that was used to determine the stress bias conditions.

Initial Characterization

All parameters (Idlin, Gmmax, Vtext, and Vici) are determined for the selected devices, and
these parameter values are recorded as the initial parameter values.

5-4
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Parameter Definitions

Following describes the parameters measured in the HCI degradation test program, and
analyzed in the HCI degradation Data Analysis program.

Linear Drain Current (/dlin)

The linear drain current is measured under the following conditions:

Drain voltage Vd: 0.1 V

Gate voltage Vg: Vdd

Source voltage Vs: 0 V

Bulk voltage Vb: Vbb

Vdd and Vbb are nominal drain and bulk voltages for the technology.

Maximum Linear Transconductance (Gmmax)

The maximum linear transconductance is defined as the maximum slope of the 1d-Vg
curve. The Id-Vg characteristics are obtained by sweeping gate voltages under the
following conditions:

Drain voltage Vd: 0.1 V
Source voltage Vs: 0 V
Bulk voltage Vb: Vbb

The gate voltage is varied in increments of 20 mV or less, starting from below the turn-on
voltage and increasing to a value that is large enough to ensure that the maximum slope
point is reached.

Extrapolated Threshold Voltage (Vext)

This parameter is obtained by measuring the drain current (Id) while sweeping the gate
voltage (Vg). Vtext is calculated according the following equation:

Vtext = Vg(Gmmax) — Id(Gmmax) /| Gmmax

Ve(Gmmax) is the gate voltage at the point where the slope of the 1d-Vg curve is
maximum.

1d(Gmmarx) is the drain current at the point of the maximum slope of the Id-Vg curve.

Vdis 0.1 V.

Constant Current Threshold Voltage (Vici)

The constant current threshold voltage is defined as the gate voltage applied to the device
during the Id-Vg measurement where the drain current is equal to 1 pA times the ratio of
drawn gate width (W) to drawn gate length (L).

Vici=Vg (@Ild=1nA*W/L)
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Stress Cycle

The transistor will be stressed with the voltages described previously in “Determining
Stress Bias Conditions”. The stress voltages should be applied in the following order:

« 1:Vs
+ 2:Vb
« 3:Vg
+ 4:vd

Turning off the bias shall be done in the reverse order. The minimum recommended stress
intervals are one-half decade time-steps since the typical degradation follows a power-law
with time.

Interim Characterization

All parameters (Idlin, Gmmax, Vtext, and Vici) are determined for the selected devices, and
these parameter values are recorded as the interim parameter values.

Stress Termination
Stress is terminated when one of following occurs:

* At least one parameter among Idlin, Gmmax, Vtext, or Vtci reaches the limit values
described below in “Time to Target (Tdc)”.

» Total stress time reaches 100,000 sec.

Time to Target (Tdc)

For Idlin or Gmmax parameter, Tdc is determined as the stress time at which the parameter
has changed by 10 % from its unstressed value.

For Vtext or Vtci parameter, Tdc is the stress time at which the parameter has changed by
20 mV from its unstressed value.

Precautions

Test Devices

Unstressed devices must be used in hot-carrier stress testing. Pre-stressed devices can have
a Tdc that is much different from unstressed devices.

Interim Measurement

The devices under test may experience parameter recovery, so the parameter measurements
should be made as soon as possible after each stress cycle.

5-6
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Technical Requirements

Equipment Requirements

» The measurement system must be able to measure a minimum of 1 nA. The overshoot
must not exceed 1 % of applied voltage.

* To determine Vtci, the measurement system must have at least 2 mV resolution for
Vg step. If the Vg step size is larger than 2 mV, an interpolation method may be used to
achieve the 2 mV resolution.

Measurement Requirements

» The temperature of the wafer chuck or the temperature of the test fixture must be
controlled to a temperature of 22 °C + 3 °C.

» The stress time interval should be known to an accuracy of + 3 %.
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HCI Degradation Test Data Analysis

This section describes the Data Analysis procedure to determine Time to Target (7dc) after
Hot-Carrier-Induced Degradation test, which is based on the proposed JEDEC 29-JULY-93
standard.

Figure 5-2 shows the flow of the HCI degradation data analysis according to the JEDEC
proceeding titled "A PROCEDURE FOR MEASURING HCI" (29-JULY-93).

Figure 5-2 Data Analysis Algorithm Flow

START

| Define input parameters |

Transfer test data from ASCIT
file to data array

Transfer test data from data array

to HP 4155A/4156A
Draw parameter shift vs. stress
__________________ TR maws
: Determine Tde by Determine Tde by !
a linear interpolation apower-law extrapolation
T

Next parameter?
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» Percent change for /dlin and Gmmax is calculated as follows:
Example for /dlin
Idlinshift(t) = (Idlin(t) — Idlin(init)) / Idlin(init) ¥ 100
« Idlinshift(t) is the percent change at stress time t
» Idlin(init) is the initial /d/in value
» [Idlin(1) is the Idlin value at stress time t
» Relative shift for Vtext and Vici is calculated as follows:
Example of Vtext
Vtextshifi(t) = Vitext(t) — Vtext(init)
*  Vtextshifi(t) is the relative shift at stress time t
*  Vtext(init) is the initial Vtext value
*  Vtext(t) is the Vtext value at stress time t

The simple theory of hot-carrier degradation assumes that the degradation follows a power
law with stress time. That is, the change in a parameter versus stress time is a straight line
on a log-log plot.

The absolute value of change for each parameter should be fit to the following equation by
using the least-squares fit:

Example for Idlin
\ldlinshifi(t)| = Ct"

where |Idlinshifi(t)| is the absolute value of change in /dlin and ¢ is the cumulative stress
time. C is the absolute value of change in /dlin when ¢ is 1, and n is the slope of the
least-square fit line.

Tdc for each parameter should be interpolated or extrapolated from the data based on the C
and » values from this least-squares fit. See the following two figures.
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HCI Degradation Test Data Analysis

Figure 5-3 Example Extrapolation of HCI Degradation Data

If the shift criterion is not exceeded, extrapolation should be used based on the last two
time decades as shown in following example.

o0

Percent
Change(!o)1 1 e ®
. L ]
Tdc
0.1 } } } } } }
1 10 100 1000 10000 100000 1000000
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Figure 5-4 Example Interpolation of HCI Degradation Data

If the shift criterion is exceeded, Tdc should be determined by using a linear interpolation
between the two data points as shown in following example.

100 4
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Percent
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Tdc
0.1 . . . F .

1 10 100 Y000 10000 100000 1000000
Stress Time (s)
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Basic Operation

This section describes how to use the 4155/4156 to perform HCI degradation test and data
analysis: methodology, input parameters, HCI degradation test, data analysis, required
equipment, files on diskette, execution, and overview of sample programs.

Methodology

The HCI degradation can be evaluated by executing the HCI degradation test sample
program (DCDAHC), then the data analysis sample program (ANALYSIS). These programs
are included on the sample software diskette.

These programs can run on the built-in IBASIC controller of the 4155/4156. Or you can
modify the sample program to run on an external controller that supports HP BASIC or
Instrument BASIC. Refer to “Customization” on how to modify the program to run on an
external controller.

The programs load measurement setup files into the 4155/4156 internal memory. The
setups are previously saved in measurement setup files on the diskette. If you need to
modify the setups, get them and modify them in fill-in-the-blank manner from the
4155/4156 front panel, then re-save to the file.

The DCDAHC program displays the measurement data (Parameter shift versus Stress time)
on the GRAPHICS page of the 4155/4156, and stores data in ASCII files.

The DCDAHC program can perform multiple test device evaluation by using Agilent
4085M switching matrix. Figure 5-5 shows the HCI degradation test flow for multiple
device evaluation. To use another switching matrix or to not use any switching matrix, you
need to modify the program as described in “Customization”.

The ANALYSIS program analyzes the measurement data (ASCII files that are saved by the
DCDAHC program) to determine the time to target (Tdc).

Input Parameters

Table 5-1and Table 5-2 show the input parameters required for the HCI degradation test
program (DCDAHC) and the HCI degradation data analysis program (ANALYSIS). You
can define these parameters by editing sample program in advance.
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Figure 5-5

HCI Degradation Test Algorithm Flow for Multiple Devices
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Table 5-1 Input Parameters for HCI Degradation Test Program (DCDAHC)
Parameter o
Name Description
Hpib_sc GPIB select code for controlling 415X
Hpib_addr GPIB address of 415X
Swm GPIB select code and address of switching matrix controller

No_of devices

Total number of test devices

Meas_points

Total number of interim characterization points

Igleak max

Upper limit of the gate leakage current

Idleak max

Upper limit of the drain leakage current

Isleak max

Upper limit of the source leakage current

Vdstr

Drain stress voltage

Vgstr

Gate stress voltage

Vdd

Nominal drain voltage

Vbb

Nominal bulk voltage

Gate length

Drawn gate length

Gate_width

Drawn gate width

Source_str

Source pin assignment of device used to determine stress conditions

Gate_str

Gate pin assignment of device used to determine stress conditions

Drain_str

Drain pin assignment pin of device used to determine stress conditions

Bulk str

Bulk pin assignment of device used to determine stress conditions

Source(*) ?

Source pin assignment of device to stress/measure

Gate(*) 2

Gate pin assignment of device to stress/measure

Drain(*) 2

Drain pin assignment of device to stress/measure

Bulk(*) ?

Bulk pin assignment of device to stress/measure

Ibvg file$

Ib-Vg measurement setup file used to determine Vgstr

Igleak file$

Ig-time measurement setup file to check gate leakage

Idleak file$

Id-time measurement setup file to check drain leakage

Isleak file$

Is-time measurement setup file to check source leakage

Str_file$

Stress setup file

Param_file$

Parameter measurement setup file
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Parameter
Name

Description

Idlin_data$

ASCII file of Idlin shift data

Gmmax_data$

ASCII file of Gmmax shift data

Vtext data$

ASCII file of Vtext shift data

Vtci_data$

ASCII file of Vtci shift data

Meas_str_time

Stress duration data

Show_device

Flag to specify the devices for which you want to display parameter
shift graphs (All1=0 or Device No.)

Show_param

Flag to specify parameters for which you want to display parameter
shift graphs (All=0, Idlin=1, Gmmax=2, Vtext=3, Vtci=4,
—1=No graphs)

Save at last

Flag to specify when to save ASCII data files (Save after each interim
test=0, Save all ASCII files after completing test=1)

a. *is device number.

Table 5-2 Input Parameters for HCI Degradation Data ANALYSIS Program
Pall\'lz;n;;ter Description
No_of devices Number of devices to analyze
Pause to_save Flag to specify whether to pause after drawing each "parameter shift vs
stress time" graph so that you can save to a DAT file. (Pause: 1,
No pause: 0)
Idlin_data$ ASCII file of Idlin shift data
Gmmax_data$ ASCII file of Gmmax shift data
Vtext data$ ASCII file of Vtext shift data
Vitci_data$ ASCII file of Vtci shift data
Save_file$ ASCII file in which to save averaged Tdc data
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HCI Degradation Test

Determining Stress Bias Conditions

Stress voltages should be forced to the devices under the following conditions with
specified temperature:

Source stress voltage Vs: 0V
Bulk stress voltage Vb: ~ Vbb (=0V)

Before executing the DCDAHC program, you should determine the drain stress voltage
(Vdstr) by performing the 1d-Vd measurement. The Id-Vd measurement setup is in the
IDVD.MES file on the diskette. It is recommended that the maximum drain stress bias
voltage is about 0.5V below actual breakdown. According to the measurement result,
modify the value of Vdstr in the DCDAHC program before execution.

The DCDAHC program determines the gate stress voltage (Vgstr) by the Ib-Vg curve. The
Ib-Vg setup is in the IGVG. MES file on the diskette. The sample program (DCDAHC) loads
this setup into the 4155/4156 at the beginning of the measurement, and sets the specified
Vdstr. Ib-Vg measurement is performed and the gate stress voltage (Vgstr) is
determined. Both Vdstr and Vgstr are saved to DCDAHC . STR file which is used for
stress cycle.

Selecting Test Devices

Remove the test device that was used for determining the stress conditions. Then mount
unstressed test devices on the switching matrix. After mounting, valid test devices are
selected according to the gate, drain, and source leakage currents.

The following setup files are copied from the diskette to internal memory to be used for
selecting valid devices:

+ IGLEAK.MES
+ IDLEAK.MES
+ ISLEAK.MES

If all leakage currents are within limits for a device, hot carrier stress testing will be
performed for the device.

NOTE For hot-carrier stress testing, do not use the test device that was used to determine the stress
conditions.
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Initial Characterization

After selecting devices, one setup file is copied from the diskette to the 4155/4156 internal
memory:

*+  PARAM.MES: setup file for determining Idlin, Gmmax, Vtext, and Vtci

DCDAHC program determines the initial Idlin, Gmmax, Vtext, and Vtci for the devices by
using the above setup file. This setup file can easily be modified in fill-in-the-blank
manner.

These initial measurement data (Idlin_init, Gmmax_init, Vtext init and Vtci_init) are
stored into IBASIC data arrays, and will be used to determine parameter shifts after each
stress. These initial measurement data will be saved with parameter shift data into ASCII
files on diskette after each interim measurement is performed.

Stress/Interim Characterization

Stress voltage is applied to all test devices simultaneously. The stress setup is in
DCDAHC. STR file. The cumulative stress time is 10, 20, 50, 100,, 10000, 20000, 50000,
100000. After each of these cumulative times, the four parameters are measured for each
device, then parameter shifts (Idlin_shift, Gmmax_shift, Vtext shift, and Vtci_shift) are
calculated and saved to ASCII files. This procedure is repeated until stress termination
occurs for all test devices.

HCI Degradation Data Analysis

After hot carrier stress test, Tdc can be determined by executing ANALYSIS sample
program. You can specify the values of following parameters:

No of devices  No_of devices: Number of devices to be analyzed

Choice Analysis parameter (Idlin=1, Gmmax=2, Vtext=3, Vtci=4,
All parameters=0).

After analysis, ANALYSTIS program calculates average of Tdc for each parameter, then
saves the calculated data to an ASCII data file on the diskette.

5-16
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Required Equipment
The following are required to use the HCI degradation sample program:

» Agilent 4155 or Agilent 4156 Semiconductor Parameter Analyzer

» Agilent 4085M Switching Matrix (Agilent 4084B Switching Matrix Controller and
Agilent 4085A Switching Matrix)

» Triaxial cable (4 cables)

» Test fixture for packaged device

* This operation manual

» Diskette that contains sample programs and setup files

Connect the required equipment and devices as shown in Figure 5-6 and Figure 5-7.

Figure 5-6 DC HCI Degradation Test Equipment Connections

4155/ 4156 4085M

Triaxial Cable

16078A

GPIB Cable

1
|
! 4085A 48-pin Switching Matrix
1
1

Figure 5-7 DC HCI Degradation Test Device Connections

Drain

Gate

Source
5o [smuz] [smua] [smus]:
[ assra1s8 T
NOTE If you test on a wafer, you need to have Agilent 16077A Extension Cable Fixture to

connect the matrix to a prober/probe card.

If you connect multiple devices for stress forcing, your device may oscillate due to the
cable impedance and characteristics of your devices. In such a case, reduce the number of
devices that are connected at the same time or use shorter measurement cables.
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NOTE If you test packaged devices, you need one of the following test fixtures:
+ Agilent 16067A Low Leakage Fixture (24-pin DIP)
+ Agilent 16068A Low Leakage Fixture (48-pin DIP)
+ Agilent 16070A General Purpose DIP Fixture
« Agilent 16071A Universal Fixture

WARNING Maximum output voltage is limited to 40V if you use Agilent 4085M to test on a wafer
because the interlock terminal is not connected. However, you need to be careful that
you don't touch the output terminals during the measurement.

AC Stress
If you execute AC HCI degradation test, the following are also required. Refer to
“Performing HCI Degradation Test with AC Stress” on page 5-41 for details.
» Agilent 41501 SMU and Pulse Generator Expander furnished with 2 PGUs
(Option 402, 412 or 422)
« Agilent 16440A SMU/PG Selector
Files on the Diskette
Please make sure that following files are on the diskette.
File Name Description
DCDAHC DC Drain-Avalanche HCI degradation test sample program
IDVD.MES File for setting up the 4155/4156 to measure 1d-Vd plot and
determine Vdstr before running DCDAHC program.
IBVG.MES File for setting up the 4155/4156 to measure Ib-Vg plot and
determine Vgstr
IGLEAK.MES File for setting up the 4155/4156 to measure gate leakage current
for selecting test device
IDLEAK.MES File for setting up the 4155/4156 to measure drain leakage current
for selecting test device
ISLEAK.MES File for setting up the 4155/4156 to measure source leakage
current for selecting test device
DCDAHC.STR File for setting up the 4155/4156 to force DC stress to test device
PARAM.MES File for setting up the 4155/4156 to determine Idlin, Gmmax,
Vtext, and Vtci after each stress
ACDAHC.STR File for setting up the 4155/4156 to force AC stress to test device
ANALYSIS DC Drain-Avalanche HCI degradation test data analysis sample
program
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Execution

Before Executing HCI Degradation Test

Before executing the DCDAHC program, you must determine the drain stress voltage
(Vdstr) by 1d-Vd measurement:

1.

Connect the 4155/4156 to the 4085M switching matrix, then mount or probe the test
device (that is used to determine stress conditions) on the 4085M.

2. Load the IDVD.MES setup file from the diskette into the 4155/4156, then perform the
measurement. The Id-Vd measurement is displayed as shown in Figure 5-8.
3. Determine drain stress bias voltage (Vdstr) from the curve. Recommended maximum
value is about 0.5 V below actual breakdown.
4. Enter value for Vdstr in line 1900 of DCDAHC program. See “Customization” for
details.
Figure 5-8 Id-Vd Measurement Example
GRAPH! LI 2T: GRAPHI C2 MELDT Lh 940CTOL O02: 26PM
ld-%d Measuremen! MaRKER
MARKER( s. 480 a. 81648 mA j oN
P4
Ma RKER
10,0 } bl NS Rl A
X | HTER-
(] POLATE
f OFF
// Ol RECT
Ma REERS
fogom / CURSOR
iw j;/
————_—_'_: Ma RKER
Pt M N W e SKIP
]
A -
AUTO
AMNALY-

515
o. o0
CURSOR

o.o00 WO soo.m fdiv 7.00
OFF
aRKE RS LI NE SCALI NG Ol SPLAY| |SWEEP TI Ml NG CONST
CURSOR SETUP SETUP SETUP SETUP

HCI Degradation Test

1.

Connect the 4155/4156 to the 4085M switching matrix. If you test packaged devices,
mount necessary test fixture on the switching matrix. If you test on wafer, mount the
16077A Extension Cable Fixture and connect measurement cables to a probe card or
probes on the micro manipulators.

Mount or probe the test device (that is used to determine stress conditions) on the
4085M.
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3.

Insert diskette that contains HCI degradation test sample program into the built-in drive
of the 4155/4156 or drive of external controller.

In case of using the built-in IBASIC of the 4155/4156, press the IBASIC Display
key until All IBASIC screen is displayed. And enter the following command:

GET "DCDAHC"

If you use an external controller on which HP BASIC is working, enter the
following command:

GET "DCDAHC:,msus"

Where msus is specifier of mass storage device that contains the DCDAHC
program. If default msus is used, enter the following command:

GET "DCDAHC"

Then insert the diskette into the built-in disk drive of the 4155/4156. The diskette is
used when the measurement setup files are loaded.

Press RUN front-panel key to run DCDAHC program in the 4155/4156.

To run DCDAHC program in external controller, type RUN, then press Enter.

The Ib-Vg measurement is performed to determine the gate bias (Vgstr) that will be
used in the stress testing, then this gate bias and drain bias (Vdstr) are saved to the
DCDAHC.STR file. Ib-Vg curve is displayed on GRAPHICS page as shown in Figure

5-9.
Figure 5-9 Ib-Vg Measurement Example
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GURSCR SETUP SETUP SETUP SETUP
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After the message shown below is displayed, remove the device used to determine the
stress conditions, then connect test devices for HCI degradation tests. Press Continue
softkey to continue program. Leakage current tests are performed to select valid
devices.

"Connect HCI degradation test devices"

If the device is valid, the following message is displayed.

"Device No. XX can be used"

If the device is invalid, the following message is displayed.

"Device No. XX shall not be used"

The initial characterization is performed for all valid devices. Then stress/interim
characterization loop is executed until stress termination occurs. In each interim
characterization, Idlin, Gmmax, Vtext and Vtci are determined. An example
measurement is shown in Figure 5-10.

Figure 5-10 Initial/Interim Measurement Example
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7. After each interim characterization, the fractional change in a parameter versus the
stress time is displayed on GRAPHICS page of the 4155/4156 as shown in Figure 5-11.

Figure 5-11 HCI Degradation Test Result Example
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S8
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|
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8. After testing, the following message is displayed.
"HCI Degradation Test is Completed!!"
All test data is saved to the following ASCII data files:

*  IDXX: Percent change data for Idlin

*  GMXX: Percent change data for Gmmax

* VTEXX: Relative shift data for Vtext

* VTIXX: Relative shift data for Vtci
(where XX = Test device number)

Each file contains following data:
« Ifthe device is judged as valid by the leakage current tests:

a. Vdstr,Vgstr, Gate length, Gate width values at stress termination

b. Number of interim characterization points until stress termination for the
device, and initial measurement data of the device

c. Parameter shift data for each interim characterization points until stress
termination

In case of IDXX for example, Id1lin shift(*)are saved.

d. Cumulative stress time Meas str time(*)ofinterim characterization points
until stress termination for the device.

The following is an example of VTEXX data file.

5, 1.95, 1.E-6, 1.E-5

5, 1.094966

.000921, .001106, .002565, .003549, .004747
10, 20, 50, 100, 200

+ Ifthe device is judged as invalid by the leakage current tests:

a. Vdstr,Vgstr,Gate length,Gate width
b. 0,0
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Data Analysis

. Insert diskette that contains ANALYSIS program and ASCII data files into built-in

drive of the 4155/4156 or drive of external controller.

* To load the program into the 4155/4156, press the IBASIC Display key until All
IBASIC screen is displayed. Then, enter the following command:

GET "ANALYSIS"

* To load the program into an external controller, enter the following command on
the external controller:

GET "ANALYSIS:,msus"

Where msus is specifier of mass storage device that contains the ANALYSIS
program. If default msus is used, enter the following command:

GET "ANALYSIS"

Then insert the diskette into the built-in flexible disk drive of the 4155/4156. The
diskette is used when the measurement result files are loaded.

. Press RUN front-panel key to execute ANALY SIS program on the 4155/4156.

To run ANALYSIS program on external controller, type RUN, then press Enter.

. Enter number of devices to be analyzed. Default number is 4.

Select softkey of parameter for which you want to extract Tdc.

. Analysis result and Tdc will be displayed on GRAPHICS page of the 4155/4156 as

shown in Figure 5-12. This step is repeated according to entered number of devices and
selected parameters. After each graph is displayed, program pauses. During pause, you
can save analyzed data to a DAT type file. To continue program, select Continue
softkey.

If you don't want program to pause, change line 1740 in ANALYSIS program to
Pause to_ save=0 before you run the ANALYSIS program.
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Figure 5-12

HCI Degradation Test

HCI Degradation Test Data Analysis Example

Basic Operation
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6. All calculated data is saved to ANAHCTI, which is an ASCII file. The data is also listed
on IBASIC screen. After analyzing, saving, and listing the data, the 4155/4156 is

initialized.

Following are contents of this file for the case that you selected Td1in parameter for

the Tdc extraction:

*  Number of devices

s Vdstr, Vgstr, Gate width, Gate length
e Idlin

* Device ,Validity ,Tdc_idlin

First device number, O or 1 (valid: 0, invalid: 1), Extracted Tdc for the device

Last device number, O or 1, Extracted Tdc for the device
* Averaged Tdc_idlin
Calculated average Tdc

The following is an example of ANAHCT data file.
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Example of ANAHCI data file:
The following is an example of ANAHCT data file for the following case:

*  Number of devices is 4

« Vdstris5V

 Vgstris 1.95V

*  Gatewidthis 1 um

*  Gate length is 10 um

* All parameters are selected

Example:

4
5, 1.95, 1.E-6, 1.E-5
Idlin
Device Validity Tdc_idlin
1, 0, 835.5786
2, 0, 3401.432
3, 0, 6269.047
4, 0, 24366.79
Averaged Tdc_idlin
8718.2119
Gmmax
Device Validity Tdc_ gmmax
1, 0, 856.0696
2, 0, 1089.116
3, 0, 1963.261
4, 0, 5580.226
Averaged Tdc_ gmmax
2372.16815
Vtext
Device Validity Tdc_ vtext
1, 0, 205.1144
2, 0, 327.8407
3, 0, 455.0903
4, 0, 1506.441
Averaged Tdc_ vtext
623.6216
Vtci
Device Validity Tdc_vtci
1, 0, 179.3154
2, 0, 345.677
3, 0, 557.895
4, 0, 2956.594
Averaged Tdc_vtci
1009.87035
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Sample HCI Degradation Test Program (DCDAHC)

Overview

For the program code, edit DCDAHC program.

Line or
Subprogram
Name

Description

1640 to 1750

Sets the GPIB interface select code and address for the 4155/4156
and 4085M. 800 means the 4155/4156 will be controlled by built-in
IBASIC controller. Also assigns the FORMAT OFF attribute to the
I/O path name "@Form_off" without changing the file pointers.
Default GPIB interface select code and address for the 4085M are set
to 722.

1770 to 2700

Assigns input parameter values and file names

2730

Calls Initial_setting subprogram, which performs the initial settings.

2740

Calls Init_hp415x subprogram, which initializes 4155/4156

2750 to 2760

Enables service request from 4155/4156 to interrupt program

2790

Calls Str_define subprogram, which determines DC stress condition

2860 to 2980

Calls subprograms that connect test devices (Swm_connect), select
valid test devices (Device check), execute initial characterization for
valid devices (Param_meas), then disconnect devices (Swm_clear).
If device is invalid, calls subprograms (Record parameter) that save
data and invalid flag to data file.

3020 to 3100

Calls subprograms that connect devices (Swm_connect), force stress
to devices (Stress), then disconnect devices (Swm_ clear).

3130

Calls Calibration subprogram, which performs calibration if required
(Commented)

3220 to 3240

Calls subprograms that connect devices (Swm_connect), performs an
interim characterization (Param_meas), then disconnects devices
(Swm_clear).

3280 to 3330

Calls subprograms (Record parameter) that save interim
characterization data to ASCII files after each interim
characterization

3340 to 3360

Calls Record_data subprogram, which saves interim characterization
data to DAT type files after each interim characterization
(Commented)

3400 to 3760

Calls subprograms (Stress_parameter) that draw "parameter shift vs
stress time" graphs for specified devices and parameters.

3800 to 4000

Judges whether shift criterion is exceeded for each parameter

4050 to 4090

Judges whether test should be terminated
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Line or
Subprogram Description
Name

4080 Judges whether all devices exceed shift criterion

4090 Judges whether accumulated stress time exceeds 100,000 sec

4130 to 4210 Calls subprograms (Record_parameter) that save all interim
characterization data to ASCII files after entire test is completed

4220 Calls Test_end subprogram, which initializes 4155/4156 at the end of
test

4230 Displays test completion message

Initial_setting
(4280)

Defines the dimension of data arrays and initializes test result data
variables

Init_hp415x

Initializes 4155/4156, loads PARAM.MES and DCDAHC.STR setup

(4650) files into the 4155/4156, and sets the input parameter values to the
these setups, then resaves setups to disk.

Str_define Loads IBVG.MES setup file, writes new Vdstr value for this setup,

(5070) determines DC stress condition (Vgstr), then saves the determined

Vgstr to the stress setup file (DCDAHC.STR).

Device check
(5440)

Selects valid test devices by measuring leakage currents

Param_meas
(6350)

Determines Idlin, Gmmax, Vtext and Vtci, then calculates Idlin shift,
Gmmax shift, Vtext shift, and Vtci shift

Stress (6790)

Forces stress

Record iddata
(7180)

Saves Idlin shift data to ASCII file

Record gmdata
(7810)

Saves Gmmax shift data to ASCII file

Record vtedata
(8450)

Saves Vtext shift data to ASCII file

Record vtidata
(9090)

Saves Vtci shift data to ASCII file

Stress_idgraph
(9730)

Draws "lIdlin shift vs stress time" graph

Stress_gmgraph
(10430)

Draws "Gmmax shift vs stress time" graph

Stress_vtegraph
(11120)

Draws "Vtext shift vs stress time" graph
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Line or
Subprogram
Name

Description

Stress_vtigraph

Draws "Vtci shift vs stress time" graph

(11820)

Calibration Performs calibration of the 4155/4156

(12510)

Connect Connects one SMU port to the specified pin of the 4085M
(12690)

Swm_connect

Connects four SMU ports to the specified different pins of the

(12850) 4085M

Swm_clear Disconnects all SMU ports from connected pins
(12970)

DEF FNSmu Defines FNSmu used in "Connect", "Swm_connect" and
(13090) "Swm_clear" subprograms

Err check Checks if 4155/4156 error occurred during the test
(13200)

Error rep Checks if 4085M error occurred during the test
(13490)

Record data Saves interim characterization data to DAT type files
(13600)

Test_end Initializes 4155/4156 at the end of test

(13690)
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Sample HCI Degradation Test Data Analysis Program
(ANALYSIS) Overview

For the actual program code, edit ANALYSIS.

Line or
Subprogram
Name

Description

1600 to 1630

Sets the GPIB interface select code and address for the 4155/4156.
800 means the 4155/4156 will be controlled by built-in IBASIC
controller. Also assigns the FORMAT OFF attribute to the 1/0 path
name "@Form_off" without changing the file pointers.

1650 to 1830

Assigns input parameter values and file names

1850 to 1890

Prompts you to specify input parameters.

1920 to 2160

Creates labels for softkeys that allow you to select which parameters
to analyze

2200

Calls Init_setting subprogram, which sets the 4155/4156 display to
be not updated, then transfers Idlin/Gmmax/Vtext/Vtci shift data
from ASCII file to IBASIC data arrays

2260 to 2360

Calls subprograms to analyze the Idlin shift data as described in next
three rows.

2280

Calls Trans_iddata subprogram, which Transfers Idlin shift data
from IBASIC data arrays to the 4155/4156

2290

Calls Stress_idgraph subprogram, which draws Idlin shift vs stress
time graph

2300

Calls Analysis1 program, which determines Tdc from the Idlin shift
vs stress time graph

2380 to 2480

Performs same operations for Gmmax shift data as was performed
for Idlin shift data

2500 to 2600

Performs same operations for Vtext shift data as was performed for
Idlin shift data

2620 to 2720

Performs same operations for Vtci shift data as was performed for
Idlin shift data

2780

Calls Calculate subprogram, which calculates average Tdc

2790

Calls Save calc_data subprogram, which saves calculated average
Tdc to ASCII file

2800

Calls Print_calc_data subprogram, which prints calculated average
Tdc on IBASIC screen

2830

Calls Test _end subprogram, which initializes 4155/4156 at the end
of program
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Line or
Subprogram Description
Name
2840 Displays analysis completion message

Init_setting
(2880)

Sets the 4155/4156 display to be not updated. Then transfers
Idlin/Gmmax/Vtext/Vtci shift data from ASCII file to IBASIC data
arrays.

Trans_iddata
(3940)

Transfers Idlin shift data from IBASIC data array to the 4155/4156

Trans gmdata
(4440)

Transfers Gmmax shift data from IBASIC data array to the
4155/4156

Trans vtedata
(4940)

Transfers Vtext shift data from IBASIC data array to the 4155/4156

Trans_vtidata
(5430)

Transfers Vtci shift data from IBASIC data array to the 4155/4156

Stress_idgraph
(5930)

Draws "lIdlin shift vs stress time" graph

Stress_gmgraph
(6310)

Draws "Gmmax shift vs stress time" graph

Stress_vtegraph
(6690)

Draws "Vtext shift vs stress time" graph

Stress_vtigraph
(7070)

Draws "Vtci shift vs stress time" graph

Analysis] Determines Tdc for Idlin/Gmmax by using a linear interpolation or a
(7450) power law extrapolation

Analysis2 Determines Tdc for Vtext/Vtci by using a linear interpolation or a
(8130) power law extrapolation

Calculate (8800) | Calculates average of Tdc

Save calc_data
(9220)

Saves calculated average Tdc to ASCII file

Print_calc data
(9980)

Prints calculated average Tdc on IBASIC screen

Test_end
(10500)

Initializes 4155/4156 at the end of test
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Customization

This section describes how to customize the sample program to suit your test device and
requirements.

Using External Computer or Built-in Controller

The DCDAHC and ANALYSTIS programs are created assuming that they will be run on the
built-in IBASIC controller of the 4155/4156. However, you may be able to use an external
computer, such as HP 9000 S382 .

The following lines specify the GPIB select code and address of the 4155/4156:

1670 Hpib sc=8 1415X GPIB Select Code
1680 Hpib_addr=0 !415X GPIB Address

+ Ifyou will execute the DCDAHC or ANALYSTS program using the 4155/4156 built-in
IBASIC controller, use the above GPIB select code and address (800).

+ Ifyou want to execute the DCDAHC or ANALYSTS program on an external computer,
modify above lines. For example, if the GPIB select code is 7, and the GPIB address of
the 4155/4156 is 17, modify as follows:

1670 Hpib sc=7 '415X GPIB Select Code
1680 Hpib_addr=17 !415X GPIB Address

Also, set the 4155/4156 to NOT SYSTEM CONTROLLER on the SYSTEM:
MISCELLANEOUS page.

1. Press System key.
2. Select MISCELLANEOUS softkey.

3. Move the field pointer to the 415x is field, then select NOT CONTROLLER
softkey.

4. Move the field pointer to the 415x field of the GPIB ADDRESS area, then enter
17.
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Modifying and Specifying Setup File to Load

The DCDAHC program loads six setup files to set up the 4155/4156 for the HCI degradation
test.

* Ib-Vg measurement setup file (IBVG.MES)

* Gate leakage current measurement setup file (IGLEAK.MES)

* Drain leakage current measurement setup file (IDLEAK.MES)

* Source leakage current measurement setup file (ISLEAK.MES)

» DC stress setup file (DCDAHC . STR)

» Parameter (Idlin, Gmmax, Vtext and Vtci) measurement setup file (PARAM. MES)

These setup files must be on the diskette and diskette must be in the flexible disk drive of
the 4155/4156, even if you run the program from the external controller.

The setup pages of each setup file are shown in “Setup Files” on page 5-44.

Before testing, you can modify a setup and re-save it to a file on the diskette. For example,
if you want to change the gate voltage in the gate leakage current measurement setup file
IGLEAK.MES, which is used to select valid devices, use the following procedure:

1. Press Get key. In the Get dialog, select FILE CATALOG, move the field pointer to
IGLEAK.MES, then select the SELECT and EXECUTE softkeys.

2. Press Meas key in page control key group. On the MEASURE: SAMPLING SETUP
page, move the field pointer to the SOURCE field of SMU1(VG).

3. For example, to change the gate voltage from 5 V to 6 V, type 6 then press Enter.

4. Press Save key. In the Save dialog, select FILE CATALOG, move the field pointer to
IGLEAK.MES, then select the SELECT and EXECUTE softkeys.

The DCDAHC program file loads the above files into the 4155/4156. The file names are
defined in the following lines of the program:

2360 !-—————- Definition of measurement and stress setup files--—-—-----
2370 !
2380 Ibvg fileS$="IBVG.MES" !'Tb-Vg meas. to determine Vgstr

2390 Igleak file$="IGLEAK.MES" !Ig-time meas. to check gate leak
2400 Idleak file$="IDLEAK.MES" !Id-time meas. to check drain leak
2410 Isleak fileS$="ISLEAK.MES" !Is-time meas. to check source leak

2420 !

2430 Str file$="DCDAHC.STR" !DC stress setup file

2440 !Str fileS$="ACDAHC.STR" !AC stress setup file

2450 !

2460 Param fileS$="PARAM.MES" !'Idlin/Gmmax/Vtext/Vtci setup file
2470 !

If you want to use other setup files instead, change the file names. For example, to use
INTRIM.MES instead of PARAM.MES, change line 2460 as follows:

2460 Param fileS$="INTRIM.MES" !Idlin/Gmmax/Vtext/Vtci setup file

Be sure that the files you specified in above lines are on the diskette before running
DCDAHC program.
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NOTE

Changing File for Saving Measurement Results

The DCDAHC sample program creates ASCII data files as shown in the following lines.
The ANALYSTIS sample program gets these files to analyze test data and determine Tdc.
For the contents of these files, please refer to step 8 in “Execution” on page 5-19.

2480 l====——- File name to save ASCII data —-——-—-—-—-———————-————-———-—-—
2490 Idlin data$="ID" !Idlinshift data file name

2500 Gmmax data$="GM" !Gmmaxshift data file name

2510 Vtext data$="VTE" !Vtextshift data file name

2520 Vtci_datas$="vTI" !Vtcishift data file name

7270 Save file$=Idlin data$&VALS (Device)
7910 Save_file$=Gmméx_dataS&VALs(Device)
8550 Save_file$=vteét_datas&VALs(Device)
9190 Save_file$=vtci_data$&VALs(Device)
So, the following files are created, where XX is test device number.

IDXX, GMXX, VTEXX, VT TXX

If you want to change the file names, modify above lines as in following example:

2480 !-=----- File name to save ASCII data —-----————-——-———————-—————-
2490 Idlin data$="DTA" !Idlin shift data file name
2500 Gmmax data$="DTB" !Gmmax shift data file name
2510 Vtext data$="DTC" !Vtext shift data file name
2520 Vtci_data$="DTD" !Vtci shift data file name

The following files are created, where XX is the test device number:

DTAXX, DTBXX, DTCXX, DTDXX

Also, you need to modify corresponding lines in the ANALYSTIS program:

1790 !-===—--- Get file name ——-————————————-————— oo
1800 Idlin data$="DTA" !Idlin shift data file name
1810 Gmmax dataS$="DTB" !Gmmax shift data file name
1820 Vtext data$="DTC" !Vtext shift data file name
1830 Vtci_data$="DTD" !Vtci shift data file name

We recommend not to change lines 7270, 7910, 8550, and 9190 of DCDAHC program. If so,

you need to modify many lines in ANALYSTIS program because device number is used to
handle measurement data files.
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Changing Input Parameters for HCI Degradation Test

Default parameter values for the test conditions are defined from line 1770 to 2350 in the
DCDAHC program. Modify these values according to your test device and environment.

1770 !=====—= Input Parameters—-—-—-—————————————————————————(——~—~————————
1780 !

1790 No_of devices=4 !Number of test devices

1800 Meas points=13 INumber of times to repeat measurements
1810 REDIM Meas str time(l:Meas points)

1820 REDIM Last test (No of devices)

1830 !

1840 !-====————- Limits for leakage tests-————-----""""""""“"-"-"-"-"-"---———
1850 Igleak max=2.E-10 IMaximum gate leakage current

1860 Idleak max=1.E-8 !Maximum drain leakage current

1870 Isleak max=1.E-8 !Maximum source leakage current

1880 !

1890 !=-=---- Drain stress voltage should be determined by Id-Vd character
istics

1900 vdstr=5 !Drain stress voltage

1910 vVgstr=2.5 !Gate stress voltage

1920 vdd=5 !Drain nominal voltage

1930 Vbb=0 !Bulk nominal voltage

1940!

1950 !-====————- Device geometries-—----—-—-—----"-"-"-""—"-"—"—"—"—"—"—-"—"—"—"—"—~\—~—-~—~—~———
1960 Gate length=1.E-6 !Gate length

1970 Gate width=1.E-5 !Gate width

1980 !

1990 !-====-—- Pin assignment to determine stress bias condition------
2000 Source str=1 'Pin assignment of source (Stress)

2010 Drain_str=2 'Pin assignment of drain (Stress)

2020 Gate_str=3 'Pin assignment of gate (Stress)

2030 Bulk str=4 'Pin assignment of bulk (Stress)

2040 !

2050 !--Pin assignment for forcing stresses and interim measurements
2060 !Pin assignment for Device No.=1

2070 Source(l)=5

2080 Drain(1l)=6

2090 Gate(1l)=7

2100 Bulk(1l)=8

2110 !

2120 !'Pin assignment for Device No.=2

2130 Source(2)=9

2140 Drain(2)=10

2150 Gate(2)=11

2160 Bulk(2)=12

2170 !

2180 !'Pin assignment for Device No.=3

2190 Source(3)=13

2200 Drain(3)=14

2210 Gate(3)=15

2220 Bulk(3)=1l6

2230 !

2240 !'Pin assignment for Device No.=4

2250 Source(4)=17

2260 Drain(4)=18

2270 Gate(4)=19

2280 Bulk(4)=20

2290 !

2300 !'Pin assignment for Device No.=X

2310 !Source (X)=XX

2320 !Drain (X)=XX

2330 !Gate (X)=XX

2340 !Bulk(X)=XX

2350 !
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Parameter Description Default

No of devices |Number of devices to be tested 4

Meas points Number of times to repeat stress/measurement 13 times
cycles

Igleak max Maximum gate leakage current 200 pA

Idleak max Maximum drain leakage current 10 nA

Isleak max Maximum source leakage current 10 nA

Vdstr Drain stress voltage. See note below. 5V

Vgstr Default gate stress voltage, used if you skip 25V
determination of gate stress bias condition

vdd Nominal drain voltage 5V

Vbb Nominal bulk voltage ov

Gate length Gate length 1 pm

Gate width Gate width 10 um

Source str Source pin of switching matrix to determine gate |1

stress voltage

Drain str Drain pin of switching matrix to determine gate 2
stress voltage

Gate str Gate pin of switching matrix to determine gate 3
stress voltage

Bulk str Bulk pin of switching matrix to determine gate 4
stress voltage

Source (*) Pin assignment of source terminal for stress/interim | 5,9,13,17
characterization loop. Source (Device number)

Drain (*) Pin assignment of drain terminal for stress/interim | 6,10,14,18
characterization loop. Drain (Device number)

Gate (*) Pin assignment of gate terminal for stress/interim | 7,11,15,19
characterization loop. Gate (Device number)

Bulk (*) Pin assignment of bulk terminal for stress/interim |8,12,16,20
characterization loop. Bulk (Device number)

NOTE Before executing the DCDAHC program, you must determine Vdstr (drain stress
voltage) by using "IDVD.MES" setup file stored on the diskette. Then, manually edit
line 1900 of the DCDAHC program to enter the determined Vdst r value. Refer to
“Execution” on page 5-19.

5-36 Agilent 4155B/4156B Sample Application Programs Guide Book, Edition 3




NOTE

HCI Degradation Test
Customization

To Change Pin Assignment

The switching matrix's pin assignment of source, gate, drain and bulk pins for each test
device is defined in lines 1990 to 2280. To change pin assignment, change these lines. For
example, to change the pin assignment of device 1 to following, change lines 2070 to 2100
as below:

Device Terminal Default Pin Assignment New Pin Assignment
Source 5 31
Drain 6 32
Gate 7 33
Bulk 8 34
2050 !--Pin assignment for forcing stresses and interim measurements

2060 !Pin assignment for Device No.=1
2070 Source(1l)=31

2080 Drain(1)=32

2090 Gate(1l)=33

2100 Bulk(1l)=34

To Change Number of Test Devices

Number of devices to test is defined in line 1790. Default in DCDAHC program is 4 devices.

1790 No_of devices=4 !Number of test devices

You can change the number of test devices by manually editing this line. For example, to
decrease number of devices from 4 to 3, change line 1790 as follows:

1790 No_of devices=3 !Number of test devices

For example, to increase number of devices from 4 to 5, change line 1790 as follows:

1790 No_of devices=5 !Number of test devices

If you increase the number of devices, you need to assign switching matrix pins for the
extra devices. For example, for the fifth device, use template lines 2300 to 2340:

2300 !'Pin assignment for Device No.=5
2310 Source(5)=21

2320 Drain(5)=22

2330 Gate(5)=23

2340 Bulk(5)=24

If you connect many devices, SMUs may oscillate during stress forcing due to larger stray
capacitances and residual inductances.
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Changing the Cumulative Stress Times

In the DCDAHC program, the cumulative stress times are set in the following lines:

2540 l==mmmmm——- Stress duration setup--------——--———-——————————————
2550 Str time:! !Stress duration data

2560 DATA 10, 20, 50

2570 DATA 100, 200, 500

2580 DATA 1000, 2000, 5000

2590 DATA 10000, 20000, 50000

2600 DATA 100000

2610 RESTORE Str time

2620 READ Meas_str time (*)

To make interim characterizations more or less frequently, modify above DATA lines.

To Make Interim Characterizations More Frequently

Following is an example of more frequent interim characterization.

2540 l==mmmmm——- Stress duration setup--------——--———-——————————————
2550 Str time:! !Stress duration data

2560 DATA 10, 20, 40, 70

2570 DATA 100, 200, 400, 700

2580 DATA 1000, 2000, 4000, 7000

2590 DATA 10000, 20000, 40000, 70000

2600 DATA 100000

2610 RESTORE Str time

2620 READ Meas_str time (*)

Also, change number of interim characterization points (Meas points) from 13 to 17.

1800

Meas points=17

Number of times to repeat measurements

To Make Interim Characterizations Less Frequently

Following is an example of less frequent interim characterization.

2540 l-=——=—=—=——— Stress duration setup-----—-—-—-----"-"-""—"—"—"—"—"————"————~———
2550 Str_time:! !Stress duration data

2560 DATA 10, 30

2570 DATA 100, 300

2580 DATA 1000, 3000

2590 DATA 10000, 30000

2600 DATA 100000

2610 RESTORE Str time

2620 READ Meas_str time (*)

Also, change number of interim characterization points (Meas points) from 13 to 9.

1800 Meas_points=9 INumber of times to repeat measurements

Skipping Determination of Gate Stress Bias Condition

In DCDAHC program, gate stress bias condition is determined by the following line:

2780 l--——————— Determine Stress Bias Condition---------
2790 CALL Str define !Determine DC stress condition
2800 DISP "Connect HCI degradation test devices"

2810 PAUSE

To skip determination of gate stress bias condition and use the default gate stress voltage
defined on line 1910, comment out lines 2790 to 2810 as follows.

2780 l--——————- Determine Stress Bias Condition---------
2790 !CALL Str_define !Determine DC stress condition
2800 'DISP "Connect HCI degradation test devices"

2810 'PAUSE
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Reducing the Interval between Stress and Interim
Measurement

According to JEDEC proceeding, the parameter measurements should be made as soon as
possible after each stress cycle has terminated. In the DCDAHC program, line 2680

specifies to re-save test data to the ASCII file after each interim measurement so that data
is not lost if an unexpected accident occurs:

2680 Save_at last=0 !0:Save ASCII data files after each interim test
2690 !1:Save all ASCII data files after completing whole test

To shorten the interval, you can save test data in the ASCII file only after the termination
criteria is exceeded by changing line 2680 as follows:

2680 Save at last=1 !0:Save ASCII data files after each interim test
2690 !1:Save all ASCII data files after completing whole test

Selecting Parameter Shift Graphs to Draw

The DCDAHC program draws graphs of each parameter shift for each device after each
interim characterization. The following lines set the flags to select device number and
parameter type that you want to a graph.

2640 !-————-—- Setup for drawing/saving data in main menu------------
2650 Show device=0 !0:Draw graphs of all devices, Specify device No.
2660 Show param=0 !0:Draw graphs of all params

2670 !1:Idlin, 2:Gmmax, 3:Vtext, 4:Vtci, -1:No graphs

The above sets that all parameter shift graphs will be drawn for all devices.

To Skip Drawing Graphs

To shorten the interval, you can skip drawing parameter shift graphs. Change line 2660.
2640 !—-=———=—-—- Setup for drawing/saving data in main menu------------

2650 Show device=0 !0:Draw graphs of all devices, Specify device No.

2660 Show param=-1 !0:Draw graphs of all params

2670 !'1:Idlin, 2:Gmmax, 3:Vtext, 4:Vtci, -1:No graphs

The above sets that no parameter shift graphs will be drawn.

To Draw Graphs of Specified Device Only

To draw parameter shift graphs for specified device only, change line 2650.

2640 !-=—————- Setup for drawing/saving data in main menu----------—--
2650 Show device=3 !0:Draw graphs of all devices, Specify device No.
2660 Show param=0 !0O:Draw graphs of all params

2670 !'1:Idlin, 2:Gmmax, 3:Vtext, 4:Vtci, -1:No graphs

The above sets that all parameter shift graphs will be drawn, but only for device number 3.

To Draw Graphs of Specified Parameter Only

To draw specified parameter shift graph for specified device only, change lines 2650 and
2660.

2640 !-=—————- Setup for drawing/saving data in main menu----------—---
2650 Show device=2 !0:Draw graphs of all devices, Specify device No.
2660 Show param=4 !0:Draw graphs of all params

2670 !'1:Idlin, 2:Gmmax, 3:Vtext, 4:Vtci, -1:No graphs

The above sets that the only graph drawn will be Vtci shift graph for device number 2.
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If You Don't Use Switching Matrix

If you directly connect SMUs of the 4155/4156 to the test device and don't use a switching
matrix, modify the DCDAHC program as follows:

Change the number of devices to 1.

1790 No_of devices=1 !Number of test devices

And comment out the following lines:

2870 ' CALL Swm connect !Connect test device

2970 ! CALL Swm_clear !Disconnect test device

3040 ! CALL Swm connect !Connect test devices in parallel
3100 ! CALL Swm_clear !Disconnect all test devices
3220 ' CALL Swm_connect !Connect test device

3240 ! CALL Swm clear !Disconnect test device

5180 ! Connect (FNSmu(l),Gate_ str)

5190 ! Connect (FNSmu(2),Source_ str)

5200 ! Connect(FNSmu(3),Drain_str)

5210 ! Connect (FNSmu(4),Bulk str)

5370 ! CALL Swm_clear

Using Another Switching Matrix

The DCDAHC program assumes that you use the 4085M switching matrix. If you want to
use another switching matrix, modify the following subprograms by replacing with
corresponding GPIB control commands for your switching matrix.

switching matrix)

Subprogram Input Parameter Functionality
Connect Port (Port number), Connects the
Pin (Pin number), specified port to the
Swm (GPIB select code and address of specified

measurement pin

Swm_connect

Device (Device number),

Source (*) (Pin assignment of source),
Gate (*) (Pin assignment of gate),
Drain (*) (Pin assignment of drain),
Bulk (*) (Pin assignment of bulk)

Connects four
terminals of
specified device to
SMU 1,2,3,4

Swm_clear

Swm (GPIB select code and address of
switching matrix)

Disconnects all
measurement ports
from the
measurement pins

NOTE For switching of the switching matrix relays, you must use Dry Switching method, which
means switching occurs only after the object signal has been turned off or removed from
the relay's terminal.

Do not use the wet switching method because it reduces the life of switching matrix relays.
In the DCDAHC program, dry switching is executed by lines 12760, 12900, 13020 and
13250.
12760  OUTPUT @Hp415x;":PAGE:SCON:STOP"
12900  OUTPUT @Hp415x;":PAGE:SCON:STOP"
13020 OUTPUT (@Hp415x;":PAGE:SCON:STOP"
13250  OUTPUT @Hp415x;":PAGE:SCON:STOP"
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Performing HCI Degradation Test with AC Stress

If desired, you can also perform HCI degradation test with AC stress. Figure 5-13 shows
the setup for AC HCI degradation test. Figure 5-14 shows the measurement circuit.

Figure 5-13 AC HCI Degradation Test Equipment Connections
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Figure 5-14 AC HCI Degradation Test Device Connections
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ACDAHC.STR file must be used instead of DCDAHC.STR. This file sets up the
4155/4156 as shown in “Setup Files” on page 5-44. Before testing, you must modify these
settings according to your requirements, then re-save to the diskette.

In the DCDAHC sample program, stress setup file to be used is defined as follows:

2430 str_file$="DCDAHC.STR" !DC stress setup file
2440 !Str fileS$="ACDAHC.STR" !AC stress setup file

To use ACDAHC. STR, exchange the comment mark (!) as follows:

2430 !'str_file$="DCDAHC.STR" !DC stress setup file
2440 str_file$="ACDAHC.STR" IAC stress setup file
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The following lines set DC stress voltages of SMUs.

4990 OUTPUT Q@Hp4l1l5x;":PAGE:STR:SET:CONS:SMU3 ";Vdstr
5000 OUTPUT @Hp4l5x;":PAGE:STR:SET:CONS:SMUl ";Vgstr

5390 OUTPUT @Hp41l5x;":PAGE:STR:SET:CONS:SMUl ";Vgstr

Change these lines as follows so that these lines set AC stress voltages of PGU1 and
PGU2.
4990 OUTPUT @Hp415x;":PAGE:STR:SET:PULS:PGU2:PEAK ";Vdstr

5000 OUTPUT @Hp41l5x;":PAGE:STR:SET:PULS:PGUl:PEAK " ;Vgstr
5390 OUTPUT @Hp4l5x;":PAGE:STR:SET:PULS:PGUl:PEAK " ;Vgstr

NOTE Before starting AC stress test, you need to modify setup of ACDAHC. STR file. Set
appropriate pulse period, width, leading time, and trailing time on STRESS: STRESS
SETUP page.

Performing Reverse Mode Test

The DCDAHC program performs forward mode tests. In this mode, the polarity between
drain and source during parameter measurement is the same as during stress. For reverse
mode test, it is opposite.

If you want to perform reverse mode tests, switch assignments of SMUSs for drain and
source in PARAM. MES file for CHANNELS: CHANNEL DEFINITION page as in the
following figure, then resave it before executing test.

Figure 5-15 Changing SMU Assignment in PARAM.MES for Reverse Mode Test

CHANNELS: CHANWEL DEFINITIDN B5FEBLB 01:33PH
Iglin/Gmmax/¥text/ytcl Measurement SHEEF
¥MEASUREMENT MDDE
CREEF 1] SAM-
PLING
$CHANMELS
HEASURE STBY| [SERIES
UNIT VHANE | IHAME WODE [FLTH RESISTANCE| |[PEFAULT
SHUL: HF | ¥E TG v VAR 0 _ohm MEASURE
SHUZ: HE | YD 1D v CONET SETVE
EHU3:HP VS 15 v CONST TITE
EMU4: MR |¥B 18 ¥ CONST B-Tr
SHUS: HP YCE-1C
A1 S R EEE TR
ysue | [------- MEMZ M
L R N st A B ---- FET
L= N I N e YOE-ID
PEVL | e
reE | |------- ?E¥3 #
BHOU- T T YE5-1D
MEM4 H
DIDDE
SWEEP YF-IF
Select Measurement Mode with softkey or rotary knob. B I
‘EHANNEL|USER HUSER ‘ | ‘ H HNEXT |
DEF FLTH ViR FABE
5-42 Agilent 4155B/4156B Sample Application Programs Guide Book, Edition 3



HCI Degradation Test
Customization

Changing Input Parameters for Test Data Analysis

In the ANALYSIS program, the input parameters are defined on the following lines:

1650 !-=====—===—————— InputParameters-——-—-——--—-—------

1660 No_of devices=4 !'Number of devices to be evaluated

1670 !

1680 !=-=--—- Flag to PAUSE program after each Tdc analysis--------—---
1690 !If the following flag is 1, this program is paused

1700 l'after drawing Shift parameter v.s. Stress time graph.

1710 !During pause, you can manually save analyzed data to

1720 'a DAT file. Then press continue. If you don't want to
1730 !PAUSE program, change following flag to O.
1740 Pause_ to_save=l

1750 !

1760 l!-=———————- Save ASCII file name--—-—————————————————————————————
1770 Save ~fileS="ANAHCI"

1780

You can modlfy these values before executing ANALY SIS program.

Parameter Description Default

No of devices | Default number of devices for which to analyze 4
data. This value is used if you do not enter a value
when prompted at beginning of ANALY SIS

program.
Pause to save | Flag to pause program after each Tdc extraction 1 (pause)
Save file$ ASCII file name in which to save calculated ANAHCI

average Tdc

Not to Pause Program after each Tdc Extraction

The ANALYSTIS program extracts Tdc for all devices and all parameters specified. The
program pauses after drawing each "shift parameter vs stress time" graph so that you can
manually save analyzed data to a DAT file. If you don't want to pause program, change line
1740 as follows:

1740 Pause_ to_save=0

Changing File Name to save Calculated Average Tdc

After analysis, averaged Tdc for each parameter is calculated and saved into an ASCII file.
Refer to "Data Analysis" of “HCI Degradation Test Data Analysis” on page 5-8. The file
name is defined in line 1770. For example, if you want to change the file name to TDCAVG,
change as follows:

1760 !-=—————-—- Save ASCII file name--—-—————————————————————————————
1770 Save file$="TDCAVG"
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Setup Files

This section describes the settings of the 4155/4156 setup pages that are stored in the setup
files. If you change the setup page settings, you need to re-save the settings to the
corresponding setup file. The DCDAHC program loads these files (except IDVD.MES) to
perform the HCI degradation test.

Setup File for Id-Vd Measurement to Determine Drain Stress
Voltage

Settings of following setup pages are stored in IDVD.MES file, which is used to set up the
4155/4156 to determine Vdstr.

NOTE You need to use this setup to determine Vdstr manually before running the DCDAHC
program. See “Execution” on page 5-19 for details.
Figure 5-16 CHANNEL DEFINITION Page of IDVD.MES
CHANNELS: CHANMNEL DEFINITION 94SEP2ZY O1: 42PN
ld-%d Meazurement SWEEPR
*MEASUREMENT MODE
o
PLING
*GHANNEL S
ME & SURE sTeY | [sERIES
UNI T W N ME | NAME MODE [FCTH RESI STANGE DEFAULT
SMUT: WP | VG I W VAR2 o ahm ME ASURE
sMuz: MP |V I8 W CONST 0 ohm SETUP
SMUL: MP (WD 1D W VAR wem
SMU4: MP (VB I8 y GONST B Tr
R VGE- I G
veue | e
(Y8 TR N I (S I (s cee- ME M2 M
LT T I e I ey S FET
VDE- 1D
ME M3 M
FET
VGE- 1D
ME M4 M
Dl ODE
SWEEP VE-IF
Select Measzurement Mode with softkey or rotary knob.
GHANNEL | |USER USER MEX T
DEF FGTH VAR PAGE
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Figure 5-17 SWEEP SETUP Page of IDVD.MES
MEASURE: SHWEEP SETUP B5FEBLIT 03 41FH
Td-%d Measurement
ENMARTABLE YARI Ya4Re
UHIT SHU3: HP SHUL: HP
HAME W0 Y&
SHEEF MODE|SINGLE SINGLE
LIN/LDG LINEAR LINEAR
START 0.0000 w| 3.000 ¥
STOF 10.000 W) 4.000
STEF {0o.omy So0.omy
N GF STER|[101 3
COMPLIANCE| 50.00mA {.0000ma
POWER COMP|[GFF GFF
ETIMING
HOLEL TIME 0.0000 5
DELAY TIME| 0.0000 s SHEEP [STODP AT AHY ABNWDRM]|Status
ECONSTANT
PNIT SHUC, HP SHU4, HP
HAME W5 B
MODE ) )
S0URCE 00000 v 00000 ¥W|=--=======|-====----
COMPLIANCE] 50.00mA {.o000méf-----=----|---------
10
Enter YARL Stop (-100 to 100}, 1
SHEEFP MEASURE|(DUTFUT PREY NEXT
SETUP SETUFR SER PARE FARE
Figure 5-18 DISPLAY SETUP Page of IDVD.MES
DI SPLAY: DI SPLAY SETUR G45EP2Y 01 44FPM
ld-%d Measuremsnt GRAPH-
[
* Dl SPLAY MODE
* GRAaPHI C&
Xawis Vlawis Y2axis
MamE WD I D
SCaLE| LI MEaR LI HEAR
Ml N Q. 000000000 W O, 000000000 A
(LS 10, 000000 W 10, 000000000 A
*GRI D *LI NE PARAMETER
on
*DATA VARl ABLES
GRAPHI C3
Select Diszplay Mode with zoftkey or rotary knob.
DI SPLAY||aNLYSI S FREVY MEXT
SETUP SETUP Pa GE PAGE
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Setup File for Ib-Vg Measurement to Determine Gate Stress
Voltage
Settings of the following setup pages are stored in the IBVG.MES file, which is used to set
up the 4155/4156 to determine Vgstr during DCDAHC program.
Figure 5-19 CHANNEL DEFINITION Page of IBVG.MES
CHAMMNELS: CGHANNEL DEFIMITION 945ER2Y O1: ATPM
I b-%g Measuremsnt SWEEP
*MEASUREMENT MODE
Sal-
PLI NG
*CHANNEL &
ME& SURE STBY | |S8ERIES
UMI T W M WE | MaME WMCODE |[FGTH RES| STANGE DEFAULT
SMUT: MP | WG I G W VAR 0 ohm MEASURE
SMUZ: MR |vS I8 W GONST 0 ohm SETUR
SMUL: MP | WD 1D W COMNST WEMI
SmMU4: MP | VE 1B W COM&T
B-Tr
R WGE-I| G
vauz | faa ik
{78 T Y R (e N [ I ME M2 M
LT N S N [ I FET
WDE- 1D
ME M3 M
FET
WEE- D
ME M4 M
DI ODE
SWEEP VP F
Soloet Meazurement MMode with =zoftkey or rotary knob.
CHAMMNEL||USER USER MEXT
DEF FGTN VAR PaGE
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Figure 5-20

Figure 5-21

USER FUNCTION DEFINITION Page of IBVG.MES

CHANNELS

I b-¥g Meas

"USER F

urement

NCTI OH

USER FUMCTION DEFI NI TION

943EP29 O

HCI Degradation Test

1:39Pm

M A mE

UNI T

DE

FINITION

W GETH

W =1l

| 5UB

A -1 B

YWGEETH

Enter User

Function

Hame.

[ max &

chars. )

Setup Files

DELETE
RO

CHANMEL
DEF

UZER
FCTHN

UZER
VAR

FREV
PaGE

NEXT
PAGE

SWEEP SETUP Page of IBVG.MES

MEASURE:
I b-%g Meas
“WaRl ABLE

SWEEP SETUP

urement

WaRi

WAaR2

UNIT
M & bl E

LI NI LOG
START
ETOP

STEP

MO OF S3TE

SWEEP MODE

COMPLI ANCE
POWER COMP

SMUA: MP
WG

S NGLE

LI NEAR
0.0000 V
5.000 V
0. 0my

P10
50.00ma

OFF

STEMIENG

HOLD TI ME

DELAY TIME

0.0000 s
0.0000 s

"CONSTANT

"LWEEP

Q45EP2Y9

O1:29PM

STOP AT AMY ABNORM

Status

UMI T
HamE
MoDE
SOURCE

COMPLI ANCE

MUz mpP
WE
W

0. 0000 W
100, 00 ma

SMU2: mpP
WD
W
6. 000 W
0. 00ma

U4 mP
VB
W
00000 W
100, 00ma

31 NGLE

Select Zwee

p Mode with

zoft key ar

rotary

knob.

31 MNGLE

DOUBLE

SWEEP
SETUP

SETUP

ME ASURE

CUTPUT
SEQ

FPREY
PaGE

HEX T
PaGE
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Figure 5-22 DISPLAY SETUP Page of IBVG.MES
DI 3PLAY: DI SPLAY SETUPR 943ERP29 04 40PM
| b-%g Meazurement GRAPH-
[
Dl ERPLAY MODE
LieT
" GRAPHI G35
Xaxis Yiaxis Y2axis
MAME WG | 3UB
SCAaLE|LI NEAR LI HE&AR
N Q. 000000000 W Q. 000000000 A
RS 5.000000 W 10.00000000n0 A
*GRI D “LINE PARAMETER
"DaTa WARI ABLES
WGEETR
GRAPHI C&
Select Dizplay Mode with softkey or rotary knob.
DI SPLAY | [ANLYS] B FREW NEXT
SETUPRP SETUPR Pa GE PAaGE
Figure 5-23 ANALYSIS SETUP Page of IBVG.MES
DI BPLAY: ANALYSI & SETUP 945EP2Y O1:40PM
Il b-Yg Measurement NORMaAL
“LI NE1:
GRAD
TANGENT
“LINEZ:[ ]
RE GRES&-
31 ON
*MAaRKER: At a point where
[l 5UB ] = [MAX{I SUBR) 1
[ 1
*l nterpolate: [OFF] Dl SABLE
%glect Line Mode with softkey or rotary knob.
DI BPLAY||aNLYS3I] & PREV NEXT
SETUP SETUP P A GE PAGE
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Setup File for Gate Leakage Current Measurement

HCI Degradation Test

Setup Files

Settings of following setup pages are stored in IGLEAK.MES file, which is used to set up
the 4155/4156 for gate leakage current measurement during DCDAHC program.

NOTE This section does not show the setup pages for the IDLEAK.MES (drain leakage current)
and ISLEAK.MES (source leakage current) setup files. These setup files are similar to the
IGLEAK.MES setup file.

Figure 5-24 CHANNEL DEFINITION Page of IGLEAK.MES
CHANMELS: GCHANNEL DEFINITION 94SEP2Y 01: 4TPM
Gate Leakage Current Meazurement SWEEP
*“MEASUREMENT MODE
SANMPLI NG S a hi-
PLI MG
*CHaMMEL S
WMEASURE STBY | | SERIES
UNI T W M A ME | M AME MODE |FGTHN RESI STANGE DEFAULT
aMuUt: MR |V I G W CONGT o ohm ME ASURE
smuz: mp |vs I8 v CONST 0 ohm BETUP
SMUS: MP | WD I D v GONST WEWT
SMU4: MP | VB I B v CONST B Tr
R YVGE-1 G
veuz | e e
vmot | e e WE M2 M
vmoz | e e e FET
VDE-1D
WE M2 M
FET
VGEE-1D
WE M4 M
DI ODE
YF- | F
SAMPLI NG
Zoloct Moazurement Mode with softkey or rotary knob.
CHaMMEL | |USER UZER MEX T
DEF FCTN VAR PAGE
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Figure 5-25 USER FUNCTION DEFINITION Page of IGLEAK.MES
CHAMNMELS: USER FUMCTI ON DEFI MNITION 942EP29 04 47PN
Gate Leakage Current Mesazuremsnt
*"USER FUNGCTI ON
MaME UMI T DEFI NI TI ON
lagleak | A Gty
DELETE
ROw
lgleak
Enter User Function Mame. [ max & chars. )
CHANMEL||USER USER PREVY HEXT
DEF FCTH VAR PAa GE PAGE
Figure 5-26 SAMPLING SETUP Page of IGLEAK.MES
HEASURE, SAMFLINE SETUFR QBFEBLIY 0O, 30FPH
Gate Leakage Lurrent Heasurement LINEAR
*SAMPLING PARAMETER *STOF CONDITIDN L0BL0
MODE LINEAR ENABLE/DISABLE|DISABLE
INITIAL IMTERWAL| 100.00ms ENABLE DEL&Y p.ooo000n0 s
WD. OF SAMPLES {0 WaME
TOTAL SAMP. TIME|[AUTD THRESHOLD p.ooo0oong LOGES
EYENT ¥al = Th
[HOLD TIMWE [ 1.0000 5 ||EVENT HG. |
[FILTER [N | LOGo
ELCONSTANT THINHNED
UHIT SMUL, MP SMUE MP SHUI MP SMU 4 MP DUt
HAME Vi [ [y ¥B
MODE i i Y i
SOURCE S.000 v o.o000 ¥ oo0000 Y| D.0000 ¥
COMPLIAWCE | {.0000ma| {.0000méd | L.0000mé| 1.0000mA
LINEAR
Select Sampling Mode with softkey or rotary knob.
SAMPLHE WEASURE|[CUTRUT FREY HEXT
SETUP SETUP SER FAGE FARE
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Figure 5-27 ANALYSIS SETUP Page of IGLEAK.MES
DI SPLAY: ANALYSI 5 SETUP 945EP2Z9 O 50FPM
Gate Leakage Current Meazurement HORMAL
*LINET:
GRAD
TAMNGENT
*LIMNE2:[ 1
RE GRE &-
51 ON
*MaAaRKER: At a point where
] 1 = [mMaxilg) 1
[ 1
“lnterpolate: [OFF] Ol SABLE
Select Line Mode with softkey or rotary knob.
DI GPLAY|[|ANLYSI S FREY NEXT
SETUP SETUP P& GE PAGE
Figure 5-28 DISPLAY SETUP Page of IGLEAK.MES
DISPLAY: DISPLAY SETUP QOFEBLY 09 3BFM
Gate Leakage Current Measurement ER?EE'
EDISPLAY MWDOE
GRAPHICS L15T
XGRAPHICS
Xauis Tiauis f2anls
NAME |ETIME IG
SCALE|LINEAR LINEAR
MIN {.ooo0n s g.oooooooon A
MK F.30000 5 e00.000pA
5GRID L THE PARAMETER
x0ATAH WARIABLES
Inleak
FRAFHICS
select Display Mode with softkey or rofary knob. B I
DISFLAY||ANLYSIS PREW WEKT
SETUF SETUP PAGE PAGE
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Setup File for Initial/Interim Characterization
Settings of following setup pages are stored in PARAM.MES file, which is used to set up
the 4155/4156 for 1dlin/Gmmax/Vtext/Vtci measurements during DCDAHC program.
Figure 5-29 CHANNEL DEFINITION Page of PARAM.MES
CHANNELS, CH&MNEL CGEFINITIDN GEFEBLY 0O, 1BPH
HCI, Initial characterization for Device=i SWEEF
EMEASU/REMENT MODE
SHEEP e
FLING
ECHANWELS
MEASURE STBY | |SERIES
PHIT YHAME ITHAME MODE |FLTH RESTSTAMNLCE DEFAULT
SHUT. HF | VG 16 v VAR1 U onm ME&ZURE
SMUZ: MR [¥s 15 ¥ CONST SETUF
SMU3 HF | WD 10 ) CONET WEML M
SHU4: HP | VB 18 ¥ LONST B-Tr
SHUS, HF 0 nohm YLE-IC
ys i -
ysue | mmmm--- MHEME M
ymgrr |- | ----- ---- FET
yue | |-------1 | ----- ——— YOE-1ID
POt s HEWS K
FeUE
T2 I EEEEE —--- PEl
YEE-1D
MEM4 M
FIDDE
SHEEP YP-IF
Select Measurement Mode with softkey or rotary knob.
CHAWWEL | [VSER VSER WEXT
DEF FLTH W R FAGE
Figure 5-30 USER FUNCTION DEFINITION Page of PARAM.MES
CHANNELS, USER FUNCTIDN DEFIWITIOHN GEFEBLY 0O, 20PH
HCI, Initial characterization for Gevice=i
sUSER FUNLCTION
HiME UNIT BEFIHITIDN
5m DELTATIO! /DELTA[VE]
YIeat |V BHy- [EMY1/PMT2) -AT (WD, 1] /¢
GBmma X M [Gm)
Yicl ) BL2X
Idlin |4 BLiYi
FELETE
ROW
Em
Enter User Function Hame. [max B chars.!) 1
CHANWEL||M'SER VSER FREW HEXT
BEF FLTH WA R FAGE FABE
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Figure 5-31 SWEEP SETUP Page of PARAM.MES
ME&SURE, SWEEF SETUFR ORFEBLY 09 2 4PHM
HCI, Initidal characterization for Dewice=i
*WARTABLE VAR YaRe
UHIT SHUL, HP
NAKE Y&
SHEEP MDDE([SIMWGLE
LIN/LDG LINEAR
START g.oonn v
STOPR Bo00n v
STEPR ci.omy
MO DF STEP (|26l
COMPLIANCE]| 20.00mA
FOWER CDMP[DFF
TIMING
HOLD TIME p.oonn 5
GELAY TIME| 0.0000 5 ESWEER [STOF AT COMFLIANCE]|Status
ACDONSTANT
WHIT SMUE; P SMU3 MR MU 4 MP
NAME Y5 Y0 YB
MODE i Y i
SDURCE o.oomQ v 100, 0my p.oong yl---------
COMPLIANCE | 100.00ma| 20.00m4 oo nomgf---------
n.one
Enter VA4R1 Step [0 to 200). B I
SHEEP ME&SUVRE|[|DUTFUT PREY WEXT
SETUPR SETUF SER FAGE FaBE
Figure 5-32 OUTPUT SEQUENCE Page of PARAM.MES
ME&SURE, GUTFUT SERUENCE O5FEBL7 09, 26FH .
HLI1, Initial characterization for Device=1 SHULL ME
SMUE: MR
(QUTPUT SERVENCE ETRIGGER SETUP
WHIT NAME MODE ENABLE/DISABLE|DISABLE
{1 [SMUZ; ME|Y5 ) FUMCTION TRIG DUT
¢ [SMU4; MP([YE ) STEP DELAY p.non s SHUIMP
3 O|SHMUL, MP (WG ) POLARITY FOEITIVE
4 [SMU3; ME (WD )
5o (¥EM )
B lysyp SMU4 HP
T O|MUE, HP
B [FGEU
o |FEUE SMUE, HP
Y5
MORE
SHUZ: HP t/e
Select Dutput Sequence with softkey or rotary knob. I
SHEEF ME&SURE||IDUTRUT FREY NEXT
SETUP SETUP SER FARE FAGE
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Figure 5-33 DISPLAY SETUP Page of PARAM.MES
BISPLAY, DISPLAY SETUP OSFEBLT 0O, 27FH
HCI, Initial characterization for Device=1 ER?ES'
EDISPLAY MDOE
ERAFHICS 157
*GRAPHICE
%auis Y1axis YEauis
WaME |¥E& 1D Gm
SCALE [LINEAR LINEAR LIME&R
MIN p.ooonoonooo vy o.o00000000 & O0.0000000000
LS B.O0onon cLA000nno00mal 1.5000000000m
*GRID ELINE PARAMETER
*DATA YARIABLES
Yiext
Idlin
BRAPHICE
Sglect Qisplay Mode with softkey or rotary knob. 1
DISPLAY||ANLYSIS FREW NEXT
SETUP SETUP FaBE FAGE
Figure 5-34 ANALYSIS SETUP Page of PARAM.MES
DISFLAY, AMALYSIS SETUP QOFEBLT 09, 46FPH
Tdlin/Gamas/Vtext/Vtcl Measurement NORMAL
sLINEL:[[GRAD line on [¥1] at @ point [HHERE]
EVE ]] =[5 ' orap
Gradient: [0 ]
TANGENT
$LINEZ: [NDRHAL ] 1ine on [Vv1] between a point [WHERE
. SION
and @ point [WHERE]
(10 1 = [1ou ]
[ ]
AMARKER: At a polnt where
[Gm I = [Ma¥(Gn) ]
[ ]
sInterpolate; [OH ] BIGABLE
GRAD
Select Line Mode with softkey or rofary knob. B I
BISFLAY|([ANLYSIS FREY WEXT
SETUP SETUP FAGE PAGE
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Figure 5-35

Figure 5-36

Setup File for DC Stress

Settings of following setup pages are stored in DCDAHC.STR file, which is used to set up
the 4155/4156 for DC stress during the DCDAHC program.

CHANNEL DEFINITION Page of DCDAHC.STR

HCI Degradation Test

Setup Files

STRESS: CHAMNMEL DEFI NI TION 94SEP29 O 24P
HCl DG Stress Setup File Y
*CHAMMNEL
MEASURE STRESS
UNI T oA E o O E Ha ME FCTH
Sl WP (WG W Vastr SY NG CHANNEL
SMUZ2: MP |vs W Vs SY NG ABEl GN
SMU2: MP WD W Wdstr SEY NG
Shild: MP [ VE W Vsuhb SY NG
WE A
Wsu2
GOl
*TRI GGER SETUP
Dl SAaBLE
POLARI TY |POSI TIWE
DELETE
ROy
W
Select Mode with softkey or rotary knob.
CHANMNEL | |STRESS STRESS NMEXT
DEF SETUPR FORCE PAGE
STRESS SETUP Page of DCDAHC.STR
STRESS: STRESS SETUP 940CTO4 Ob&: EGPM
HCl DG Stress Setup File FREE
RUMN
*STRESS MODE *PULSE
CURATI OHN UMI T
1. 0000 = MaME
PERI 2O [ |- -
*ACCUMULATED STRESS wil DTH
0. 000000 = DELAY TI1 ME
PEAK WaALUE
*HOoLD TI ME BASE waLUE
0. 000000 = LEADI NG TI ME
TRAI LI HG TI ME
*"FILTER oOFF | MPEDANGE
*STRESS |CONTINUE AT ANY Status
*CONSTANT
UNI T Shidi: MP SmU2: MpP SmMU3: P Smidd4: mMpP
M A WE Wwgstr W Wdstr Wz ub
Mo O E W W W W
SOURCE Q. 0000 W Q. Q000 W 0L 0000 W 0L 0000 W
COMPLI ANCE 100 . 00ma 100, 00ma 100, 00 mA 100, 00mA
1
Enter Duration (O, 0005 to 3.1536E+07). |
CHANMNEL | |STRESS STRESS FPREY NMEXT
DEF SETUPR FORCE PaGE PAGE
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Setup Files
Setup File for AC Stress
Settings of following setup pages are stored in ACDAHC.STR file, which is used to set up
the 4155/4156 for AC stress. You need to customize the DCDAHC program to perform AC
stress. See “Performing HCI Degradation Test with AC Stress” on page 5-41.
Figure 5-37 CHANNEL DEFINITION Page of ACDAHC.STR
STRESS:; CHANWEL DEFINITIGH GEFEBLT 009, 10FH
HCI 40 Stress 3etup File
I
 CHANWELS *SHU/PE SELECTODR
MEASIRE STREGRS MEASURE |STREGS
UHIT HaME MDD E HaMWE FLTH 15K FEI
SMUL MP (WG ¢ EMI FEU CHAMMEL
SHUZ: WP W5 ] Vs 5¥NE 3|0PEN DFEN ASSTEN
SMU HP (WD 4 |DPEN BPEN
SHU4, MP (WD [} Ysub SYHNEC
SHUG HF
Y51
ysle
PRI YRULSE|[Wostr [SYNC COMWMDHN
FEUZ WPULSE | ¥dstr |SYNC  TRIEGER SETUF
EHOU DISABLE
[POLARITY [FRSITIVE
FELETE
ROW
Sglect Mode with softkey or rotary knob. B
CHAWHEL||STRESS STRESS HEXT
DEF SETUF FORLE FARE
Figure 5-38 STRESS SETUP Page of ACDAHC.STR
STRESS:, STRESE SETUF QEFEBIT 0O, 16PM T
HCI AL 5% set Fil -
ress Setup File T1om
#*STHESS MODE ¥PULSE
DURATION UNTT PGUT PEUZ PULSE
10,0000 s NAHE Ygstr Ydstr COUNT
FERIDD gl.fusg  |---------
*ACCUMULATED STRERSE |WIGTH 10.0us 10.0us
Q.o0n00n g DPEL&Y TIME Q0000 s 0.0000 3
FEAK WALLE g.a0n S.000
¥HOLD TIME BASE WALVE g o000 W o.0000 W
Q.oonoon s LEADIHE TIMWE 1.00us 1.00us
TRAILIWE TIME[ 1.00us 1.00us
*FILTER |DFF IMFEDAHLE LK LK
*STRESS [CONTINUE AT ANY | status
S COHSTANT
WHIT SHMUE, MP SHI4 HE
HAME Y5 Ysub
MODE ) )
SPURCE o.ooon ¥ o.0000 Wf------=---|-=-=--=-----
COMPLIAWCE]| 100.00ma| tO0.00mMA|---------|---------
DURATIOH
Select 5tress Force Mode with softkey or rotary knob. B
CHAMMEL|[3TRESS STRESS FREY MEXT
IEF SETUF FORCE FaRE FAGRE
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Charge Pumping

The evolution of micro devices and ULSI technologies has created problems with device
reliability. For example, hot carrier induced (HCI) degradation and short channel effects
are important reliability issues for MOSFET devices. This manual discusses the evaluation
of surface-states at the Si-SiO, interface of MOSFET devices which is one of these
reliability issues.

Charge pumping is a measurement technique for evaluating the Si-SiO, interface-state of
MOSFET devices. This technique is used to analyze the mechanics of hot carrier induced
degradation.

This operation manual shows how to use the charge pumping method to evaluate the
interface-state with the 4155/4156.

“Charge Pumping Methods” introduces three methods of charge pumping.

“Square Pulse Method” explains the theory of the square pulse method and how to perform
the test using the sample program. An example measurement result is also shown.

“Square Pulse Method without Program” describes how to perform a square pulse method
charge pumping test without using a program. An example measurement result is also
shown.

“Triangular Pulse Method” explains the theory of the triangular pulse method and how to
perform the test using the sample program. An example measurement result is also shown.

“Trapezoidal Pulse Method” explains the theory of the trapezoidal pulse method and how
to perform the test using the sample program. An example measurement result is also
shown.

“Program Modification Examples” describes examples of sample program modifications.

6-2
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Figure 6-1

Charge Pumping
Charge Pumping Methods

Charge Pumping Methods

Charge pumping is one of the measurement methods that extracts the Si-SiO,
interface-state density and the capture cross-section of the MOSFET devices. Figure 6-1
shows the measurement circuit diagram of a charge pumping test. The gate of a MOSFET
device is connected to a pulse generator, A reverse bias (Vr) is applied to the source and the
drain, while the substrate current is measured. This current is caused by the repetitive
recombination of minority carriers with majority carriers at the interface traps when the
gate pulses the channel between inversion and accumulation. Three different charge
pumping methods are described below:

Square Pulse Method

The square pulse method extracts the interface-state density from the charge pumping
current versus the pulse base voltage curve. The curve is obtained by applying a
fixed-shape square pulse to the gate, measuring the charge pumping current (substrate
current), stepping up the pulse base voltage, and repeating the measurement.

Triangular Pulse Method

The triangle pulse method extracts the mean interface-state density and capture
cross-section from the recombined charge versus the pulse frequency curve. The curve is
obtained by applying a constant height triangle wave to the gate, measuring the charge
pumping current, stepping up the pulse frequency, repeating the measurement, and
extracting the recombined charge.

Trapezoidal Pulse Method

The trapezoidal pulse method presents the energy distribution of interface-state
(interface-state density versus energy curve). The characteristics are obtained by applying a
fixed height trapezoidal pulse to the gate, measuring the charge pumping current, stepping
up the pulse rise-time or pulse fall-time, repeating the measurement, and then extracting
the interface-state density.

Measurement Circuit Diagram

Gate
Sourc Drain

n+ J ( n+ == v
p Sl @] A

SMU1 PGU1
Substrate

lep

SMuU4
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Charge Pumping
Equipment Required

NOTE

Equipment Required

The sample programs explained here are the Instrument BASIC programs which run on the
4155/4156 built-in IBASIC controller. To execute a sample program, the following
equipment is required.

Agilent 4155 or Agilent 4156 Semiconductor Parameter Analyzer
Agilent 41501 Expander equipped with Pulse Generator Units
Two triaxial cables

One coaxial cable

Test fixture or probe station

This operation manual

Diskette that contains the sample program files and the 4155/4156 setup files

To perform the square pulse method test without using a program, as described in “Square
Pulse Method without Program” on page 6-13, all the equipment listed above is required.

Program files and setup files are stored on the Sample Application Program Disk furnished
with the 4155/4156. Before executing the program, copy the files to your working diskette.
You should keep the original diskette as backup.

6-4
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Charge Pumping
Square Pulse Method

Square Pulse Method

The square pulse method extracts interface-state density (Dif), as shown in Figure 6-2. This
figure is a flowchart of the sample program described here. A square pulse should be
applied to the gate, and the substrate leakage current should be measured at the point
shown in Figure 6-3.

The amplitude of the square pulse is not changed, and the pulse base voltage (BaseV) is
varied from well-below to well-above the threshold voltage. The substrate leakage current
is measured for each pulse base voltage. For every sampling measurement, the maximum
substrate current is defined as the charge pumping current (Icp). The pulse output, the
sampling measurement, and the Icp extraction are performed using the setup information
found in the 4155/4156 measurement setup file, not in the sample program.

The pulse base voltage is increased with each iteration of the measurement loop. Then the
charge pumping current (Icp) versus pulse base voltage (BaseV) curve is drawn. Dit is
extracted from the Icp versus BaseV curve.

To Extract Interface-state Density

The interface-state density (Dif) is extracted using the equation shown below. The sample
program uses the maximum Icp value for this calculation. The maximum Icp value is
obtained from the charge pumping current (Icp) versus pulse base voltage (BaseV) curve.

Iecp=fx QOss = fx qx Ag x Dit
So,
Dit=1Icp/ (fx qx Ag)

where,

Oss : Recombined charge per pulse period

f: Pulse frequency

q: Electron charge

Ag: Channel area of the transistor

Dit : Mean interface-state density, averaged over the energy levels swept through

by the Fermi level (cm_2 evh
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Charge Pumping
Square Pulse Method

Figure 6-2 Flowchart of Square Pulse Method
START

[Input measurement parameter |

[Get initial measurement setup file]
|

"

Set pulse conditions

(Pulse base voltage Increment pulse base voltage
and peak voltage) and peak voltage

'

nd of pulse F
base?

| Draw Icp vs Pulse base voltage graph |

|Extract interface-state density|

END

Figure 6-3 Timing Chart of Square Pulse Method
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Charge Pumping
Square Pulse Method

Program Files Required

The following files are used for the square pulse method test:

CPV Square pulse method sample program. IBASIC program file. ASCII
format.
CHP.MES Sample setup file for the square pulse method. 4155/4156 setup file.
NOTE The sample program file and the 4155/4156 setup file should be stored on your working

diskette. The diskette must be inserted in the 4155/4156 built-in flexible disk drive during
the program execution. The sample program loads the setup file and automatically saves
the data files on the diskette.

Example Measurement Result Files

The following files save example data created after executing the CPV program. The files
are stored on the Sample Application Program Disk.

CHP.DAT 4155/4156 setup and measurement data file.
CHP.ASC ASCII format file.

Sample Setup File

The square pulse method sample program loads and uses the information in the 4155/4156
setup file for the measurement. For the actual setup information in the setup file you use,
load the file using the 4155/4156 filer function, and then refer to the 4155/4156 setup
screen.

The following table shows the key setup screens of the CHP.MES sample setup file.

NOTE If you change the setup information of the sample setup file for your application, load the
sample setup file, change the setup, and save it as a new file.

To use the new file for the measurement, perform one of the following:

* Run the sample program, and select the File Name and Setup File softkeys, and enter
the file name.

» Edit the sample program, and change the initial value for the setup file name. See “To
Change the Initial Value of Input Parameters” on page 6-36.
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Charge Pumping
Square Pulse Method

CHANNEL DEFINITION screen

CHANNELS: CHANNEL DEFINITION 98SEP21 10:55AM
Charge Pumping Current Measurement Setup SWEEP
KMEASUREIMENT MODE
[SAMPLING |
SAMPLING s
CHANNELS PLING
MEASURE STBY| [SERIES
UNTT VNAME | INAME MODE_|FCTN RESISTANCE DEFAULT
SMUL:HR |VR IR v CONST 0 ohm MEASURE
SMU2: HR SETUP
SMUZ:HR
SHU4sHR |vsUB  |Isus |V CONST nEmL o
SMUS:HP YCE-IC
vsUL
vsu2 MEM2 M
[y O N el T - FET
vz | e e ——- v0S-1D
PBUL V6 VPULSE | CONST TR T
PEU2
eNDU | |- — FET
V6S-1D
MEM4G M
DIODE
SAMPLING VE-IF
Select Measurement Mode with softkey or rotary knob. B
‘CHQNNEL‘ USER ‘USER H “ “NEXT
DEF FCTN VAR PAGE

Use this screen to define the measurement
units used to set the gate pulse, drain and
source voltages, and to measure the
substrate current (ISUB). The
measurement circuit diagram shown in
Figure 6-1 uses this definition.

USER FUNCTION DEFINITION screen

This setup screen is required to calculate
the averaged ISUB value (ISAV) and to get

CHANNELS: USER FUNCTION DEFINITION 98SEP21 10: S6AM
Charge Pumping Current Measurement Setup the maXimum ISUB Value (ISB)
automatically for each sampling
USER_FUNCTION measurement. During the execution of the
NAME | UNTT DEFINTTION .
Isav A AVE (ISUB> sample program, the ISB value is collected
158 E MAX (TSUBY .
‘ and used to plot the charge pumping
current (Icp) versus pulse base voltage
(BaseV) curve.
DELETE
ROW
1SAY
Enter User Function Name. d(max & chars.> B
‘CHQNNEL‘ USER USER ‘ H “PREV “NEXT
DEF FCTN VAR PAGE PAGE
SAMPLING SETUP screen Use this screen to set the sampling
MEASURE: SAMPLING SETUP 98SEP21 10:570M measurement condition for the substrate
Charge Pumping Current Measurement Setup LINERR current (ISUB) measurement
*SAMPLING PARAMETER STOP_CONDITION 0810
MODE [ TNEAR ENABLE /DISABLE | DISABLE
INITIAL INTERVAL| 100.00ms ENABLE DELAY 0.0000000 s
NO. OF SAMPLES |21 NAME
TOTAL SAMP. TIME|AUTO THRESHOLD 0.00000000 0625
EVENT val > Th
[HOLD TIME [ 0.000000 s] |[EVENT NO. 1
[FILTER [oN ] L0650
CONSTANT THINNED
UNTT SHUL:HR  [SMU4:HR ouT
NAME VR vsUB
FMODE v v
SOURCE 50. 0nY 0.0000 V|=========|====mmmmm
COMPLIANCE| 100.00mA| 100.00mA|========—|—--coeee
LINEAR |:
Select Sampling Mode with softkey or rotary knob. B
‘SQMPLNG‘ PEU ‘ MEQSURE“OUTPUT ‘ “ “PREV “NEXT
SETuP ||SETUP |[SETUP ||SE@ PAGE PAGE

6-8
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Charge Pumping
Square Pulse Method

PGU SETUP screen

Use this screen to set the output condition
used to pulse the gate. During the

MEASURE: PGBU SETUP 98SEP21 10:57AM
Ch P i C t M t Set .
TR Tunpiny marrent Teasarenent meRe B execution of the sample program PEAK
PULSE
UNIT PGUL PGUZ VALUE and BASE VALUE are
NAME V6 .
PERTOD AT [ B automatically changed by the program for
WIDTH 1.0us .
DELAY TIME | 0.0000 s each sampling measurement. For the
PEAK VALUE 1.000 V [::::::} .
BASE VALLE  |-5.000 v definition of the pulse setup parameters,
LEADING TIME 100ns
TRAILING TIME| 100ns |:| see the ﬁgure below.
IMPEDANCE LOW
PULSE COUNT FREE RUN |-===—————
CONSTANT |:|
UNIT PEU1 PEUZ
NAME
SOURCE [::::::]
Enter PGU Pulse Period (2E-06 to 10. B
‘SQMPLNG‘ ‘ P6U ‘ MEQSURE‘ ‘ OUTPUT ‘ ‘ H HPRE\/ HNEXT ‘
SETUP SETUP SETUP SEQ PRGE PRGE
Pulse Period
Pulse Width
Leading Time Trailing Time
Pulse
Peak
90%
Pulse
Amplitude
Pulse 10%
Base
tr(rise time) [ tf(fall time)

f(Pulse Frequency) = 1/ Pulse Period

DISPLAY SETUP screen

DISPLAY: DISPLAY SETUP 9B8SEP21 10:58AM
Charge Pumping Current Measurement Setup GRAPH-
ICs
KDISPLAY MODE
GRAPHICS [TsT
*kGRAPHICS
Xaxis Ydlaxis Y2axis
NAME |@TIME ISUB
SCALE |LINERAR LOB
MIN 0.000000000 s| 1.000pA
MAX 2.00000 s 1.000000000uA |:|
KG6RID kLINE PARAMETER
|:|
>kDATA VARIABLES
GRAPHICS |:|
Select Display Mode with softkey or rotary knob. B
‘DISPLQ\/‘ QNL\/SIS‘ ‘ ‘ H HPRE\/ HNEXT ‘
SETUP SETUP PAGE PAGE

Use this screen to set the measurement and
display parameters. For the sampling
measurement, the x-axis must be set to
@TIME. To measure the substrate current,
the y-axis must be set to ISUB. ISB must
be set to the DATA VARIABLES field to
display the ISB value on the
GRAPH/LIST: GRAPHICS screen.
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Charge Pumping
Square Pulse Method

To Execute the Sample Program
This procedure describes how to execute the sample program.

1. Display the SYSTEM: MISCELLANEOUS screen, and set the REMOTE CONTROL
COMMAND SET field to 4155/56.

2. Display the All IBASIC screen by pressing the front-panel Display key twice.

3. Insert a diskette containing the CPV program file and the setup file used for this test
into the 4155/4156 built-in flexible disk drive.

4. Get the CPV sample program as follows:

a. Select the GET "" softkey.
b. Enter CPV as shown below.
GET"CPV"
c. Press the front-panel Enter key.
5. Press the front-panel Run key to execute the program.

6. To change the following measurement conditions, select the appropriate softkeys, and
enter the new value:

» File Name (select the File Name softkey)
+ Setup file name to get (enter the name of the setup file if it has been changed)
« ASCII file name to save the result data (see Figure 6-5)
+ DAT file name to save the result data (see Figure 6-4)
» Pulse Voltage (select the Pulse Voltage softkey)
* Pulse Amplitude [V]
+ Start pulse base voltage [V]
* Stop pulse base voltage [V]
+ Step pulse base voltage [V]
* Pulse Time (select the Pulse Time softkey)
* Pulse period [sec]
* Pulse width [sec]
* Pulse leading time [sec]
* Pulse trailing time [sec]
» SMU Bias (select the SMU BIAS softkey)
* Drain and Source bias [V]
* Substrate bias [V]
» Device parameters (select the Device Parameter softkey)
+ Channel width [cm]
+ Channel length [cm]

7. Connect the device as shown in Figure 6-1.

8. To start the test, select the Measure softkey.
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Figure 6-4

Figure 6-5

Charge Pumping
Square Pulse Method

After the Measurement

After the measurement, the CPV program automatically performs the following functions:

» Displays a list of the pulse base voltage (BaseV) and the charge pumping current (Icp)
on the All IBASIC screen.

*  Changes the 4155/4156 setup information. This displays the Icp versus BaseV curve,
and extracts and displays the interface-state density (Dit). To review changes in the
setup file, see the table on the next page.

» Displays the Icp versus BaseV curve on the GRAPH/LIST: GRAPHICS screen. See
Figure 6-4.

» Saves the ASCII file to the diskette inserted in the 4155/4156 built-in flexible disk
drive. See Figure 6-5.

» Saves the DAT file to the diskette inserted in the 4155/4156 built-in flexible disk drive.

Square Pulse Method Measurement Result

BRAPH/LIST: GRAFHICS MEDIUM 980CTO8 11:21ANM
Charge Pumping Current ws Pulse Base Molatge MARKER

MARKER ¢ —&.00 00 V405, 28500000nA 5

05, 385000000 A ON
=) L0251708625T

- MARKER

MIN/MAX

aooooo
MAXICP
D1t

— INTER-
Top POLATE
OFF

DIRECT
MARKER ./
=249 CURSOR

MARKER
SKIP

AUTO
ANALY-
SIS

0.00
—-9.00 SazeV o) .0 Zdiu =.00 CURSOR

OFF

B
‘ HMQRKER/‘ ‘ LINE HSCDLINB‘ ‘DISPLQV‘ ‘ SQMPLNG‘ ‘ STOP HCONST ‘
CURSOR SETUP | |SETUP || COND SETUP

Example Data of ASCII File

6,-9, 2, 1, 12
2.E-6, 1.E-6, 1.E-7, 1.E-7
-9,-8,-7,-6,-5,-4,-3,-2,-1, 0, 1, 2
8.8758E-9, 3.4555E-8, 2.1863E-7, 4.1005E-7, 4.5665E-7, 4.4278E-7, 3.5182E-7, . . . .

In Figure 6-5, the first line is the gate pulse amplitude [V], the gate pulse base start voltage
[V], the base stop voltage [V], the base step voltage [V], and the number of steps in the
gate pulse base voltage.

The Second line is the pulse period [sec], the pulse width [sec], the pulse leading time
[sec], and the pulse trailing time [sec].

The third line is the pulse base voltage (BaseV value) [V].

The last line is the charge pumping current (Icp value) [A].
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Square Pulse Method

USER FUNCTION DEFINITION screen ISAV and ISB are deleted from the original
CHANNELS: USER FUNCTTON DEFINTTTON 98SEP21 11:03AM setup. MAXICP, f, Ag, and Dit are added
Charge Pumping Current vs Pulse Base Volatge inStead. MAXICP IS the maleum ICp
value, f is frequency of the gate pulse, Ag
USER_FUNCTION is the area of gate, and Dit is the
o [F R e E— interface-state density. The equation
o prsa Sore ‘ shown in “To Extract Interface-state
oL S — Density” on page 6-5 is defined in the
DEFINITION field of Dit, not in the
sample program.
DELETE
ROW
MAXICP
Enter User Function Name. d(max & chars.> B
‘CHQNNEL‘ USER USER ‘ H HPRE\/ HNEXT
DEF FCTN VAR PARGE PARGE
USER VARIABLE DEFINITION screen User variables are newly defined. BaseV is
CHANNELS; USER VARIABLE DEFINITION 98SEP21 11: 10AM the pulse base Voltage. ICp is the charge
Charge Pumping Current vs Pulse Base Volatge .
pumping current. The number of data
points for both BaseV and Icp are
USER VARIABLE automatically calculated by the sample
NAME UNIT SIZE .
Bacev [V B program using the start, stop, and step
I A 12 .
° values of the pulse base voltage. In this
example, the number of data points is 12,
because the start value is —9 V, the stop
value is 2 V, and step value is 1 V. The
values of the variables are defined in the
sample program.
DELETE
ROW
BaseV
Enter User Variable Name. d(max & chars.> B
‘CHQNNEL‘ USER HUSER H H HPRE\/ HNEXT
DEF FCTN VAR PAGE PAGE
DISPLAY SETUP screen In the original setup, the x-axis was
DISPLAYV: DISPLAY SETLP 980CTOS 11:21AM @TIME, and the y-axis was ISUB when
chares Punping Furrent ve fulss Sase dolatos “MEe | measuring the substrate current. However,
s — to display the Icp versus BaseV curve,
*BRAPHICS BaseV and Icp are set to the x-axis and
Xaxi Y1 i Yeaxi . . .
NAFE [Bas eV Top — y-axis, respectively. Dit must be set to the
ﬁ%ELE g%ggoooooo v Léwgggoooooo A DATA VARIABLES field to display the
MAX 2.,000000000 V| 500.0000000nA No.
§ Dit value on the GRAPH/LIST:
*BRID *LINE PARAMETER GRAPHICS screen.
L
*DATA VARIABLES
BRAPHICS |:
Select Display Mode with softkey or rotary knob. B
‘DISPLQ\/‘ ANLYSTS ‘ ‘ HPRE\/ HNEXT
SETUP SETUP PAGE PAGE
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Figure 6-6

Charge Pumping
Square Pulse Method without Program

NOTE

Square Pulse Method without Program

The “Square Pulse Method” introduces the theory of the square pulse method and describes
how to perform the test using the CPV sample program. This section describes how to
perform the square pulse method test without using a program.

The measurement method described in this section uses the sweep measurement mode, not
the sampling measurement mode used by the CPV sample program. The CPV sample
program steps up the gate pulse base and peak voltage, while keeping the source, drain, and
substrate voltages constant. This bias control can be replaced by keeping the gate pulse
bias constant, and stepping down the voltage for the other terminals. The 4155/4156 forces
a constant pulse to the gate, and forces the staircase sweep voltage to the source, drain, and
substrate. Then the VAR function is used for the substrate voltage, and the VAR1'
function is used for the source and drain voltage. See Figure 6-6. For the measurement
setup, see “Sample Setup File” on page 6-13.

Square Pulse Method Measurement Circuit

Gate | l
Source - Drain @ Wﬂﬂﬂﬂmﬂmﬂﬂw CONSTANT
Oxide T

[+ J __n+ |
p PGU1
Substrate VAR1?'
SMU4 sMu1 | 7 m v
VAR1 -

VAR1 lcp VART % T OFFSET
Requirement
The following file is required for the test:
CPV.DAT 4155/4156 measurement setup and result data file. This file saves the

measurement setup data and an example of the measurement result

data.

You can change the measurement setup information of the CPV.DAT file to suit your
device. Open and change the setup data on the 4155/4156. After the changes have been
made, save the setup data file with a name other than CPV.DAT. You should keep the
original file as a backup.

Sample Setup File
The key setup screens of the CPV.DAT file are shown in the following table.
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Charge Pumping
Square Pulse Method without Program

CHANNEL DEFINITION screen Use this screen to define the measurement
CHANNELS: CHANNEL DEFINITION 980CTOS 11:13AM units set the gate pUISe, drain and source,
SHEEF and substrate voltages, and to measure the
KMEASUREMENT MODE .
e — — charge pumping current (Icp). The
CHANNELS PLINS | measurement circuit diagram shown in
MEASURE STBY | |SERIES . . oy
UNLT UNAME [ INAME MODE _|FCTN RESISTANCE DEFAULT Flgure 6-6 uses this definition.
SMUL:MP  |VdVs TIdIs v VAR " 0 ohm MEASURE
SHU2: P SETUP
SMU3eMP
SMU4sMP | Vsb Tep v VAR1 gﬁ?l M
SMUS:HP YCE-IC
vsut | e
e I T
V17 Y i i (U, R VDS-1D
PEUL vg o[- VPULSE | CONST
PeU2 | |e—mmme- EE?B "
GNDU- T T V6S-1D
MEM4 M
DIODE
SWEEP VE-IF
Select Measurement Mode with softkey or rotary knob. B
‘CHQNNEL‘ USER ‘USER ‘ ‘ HNEXT
DEF FCTN VAR PARGE
USER FUNCTION DEFINITION screen This setup screen calculates and defines
CHANNELS; USER FUNCTION DEFINITION 980CTO8 OL: L6PHM the following parameters:
BaseV: Pulse base voltage
USER FUNCTION MAXIcp: Maximum charge pumping
NAME UNIT DEFINITION
Basev |V —Vsb current
Biar i |
R T R S f: Pulse frequency
Dit MAXT op / (FHAgkD)
Ag: Channel area
Dit: Interface-state density (Dir)
This definition is used to display the Icp
E versus BaseV curve, and the MAXIcp and
ROW .
Bascy Dit values.
Enter User Function Name. d(max & chars.> B
‘CHQNNEL‘ USER USER ‘ H HPRE\/ HNEXT
DEF FCTN VAR PAGE PAGE
MEASUREMENT SETUP screen Use this screen to set the staircase sweep
MEASURE: SWEEP SETUP 980CT08 11: L4AN condition of the substrate voltage (VAR1)
vERIEBLE [VARD ARz VERT e 1 and the source and drain voltage (VAR1").
UNIT SMU4:MP UNIT SMUL:MP . .
NAE Vsb NAIE Vavs The source and drain voltage is 0.5 V more
SWEEP MODE [SINGLE OFFSET 500. Omy DOUBLE
LIN/LOG  |LINEAR RATIO 1.000 than the substrate voltage.
START 9.000 V COMPLIANCE| 100.00mA
STOP -2.0000 V POWER COMP|OFF
STEP —200.0mV |:
NO OF STEP |56
COMPLIANCE| 100.00mA
POWER COMP |OFF
KTIMING
HOLD TIME 100
(SWEEP [CONTINUE AT ANY  JStatus
CONSTANT
UNIT
NAME
MODE
SOURCE
COMPLIANCE |:
SINGLE
Select Sweep Mode with softkey or rotary knob. B
‘SNEEP ‘ PEU ‘MEQSURE‘ ‘ QuTPUT ‘ ‘ HPRE\/ HNEXT
SETUP SETUP SETUP SEQ PAGE PAGE
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Charge Pumping
Square Pulse Method without Program

PGU SETUP screen

Use this screen to set the pulse output
condition used to force the constant

MEASURE: P6U SETUP 980CT08 11:15AM
B voltage pulse to the gate. For the definition
PULSE
ONIT FEUT FE0Z of the pulse setup parameters, see the
NAME Vg fi bel
PERIOD IS TR [ —— 1gure below.
WIDTH 1.0us
DELAY TIME 0.0000 s
PEAK VALUE 6.000 V
BASE VALUE 0.0000 V
LEADING TIME | 100ns
TRAILING TIME| 100ns
THPEDANCE LOW
PULSE COUNT |FREE RUN |-——————mv
CONSTANT [::::::]
UNIT PGUT PGUZ
NAME
SOURCE
2E-06 |:|
Enter PBU Pulse Period (2E-06 to 10). B
‘SNEEP “PGU ‘ MEQSURE“OUTPUT ‘ ‘ “ “PREV “NEXT
SeTuP  ||seTup [[sETUP || sE@ PAGE PAGE
Pulse Period
Pulse Width
Leading Time Trailing Time
Pulse
Peak
90%
Pulse
Amplitude
Pulse 10%
Base
tr(rise time) [ tf(fall time)

f(Pulse Frequency) = 1/ Pulse Period

DISPLAY SETUP screen

DISPLAY: DISPLAY SETUP

KDISPLAY MODE
GRAPHICS

980CTO8 O1:16PM

GRAPH-
Ics

LIST
*kGRAPHICS
Xaxis Ydlaxis Y2axis
NAME |BaseV Icp
SCALE |LINERAR LINEAR
MIN —-9.000000000 V| 0.000000000 A
MAX 2.000000000 V| 500.000000nA [::::::]
KG6RID kLINE PARAMETER
[ov ] [ov ] [::::::]
>kDATA VARIABLES
MAXIcp
Dit
GRAPHICS {:::::::
Select Display Mode with softkey or rotary knob. B
‘DISPLQV‘ ANLYSTS ‘ ‘ ‘ “ “PREV “NEXT
SETUP SETUP PAGE PAGE

Use this screen to set the measurement
parameters and display parameters. The
GRAPH/LIST: GRAPHICS screen
displays the Icp versus BaseV curve, the
maximum charge pumping current
(MAXIcp), and the interface-state density
(Dit).
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Charge Pumping

Square Pulse Method without Program

To Execute the Measurement
This procedure describes how to execute the measurement.

1. Insert a diskette containing the CPV.DAT file or the setup file you are using into the
4155/4156 built-in flexible disk drive.

2. Get the measurement setup file as follows:

a. Press the front-panel GET key.

b. Enter the file name, without an extension, in the NAME field. To get the CPV.DAT
file, enter CPV.

c. Select the MES or DAT softkey to set the file type in the TYPE field. To get the
CPV.DAT file, select the DAT softkey.

d. Press the front-panel Enter key.
3. (Optional) Change the measurement setup as desired.
4. Connect the device as shown in Figure 6-6.

5. Select the front-panel Single key to start a single sweep measurement.

After the Measurement

After the measurement, the charge pumping current (Icp) versus pulse base voltage
(BaseV) curve is displayed on the GRAPH/LIST: GRAPHICS screen. The screen also
displays the maximum Icp value (MAXIcp) and the interface-state density (Dir). See
Figure 6-7.

Figure 6-7 Square Pulse Method Measurement Result
BRAPH/LTST: GRAFPHICS SHORT 980CTO8 O1: 16PM
MARKER
MARKER ¢ -4.0000000000 V 405.04nA >
MARIcp 405.04000000nA ON
A Dit 2. 0224482064T

e MARKER
MINAMAX

e TNTER-
Tep POLATE
OFF

\ OIRECT
MARKER/

=0 P \ CURSOR

/ \ MARKER

/ \ SKIP
/ \ AUTO
ANALY -
STS
Q.00

~9.00 Basev O .00 /diw Z.00 CURSOR

OFF
B
MARKER /| | LINE SCALING DISFLAY|| SWEER TIMING
CURSOR SETUP SETUR SETUP
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Figure 6-8

Charge Pumping
Triangular Pulse Method

Triangular Pulse Method

The triangle pulse method extracts the mean interface-state density (Dif) and the capture
cross section (o) as shown in Figure 6-8. The triangle pulse should be applied to the gate,
and the substrate leakage current measured at the point shown in Figure 6-9.

The amplitude of the triangle pulse is held constant while varying the frequency of the
pulse. The substrate leakage current is measured by the sampling measurement mode for
each frequency change. For every sampling measurement, the averaged substrate current is
defined as the charge pumping current (Icp). The pulse output, the sampling measurement,
and the Icp extraction are performed using the setup information in the 4155/4156
measurement setup file, not in the sample program.

The pulse frequency is increased with each iteration of the measurement loop. Then the
recombined charge (Qss) versus pulse frequency (f) curve is drawn. Where, Qss is
calculated by the program using the following equation. Dif and & are extracted from the
Qss versus pulse frequency curve.

Oss=lIcplf

Flowchart of Triangle Pulse Method

START

| Input measurement parameter |

| Get initial measurement setup file |
L

Set pulse conditions

(Pulse period, width, leading time Increment pulse
and trailing time) frequency

according to the pulse frequency

Measure Icp

nd of pulse F
frequency?

[ Draw Qss vs Pulse frequency graph|

Extract interface-state density and
capture cross section

END
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Charge Pumping

Triangular Pulse Method

Figure 6-9 Timing Chart of Triangle Pulse Method
PGU1 Output
Joltage Stepping Frequency of Triangular
Pulse
Amplitude| [V VUYL (VW VY Y
Time
SMU4 Output
Voltage SMU Sampling
m Measurements
Sam/pling /
Measurements
point
Time
To Extract Interface-state Density
The mean interface-state density (Dif) is extracted using the following equation, where,
Slope is the slope of the regression line for the recombined charge (QOss) versus pulse
frequency (f) curve on a linear-log graph. The slope value is obtained from the graph using
the auto-analysis capability and the read-out function of the 4155/4156.
dOss _ 2qkTDit ;. _
dlogf loge €~ Slope
So,
Dit = loge - Slope
2qkTAg
where,
Qss : Recombined charge per pulse period
f: Pulse frequency
q: Electron charge
Boltzmann's constant
T: Temperature
Ag: Channel area of the transistor
Dit : Mean interface-state density (cm‘2 eV‘l)
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Charge Pumping
Triangular Pulse Method

To Extract Capture Cross Section

When using triangular pulses, the recombined charge (QOss) can be calculated using the
following equation.

,/a~(1—a)~VFB—VT|ﬂ

QOss = 2q-Dit-Ag - k-T-|In(v,, -n,- Jo ~c)+ln(
SO S NVen=Vail

The geometric mean of the capture cross section (o) is extracted using the following
equation, where f) is the frequency where the charge becomes zero. This means that f) is
the x-axis intercept of the regression line for the Oss versus pulse frequency curve on a
linear-log graph. The x-axis intercept is obtained from the graph using the auto-analysis
capability and the read-out function of the 4155/4156.

Y s 1 ‘VGH_VGL‘ Jo
° n" ViR, \VFB_VT| Ja-(1-a)

where,

Op Capture cross section of electrons
Op: Capture cross section of holes

Ven Thermal velocity of the carriers
n;: Intrinsic carrier concentration
VGu: Pulse peak voltage

VL Pulse base voltage

Vgp: Flat band voltage

Vr: Threshold voltage of the transistor
o t,/ (t,+ tp)

t,: Pulse rise-time

te: Pulse fall-time
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Charge Pumping

Triangular Pulse Method

Program Files Required
The following files are used for the triangle pulse method test:

CPF Triangle pulse method sample program. IBASIC program file. ASCII
format.

SETUP.MES Sample setup file for this application. 4155/4156 setup file.

NOTE The sample program file and 4155/4156 setup file should be stored on your working
diskette. The diskette must be inserted in the 4155/4156 built-in flexible disk drive during
the program execution. The sample program loads the setup file and saves the data files to
the diskette automatically.

Example Measurement Result Files

The following files save example data created after executing the CPF program. The files
are stored on the Sample Application Program Disk.

CPF.DAT 4155/4156 setup and measurement data file.

CPF.ASC ASCII format file.

Sample Setup File

The triangle pulse method sample program loads and uses the 4155/4156 setup file for the
measurement. For the actual setup information of the setup file you are using, load the file
using the 4155/4156 filer function, and refer to the 4155/4156 setup screen.

The following table shows the key setup screens of the SETUP.MES sample setup file.

NOTE If you change the setup information of the sample setup file for your application, load the
sample setup file, change the setup, and save it as a new file.

To use the new file for the measurement, perform one of the following:
* Run the sample program, and select the File Name and Setup File softkeys, and enter
the file name.
« Edit the sample program, and change the initial value for the setup file name. See “To
Change the Initial Value of Input Parameters” on page 6-36.
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Charge Pumping
Triangular Pulse Method

CHANNEL DEFINITION screen

CHANNELS: CHANNEL DEFINITION 9B8SEP28 00:26PM
Initial set-up of the charge pumping measurement

KMEASUREMENT MODE
SAMPLING

CHANNEL S

MEASURE
INAME
Ir v

STBY | |SERIES
RESTSTANCE

0 ohm

UNTT
SMUL:HR
SMU2: HR
SMUZsHR
SMU4zHR
SMUS:HP
VsuUt
Vsu2
VMUL
VU2
PEUL
PEU2
GNDU

VNAME
Vr

FCTN
CONST

Vsb CONST

Vg VPULSE |CONST

SAMPLING
Select Measurement Mode with softkey or rotary knob.

B

MEM4 M
DIODE
VF-IF

Use this screen to define the measurement
units used to force the gate pulse, drain and
source voltage, and to measure the
substrate current (Isb). The measurement
circuit diagram shown in Figure 6-1 uses
this definition.

‘CHQNNEL‘ USER ‘USER ‘ ‘ H “

NEXT
PARBE

DEF FCTN VAR
USER FUNCTION DEFINITION screen

CHANNELS: USER FUNCTION DEFINITION 9B8SEP28 00:26PM
Initial set-up of the charge pumping measurement

L

This setup screen is required to calculate
the averaged Isb value (Icp) automatically.
Icp value is used to calculate the
recombined charge (Qss). Qss is calculated
in the program using the following

USER FUNCTION
NAME | UNLT DEFINITION .
Tco I AVB (s by ‘ ‘ equation:
QOss=Icp/Freq
B where Freq is the pulse repetition
B frequency [Hz].
ROW
Icp
Enter User Function Name. d(max & chars.> B
‘CHQNNEL‘ USER USER “ H “PREV “NEXT ‘
DEF FCTN VAR PAGE PAGE

USER VARIABLE DEFINITION screen

CHANNELS:
Initial set-up of the charge pumping measurement

USER VARIABLE DEFINITION 98SEP28 00:2¢PM

Freq and Qss are defined as the user
variable. Freq is the pulse frequency. Qss is
the recombined charge. The number of
data points for both Freq and Qss is
initially set to 15, but the number will be

USER VARTIABLE [::::::]
NAME UNTT SIZE . .
Freo iz s changed automatically during program
Gss 15 |:| .
execution. The sample program sets the
B SIZE to the value of the Number of
[frequencies parameter which you can
B define while running the program. You can
B also define the pulse frequency values.
ROW
Freq
Enter User Variable Name. (max 6 chars.> B
‘CHQNNEL‘ USER “USER “ H “PREV “NEXT ‘
DEF FCTN VAR PRGE PRGE
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Charge Pumping
Triangular Pulse Method

SAMPLING SETUP screen

MEASURE: SAMPLING SETUP

Initial set-up of the charge pumping measurement

98SEP28 00:2¢PM

LINEAR

This setup screen sets the sampling
measurement condition for the substrate
current (Isb) measurement.

For the definition of the pulse setup

XSAMPLING PARAMETER STOP CONDITION
MODE LINERR ENRBLE/DISABLE | DISABLE L0610
INITIAL INTERVAL| 100.00ms ENABLE DELAY | 0.0000000 s
NO. OF SAMPLES |5 NAME
TOTAL SAMP. TIME|AUTO THRESHOLD 0.00000000 L0625
EVENT val > Th
[HOLD TIME [ 100.0ms ] [EVENT NO. 1
[FILTER [ON ] L0650
CONSTANT THINNED
UNIT SHULzHR  |SMU4:HR outT
NAME vr Vsh
MODE v v
SOURCE 0.0000 V| 0.0000 V|-—m—mmmmm | mmmm e
COMPLIANCE| 100.00mA| 100.00mA|—=———mmmm| e
LINEAR |:
Select Sampling Mode with softkey or rotary knob. B
‘SQMPLNG‘ PEU ‘ MEQSURE“OUTPUT ‘ “ “PREV “NEXT
SETuP  ||sETuP |[sETUP || sE@ PAGE PAGE
PGU SETUP screen Use this screen to set the pulse output
MEASURE: PBU SETUP 985EP2S 00: 28PH condition used to force the gate pulse.
Initial set-up of the charge pumping measurement . .
During the sample program execution,
PULSE
UNTT PEUT oLz PERIOD, WIDTH, LEADING TIME, and
NAME v .
PERIOD T TRAILING TIME are automatically
WIDTH 100
DELAY TIME 0.0000 < calculated and changed by the program
PEAK VALUE 4,000 V . . ;
BASE VALUE -4.000 V using the followmg equations:
LEADING TIME | 80.0us
TRAILING TIME| 80.0
IMPEDANCE Lo PERIOD= 1/Freq
PULSE COUNT |FREE RUN |-——————mv WIDTH= PERIODXO0.5
C LEADING TIME= WIDTHx 0.8
CONSTANT TRAILING TIME= WIDTHx 0.8
UNIT PGUT PGUZ
N e where Freq is the pulse frequency [Hz].

0.0002

Enter PBU Pulse Period (2E-06 to 10). B
‘SQMPLNB“PGU ‘ MEQSURE“OUTPUT ‘ ‘ “ “PREV “NEXT
SETuP ||SETUP |[SETUP ||SE@ PAGE PAGE

parameters, see the figure below.
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Charge Pumping
Triangular Pulse Method

Pulse Period

Trailing Time

Pulse Width

Leading Time
Pulse
Peak

90%
Pulse
Amplitude|

Pulse 10%
Base

tr(rise time)

tf(fall time)

f (Pulse Frequency) = 1 / Pulse Period

DISPLAY SETUP screen

DISPLAY: DISPLAY SETUP

Initial set-up of the charge pumping measurement

KDISPLAY MODE

9B8SEP28 00:29PM

GRAPH-

Use this screen to set the measurement
parameters and display parameters. For the
sampling measurement, the x-axis must be

Initial set-up of the charge pumping measurement

*_INE1{[REGRESSIONI] line on [Y1] between a point [AT
Xz [MIN CFreq)
Y: [MINCQss)

and a point
X: [MAX (Freq)
Y: [MAX Qs s)

[AT ]

]

KLINEZ2: [ ]

NORMAL

GRAD

TANGENT

REBRES-
SION

KMARKER: At a point where
1 =10

L ]

*Interpolate: [OFF]

ERRENERE

DISABLE

REGRESSTON
Select Line Mode with softkey or rotary knob. B
‘DISPLQ\/‘ QNL\/SIS‘ H ‘ H HPRE\/ HNEXT ‘
SETUP || SETUP PAGE PAGE

[sErPHICS] — set to @TIME. To measure the substrate
*BRAPHICS current, the y-axis must be set to Isb. Icp
Xaxis Ylaxis Y2axis
NAME |@TIME Tob must be set to the DATA VARIABLES
min - | 0. booooooos 5| 11 field to display the Icp value on the
S B GRAPH/LIST: GRAPHICS screen.
k6RID KLINE PARAMETER
|:|
kDATA VYARIABLES
= ]
Icp
BRAPHICS |:|
Select Display Mode with softkey or rotary knob. B
‘DISPLQ\/‘ ANLYSTS ‘ ‘ ‘ H HPRE\/ HNEXT ‘
SETUP SETUP PRGE PRGE
ANALYSIS SETUP screen This setup screen is required to display the
DISPLAY: ANALYSIS SETUP 98SEP28 00: 30PN regression line for the Qss versus pulse

frequency curve, and to calculate the slope
and the x-axis intercept of the line. After
the Isb measurement at all pulse
frequencies, the GRAPHICS screen
displays the Qss versus pulse frequency
curve and this regression line. From the
line parameters (slope and X-intercept),
the mean interface-state density (Dir) and
the capture cross section (o) are extracted
automatically. The parameters can also be
displayed on the screen.
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Charge Pumping
Triangular Pulse Method

To Execute the Sample Program
This procedure describes how to execute the sample program.

1. Display the SYSTEM: MISCELLANEOUS screen and set the REMOTE CONTROL
COMMAND SET field to 4155/56.

2. Display the All IBASIC screen by pressing the front-panel Display key twice.

3. Insert a diskette containing the CPF program file and the setup file used for this test
into the 4155/4156 built-in flexible disk drive.

4. Get the CPF sample program as follows:

a. Select the GET "" softkey.
b. Enter CPF as shown below.
GET"CPF"
c. Press the front-panel Enter key.
5. Press the front-panel Run key to execute the program.

6. To change the following measurement conditions, select the appropriate softkeys, and
enter the new value:

» File Name (select the File Name softkey)
+ Setup file name to get (enter the name of setup file if you changed)
* ASCII data file name to save the result data (see Figure 6-11)
+ DAT file name to save the result data (see Figure 6-10)
» Pulse Voltage (select the Pulse Voltage softkey)
* Pulse base voltage [V]
* Pulse peak voltage [V]
» Pulse Frequency (select the Pulse Frequency softkey)
*  Number of frequencies
* Measurement frequency [Hz]
» SMU Bias (select the SMU BIAS softkey)
* Drain and Source bias [V]
* Substrate bias [V]
» Device geometry and Temperature (select the Device Geometry softkey)
+ Channel width [cm]
« Channel length [cm]
+ Temperature [K]
+ Flat band voltage [V]
+ Threshold voltage [V]

7. Connect the device as shown in Figure 6-1.

8. Select the Measure softkey to start the test.
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After the Measurement

Charge Pumping
Triangular Pulse Method

After the measurement, the CPF program automatically does the following:

» Displays a list of the pulse frequency (f), charge pumping current (/cp), and
recombined charge (QOss) on the All IBASIC screen.

*  Changes the 4155/4156 setup information. This change is to display the Qss versus
pulse frequency curve, and to extract and display the interface-state density (Dif) and
the capture cross section (o). To review changes to the setup file, see the table below.

» Displays the Qss versus pulse frequency curve on the GRAPH/LIST: GRAPHICS

screen. See Figure 6-10.

» Saves the ASCII file to the diskette inserted in the 4155/4156 built-in flexible disk

drive. See Figure 6-11.

» Saves the DAT file to the diskette inserted in the 4155/4156 built-in flexible disk drive.

USER FUNCTION DEFINITION screen

CHANNELS: USER FUNCTION DEFINITION
Recombined Charge(@ss> vs Pulse Frequency

9B8SEP23 02: 19PM

L

Q

Enter User Function Name. (max & chars.>

@

USER_FUNCTION
NAME UNTT DEFINITION
Q o) 1.60218E-19
KT eV .02585214 ‘
Ag cm™2 2.5E-6
Dit cm™—2 [PLIGK 6T CEXP (1)) /2/Q/KT/Ag
CaptC [em™2 2.91247176538E-16

DELETE
ROW

AL

‘CHQNNEL‘ USER USER ‘
DEF FCTN VAR

PREV
PAGE

NEXT
PAGE

Icp is deleted from the original setup, and
Q, KT, Ag, Dit, and CaptC are added. Q is
the electron charge, KT is kx T

(k: Boltzmann's constant, 7: Temperature),
Ag is the area of gate, Dit is the
interface-state density, and CaptC is the
capture cross section. The equation shown
in “To Extract Interface-state Density” on
page 6-18 is defined in the DEFINITION
field of Dit, not in the sample program.
The values for other parameters are
calculated in the sample program, and
automatically entered in each
DEFINITION field.

DISPLAY SETUP screen

DISPLAY: DISPLAY SETUP
Recombined Charge(@ss> vs Pulse Frequency

KDISPLAY MODE
GRAPHICS

*kGRAPHICS

9B8SEP28 O1:15PM

Xaxis Ydlaxis Y2axis

GRAPH-
Ics

LIST

NAME
SCALE

Freq
LOG

Qss
LINEAR

MIN
MAX

100.000000 Hz
1. 00000000MHz

220.0000000fC
630.0000000C

XERID
[on ]

DATA_VARTABLES
Dit
[CaptC |

BRAPHICS

kLINE PARAMETER

Select Display Mode with softkey or rotary knob.

B

INRNREE

ANLYSTS

‘DISPLQV
SETUP

SETUP

PREV
PAGE

NEXT
PAGE

In the original setup, the x-axis was
@TIME. To measure the substrate leakage
current, the y-axis was Isb. However, to
display the Qss versus pulse frequency
curve, Freq and Qss are set to the x-axis
and y-axis respectively. Dit and CaptC
must be set to the DATA VARIABLES
fields to display the Dit and & values on the
GRAPH/LIST: GRAPHICS screen. The
SCALE of the x-axis must be LOG to
display a linear-log graph (linear for Qss,
and log for Freq).
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Charge Pumping

Triangular Pulse Method

Figure 6-10 Triangle Pulse Method Measurement Result
GRAPHALLST: GRAFHICS MEDIUM S8SEPZ9 0Z2: 18PM
Recombined Charge(lss? ws FPulse Freqguency MARKER
CURSOR ¢ S00.0000000 Hz 228.-7z000000fC 2
MARKER ¢ 500. 0000000 Hz 228.-7z000000+C 2
Dit Z.7855 5K em” -2 ON
(o] CaptC 291.Z2471%acm™Z
— Ei MARKER
Nl MIN/MAX
SpzBAS
Brad INTER-
Qss POLATE
OFF
DIRECT
MARKER
SUL0F CURSOR
MARKER
SKIP
AUTO
ANALY -
oo 4 L& ek epldl =l 3sg7] HE SIS
100, Freg ¢Hz decade ~dio 1. 00N CURSOR
SHORT
B
MARKER| | LINE SCALING OISFLAY|| SAMPLNG| | STOP CONST
CURSOR SETUP SETUP COND SETUP
Figure 6-11 Example Data of ASCII File
10
-4, 4
.5, 0
.005, .0005, 300,-1.3, .75
500, 1000, 2000, 5000, 10000, 20000, 50000, 100000, 200000, 500000
1.1436E-10, 2.726E-10, 6.3092E-10, 1.8625E-9, 4.13682E-9, 9.06936E-9,
2.2872E-13, 2.726E-13, 3.1546E-13, 3.725E-13, 4.13682E-13, 4.53468E-13,
2.78543814996E+12, 2.91247176538E-16
In Figure 6-11, the first line is the number of frequencies.
The Second line is the pulse base voltage [V] and the pulse peak voltage [V].
The third line is the drain and source voltage [V] and the substrate voltage [V].
The fourth line is the channel width [cm], channel length [cm], temperature [K], flat band
voltage [V], and the threshold voltage [V].
The fifth line and following two lines are the measurement result data; frequency (f) [Hz],
charge pumping current (/cp) [A] and recombined charge (QOss) [C].
The last line is the mean interface-state density (Dif) and the capture cross section ().
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Charge Pumping
Trapezoidal Pulse Method

Trapezoidal Pulse Method

The trapezoidal pulse method presents the energy distribution of interface-states
(interface-state density (Dif) versus energy characteristics). This test is performed as shown
in Figure 6-12. A trapezoidal pulse is applied to the gate and the substrate leakage current
is measured at the point shown in Figure 6-13.

The amplitude of the trapezoidal pulse is held constant while the rise-time and the fall-time
of the pulse are varied. The substrate leakage current is measured using the sampling
measurement mode for each change of the pulse transient time (rise-time or fall-time). For
each sampling measurement, the averaged substrate current is defined as the charge
pumping current (Icp). First, Icp is measured while varying the fall-time of the pulse and
keeping the rise-time of the pulse constant. Next, Icp is measured while varying the
rise-time of the pulse and keeping the fall-time of the pulse constant. The pulse output, the
sampling measurement, and the Icp extraction are performed using the setup information in
the 4155/4156 measurement setup file, not in the sample program.

The pulse transient time is increased with each iteration of the measurement loop. Then the
interface-state density Dit versus energy characteristics is drawn. The value of Dir and
energy is calculated by the program.
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Charge Pumping

Trapezoidal Pulse Method

To Extract Interface-state Density

The energy distribution of interface-states is obtained by the following equations.

- V=Vl
El=E+k-T- ln("zh’cp'”z'M'tr)
E2=E~k-T- ln(vth-cn-nl-%-l)

Dir2 = _q.Ag.tf)c.T.f'%f
where,
El: Energy below the intrinsic level (eV)
E2: Energy over the intrinsic level (eV)
E;: Intrinsic level. Center level of the forbidden band. (eV)
Boltzmann's constant
T: Temperature
Ve Thermal velocity of the carriers
Op: Capture cross section of holes
Gyt Capture cross section of electrons
n;: Intrinsic carrier concentration
Vip: Flat band voltage
Vr: Threshold voltage of the transistor
Veu: Pulse peak voltage
VgL : Pulse base voltage
t.: Pulse rise-time
te: Pulse fall-time
Ditl : Interface-state density for E1 (cm_2 eV‘l)
Dit2 : Interface-state density for E2 (cm_2 eV‘l)
q: Electron charge
Ag: Channel area of the transistor
f: Pulse frequency
Iep: Charge pumping current

6-28

Agilent 4155B/4156B Sample Application Programs Guide Book, Edition 3



Charge Pumping
Trapezoidal Pulse Method

Figure 6-12 Flowchart of Trapezoidal Pulse Method
START
‘Inputmeasurementparameter‘
‘Get initial measurement setup file‘ Set pulse period, width
and trailing time

Setpulse period, width L

and leading time v
I [Setpulse leading time |

Increment pulse
leading time

‘Set pulse trailing time‘

Measure Icp

Measure Icp

Increment pulse
trailing time

End of pulse
leading time?

End of pulse
trailing time?

Draw Ditvs energy graph

END

Figure 6-13 Timing Chart of Trapezoidal Pulse Method

PGU1 Output

Voltage Stepping Pulse Trailing Time

Pulse
Amplitud

SMU4 Output SMU Measurements
Voltage
Sampnng/
Measurements
Time
PGU1 Output
Voltage Stepping Pulse Leading Time
SMU4 Output SMU Measurements
Voltage
Samp”ng/
Measurements
Time
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Charge Pumping

Trapezoidal Pulse Method

Program Files Required
The following files are used for the trapezoidal pulse method test:

CPDIST Trapezoidal pulse method sample program. IBASIC program file.
ASCII format.

SETUP.MES Sample setup file for this application. 4155/4156 setup file.

NOTE The sample program file and the 4155/4156 setup file should be stored on your working
diskette. The diskette must be inserted in the 4155/4156 built-in flexible disk drive during
program execution. The sample program loads the setup file and saves the data files on the
diskette automatically.

Example Measurement Result Files

The following files save example data created after executing the CPDIST program. The
files are stored on the Sample Application Program Disk.

CPFD.DAT 4155/4156 setup and measurement data file.

CPFD.ASC ASCII format file.

Sample Setup File

The trapezoidal pulse method sample program loads and uses the 4155/4156 setup file for
the measurement. Load the setup file using the 4155/4156 filer function, and refer to the
4155/4156 setup screen to view the actual setup information you are using.

The following table shows the key setup screens of the SETUP.MES sample setup file.

NOTE If you change the setup information of the sample setup file for your application, load the
sample setup file, change the setup, and save it as a new file.

To use the new file for the measurement, perform one of the following:
* Run the sample program, and select the File Name and Setup File softkeys, and enter
the file name.
« Edit the sample program, and change the initial value for the setup file name. See “To
Change the Initial Value of Input Parameters” on page 6-36.
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Charge Pumping
Trapezoidal Pulse Method

CHANNEL DEFINITION screen

CHANNELS: CHANNEL DEFINITION 9B8SEP28 00:26PM
Initial set-up of the charge pumping measurement

KMEASUREMENT MODE

[SAMPLING |
SAMPLING =
CHANNELS PLING
MEASURE STBY| [SERIES
UNTT VNAME | INAME MODE_|FCTN RESISTANCE DEFAULT
SMUL:HR |VUr Ir v CONST 0 ohm MEASURE
SMU2: HR SETUP
SMUZ:HR
SMU4sHR |Vsb Isb v CONST
SMUS: HP
vsUL VLE-IC
vsu2 MEM2
ooz || | I
vz | e e ——- v0S-1D
PBUL Vg VPULSE | CONST
PGU2 MEM3Z M
BNDU- T o
V6S-1D
DIODE
SAMPLING VE-IF
Select Measurement Mode with softkey or rotary knob. B
‘CHQNNEL‘ USER ‘USER ‘ ‘ H “ “NEXT
DEF FCTN VAR PAGE

Use this screen to define the measurement
units used to set the gate pulse, drain and
source voltages, and to measure the
substrate current (Isb). The measurement
circuit diagram shown in Figure 6-1 uses
this definition.

USER FUNCTION DEFINITION screen

CHANNELS: USER FUNCTION DEFINITION 9B8SEP28 00:26PM
Initial set-up of the charge pumping measurement

L

USER FUNCTION
NAME UNTT DEFINTITION
Tcp A AVE (Ts b) ‘
DELETE
ROW
Icp
Enter User Function Name. d(max 6 chars.> B
‘CHQNNEL‘ USER USER “ H “PREV “NEXT ‘
DEF FCTN VAR PRGE PRGE

This screen is required to calculate the
average Isb value (Icp). Icp value is used to
calculate the interface-state density (Dir) in
the sample program.

SAMPLING SETUP screen

MEASURE: SAMPLING SETUP 98SEP28 00:2¢PM
Initial set-up of the charge pumping measurement

*SAMPLING PARAMETER STOP_CONDITION
MODE LINERR ENRBLE/DISABLE | DISABLE L0610
INITIAL INTERVAL| 100.00ms ENABLE DELAY 0.0000000 s
NO. OF SAMPLES |5 NAME
TOTAL SAMP. TIME|AUTO THRESHOLD 0.00000000 0625
EVENT val > Th
[HOLD TIME [ 100.0ms ] [EVENT NO. 1
[FILTER [ON ]
CONSTANT THINNED
UNTT SHUL:HR  [SMU4:HR
NAME vr Vshb
FMODE v v
SOURCE 0.0000 V| 0.0000 V|-========|======-—=
COMPLIANCE| 100.00mA| 100.00mA|========—|—--eoeee
LINEAR {:::::::}
Select Sampling Mode with softkey or rotary knob. B
‘SQMPLNG‘ PEU ‘ MEQSURE“OUTPUT ‘ “ “PREV “NEXT
SETuP ||SETUP |[SETUP ||SE@ PAGE PAGE

Use this screen to set the sampling
measurement condition for the substrate
current (Isb) measurement.
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PGU SETUP screen

This setup screen sets the pulse output
condition used to force the gate pulse.

MEASURE: PGU SETUP 98SEP28 00:28PM
Initial set-up of the charge pumping measurement . .
During the sample program execution,
e ST PERIOD, WIDTH, LEADING TIME, and
BERTOD o TRAILING TIME are automatically
WIDTH 100
DELAY TIME | 0.0000 < C calculated and changed by the program.
PERK VALUE 4.000 V
BRASE VALUE -4.000 V PERIOD and WIDTH are calculated as
LEADING TIME 80.0us .
TRAILING TIME| 80.0us shown below:
TMPEDANCE LOW
PULSE COUNT FREE RUN |-—==————- PERIOD= l/Freq

WIDTH= T +T 0.8
CONSTANT |: peak lead/
UNIT PEU1 PEUZ . .
NAME where Freq is the pulse frequency, Ty, is
SOURCE

the pulse peak hold time, and Ty, is the

R p.ulse.lead'lng time. When the pulse

Enter PEU Pulse Ferdod (2E-05 to LO). B rise-time is constant, Tj,q is the constant

‘SQMPLNB“PGU ‘ MEQSURE“OUTPUT ‘ ‘ “ “PREV “NEXT :

SETUPTISETUR JISETUR 11=Ed PRGE  TIPRGE transient time defined in the program. For
the definition of the pulse setup
parameters, see the figure below.

Pulse Period
Pulse W idth

Leading Time Trailing Time
Pulse
Peak 90%
Pulse

Amplitude

Pulse 10% /
Base

tr(rise time) tf(fall time)

Pulse Peak Hold Time

f(Pulse Frequency) =1 /Pulse Period

DISPLAY SETUP screen

DISPLAY: DISPLAY SETUP
Initial set-up of the charge pumping measurement

KDISPLAY MODE

9B8SEP28 00:29PM

GRAPH-
Ics

This setup screen sets the measurement
and display parameters. For the sampling
measurement, the x-axis must be set to
@TIME. To measure the substrate current,
the y-axis must be set to Isb. Icp must be

set to the DATA VARIABLES field to
display the Icp value on the GRAPH/LIST:

GRAPHICS 75T
*kGRAPHICS
Xaxis Ydlaxis Y2axis

NAME |@TIME Isb

SCALE |LINEARR LOB

MIN 0.000000000 s| 14A

MAX 1.00000 s 100.0000000mA |:

k6RID KLINE PARAMETER

kDATA VYARIABLES

L]

Icp
GRAPHICS |:
Select Display Mode with softkey or rotary knob. B
‘DISPLQ\/‘ QNL\/SIS‘ H HPRE\/ HNEXT
SETUP SETUP PRGE PRGE

GRAPHICS screen.
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To Execute the Sample Program

This procedure describes how to execute the sample program.

1.

Display the SYSTEM: MISCELLANEOUS screen and set the REMOTE CONTROL
COMMAND SET field to 4155/56.

Display the All IBASIC screen by pressing the front-panel Display key twice.

3. Insert a diskette containing the CPDIST program file and the setup file used for this test

into the 4155/4156 built-in flexible disk drive.
Get the CPDIST sample program as follows:

a. Select the GET "" softkey.
b. Enter CPDIST as shown below.
GET"CPDIST"
c. Press the front-panel Enter key.
(Optional) To change the following measurement conditions, edit the program. See “To
Change the Initial Value of Input Parameters” on page 6-36.
* Pulse peak hold time [sec]
* Pulse trailing time [sec]
* Constant transient time [sec] used to set the constant rise/fall time

6. Press the front-panel Run key to execute the program.

7. To change the following measurement conditions, select the appropriate softkeys, and

8.
9.

enter the new value:

» File Name (select the File Name softkey)

» Setup file name to get (enter the name of setup file if you changed)
» ASCII data file name to save the result data (see Figure 6-15)
» DAT file name to save the result data (see Figure 6-14)

*  Measurement Setup (select the Meas Setup softkey)

» Pulse base voltage [V]

» Pulse peak voltage [V]

* Pulse frequency [Hz]

* Drain and Source bias [V]

* Substrate bias [V]

*  Number of measurement points

» Pulse transient time (pulse leading time) [sec]
* Device parameters and Temperature (select the Device Parameter softkey)

» Channel width [cm]

» Channel length [cm]

+  Temperature [K]

» Flat band voltage [V]

» Threshold voltage [V]

» Capture cross section [cm_z]
Connect device as shown in Figure 6-1.

Select the Measure softkey to start the test.
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After the Measurement

After the measurement, the CPDIST program automatically does the following:

+  Changes the 4155/4156 setup information. This change displays the Dit (Dit1 and Dit2)
versus energy curve. To review changes to the setup file, see the table below.

+  Displays the energy distribution of interface-states (Dif versus energy curve) on the
GRAPH/LIST: GRAPHICS screen. See Figure 6-14.

* Saves the ASCII file to the diskette inserted in the 4155/4156 built-in flexible disk
drive. See Figure 6-15.

e Saves the DAT file to the diskette in the 4155/4156 built-in flexible disk drive.

USER VARIABLE DEFINITION screen Energy, Ditl, and Dit2 are set to display
CHANNELS: USER YARIABLE DEFINITION 980CTO9 02: 35PN the energy distribution of interface-states
Sur face states (Ditd> us Energy (E-EiD T~y
(Dit versus energy curve) on the
GRAPH/LIST: GRAPHICS screen. The
USER VARTABLE value of the Energy, Ditl, and Ditl are
NAME UNTT SIZE .
Enerau] ey 16 C calculated in the sample program.
Dit1l 16
DitZ 16
DELETE
ROW
Energy
Enter User Variable Name. (max 6 chars.> B
‘CHQNNEL‘ USER HUSER H H HPRE\/ HNEXT
DEF FCTN VAR PRGE PRGE
DISPLAY SETUP screen In the original setup, the x-axis was
DISPLAY: DISPLAY SETUP 980CTO1 10:55AM @TIME, and the y-axis was Isb. But
Sur f tat Ditd E V) - . . .
uriace shates SRR e mnergy fe BREES Energy, Ditl, and Dit2 are set to x-axis,
KDISPLAY MODE . . . .
[eRAPrICcE] — yl-axis, and y2-axis respectively to display
*BRAPHICS the energy distribution of interface-states.
Xaxis Ylaxis Y2axis
NAME |Energy Dit1l Dit2
SCALE |LINEARR LINEARR LINERR
MIN -311.77078*meV | 0.000000000 0. 000000000
MAX 311.77078kmeV | 2.823462493T 2.823462493T |:
k6RID KLINE PARAMETER
_
kDATA VYARIABLES |:
GRAPHICS |:
Select Display Mode with softkey or rotary knob. B
‘DISPLQ\/‘ ANLYSTS ‘ ‘ HPRE\/ HNEXT
SETUP SETUP PRGE PRGE
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Figure 6-14 Trapezoidal Pulse Method Measurement Result
GRAPH/LIST: GRAPHICS MEDIUM 980CTOL O4:00PM
Sur face states <0Oit> ws Energw C(E—-EL2
MARKER
MARKER ¢ —-25%. 808384*kmel 2.2Z1512Z4528T7 —Ouverflow 2 0N
<2 <2
2. KT o, GKT MARKER
MINAMAX
I INTER-
Ditl Dit2 POLATE
OFF
DIRECT
MARKER
=719 “Pd15 [CURsOR
MARKER
SKIP
AuUTO
ANALY -
SIS
0.00 0.00
—Z 11 T Energy (avy SO, Om ~div Z11%m CURSOR
OFF
B
AXIS MARKER./| | LINE SCALING DISFLAY||SAMFLNG||STOP CONST
Y1|[CURSOR SETUP SETUP COND SETUP
Figure 6-15 Example Data of ASCII File
10
-4, 4, 10000, 1.E-5, 8.E-6
5, 0

-9y
.005, .0005, 300,-1.3, .75, 3.E-16
.E-6, 2.E-6, 3.E-6, 4.E-6, 5.E-6, 6.E-6, 7.E-6, 8.E-6,
.E-5, 9.E-6, 8.E-6, 7.E-6, 6.E-6, 5.E-6, 4.E-6, 3.E-6
.8114E-9, 5.6318E-9, 5.52214E-9, 5.44262E-9,
.16922E-9, 5.20662E-9, 5.24964E-9, 5.29638E-9,
.23475827E+12, 2.19234376E+12, 2.26550687E+12,
.79588146E+12, 2.77386300E+12, 2.80352998E+12,
-.259808984074,-.249326843334,-.241889646121,
.220925364642, .223970308169, .227422380425,

NN OO

In Figure 6-15, the first line is the number of measurement points. The second line is the
pulse base voltage [V], pulse peak voltage [V], pulse frequency [Hz], pulse peak hold time
[sec], and the constant transient time [sec]. The constant transient time is the pulse
leading-time when the pulse rise-time is constant, and the pulse trailing-time when the
pulse fall-time is constant.

The third line is the drain and source voltage [V] and the substrate voltage [V]. The fourth
line is the channel width [cm], channel length [cm], temperature [K], flat band voltage [V],
threshold voltage [V], and the capture cross section [cm_z].

The fifth line is the pulse leading-time [sec] when the pulse rise-time is varied. The sixth
line is the pulse trailing-time [sec] when the pulse fall-time is varied. The seventh line is
the charge pumping current when pulse rise-time is varied. The eighth line is the charge
pumping current when pulse fall-time is varied. The ninth is the Diz. The tenth is the Dit.
The 11th is the energy (E1). The last line is the energy (E2).
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Program Modification Examples

This section includes examples for modifying the sample program, and covers the

following modification examples:

* “To Change the Initial Value of Input Parameters”

* “To Change the Measurement Unit”

* “To Change the Destination of the File Operation”

To Change the Initial Value of Input Parameters

If you want to change the initial value of the input parameters shown below, edit the

program, and change the value.

CPV Sample Program Input Parameters

Initial Value

Input Parameter Variable Name in original I;Ii'zgr;i:
program
Pulse Amplitude Pulse_amp 6V 640
Pulse Base Start Voltage Pulse_start -9V 650
Pulse Base Stop Voltage Pulse_stop 2V 660
Pulse Base Step Voltage Pulse_step Y 670
Pulse Period Pulse_period 2.E-6 sec 740
Pulse Width Pulse width 1.E-6 sec 750
Pulse Leasing Time Pulse_lead 1.E-7 sec 760
Pulse Trailing Time Pulse_trail 1.E-7 sec 770
Drain and Source Voltage Drain_source v | 0.5V 800
Substrate Voltage Sub v ov 810
Channel Width Weff 0.005 cm 840
Channel Length Leff 0.0005 cm 850
Measurement Setup File Setup_file$ "CHP.MES" 890
Measurement Result ASCII File | Save ascii$ "CHP.ASC" 920
Measurement Result DAT File Save data$ "CHP.DAT" 950
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Original program lines to set the initial value:

520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960

b Input Parameters --—-—-—-—-——————-——————————————————

b GPIB Setup ----—————-—-—-——-——--—-— - ———————
INTEGER Hpib addr,Swm_sc, Swm_addr

!

Hpib sc=8 ! 415X GPIB Select Code

Hpib_addr=0 | 415X GPIB Address
|

ASSIGN @Hp41l5x TO Hpib sc*100+Hpib_addr

ASSIGN @Form off TO Hpib sc*100+Hpib addr; FORMAT OFF

!

b - Pulse Voltage Conditions —-———-——————————————————-——-

Pulse amp=6 ! Pulse Amplitude Voltage

Base start=-9 ! Start Pulse Base Voltage

Base stop=2 ! Stop Pulse Base Voltage
|

Base step=1 Step Pulse Base Voltage

!

No of step=INT((Base stop-Base start)/Base step)+l !No.of steps
REDIM V_base(1l:No_of step)

REDIM Isb(1l:No of step)

!

b Pulse Timing Conditions ---—--——-—-——-—-——————————————
Pulse period=2.E-6 ! Pulse Period

Pulse_width=1.E-6 ! Pulse Width

Pulse lead=1.E-7 ! Pulse Leading Time

Pulse trail=1.E-7 ! Pulse Trailing Time

b Bias Conditions -—--—----------—-—---

Drain source v=.5 ! Drain and Source Voltage

Sub_v=0 ! Substrate Voltage

!

b - Device geometry ——-———-————-——-————-——————————————————
Weff=.005 ! Channel width [cm]

Leff=.0005 ! Channel length [cm]

| = Definition of measurement and stress setup files -—---——-—-
Setup fileS$="CHP.MES" ! Charge Pumping Test Setup file
|

b File name to save ASCII data —-————-————————————————-
Save ascii$="CHP.ASC" ! Charge Pumping Test Data ASCII file
|

e File name to save GRAPHICS data -------------—------
Save data$="CHP.DAT" ! Charge Pumping Test Data file
|
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CPF Sample Program Input Parameters

Initial Value in

Input Parameter Variable Name original Eﬁ%l‘;z
program

Pulse Base Voltage Pulse base -4V 660
Pulse Peak Voltage Pulse peak 4V 670
Number of Frequencies No_of freq 10 700
Pulse Frequency Pulse_freq(*) See below. 2 710 to 780
Drain and Source Voltage Drain_source v | 0.5V 810
Substrate Voltage Sub v ov 820
Channel Width Weff 0.005 cm 850
Channel Length Leff 0.0005 cm 860
Temperature T 300 K 870
Flat Band Voltage Vb -13V 880
Threshold Voltage Vit 075V 890
Measurement Setup File Setup_file$ "SETUP.MES" 990
Measurement Result ASCII File | Save ascii$ "CPF.ASC" 1020
Measurement Result DAT File Save data$ "CPF.DAT" 1050

a. 500, 1k, 2k, 5k, 10k, 20k, 50k, 100k, 200k, 500k [Hz]
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Original program lines to set the initial value:

540 | Input Parameters ——-———————————————————————————————
550 !

560 | GPIB Setup ————=—=—=—————————————— - ———
570 INTEGER Hpib addr, Swm_sc, Swm_addr

580 !

590 Hpib sc=8 ! 415X GPIB Select Code

600 Hpib addr=0 ! 415X GPIB Address

610 !

620 ASSIGN @Hp41l5x TO Hpib sc*100+Hpib_ addr

630 ASSIGN @Form off TO Hpib_sc*100+Hpib_addr; FORMAT OFF

640 !

650 | ————— Pulse Voltage Conditions -—----—-—--""---—"-"-"—"——-—————
660 Pulse base=-4 ! Pulse Base Voltage

670 Pulse peak=4 ! Pulse Peak Voltage

680 !

690 | ————— Pulse Frequency —-——-———————————————————————————————
700 No of freg=10

710 Freg data: !

720 DATA 5E2,1E3,2E3, 5E3, 1E4, 2E4, 5E4, 1E5, 2E5, 5E5

730 !

740 REDIM Pulse freq(l:No of freq)

750 REDIM Icp(l:No_of freq),Qss(l:No of freq)

760 RESTORE Freq data

770 !

780 READ Pulse freq(*)

790 !

800 | ommmmm Bias Conditions —---—---——--——-———————————————————————
810 Drain_source_v=.5 ! Drain and Source Voltage

820 Sub_v=0 ! Substrate Voltage

830 !

840 | —————— Device geometry and temperature -----——--—————————-—
850 Weff=.005 ! Channel width [cm]

860 Leff=.0005 Channel length [cm]

870 T=300 Temperature [K]

880 Vfb=-1.3 Flat band voltage [V]

1
1
!
890 vt=.75 ! Threshold voltage [V]

900 !

910 Do Constants —-————=-——=——————————————————————————————
920 0=1.60218E-19 ! Electronic charge [C]

930 K=8.61738E-5 ! Boltzmann’s constant [eVv/K]

940 Ni=1.45E+10 ! Intrinsic carrier concentration of Si at 300
K [cm"-3]

950 Nuth=1.55E+7 ! Thermal verocity of carriers

960 !

970 ! ———-- Definition of measurement and stress setup files -------
980 !

990 Setup file$="SETUP.MES" ! Charge Pumping Test Setup file
1000 !

1010 ! —=m——————- File name to save ASCII data —-—-————=-=-=-—=————=——————
1020 Save ascii$="CPF.ASC" ! Charge Pumping Test Data ASCII file
1030 !

1040 ! —————————— File name to save GRAPHICS data --—---———-———-—--——
1050 Save data$="CPF.DAT" ! Charge Pumping Test Data file

1060 !
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CPDIST Sample Program Input Parameters

. Initial' Yalue in Program
Input Parameter Variable Name original Line No.
program
Pulse Base Voltage Pulse base -4V 670
Pulse Peak Voltage Pulse peak 4V 680
Pulse Frequency Pulse freq 10 kHz 690
Pulse Peak Hold Time ? Peak_hold 10 psec 700
Constant Transient Time ° Fix_trans 8 psec 710
Number of Measurement Points | No of meas 10 740
Pulse Leading Time (Varied) Pulse_lead(*) See below. © 810
Pulse Trailing Time (Varied) Pulse_trail(*) See below. 4 830
Drain and Source Voltage Drain_source v | 0.5V 920
Substrate Voltage Sub v ov 930
Channel Width Weff 0.005 cm 960
Channel Length Leff 0.0005 cm 970
Temperature T 300 K 980
Flat Band Voltage Vb -13V 990
Threshold Voltage Vit 075V 1000
Capture Cross Section Cap_cross 300a cm 2 1010
Measurement Setup File Setup_file$ "SETUP.MES" 1110
Measurement Result ASCII File | Save ascii$ "CPFD.ASC" 1140
Measurement Result DAT File Save data$ "CPFD.DAT" 1170

a. Pulse peak hold time is the time which the pulse peak value continues.
b. Constant transient time (t ) is used to calculate the constant pulse rise-time

(t.;) and constant pulse fall-time (t.) . to; = tor = toonst / 0-8
c. 1y, 2u, 3y, 4p, Sy, 6p, 7u, 8, 9, 10p [sec]
d. 10u, 9y, 8u, 7w, 6p, Sy, 4y, 3, 2, 1 [sec]
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Original program lines to set the initial value:

550 | Input Parameters ——-———————————————————————————————
560 !

570 | GPIB Setup ————=—=—=—————————————— - ———
580 INTEGER Hpib addr, Swm_sc, Swm_addr

590 !

600 Hpib sc=8 ! 415X GPIB Select Code

610 Hpib addr=0 ! 415X GPIB Address

620 !

630 ASSIGN @Hp41l5x TO Hpib sc*100+Hpib_ addr

640 ASSIGN @Form off TO Hpib_sc*100+Hpib_addr; FORMAT OFF

650 !

660 | ————— Pulse Voltage Conditions -—----—-—--""---—"-"-"—"——-—————
670 Pulse base=-4 ! Pulse Base Voltage

680 Pulse_peak 4 ! Pulse Peak Voltage

690 Pulse freg=10000. ! Pulse frequency : 10 kHz. Pulse period
100 usec

700 Peak hold=1.E-5 ! Pulse peak hold time 10 usec

710 Fix trans=8.E-6 ! Fixed transient time (10% to 90%)

720 !

730 Vo No. of Measurement —-—-——--——-——————————————————————
740 No of meas=10

750 REDIM Pulse lead(l:No of meas),Pulse trail(l:No_of meas)

760 REDIM Icp_ lead(l No_ of meas) Icp trail(1l:No_of meas)

770 REDIM Dit lead(2:No T of _meas-1),Dit _trail(2:No_of meas-1)

780 REDIM Energy lead(2: No of meas-1),Energy trail(2:No_of meas-1)
790 !

800 Leading data: !
810 DATA 1E-6,2E-6,3E-6,4E-6, 5E-6,6E-6, 7TE-6,8E-6, 9E-6, 10E-6
820 Trailing data: !
830 DATA 10E-6,9E-6,8E-6,7E-6,6E-6,5E-6,4E-6,3E-6,2E-6, 1E-6

840 !

850 RESTORE Leading data

860 READ Pulse lead(*)

870 !

880 RESTORE Trailing data

890 READ Pulse trail(¥)

900 !

910 | —————— Bias Conditions ---———-------"-"-"-""-"-"-"-"-"-"—"-"—"—-"—"—-~—————
920 Drain source v=.5 ! Drain and Source Voltage

930 Sub_v=0 ! Substrate Voltage

940 !

950 | ————— Device geometry and temperature —-——---———————-—-—-——
960 Weff=.005 ! Channel width [cm]

970 Leff=.0005 ! Channel length [cm]

980 T=300 ! Temperature [K]

990 Vib=-1.3 ! Flat band voltage [V]

1000 vt=.75 ! Threshold voltage [V]

1010 Cap_cross=3.E-16 ! Capture cross section [cm"-2]

1020 !

1030 ! ===~ Constants - ——-—-—="-"----"""-"--———
1040 0=1.60218E-19 ! Electronic charge [C]

1050 K=8.61738E-5 ! Boltzmann’s constant [eVv/K]

1060 Ni=1.45E+10 ! Intrinsic carrier concentration of Si at 300
K [cm"-3]

1070 Nuth=1.55E+7 ! Thermal verocity of carriers

1080 !

1090 ! —==-—- Definition of measurement and stress setup files ------
1100 !

1110 Setup file$="SETUP.MES" ! Charge Pumping Test Setup file
1120 !

1130 ! —=mm——————— File name to save ASCII data -—-————=-==-—=—"—"—"—=—-—-————
1140 Save ascii$="CPFD.ASC" ! Charge Pumping Test Data ASCII file
1150 !

1160 ! —————————- File name to save GRAPHICS data --—---—-——"—-----—--—-
1170 Save data$="CPFD.DAT" ! Charge Pumping Test Data file

1180 !
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To Change the Measurement Unit

The original code in the sample program uses SMU1, SMU4, and PGU1 for the
measurement. Other combinations of measurement units can be used, such as a
combination of SMU2, SMU3, and PGU2.

Modification example shown below uses:
*  SMU?2 instead of SMUI (to force drain voltage and source voltage)
+ SMUS3 instead of SMU4 (to force substrate voltage and to measure current)

*  PGU2 instead of PGU1 (to force gate pulse)

1. Change the setup file as follows:

a. Get the original setup file (CPV.MES for CPV sample program, or SETUP.MES for
CPF and CPDIST sample programs).

b. Display the CHANNELS: CHANNEL DEFINITION screen.

c. Move the field pointer to the SMU1 VNAME field, and select the CHANNEL
ASSIGN softkey. Then the pointer moves to the SMU1 UNIT field.

d. Select a softkey for every UNIT. See the table below:

UNIT name Softkey UNIT name
before change after change
SMU1 SMU2 SMU2
SMU2 SMU1 SMU1
SMU3 SMU4 SMU4
SMU4 SMU3 SMU3
PGUI1 PGU2 PGU2
PGU2 PGU1 PGUI

e. Select the EXIT CHANNEL ASSIGN softkey.

f. Save the MES data as a new file, for example, NEW.MES, when it is stored on your
working diskette the sample program is saved also.
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2. Change the program as follows:

a. Edit the following program line to change the measurement setup file name. The
modification example shown below changes the name to NEW.MES.

Program Name Program Line No.
CPV 890

CPF 990

CPDIST 1110

Example: Following example modifies the CPV program.

890  Setup file$="NEW.MES"

b. Edit the following program lines to change the SMU channels (SMU1 to SMU2,
and SMU4 to SMU3).

Program Name Program Line No.
CPV 3770 and 3780
CPF 3770 and 3780
CPDIST 4230 and 4240

Example: Following example modifies the CPV program.

3770 OUTPUT @Hp415x;":PAGE:MEAS:SAMP:CONS:SMU2:SOUR ";Drain_
source_v

3780 OUTPUT @Hp415x;":PAGE:MEAS:SAMP:CONS:SMU3: SOUR ";Sub v
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c. Edit the following program lines to change the PGU channel (PGU1 to PGU2).

Program Name Program Line No.

CPV 5830 to 5860, 5920 to 5930
CPF 6150 to 6180, 6250 to 6260
CPDIST 7160 to 7190, 7260 to 7270

Example: Program lines marked >> are modified. This modifies the CPV program.

5790 Set pulse time:SUB Set pulse time

5800 COM @Hp415x,@Form off, INTEGER Hpib_ sc
5810 COM /Condition2/ REAL Pulse period,Pulse_width, Puls
e lead,Pulse trail
5820 !

>> 5830 OUTPUT @Hp415x;":PAGE:MEAS:PGUS:PULS:PGU2:PER ";Pul
se period

>> 5840 OUTPUT @Hp415x;":PAGE:MEAS:PGUS:PULS:PGU2:WIDT ";Pu
lse _width

>> 5850 OUTPUT @Hp415x;":PAGE:MEAS:PGUS:PULS:PGU2:LEAD ";Pu
lse lead

>> 5860 OUTPUT @Hp415x;":PAGE:MEAS:PGUS:PULS:PGU2:TRA ";Pul
se_trail
5870 SUBEND
5880 !
5890 Set pulse volt:SUB Set pulse volt(Pulse base,Pulse pea
k)
5900 COM @Hp415x,@Form off, INTEGER Hpib sc
5910 !

>> 5920 OUTPUT @Hp415x;":PAGE:MEAS:PGUS:PULS:PGU2:BASE ";Pu
lse base

>> 5930 OUTPUT @Hp415x;":PAGE:MEAS:PGUS:PULS:PGU2:PEAK ";Pu
lse peak

5940 SUBEND
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To Change the Destination of the File Operation

The sample program loads the measurement setup file from the diskette in the
4155B/4156B built-in flexible disk drive. After the measurement, the sample program also
saves the measurement result DAT file and the ASCII measurement result data file on the
diskette.

You can use an NFS mounted disk drive instead of the built-in flexible disk drive. To
change the drive, modify the program as shown below. After the modification, the program
loads the measurement setup file from the NET1 drive, saves the measurement result DAT
file on the NET1 drive, and saves the ASCII measurement result data file onto both the
diskette and the NET1 drive. NET]1 is one of the network drives defined in the NETWORK
DRIVE SETUP table on the SYSTEM: MISCELLANEOUS screen (you can define
maximum 4 network drives using the table).

To save the ASCII measurement result data file onto an NFS mounted drive, the ASCII
data must be previously saved on the diskette.

The IBASIC program cannot write the ASCII data directly to the NFS mounted drive.

1. To change the drive used to load the measurement setup file, insert the following
program lines.

Program Line (Command) PrNoag;im ngl;:: Line
OUTPUT @Hp415x;" :MMEM:DEST NET1" CPV 3731
CPF 3721
CPDIST 4181
OUTPUT @Hp415x;":MMEM:DEST INT" CPV 3741
CPF 3731
CPDIST 4191

Example: Program lines marked >> are inserted. This modifies the CPV program.

3710 !
3720 ! Load setup file, and set bias conditions
3730 !
>> 3731 OUTPUT @Hp415x;":MMEM:DEST NET1"
3740 OUTPUT @Hp415x;":MMEM:LOAD:STAT 0,’"&Setup file$&"’,’D
ISK'"
>> 3741 OUTPUT @Hp415x;":MMEM:DEST INT"
3750 Comment$="Charge Pumping Current Measurement"
3760 OUTPUT (@Hp415x;":PAGE:CHAN:COMM ’"&Comment$&"’"
3770 OUTPUT @Hp415x;":PAGE:MEAS:SAMP:CONS:SMU1:SOUR ";Drain
_source v
3780 OUTPUT @Hp415x;":PAGE:MEAS:SAMP:CONS:SMU4:SOUR ";Sub v
3790 CALL Set pulse time
3800 !
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2. To change the drive used to save the measurement result DAT file, insert the following

lines.
Program Line (Command) P;)ag;laem ngl;:: Line
OUTPUT @Hp415%;":MMEM:DEST NETL1" CPV 5181
CPF 5501
CPDIST 6511
OUTPUT @Hp415x;":MMEM:DEST INT" CPV 5191
CPF 5511
CPDIST 6521

Example: Program lines marked >> are inserted. This modifies the CPV program.

5140 Save data:SUB Save data

5150 COM @Hp415x,@Form off, INTEGER Hpib sc
5160 COM /File namel/ Setup_file$, Save_ascii$, Save_data$
5170 ! ——-- Save charge pumping data to DAT file —-—————---—-
5180 ON ERROR GOSUB Error

>> 5181 OUTPUT (@Hp415x;":MMEM:DEST NETL1"
5190 OUTPUT @Hp415x;":MMEM:STOR:TRAC DEF,’"&Save data$e"’,’
DISK’'"

>> 5191 OUTPUT @Hp415x;":MMEM:DEST INT"
5200 OFF ERROR
5210 SUBEXIT
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3. Follow the next steps to add a function which writes the measurement result data to an
ASCII file on the NET1 network drive.

a. Insert the following program line.

Program Line (Command) P;?ag;;m ngl‘;gf Line
CALL Save asc net CpPV 1081
CPF 1181
CPDIST 1311

Example: Program lines marked >> are inserted. This modifies the CPV program.

Y1177 Madin ST T

Enables GPIB inter

Input Parameters
Initialize 415X
Measure Charge Pum

Draw Graph of Icp

Save ASCII file
Save DAT file

Save ASCII file to

970
980 !
990 ON INTR Hpib_ sc CALL Err check !
rupt
1000 ENABLE INTR Hpib sc;2
1010 !
1020 CALL Input param
1030 CALL Init hp415x
1040 CALL Measure
ping Current
1050 CALL Graph
- Pulse Base Voltage
1060 CALL Save_ascii
1070 CALL Save data
1080 CALL Test_end
>> 1081 CALL Save_asc_net

network drive

1090

1100 !
1110 END

DISP "HCI Degradation Test is Completed!!"

b. Add the following program lines at the bottom of the program. This example writes
the data to an ASCII file on the NET1 drive.

8000 Save_asc net:SUB Save asc_net

USE FLEX MODE
COM @Hp415x, @Form off, INTEGER Hpib_ sc
COM /File namel/ Setup_file$,Save_ascii$, Save_data$
DIM Data$[250]

8010
8020
8030
8040
8050
8060
8070
8080
8090
8100
8110
8120
8130
8140
8150
8160
8170

OUTPUT
OUTPUT
OUTPUT
OUTPUT

@Hp415x;"US"

@Hp415x;"SDSK 0"

@Hp415x;"OPEN ";CHRS$ (39)&Save ascii$&CHRS(39);",0"
@Hp415x;"RD?"

ENTER @Hp415x USING "-K";Data$

OUTPUT @Hp415x;"CLOSE"
!

OUTPUT @Hp415x;"SDSK 1"
OUTPUT

OUTPUT

OUTPUT

OUTPUT
SUBEND

@Hp415x;"OPEN ";CHR$ (39)&Save ascii$&CHRS (39);",1"
@Hp415x;"WR ";Data$

@Hp415x; "CLOSE"

@Hp415x; " : PAGE"
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Perform the following steps before executing the modified program.
1. Display the SYSTEM: MISCELLANEOUS screen, and perform the following steps:

a. Define the 4155B NETWORK SETUP table or the 4156B NETWORK SETUP
table properly.

b. Move the field pointer to the NETWORK DRIVE SETUP table, and select the first
softkey from the top. This softkey displays the definition for the NET1 network
drive in the NETWORK DRIVE SETUP table.

c. Confirm the definition in the NETWORK DRIVE SETUP table.

If the definition is not completed, define the setup properly and select the ADD
softkey.

If you want to modify the definition, define the setup properly and select the
UPDATE softkey.

2. Insert a diskette containing the program file and the measurement setup file used to the
test into the built-in flexible disk drive.

3. Get the setup file from the diskette.

4. Display the SYSTEM: FILER screen, and save the setup file on the NET1 network
drive as shown below:

* Move the field pointer to the DISK field, and select the softkey for the NET1 drive
(softkey label is same as the LABEL in the NETWORK DRIVE SETUP table).
The 4155B/4156B will mount the NET1 drive.

» Save the setup file on the NET1 drive.
* Move the field pointer to the DISK field, and select the FLOPPY softkey.

5. (Optional) If you do not want to save the measurement result ASCII data file on the
diskette containing the program, perform the following steps:

* Load the program from the diskette.
* Remove the diskette.
» Insert another diskette used to save the ASCII data file.

After the all steps shown above, you should perform the steps described in "To Execute the
Sample Program". Then you can skip the step 3 which presses you to insert the diskette
into the built-in flexible disk drive.
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Flash EEPROM Test

This program forces write and erase pulses, then measures Vth shift.

name

Program NOR _TEST

Setup files | ROMVTH.MES,
NORWRT.STR,
NORERS.STR,
NANWRT.STR,
NANERS.STR

This program uses NORWRT.STR and NORERS.STR stress setup files for write and erase
pulses. These setup files are for NOR type flash EEPROM.

To use this program for NAND type flash EEPROM, please modify as follows to use
NANWRT.STR and NANERS.STR stress setup files:

* Modify the following two lines:

1990 Wrt file$="NORWRT.STR" ! Write Stress Setup File Name
2000 Ers file$="NORERS.STR" ! Erase Stress Setup File Name
as follows:

1990 Wrt file$="NANWRT.STR" ! Write Stress Setup File Name
2000 Ers file$="NANERS.STR" ! Erase Stress Setup File Name
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Figure 7-1

Table 7-1

Flash EEPROM Test
Program Overview

Program Overview
Device connections for NOR and NAND type flash EEPROM are different.

Device Connection for NOR type flash EEPROM

As shown in Figure 7-1, one 16440A SMU/Pulse Generator Selector is used to switch units
for forcing write pulse and erase pulse, and measuring Vth.

Device Connection (NOR Type)

o B
Selector 1 } }7 Sub Selector 1
S

CH2

/ CHI
peut § SMUT SMU2 SMU4 SMU3 Frouz

JTRIE
VvV OV V VY

pg05003 85340

The following table shows the selector's state for each phase:

Selector's State in Each Phase

Selector . Vth
Channel Write Erase Measure
CHI PGU PGU SMU
(Drain) OPEN
CH2 PGU PGU SMU
(Gate)
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Device Connection for NAND type flash EEPROM

As shown in Figure 7-2, two 16440A SMU/Pulse Generator Selectors are used to switch
units for forcing write pulse and erase pulse, and measuring Vth.

Figure 7-2 Device Connection (NAND Type)

D
G| Sub

Selector 1 | S Selector 2 Selector 1
CHY Selector 2 CH4 CHI
CH3 U3
smut] paur] sMuf PGU s 3 9

719 gl T
v

-
v v

Table 7-2 shows the selector's state for each phase:

pgO5004 100x60

Table 7-2 Selector's State in Each Phase
Selector . Vth
Channel Write Erase Measure
CHI1 PGU PGU SMU
(Drain)
CH2 PGU PGU SMU
(Gate)
CH3 PGU PGU SMU
(Source)
CH4 PGU PGU SMU
(Substrate)
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Main Program

The following is the main program:

1560 L//////7/777//7/7777 Main /////7 777777007
1570 CALL Init hp4155
1580 ON INTR 8 CALL Err_check
1590 ENABLE INTR 8;2
1600 !
1610 CALL Test setting
1620 CALL Get file
1630 !
1640 Str num=1
1650 FOR I=1 TO Meas_points
1660 CALL Stress_loop (I)
1670 IF Meas_str num(I)>4500 THEN CALL Calibration
1680 !
1690 OUTPUT @Hp4155;":MMEM:LOAD:STAT 0,’MEM2.STR’,’MEMORY’"
1700 OUTPUT @Hp4155;":MMEM:LOAD:STAT 0,’MEM1.MES’,’MEMORY’"
1710 CALL Vth meas("Write",I)
1720 !
1730 OUTPUT @Hp4155;":MMEM:LOAD:STAT 0,’MEM3.STR’,’MEMORY’"
1740 CALL Vth meas ("Erase",I)
1750 !
1760 CALL Trans_data(I)
1770 CALL Stress_graph(I)
1780 !
1790 IF Vth w(I)<.1 OR Vth e(I)<.1 THEN
1800 PRINT " ### The Device is broken. Test Aborted ###"
1810 PRINT " Final Stress Times : ";Str num
1820 CALL Final session
1830 STOP
1840 END IF
1850 Str num=Str numt+l
1860 NEXT I
1870 !
1880 CALL Final session
1890 !
1900 END
Line Description
1570 initializes 4155/4156.
enables the Service Request "Enable" Register for Command,
Execution, Device-dependent, and Query errors to generate service
requests.
1580 and 1590 | enables service request from the 4155/4156 to interrupt program.
1610 defines names of measurement setup files for Vth measurement and
stress setup files for write stress and erase stress, and other stress
setup.
1620 loads measurement setup file for Vth measurement and stress setup
files for write and erase into internal memories.
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Line Description
1650 Meas_points is specified in subprogram "Test_setting".
1660 forces write and erase pulses. Refer to "Stress_loop" for details.

1690 and 1700 | loads measurement setup file for Vth measurement and stress setup
file for write pulse from internal memories.

1710 forces last write pulse, then measures Vth. Refer to "Vth_meas".
1730 loads stress setup file for erase pulse from an internal memory.
1740 forces last erase pulse, then measures Vth. Refer to "Vth_meas".
1760 transfers measurement results (Vth shifts) to the 4155/4156.
1770 displays measurement results.

1880 stores measurement results onto the diskette.
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Stress_loop

Subprogram "Stress_loop" to force write and erase stress is shown below:

2610 Stress_loop:SUB Stress_loop (INTEGER I)

2620 COM (@Hp4155,@Form off,Start time,End time

2630 COM /Meas info/ INTEGER Meas points,REAL Str,Str num,Meas st
r num(*)

2640 INTEGER K

2650 REAL Str_end

2660 !

2670 OUTPUT @Hp4155;":STAT:MEAS:EVEN?"

2680 ENTER @Hp4155;K

2690 OUTPUT @Hp4155;":STAT:MEAS:ENAB 267"

2700 !

2710 OUTPUT @Hp4155;":PAGE:SCON:STAN ON"

2720 Str end=Meas_str num(I)-1

2730 FOR Str=Str num TO Str_end

2740 DISP VALS$ (Str);"/";VAL$ (Meas_str_num(I))

2750 OUTPUT (@Hp4155;"MMEM:LOAD:STAT 0,’MEM2’,’MEMORY’ ; : PAGE:SCO
N:STR; *WAI"

2760 OUTPUT @Hp4155;"MMEM:LOAD:STAT 0, ’MEM3’,’MEMORY’ ; :PAGE:SCO
N:STR"

2770 OUTPUT @Hp4155;"*0OPC?2"

2780 ENTER @Hp4155;A

2790 NEXT Str

2800 !

2810 Str num=Str

2820 OUTPUT @Hp4155;":PAGE:SCON:STAN OFF"

2830 OUTPUT @Hp4155;":STAT:MEAS:ENAB 0"

2840 SUBEND

Line Description

2670 and 2680 | clears the Measurement/Stress Status "Event" register.

2690 enables Bit 0 (A/D Overflow), 1 (Oscillation Status), 3 (Compliance
Status), and 8 (PGU Status) of enable mask for the
Measurement/Stress Status "Event" register.

2710 enables standby state so that state does not become idle between write
and erase stress. If state becomes idle, the relay will switch after
every write and erase stress, which will damage the relay.

2730 to 2790 repeats forcing write/erase pulses until one write/erase pulse before
next Vth measurement.

2820 disables standby state.
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Vth_meas

Subprogram "Vth_meas" to force last write and erase pulses, then measure Vth:

2860 Vth meas:SUB Vth meas (Str type$, INTEGER I)

2870 COM @Hp4155,@Form off,Start time,End time

2880 COM /Meas info/ INTEGER Meas points,REAL Str,Str num,Meas st
r num(*)

2890 COM /Meas_data/ Vth w(*),Vth e (*)

2900 INTEGER K

2910 !

2920 OUTPUT (@Hp4155;" :PAGE:SCON:STR; *OPC?"

2930 ENTER @Hp4155;A

2940 DISP Str type$;" Times = "&VALS (Str num)

2950 !

2960 OUTPUT @Hp4155;":PAGE:CHAN:COMM ’'Flash ROM Vth Meas. @"&Str
type$s&" Times = "&VALS (Str num)&"’"

2970 OUTPUT (@Hp4155;":PAGE:GLIS"

2980 OUTPUT @Hp4155;":DISP ON"

2990 OUTPUT @Hp4155;" :PAGE:SCON:SING; *OPC?"

3000 ENTER @Hp4155;A

3010 OUTPUT @Hp4155;":DISP OFF"

3020 OUTPUT @Hp4155;":STAT:MEAS:EVEN?"

3030 ENTER @Hp4155;K

3040 OUTPUT @Hp4155;":TRAC? 'VTH'"

3050 SELECT Str_type$

3060 CASE "Write"

3070 ENTER @Hp4155;Vth w(I)

3080 PRINT USING "#,4X,DESZ,10X,SD.DDD";Str num,Vth w(I)

3090 CASE "Erase"

3100 ENTER @Hp4155;Vth_e(I)

3110 PRINT USING "lOX,SD.DDD,7X,SD.DDE";Vth_e(I),Vth_w(I)—Vth_e(I)
3120 END SELECT

3130 SUBEND

Line Description

2990 and 3000 | executes Vth measurement and waits until completion.

3040 gets measurement result.
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Program Customization

This section describes how to customize program for your own application.

Subprogram “Test_setting”
In this subprogram, you may need to customize the following:

*  Name of setup files.

If you want to use your own measurement or stress setup files, store the files on
diskette, then modify the file names on the following lines:
* Measurement setup file name for Vth measurement.

1980 Vth file$="ROMVTH.MES" !Vth Measurement Setup File Name
+ Stress setup file name for write pulse.

1990 Wrt file$="NORWRT.STR" !Write Stress Setup File Name
« Stress setup file name for erase pulse.

2000 Ers fileS$="NORERS.STR" !Erase Stress Setup File Name

» File name for saving measurement results.

Following two lines create following file name for saving measurement results:
time . DAT. To change this file name, modify these lines:

2010 save_file$=TIMES (TIMEDATE) !File Name for saving measurement results
2020 save_file$=save_ file$[1,2]&Save_file$[4,5]&Save_file$[7,7]&".DAT"

*  Number of times to repeat measurement (FOR loop of Main Program) Following line
specifies how many times to measure Vth during stress.

2030 Meas points=16 !Number of times to repeat Measurement

+ Stress pulse count data.

For example, if Meas points=4, atotal of ten write/erase pulses are forced, and Vth
is measured after 1st, 2nd, 5th, and 10th pulse.

2060 Str num: ! ! Stress Pulse Count data
2070 DATA 1, 2, 5
2080 DATA 10, 20, 50
2090 DATA 100, 200, 500

2100 DATA 1000, 2000, 5000
2110 DATA 10000, 20000, 50000
2120 DATA 100000, 200000, 500000
2130 DATA 1000000
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Measurement setup file for Vth measurement (for NOR type)

Measurement setup for Vth measurement is stored in "ROMVTH.MES" file on provided
diskette. As described previously, if you use your own setup file with a different file name,
change line 2000. In the ROMVTH.MES file, the following is set up. You can modify
these settings in the ROMVTH.MES file or your own file:

* Gate voltage sweep setup (SMU1):

Start voltage Stop voltage Sweep step Compliance

oV 8V 10 mV 1 nA

SMUI is gate voltage source as shown in Figure 7-1 and Figure 7-2.

* Constant source setup:

Units Output Compliance
SMU?2 (Source) ov 100 pA
SMU3 (Drain) 100 mV 2 uA
SMU4 (Substrate) ov 100 pA

* Analysis function for Vth extraction:

In this example, Vth is extracted by moving marker to the point where Id is 1 pA, then
reading the voltage at that point. Refer to the following user function and auto-analysis
setup.

User Function Definition:

Name Unit Definition

Vth \% @MX

Analysis Setup:

Setup Definition

Marker Id=1pA

Interpolate ON
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Stress setup file for write pulse of NOR type

Stress setup for write pulse of NOR type is stored in "NORWRT.STR" file on provided
diskette. As described previously, if you use your own setup file with a different file name,
change line 2010. In the NORWRT.STR file, the following is set up. You can modify these
settings in the NORWRT.STR file or your own file:

+  PGUI (Gate)

Delay | Peak | Base | Leading | Trailing | Impe-

Period | Width Time | Value | Value Time Time dance

1.03ms | 1.02ms | 0.0s 14V ov 1 us 1 us 50 ohm

*  PGU2 (Drain)

peion | Wit | el | Yok | e | Lending | Toing | e
Sameas | 1.00ms | 10pus | 7V ov 1 us 1 us 50 ohm
PGU1
» Constant source setup
Unit Source Compliance
SMU?2 (Source) ov 100 mA
SMU4 (Substrate) | 0 V 100 mA

Stress setup file for erase pulse of NOR type

Stress setup for erase pulse is stored on "NORERS.STR" file on provided diskette. As
described previously, if you use your own setup file with a different file name, change line
2020.

In the NORERS.STR file, the following is set up. You can modify these settings in the
NORERS.STR file or your own file:

+ Constant source setup

Unit Source Compliance
SMU2 (Source)® | 11V 100 mA
SMU4 (Substrate) | 0 V 100 mA

a. Erase pulse source

* Erase pulse width

Pulse width of erase pulse is specified as stress DURATION and set to 20ms.
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Stress setup file for write pulse of NAND type

Stress setup for write pulse of NAND type is stored in "NANWRT.STR" file on provided
diskette. As described previously, you must change line 2010 to "NANWRT.STR" or your
own custom file name. In the NANWRT.STR file, the following is set up. You can modify
these settings in the NANWRT.STR file or your own file:

*  PGUI (Gate)

Delay | Peak | Base | Leading | Trailing | Impe-

Period | Width Time | Value | Value Time Time dance

413 us | 400 us | 0.0s 20V |0V 10 us 10 us 50 ohm

*  PGU?2 (connected to drain, source, and substrate, and set to constant source)

Source Impedance

ov 50 ohm

Stress setup file for erase pulse of NAND type

Stress setup for erase pulse of NAND type is stored in "NANERS.STR" file on provided
diskette. As described previously, you must change line 2020 to "NANERS.STR" or your
own custom file name. In the NANERS.STR file, the following is set up. You can modify
these settings in the NANERS.STR file or your own file:

*  PGUI (connected to gate, and set to constant source)

Source Impedance

ov 50 ohm

*  PGU?2 (connected to drain, source, and substrate)

Delay | Peak | Base | Leading | Trailing | Impe-

Period | Width Time | Value | Value Time Time dance

502ms | 5.00ms | 0.0s |20V |0V 10 ps 10 ps 50 ohm
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Program Listing

1000 !*************************************************

1010 !~*

1020 !'* FILE: NOR_TEST

1030 !* DESCRIPTION: Program for NOR-FLASH ROM Stress Test.

1040 !'~*

1258 !**‘k***‘k***‘k***‘k***‘k***‘k**************************

1460 Start_time:TIMEDATE

1470 ASSIGN @Hp4155 TO 800

1480 ASSIGN Q@Form off TO 800; FORMAT OFF

1490 COM @Hp4155,Q@Form off,Start time,End time

1500 COM /File name/ Vth file$[12],Wrt file$[12],Ers file$[12], Save

_file$[12]

1510 COM /Meas_info/ INTEGER Meas_points,REAL Str,Str_ num,Meas_str n
um(1:55)

1520 COM /Meas data/ Vth w(1:55),Vth e(1:55)

1530 COM /Err/ Err num(l:6),Err message$(1:6)[50]

1540 INTEGER I

1550 !

1560 '///////7/777777// Main //// /)77
1570 CALL Init hp4155

1580 ON INTR 8 CALL Err_check

1590 ENABLE INTR 8;2

1600 !

1610 CALL Test setting

1620 CALL Get file

1630 !

1640 Str num=1

1650 FOR I=1 TO Meas_points

1660 CALL Stress_loop(I)

1670 IF Meas_str num(I)>4500 THEN CALL Calibration

1680 !

1690 OUTPUT @Hp4155;":MMEM:LOAD:STAT 0,’MEM2.STR’, " MEMORY’"
1700 OUTPUT @Hp4155;":MMEM:LOAD:STAT 0, ’'MEM1.MES’,’MEMORY’"
1710 CALL Vth meas ("Write",I)

1720 !

1730 OUTPUT @Hp4155;" :MMEM:LOAD:STAT 0,’MEM3.STR’,’ MEMORY’"
1740 CALL Vth meas("Erase",I)

1750 !

1760 CALL Trans_data(I)

1770 CALL Stress_graph(I)

1780 !

1790 IF Vth w(I)<.1 OR Vth e(I)<.1 THEN

1800 PRINT " ### The Device is broken. Test Aborted ###"
1810 PRINT " Final Stress Times : ";Str num

1820 CALL Final session

1830 STOP

1840 END IF

1850 Str num=Str num+l

1860 NEXT I

1870 !

1880 CALL Final session

1890 !

1900 END

1910 !

1920 Y/////7777777777 Sab [/ /1SS
1930 Test setting:SUB Test setting

1940 COM /File name/ Vth file$,Wrt file$,Ers file$,Save file$
1950 COM /Meas_info/ INTEGER Meas points,REAL Str,Str_ num,Meas_ str
num (*)

1960 COM /Meas data/ Vth w(*),Vth e(*)

1970 !

1980 Vth file$="ROMVTH.MES" ! Vth Measurement Setup File Name
1990 Wrt file$="NORWRT.STR" ! Write Stress Setup File Name
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2000 Ers file$="NORERS.STR" ! Erase Stress Setup File Name
2010 Save fileS$=TIMES (TIMEDATE) ! File Name for saving measurement
results

2020 Save fileS$=Save file$[1l,2]&Save fileS[4,5]&Save file$S[7,7]&"
.DAT"

2030 Meas_points=16 ! Number of times to repeat Measur
ement

2040 REDIM Meas str num(l:Meas points)

2050 REDIM Vth w(l:Meas points),Vth e(l:Meas points)

2060 Str num: ! ! Stress Pulse Count data

2070 DATA 1, 2, 5

2080 DATA 10, 20, 50

2090 DATA 100, 200, 500

2100 DATA 1000, 2000, 5000

2110 DATA 10000, 20000, 50000

2120 DATA 100000, 200000, 500000

2130 DATA 1000000

2140 RESTORE Str_ num

2150 READ Meas str num(*)

2160 SUBEND

2170 !

2180 Init hpd4155:SUB Init hp4155

2190 COM @Hp4155,@Form off,Start time,End time

2200 !

2210 CLEAR SCREEN

2220 CLEAR @Hp4155

2230 OUTPUT @Hp4155;"*RST"

2240 OUTPUT @Hp4155;"*CLS"

2250 OUTPUT @Hp4155;":STAT:PRES"

2260 OUTPUT @Hp4155;"*ESE 60; *SRE 34;*0PC?"

2270 ENTER @Hp4155;A

2280 OUTPUT @Hp4155;":DISP:WIND:ALL BST"

2290 OUTPUT @Hp4155;":DISP OFF"

2300 PRINT " <<< Flash ROM Stress Test >>>"

2310 PRINT "Stress Times Vth Write [V] Vth Erase [V] Diff [V]"
2320 SUBEND

2330 !

2340 Get file:SUB Get file

2350 COM @Hp4155,@Form off,Start time,End time

2360 COM /File name/ Vth file$,Wrt file$,Ers file$,Save file$

2370 !

2380 OUTPUT @Hp4155;" :MMEM:COPY ’"&Vth_file$&"’,’DISK’,’MEMl.MES’,
'MEMORY"' "

2390 OUTPUT @Hp4155;" :MMEM:COPY ’"&Wrt_file$&"’,’DISK’,’MEMZ.STR’,
"MEMORY' "

2400 OUTPUT @Hp4155;" :MMEM:COPY ’"&Ers_file$&"’,’DISK’,’MEM3.STR’,
'MEMORY' "

2410 SUBEND

2420 !

2430 Calibration:SUB Calibration

2440 COM @Hp4155,@Form off,Start time,End time

2450 !

2460 OUTPUT @Hp4155;":PAGE:SYST:CDI"

2470 OUTPUT @Hp4155;":DISP ON"

2480 OUTPUT @Hp4155;":CAL:ALL?"

2490 ENTER @Hp4155;A

2500 SELECT A

2510 CASE 0

2520 OUTPUT @Hp4155;":PAGE:GLIS"

2530 OUTPUT @Hp4155;":DISP OFF"

2540 CASE ELSE

2550 PRINT " #### Calibration FAIL ,Test Aborted ####"

2560 CALL Final session

2570 STOP

2580 END SELECT

2590 SUBEND

2600 !

2610 Stress loop:SUB Stress loop (INTEGER I)

2620 COM @Hp4155,@Form off,Start time,End time

2630 COM /Meas_info/ INTEGER Meas_ points,REAL Str,Str num,Meas_ str
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_num(*)

2640 INTEGER K

2650 REAL Str_end

2660 !

2670 OUTPUT @Hp4155;":STAT:MEAS:EVEN?"

2680 ENTER @Hp4155;K

2690 OUTPUT @Hp4155;":STAT:MEAS:ENAB 267"

2700 !

2710 OUTPUT @Hp4155;":PAGE:SCON:STAN ON"

2720 Str_end=Meas_str num(I)-1

2730 FOR Str=Str num TO Str end

2740 DISP VALS (Str);"/";VALS (Meas str num(I))

2750 OUTPUT @Hp4155;"MMEM:LOAD:STAT 0,’MEM2’,’MEMORY’ ; : PAGE: SCON
:STR; *WAI"

2760 OUTPUT @Hp4155;"MMEM:LOAD:STAT 0, ’MEM3’,’MEMORY’ ; : PAGE: SCON
:STR"

2770 OUTPUT @Hp4l1l55;"*0OPC?"

2780 ENTER @Hp4155;A

2790 NEXT Str

2800 !

2810 Str num=Str

2820 OUTPUT @Hp4155;":PAGE:SCON:STAN OFF"

2830 OUTPUT @Hp4155;":STAT:MEAS:ENAB 0"

2840 SUBEND

2850 !

2860 Vth meas:SUB Vth meas (Str type$, INTEGER I)

2870 COM @Hp4155,@Form off,Start time,End time

2880 COM /Meas_info/ INTEGER Meas_points,REAL Str,Str num,Meas str
num (*)

2890 COM /Meas_data/ Vth_w(*),Vth_e (*)

2900 INTEGER K

2910 !

2920 OUTPUT @Hp4155;" :PAGE:SCON:STR; *OPC?"

2930 ENTER @Hp4155;A

2940 DISP Str type$;" Times = "&VALS$ (Str num)

2950 !

2960 OUTPUT @Hp4155;":PAGE:CHAN:COMM ’'Flash ROM Vth Meas. @"&Str_
type$&" Times = "&VALS (Str num)&"’"

2970 OUTPUT @Hp4155;" :PAGE:GLIS"

2980 OUTPUT @Hp4155;":DISP ON"

2990 OUTPUT @Hp4155;":PAGE:SCON:SING; *OPC?"

3000 ENTER @Hp4155;A

3010 OUTPUT @Hp4155;":DISP OFF"

3020 OUTPUT @Hp4155;":STAT:MEAS:EVEN?"

3030 ENTER @Hp4155;K

3040 OUTPUT @Hp4155;":TRAC? ’VTH'"

3050 SELECT Str_type$

3060 CASE "Write"

3070 ENTER @Hp4155;Vth w(I)

3080 PRINT USING "#,4X,DESZ,10X,SD.DDD";Str num,Vth w(I)
3090 CASE "Erase"

3100 ENTER @Hp4155;Vth e(I)

3110 PRINT USING "10X,SD.DDD, 7X,SD.DDE";Vth e(I),Vth w(I)-Vth e(I)
3120 END SELECT

3130 SUBEND

3140 !

3150 Trans_data:SUB Trans data (INTEGER I)

3160 COM @Hp4155,@Form off,Start time,End time

3170 COM /Meas_info/ INTEGER Meas points,REAL Str,Str_ num,Meas_ str
num (*)

3180 COM /Meas data/ Vth w(*),Vth e(*)

3190 !

3200 REDIM Meas_str num(1l:I),Vth w(l:I),Vth e(1:I)

3210 OUTPUT @Hp4155;":TRAC:DEL:ALL"

3220 OUTPUT @Hp4155;":TRAC:DEF ’Stress’,"&VALS (I)

3230 OUTPUT Q@Hp4155;":TRAC:DEF ’'VthWRT’,"&VALS(I)

3240 OUTPUT @Hp4155;":TRAC:DEF ’'VthERS’,"&VALS(I)

3250 OUTPUT @Hp4155;":TRAC:UNIT ’Stress’,’Times’"

3260 OUTPUT @Hp4155;":TRAC:UNIT ’'VthWRT’,’'V’"

3270 OUTPUT @Hp4155;":TRAC:UNIT ’'VthERS’,’'V’"
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3280 !

3290 OUTPUT @Hp4155;":FORM:DATA REAL, 64"
3300 OUTPUT @Hp4155;" :FORM:BORD NORM"
3310 OUTPUT (@Hp4155;":TRAC ’Stress’,#0";
3320 OUTPUT @Form off;Meas str num(*),END
3330 OUTPUT @Hp4155;":TRAC 'VthWRT’,#0";
3340 OUTPUT @Form off;Vth w(*),END

3350 OUTPUT @Hp4155;":TRAC ’'VthERS’,#0";
3360 OUTPUT @Form off;Vth e(*),END

3370 OUTPUT @Hp4155;":FORM:DATA ASCII"
3380 REDIM Meas str num(l:Meas points),Vth w(l:Meas points),Vth e

(1:Meas_points)

3390 SUBEND

3400 !

3410 Stress _graph:SUB Stress graph (INTEGER I)

3420 COM @Hp4155,@Form off,Start time,End time

3430 COM /Meas_info/ INTEGER Meas_points,REAL Str,Str_num,Meas_str
_num(*)

3440 !

3450 OUTPUT @Hp4155;":PAGE:CHAN:COMM ’'Flash ROM Vth Shift (Stress="&
VALS (Meas_str num(I))&")’"

3460 OUTPUT (@Hp4155;":PAGE:CHAN:UFUN:DEF ’'Diff’,’V’,’ VthWRT-VthERS’"
3470 !

3480 OUTPUT (@Hp4155;" :PAGE:DISP:GRAP:X:NAME ’Stress’"

3490 OUTPUT @Hp4155;":PAGE:DISP:GRAP:Y1:NAME 'VthWRT’"

3500 OUTPUT (@Hp4155;":PAGE:DISP:GRAP:Y2:NAME ’'VthERS’"

3510 OUTPUT @Hp4155;":PAGE:DISP:GRAP:X:SCAL LOG"

3520 OUTPUT @Hp4155;":PAGE:DISP:GRAP:X:MIN 1"

3530 OUTPUT @Hp4155;":PAGE:DISP:GRAP:X:MAX "&VALS (MAX (Meas str num
(Meas_points),2))

3540 OUTPUT @Hp4155;":PAGE:DISP:GRAP:Y1:SCAL LIN"

3550 OUTPUT (@Hp4155;":PAGE:DISP:GRAP:Y1:MIN 0"

3560 OUTPUT @Hp4155;":PAGE:DISP:GRAP:Y1:MAX 7"

3570 OUTPUT @Hp4155;":PAGE:DISP:GRAP:Y2:SCAL LIN"

3580 OUTPUT @Hp4155;":PAGE:DISP:GRAP:Y2:MIN 0"

3590 OUTPUT (@Hp4155;":PAGE:DISP:GRAP:Y2:MAX 7"

3600 !

3610 OUTPUT @Hp4155;":PAGE:DISP:DVAR:DEL ’'VTH'"

3620 OUTPUT @Hp4155;":PAGE:DISP:DVAR 'Diff’"

3630 !

3640 OUTPUT @Hp4155;":PAGE:DISP:ANAL:LINE1:MODE DIS"

3650 OUTPUT (@Hp4155;":PAGE:DISP:ANAL:LINE2:MODE DIS"

3660 OUTPUT @Hp4155;":PAGE:DISP:ANAL:MARK:DIS"

3670 !

3680 OUTPUT @Hp4155;":PAGE:GLIS:INT OFF"

3690 OUTPUT @Hp4155;":PAGE:GLIS:LINE OFF"

3700 OUTPUT @Hp4155;":PAGE:GLIS:MARK ON"

3710 OUTPUT (@Hp4155;" :PAGE:GLIS:MARK:DIR:X MAX"

3720 !

3730 OUTPUT @Hp4155;":DISP ON;:DISP OFF"

3740 SUBEND

3750 !

3760 Final session:SUB Final session

3770 COM @Hp4155,@Form off,Start time,End time

3780 COM /File _name/ Vth_ fileS,Wrt_ file$,Ers file$,Save file$

3790 COM /Meas_info/ INTEGER Meas points,REAL Str,Str num,Meas str
_num(*)

3800 COM /Err/ Err num(*),Err messages$(*)

3810 !

3820 IF Str num-1=Meas str num(Meas points) THEN

3830 Save file$="D"&Save file$

3840 PRINT " Measurement Completed !!! =========
3850 PRINT "Final Stress Times ";Str_num-1

3860 ELSE

3870 Save file$="F"&Save file$

3880 END IF

3890 !

3900 PRINT "Save Data File Name ";Save file$

3910 PRINT "Test Duration : ";
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3920

3930

_time)
3940

3950

3960

3970

3980

3990

4000

4010

;"###"
4020
4030
4040
4050
4060
4070
4080
4090
4100
4110
4120
4130
4140
4150
4160
4170
4180
4190
4200
4210
4220
4230
4240
4250
4260
4270
4280
4290
4300
4310
4320
4330
4340
4350
4360
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End_ time=TIMEDATE
PRINT DATES (Start time);",";TIMES (Start time);" ~ ";DATES (End

i",";TIMES (End_time)

i

DISABLE INTR 8

OUTPUT @Hp4155;" :MMEM:STOR:TRAC DEF,’"&Save_file$&"’,
OUTPUT @Hp4l155;"*0PC?2"

ENTER @Hp4155;A

OUTPUT @Hp4155;":SYST:ERR?"

ENTER @Hp4155;Err num(l),Err message$ (1)

IF Err num(1l)<>0 THEN PRINT "### ";Err num(l);Err message$ (1)

"DISK’"

!

OUTPUT @Hp4155;":DISP:ALL INST"
OUTPUT @Hp4155;":PAGE:GLIS"
OUTPUT @Hp4155;":DISP ON"

SUBEND

Err check:SUB Err check

COM (@Hp4155,@Form off,Start time,End time
COM /Err/ Err num(*),Err message$ (*)
INTEGER I,J
|
I=0
REPEAT
I=I+1
OUTPUT @Hp4155;":SYST:ERR?"
ENTER @Hp4155;Err num(I),Err message$ (I)
UNTIL Err num(I)=0
|
IF I=1 THEN
CALL Meas_stat_check
ELSE
FOR J=1 TO I-1
PRINT "### ERROR Occurred ###:";Err num(J) ;Err message$ (J)
DISP "### ERROR Occurred ###:";Err_num(J);Err_message$ (J)
NEXT J
CALL Meas_stat_ check
PRINT "
CALL Final session
STOP
END IF

Test Aborted ==="

SUBEND

Meas stat check:SUB Meas stat check

COM (@Hp4155,@Form off,Start time,End time
COM /Meas_info/ INTEGER Meas points,REAL Str,Str_ num,Meas_ str

num (*)

4370
4380
4390
4400
4410
4420
4430
4440
4450
4460
4470
4480
4490

INTEGER K

!

OUTPUT @Hp4155;":STAT:MEAS:EVEN?"
ENTER @Hp4155;K

|

IF K<>0 THEN
PRINT "### Abnormal Stress Status Event Occurred ###:";K
PRINT " at Stress Number ";Str;" [Times]"
PRINT " Test Aborted ==="
CALL Final session
STOP
END IF

SUBEND
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Time Dependent Dielectric Breakdown (TDDB)

This setup forces a constant voltage to the gate until the gate oxide breakdowns or a
maximum time limit is reached, then calculates the total forced electric charge.

name

Program none

Setup file TDDB.MES

8-2 Agilent 4155B/4156B Sample Application Programs Guide Book, Edition 3



Time Dependent Dielectric Breakdown (TDDB)
Application Overview

Application Overview

Figure 8-1 Device Connection

SMU1 SMU4

pgOS002 E0X40

The measurement flow is as follows:
1. Forces a constant voltage to the gate.
Measures gate current by sampling measurement.

If gate current exceeds specified threshold, measurement is stopped.

E

Calculates total electric charge that was forced by using a user function with definition
INTEG (Ig,QTIME).
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Time Dependent Dielectric Breakdown (TDDB)
Customization

Customization

Measurement setup file is stored in "TDDB.MES" file on provided diskette. In the
TDDB.MES file, the following is set up. You can modify these settings in the TDDB.MES
file or your own file, then use the setup for your own application.

+ Constant source setup

Units Output Compliance
SMUI1 (Gate) 20V 1.001 pA
SMU4 (Substrate) ov 100 pA

* Sampling Parameters

Mode Initial interval | No. of samples | Total samp. time

Thinned-out | 100 ms 1001 999.9 s

+ Stop Condition

This setup is used to judge the oxide breakdown. If gate current exceeds the specified
threshold, measurement is stopped.

Enable Delay Threshold

200 ms 1 A
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Electromigration

This setup forces a constant current to the DUT (metal), measures time-to-failure of DUT,
then calculates the total forced electric charge.

name

Program none

Setup file EM.MES
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Application Overview

Application Overview

Figure 9-1 Device Connection

buT
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The measurement flow is as follows:

1. Forces constant current.

E

INTEG (Idutl, @TIME).

Monitors DUT voltage by sampling measurement.

If the DUT voltage reaches specified threshold, the forcing stops.

Calculates total electric charge that was forced by using a user function with definition

Agilent 4155B/4156B Sample Application Programs Guide Book, Edition 3

9-3



Electromigration
Customization

Customization

Measurement setup file is stored in "EM.MES" file on provided diskette. In the EM.MES
file, the following is set up. You can modify these settings in the EM.MES file or your own
file, then use the setup for your own application.

+ Constant source setup

Units Output Compliance

SMUI 50 mA 20.002 V

+ Sampling Parameters

Mode Initial interval No. of samples Total samp. time

Linear ls 10001 AUTO 2

a. Initial interval No. of samples

+ Stop Condition
If the DUT voltage exceeds the specified threshold, measurement is stopped.

Enable Delay Threshold

20 ms 20V
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