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In This Manual

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

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
4155C/4156C. All programs are written in the Instrument BASIC, and ready to run in the
4155C/4156C’s built-in Instrument BASIC environment.

This manual covers the following applications:
* V-RAMP

* JRAMP

e SWEAT

*  GO/NO-GO Test

» HCI Degradation Test

» Charge Pumping

* FHash EEPROM Test

- TDDB

» Electromigration

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

NOTE You should copy al filesin 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, whichis
used to evaluate device reliability on awafer. 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 areliable thin
oxide has become an important issue. The integrity of the thin oxideinaMOS deviceisa
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. Thisis 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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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 procedureis 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 Vbd and Qbd measured by thistest, the better
the integrity of the oxide on wafer.

You extract these two parameters from alarge 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) isthe total charge forced through the oxide until the
breakdown occurs.

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

Figure1-1 Simplified Flow Diagram of V-Ramp Test

START

Initialization

Initial Test

‘No

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.

Intheinitial 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 stresstest. The
normal operating voltage is applied to the oxide capacitor again, and leakage current is
measured under the same conditions astheinitial 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:

» Gatebias polarity isin accumulated direction. That is, negative (minus) voltageis
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.

»  Temperatureisin 25+ 5 °C range.

Initial Test

Initial test isto confirm that the oxide capacitor isinitially good. If leakage current of that
capacitor exceeds 1 pA, it is categorized asinitial failure.

For example, when you test a TTL-level oxide capacitor, constant voltage of -5V 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 stresstest. 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 asinitial test), then leakage current is measured. The leakage current (1)) Value
indicates the following:

o If g > 1 pA:
The oxide was broken by the applied ramped voltage.
o If lgg <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 dueto an
open circuit.

For example, if youtest aTTL 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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Figure1-2

V-RAMP
Theory of V-Ramp Test Procedure

Ramp Stress Test

A linear ramped voltage or alinear 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
iscalculated 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=A- Ezexp(DE)

Where, A 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 Alcm?.,

» Electric field generated by the applied voltage exceeds 15 MV/cm. Thistypically
indicates faulty testing.

Figure 1-2 shows the concept of Vbd 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:

Thd
Qbd = _[ Imeas(t)dt
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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 rateisinrange from 0.1 MV/cm-sto 1.0 MV/cm:-s.

* Current measurement interval is0.1 sor less.

» Ramped voltage starts at hormal operating voltage or lower.

» Ramped voltage stopsif electric field reaches 15 MV/cm.

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

»  Step value of ramped voltageis 0.1 MV/cm or less.

e Current measurement must be performed at |east once for every step.

Figure 1-3 Linear Ramped and Linear Stepped Voltage
Stop| " 4 Stop
[} / [}
(o)) (o]
s S
) ° V
> / > Step Value
o ° T < 0.1 (MV/cm)
8 / ki f
a 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 theinitial 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.

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

recorded.

Table 1-1 shows the oxide failure categories.

Table1-1 Oxide Failure Categories
. . Ramp Stress
Failure Category Initial Test Test Post Stress Test
Initial Fail n.a. n.a
Masked Catastrophic Pass Pass Fail
Non-catastrophic Pass Fail Pass
Other Pass Pass Pass
a Vbd and g4 are also recorded.
Agilent 4155C/4156C Sample Application Programs Guide Book, Edition 1 1-7



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, methodol ogy, how to execute the sample program, and
sample program overview.

M ethodology

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.

Asexplained 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. Loadsthe measurement setup file into the 4155/4156 execution environment.
2. Changes some of the measurement or analysis parameters on the setup pages.
3. Executesthe 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 afile
reduces the length and complexity of the program. For details, see Programmer's Guide.

M easurement 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

Theinitial test makes sure the oxide capacitor isinitially good by applying the normal
operating voltage (Vuse), then measuring the leakage current (1)) through the oxide. If
l|eak €XCeeds 1 pA, 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 theinitial 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 MEM 1.

Sets up SMUL to constant voltage Vuse for PMOS device, or - Vuse for NMOS
device. Vuse valueis specified previously in the sample program, and reset on the
MEASURE: SAMPLING SETUP page by OUTPUT statement (line 2550 of the
sample program).

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

Checksif current through the oxide | g 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

* SMU1 and SMU4 are set to be constant voltage sources.
» | g isdefined as name of current measured by SMU1.
On MEASURE: SAMPLING SETUP page (see Figure 1-5)

* NO. OF SAMPLES s st to 1 to execute the measurement once.
« HOLD TIME isset to 2.00 sto allow the output voltage to stabilize.
e SMU4 issettoforce aconstant O V.

e STOP CONDITION isenabled, NAME issetto | g, THRESHOLD issetto 1 pA,
and EVENT issettoVal > Th.

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

Figure1-4 Simplified M easurement Circuit and Output Voltage of Initial Test

YRMP3-01

SMU1

Oxide Capacitor

SMU4

Measurement
Hold Time /
— Jov ~—

Vuse -

v ov

Output Voltage from SMU1
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V-RAMP

Basic Operation

Figure 1-5 MEASURE: SAMPLING SETUP Pagefor Initial Test
MEASLRE : SAMPLING SETUP 94JANOL 01:30PM
Voltage Ramp Initial/Post Spot Measurement N .
#SAMPLING PARAMETER #STOP CONDITION ] Stop condition is enabled
MODE LHEAR ] [ENABLE/DISABLE [ENABLE =< Looio
NO. OF SAMPLES\» ig?TééLSis;EEgAL 11.OOOOO s EiﬁLE DELAY IZ.OOOOOOO‘EJ I— Variable Name
TOTAL SAMP. TIME|AUTO THRESHOLD 1.0000000UA #5555 — Threshold Value
HOLD TIME  [HOLD TIME [ z.0000 s | g§¥ NO. Xal o
[FILTER [on ] L0650
#CONSTANT THINNED)
UNIT SMUL:HR SMU4:HR vauL vsuz2 ouT
NAME Vg Vsub vauL vsuz2
MODE \2 \2 \2 \2
S| 20 | s oomev[ ooy [ ]
LINEAR |:|
Select Sampling Mode with softkey or rotary knob.
[SAMPLN@ PeU HMEASLREHOUTPUT H HPREv HNEXT ‘
SEIP L [SETUR | [sETUP | [SER PAGE PAGE
YRMP3-04
Ramp Stress Test
After theinitial test, the sample program executes the ramp stresstest. Linear stepped
voltageis applied to the oxide.
The measurement setup for the ramp stresstest is stored inthe VRSWEPMES 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 aconstant 0 V, and SMUL is set to voltage sweep mode.
» Congtant 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-analysisand user functions:
After the measurement, the 4155/4156 executes analysis automatically to search for
Vhd, and to calculate Qbd.
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V-RAMP
Basic Operation

SMU Channel Definition.

The sample program assumes the connection between the SMUs and the oxide capacitor as
shownin Figure 1-6. SMU4 is set to force a constant 0 V, and SMU1 is set to voltage
sweep mode by the VRSWEP.MES setup as shown in Figure 1-7.

Figure 1-6 Simplified M easurement Circuit of Ramp Stress Test
SMU1
Oxide Capacitor
SMuU4
Single linear sweep —— |0 V output
VRMP3-02
Figure1-7 CHANNELS: CHANNEL DEFINITION Page for Ramp Sress Test
CHANNELS: CHANNEL DEFINITION 94JANO1 O1:30PM
Yoltage Ramp Sweep Measurement SWERP -*
*MEASUREMENT MODE
-
SAgUNG SMU1 is sweep
*CHANNEL S L +— VAR1
MEASURE STBY | [ SERIES l— source '
UNIT [VNAME [INAME | MODE FCTN /m BEEQB;E
SMUL:HR|Vg g v VARL =] 0 ohm
SMU1 and Sth4 ar:e 7l smuz: HR SEIP_| | SMU4 is constant
connected to the SMU3: HR | T EM M source.
oxide capacitor. ™ SMU4:HR |Vsub  |Isub |V CONST =]
VsU1 vsUtL  |------ v CONST VEERT]
vsu2 vsuz2  |------ v CONST Voltage
VMUL YMUL | ------ N ---- Ramp S
VMU2 - R I ----
PGU1L MEM3 M
peU2 FET
ooU | |emeee - VGS-1DS
MEM4 M
DIODE
VF-IF
SWEEP
Select Measurement Mode with softkey or rotary knob.
GHANNGL | [USER USER NEXT
[DFF.-" -7 [FCTN VAR PAGE
YRMP3-06
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V-RAMP
Basic Operation

Constant step interval time.

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

VRSWEPMES enables the TRIG OUT function, and the sample program cal cul ates and
sets values so that the step interval time becomes constant as shown in Figure 1-8. The step
interval time (St ep_t i ne) isthedelaytime (St ep_del ay_t) plus step delay time

(St ep_keep_t). Strictly speaking, the sample program calculates these as follows:
Step_tinme=Vstep/ (Ranp_rate*Tox)-1. 2ns+0. 1ns

Step_delay_t=Step_tine/2
Step_keep_t=Step_tinme-Step_delay_t

Where,

* 1.2msisoverhead time associated with the delay time for voltage sweep measurement,
when the WAIT TIME field is set to O (zero). So, do not set another valuein thisfield.

* 0.1 msisoverhead time associated with the TRIG OUT function.

» Ramp rate (Ranp_r at e), oxide thickness (Tox), and step voltage (Vst ep) are
specified in lines 1800 to 1840 of the sample program.

The start voltage (Vst ar t ), stop voltage (Vst op), and step voltage (Vst ep) are
specified in sample program in lines 1830 to 1850. For NMOS devices, the ramp stresstest
subprogram actually sets the opposite polarity for these values by using the Tp variable.

M easurement stop mode.

NOTE The JEDEC standard says that the ramp stress test should abort when the current through
the oxide reaches 10 times the expected current (I expect ). But this sample program
aborts when the current reaches current compliance (I gconp). Thel expect and
| gconp values are specified in lines 1860 and 1870 of the sample program, and must
meet the following condition: | gconmp >1 expect x 10.

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

Figure 1-8 Output Sweep Voltage for Ramp Stress Test
Measurement Step Interval Time
‘ _J
Delay Time ¢ Step Voltage

Output Wave

Trigger Output

Step Delay Time
Trigger: Enable, Output Mode

VRMP3-03
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Figure 1-9

V-RAMP

Basic Operation

MEASURE: MEASURE SETUP and OUTPUT SEQUENCE Pages for Ramp Stress

Test

Ranging mode i

s FIXED.

Trigger Qut Mode

Trigger setup is ENABLE.
MEASURE : MEASURE SETUP 94JANOL 01:30PM
Voltage Ranp Sweep Measurement
HMEASUREMENT RANGE
UNIT _ [NAME RAPIGE ZERO_CANCEL [GFF.
SMUL:HR |Tg T3&D.- ] 100UA OFF [ 10pA]
SMU4:HR[Isub  |FIXED |100uA OFF [ 10pA]
VMUL YMUL - TAUTO - OFF ENCE 94JANDL 01:30PM
yMUz  [vMuz  |AUTO |- OFF casurement
#TRIGGER SETUP
MODE ENABLE /DISABLE [ENABLE
FUNCTION TRIG OUT
*:01d data 1s used.) STEP DELAY 500.0ms
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
SETVF L SETUP _||SEQ PAGE PAGE
MEASURE: MEASURE SETUP Page!> /"
. WSselect output Sequence with softkey or rotary knob.
SWEEP MEASURE | [oUTAUT.” PREV | [NEXT
SETUP SETUP | (g, " PAGE PAGE

MEASURE: OUTPUT SEQUENCE Page

VRMP3-05
Figure1-10 MEASURE: SWEEP SETUP Page for Ramp Stress Test
Sweep aborts at COMPLIANCE
MEASURE: SWEEP SETUP OQ4JANDL 01 :30PM
Voltage Ramp Sweep Measurement
*VARIABLE  [VARL VARZ
UNIT SMUL:HR
NAME Vge
SWEEP MODE[3]
LIN/LOG
START
sSTOP
STEP 200.0mV
NO OF STEP|176
COMPLIANCE | 100.00uA
POWER COMP | OFF
*SWEEP |STOP AT COMPLIANCE | Status [::::::}
*CONSTANT
UNIT SMU4THR  [VSUL Va2
NAME Vsub VUL vaUu2
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.
SWEED PGU MEASURE| [oUTPUT PREV NEXT
SETUP | |SETWP _||SEQ PAGE PAGE
YRMP3-0g

Agilent 4155C/4156C Sample Application Programs Guide Book, Edition 1

1-13



V-RAMP
Basic Operation

Auto-analysis and user functions.

The sample program does the following:

1. Setsup the maximum and minimum values for graph axes: X, Y1, and Y 2. Lines 2940

to 2980.

a &~ WD

Performs the measurement. Line 3020.

and Qbd are specified as described below.

The VRSWEPMES setup file defines user functions on the CHANNELS: USER

Moves marker to maximum | g, and savesvalueto | gmax. Lines 3100 to 3170.
Moves marker to position where | g =1 expect * 10. Line 3200.

If compliance was reached or if | gmax > 1 expect * 10, the sample program reads
the value of Vbd and Qbd at present marker position. Lines 3250 to 3320. Where Vdb

FUNCTION DEFINITION page (see Figure 1-20) as follows:

Table 1-2 User Functionsfor Ramp Stress Test
Name Units Definition
Time (sec) @INDEX * 12
Vhbd V) @MY?2
Qbd (Q INTEG(lg,Time)
a. Thisisatemporary value. Value of Ti e isredefined by line 2810 of the
sample program.
The above user function calculates Qod asfollows:
Thd N
Qbd = _[ Imeas(t)dt = %Z (Imeas; + Imeas; 1) x (T, D T; 5 1)
Totart i=2
Where, N is step humber 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 isthe same as for initial test. The normal operating
voltage (Vuse) is applied to the oxide, then the leakage current (I)o4) 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 afile.

Table1-3 Oxide Failure Categories
Category Initial Test Ramp Stress Test POST;I’GSS

Initial lmeas> 1A | na n.a

Catastrophic Imeas < THA | Imeas lexpect X 10, OF I meas > 1 LA
| compliance reached.

Masked Catastrophic Imeas < LHA | Imeas < lexpect X 10, and I meas > 1 1A
| compliance not reached.

Non-catastrophic Imeas < THA | Imeas lexpect X 10, OF I meas < 1 pA
| compliance reached.

Other Imeas < THA | Imeas < lexpect 10, and I meas < 1 pA
| 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

Fileson the Diskette

The following files are stored in the sample diskette:

VRAMP V-Ramp sample program. Thisisan IBASIC program file saved in

ASCI| format.

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

VRSWEPMES Measurement setup file for ramp stresstest.

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. PressDisplay key inthe IBASIC area of the front panel until All IBASIC screenis
displayed.

5. Load the VRAMP program. Type: GET " VRAMP" and press Enter key.

6. PressRUN 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.
Figure1-11 An Example of Measurement Results
GRAPH/ LI ST: GRAPHI CS SHORT 940CT23 10: 53AM
Vol tage Ramp Sweep Measur ement Vsub
0.00 V
MARKE R ( 28.1250000 sec - 50.0048mA -27.450 V ) 100. mA
Vbd -27.450000000 V L -
A b d - 13.059987500 v ——
(A) 7 Q mQ (V) VSUul
-1.00 -40.0 0.00 V
T VSu2
g e Vg 0.00 V
*
dec delll/ | 0/ 0 0 1 e e
I di v I div
1.00p 5.00
0.00 Time (sec) 5.00 I div 43 .
STATUS: 00 80 0O ( 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
Basic Operation

Flowchart of Sample VRAMP Program

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

Figure1-12 Flowchart of Sample VRAMP Program

START )

Initialization
/
— T
Setting Parameters
and Checking them

Subprogram Name in VRAMP

fffffffff Test_setting

Loading Meas. Setups
into Internal Memory

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

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

,,,,,,,,, Get_file

Initial Failure ?

Executing Ramped s st (Result e Vod 0bd)
Stress Test | weep_test(Result_sw$, Vbd,

Executing Post
Stress Test

777777777 Init_fin_test("Fin",Result_init$)

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

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

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

Test _setting Specifiesand checksthe parameter values. These are values that the
program will set directly instead of some of the setup file values.

Get file L oads measurement setup files from the diskette into internal memory:
spot 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 Executesthe spot measurement for initial test or for post stress test.
First parameter specifiesthetest: | ni t isforinitial test,and Fi n is
for post stresstest. The measurement results are returned to the second
parameter.

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

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

Save_dat a Saves measurement result data (that isin MEM3) to afile on the
diskette.
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V-RAMP
Customization

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 ASSI GN @ip4155 TO 800

1540 ON INTR 8 CALL Err_check

1550 ENABLE I NTR 8; 2

If you use an external controller (that can run HP BASIC environment) to control the
4155/4156, you need to modify afew 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 BASH / 4155/4156

H

o0 ooooo o
= oeooooan| S5 82885 o
ooooo O

oo 88888 5

.

/ \ GPIB Address: 17

HP 9000 Series 300
Computer

0000000
a
[ml
o
o
o
o]

1540 ON INTR 7 Call Err_check
1550 ENABLE INTR 7;2

s

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. Turnon your 4155/4156.

2. Press system key.

3. Select MISCELLANEOUS softkey.
4

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

5. Movethefield 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 LINE FREQUENCY
[NoT svystewm conTrOLLER] 50 Hz

NOT

CON-
*GPI B ADDRESS *4156B NETWORK SETUP

TROLLER
41568 17 HOST NAME
HARD COPY 1 |'P ADDRESS [0.0.0.0

USER | D 200

*REMOTE CONTROL GROUP I D 100

COMMAND SET |4155/4156

*NETWORK PRINTER SETUP

PRI NTER
I P ADDRESS 0.0.0.0
*CLOCK TEXT OUT -h
Y M D H M GRAPH OUT -h -1

1999 |12 10 16 (42 SERVER TYPE |BSD

*SYSTEM SETUP *NETWORK DRI VE SETUP

BEEP ON LABEL
SCREEN SAVE 30 mi n I 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.
FILER Ml SCEL - CONFI G CALI B/ PRI NT COLOR
LANEOUS DI AG SETUP SETUP

Specifying Setup Fileto L oad

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

Filenames of these setups are defined on the following lines:

1730 Init_fil e$="VRSPOT. MES'
1740 Sweep_fil e$=" VRSWEP. MES"

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

| Spot Measurenment Setup File Nanme
! Sweep Measurenent Setup File Nanme

Filefor Saving M easurement Results

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

1750 Save_fil e$=TI ME$S( Tl MEDATE)
results

1760 Save_file$="D"'&Save_fil e$[1, 2] &Save_fil e$[ 4, 5] &Save_file$[7,7]&" .D
AT"

The following line commands the 4155/4156 to create the specified file on the diskette,
then storesthe result datain the file.

I'File Name for saving nmeasurenent

3860 OUTPUT @p4155;": MVEM STOR: TRAC DEF,' "&Save_file$&"',' DI SK' "

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

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

Agilent 4155C/4156C Sample Application Programs Guide Book, Edition 1
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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
1790
1800
1810

Type$="NMOS"
Vuse=5

Ranp_rate=. 5*1. E+6
Tox=160*1. E- 8

Type NMOS - -
Vuse (V)

Ranp rate (M cnfs)
Oxi de Thi ckness (cm

Pbul k, PMOS -- Noul k

1820 Area=.001 CGate Area (cnt2)
1830 Vstart=5 Start voltage (V)
1840 Vst op=24 Stop voltage (V)
1850 Vst ep=.05 Step voltage (V)
1860 | expect =. 003 Expect ed breakdown current (A)
1870 | gconp=. 05 I'g conpliance (A)
Parameter Default Description
Type$ NMOS 2 Bulk type: NMOSisfor P bulk and PMOSisfor
N bulk
Vuse 5(V) Normal operating voltage for the device
Ranp_rate | 50x10°(MV/cm-s) | Ramp rate of stepped voltage
Tox 1.60x107% (cm) Thickness of oxide
Area 0.001 (cm2) Area of target oxide
Vst art 5(V) Start voltage
Vst op 24 (V) Stop voltage
Vst ep 50 (mV) Step voltage
| expect 3(mA) Expected current through the oxide
I gconp 50 (mA) Current compliance through the oxide

a. If typeis NMOS, opposite polarity values for the voltages are actually used
later in the program by using thet p parameter, which is set to —1 in line 1880.
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Customization

Searching for 10 x | expect

Inthe VRAMP program, | expect issetto 0.003 A inline 1860 of the program.
However, thisis avery simple method and might not give accurate results.

lexpect is the expected current through the oxide, and is afunction 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 Iexpect versus Vg by using the
Fowler-Nordheim equation:

J=A. Ezexp(DE)

Where: A 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 (Tox) and its area (Area) resultsin the

following:

lexpect = Area-J = Area-A-(T—\é;)zexp(DB—'vTo—)-() = 'ilﬁa—'z'—('\-vz-exp(DE'—vm) = a-Vz- exp(\ﬁ)
Tox

Where: V is applied voltage.

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

NAVE UNIT DESCRI PTI ON

lexp | A 100* Vg~ 2* EXP( - 415/ Vig)

So, after the measurement finishes, you set up Vg for the X-Axis, | g for the Y1 axis, and
| exp for the Y2 axison the DISPLAY: DISPLAY SETUP page.

Also, set up analysis so that the marker will move automatically to the point on the curve
where | g isequal to 10* | exp. Inthe DISPLAY: ANALY SIS SETUP page, you would
set asfollows:

*MARKER: At a point where
[1g ] = [10*1 exp ]
[ ]

This method allows you to find more accurately the Vbd, which it the value of Vg where
| g isequal to 10* | exp.
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V-RAMP

Measurement Setups

M easurement Setups
This section covers the measurement setups that are stored in the VRSPOT.MES and
VRSWEPMESfiles.

Setupsfor 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.

Setupsfor Ramped Stress Test

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

Figure1-13 CHANNELS: CHANNEL DEFINITION Pagefor Initial/Post Stress
CHANNELS: CHANNEL DEFI NI TI ON 95FEB02 08: 17AM
Vol tage Ramp | nitial/Post Spot Measurement SWEEP
* MEASUREMENT MODE
[SAMPLING ] SAM-
PLI NG
* CHANNEL S
MEASURE STBY| | SERI ES
UNI T VNAME | NAME MODE | FCTN RESI STANCE DEFAULT
SMU1: HR | Vg g Y CONST 0 ohm MEASURE
SMU2: HR 0 ohm SETUP
SMU3: HR VEML M
SMU4: HR Vsub | sub \% CONST B- Tr
M VCE-1C
vsuz2 | e
vMu1lT e e .- MEM2 M
vMU2 | e e .- FET
VDS-1 D
MEM3 M
FET
VGS-1 D
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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Figure1-14 MEASURE: SAMPLING SETUP Page for Initial/Post Stress
MEASURE: SAMPLI NG SETUP 95FEBO02 08: 19AM -
Vol tage Ramp Initial/Post Spot Measurement LI NEAR
*SAMPLI NG PARAMETER *STOP CONDI TI ON LOG10
MODE L1 NEAR ENABLE/ DI SABLE| ENABLE
INI TIAL I NTERVAL| 1.00000 s ENABLE DELAY 0.0000000 s
NO. OF SAMPLES 1 NAME I 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 \% \%
SOURCE 5.000 V 0.0000 V|---------|-c-------
COMPLI ANCE| 10.00uA 100. 00UA| - - - - ---o |-
LI 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 Pagefor Initial/Post Stress
MEASURE: MEASURE SETUP 95FEB02 08: 20AM -
Vol tage Ramp I nitial/Post Spot Measurement AUTO
* MEASUREMENT RANGE L
UNI T NAME RANGE ZERO CANCEL‘OFF Fl XED
SMU1: HR| Il g LI MI TED| 1nA OFF [ 10pA
SMU4: HR| I sub FI XED 100uUA OFF [ 10pA
LI M TED
AUTO
(*:0ld data is used.)
*| NTEG TI ME
TI ME NPLC
SHORT 640us [0.032
MED @ 20.0ms |1
L ONG 320. ms| 16
*WAIT Tl ME
*(DEFAULT WAI T 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 95FEBO02 08: 20AM —
Vol tage Ramp Initial/Post Spot Measurement SMUl: 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 \% POLARI TY POSI TI VE
4 SMU1l: HR| Vg \%
5 vsul SMU4: HR
6 VSu2
VSu1l
*OUTPUT SEQUENCE MODE vsu2
OF SAMPLI NG
SMU2: HR
Select Output Sequence with softkey or rotary knob.
SAMPLNG MEASURE| |OUTPUT PREV NEXT
SETUP SETUP SEQ PAGE PAGE
Figure1-17 DISPLAY: DISPLAY SETUP Page for Initial/Post Stress
DI SPLAY: DI SPLAY SETUP 95FEB02 08: 21AM _—
Vol tage Ramp I nitial/Post Spot Measurement GRAPH-
I CS
*DlI SPLAY MODE .
GRAPHI CS Ll sT
* GRAPHI CS
Xaxi s Ylaxis 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 *LI 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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Measurement Setups

Figure1-18 DISPLAY: ANALY SIS SETUP Pagefor Initial/Post Stress
DI SPLAY: ANALYSIS SETUP 95FEB02 08:21AM R
Vol tage Ramp | nitial/Post Spot Measurement NORMAL
*LINE1{[ 1 L
GRAD
TANGENT
*LI NE2: [ 1
REGRES-
SI ON
* MARKER: At a point where
[ @ NDEX] = [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 R
Vol tage Ramp | nitial/Post Spot Measurement SWEEP
* MEASUREMENT MODE
SWEEP SAM-
PLI NG
* CHANNELS
MEASURE STBY| | SERI ES -
UNIT VNAME I NAME MODE |[FCTN RESI STANCE DEFAULT
SMU1: HR | Vg g v VAR1 0 ohm MEASURE
SMU2: HR 0 ohm SETUP
SMu3: HR VEML W
SMU4: HR |Vsub I'sub \Y CONST B- Tr
vsuir e VCE- I C
vsuz2 | e —_
AV 1 2 T N I .- MEM2 M
vMu2 | e e e .- FET
VDS- 1 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
Vol tage Ramp Initial/Post Spot Measurement

95FEB0O2 08:37AM

*USER FUNCTI ON
NAME UNI'T

DEFI NI TI ON

Figure1-21

Ti me s

ec @ NDEX*. 0614

Vbd \

@awvy?2

Qbd C

| NTEG(I g, Ti me)

Ti me

Enter User F

unction Name. (max 6 c

hars.)

DELETE
ROW

CHANNEL
DEF

USER
FCTN

USER
VAR

MEASURE: SWEEP SETUP Page for Ramped Stress

MEASURE: SWE

Vol tage Ramp

*VARI ABLE

EP SETUP
Initial/Post
VAR1 VAR2

Spot

UNI'T

NAME

SWEEP MODE
LI N/ LOG
START

STOP

STEP

NO OF STEP
COMPLI ANCE
POWER COMP

SMU1l: HR
Vg

SI NGLE

LI NEAR
-5.000 V
-24.000 V
-50. 0mv
381

50. 00mA
OFF

*TI Ml NG

HOLD TI ME
DELAY TI ME

0.0000 s

95FEB0O2 08: 38AM
Measur ement

30. 7ms * SWEEP

STOP AT COMPLI ANCE

* CONSTANT

PREV
PAGE

Status

UNI'T

NAME

MODE
SOURCE
COMPLI ANCE

SMU4: HR
Vsub
\Y
0.0000 V
100. 00mA

SI NGLE

Sel ect Sweep

Mode with softkey or

rotary knob.

NEXT

PAGE

SI NGLE

DOUBLE

SWEEP
SETUP

MEASURE
SETUP

OUTPUT
SEQ

PREV
PAGE

NEXT
PAGE
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Figure 1-22

Figure 1-23

V-RAMP
Measurement Setups

MEASURE: MEASURE SETUP Page for Ramped Stress

MEASURE: MEASURE SETUP 95FEBO02 08: 38AM —
Vol tage Ramp | nitial/Post Spot Measurement AUTO
* MEASUREMENT RANGE .
UNI' T NAME RANGE ZERO CANCEL‘OFF El XED
SMU1: HR| I g FI XED 100UA OFF [ 10pA]
SMU4: HR| I sub FI XED 100uA OFF [ 10pA]
LI MI TED
AUTO
(*:0ld data is used.)
*I NTEG TI ME
T ME NPLC
SHORT@| 640us 0.032
MED 20.0ms |1
L ONG 320. ms 16
*WAI'T Tl 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
MEASURE: OUTPUT SEQUENCE Page for Ramped Stress
MEASURE: OUTPUT SEQUENCE 95FEB02 08: 39AM _—
Vol tage Ramp | nitial/Post Spot Measurement SMU1: HR
SMU2: HR
*OUTPUT SEQUENCE *TRI GGER SETUP
UNI'T NAME MODE ENABLE/ DI SABLE| ENABLE
1 SMU4: HR| Vsub \% FUNCTI ON TRI G OUT
2 | SMU1l: HR| Vg \% STEP DELAY 30.7ms SMU3: HR
3 SMU2: HR POLARITY POSI TI VE
4 SMU3: HR
5 |vsui Swua: iR
6 VSsSu2
VSu1l
VSu2
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 1-24 DISPLAY: DISPLAY SETUP Page for Ramped Stress
DI SPLAY: DI SPLAY SETUP 95FEBO2 08: 39AM P
Vol tage Ramp Initial/Post Spot Measurement GRA(P:S'
|
*DI SPLAY MODE N
LIST
* GRAPHI CS
Xaxi s Ylaxi s Y2axi s
NAME Ti me lg 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: ANALY SIS SETUP Page for Ramped Stress
DI SPLAY: ANALYSI S SETUP 95FEB02 08: 40AM _—
Vol tage Ramp I nitial/Post Spot Measurement NORMAL
*LINEL1][ ] L
GRAD
TANGENT
*LINE2: [ ]
REGRES-
S| ON
* MARKER: At a point where
[lg ] = 1[-.03 ]
[ I
*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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J-RAMP

Current-Ramped (J-Ramp) test is one of the Wafer Level Reliability (WLR) tests, whichis
used to evaluate device reliability on awafer. 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 areliable thin
oxide has become an important issue. The integrity of the thin oxideinaMOS deviceisa
dominant factor in determining the overall reliability of a micro-circuit. The JRamp 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 isready to run on the built-in IBASIC controller of the 4155/4156.

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

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

“Customization” describes how to customize the sample program. Thisis 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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J-RAMP
Theory of J-Ramp Test Procedure

Theory of J-Ramp Test Procedure

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

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

J-Ramp Test Overview

JRamp test searches for the breakdown voltage (Vbd), then cal culates 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 Vbd and Qbd
measured by this test, the better the integrity of the oxide on wafer.

You extract these two parameters from alarge 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 JRamp 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.

Intheinitia test, aninitial current I (typical valueis1 pA) isforced 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 isforced 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:

» Gatebias polarity isin 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.

e Temperatureisin 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 isto confirm that the oxide capacitor isinitially good. To do so, an initial current
I (typical valueis 1 pA), which islow enough not to break the oxide, isforced to the oxide
capacitor, and the voltage across the oxide is measured after a certain time t;,y;;i4. If the
measured voltage does not reach the normal operating voltage, it is categorized asinitial
failure.

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

The value of tj,1i5 iS50 msor ten times the oxide time constant, whichever is greater.
Initial current | must be large enough to charge up the capacitor within areasonably short
time tj,itig, but must be small enough not to break the oxide.

Typically, 106 C/em? i's the minimum breakdown current densi ty Opg that can be measured
due to the system capacitance. Theinitial 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
athreshold, 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
isincreased 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 resultsindicate that breakdown occurred, the result of J-ramp stresstest
is defined as "fail".

Concept of Breakdown Voltage and Charge

JRMP2-02

Forced Current

Measured Voltage

loF%—
|
|
|
Stef Time I
|
|
loF?— !
|
Initial Test |
|
IoF I
|
| o - Time
|
I gnitian : : :
/ ‘ %Vprsv = Vnd
I
| !
| +— Vmeas < 0.85Vprev
|
| L |
| tmeast: constant measurement |
| interval :
Vieo|— ——Vmeas > Vuse |
Time

Agilent 4155C/4156C Sample Application Programs Guide Book, Edition 1 2-5



J-RAMP

Theory of J-Ramp Test Procedure

Sep Increase Factor for Forced Current

The current forced to the oxide capacitor is stepped in alogarithmic manner. The value of
each step isrelated to theinitial current I by the step increase factor F as shown in the
following equation:

Ip=1gx F"
Wheren=1,2,3,...
That is,

l;=1gxF
l,=1gx F?
l3=lgx F®
In=1gx F"

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

*  Maximum time (t,eqs) between voltage measurements: 50 ms or once per current step,
whichever isless.

«  Maximum charge density: 50 C/cm?.

e Maximum electric field (voltage compliance limit): 15 MV/cm.

«  Maximum current step increase factor F: V10, approximately 3.2.
e Stepinterval time of applied current: constant.

Indication of faulty J-ramp stresstest

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

» Accumulated charge density () reaches the maximum allowed charge density. Charge
density q isthe accumulated charge Q divided by the oxide area Area.

Maximum alowed electric field E is reached.

2-6
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Post Sress Test

The post stress test checks the oxide status after the Jramp 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, theinitial current (1) is applied to the oxide capacitor (Same as
initial test), then the voltage across the capacitor is measured. The measured voltage
(Vimeas) ndicates the following:

o If Vipeas< Vise

The oxide was broken by the J-ramp stresstest. Forced current flows through the oxide,
so the voltage across the capacitor does not increase enough.

o If Vieas> Vise:

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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Theory of J-Ramp Test Procedure

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 not post stress
test.

Others: Did not fail during Jramp stress test, and did not fail
post stress test.

Thefailure category is recorded for each test device. If the catastrophic failureis observed,
breakdown voltage (Vbd) and breskdown charge density (g,4 = 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—Ral?gﬂaras Post Stress Test
Initial Fail n.a n.a
Masked Catastrophic Pass Pass Fail
Non-catastrophic Pass Fail Pass
Others Pass Pass Pass
a Vbd and g4 are also recorded.
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Basic Operation

This section coversthe following for using an 4155/4156 to perform JRamp Test: required
equipment, required files, methodol ogy, how to execute the sample program, and sample
program overview.

M ethodology

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

Asexplained in “ Theory of JRamp Test Procedure’, the J-ramp test consists of three
measurement parts and an analysis part. Each measurement part executes three steps as
follows:

1. Loadsthe 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 stepsfor each test: initial test, J-ramp stress
test, and post stress test. Using the measurement setups (step 1 above) loaded from afile
reduces the length and complexity of the program. For details, see Programmer's Guide.

M easurement setups, which are loaded into the 4155/4156 execution environment, were
previously devel oped 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 JRAM P sample program assumes that the built-in IBASIC controller of the 4155/4156
isused, but you can aso 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

Theinitial test makes sure the oxide capacitor isinitially good by applying an initial
current Iy (I f or ceO 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 M easurement 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 theinitial test, the sample program does as follows:

1

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

Sets up SMUL1 to constant current | f or ce0 for PMOS device, or - | f or ceO for
NMOS device. | f or ce0 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, whichis
the normal operating voltage that was specified at beginning of the sample program.

Forces current | f or ceO from SMUL1, and measures as set up by the INIT.MESfile
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:
+  OnCHANNELS: CHANNEL DEFINITION page (see Figure 2-13)
¢ MEASUREMENT MODE is set to SAMPLING,

e SMU4 is set to be a constant voltage source.
» SMUL1 isset to be aconstant current source.
» Vg isdefined as name of voltage measured by SMU1.
e OnMEASURE: SAMPLING SETUP page (see Figure 2-4)

e Sampling mode (MODE) is set to LINEAR.
» Sampling measurement interval (INITIAL INTERVAL) isset to 10 ms.
* NO. OF SAMPLES is set to 100.

* TOTAL SAMP TIME isset to 1 second (tj,itia)- S0, for 1 second, the current
| f or ce0 will be forced and sampling measurements will be performed.

e SMU4issettoforceaconstant 0 V.
 SMUl1lissettoforceaconstant 1 pA.

* STOP CONDITION isenabled, 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 SMU1 reaches Vuse, the sample program
next performs the J-Ramp Stress test. If not, the measurement will abort further

testing.
Figure2-4 MEASURE: SAMPLING SETUP Page for Initial Test
Stop condition is enabled.
MEASURE: SAMPLI NG SETUP 95FEBO2 09:20AM
Sampling Mode Voltage Ramp Initial/Post Spot Measuremen t LI NEAR
Interval Time ©SAMPLING PARAMETER +SToP CONDITION o610
MODE LI NEAR ENABLE/ DI SABLE |ENABLE
INITIAL INTERVAL| 10.00ms ENABLE DELAY 0.0000000 s .
NO. OF SAMPLES 100 NAME Vg Variable Name
TOTAL SAMP TIME 1.00 s THRESHOLD 4.0000000-V LoG25

Number of Samples

EVENT fval| = | Thj|
‘HOLD TIME ‘ 0.000000 s‘ EVENT NO 1

Total Sampling Time|

1
[eiirer [on ] Loese Threshold Value

“CONSTANT THINNED

Event
UNI T SMU1l: HR SMU4: HR ouT

NAME g Vsb

MOD E | v
SOURCE -1.000uA 0.0000 V|--woooooo|oonnan

COMPLIANCE 40.000 Vv 100.00mA - |

LINEAR
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 theinitial 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 JRMPMES 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 J-ramp stress test, the sample program
loads this setup into the 4155/4156.

To force proper stepped current, the sample program and JRMPMES set the following:

SMU channel definition (see Figure 2-5):
SMUL1 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 pA), the step interval time varies due to the output range changing of
sweep source. Thisinterval 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 oxideisincreased logarithmically. This stepped current is
defined in the sample program.

M easurement stop condition:
Current sweep continues until one of three conditions is satisfied.
Searching for breakdown point and cal cul ating Qbd:

After the measurement, the JRAM P sampl e program gets the measured voltage values,
and searches for the breakdown voltage (Vbd). 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 JRMPMESfile sets the following (see Figure 2-6 and Figure 2-9):
e SMU4 isset toforceaconstant O V.

e SMU1 isset to current sweep mode.

* SMU4 isused prevent overcurrent by using its current compliance function.
Complianceis set to 100 mA.

Figure 2-5 Simplified M easurement Circuit of J-Ramp Stress Test
SMU1
Oxide Capacitor
SMU4
Single linear sweep —— |0 V output
JRMP3-03

Figure 2-6 CHANNELS: CHANNEL DEFINITION Pagefor J-Ramp Stress Test

CHANNELS: CHANNEL DEFINITION

Vol tage Ramp Initial/Post Spot Measurement

* MEASUREMENT MODE

SMUL is sweep source (VARL).

SWEEP

* CHANNEL S

MEASURE STBY SERI ES

UNI T VNAME I NAME MODE FCTN RESI STANCE

SMU1 and SMU 4 SMUL:HR | Vg 9 ! VAR1 0 ohm
are connected to SMUZ: HR 0 ohm
the oxide capacitor.

SMU3: HR
SMU4: HR |Vsb I'sb v
vsui | e
vsuz | e
vMul | e
vMuz | e

|
SMU4 is constant source.
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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.

JRMPMES enables the TRIG OUT function, and the sample program cal culates and sets
values so that the step interval time becomes constant as shown in Figure 2-7. The step
interval time (St ep_t i ne) isthedelaytime (St ep_del ay_t) plus step delay time
(St ep_keep_t). Strictly speaking, the sample program cal culates these as follows:

Step_time =0.5xlogig(Fact or)—-3.7ms

Step_delay t = Step_tinme/2 (delay time)
Step_keep t = Step_tinme - Step_delay t (stepdelaytime)
Where,

« 3.7 msisoverhead time associated with the current output logarithmic sweep mode.
S0, do not set another value in thisfield.

e Fact or isthe 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 (St ep_t i ne) 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 cal culation error.

Figure 2-7 Output Sweep Current for J-Ramp Stress Test
Measurement Step Interval Time
1 —
Delay Time ¢ Step Current

Output Wave

Trigger Output

Step Delay Time
Trigger: Enable, Output Mode

JRMP3-05
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Figure 2-8 MEASURE: MEASURE SETUP and OUTPUT SEQUENCE Pagesfor J-Ramp
Sress Test

Ranging mode is FIXED. Trigger setup is ENABLE. Trigger Out Mode
MEASURE: OUTPUT SEQUENCE 95FEBO2 09:41AM
Voltage Ramp Initial/Post Spot Measurement SMUL: 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
UNIT NAME RAV\/G ZERO CANCEL|OFF El XED STEP DELAY 25. 0ms SMU3: HR
SMUL: HR| Vg ELXED 40v OFF POLARITY POSITIVE
SMU4: HR|[Isb LIM TED|1nA OFF [ 10pA]
SMU4: HR
LI M TED
AUTO
Vsu1
(*:01d data is used.)
*INTEG TLME
vsu2
T1ME NPLC
SHORT®@| 640us |0.032
MED 20.0ms |1
LoNG 320.m 16
WA M
[ o Jecoerautr warr 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 SEQ PAGE PAGE

MEASURE: MEASURE SETUP Page
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Sepped current to beforced.

The sample program sets to force to the oxide a current that increases logarithmically
according to the equation I, = 1o x F", wheren=1, 2, . . . n. See “}Ramp Stress Test”. In
the JRAMP sampl e program, you specify the start current (1 f or ce0 on line 1800) and
step increase factor F (Fact or online 1890), thenthe stepinterval time (St ep_t i me on
line 1900) and stop current (I st op 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).

| f orce0isnormally 1 pA, as mentioned in the “ Theory of J-Ramp Test Procedure”.
Three values (10119, 10Y25, and 10Y/%%) are possible for step factor F (Fact or ) of the
4155/4156 because you can use 10, 25, or 50 steps per decade for the logarithmic sweep.

The step interval time Ts (St ep_t i me 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 isthe number of steps per decade, then Ts= 0.5/N. The following is the relationship of
Tsto the step increase factor F:

Ts=0.5 x logygF

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

n n
fiyde = f1g-F"- Tg-dn = g,y - Area
0 0

Where, I(t) =19 x F", t = n x Ts (time), nis step number, Tsisthe step interval time, 0ay IS
the maximum allowed charge density, and Area is the area of the oxide capacitor.

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

log.F - -Area
ne—L o ( 910" * Umax +1)
log;oF 10 lo- T

So, the current will be stepped n times to reach the maximum charge density, and the value
of the current (I st op) at that step will be asfollows:

n

| F

stop = lO'

So, the sample program calculates and sets Ts (St ep_t i me) and | st op as described
above.

For details about solving all the above equations above, see “Proof of Equations’.
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M easurement stop condition.

J-RAMP
Basic Operation

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

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

e SMUA4 (whichis set to force 0 V) reaches current compliance, which is set to 100 mA
by the measurement setup file RMPMES.

e SMU1 (which is current sweep source) reaches voltage compliance (Vgconp), which
the sample program calculates as Max_e* Tox, where Max_e isthe maximum
allowed electric field, and Tox isthe 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: S WEEP SETUP 94DEC29 09: 29AM sl NeL:
*VARI ABLE VAR1 VAR2
UNI T SMU1l: HR
NAME Lo Sweep aborts at COMPLIANCE. DOUBLE
LI N/ LOG LOG 10
START 1 000uA
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 valuesin array
variable Vg, then searches for the first TRUE case of the following, then sets Vbd as
follows:

1.1fVvVg(2) <Vvg(1)*0.85,thenVvbd =Vg(1).
2.1fvVg(3) <Vg(2)*0.85,thenVvbd =Vg(2).
3.1fvg(4) <Vg(3)*0. 85, thenvbd =Vg(3).

99. If Vg(100) <Vg(99)*0. 85, thenVbd =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 Qod asfollows:

1. Displays marker on the curve.

2. Movesthe marker to the breakdown point.
3. Calculates @od by using a user function.
4. Savesvaue of Qbd.

The user-defined function calculates Qbd asfollows:

I'bd n
Qbd = I lg(hdt = %Z(lgi"'lgiDl)'(TiDTiDl)
Tstart i=2

Where, nis step number when the breakdown occurs.

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

Table 2-2 User Functionsfor Ramp Stress Test
Name Units Definition
Time sec 0.05* @INDEX 2
Vbd \Y @MY2
Qbdo C INTEG(lg,Time)
Qbd C ob
a. Thisisatemporary definition. Ti nme isredefined by line 2940 of the sample
program.
b. Thisisatemporary value. Qbd valueis entered by line 3590 of the sample pro-
gram.
2-18 Agilent 4155C/4156C Sample Application Programs Guide Book, Edition 1



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
(I f or ce0) isapplied 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 afile.
Table 2-3 Oxide Failure Categories
Category Initial Test Ramp Stress Test Post Stress Test
Initial Vimeas < Vuse | N& n.a
Catastrophic VineasZ Vuse | Vimeas < 0.85x Ve, Vmeas < Vuse

OcCcurs.

Masked CatastrophiC | Vineas= Vise | Vimeas< 0.85 x Ve
does not occur.

Vmeas < VIJ%

does not occur.

Non-catastrophic Vimeas= Vuse | Vimeas< 0.85 x Vyrey Vmeas = Vise
occurs.
Other Vineas= Vuse | Vimeas < 0.85x Ve, Vimeas > Vise

Agilent 4155C/4156C Sample Application Programs Guide Book, Edition 1
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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 JRamp test:

JRAMP JRamp sample program. Thisis 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.
7.

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
3.5inch flexible disk drive.

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

GET" JRAMP"
c. Pressthefront-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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J-RAMP

Basic Operation

Table 2-4 JRAMP Sample Program Setup Parameters
Par ameter Line Variable Default
No. Name Value
Device Type (NMOS or PMOS) 1790 Type$ @ NMOS
Initial current or sweep start current (A) 1800 | Iforce0 1E-6
Normal operating voltage for thedevice (V) | 1810 | Vuse 5
(threshold value used for Initial Test/Post
Test)
Type of SMU used for current sweep source | 1820 | gy typebP |1
(1: HRSMU, 0: MPSMU or HPSMU) h
Ramp step increase factor 10¥10, 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
Areaof oxide capacitor (cm?) 1980 | Area 0.001
a. If typeisNMOS, opposite polarity values for some of the values are actually
used later in the program by using the Tp parameter, whichissetto-1inline
2030.
b. If you usethe 4155, or MPSMU in the 41501 Expander, change the valueto O.
If you use the HPSMU in the 41501, use the JRAMP1 sample program. See
“When SMU Lacks Power to Break Oxide”.
Figure 2-10 An Example of Measurement Results
GRAPH/ LI S5T: GFAPHIGS SHORT 940CTO7 D2:21AM
MARKER
WanRERt s teanaeen sae O CUTEIITILLE TTUIIVIILG on
{a ih CEiTsiitea00"y P ——
| | NTER -
I3 p// Vg POL;';E
/// Dl RECT
“’:;1: 4_;_‘__9_#_# T ai . leuRsoR
J———— 7 _-] MARKER
/ ] SKIF
L~ \ auUTO
= e
100 .n o000 CURSOR
0. o Tim (33 b 200.m Mdiw z.50

Axl S MARKERS

1||CURSOR

LI MNE SCALI NG DI SFLAY

SETUP

SWEEF
SETUP

TI M NG
SETUP

COMNST
SETUP
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Flowchart of Sample JRAMP Program

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

Figure2-11 Flowchart of Sample JRAMP Program

START )
Subprogram Name in JRAMP

Initialization
/
— T
Setting Parameters
and Checking them

fffffffff Test_setting

Loading Meas. Setups
into Internal Memory

,,,,,,,,, Get_file

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

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

Initial Failure ?

Executing Ramped st (Result e Vod 0bd)
Stress Test | Ramp_test(Result_su§, Vbd,

\
Executing Post
Stress Test

777777777 Init_fin_test("Fin",Result_init$)

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

Get file

Init _fin_test

Judge

Ranp_t est

Save data

Cal c_i stop

FNCompen

Specifies and checks the parameter values. These are values that the
program will set directly instead of some of the setup file values. This
subprogram callsthe Cal ¢_i st op subprogram to calculate the
sweep stop current value.

L oads measurement setup files from the diskette into internal memory:
initial/post measurement setup into MEM1, and sweep measurement
setup into MEM2. Having the measurement setupsin internal memory
reduces the measurement time.

Executesinitial test or post stresstest. First parameter specifiesthe
test: I ni t isforinitial test, and Fi n isfor post stresstest. The
measurement results are returned to the second parameter.

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

Executes sweep measurement for ramped stress test. After the
measurement, compensates the Qbd value using the FNConpen
function, and displays Vbd, Qobd, and qbd values. The measurement
result datais temporarily stored in internal memory (MEM3).

Saves measurement result data (in MEM 3) to afile on the diskette.

Calculates the sweep stop current value from the start current
(I f or ce0) and ramp step increase factor (Fact or ).

Compensates the Qbd 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 800. On the following three
lines, the 4155/4156 is assigned and interrupt from it is enabled as follows:

1450 ASSI GN @p4155 TO 800

1530 ON INTR 8 CALL Err_check

1540 ENABLE | NTR 8;2

If you use an external controller (that can run HP BASIC environment) to control the
4155/4156, you need to modify afew 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
y
P BASI / 4155/4156

= ]

N— 7//;/7
S GPIB Address: 17

HP 9000 Series 300 L
Computer 1450 ASSIGN @Hp4155 TO 717

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

S o —
~——— —

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. Turnon your 4155/4156.

2. Pressthe front-panel System key.

3. Select the MISCELLANEOUS softkey.

4. Movethefield pointer to the "415xis" field, then select NOT CONTROLLER softkey.
5. Movethefield 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 LINE FREQUENCY
System Mode— [NoT svysTeEm conTrOLLER] 50 Hz
NOT
CON-
*GPI B ADDRESS *4156B NETWORK SETUP
TROLLER
41568 17 HOST NAME
HARD COPY 1 |'P ADDRESS [0.0.0.0
USER | D 200
*REMOTE CONTROL GROUP I D 100
GPIB Address COMMAND SET|4155/4156

*NETWORK PRINTER SETUP

PRI NTER

I P ADDRESS 0.0.0.0

*CLOCK TEXT OUT -h

Y M D H M GRAPH OUT -h -1

1999 |12 10 16 (42 SERVER TYPE |BSD

*SYSTEM SETUP *NETWORK DRI VE SETUP
BEEP ON LABEL

SCREEN SAVE 30 mi n I P ADDRESS 0.0.0.0
LP TI MEOUT 300 sec DI RECTORY 1

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 Fileto L oad

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

Filenames of these setups are defined on the following lines:

1740 Init_file$="JINIT. MES" !Init/Post Measurement Setup File Nanme
1750 Sweep_file$="JRWP. MES" !Ranp Setup File Nanme

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

Filefor Saving M easurement Results

The following lines specify the filename for the measurement results file. The filename
startswith "D', then HHMMS, then endswith . DAT". Where HH is hour, MM is minute,
and Sis second (tens digit only).

1760 Save_fil e$=TI ME$S(TI MEDATE) ! File Nane for saving neasurenent

results
1770 Save_file$="D"'&Save_file$[1, 2] &Save_fil e$[ 4, 5] &Save_file$[7, 7] &
" DAT"

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

4120 OUTPUT @p4155;": MVEM STOR: TRACDEF, ' "&Save_fil e$&"',' DI SK "

For example, "D09344. DAT" file that contains measurement data is created on the
diskette. Thisfilename means the "datafile 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 Type$="NMOS" IDev type NMOS - P bulk, PMOS - N bul k
1800 |Iforce0=1.E-6 'lnitial current (A

1810 Vuse=5 'Vuse (V) (Reference for Init/Post test)
1820 Snu_type=1 I SMJ type used

1830 1'0: MP/ HPSMJ

1840 I'1: HRSMU

1850 l---mmee e
1860 !Allowable current factor:

1870 !'107(1/10), 107(1/25), 107(1/50)

R 1L B e
1890 Factor=107(1/10) !Current factor

1900 Step_tinme=.5/(1/LGT(Factor))-.0037 !Ranp step tine
1910 Step_delay_t=Step_tinme/2 IStep Delay tine
1920 Step_keep_t=Step_tinme-Step_delay_t !Step keep tine
1930 !

1940 Max_q=50 | Maxi mum char ge (C cnf*2)

1950 Max_e=15*1.E+6 !Maximum Field (V/icm
1960 !
1970 Tox=130*1.E-8 I Oxi de Thickness (cm
1980 Area=. 001 I Area of oxide capacitor (cnf2)
1990 Calc_istop I'Calcul ate Istop (A)
2000 Vgconp=Max_e*Tox !Vg conpliance (V)
2010 Igconp=.1 I'lg conpliance (A)
Parameter Default Description
Type$ 2 NMOS Bulk type: NMOS isfor P bulk and PMOSisfor N
bulk
| force0 1(uA) Initial current
Vuse 5(V) Normal operating voltage for the device
Smu_typeb |1 Type of SMU used for current sweep source
(1: HRSMU, 0: MPSMU or HPSMU)
Fact or 10V/10 Ramp step increase factor F
(101/10’ 101/25’ or 101/50)
Max_q 50 (C/cm?) Maximum charge density
Max_e 15 (MV/cm) Maximum electric field
Tox 1.30%107 (cm) | Thicknessof oxide
Area 0.001 (cm?) Area of oxide capacitor

a. If typeisNMOS, opposite polarity values for some of the values are actually
used later in the program by using the Tp parameter, which isset to -1 inline
2030.

b. If you usethe 4155, or MPSMU in the 41501 Expander, change the valueto 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 L acks 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 HPSM U which isin 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 JRamp sample program with HPSMU. Thisisan IBASIC program
file saved in ASCII format.

JINITLMES Measurement setup file for initial and post stress test with HPSMU.
JRMP1LMES Measurement setup file for J-ramp stress test with HPSMU.

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

Figure 2-12 Simplified M easurement Circuit of J-Ramp Test With HPSM U
SMUS5
Oxide Capacitor
SMU1
HPSMU T (|°V
MPSMU or HRSMU
JRMP4-03
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M easurement Setups

This section covers the measurement setups that are stored in the JINIT.MES and
JRMPMESfiles.

Setupsfor 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.

Setupsfor Ramped Stress Test

The measurement setups stored in JRMPMES 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 Pagefor Initial/Post Stress
CHANNELS: CHANNEL DEFI NI TI ON 95FEB02 09:19AM
Vol tage Ramp Initial/Post Spot Measurement SWEEP
* MEASUREMENT MODE
SAMPLI NG SAM-
PLI NG
* CHANNELS
MEASURE STBY| [ SERI ES —
UNIT VNAME | NAME MODE | FCTN RESI STANCE DEFAULT
SMU1: HR | Vg I g | CONST 0 ohm MEASURE
SMU2: HR 0 ohm SETUP
SMUS: HR VEwL M
SMU4: HR | Vsb I'sh \% CONST B- Tr
vsuir | e VCE- I C
vsuz2 | e —
AV U T N I .- MEM2 M
vMU2 | e e .- FET
VDS- | D
MEM3 M
FET
VGS- 1 D
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
Figure 2-14 CHANNELS: USER FUNCTION DEFINITION Pagefor Initial/Post Sress

CHANNELS: USER FUNCTI ON DEFI NI TI ON
Vol tage Ramp Initial/Post Spot Measurement

95FEBO2 09: 19AM

*USER FUNCTI ON

NAME UNI' T DEFI NI TI ON
Vm \Y @y 1

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 95FEBO2 09: 20AM
Vol tage Ramp Initial/Post Spot Measurement LI NEAR
*SAMPLI NG PARAMETER *STOP CONDI TI ON LOG10
MODE LI NEAR ENABLE/ DI SABLE| ENABLE
I NI TI AL | 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 TI ME | 0.000000 s||EVENT NO. 1
LOG50
[FILTER | ON
* CONSTANT THI NNED
UNI T SMU1l: HR SMU4: HR ouT
NAME g Vsb
MODE | \Y
SOURCE -1.000uA 0.0000 V|---------|---------
COMPLI ANCE 40.000 V 100. 00mMA| - - - - - - - - | ---------
L1 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 Pagefor Initial/Post Stress
MEASURE: MEASURE SETUP 95FEBO2 09: 20AM
Vol tage Ramp Initial/Post Spot Measurement AUTO
* MEASUREMENT RANGE
UNI'T NAME RANGE ZERO CANCEL | OFF Fl XED
SMU1l: HR| Vg AUTO | ----- OFF
SMU4: HR| I sb LI M TED|1nA OFF [ 10pA
LI Ml TED
AUTO
(*:0ld data is used.)
*] NTEG TI ME
T ME NPLC
SHORT@ 640us 0.032
MED 20.0ms | 1
L ONG 320. ms 16
*WAI'T TI ME
*(DEFAULT WAIT 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 95FEBO2 09:21AM P —
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| Vs b \Y FUNCTI ON TRI G OUT
2 |SMU1l: HR|Ig | STEP DELAY 0.000 s SMU3: HR
3 SMU2: HR POLARITY POSI TI VE
4 SMU3: HR
5 |vsul SMua: AR
6 VSu2
VSu1l
*OUTPUT SEQUENCE MODE V§65447
OF SAMPLI NG
SMU4: HR
Select Output Sequence with softkey or rotary knob. |
SAMPLNG MEASURE| |OUTPUT PREV NEXT
SETUP SETUP SEQ PAGE PAGE
Figure 2-18 DISPLAY: DISPLAY SETUP Pagefor Initial/Post Sress
DI SPLAY: DI SPLAY SETUP 95FEBO2 09:21AM —_—
Vol tage Ramp Initial/Post Spot Measurement GRAPH-
I CS
* DI SPLAY MODE |
GRAPHI CS LIsT
* GRAPHI CS
Xaxi s Ylaxis Y2axis
NAME @rl ME Vg
SCALE| LI NEAR LI NEAR
Ml N 0.000000000 s|-110.000mV
MAX 1.00000 s -100. 000mVv
*GRI D *LI NE PARAMETER
*DATA VARI ABLES
vm
GRAPHI CS
Sel ect 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: ANALY SIS SETUP Pagefor Initial/Post Stress
DI SPLAY: ANALYSIS SETUP 95FEB02 09:21AM
Vol tage Ramp Initial/Post Spot Measurement NORMAL
*LI NEL]] 1
GRAD
TANGENT
*LI NE2: [ 1
REGRES-
S1 ON
* MARKER: At a point where
[ Vg 1 = [ MAX(Vg) 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 2-20 CHANNELS: CHANNEL DEFINITION Page for Ramped Stress
CHANNELS: CHANNEL DEFI NI TI ON 980CT29 01: 34PM
Vol t age Ranp Initial/Post Spot Measurenent SWEEP
* MEASUREMENT MODE
SWEEP
SAM
* CHANNEL S PLING
MEASURE STBY| | SERI ES
UNI'T VNAME I NAME MODE | FCTN RESI STANCE DEFAULT
SMUL: HR | Vg Ig | VAR1 0 ohm MEASURE
SMU2: HR 0 ohm SETUP
SMU3: HR
SMU4: HR |Vsb I'sb v CONST MEML M
vsur | e B-Tr
VCE-1C
AVZ{0 72 N -
YO it A ---- VMEM2 M
vMJ2 | e e e .- FET
VDS- | D
MEM3 M
FET
VGS- |1 D
MEM M
DI ODE
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

Figure 2-22

J-RAMP

Measurement Setups

CHANNELS: USER FUNCTION DEFINITION Page for Ramped Stress

CHANNELS: USER FUNCTI ON DEFI NI TI ON
Vol t age Ramp Initial/Post Spot Measurement

980CT29 01: 32PM

*USER FUNCTI ON

NAME

UNI'T

DEFI NI TI ON

Ti me

sec

@ NDEX* . 0486

Vbd \Y

@amy2

Qbdo [}

INTEG(1 g, Ti me)

Qbd C

0

Ti me
Enter User

Function Name.

(max 6 chars.)

DELETE

ROW

CHANNEL
DEF

USER
FCTN

USER
VAR

MEASURE: SWEEP SETUP Page for Ramped Stress

MEASURE: SWEEP SETUP

Vol tage Ranp Initial/Post

*VARI ABLE

Spot

VAR1

VAR2

UNI'T

NAME

SWEEP MODE
LI N/ LOG
START

STOP

STEP

NO OF STEP
COMPLI ANCE
POWER COMP

SMUT: HR
I'g

SI NGLE

LOG 10

1. 0000uA
100. O0uA
21

30. 000 V
OFF

*TI M NG

HOLD TI ME
DELAY TI ME

0. 0000 s
25. 0ms

CONSTANT

Measur ement

980CT30 11:19AM

PREV
PAGE

*SWEEP [STOP AT COMPLIANCE] St at us

UNI'T

NAME

MODE
SOURCE
COMPLI ANCE

SMU4: HR
Vsh
\%
0. 0000 V
100. 00mA

SI NGLE
Sel ect Sweep

Mode with

sof t key or

rotary knob

NEXT
PAGE

SI NGLE

DOUBLE

SWEEP
SETUP

MEASU
SETUP

RE| [ OUTPUT
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 Ranp Initial/Post Spot Measurenment AUTO
* MEASUREMENT RANGE
UNI' T NAME RANGE ZERO CANCEL\OFF FTXED
SMUL: HR| Vg [ FI XED 40V OFF
SMU4: HR| | sb LI M TED| 1nA OFF [ 10pA]
LI M TED|
AUTO
(*: 0 d data is used.)
*| NTEG TI ME
TI ME NPLC
SHORT@ 640us |0.0384
MED 16. 7ms | 1
LONG 266*ms| 16
*WAIT TI ME
[:::::::::}*(DEFAULT WAI T TI ME)
FI XED
Sel ect Range Mode with softkey or rotary knob. B
SWEEP 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 SMUL: 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 | SMULl: HR|Ig I STEP DELAY 25.0ms SMU3: HR
3 | SMU2: HR POLARI TY POSI TI VE
4 | SMU3: HR
5 |vsul SMU4: HR
6 |VSuU2
VsSu1
VSu2
SMU4: HR
Select Output Sequence with softkey or rotary knob. |
SWEEP MEASURE| [OUTPUT PREV NEXT
SETUP SETUP SEQ PAGE PAGE
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Measurement Setups

Figure 2-25 DISPLAY: DISPLAY SETUP Page for Ramped Stress
DI SPLAY: DI SPLAY SETUP 95FEB02 09: 41AM R —
Vol tage Ramp Initial/Post Spot Measurement GRAZS'
|
* DI SPLAY MODE .
LIST
* GRAPHI CS
Xaxi s Ylaxis Y2axis
NAME | Ti me lg Vg
SCALE| LI NEAR LOG LI NEAR
Ml 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: ANALY SIS SETUP Page for Ramped Stress
DI SPLAY: ANALYSI S SETUP 95FEBO02 09:41AM —_—
Vol tage Ramp Initial/Post Spot Measurement NORMAL
*LINE1]{[ ] L
GRAD
TANGENT
*LINE2: [ ]
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 “ JRamp
Stress Test” on page 2-5.

Sep Increase Factor (F)

N steps per decade (N = 10, 25, or 50) gives the following equation:
10xlg=lgxFN

Solving for F gives the following:

10=FN

l0g;010 = log;oF N

1=Nxlog;oF

UN =log;oF

F=10N

Ol/ 10 101/ 25

So F can be one of the following: 1 , or 10Y%9 |n the JRAMP sample program,

F is specified by the Fact or variable.

Sep Time (Sep_time)

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

l0g;010 = log;oF N

1=Nxlog;oF

N=1/log;gF

&)l

Step_time = 05 - 0—15 = 0.5xlog,oF
log,oF

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

Current Sop Value (I stop)

The forced current | isafunction of timet, so the accumulated charge to the oxide is:

n n
[ide = f1g-F"- Tg-dn = - Area
0 0

Where, I(t) = 1o x F", t =n x Ts(time), nis step number, Tsis step time.
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You want to solve to find the step number (n) of the step when the maximum allowed
charge density is reached:

n
[lo-F"Tg-dn =
0

Omax - Area

n
lo- Tg- [F"-dn =
0

Omax - Area

1 n, N

lg- Ty ——[F']_ = -Area
0 's |°910F[ ]O qma><

I Ts

n —_—
|0910F(F bl =

Oay - Area

- Area- logqoF
lo- Ty

F"p1 = Jmax

- Area- lo
910F +
lo- Ty

Fn - qmax

1

(qmax - Area- log,oF . 1)

n-log,oF" = log
10 lo- Ts

N = 1 1o (qmaX-Area~Iog10F+1)
10g30F 10 lo- Ts

So, Istop is as follows, where M isthe minimum integer that satisfiesM > n. Inthe JRAMP
sample program, M isthe St ep_n variable:

Istop=1lgx FM

NOTE Assuming "y= a*, a: constant”, you can get the following:
logy=loga*=xxloga
(logy)' =loga
y x Uy=loga
y =(loga) x y = (log a) x a*
So, the integration of a*is:
X

X = _-x'— = _.l_ 4 = i . = _.a_._
Ia Iogadx Iogaj(y)dx loga loga

The result of thisintegration 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 isan
accelerated electromigration test for microel ectronic metallization on the wafer.

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

This operation manual describes asample 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 isready to run on the built-in IBASIC controller of the 4155/4156.

“SWEAT" describes the SWEAT procedure and terminol ogy.

“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

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

2 R |
S

Measure Rinit
i=i+]
!
Force Ifrcd and measure
Woltage (Wimneas)
Calenlate CTTF at ¥
FO0I0 Ternp erature R = VineasiIfre(i)
! ¥
fre{0) < - Jstart x Area Estimate structure !
I t““Pm:”“ ‘ dlfre < - Tfeci) - Ifre(i-13 |
Tfee(1) <~ Ifee(0) Calenlate CTTF
dlfre < - 1ué

Bfail = R*1.5

&(7

Tre(i+1) < - Ifre(i)

Delta= Tfee(d) -Tfre(i-1) (TTTE-CTTE())

CTTF(i)-CTIF(i-1)

T
Drelta =0.57

Drelta=0.5

By
Tfee(i+1) < - Ifre{i) +Drelta

First, theinitial structure resistance is measured. If it istoo high, the program finishes.

If initial structure resistance is within limits, the stress/resi stance measurement loop is
performed, which isthe part inside the dotted square in Figure 3-1. Thisloop is afeedback
control loop that does the following:
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1. Aninitia current is forced through the test structure, and the calculated time to failure

(CTTF) is calculated by using Black's equation. The current is adjusted in afeedback
loop until the CTTF iswithin adesired 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. Thisis called the settling resistance.

. After settling, the current is continuously forced to the test structure. By continuously

adjusting the current, CTTF isforced 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 deviatesfrom TTTF).

The hold period continues until the structure resistanceis 1.5 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™h)

Temperature coefficient of resistance (This value should be measured before
performing the SWEAT evaluation.) See JEDEC No0.33 Sandard Method for
Measuring and Using the Temperature Coefficient of Resistance to

Deter mine the Temperature of a Metallization Line for how to measure TCR.

Rinitfail (1000 )

Maximum allowabl e structure resistance during the initial resistance test.

Tttf (190 sec)

Target time to failure.

Ttt (1000 sec) Total testing time. Testing stops if thistime 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 differenceis greater than this value, forced current is adjusted.

Area (1E-8 cm2)

Cross sectional area of the narrowest region of the structure.

Jstart (1.0E—2/Area Alcm?)

Starting current density.

Acc (1.E+10 sAZcm?) Acceleration factor for Black's Equation.
Blk (2) Current density factor (n) for Black's Equation.
Ea (0.6 eV) Activation energy for the metallization for Black's Equation.

3-4
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Initial Resistance (Rinit) M easurement
Rinit isthe 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 isthe Calculated Time to Failure of the structure based on Black's Equation:
CTTF = Acc* J ™ eFakT

Acc: Acceleration factor

J: Current density

Ea: Activation energy for the metallization
n: Current density factor

Boltzman's constant

T: Temperaturein °K.

Rfail

Rfail is used to judge if the test structure fails during the stress/resi stance measurement
loop. Rfail isdefined 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 datafile.

e Rinitisgreater than Rinitfail (1000 Q in sample program). Ex_cond = 10000.

« Rfal hasbeen set and the structure resistance is greater than Rfail. Thisisthe 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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SWEAT
Output Parameters
The SWEAT sample program stores the following resultsin the result data file when the
test is exited:
+ Exit Condition
Thisisthe number of the exit condition that caused the test to terminate.
e TimeToFal (TTF)
TTF isthe time (in seconds) at which the structure failed.
* Fail Resistance
Thisistheresistance at TTF, which is the structure resistance value when structure
resistance exceeds Rfail (1.5 x settling resistance).
» Fail J(Iforce/Areq)
Thisisthe applied current density at TTF based on the area of the narrowest region of
the test structure.
» Temperature at Fail
Thisisthe estimated temperature of the narrowest region of the test structure at TTF.
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Basic Operation

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

M ethodology

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 themin
fill-in-the-blank manner from the 4155/56 front panel, then resave to thefile.

SWEAT test needs a controller to make complicated calculations (such as CTTF) and to
control the forced current during the stress/resi stance 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 datais saved to aresult datafile.

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 compuiter.

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 Sandby
mode so that current is continuously forced even when measurement is not being made,
such as during calculation.

Initial Resistance (Rinit) M easurement

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

This measurement setup isin 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.MESfile.
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Figure 3-2 Rinit M easurement Circuit

V=0.1V E‘Q— T ] |:®) o
!

HP SMU Vil Va2 GNDU
(SMUS5)

Sress/Resistance M easurement L oop

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. Iforceis
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. SMUS 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 Sress/Resistance M easurement Circuit
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Figure 3-4 CHANNEL DEFINITION Page
GHAMNELS: GHARNEL DEFI NI TION 94JULOZ O7:274M
*MEASUREMERT MODE
SAMPLI NG
*GHANNELS
MEASURE STEBY||SERI ES
UNI T WA ME | N& ME MODE [FGTH RESI STAMNGE
SMU1: HR O ohm
SMUZ: HR
SMUZ: HR
SMU4: HR
SMUS: HP |wfre lfre 1 GONST [ON
vsud | e
vsuz | e
VMU wmt e Voo e
v MUZ - Voo e
<11 N
E<111-S I
GHDU vand - GOMMON | GONST |- - - -
DELETE
R oW
Enter Noltage Name. (maw 6 c¢chars.) E
GHaMNEL||USER USER MEXT
DEF FGTH VAR F & GE
Figure 3-5 SAMPLING SETUP Page
MEASURE: SaMPLING SETUP 94JULODZ O7:294M
LI MEAR
*SAMPLI NG PARAMETER “STOP GONDITION Locio
MODE LI MEAR ENAELE/ DI SABLE DI SABLE
INITIAL IMTERvVAL| 2.00ms ENAELE DELAY 0.0000000 =
MWD, OF SAMFLES 1 MaME
TOTAL SAMP. TIME[aUTO THRESHOLD 0.00000000 LoGEzs
EVEMNT wal = Th
|HOLD T 1 ME | 0.000000 s| EVENT NO. 1
L oGS0
[FiiTER [oFF |
" GONSTANT THINNED
UWI T EMUS: HP out
MeaME 1fre
MODE 1
SOURGE 1.0000ma |- -« - e e e
GOMPLI ANGE| 20.000 V|- ---- - | .|
LI MEAR
Select Sampling Mode with softkey or rotary knob.
SAMPLNG MEASURE||OQUT 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.

Thisis called the settling resistance.

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

greater than Rfail (1.5 x settling resistance).
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Required Equipment
The following are required to use the SWEAT sample program:

e Agilent 4155 or Agilent 4156 Semiconductor Parameter Analyzer

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

* Four triaxial cables
*  Probe station
e Thisoperation manual

» Diskette that contains sample program and setup files.

Fileson 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 measureinitia 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.

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

» Toload the program into an external controller, type the following on the command
line of external controller display: GET " SWEAT: , nsus"” Enter

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

Pressthe IBASIC Display key until All Instrument screen is displayed.
4. Torun SWEAT program in the 4155/56, press RUN front-panel key.
To run SWEAT program in external controller, type RUN Enter.
M easurement results will be displayed on GRAPHICS page of the 4155/4156.

Figure 3-6 M easurement Result Example
GRAPH!'LIST: GRAPHICS SHORT 94JULD: aT7:22aM
MARKER
OFF
i <
MARKER
[LAIRL I Lo
\ INTER-
aTT R FOLATE
\ OFF
0.0 \
it T PP T e PR YN XY G KRR PN XY
M&RKEER
ZKI P
aUTO
AMALY-
s
o L
CUR=O0OR
- < ¥
OF F
MARKER! |ILINE SCALI NG DISPLAY([|SAMPLMG| [STOFR

COMET ‘

CURZOR STETUP SETUFP comMD STETUP
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Sample SWEAT Program Overview
For the actual program code, edit SWEAT program.

Lineor Description

Subprogram Name P

1510 Setsthe 4155/4156's address. 800 means the 4155/4156 will be
controlled by built-in IBASIC controller.

1530 - 1560 Creates datafile for storing results.

1590 - 1600 Defines names for setup files that are on diskette.

1630 - 1750 Assigns input parameter values.

1800 - 1880 L oads Rinit measurement setup file, then measures Rinit.

1930 L oads setup file for stress/resistance measurement and
displaying results.

1990 Sets standby mode.

2050 - 2400 Performs stress/resi stance measurement |oop.

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 ASSI GN @Hp415x TO 800 I Address setting

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

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

For example, if the GPIB select codeis 7, and the GPIB address of the 4155/4156 is
17, modify asfollows:

1510 ASSI GN @Hp415x TO 717 I Address setting

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

Specifying Setup Fileto Load

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

These setup files are defined on lines 1590 and 1600.

1580 !----- File name setting -------------
1590 R _file$="RI NI T. MES" I'Rinit nmeasurenent setup file
1600 Ist_file$="1FVM MES" I'lstress neasurenent setup file

If you want to use other setup filesinstead, store the setup files on the diskette, then modify
the file names on the above lines.
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Filefor Saving M easurement Results

The following lines create an ASCI| file for saving the extracted parameters:
1530 Fi | e$=TI ME$( TI MEDATE) !

1540 Fil e$=Fi | e$[ 1, 2] &Fi | e$[ 4, 5] | Creating
1550 CREATE Fil e$, 1 ! Dat a
1560 ASSIGN @il el TO Fil e$; FORVAT ON ! File

Lines 1530 and 1540 create afile 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 Fil e$="TESTDATA"

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

In the sampl e program, the following result parameters will be stored in thefile;

» Exit condition

» Timetofailure

» Failureresistance

» Failure temperature

» Failure current density

You can add result parameters to be stored in the file by adding lines in the following
format:
OQUTPUT @il el, "paraneter"

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

2172 OUTPUT @ilel;"1=";1;"CITR(1)=";Cttf(1);"(s) T_now=";T_now "(K)"
2174 OUTPUT @ilel;"Time=";Time(l);"(s) R_now=";R now "(ohm"

3-14
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Input parameter values are assigned from line 1620 to 1720. Modify these values according
to your test device.

NOTE

subprogram. See next section.

Input parametersfor CTTF calculation are not defined here, but are defined inthe Calc_cttf

1620 !----- Par aneter setting -------------

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

1640 Rinit_fail =1000 I'Unal l owabl e initial resistance value (ohm

1650 Tttf=190 I Target Timeto Failure (sec)

1660 Ttt=1000 I Total Testing Time (sec)

1670 Troon=298 I Room Tenperature (K)

1680 Vconp=20 Vol t age conpliance of every port

1690 Isrc_max=1 ICurrent Limt of HPSMUJ

1700 Errband=2 I'Al'l owabl e Error Band (sec.)

1710 Area=1.E-8 I Narrowest cross section (cnf'2)

1720 Jstart=1.0E-2/Area !Initial current density

Parameter Description Default
Ter Temperature coefficient of R 2E_3°K"1
Rinit fail Maximum allowableinitial resistance value 1000 Q
Tttf Target time to failure 190 sec
Ttt Total alowed testing time 1000 sec
Troom Room temperature 298 °K
Vconp Voltage compliance 20V
| src_max Current limit of HPSMU 1A
Er r band Allowable error band 2sec
Area Narrowest cross section 1.E-8 cm?
Jstart Initial current density 1.0E-2/Ar ea
(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 !l----- paraneter setting -------------
3000 Acc=1.E+10 I Accel eration factor (s*A*2/cnt4)
3010 Bl k=2 ! Di mensi onl ess const for Black
3020 Ea=.6 I'Activation Energy (eV)
Parameter Description Default
Acc Acceleration factor 1.E+10
(sA%/cm®).
Bl k Exponent for current density (n in Black's equation) 2
Ea Activation Energy for metallization 0.6 (eV)
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How to Reduce the Settling Timeof CTTF

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

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

Display the Results after Stress/Resistance M easurement L oop

The sample SWEAT program displays measurement results after 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 becomes 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/resi stance measurement loop is exited. The stress/resi stance measurement loop is
from line 2020 to 2410.

If you want to see the measurement results during the stress/resi stance 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(Catf(l), Area, T_now) !CTTF cal culation

1)/
f(*))

force(
) t

I
2175 Sweat _graph(l, Time(*), C
2180 !
3500 CQUTPUT @Hp41l5x;": PAGE: GLI S" ! Di spl ay G aphic page
3510 QUTPUT @Hp41l5x;": DI SP ON" I Enabl e Di spl ay Update
3520 CQUTPUT @Hp415x;": DI SP OFF" ! Di sabl e 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 Opt| mum 'JSTART

If differenceistoo great between Jgrart and the stress current value when CTTF is settled,
the CTTF settling time may become long. So, vary Jstart Value for first several
measurements to find the optimum Jgra gt Value.

In the sample program, Jstagt 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 M easurement

If many parameters are extracted during the stress/resi stance 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 isrequired 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 bel ow.

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

You need to save the new setup to the IFVM.MESfile.

Modification on DISPLAY SETUP Page

LI SFPLAY: DI SFPLaY SETUFR 94JULE2S 04:09AM
Vire
*DI SFLAY MDIDE
LI ST L Fre
*LIET
Mo . | NAME
q R-ee Wmi
2 Jvmi
3 v wm2 S
4 .-
¥m2
5
=]
7
] Wand

Then, add following lines to the SWEAT program:

2130 OQUTPUT @Hp415x;"TRAC? 'R " I Extract R_now
2140 ENTER @+p415x; R_now !

2142 QUTPUT @Hp415x;"TRAC? 'Vml'" ! Extract Vml
2144 ENTER @+p415x; Vni !

2146 QOUTPUT @Hp415x;"TRAC? 'VnR'" I Extract VnR
2148 ENTER @{p415x; VnR !

2150 !

Adding parameters to be extracted increases the CTTF settling time.
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Deflnlng JSTART

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 Jgq+-
1710 Area=1.E-8 I Narrowest cross section (cm2)
1720 Jstart=1.0E-2/Area I'I'nitial current density

Use the following equation to determine the best JsrarT:

JstarT ¥ 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/resi stance
measurement loop may not work for some test structures.

2190 IF Cttf(1)<Tttf-Errband OR Cttf(I)>Tttf+Errband THEN
2200 Delta_ifrc=lforce(l)-Iforce(l-1)

2210 IF Delta ifrc=0 THEN Delta_ ifrc=1.E-6

2220 Delta=Delta_ifrc*(Tttf-Cttf(l))/Ctf(l)-Cttf(l-1)
2230 | F Del ta>. 05 THEN Del t a=. 05

2240 I F Del ta<-.05 THEN Del t a=-. 05

2250 Iforce(l+1)=|force(|)+De|ta

2260 ELSE

2270 | F Rf _set=0 THEN !

2280 Rf ai | =R_now* 1.5 1Set Rfail value

2290 Rf _set=1 !

2300 END | F

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

2320 END I F

Thisroutine is dightly different from the proposed JEDEC 4-June-92 standard. In lines
2230 and 2240, Deltais set to 0.05A (or —0.05A) if calculated Delta exceeds 0.05A (or
—0.05A). But in proposed JEDEC 4-June-92 standard, Deltais 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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Setup files

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

Setup Filefor Initial Resistance M easurement

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

Setup Filefor Stress/Resistance M easur ement

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.

Figure 3-8 CHANNEL DEFINITION Pagefor Initial Resistance M easurement
CHAMMELS: CHAMMEL DEFIMITION A4MARIE OB: 25aM
Rinil measurzmznl SWEEP
*MEASUREMEMT MODE
SAMFL I NG oA M-
FLI M3
*CHAMMEL &
MEASURE =TEY | |SERIES
UMIT WHAME I M & ME MODE |FCTHN REZISTANCE DEFAULT
SMUT: HR 0 ohm MEASURE
MUz : HR EETUP
SMUR: HE WEMI M
EWU4 : HE B T
SMUS: HP [Wire 1ire W COMST WCE- | C
WELA
WEU2 MEM2 M
WL A Wmd oo e FET
WhL 2 Wma Voo e WOS- 1D
PGUA
Pl MEM2 M
GMOU Wand COMMON [ COMST FET
an WEE- | 0
MEM4 M
0DlIoDE
TAMPLING WP-LF
Telecl Mrasurzmznl Mod: witlh scofllkey or rolary knob.
CHAMNEL [|usER USEFR MEXT
DEF FCTH VAR FaGE
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Figure 3-9 USER FUNCTION DEFINITION Page for Initial Resistance M easurement
CHAMMNELS: USEF FUNWNCTI OM DEFI MITI ON 94JULDY 41: JOFM
Rinit measuremant
“USER FUNGTI ON
& ME Unl T CEFI MITI ON
Rinit o hm P ml-Nm2)s L fre
DELETE
FE=3
Finit
Enter User Function Mame. (max G chars.)
CHAMNEL||USER USER FREY NEXT
DEF FCTH VAR FAGE F A GE
Figure 3-10 SAMPLING SETUP Pagefor Initial Resistance M easurement
MEASURE: SAaMPLING SETUF 94 ULOT 14: 51FPM
Finit measurement
*SAMPLI NG PARAMETER *"STOP GCONDITI O
MODE LINEAR ENABLE! DI SABLE|DI SaBLE
I'MITIAL | NTERNAL 4.00ms ENABLE DELAY 0. 0000000 =
Mo, OF SAMPLES 1 aME
TOTAL SAMP. TIME|AUTO THRESHOLD 0. 00000000
EWENT Wal = Th
|HOLD T1 ME | S00. Oms | EWENT HNO. i
[FiLTER [oFF |
*CONSTAMNT
Unl T SEMUS: MP
NAME Wir e
MODE K
SOURGE 100.0mY - - e
COMFLI ANGE 100.00mA |- ---- - - e
1
Enter No of Sampling (1 to 10004).
SAMPLNG ME&ASURE||QUT PUT FREY MEAT
SETUP SETUFP SEQ FAGE PAGE
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Figure 3-11

DI SPLAY
Rinit

: DISPLAY SETUPR

mMeasuUrament

"DISPLAY MODE

LIST

*LIET

Wa

. | NAME

1

Rinit

lfre

Womi

W m2

Wi e

[~ | e | oo [ra

*DATA WARIABLES

LI 5T
Select

Display Mode with

sof tkey or

rotary

DISPLAY SETUP Pagefor Initial Resistance M easurement

94JULOT7 14: S2FM

knob.

SWEAT
Setup files

GRAPH-
[ey=i

SETUP

DIEESPLAY

ANLYEI S
SETUP

FREVY
PAGE

MEXT
PAGE

Figure 3-12

GHAMNMNELS:

CHARMEL

*MEASUREMERT MODE

SAMPLI NG

*CHAMNMELSZ

DEFI NI TGN

CHANNEL DEFINITION Pagefor Stress/ Resistance M easur ement

94 JULOZ 07F: 27AM

MEASURE

Unil T

WA ME | NAME

MODE

FCTHN

STERY

SEFRI ES
FEZ| ST ANCE

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

HF
HR
HF
HF
HF

Wi e I fre

wmd e W
wmz o e e W

wgnd e - e - SO MMON

CONST

CONST

o'}

Enter %Woltzage

Mame. [ man

]

chars=s.)

O ohm

RO

DELETE

CHANNEL
DEF

USER
FCTH

USER
VAR

NEXT
FAGE
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Figure 3-13 USER FUNCTION DEFINITION Page for Stress/ Resistance M easurement
CHANMELS: USER FUNCTIOM DEFINMITION G4JULOT d1:441FM
*USER FUMCTI ON
& WE UMIT DEFIMITION
R chm AEE({ Vmi-VmE) I Tre))
DELETE
ROW
Enitsr Uszr Funcltion Mamsz. (max & chars.]
CHAMMEL | [USER UZER FREW NEXT
DEF FCTH W AR FAGE FAGE
Figure 3-14 USER VARIABLE DEFINITION Page for Stress/ Resistance M easurement
CHANMELS: WUSEF WARIABLE DEFI WNITICN g40ULDT {4: 46PM
*UZER WARIAEBLE
W& ME Ul T SIZIE
Time s en 1
CTTF s en 1
DELETE
R Oy
Ti me
Enter User Wariable MName. (max 6 chars.)
CHAWMNEL||USER UZER FREWY ME=T
DEF FCGTH VAR PAGE PAGE
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Figure 3-15 SAMPLING SETUP Page for Stress/ Resistance M easurement
MEASURE: SAMFLING SETUF Q4JULOT 41: 43FM
LI NEAF
*SaMPLI NG FPARAMETER *STOF CONDITION L oaio
Mo D E LIMEAR EMABLE! DI SABLE|DI SAaEBLE
I WITlAL I NTERVAL| 2.00ms EMABLE DELAY 0. 0000000 =
MG, OF SAMPLES 1 WA ME
TOTAL SAMP. TI ME|AUTC THRESHCLD 0. 00000000 LOGES
EVEMNT Wal = Th
|HOLD T1 ME | 0.000000 5| EVENT NoO.
L 0G50
[FiLTER [oFF |
*GONSTANT THI NNED
Umi T EMUS: WP auT
M A ME 1fre
MODE |
SOURGE 10000 mA |« v oemmee [
COMPLI ANGE| 20.000 W |- - -] ae e
LI NEAFR
Select S=mpling Mode with softkey or rotary knob.
SAMFPLNG MEASURE | |oUTPUT FREW WEXT
SETUF SETUF SEQ FAGE FaGE
Figure 3-16 MEASURE SETUP Page for Sress/ Resistance M easurement
ME4SURE: MEASLRE SETUP Q4JULOT 11: 44FM
AUTO
" MEASUFEMENT RANGE
umiT W& ME R W GE ZERD GCAWNGEL |oFF FlxCco
SMUS: WP | Wfrc LIMTED]| 20wy OF F
WMUA Wmi aAUTO ... OF F
WMUZ W m2 AUTD .. OF F
LIMITED
AUTO
[*:2ld data is wused. )
"I WTEG TI ME
T ME WPLG
SHORT@| &0us 0.004
WMED 20.0ms |1
LONG zg0. m=| 16
“wal T TIME
*{ DEFAULT wal T TI ME)}
LIMITED
Select Range Mode with softkey or rotary knob.
SAMPLNG MEASURE | |[oUTPUT FREY WEXT
SETUF SETUF SEQ FAGE FAGE
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Figure 3-17 OUTPUT SEQUENCE Page for Stress/ Resistance M easurement
MEASURE: OCOUTPLT SEQUENGE S400L07 141: 45FM
SMU1: MF
SHMUZ: WP
*oUT PUT SEQUENGCE “TRI GGER SETUP
Unl T MaME MODE EMABLES DI SABLE| DI SAEBLE
1 SMUS: MR T fre | FUNCTI SN TRIG 2UT
b= SMUEZ : NP STEFP DELAY 0.000 = SMUZ: MP
3 SMU3 : MP POLARITY FPOSITIVE
4 SMU4 : MP
3 SMU1: MP SMU4: MP
5] MELA
T Wsuz
& PEUA
o] FEUZ SMUS: MF
10| SMUE : MF
*OUTPUT SEQUENCE MODE
OF SAMPLING SHMUS: MP
S MULTAMEQUS
MORE
SMUS: MP tre
Select Cutput Sequence with softkey ar rotary knob .
SAMPL NG MEASURE [ |OUT PUT FREY MEZT
SETUF SETUFR SEQ FAGE FAGE
Figure 3-18 DISPLAY SETUP Pagefor Stress/ Resistance M easurement
OISPLAY: DISPLAY SETUP 9400LO07 141: 45PM
GHRAPH-
| G5

*DISPLAY MODE

LIST L

"LIST
No. | NAME
1 R

=]
4

L==T Bt I = T T o VI

*DATA WARIABLES

LIET

Select Display Mode with =softkey aor rotary knob.

DI SPLAY| |ANLYSI S FREW MEXT
SETUF SETUF FAGE FAGE

3-24 Agilent 4155C/4156C Sample Application Programs Guide Book, Edition 1



Go/NO-GO




Go/NO-GO

At present, incoming inspection and quality assurance inspection of semiconductor devices
isextremely time-consuming due to the need to inspect alarge number of different devices.
It isimportant 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 afunctional 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 GONOGOfile.

“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 sampl e 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
deviceis connected, you need only pressthe 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 limitsfor the result values, which are judged automatically
by the program.

Viewing all measurement curves while measurement isin progress

Itis possibleto view the measurement curves while the measurement isin progress. Or
to only view the resullts.

Viewing a particular measurement curve

It ispossible to view a particular measurement curve. Thisis 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 spreadshest

After measurement for all devicesisfinished, all measurement data can be downloaded
toan ASCII file. You can import thisfile into a spreadsheet, such as LOTUS 1-2-3 or
Microsoft Excel.

Figure 4-1 shows the flowchart of the GONOGO sample program.
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Figure4-1 Flowchart of GONOGO Sample Program

‘ Input Cperator Mame

F
‘ Beleet Device Type ‘

¥
‘ MAIN MENU ‘

! ] ! !

MEXT DEVICE Chenge Limir Mlonitor Curve Btatistics

!

Measure Device
Chractenstics

!

Extract
Parameters

heasured All
Devices?

Crowrdoad to
Spreadsheet,

LOTUS 1-2-3
or 13 EXCEL
[
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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.

Fileson the Diskette

Following files are on the sampl e 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 BV ceo.
ICVC.MES

File for setting up the 4155/4156 to measure Vaand 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

e 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.

Figure4-2 Connection between 4155 and 16442A
' 0006 00
& © ©
@ Q © ©
g’/ © ©

4155 164424
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Execution

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

2. Pressthe IBASIC Display key until All IBASIC screen isdisplayed. And enter the
following command to get the GONOGO program.

GET" GONOGO'
3. PressRUN 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
sn2dane
23404
(2}
Enter Operator Name. i
5}
(&
-
FEF ] FE s
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5. Program prompts you to select the device type from the selection menu as shown in

Figure 4-4.
Figure4-4 Device Selection Menu
[EN]
S0214TE
(23
2R304
Select Dewice type EH
1 -- Sp214DE (HOSFET (n—chan.)) P
2 -- 2N3904 (Bipolar (HPH}))
3 — okl
4 o koskosh ok ko ok (b;l
Bo—— ook
f -- HamAEEL
(B
END
|Step Hcont.i.- ‘ | BUH H | ‘Pa.u.se ”stop ‘ |clea\r Hneset
e I 0
6. Select the softkey of desired device type. The following is displayed.
Figure 4-5 Main Display
e
LEVICE
OPERATOR *
DEVICE : SD214DE {MOSFET) Dates
COMMENT : 22 Mar 1994
CORRENT DOT Lock
Parameter Limits Result Status
VTH .1 T
BETA .001 0.E+95 Unlock
Rdson 0 [
[ L001 0.E+99
0 0
0 0
0 0
MORE
| L | GOOD | BAD | EXIT
| | | |
|Step ||i%-1‘éti- | | EUH ” | |Pa.use ||5t0'_|:| %}J;gar ||Resqt |
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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)
MUl sMU2 SMU3 SMUa SMU1 SMU2 SMU3 MU
—) P P O
Drain Emitter
Gate j) Q Source Base D
(— —)
Sub Collector
MOSFET (SD214DE) Bipolar Transistor (213904)

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

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

Each measured parameter is compared to the upper and lower limits, and judged GOOD
or BAD. If al parameters are within limits, the device is judged as GOOD, so the device
isready 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.

Figure4-7 Example Result Screen
- MEXT
OPERATOR:
DEVICE : SD2?14DE [MOSFET) Date:
COMMENT : 22 Mar 1994
CURRENT DOT Lotk
Parameter Limits Result Status
¥TH .1 7 . 940605 GOOD
BETA L 001 9.E+99 .006781076 | GOOD Unlack
Rdson 0 70 0174365 G00D
GH . 001 9.E+99 . 00703 600D
0 0 0 GOOD
0 0 0 GooD
0 0 0 GOOD
HORE
¥ 00D BAD EXIT
10 9 1
|Step ||Cunti- HRU‘N || | |P'ause ”Stup ||l::lea.r ||:Reset |
nie IJIO
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Viewing All Curveswhile M easurement isin Progress

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

Figure 4-8 Unlock Function Shows Every Curve while M easurement isin Progress

Unlock = Monitor every curve

GRAPHI L] ST: GRAPHI GS SHORT o94UL2S 03:028M
Sa uralieon Regian Wih =
WARK ER( 1.200 v 23.343844938m 75, 193577276m |
U 50 R AL U e
a0 - — eo.o«
gl dgpl InLr
il L
SCRTI ISy [EEEL *ordeem | o POL@E
—
WAREER .
09 s iz s o

i — [
i = g
/1 A
[Fag

M

Imirgpl: [ 922 [942m|
.00 .00

OR=CH
[y ] T m o dr v .00
7 WRERER | HULED O3 04aM
CLRECR
1] |CURSOR seTUP |[3ETOR ||sETe |SETUP '

AT
Ay
| b 22e 209y s

0,00 i ——— i
iRy T ELLLUR TR T T.00 H e
, R
e T R ]

H| &

T
A
]

.00
ol et A -

I s O il e [
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Viewing Only Results while M easurement isin 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 Displaysonly the Status Screen
*
Lock mmp  Stay in Status screen
OPERATOR :
DEVICE : €D214DE (MOSFET) Date:
COMMENT - 22 Mar 1994
CUOURRENT DUT LOCE
Parameter Limits Hesult Status
VTH | Z ~040605 GOOD
BETA HTTHY 9 _E+99 .006781076 GOOD AL 03t
Rdson 0 70 _0174365 GOOD
M .001 9.E+90 _00703 GOOD
0 0 0 GOOD
0 0 0 GOOD
0 0 0 GOOD
HMORE
[ [ I GOOD I BAD | o
| 10 | ] | 1 |
|5tep ||%%néti— | | FIIH || | |Pa_use ”St.op | E;I‘_Sar ||Reset |
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Viewing a Particular Measurement Curve

If adeviceisjudged 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 curvenameis the name of each
curve. Select the softkey for the desired curve. The measurement is performed again, and
only selected curveis displayed as shown in the following example.

Figure4-10 Monitor Curve Softkey

Monitor m» Monitor each curve

curve

Example

Monitor
Curve
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Figure4-12
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Changing Limits

If you want to change the limit val ues 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

Change
Limit

mp Update the upper/lower

limit

CORRENT DOT, -~ Lock
Parametep
¥YTH -« +1 P4
BETA

Rdson
GH

Result Status

Unlock

< " [ORE

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 datathat you want to display. The statistical data
of al devices that have been measured is displayed in the Result column, and the type of
statistic is displayed in the Status column.

Satistics Softkey

Statis-
tics

= Show statistics

Average Q Show Average Example
Average
Max. Show Maximum
(—p

Result Status

Min. mmp Show Minimum ~Sosrotors | Average
-0174365 Average |
-00703 Average |
1] Average |
1] Average

itndrd @ Show Standard . Averagel

aev.
Deviation
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Exporting Data to Spreadsheet

Figure4-13 Exporting Result Data to a Spreadshest

Microsoft Excel
File Edit Formula Fermat Data Options Macro Window Help

RN

140:03 “th Test Result
SD214DE (MOSFET) 1125
‘ : 115
11
Bad : 105

: 1234456
7 1
urnber
VTH BETA Rdson  :GM BETA/Rsdon/GM Tes

1158562 0.005493° 0.018807: 0.006832
1152457 00054347 001571 0006551
1148902 0005395 0.018592; 0.0065717 | 007
1148400 000536 001858: 0006604 | gL .
1145694 0005351 00185637 000659 | 123456
1146855 0005371 0.018561: 000859 Hurnber

T2A00F 0005243 0185041 000656

LA

BRA—A—A—R—pA—

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

1. After al 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.

Theresult datais saved to a diskette in ASCII format, which can be imported into the
spreadshest.

The following datais saved to the file on diskette:

+ Date

+ Time

e Operator name

» Devicetype

»  Comment

*  Number of measured devices
*  Number of good devices
*  Number of bad devices
* Raw measurement data
e Average

*  Maximum

e 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.

2. Decide upper and lower limits of each parameter according to the device specifications.
3. Create a4155/4156 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 Parametersto M easure

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

e Vth

e gm

* BVdss

¢ Rds(ON)

To Decide Lower and Upper Limitsfor 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 25
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 adummy 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 Createthe M easurement Setup Files
Create afile (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 filename
Vth EXVTH.MES
gm EXGM.MES
BVdss EXBV.MES
Rds(ON) EXRDS.MES
To extract the parameter, you can usethe USER FUNCTION or Auto AnalysisFunction
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 thisexample, VTH isdefinedas @ 1X , which isthe X intercept of line 1.
Figure4-14 CHANNEL DEFINITION Page
Figure 4-15 USER FUNCTION DEFINITION Page
ETE—
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SWEEP SETUP Page
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To Edit Select_dut Subprogram

Add the device type to the program by editing the Sel ect _dut subprogram.
In the IBASIC editor, enter the following command. And edit the subprogram.
EDI T Sel ect_dut

Adding Device Typeto Selection Menu.
To add the device type, you need to modify one of the following lines:

9380 PRI NT TABXY(13,13);"2 -- 2N3904 (Bipolar (NPN))"
9390 PRI NT TABXY(13,14);"3 -- ****x*x*x"  Ifgor future enhancenent ###
9400 PRI NT TABXY(13,15);"4 -- ***xx*x" 1for future enhancenent ###

For example, modify line 9390 as follows:

9380 PRI NT TABXY(13,13):"2 -- 2N3904 (Bipolar (NPN))"
9390 PRI NT TABXY(13,14);"3 -- 2N4351 (MOSFET (npn))"
9400 PRI NT TABXY(13,15);"4 -- ***xx*x"  1for future enhancenent ###

Setting the Device Type Flag.
The device type you select is passed to the other subprogramsviathe Dut _f | ag flag.

You need to modify following part of the Sel ect _dut subprogram. The following
shows the original subprogram.

9470 ON KEY 2 LABEL " (2) 2N3904 " GOTO Dut 2
9480 ON KEY 3 LABEL " (3) " GOro End
9490 ON KEY 4 LABEL " (4) ' GOTO End

9690 Dut3: !

9700 Dut_flag=3
9710 Dname$=""
9720 GOTO Exi t

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

9470 ON KEY 2 LABEL " (2) 2N3904 " GOTO Dut 2
9480 ON KEY 3 LABEL " (3) 2N4351 " @GOTO End
9490 ON KEY 4 LABEL " (4) ' GOTO End

9690 Dut3: !

9700 Dut _fl ag=3

9710 Dnane$="2N4351 ( MOSFET)"
9720 GOTO Exi t

Parameter Dnane$ 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.

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

EDI T Dut _spec

This subprogram hasa SELECT Dut _f | ag statement, which executes the CASE
statement according to the Dut _f | ag flag value. The Dut _f | ag 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 EL SE"
statement.

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

2630 Mfile$(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 namesin the Par $(i ) variables (maximum 9 characters). You can
set up to seven parameter names.

This parameter name must correspond to the measurement setup file assigned to

M file$(i).Forexample, if Par $( 1) =" VTH", thesetup file for measuring VTH must
be specified for M _f i | e$( 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 isPar _| mx(i ) .

The variable for the lower limit of the parameter isPar _| m(i ) .

The variable for the unit of the parameter isPar _| u$(i ), maximum 1 character.

The variable for the setup file nameisM fi | e$(i ), maximum 10 characters.

This file name must correspond to parameter assigned to Par $( i ) . For example, if

Par $( 1) =" VTH", the setup file for measuring VTH must be specifiedfor M fi | e$( 1) .

This measurement setup file was created as described in “ To Create the M easurement
Setup Files’.
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Example M odification.

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 $(1) =" VTH" ! par anet er names
2643 Par $(2) =" GV

2644 Par $( 3) =" BVdss

2645 Par $( 4) =" Rdson

2646 Par $(5) =""

2647 Par $(6) =""

2648 Par $(7)=""

2649 !

2650 Par I mk(1)=2.5 ! paraneter spec max |imt
2651 Par | mx(2)=90

2652 Par _| mx(3)=9. E+99
2653 Par _| mx(4)=9. E+99
2654 Par | mx(5) =0

2655 Par _| mx(6) =0

2656 Par | mx(7)=0

2657 !

2658 Par Im(1)=.2 I paraneter spec mn |imt
2659 Par _|I m(2)=.001

2660 Par _| m(3) =40

2661 Par | m(4)=.001

2662 Par _| m(5) =0

2663 Par _| m(6)=0

2664 Par _I m(7)=0

2665 !

2666 Par _| u$(1)="V"

2667 Par _| u$(2)="s"

2668 Par _| u$(3)="V"

2669 Par_| u$(4)="0"

2670 Par _| u$(5)=""

2671 Par _| u$(6) =

2672 Par _l u$(7)=

2673 !

2674 Mfile$(1)="EXVTH. MES"
2675 M file$(2)="EXGM MES"
2676 M file$(3)="EXBV. VES"
2677 Mfil e$(4)="EXRDS. MES"
2678 Mfile$(5)=""

2679 Mfile$(6)=

2680 Mfile$(7)=

2681 !

2683 CASE ELSE

4-20
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Hintsto 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 _devi ce 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 FI ag parameter. If measured datais within
specification, "0" isreturned. 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 Fl ag.
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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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Figure5-1

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 fieldsin 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 mobhility, and the effective channel potential. Interface traps and oxide
charge affect transistor performance. The common method to identify performance
degradation isto monitor parameters such as threshold voltage, transconductance, and
drain current.

Generally n-channel MOSFETSs have the greatest susceptibility. Therefore this manual
describes an accel erated 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
Connectnew | Record data |
test device

ermination’

| Select test device |

characterization

N2

| Record data |
L

First, atest 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 stresstesting.

For test devices that have all leakage currents within limits, initial characterization is
performed, which measures and records the initial Idlin, Gmmax, Vtext, and Vtci
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. If the parameter values have degraded past the limits, testing ends. Otherwise, another
stress cycleis performed.

Deter mining Sress Bias Conditions

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

e 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 1b gate biasing typically resultsin 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 (1dlin, Gmmax, Vtext, and Vitci) are determined for the selected devices, and
these parameter values are recorded astheinitial 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 (l1dlin)

The linear drain current is measured under the following conditions:
Drain voltageVd: 0.1V

GatevoltageVg: Vdd

SourcevoltageVs. 0V

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 sope of the Id-Vg
curve. The |d-V g characteristics are obtained by sweeping gate voltages under the
following conditions:

Drain voltageVd: 0.1V
SourcevoltageVs. 0V
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 avalue that is large enough to ensure that the maximum slope
point is reached.

Extrapolated Threshold Voltage (Vtext)

This parameter is obtained by measuring the drain current (1d) while sweeping the gate
voltage (Vg). Vtext is calculated according the following equation:

Vtext = Vg(Gmmax) — 1d(Gmmax) / Gmmax

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

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

Vdis0.1V.

Congtant Current Threshold Voltage (Vtci)

The constant current threshold voltage is defined as the gate voltage applied to the device
during the Id-V g measurement where the drain current isequal to 1 pA timestheratio of
drawn gate width (W) to drawn gate length (L).

Vici = Vg (@Id=1uA*WIL)
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SressCycle

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:

« 1Vs
e 2:Vb
« 3Vg
* 4vd

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 (1dlin, Gmmax, Vtext, and Vtci) are determined for the selected devices, and
these parameter values are recorded as the interim parameter val ues.

Sress Ter mination
Stress is terminated when one of following occurs:

» At least one parameter among Idlin, Gmmax, Vtext, or Vitci reaches the limit values
described below in “Timeto Target (Tdc)”.

» Total stress time reaches 100,000 sec.

Timeto 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 isthe 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 M easur ement

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.

» Todetermine Vt ci , the measurement system must have at least 2 mV resolution for
Vg step. If the Vg step sizeislarger than 2 mV, an interpolation method may be used to
achieve the 2 mV resolution.

M easurement Requirements

e Thetemperature of the wafer chuck or the temperature of the test fixture must be
controlled to atemperature of 22 °C + 3 °C.

e The stresstime 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 (Tdc) 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).

Figure5-2 Data Analysis Algorithm Flow

START

| Define mput parameters |

Transfer test data from ASCIT
file to data array

Transfer test data from data array

to HP 4156A/4 1564
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 Idlin and Gmmax is cal culated as follows:
Examplefor Idlin
[dlinshift(t) = (Idlin(t) — Idlin(init)) / Idlin(init) * 100
» Idlinshift(t) is the percent change at stresstimet
* Idlin(init) istheinitia Idlin value
o Idlin(t) isthe ldlin value at stresstimet
» Relative shift for Vtext and Vtci is calculated as follows:
Example of Viext
Viextshift(t) = Viext(t) — Vtext(init)
o Vtextshift(t) is the relative shift at stresstimet
» Vtext(init) istheinitial Vtext value
o Vtext(t) isthe Vtext value at stresstimet

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

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

Examplefor Idlin
[Idlinshift(t)| = Ct"

where |Idlinshift(t)| is the absolute value of changein Idlin and t is the cumulative stress
time. Cisthe absolute value of changein Idlin whentis 1, and nisthe slope of the
|east-squarefit line.

Tdc for each parameter should be interpolated or extrapolated from the databased on the C
and n values from this least-squares fit. See the following two figures.
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Figure5-3 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.
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Figure5-4 Example I nterpolation of HCI Degradation Data

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

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

M ethodology

The HCI degradation can be evaluated by executing the HCI degradation test sample
program (DCDAHC), then the data analysis sample program (ANAL YSI S). These programs
are included on the sampl e 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 thefile.

The DCDAHC program displays the measurement data (Parameter shift versus Stress time)
on the GRAPHICS page of the 4155/4156, and stores datain 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 ANALYSI S program analyzes the measurement data (ASCI| filesthat 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 (ANALY SIS). You
can define these parameters by editing sample program in advance.
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Figure5-5

HCI Degradation Test Algorithm Flow for Multiple Devices
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Input Parametersfor HCI Degradation Test Program (DCDAHC)

Parameter .
Description
Name
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 |eakage current

Idleak _max Upper limit of the drain |eakage 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(*) @ Gate pin assignment of device to stressmeasure

Drain(*) 2 Drain pin assignment of device to stress'measure

Bulk(*) 2 Bulk pin assignment of device to stress/measure

lbvg file$ Ib-V g measurement setup file used to determine Vgstr

Igleak file$ | g-time measurement setup file to check gate leakage

Idleak_file$ | d-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

Agilent 4155C/4156C Sample Application Programs Guide Book, Edition 1
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Parameter Description
Name
Idlin_data$ ASCII file of Idlin shift data
Gmmax_data$ ASCII file of Gmmax shift data
Viext_data$ ASCII file of Vtext shift data
Vici_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 datafiles (Save after each interim

test=0, Save all ASCI|I files after completing test=1)

a * isdevice number.

Table 5-2 Input Parametersfor HCI Degradation Data ANALY SIS Program
Parameter Description
Name
No_of devices Number of devicesto 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
Viext_data$ ASCII file of Vtext shift data
Vici_data$ ASCII file of Vtci shift data
Save file$ ASCII filein which to save averaged Tdc data
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NOTE
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HCI Degradation Test

Deter mining Stress Bias Conditions

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

SourcestressvoltageVs. 0V
Bulk stressvoltageVbh:  Vbb(=0V)

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

The DCDAHC program determines the gate stress voltage (Vgst r ) by theIb-Vg curve. The
Ib-Vg setupisinthel GVG. MES file on the diskette. The sample program (DCDAHC) |oads
this setup into the 4155/4156 at the beginning of the measurement, and sets the specified
Vdst r . Ib-Vg measurement is performed and the gate stress voltage (Vgst r ) is
determined. Both Vdst r and Vgst r are saved to DCDAHC. STRfile which isused 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
* |SLEAK.MES

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

For hot-carrier stresstesting, 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 fileis 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 1dlin, 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 datainto ASCII
files on diskette after each interim measurement is performed.

SresdInterim Char acterization

Stress voltage is applied to all test devices simultaneoudly. The stress setup isin
DCDAHC. STRfile. The cumulative stresstimeis 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 ASCI|I files. This procedure is repeated until stress termination
occurs for al test devices.

HCI Degradation Data Analysis

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

No_of _devices No_of_devices: Number of devicesto be analyzed

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

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

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

e Agilent 4155 or Agilent 4156 Semiconductor Parameter Analyzer

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

e Triaxia cable (4 cables)

e Test fixture for packaged device

e Thisoperation 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

415514156 4085M

Triaxial Cable

16078A

GPIB Cable

Control Cable

! - 4085A 48-pin Switching Matrix
40848 Matrix Controller
Figure5-7 DC HCI Degradation Test Device Connections
Drain
Gate \
Source
oo [swuz] [smua] [smus]
[ assrarss T
NOTE If you test on awafer, 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

WARNING

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

Maximum output voltageislimited to 40V if you use Agilent 4085M to test on a wafer
becausetheinterlock terminal isnot connected. However, you need to be careful that
you don't touch the output terminals during the measur ement.

AC Sress

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

Fileson 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.

IBVGMES File for setting up the 4155/4156 to measure 1b-Vg plot and
determine Vgstr

IGLEAK.MES File for setting up the 4155/4156 to measure gate |eakage 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 |eakage
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-Avaanche HCI degradation test data analysis sample
program
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Figure 5-8

HCI Degradation Test
Basic Operation

Execution

Before Executing HCI Degradation Test

Before executing the DCDAHC program, you must determine the drain stress voltage
(Vvdst r) 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 1d-Vd measurement is displayed as shown in Figure 5-8.

3. Determine drain stressbias voltage (Vdst r ) from the curve. Recommended maximum
valueisabout 0.5V below actual breakdown.

4. Enter valuefor Vdst r inline 1900 of DCDAHC program. See “ Customization” for
details.

1d-Vd M easurement Example

GRAPH/ LI 3T: GRAPHI C3 MEDI Uhi I40CTOS 02: 26PN
ld-%d Measuremenl MaRKEER
MARKER{ 5. 430 W 3. 91642 mA ) oN
{A)
MaREER
10.0 / LT e
Ag | NTER-
1o f POLATE
OFF

Vi orreaT

Ma RKERS
CURSOR

i.00m
fdiow

AN

Ma RKER

| SRIP

AUTO
AMNALY-

515
o. o0
CURSOR

0.00 WO W) so0.m Sdiv 7.00

OFF

MaRKE RS LI HE SCALI NG Dl SPLAY| |SWEEP TI Ml NG COMET
CURSCR SETUPR SETUPR 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 manipul ators.

2. 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 externa controller.

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

GET " DCDAHC'

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

GET " DCDAHC: , msus"

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

GET " DCDAHC'

Then insert the diskette into the built-in disk drive of the 4155/4156. The disketteis
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 (Vgst r ) that will be
used in the stress testing, then this gate bias and drain bias (Vdst r ) are saved to the
DCDAHC.STRffile. Ib-Vg curve is displayed on GRAPHICS page as shown in Figure

5-9.
Figure 5-9 Ib-Vg Measurement Example
GRAPHS! LI 8T: GRAPHI G5 ME DT U 940GCTOS 02 30FPM
Ib-%¥g Measuremen!l Ma RKER
MARKER( 2.500 W 170.02100000uA 1 ON
wE5 TR 2. s000000000 W
A
MaRKER
200. u Ml NS A
| NTER-
I suB POLATE
OFF
/ Ol RECT
/ Ma REERS
20.0u
Pdiw / CUREOR
Ma RKER
SKIP
AUTO
{ ANALY-
515
N
o.on j [
CUREZOR
o. o0 WaE (W) i.00 fdiw i0.0
OFF
mMAaRKE RS LI HE SCALI NG Dl SPLAY| |SWEEFP TI Ml NG COMEST
GURSCR SETUP SETUP SETUP SETUP
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5. 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 HCl degradation test devices"”

If the device isvalid, the following message is displayed.
"Devi ce No.

XX can be used"
If the deviceisinvalid, the following message is displayed.
"Devi ce No. XX shal |

not be used"

Theinitia characterization is performed for al 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.

Figure5-10 Initial/Interim Measurement Example
BRAPH/LIST: BRAPHICS HEDT UM BEFEBIT 11: 4 4FH
I01in/Gmmax/¥teet/¥tri Measurement MARKER
CURBDFR [ B1IB.BD3BE2EBEMY 10.000000000uA 7.5000000000u ¢
MaRKER [ S40.00000000mY 179.07000000uA BiB . 075000000 & DN
wtext EFi.i0B0BRIImY
[ah Iglin 1.5006R00000mA [h WARKER
E.00m t.50m [MIN/HAY
INTER-
ip Em PRLATE
o
GIRECT
200.u ﬁ 150.U MARKER/
ITEY f \\ Foiv LURSDR
WAREKER
[ B SKIF
/ E— e s AUTD
ALY -
J/y 515
0.oao n.on TURSOR
n.oao VB LW 500.m /o1y .00
DFF
AT WARKER/ | |LINE SCALING GISFLAY||[SHEEF ||TIHING ||COHST
¥i||EURSDR SETUP  ||SETUP |[SETUP SETUP
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7. After each interim characterization, the fractional change in a parameter versus the
stresstimeis displayed on GRAPHICS page of the 4155/4156 as shown in Figure 5-11.

Figure5-11 HCI Degradation Test Result Example
GRAPH! LI 3T: GRAPHI G2 MECT Ul 940CTO4 Qa8 1OPM
HGI Gmmax ShifL{SLr=10000sec, Devices=i) MaRKER
Gaml NT 292.08170000u§ OFF
[ )
Ma RKER
100, Ml M RA
| HTER-
GmSFT FOLATE
OF F
decade m
diw PES
L1 MaREER
SKIP
=
AUTO
AMNALY-
S8
100.m
CUREZOR
i0.0 Slress [sec) decade Fdivw 10,0k
OF F
|
MaRKERS | |LI NE SCALI NG CI SPLAY||SWEEP TE M NG CONST
CURSOR SETUP EETUP SETUP SETUP
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8. After testing, the following message is displayed.
"HCl Degradation Test is Conpleted!'!"
All test dataiis saved to the following ASCII datafiles:

» | DXX: Percent change datafor Idlin

*  GWKXX: Percent change data for Gmmax

* VTEXX: Relative shift datafor Vtext

* VTl XX: Relative shift datafor Vici
(where XX = Test device number)

Each file contains following data:
» If thedeviceisjudged as valid by the |eakage current tests:

a. Vdstr,Vgstr,Gate_| ength,Gat e_w dt h values at stress termination

b. Number of interim characterization points until stresstermination 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 | DXX for example, | dl i n_shi ft (*) are saved.

d. CumulativestresstimeMeas_str _t i me(*) of interim characterization points
until stress termination for the device.

The following is an example of VTEXX datafile.

5 1.95 1.E-6, 1.E-5

5, 1.094966

. 000921, .001106, .002565, .003549, .004747
10, 20, 50, 100, 200

» If thedeviceisjudged asinvalid by the leakage current tests.

a Vdstr,Vgstr,Gate_l ength,Gate_wi dth
b. 0,0
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Data Analysis

Insert diskette that contains ANALYSI S program and ASCII datafiles into built-in
drive of the 4155/4156 or drive of external controller.

» Toload the program into the 4155/4156, press the IBASIC Display key until All
IBASIC screen is displayed. Then, enter the following command:

GET "ANALYSI S

« Toload the program into an external controller, enter the following command on
the external controller:

GET "ANALYSI S:, nsus”

Where msusis specifier of mass storage device that containsthe ANALY SIS
program. If default msusis used, enter the following command:

GET "ANALYSI S

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 ANALY SIS program on external controller, type RUN, then press Enter.

Enter number of devicesto be analyzed. Default number is 4.

. Select softkey of parameter for which you want to extract Tdc.
. Analysisresult 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 devicesand
selected parameters. After each graphis displayed, program pauses. During pause, you
can save analyzed datato a DAT type file. To continue program, select Continue
softkey.

If you don't want program to pause, change line 1740 in ANALY SIS program to
Pause_t o_save=0 before you run the ANALY SIS program.
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Figure5-12 HCI Degradation Test Data Analysis Example
GRAPH/ LI 8T: GRAPHI S ME DI UM 240CTO4 0&: 14PN
HCl Gmmax Shi (1 {1 r=10000sec¢, Daviecsz=1) MaRKER
CURSOR( 10.,.0000000Fk 52 10 . 000000000 3 1
M&RKERY( 10.,.0000000Fk 52 12 . +20000000 3 1 oM
GmlNT 232 .084 70000 uF
[N ] Td = . .65T7T488 2 kseco
Ma R KE R
too. M NG A
T AT Ca=a )
i nninn
| NTER-
GmEFT Groa POLATE
[ Qoo oM
L1
DI REGT
Ma R KE RS
droode & CURSOR
fdiow g,s""
= Ma R KE R
SKIP
AUTO
ANaLY-
B
1 Bl
100 . m
CURSOR
10, = i ] d d id v 10 ok
SHORT
I
MaRKERS | [L1 NE SCALl NG DI SPLaY||swWEEPR TIM MG ||CONST
CURSOR SETUP SETUP SETUP SETUP

All calculated datais saved to ANAHCI , which isan ASCII file. The datais aso listed
on IBASIC screen. After analyzing, saving, and listing the data, the 4155/4156 is
initialized.

Following are contents of thisfile for the case that you selected | dI i n parameter for
the Tdc extraction:

Number of devices

Vdstr, Vgstr, Gate width, Gate length

Idlin

Device NValidity ,Tdc_idlin

First device number, O or 1 (valid: O, 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 ANAHCI datafile.
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Example of ANAHCI data file:
The following is an example of ANAHCI datafile for the following case:

*  Number of devicesis 4

e Vdstris5V

e Vgstrisl95V

e Gatewidthisl pum

e Gatelengthis10 um

e All parameters are selected

Example:

.95, 1.E-6, 1.E-5

1
n

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

Gmrax

Device Validity Tdc_gnmax
1, 0, 856.0696

2, 0, 1089. 116

3, 0, 1963.261

4, 0, 5580. 226
Aver aged Tdc_gnmax

2372. 16815
Vit ext

Device Validity Tdc_vtext
1, 0, 205.1144

2, 0, 327.8407

3, 0, 455.0903

4, 0, 1506. 441
Aver aged Tdc_vtext

623. 6216
Vit ci

Device Validity Tdc_vtci
1, 0, 179.3154

2, 0, 345.677

3, 0, 557.895

4, 0, 2956.594
Aver aged Tdc_vtc

1009. 87035

oo
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Sample HCI Degradation Test Program (DCDAHC)

Overview

For the program code, edit DCDAHC program.

Lineor
Subprogram Description
Name

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
1/0 path name " @Form_off" without changing the file pointers.
Default GPIB interface select code and address for the 4085M are set
to722.

1770 to 2700 Assigns input parameter values and file names

2730 CallsInitial_setting subprogram, which performs theinitial settings.

2740 Calls Init_hp415x subprogram, which initializes 4155/4156

2750to 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), executeinitial characterization for
valid devices (Param_meas), then disconnect devices (Swm_clear).
If deviceisinvalid, calls subprograms (Record_parameter) that save
dataand invalid flag to datafile.

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 subprogramsthat connect devices (Swm_connect), performsan
interim characterization (Param_meas), then disconnects devices
(Swm_clear).

3280 to 3330 Calls subprograms (Record_parameter) that save interim
characterization datato ASCII files after each interim
characterization

3340 to 3360 CallsRecord_data subprogram, which saves interim characterization
datato 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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Lineor
Subprogram Description
Name
4080 Judges whether al devices exceed shift criterion
4090 Judges whether accumulated stress time exceeds 100,000 sec
4130to0 4210 Calls subprograms (Record_parameter) that save all interim
characterization datato 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 Defines the dimension of data arrays and initializes test result data
(4280) variables
Init_hp415x Initializes 4155/4156, loads PARAM.MES and DCDAHC.STR
(4650) setup files into the 4155/4156, and sets the input parameter valuesto
the these setups, then resaves setups to disk.

Str_define Loads IBVGMES setup file, writesnew Vdst r value for this setup,
(5070) determines DC stress condition (Vgst r ), then saves the determined
Vgst r to the stress setup file (DCDAHC.STR).

Device check Selects valid test devices by measuring leakage currents

(5440)

Param_meas Determines|dlin, Gmmax, Vtext and Vtci, then calculates | dlin shift,
(6350) Gmmax shift, Vtext shift, and Vtci shift

Stress (6790) Forces stress

Record iddata | Savesldlin shift datato ASCII file

(7180)

Record_gmdata
(7810)

Saves Gmmax shift datato ASCII file

Record vtedata
(8450)

Saves Vtext shift datato ASCII file

Record vtidata
(9090)

Saves Vtci shift datato ASCII file

Stress_idgraph Draws "ldlin shift vs stresstime" graph
(9730)

Stress gmgraph | Draws "Gmmax shift vs stresstime" graph
(10430)

Stress vtegraph | Draws "Vtext shift vs stresstime” graph
(11120)
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Lineor
Subprogram
Name

Description

Stress vtigraph
(11820)

Draws "Vtci shift vs stresstime" graph

Cdlibration
(12510)

Performs calibration of the 4155/4156

Connect
(12690)

Connects one SMU port to the specified pin of the 4085M

Swm_connect
(12850)

Connects four SMU ports to the specified different pins of the
4085M

Swm_clear
(12970)

Disconnects all SMU ports from connected pins

DEF FNSmu
(13090)

Defines FNSmu used in "Connect", "Swm_connect" and
"Swm_clear" subprograms

Err_check
(13200)

Checksif 4155/4156 error occurred during the test

Error_rep
(13490)

Checks if 4085M error occurred during the test

Record data
(13600)

Saves interim characterization datato DAT typefiles

Test_end
(13690)

Initializes 4155/4156 at the end of test
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Sample HCI Degradation Test Data Analysis Program
(ANALY SIS) Overview

For the actual program code, edit ANALY SIS.

Lineor
Subprogram Description
Name

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 I/O path
name " @Form_off" without changing the file pointers.

1650 to 1830 Assignsinput parameter values and file names

1850 to 1890 Prompts you to specify input parameters.

1920 to 2160 Creates labelsfor softkeysthat 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 fileto IBASIC data arrays

2260 to 2360 Calls subprogramsto analyze the I dlin 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 Analysisl 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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Lineor
Subprogram Description
Name
2840 Displays analysis completion message
Init_setting Sets the 4155/4156 display to be not updated. Then transfers
(2880) Idlin/fGmmax/Vtext/Vtci shift datafrom ASCII fileto IBASIC data
arrays.

Trans_iddata Transfers Idlin shift data from IBASIC data array to the 4155/4156
(3940)

Trans_gmdata
(4440)

Transfers Gmmax shift datafrom IBASIC data array to the
4155/4156

Trans vtedata Transfers Vtext shift datafrom IBASIC data array to the 4155/4156
(4940)

Trans vtidata Transfers Vtci shift datafrom IBASIC data array to the 4155/4156
(5430)

Stress_idgraph Draws "Idlin shift vs stresstime" graph

(5930)

Stress gmgraph | Draws "Gmmax shift vs stress time" graph

(6310)

Stress vtegraph | Draws"Vtext shift vs stresstime” graph

(6690)

Stress_vtigraph | Draws"Vtci shift vsstresstime" graph

(7070)

Analysisl Determines Tdc for Idlin/fGmmax by using alinear interpolation or a
(7450) power law extrapol ation

Analysis2 Determines Tdc for Vtext/Vtci by using alinear interpolation or a
(8130) power law extrapolation

Calculate (8800) | Calculates average of Tdc

Save calc data | Savescalculated average Tdcto ASCII file

(9220)

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 ANALYSI S 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 GPI B Sel ect Code
1680 Hpi b_addr=0 1415X GPI B Address

» If you will execute the DCDAHC or ANALYSI S program using the 4155/4156 built-in
IBASIC controller, use the above GPIB select code and address (800).

» If you want to execute the DCDAHC or ANALYSI S program on an external computer,
modify above lines. For example, if the GPIB select codeis 7, and the GPIB address of
the 4155/4156 is 17, modify as follows:

1670 Hpib_sc=7 1 415X GPI B Sel ect Code
1680 Hpi b_addr=17 1415X GPI B Address

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

1. Presssystem key.

2. Select MISCELLANEOUS softkey.

3. Movethefield pointer tothe415x i s field, then select NOT CONTROLLER
softkey.

4. Movethefield pointer tothe 415x field of the GPIB ADDRESS area, then enter
17.
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M odifying and Specifying Setup Fileto Load

The DCDAHC program loads six setup filesto set up the 4155/4156 for the HCI degradation
test.

e |b-Vg measurement setup file (I BVG. MES)

« Gate leakage current measurement setup file (I GLEAK. MES)

« Drain leakage current measurement setup file (I DLEAK. MES)

» Source leakage current measurement setup file (I SLEAK. VES)

« DC stress setup file (DCDAHC. STR)

e 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 afile on the diskette. For example,
if you want to change the gate voltage in the gate |eakage current measurement setup file
IGLEAK.MES, which is used to select valid devices, use the following procedure:

1. PressGet key. Inthe Get dialog, select FILE CATALOG, move the field pointer to
| GLEAK. 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 5V to 6 V, type 6 then press Enter.

4. Press save key. In the Save dialog, select FILE CATALOG, move the field pointer to
| GLEAK. 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 nmeasurenment and stress setup files---------
2370 !

2380 I bvg_file$="1BVG MES" 'l b-Vg nmeas. to determ ne Vgstr
2390 Igleak_file$="1CGLEAK. MES" !lg-tine neas. to check gate |eak
2400 ldleak_file$="1DLEAK. MES" !Id-time neas. to check drain |eak
2410 Isleak file$="1SLEAK. MES" !Is-time neas. to check source |eak
2420 !

2430 Str_ | e$="' DCDAHC STR' IDC stress setup file

2440 !'Str_fil e$="ACDAHC. STR' ' AC stress setup file

2450 !

2460 Param fil e$="PARAM MES" P1dlin/ Gmex/ Vtext/Vtci setup file
2470 !

If you want to use other setup filesinstead, change the file names. For example, to use
I NTRI M MES instead of PARAM NES, change line 2460 as follows:

2460 Param file$="INTRIM MES" !Idlin/Gmax/Vtext/Vtci setup file
Be sure that the files you specified in above lines are on the diskette before running
DCDAHC program.

Agilent 4155C/4156C Sample Application Programs Guide Book, Edition 1 5-33



HCI Degradation Test
Customization

NOTE

Changing Filefor Saving M easurement Results

The DCDAHC sample program creates ASCII data files as shown in the following lines.
The ANALYSI S 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 !------- File name to save ASCI| data -------------------------
2490 | dlin_data$="1D" I'l1dlinshift data file name

2500 Gmax_dat a$=" GV I Grmmexshi ft data file name

2510 Vtext dat a$="VTE" 'Vtextshift data file name

2520 Vtci _data$="VTIl" 'Vtcishift data file name

7270 Save_fil e$=Idl | n_dat a$&VAL$( Devi ce)

7910 Save fil e$=Gmax_dat a$&VAL$( Devi ce)

8550 Save file$=\t ext_dat a$&VAL$( Devi ce)

9190 Save file$=Vtci dat a$&AL$(Devi ce)

So, the following files are created, where XX is test device number.

I DXX, GUXX, VTEXX, VTI XX

If you want to change the file names, modify above lines asin following example:

2480 !------- File name to save ASCI| data -------------------------
2490 | dlin_dat a$="DTA" Ildlin shift data file name
2500 Gmax_dat a$="DTB" I Gmex shift data file name
2510 Vtext _dat a$="DTC' I'Vtext shift data file name
2520 Vtci _dat a$="DTD" I'Vtci shift data file nane

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 ANALYSI S program:

1790 !-------- Get filename ----------mmmmm
1800 Idlin_dat a$="DTA" I'l1dlin shift data file name
1810 Gmmex_dat a$="DTB" I Gmex shift data file name
1820 Vtext _dat a$="DTC" I'Vtext shift data file nanme
1830 Vtci _data$="DTD" IVtci shift data file nanme

We recommend not to change lines 7270, 7910, 8550, and 9190 of DCDAHC program. If so,
you need to modify many linesin ANALYSI S program because device number is used to
handle measurement data files.
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Changing Input Parametersfor 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 1------- Input Parameters----------------mmm oo
1780 !

1790 No_of _devi ces=4 I'Nunber of test devices

1800 Meas_poi nts=13 ' Nurmber of times to repeat measurenents
1810 REDI M Meas_str _tinme(1: Meas_points)

1820 REDI M Last _t est (No_of _devi ces)

1830 !

1840 !---------- Limts for | eakage tests-----------------oooo
1850 | gl eak_nax=2. E- 10 I Maxi mum gat e | eakage current

1860 |dl eak_max=1. E- 8 I Maxi mum drai n | eakage current

1870 | sl eak_max=1. E-8 I Maxi mum sour ce | eakage current

1880 !

1890 !----- Drain stress voltage should be determ ned by Id-Vd character
istics

1900 Vdstr=5 !Drain stress voltage

1910 Vgstr=2.5 I Gate stress vol tage

1920 Vvdd=5 I Drain nom nal voltage

1930 Vbb=0 I'Bul k nom nal voltage

1940!

1950 !-----m---- Device geomBtri @S--------mmmmm e
1960 Gate_l ength=1.E-6 IGate length

1970 Gate_width=1.E-5 IGate width

1980 !

1990 !------- Pin assignment to deternine stress bias condition------
2000 Source_str=1 I'Pin assignment of source (Stress)

2010 Drain_str=2 I'Pin assignment of drain (Stress)

2020 Gate_str=3 I'Pin assignment of gate (Stress)

2030 Bul k_str=4 I'Pin assignment of bulk (Stress)

2040 !

2050 !'--Pin assignment for forcing stresses and interimneasurenents
2060 ! Pin assignnent for Device No.=1

2070 Source(1l)=5

2080 Drain(1)=6

2090 Gate(1l)=7

2100 Bul k(1)=8

2110 !

2120 ! Pin assignnent for Device No.=2

2130 Source(2)=9

2140 Drain(2)=10

2150 Gate(2)=11

2160 Bul k(2) =12

2170 !

2180 !Pin assignnent for Device No.=3

2190 Source(3)=13

2200 Drain(3)=14

2210 Gate(3)=15

2220 Bul k(3)=16

2230

2240 !'Pin assignment for Device No.=4

2250 Source(4)=17

2260 Drain(4)=18

2270 Gate(4)=19

2280 Bul k(4) =20

2290 !

2300 !'Pin assignnent for Device No.=X

2310 ! Sour ce( X) =XX

2320 ! Drai n( X) =XX

2330 ! Gat e( X) =XX

2340 ! Bul k(X) =XX

2350
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Parameter Description Default
No_of devi ces Number of devicesto be tested 4
Meas_points Number of timesto repeat stress/measurement 13 times
cycles

| gl eak _max Maximum gate | eakage current 200 pA

| dl eak _max Maximum drain leakage current 10nA

| sl eak _max Maximum source leakage current 10nA

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 1pum

Gate_wi dth 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

Bul k_str Bulk pin of switching matrix to determine gate 4
stress voltage

Source(*) Pin assignment of sourceterminal for stress/interim|5,9,13,17

characterization loop. Sour ce (Device number)

Dr ai n(*) Pin assignment of drain terminal for stress/interim | 6,10,14,18
characterization loop. Dr ai n (Device number)

Gat e(*) Pin assignment of gate terminal for stress/interim | 7,11,15,19
characterization loop. Gat e (Device number)

Bul k(*) Pin assignment of bulk terminal for stress/interim |8,12,16,20
characterization loop. Bul k (Device number)

NOTE Before executing the DCDAHC program, you must determine Vdstr (drain stress
voltage) by using " | DVD. 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.
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To Change Pin Assignment

The switching matrix's pin assignment of source, gate, drain and bulk pins for each test
deviceisdefined 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 interi mmeasurenents

2060 !Pin assignment for Device No.=1
2070 Source(1l)=31

2080 Drain(1l)=32

2090 Gate(1)=33

2100 Bul k(1) =34

To Change Number of Test Devices
Number of devicesto testisdefinedin line 1790. Default in DCDAHC program is 4 devices.

1790 No_of _devi ces=4 I Nunber of test devices

You can change the number of test devices by manually editing thisline. For example, to
decrease number of devices from 4 to 3, change line 1790 as follows:

1790 No_of _devi ces=3 I' Nunber of test devices

For exampl e, to increase number of devicesfrom 4 to 5, change line 1790 as follows:

1790 No_of _devi ces=5 I Number of test devices

If you increase the number of devices, you need to assign switching matrix pinsfor the
extradevices. For example, for the fifth device, use template lines 2300 to 2340:

2300 !Pin assignnent for Device No.=5
2310 Source(5)=21

2320 Drain(5)=22

2330 Gate(5)=23

2340 Bul k(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 Sress Times

In the DCDAHC program, the cumulative stress times are set in the following lines:

2540 l---------- Stress duration setup-----------------“--“----------
2550 Str_tinme:! I'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_tinme

2620 READ Meas_str_time(*)

To make interim characterizations more or less frequently, modify above DATA lines.

To Make Interim Characterizations M or e Frequently
Following is an example of more frequent interim characterization.

2540 l---------- Stress duration setup----------------““-“----------
2550 Str_time:! I'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_tinme

2620 READ Meas_str_time(*)

Also, change number of interim characterization points (Meas_poi nt s) from 13to 17.

1800 Meas_poi nts=17 ' Number of tines to repeat measurenents

To Make Interim Characterizations L ess Frequently

Following is an example of less frequent interim characterization.

2540 !---------- Stress duration setup-------------------------------
2550 Str_tinme:! I 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_poi nt s) from 13to0 9.

1800 Meas_points=9 I Nunmber of tines to repeat neasurenents

Skipping Deter mination of Gate Stress Bias Condition

In DCDAHC program, gate stress bias condition is determined by the following line:

2780 l--------- Determ ne Stress Bias Condition---------
2790 CALL Str_define I Determ ne DC stress condition
2800 DI SP "Connect HClI 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--------- Determne Stress Bias Condition---------
2790 !'CALL Str_define I Determ ne DC stress condition
2800 !DI SP "Connect HCl degradation test devices"

2810 ! PAUSE
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Reducing the Interval between Stressand Interim

M easurement

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 ASCI| file after each interim measurement so that data
isnot lost if an unexpected accident occurs:

2680 Save_at |l ast=0 !0: Save ASCI| data files after each interimtest
2690 I'l: Save all ASCI| data files after conpleting whole test

To shorten the interval, you can save test data in the ASCII file only after the termination
criteriais exceeded by changing line 2680 as follows:

2680 Save_at _last=1 !0:Save ASCI| data files after each interimtest
2690 I'1l: Save all ASCI| data files after conpleting whole test

Selecting Parameter Shift Graphsto 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 drawi ng/saving data in main nmenu------------
2650 Show _devi ce=0 ! 0: Draw graphs of all devices, Specify device No.
2660 Show _paran=0 !0: Draw graphs of all parans

2670 !'1:1dlin, 2:Gmeax, 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 draw ng/saving data in main nmenu------------
2650 Show_devi ce=0 !0: Draw graphs of all devices, Specify device No.
2660 Show _param=-1 !0: Draw graphs of all parans

2670 !'1:1dlin, 2:Gmex, 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 drawi ng/saving data in main menu------------
2650 Show_devi ce=3 ! 0: Draw graphs of all devices, Specify device No.
2660 Show param=0 !0: Draw graphs of all parans

2670 !'1:1dlin, 2:Gmex, 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 drawi ng/saving data in main menu------------
2650 Show_devi ce=2 !0: Draw graphs of all devices, Specify device No.

2660 Show paranmr4 !0: Draw graphs of all parans
2670 !'1:1dlin, 2:Gmex, 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 devicesto 1.

1790 No_of devices=1 I Nunber of test devices

And comment out the following lines:

2870 ! CALL Swm connect !Connect test device

2970 ! CALL Swm cl ear I Di sconnect test device

3040 ! CALL Swm connect !Connect test devices in parallel
3100 ! CALL Swm cl ear I Di sconnect all test devices
3220 ! CALL Swm connect !Connect test device

3240 ! CALL Swm cl ear I Di sconnect test device

5180 ! Connect (FNSmu(1), Gate_str)

5190 ! Connect (FNSmu(2), Source_str)

5200 ! Connect (FNSmu(3), Drain_str)

5210 ! Connect (FNSmu(4), Bul k_str)

5370 ! CALL Swm cl ear

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 Por t (Port number), Connects the
Pi n (Pin number), specified port to the
Swm (GPIB select code and address of specified

measurement pin

Devi ce (Device number), Connects four
Swm connect | Source (*) (Pinassignment of source), | terminas of
Gat e(*) (Pinassignment of gate), specified device to
Dr ai n(*) (Pin assignment of drain), SMU 1,2,34
Bul k(*) (Pinassignment of bulk)
Swm cl ear Swm(GPIB select code and address of Disconnects all
switching matrix) 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
therelay'sterminal.

Do not use the wet switching method because it reduces the life of switching matrix relays.
Inthe DCDAHC program, dry switching is executed by lines 12760, 12900, 13020 and
13250.
12760  OUTPUT @1p415x;": PAGE: SCON: STOP"
12900  OUTPUT @1p415x; ": PAGE: SCON: STOP"
13020 OUTPUT @Hp415x; ": PAGE: SCON: STOP"
13250 OUTPUT @p415x;": 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.

AC HCI Degradation Test Equipment Connections

41557 4156
4085M
_________________________________________________
H
GPIB Cable H
Mo =—— Triaxial Cable | |}
I 16078A
oy
~ S
[ S !
w 16440A H
1
o | —
21501 (with 2PGUs) BNC Cable
______________________________________________________ 4085A 48-pin Switching Matrix
s Control Cable

AC HCI Degradation Test Device Connections

Drain

Gale |

164404 |
O O

41507 {with 2PGls) 415514156

ACDAHC.STR file must be used instead of DCDAHC.STR. Thisfile 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_fil e$="DCDAHC. STR' IDC stress setup file
2440 !Str_fil e$="ACDAHC. STR' I'AC stress setup file

To use ACDAHC. STR, exchange the comment mark (!) as follows:

2430 !Str_fil e$="DCDAHC. STR' IDC stress setup file
2440 Str_file$="ACDAHC. STR' I'AC stress setup file
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The following lines set DC stress voltages of SMUs.

4990 OUTPUT @¥p415x;": PAGE: STR SET: CONS: SMJ3 "; Vdst r
5000 OUTPUT @4p415x: ": PAGE: STR SET: CONS: SMUL "' Vgstr
5300 OUTPUT @4p415x;": PAGE: STR SET: CONS: SMUL ": Vigst r

Change these lines as follows so that these lines set AC stress voltages of PGU1 and
PGU2.
4990 OUTPUT @1p415x;": PAGE: STR: SET: PULS: PGU2: PEAK "; Vdstr

5000 CQUTPUT @Hp415x;": PAGE: STR: SET: PULS: PGUL: PEAK "; Vgstr
5390 CQUTPUT @Hp415x;": PAGE: STR SET: PULS: PGUL: PEAK "; Vgstr

NOTE Before starting AC stress test, you need to modify setup of ACDAHC. STRfile. 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 SMUs for drain and
source in PARAM MES filefor CHANNELS: CHANNEL DEFINITION page asin the
following figure, then resave it before executing test.

Figure5-15 Changing SMU Assignment in PARAM.MESfor Reverse Mode Test

CHANNELS: LCHANNEL DEFINITION B5FEBIB 01: 33FH
ITdlin/Gmmax/Ytext/Vtcl Measurement SHEEF
#MEASUREMENT MDDE
CHEEF 1] SAM-
FLING
£CHANNELS
WEASURE ETEY| [SERTES
UHIT YHAME [ INAME WEDE [FLTH RESISTAMNLE| |[PEFAULT
SHUL: HF | V6 i [] VARL I ohm MEASURE
SMUZ: MP | %D 10 ¥ CONST SETUF
SHU3: HP |5 15 ¥ CONST TR
SHU4: MP |8 18 ¥ CONST B-Tr
SHUS: HP YLE-TC
ysue | -
wsug | [------- WEMZ M
L N R e B ---- FET
[ L= N I L e YO5-I0
T N
PEUz | |------- EE¥3 !
BHOU L T T WE5-1D
WEMZ M
BIDDE
SWEEP YF-IF
Select Measurement Mode with softkewy or rotary knob. B I
‘EHANNEL‘ USER HUSER ‘ | ‘ H HNEXT ‘
DEF FCTH VAR PAGE
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Changing Input Parametersfor Test Data Analysis

Inthe ANALY SIS program, the input parameters are defined on the following lines:

1650 !--------------- I nput Parameters---------------

1660 No_of _devi ces=4 ! Number of devices to be eval uated

1670 !

1680 !----- Flag to PAUSE program after each Tdc analysis-----------

1690 !If the following flag is 1, this programis paused
1700 !after drawing Shift paraneter v.s. Stress tinme graph.
1710 !'During pause, you can nmanually save anal yzed 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=1

1750 !

1760 l---------- Save ASCII file name-------------““--“-““-----------
1770 Save_fil e$=" ANAHCI "

1780 !

You can modify these values before executing ANALY SIS program.

Parameter Description Default

No_of _devi ces | Default number of devices for which to analyze 4
data. Thisvalueis used if you do not enter avalue
when prompted at beginning of ANALY SIS

program.

Pause to_save | Flagto 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 ANALYSI S program extracts Tdc for all devicesand all parameters specified. The
program pauses after drawing each "shift parameter vs stresstime" graph so that you can
manually save analyzed datato a DAT file. If you don't want to pause program, change line
1740 asfollows:

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. Thefile
nameisdefinedinline 1770. For example, if you want to change the file nameto TDCAVG,
change as follows:

1760 !---------- Save ASCII file name------------------------~-~------
1770 Save_fil e$="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 Filefor 1d-Vd Measurement to DetermineDrain Stress
Voltage

Settings of following setup pages are stored in IDVD.MESfile, which is used to set up the
4155/4156 to determine V dstr.

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: CHANHEL DEFINITION 94SEP2ZG O1: 42PN
ld-%d Meazurement SWEEPR
“MEASUREMENT MODE
o
PLING
*“CHANMEL S
MEA SURE STBY SERIES
UNILT W N ME | NAME MODE [FGCTH RESI STANCE DEFAULT
SMUT: WP | VG e v VaR2 o ahm WE ASURE
smMuz: MP |V I v CONST 0 ohm SETUP
SMUL: MP (WD D W VAR WEMT W
4 mMP VB | B W CONST B- Tr
wEUL e VGE- I G
veue | e
L T e E ME M2 M
LT T I e I e S FET
WDE- 1 D
ME hi3 [}
FET
VGE- 1D
ME M4 M
Ol ODE
LWEEP VE-IF
Select Measzurement Mode with softkey or rotary knob.
CHANMEL||USER USER NEXT
DEF FCTH VaR PAGE
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Setup Files
Figure5-17 SWEEP SETUP Page of IDVD.MES
MEASURE: SHWEEP SETUP GEFEBIT 05: 41FH
Td-¥d Measurement
ENARTABLE Y4R1 YA4RE
UHIT SHUZ: MP SHUL: MP
HAME iy Wk
SHEEF MODE|SINGLE SINGLE
LIN/LDE LIHEAR LIHEAR
START 00000 v| 3.000 ¥
STOP in.000 ¥ 4.000 W
STEFR too.omy aon.omy
HD OF STER|[101 3
COMPLIANCE | 50.00mA f.0000ma
POWER COMP [GFF GFF
ETIMING
HOLD TIME n.o0000 s
DELAY TIME| D.0000 5 XSWEER [STOF AT ANY ABNDRM|Status
ECONSTANT
PNIT SHUE, HP SHU4, HP
HAKE WE WB
MODE ) W
S0URCE 0.ooon v 00000 ¥|---=-=====|-==-=-----
COMPLIANCE ] 50.00mA {.0000m4 |-----=-=---|--=-------
10
Enter YARL Stop [(-100 fo 100]. 1
SHEEF MEASURE([|DUTRUT PREY NEXT
SETUF SETUF SER PAGE PaRE
Figure5-18 DISPLAY SETUP Page of IDVD.MES
DI sPLAY: DI SPLAY SETUP 945EP2ZY 0O1: 44FPM
ld-%d Measuremsnt GRAPH-
| G5
"Dl SPLAY MODE
* GRaPHI C&
¥awis Yilaxis Y2axis
MamE WD (|
SCaLE| LI NEAR LI NEaR
Ml N O, 000000000 W Q. 000000000 A
Il A 10000000 10, 000000000 A
*GRI D *LINE PARAMETER
on
*DATA VARI ABLES
GRAPHI C3
Seleoct Display Mode with softkey or rotary knob.
Ol SPLAY||ANLYSI S FREW MEXT
SETUP SETUP P A GE PAGE
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Setup Files
Setup Filefor Ib-Vg Measurement to Determine Gate Stress
Voltage
Settings of the following setup pages are stored in the IBVGMESfile, which is used to set
up the 4155/4156 to determine Vgstr during DCDAHC program.
Figure5-19 CHANNEL DEFINITION Page of IBVGMES
CHAMMNELS: GHANNEL DEFINITION G45EF2Y O1: &TPM
I b-%g Measuremsnt SWEEFP
“MEASUREMENT MODE
S h-
PLI NG
* CHANMNEL &
ME & S URE STBY | |[SERIES
UHI T W M A WE 1 HaME WMODE |FGTH RES| STANGE DEFAULT
SMUT: MP (WG 1 G o VAR o ohm ME ASURE
SWUZ: MP | WS I8 W CONST o ahm SETUR
SMUL: MP (WD I D o COMST WEMT
SMU4: MP (VB I B \ COM&T
B-Tr
R WGE- | G
vauz | aa ik
T8IV I (e Y (S I ME M2 M
(T8 TTT- J I (e Y [ I FET
WDE&- 1D
ME M3 M
FET
WGE- 1D
ME M4 M
DI ODE
SWEEP VP IF
Seloect Meazurement Mode with =zoftkey or rotary knob.
CHAMMNEL||USER USER MEXT
DEF FGTN VAR PaGE

5-46 Agilent 4155C/4156C Sample Application Programs Guide Book, Edition 1



HCI Degradation Test
Setup Files

Figure 5-20 USER FUNCTION DEFINITION Page of IBVGMES

CHAWMNELS: USER FUWCTIOW DEFI NI TION 945EP29 O4:329PM
| b-%g Meazuremsnt

*USER FUNCTI OHN

M A E UNI T DEFINITION
WGETH W i
| gUB A -1 B

DELETE
ROwW

YWGESTR
Enter User Function Mame. [(max & chars. )

CHANMNEL||UZER UZER PREY NEXT
DEF FCTHN WA R P A GE PAGE

Figure5-21 SWEEP SETUP Page of IBVG.MES

MEASURE: SWEEP SETUP G4SEP2Y O1:39PM
I b-%g Measurement

“wWaRl ABLE WAaRAd WaR2
UMNI T ShiU1: mMP
NaME Va DOUBLE
SWEEP MODE[2| NGLE

LI NfLOG LI NEAR
START Q. 0000 v
ETOP 5,000 W
ETEFP 50 0my
MO OF STERP|101

COMPLI ANCE 50 . 00ma
POWER COMP|OFF

31 NGLE

*TIMI NG
HOLD TI ME 0. 0000 s
DELAY TI1ME 0.0000 s " SWEEP STOP AT ANY ABNOHMStatus
*CONETANT
UNIT Smu2: mpP MU mP SwU4: mpP
MAmME WE WD VB

mMoD E W W W

SOURCE 0. 0000 W G.000 W 0 0000 W|---------
COMPLI ANCE 100, 00 ma 0. 00 ma 100, 00maf-==-=------

31 NGLE
Seleet Sweep Mode with softkey or rotary knob.

SWEEFR MEASURE | |OUTPUT FPREVY MEXT
SETUP SETUP SEQ PaGE PAGE
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Figure5-22 DISPLAY SETUP Page of IBVGMES
Ol SPLAY: DI 3PLAY SETUPR 943ERP29 O01:40PM
| b-¥g WMeazurement GRAPH-
[
Dl SPLAY MODE
" GRAPHI G35
Xaxis Yiaxis ¥2axis
MaAME WG I sUB
SCALE|LI HEAR LI HE&AR
/L] 0. 000000000 W Q. 000000000 A
RS 5.000000 W 10, 000000000 A
* GRID “*LINE PARAMETER
N
"DaTa WaAaRIABLES
WIGETR
GRAPHI C3
Seleoct Display Mode with softkey or rotary knob.
DI SPLAY | [ANLYS1 & FREYW MEXT
SETUR SETUPRP PaGE PAGE
Figure 5-23 ANALY SIS SETUP Page of IBVGMES
DI SPLAY: ANALYSI &5 SETUP 945EP29 01:40PM
I b-%Wg Measurement HORMAL
“LI NEA
GRAD
TAMNGENT
“LINEZ:[ 1
REGRES-
31 ON
*MARKER: At a point where
[IsUB ] = [maXi{lSUB) 1
[ 1
*l nterpolate: [OFF] Dl SABLE
Seloct Line Mode with softkey or rotary knob
DI BPLAY||aNLYS] & PREW MEXT
SETUP SETUP P A GE PAGE
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Setup Filefor Gate L eakage Current Measurement

Setup Files

Settings of following setup pages are stored in IGLEAK.MESfile, 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 setupfile.
Figure5-24 CHANNEL DEFINITION Pageof IGLEAK.MES
CHAMNELS: GHAMNEL DEFINITION Q45EP2Y 01 47PM
Gate Leakage Current hMeasurement SWEEP
“MEASUREMENT MODE
PLI NG
* CHANMEL
MEA SURE STBY | [SERIES
UNI T WM A ME | M AME MCODE |FCTHN RES| STANGE DEFAULT
SMUA: WP | WG I G W CONGT o ohm MEASURE
smuz: Mp |ws I 8 W CONST 0 ohm SETUP
SMUS: MP | WD I D W CONGT WEMT
SMU4: MP | VE I B W CONGT BTt
wal e VGE- | G
vauz | e
L2 LU T N (e [ ME M2
L e FET
WDE- | D
ME M3
FET
WGEE- | D
ME M4
Dl ODE
SAMPLI NG VE-IF
Seloct Measzurement fMode with zoftkey or rotary knob.
CHaMMEL||usER USER MEXT
DEF FGTHN VAR PaGE
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Figure 5-25 USER FUNCTION DEFINITION Page of IGLEAK.MES
CHAaMMELEZ: USER FUWNCTI OM DEFI NI TION 94EEP2ZY O 4TPM
Gate Leakage Current Mesasurement
*"USER FUNGCTI ON
ManE UMI'T DEFI NI TI OH
lagleak | A a@hly
DELETE
RO
lgleak
Enter User Function Mame. [(max & chars. )
CHANMEL | |USER USER PREW MEXT
DEF FCTH WaR PA GE PAGE
Figure 5-26 SAMPLING SETUP Page of IGLEAK.MES
MEASURE, SAMFLINE SETUFR QBFEBLY 09, 30PH
Gate Leakage Lurrent Heasurement LIMEAR
*SAMPLING PARAMETER *STOF CONDITIDN L0B10
WODE LINEAR ENABLE/DISABLE|DIGABLE
INITIAL INTERWAL| 100.00ms ENABLE DEL&Y p.oo00oon s
ND. DF SAMPLES 10 WA ME
TOTAL SAMP. TIME|AUTD THRESHOLD p.oonooong LOGES
EWENT Y3l > Th
[HOLD TIME [ 1.0000 5 ] |[EWENT HD. i
[FILTER [N | L0651
ECONSTANT THINHED
UHIT SHUL, MP SMUE: MP SMU3 MP SHUS, MP DUT
HAME Vi [ LAy VB
MODE i i i i
SOURCE S.000 D o000 ¥y o.0000 %) o.0000 Y
COMPLIAMCE | {.0000ma| {.0000ma | 1.0000mé| {.0000mA
LINEAR
Select Sampling Mode with softkey or rotary knoo. I
SAMPLHE MEASURE|(DUTRUT FREY HEXT
SETUP SETUP SER FARE PAGE
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Setup Files
Figure 5-27 ANALYSIS SETUP Page of IGLEAK.MES
DI 5PLAY: ANALYSI & SETUP 945EP2Z9 O1:50FPM
Gate Leakage Current hMeasurement HORMAL
LI MNET1:
GRAD
TANGENT
“LIMNEZ2:| ]
RE GRE &-
51 ON
*MaRKER: At a point where
[1G 1 = [WMaxil G) 1
[ ]
*Interpolate: [OFF] Dl SABLE
Seleet Line Mode with softkey or rotary knob.
DI SPLAY||JANLYSI S FREV NEXT
SETUP SETUP FPaGE PAGE
Figure 5-28 DISPLAY SETUP Page of IGLEAK.MES
DISPLAY: DBISPLAY SETUP QSFEBLT 09 3BFH
Bate Leakage Current Heasurement E‘R;‘EE'
EDISPLAY MDOE
BRAPHICS [15T
EGRAPHICS
¥aunis fiauis fedauls
N&ME |BTIME IG
SCALE|LINEAR LINEAR
MIN 1.00000 5 g.oooooooon A
Ma K F.30000 5 e0o.000pA
EGRID %L THE PARAMETER
EQATA VARIABLES
Inleak
FRAPHICS
select Display Mode with softkey or rofary knob. B I
DISPLAY||ANLYS3IS PREW NEXT
SETUR SETUF PAGE PAGE
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Setup Files
Setup Filefor Initial/Interim Characterization
Settings of following setup pages are stored in PARAM.MES file, which is used to set up
the 4155/4156 for Idlin/Gmmax/Vtext/Vtci measurements during DCDAHC program.
Figure 5-29 CHANNEL DEFINITION Page of PARAM.MES
CHANNELS: CHANMEL DEFINITIDN B5FERLT 05; {BFM
HCI, Initial characterization for DEvice=1 SHEER
£MEASUREMENT MGDE
SAM-
PLING
£CHANNELS
HEASURE STBT| [SERIES
UNIT VNAME | IWANE MODE |FLTN RESISTAMNCE| |[PEFAULT
SHUL: HF | VG 16 V VaR1 0 _ohm MEA4EURE
SMUZ: HP |5 15 ¥ CONST SETUP
SHUZ; P | YD 10 ¥ [ONST TR
SHU4; MP | VB 1B ¥ [ONST B-Tr
SMUG: HP 0 ohm YLE-IL
ysuy | | mmmm -
ysug | |------- MEME M
T N I e N ---- FET
viuve | |-------| | ----- - YOE-ID
e R HEWS N
T T I [ —— S— FET
YE5-10
MEM4 M
DIGDE
SHEEP YF-IF
Splect Measurement Mode wifth EﬂftkE)' or I"EItEII")l knob.
CHANNEL | |USER USER NEXT
DEF FLTH YR PAGE
Figure 5-30 USER FUNCTION DEFINITION Page of PARAM.MES
CHAWNELS: USER FUNCTION BEFINITIDH BEFERL1T7 05 20FPM
HCI, Initial characterization for Dewice=1
£USER FUNCTIDN
HNaWE | UNIT DEFINITIOH
5m DELTATID) /OELTA[VE]
Vigxt |V BHy- [BMY1/BHMY2) -AT (YD, 1] /2
Gmmax Ma¥ [Bm)
Yicl |V BLPA
1dlin & BLIV1
PELETE
ROH
Em
Enter Lser Function Wame. [max B chars.) I
CHANNEL||USER USER PREY NEXT
DEF FCTH YR P4BE PaGE
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Figure5-31 SWEEP SETUP Page of PARAM.MES
MEASURE, SWEEP SETUF BEFERL7 09 24PH
HCI, Initial characterization for Device=t
EVARTABLE WARY Y4RE
UHIT SMU L HP
NAME Wi
SHEEF MODE|SINBLE
LIN/LDG LINEAR
START g.ooon W
STOP G.000Y
STEF ci.omy
NG OF STEP |51
COMPLIANCE| 20.00m4
POWER COMP|OFF
ETIMING
HOLD TIMWE g.oon0 s
DELAY TIWME] 0.0000 s *SHEEF [STOF AT COMPLIANTCE]Status
ECONSTANT
UNIT SHUZ, HF SHUZ MF SHU4, HP
NAME W3 L VB
MODE i i Y
SOURCE 0.0000 v 100,0mYy 0,000 y)-=-=--=-----
COMPLIANCE] 100.00ma) 20.00mA 100, 00mé | ---------
n.oe
Enter VA4RL Step [0 to 200,
SHEEF MEASURE[[DUTFUT PREY NEXT
SETUF SETUF SER PAGE FAaBE
Figure 5-32 OUTPUT SEQUENCE Page of PARAM.MES
MEASURE: DUTPUT SERUENCE 9LFEBLY 09 25FH .
HCI. Initial characterization for Deyice=i SHUL: HF
SHUE, MF
A0UTRUT SERUENCE “TRIGGER SETUF
UHIT NAWE HODE ENABLE/DISABLE [GISABLE
1 [SHUE: MF]|VWS Y FUNCTIDN TRIG DUT
c [SHU4; HF|WB Y STEF DELAY 0,000 s SHU3: ME
3 |SHUL: MP|¥E Y POLARITY FOSITINE
4 [SHUI; HF WD Y
5 (vid .
6 lysyz SHU4 MF
7| SHUS: HF
B [FEUL
g |FBUE SHUS HE
YEUM
MORE
SHUZ: HP t/z
Select Dutput Sequence with softkey or rotary knob. 1
SHEEF MEASURE[|IDUTRUT PREY NEXT
SETUF SETUF SER PAGE PARE
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Figure 5-33 DISPLAY SETUP Page of PARAM.MES
GISFLAY: DISPLAY SETUFP ORFEBLT 00, 27FM
HCI, Initial characterization For Device=1 ER?E?'
FRIGPLAY MODE
FRAPAILS o7
FERAFHICS
Kanis Ylasiis VEails
WAME |YE 10 Em
SCALE|LIMEAR LIHE&R LINE&R
WIK pooogonooooon v o,000000000 &) 0. 0000000000
W% s.ooonon vy gL 00ooanoogmal 4.5000000000m
*RRID ELINE PARAMETER
£0ATH YARTABLES
Yiext
Idlin
GRAFHICS
Select Display Mode with softkey or rotary knob. I
DISPLAY]||AMLYSIS FREY NE®T
SETUFR SETUR FAEE PAGE
Figure5-34 ANALY SIS SETUP Page of PARAM.MES
BISPLAY, AMALYSIS SETUP GHFEBLT 05 4GFPM
Tdlin/Gmmas/Vtext/vtcl Measurement NDRMAL
SLINEL:| [GRAD line on [¥1] at @ point [WHERE
%vﬁ ]] = 5 ' [6rav
Gradient; [0 I
TAHGENT

ELINEZ: [NORHMAL ] 1ine on [¥1] between a point [WHERE]

%19 ]] = [10u I REBRES-

and @ point [WHERE] 510
(10 ] = [t I
[ ]
EMARKER: &t 3 polnt where
[Em | = [Ha¥(Gm) I
[ I
sInterpolate; [ON ] DISABLE
ERAD
Select Line Mode with softkey or rotary knob. B I
DISPLAY|[ANLYSIE FREY MEXT
SETUP SETUP PABE PABE
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Figure 5-35

Figure 5-36

Setup Filefor 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: CHANMNEL DEFI NI TION S4ZEP29 04 324PMN
HGCI DG Stress Sestup File W
*CHAMNEL
MEASURE STRESS
UNI T H & ME oD E M A E FCTH
Sl MP (VG W wastr EY¥Y NG CHAMNNEL
SMUZ: MP Vs v Vs Y NG AB Sl GN
SmMU3: MP VD W Wdstr EY NG
Shild4: MP [ VE W Wzub SY NG
WS LA
wsU2
GO o N
*TRI GGER SETUP
Ol SAaBLE
POLARI TY[POSITIWE
DELETE
RO
W
Select hMode with softkey or rotary knob.
CHANMEL||STRESS STRESS NEXT
DEF SETUPR FORGE PAGE
STRESS SETUP Page of DCDAHC.STR
STRESS: STRESS SETUP 40CTO4 08 EEPNM
HGCI DG Stress Sestup File FREE
RUN
“STRESS MODE *“PULSE
CURATI N UHIT
1. 0000 = HAME
FPERI O [ |- -
*ACCUMULATED STRESS wil DTH
0. 000000 = DELAY TI ME
PEAK WYWaALUE
*HOLD TI ME BASE waLUE
0. 000000 = LEADI NG TI ME
TRAI LI HG TI ME
*"FILTER oOFF | MPEDANGE
*STRESS |CONTINUE AT ANY Status
*COMNSTANT
UNIT T St mMpP SmMU2: MP Smua: P Shldd: mpP
A WME Wwgstr s Wdstr Yz ub
W O E W W W W
SOURGE Q. Qo000 W 0L 0000 W QL0000 W QL0000
COMPLI ANCE 100, 00ma 100, 00mA 100, 00 mA 100, 00mA
1
Enter Duratiaon (O, 00058 to 3. 1536E+07). |
CHANMEL||STRESS STRESS PREYW NEXT
DEF SETUPR FORGE P A GE PAGE
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Setup Files
Setup Filefor 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
STRES5: C[HAHNMEL DEFINITICH B5FEB17 09 10FH
HCI 4G 5tress Setup File
1
SCHANNELS £S5MU/PG SELECTDR
MEAGURE STREGS MEAGURE |GTREGS
UHIT HAWE MGGE |HAME [FCIH IRE PEU
SHUL: MP [¥E 2| 5HU PG CHANNEL
SHUZ: MP |5 ¥ Vs SYNEG 3|DPEN DFEN ASEIGH
SHU3: MP | D 4| DPEN DPEN
SHU4: MP |YB ¥ Vsub BYNE
SHUG: HP
YEUA
YEUR
PG YPULSE [¥gstr [SYNEC COMMON
PEUE YRULSE [vdstr [SYNC #TRIGGER SETUF
BHELU DISABLE
[FOLARITY [FUSITIVE
DELETE
RGH
Splect Mode wWifth softkey or rotary knoh. B
CHANMEL||STRESS ||3TRESS HEXT
DEF SETUF FORGE PAGE
Figure 5-38 STRESS SETUP Page of ACDAHC.STR
STRES5: STRES5 SETUP BEFEBLT 05: 16FH T
HEI &4C 5t St Fil -
ress ELUp 11E TI0H
5TRESS MODDE SFULSE
DURATICH UHIT FEU1L FGUE FULSE
itn.oaon s HNAHE Ygstr Yastr COUNT
PERIGD 20.0us  |---------
£ACCUMULATED STRESS |WIDTH 10.0us 10.0us
D.000000 5 DELAY TIME 0.0000 5| 0.,0000 5
PEAK WALUE 2.500 ¥ 5.000 Y
HOLD TIME BASE WALUE 0.0000 ¥| 0.0000 v
D.000000 s LEADINE TIME 1.00us 1.00us
TRAILING TIME| 1.00us 1.00us
SFILTER [OFF IHPERANCE LG LGH
¥5TRESS [CONTIHUE &1 ANY | status
SCONGTANT
UNIT SHUZ. WP |SHU4. HF
HAWE Y5 Ysuh
MBDE y y
SEURCE D.0000 Y| 0.0000 Y¥|---------]---------
COMPLIAMCE| 100.00ma| 100.00mA|---------[--------—-
DURATICH
select Sftress Force Mode with softkey or rotary knob.
CHANMEL||STRESS ||STRESS FREY NEXT
DEF SETUP FORGE PAGE PAGE
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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
areimportant reliability issuesfor 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 pul se 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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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 aMOSFET
deviceisconnected to a pul se 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 pul se 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 curveis
obtained by applying a constant height triangle wave to the gate, measuring the charge
pumping current, stepping up the pul se frequency, repeating the measurement, and
extracting the recombined charge.

Trapezoidal Pulse M ethod

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.

Figure6-1 M easurement Circuit Diagram
Gate ‘
Sourc Drain
n+ n+ 2 vr J L
N

SMU1 PGU1
Substrate
% tep
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 filesto your working diskette.
You should keep the original diskette as backup.

6-4
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Square Pulse Method

The square pulse method extracts interface-state density (Dit), as shown in Figure 6-2. This
figureisaflowchart 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 pulseis not changed, and the pulse base voltage (BaseV) is
varied from well-below to well-above the threshold voltage. The substrate |eakage 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 isdrawn. Dit is
extracted from the Icp versus BaseV curve.

To Extract I nterface-state Density

The interface-state density (Dit) is extracted using the equation shown below. The sample
program uses the maximum Icp value for this calculation. The maximum Icp valueis
obtained from the charge pumping current (Icp) versus pulse base voltage (BaseV) curve.

lcp=fx Qss=fx qx Ag x Dit
&)1
Dit=lcp/ (f x qx Ag)

where,

Qss: Recombined charge per pulse period

f: Pul se 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 eV 1)
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Square Pulse Method

Figure 6-2 Flowchart of Square Pulse Method

[ Input measurement parameter |

[Getinitial measurement setup file

Set pulse conditions
(Pulse base voltage Increment pulse base voltage
and peak voltage) and peak voltage

]

| 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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Pulse
Peak
Voltage

Pulse Base Voltage

'

'
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N

Sampling points
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Square Pulse Method

Program Files Required

The following files are used for the square pulse method test:

CpPV Square pulse method sample program. IBASIC program file. ASCI|
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 M easurement Result Files

The following files save example data created after executing the CPV program. Thefiles
are stored on the Sample Application Program Disk.

CHP.DAT 4155/4156 setup and measurement datafile.
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 CHPMES 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 saveit as anew file.

To use the new file for the measurement, perform one of the following:

* Runthe sample program, and select the File Name and Setup File softkeys, and enter
thefile 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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Square Pulse Method

CHANNEL DEFINITION screen

CHANNELS: CHANNEL DEFINITION
Charge Pumping Current Measurement Setup

9B8SEP21 10:355AM

KMEASUREMENT MODE

SWEEP

)
D
=

SANPLING —
CHANNELS PLING
MEASURE STBY| [SERTES
UNTT UNAME ] INAME MODE [FCTN RESTISTANCE DEFAULT
SHUL:HR |VR R v CONST 0 ohm MEASURE
SHMU2: HR SETUP
SHUZ:HR
SHU4sHR |vsUB  |Isus |V CONST nent
SMUS:HP YCE-IC
vsut | e
vsu2 MEMZ 1
I R e T - FET
I N R ] I e — V0S-1D
PEUL Ve - VPULSE [CONST T
peU2 | |-
enou | e — FET
V65-1D
MEM4 1
DIODE
SAMPLING VE-IF
Select Measurement Mode with softkey or rotary knob.
‘CHQNNEL‘ USER ‘USER ‘ ‘ ‘ “ “NEXT
DEF FCTN VAR PABE

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

CHANNELS: USER FUNCTION DEFINITION
Charge Pumping Current Measurement Setup

9B8SEP21 10:56AM

L

USER FUNCTION
NAME | UNTT DEFINTTION
TSav A AVG (TSUB
158 E MAX (TSUBY ‘
ROW

1SAY
Enter User Function Name. d(max & chars.> B
‘CHQNNEL‘ USER USER ‘ H “PREV “NEXT ‘
DEF FCTN VAR PAGE PAGE

This setup screen is required to calculate
the averaged |SUB value (ISAV) and to
get the maximum ISUB value (1SB)
automatically for each sampling
measurement. During the execution of the
sample program, the |SB valueis collected
and used to plot the charge pumping
current (Icp) versus pulse base voltage
(BaseV) curve.

SAMPLING SETUP screen

MEASURE: SAMPLING SETUP

Charge Pumping Current Measurement Setup

9B8SEP21 10:57AM

LINEAR

*SAMPLING PARAMETER STOP_CONDITION
MODE LINERR ENRBLE/DISABLE | DISABLE L0610
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 ]
CONSTANT THINNED
UNTT SHUL:HR  [SMU4:HR
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

Use this screen to set the sampling
measurement condition for the substrate
current (ISUB) measurement.
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Square Pulse Method

PGU SETUP screen

MEASURE: PGBU SETUP 9B8SEP21 10:57AM
Charge Pumping Current Measurement Setup

PULSE

UNIT PGU1 PGU2

NAME V6

PERIOD 6.0us  [--——————=

WIDTH 1.0us

DELAY TIME 0.0000 s

PEAK VALUE 1.000 vV

BASE VALUE -5.000 V

LEADING TIME 100ns

TRAILING TIME| 100ns

IMPEDANCE LOW

PULSE COUNT FREE RUN |-—=—————-

CONSTANT

UNIT PGU1 PEUZ

NAME

SOURCE

6E-06

Enter PBU Pulse Period (2E-06 to 10).

B

Use this screen to set the output condition
used to pulse the gate. During the
execution of the sample program PEAK
VALUE and BASE VALUE are
automatically changed by the program for
each sampling measurement. For the
definition of the pulse setup parameters,
see the figure below.

10NN

MEASURE

‘SQMPLNG
SETUP

SETUP

PEU ‘
SETUP

QuTPUT ‘
SEQ

PREV
PAGE

‘NEXT
PAGE

Pulse

Pulse Period

Pulse Width

Leading Time

Trailing Time

Peak

Pulse
Amplitude

Pulse
Base

10%

90%

tr(rise time)

f (Pulse Frequency) = 1 / Pulse Period

tf(fall time)

DISPLAY SETUP sc

DISPLAY: DISPLAY SETUP

KDISPLAY MODE

reen

9B8SEP21 10:58AM

Charge Pumping Current Measurement Setup

Use this screen to set the measurement and
display parameters. For the sampling
measurement, the x-axis must be set to

GRAPH-
Ics

[oRaPHICS] — @TIME. To measure the substrate current,
KGRAPHICS the y-axis must be set to ISUB. ISB must
VEE oTiE Tooe — be set to the DATA VARIABLESfield to
ﬁ%ELE La‘gggoooooo s Ltl][.SODOpPl dlsplay the ISB value on the
S — B GRAPH/LIST: GRAPHICS screen.
*BRID KLINE PARAMETER
[oN ] [oN ] [::::::]
*DATA_VARIABLES
GRAPHICS [:::::::
Select Display Mode with softkey or rotary knob. B
‘DISPLQ\/‘ ANLYSTS ‘ ‘ ‘ H HPRE\/ HNEXT ‘
SETUP |[SETUP PAGE PAGE
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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.

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

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.

Get the CPV sample program as follows:

a. Selectthe GET "" softkey.
b. Enter CPV as shown below.
GET" CPV"
c. Pressthefront-panel Enter key.
Press the front-panel Run key to execute the program.

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)
e 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]
» Pulsewidth [sec]
» Pulseleading time [sec]
» Pulsetrailing time[sec]
e 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]
e Channel length [cm]
Connect the device as shown in Figure 6-1.

To start the test, select the Measure softkey.

6-10
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Figure 6-4

Figure 6-5

Charge Pumping
Square Pulse Method

After the M easurement

After the measurement, the CPV program automatically performs the following functions:

« Displaysalist 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 changesin the
setup file, see the table on the next page.

» Displaysthe Icp versus BaseV curve on the GRAPH/LIST: GRAPHICS screen. See
Figure 6-4.

* Savesthe ASCII fileto the diskette inserted in the 4155/4156 built-in flexible disk
drive. See Figure 6-5.

* Savesthe DAT fileto the diskette inserted in the 4155/4156 built-in flexible disk drive.

Square Pulse Method M easurement Result

BRAPH/LIST: GRAFHICS MEDIUM 980CTO8 1l:21ANM
Charge Pumping Current ws Pulse Base Volatge MARKER

MARKER ¢ —& .00 00 V405, 28500000nA 5
05, 285000000 A ON
@ L0241705625T

o0 n MARKER

MINATAX

aooo00
MAXICP
D1t

— INTER-
Top POLATE
OFF

DIRECT
MARKER ./
=049 CURSOR

MARKER
SKIP

AUTO
ANAL Y-
SIS

0.00
-9.00 Bazey W) ] Zdiw Z. 00 CURSOR

OFF

B

‘ “MQRKER/W‘LINE “SCQLINB‘ ‘DISPLQV“SQMPLNG“STOP “CDNST
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.E7

-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, thefirst line isthe gate pulse amplitude [V], the gate pulse base start voltage
[V1, the base stop voltage [V], the base step voltage [V], and the number of stepsin 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].
Thelast lineis the charge pumping current (Icp value) [A].
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USER FUNCTION DEFINITION screen

CHANNELS: USER FUNCTION DEFINITION 9B8SEP21 11:03RAM
Charge Pumping Current vs Pulse Base Volatge

L

USER_FUNCTION

NAME UNTT DEFINTITION

MAXTCPJA MAX (Tcp)

f Hz 500000 ‘

Ag cm2 2.5E-6

Dit MAXICP/q/f/Ag [::::::}

ROW

MAXICP
Enter User Function Name. (max & chars.> B
‘CHQNNEL‘ USER USER ‘ H “PREV “NEXT ‘
DEF FCTN VAR PRGE PRGE

ISAV and ISB are deleted from the
original setup. MAXICP, f, Ag, and Dit are
added instead. MAXICP is the maximum
Icp valug, f isfrequency of the gate pulse,
Agisthe areaof gate, and Dit isthe
interface-state density. The equation
shown in “To Extract Interface-state
Density” on page 6-5is defined in the
DEFINITION field of Dit, not in the
sample program.

USER VARIABLE DEFINITION screen

CHANNELS: USER VARIABLE DEFINITION
Charge Pumping Current vs Pulse Base Volatge

9B8SEP21 11:10RM

USER VARIABLE [::::::]

NAME UNTT SIZE

BaseV [V 12

Icp A 12

ROW

BaseV
Enter User Variable Name. (max & chars.> B
‘CHQNNEL‘ USER “USER “ H “PREV “NEXT ‘
DEF FCTN VAR PRGE PRGE

User variablesare newly defined. BaseV is
the pulse base voltage. Icp isthe charge
pumping current. The number of data
points for both BaseV and Icp are
automatically calculated by the sample
program using the start, stop, and step
values of the pulse base voltage. In this
example, the number of data pointsis 12,
because the start valueis—9 V, the stop
valueis2V, and step valueis1 V. The
values of the variables are defined in the
sample program.

DISPLAY SETUP screen

DISPLAY: DISPLAY SETUP 980CTO8 11:21AM
Charge Pumping Current vs Pulse Base Volatge

KDISPLAY MODE
GRAPHICS

*kGRAPHICS

Xaxis Ydlaxis

NAME |BaseV Icp

SCALE |LINERAR LINEAR

MIN —-9.000000000 V| 0.000000000 A
MAX 2.000000000 V| 500.,0000000nA

Y2axis

XERID
[on ]

kLINE PARAMETER

#DATA_VARTABLES
HMAXICP
[Dit |

Dit

GRAPHICS
Select Display Mode with softkey or rotary knob.

GRAPH-

LIST

INRNREE

B

‘DISPLQV‘ ANLYSTS ‘ “ ‘ ‘ “
SETUP |[SETUP

“PREV
PAGE

NEXT
PAGE

In the origina setup, the x-axis was
@TIME, and the y-axis was |SUB when
measuring the substrate current. However,
to display the Icp versus BaseV curve,
BaseV and Icp are set to the x-axis and
y-axis, respectively. Dit must be set to the
DATA VARIABLESfield to display the
Dit value on the GRAPH/LIST:
GRAPHICS screen.
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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 pul se 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 pul se 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
aconstant pulse to the gate, and forces the staircase sweep voltage to the source, drain, and
substrate. Then the VARL 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 M easurement Circuit

Gate l
Xiae -
n+ ] \ n+ A
p PGU1
iSubstrate VART'
SMu4 smu1| #° m v
VAR1 lcp VARL' % VARL OFFSET
Requirement
The following fileis required for the test:
CPV.DAT 4155/4156 measurement setup and result datafile. 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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CHANNEL DEFINITION screen

CHANNELS: CHANNEL DEFINITION 980CTOS 11: 13AM
SWEEP
KMEASUREMENT MODE
ST
SWEEP A
CHANNELS PLING
MEASURE STBY| [SERTES
UNTT UNAME ] INAME MODE [FCTN RESTISTANCE DEFAULT
SHUL: MP | VdVs TdTs v VART 0 ohm MEASURE
SHMU2: MP SETUP
SHUZ: 1P
SMU4sMP | Vsb Tep v VAR1 gﬁ?l
SMUS:HP YCE-IC
vsut | e
vsu2 MEMZ 1
I R e T - FET
I N R ] I e — V0S-1D
PEUL vg | VPULSE [CONST
Uz | o MEMZ 1
eNDU | |- — FET
V65-1D
MEM4 1
DIODE
SWEEP VE-IF
Select Measurement Mode with softkey or rotary knob.
‘CHQNNEL‘ USER ‘USER ‘ ‘ ‘ “ “NEXT
DEF FCTN VAR PABE

Use this screen to define the measurement
units set the gate pulse, drain and source,
and substrate voltages, and to measure the
charge pumping current (Icp). The
measurement circuit diagram shown in
Figure 6-6 uses this definition.

USER FUNCTION DEFINITION screen

CHANNELS: USER FUNCTION DEFINITION 980CTO8 O1:16PM

USER _F
NAME

NCTION
UNTT

DEFINITION

L

BaseV |V
MAXIcp |A
f Hz

—Vsb
MAX (Tcp)
1/BPGT

Ag
Dit

2.5E-6
MAXT cp / (F2KAQkqD

cm™~2

BaseV

Enter User Function Name. (max & chars.>

@

AL

DELETE
ROW

‘CHQNNEL‘ USER USER
DEF FCTN VAR

“ “PREV
PAGE

NEXT
PAGE

This setup screen calculates and defines
the following parameters:

BaseV:
MAXIcp:

Pulse base voltage

Maximum charge pumping
current

f: Pul se frequency
Ag:
Dit:

Channel area
Interface-state density (Dit)

This definition is used to display the Icp
versus BaseV curve, and the MAXIcp and
Dit values.

MEASUREMENT SETUP screen

MEASURE: SWEEP SETUP 980CTO8 11:14AM

VARTABLE VARL VAR2 VART

UNIT

NAME

SWEEP MODE
LIN/LOGE
START

STOP

STEP

NO OF STEP
COMPLIANCE
POWER COMP

SMU4:MP
Vsb
SINGLE
LINEAR

9.000 vV
—2.0000 V
—200.0mY
56

100.00mA
OFF

UNIT

NAME
OFFSET
RATIO
COMPLIANCE
POWER COMP

SMUL:MP
vdys
500. Omv
1.000
100.00mA
OFF

KTIMING

CONSTANT

HOLD TIME
DELAY TIME

100.0ms

KSWEEP

CONTINUE AT ANY Status

UNIT

NAME

MODE
SOURCE
COMPLIANCE

SINGLE

Select Sweep Mode with softke

or rotary knob.

B

SINGLE

DOUBLE

IR

PBU

‘SNEEP
SET

SETUP

up SETUP

‘MEQSURE“OUTPUT ‘
SEQ

“PREV
PAGE

NEXT
PAGE

Use this screen to set the staircase sweep
condition of the substrate voltage (VAR1)
and the source and drain voltage (VAR1").
The source and drain voltageis 0.5V more
than the substrate voltage.
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Charge Pumping
Square Pulse Method without Program

PGU SETUP screen

Use this screen to set the pul se output
condition used to force the constant

MEASURE: PBU SETUP 980CTOS 11: 15AM
B voltage pulse to the gate. For the definition
PUL SE
ONTT PEUT PEE of the pulse setup parameters, seethe
NANME Vg .
PERTOD EIN R [ — |:| flgure below.
WIDTH 1.0us
DELAY TIME 0.0000 s
PEAK VALUE 6.000 vV
BASE VALUE 0.0000 v
LEADING TIME | 100ns
TRAILING TIME| 100ns
THPEDANCE LOW
PULSE COUNT |FREE RUN |-=-—=—---
CONSTANT {::::::]
UNTT PEUT PEUZ
NAME
SOURCE
2E-06 |:|
Enter PBU Pulse Period (2E-06 to 10). B
‘SNEEP “PGU ‘ MEQSURE“OUTPUT ‘ ‘ “ “PREV “NEXT
seTup  ||seTuP |[sETUP |lsEQ PAGBE PABE
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 980CTO8 O1:16PM
ICs
KDISPLAY MODE
ToT
*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
|:|
>kDATA VARIABLES
[MAXTep ]
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
displaysthe 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 M easurement
This procedure describes how to execute the measurement.

1. Insert adiskette 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. Pressthe 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 TY PE field. To get the
CPV.DAT file, select the DAT softkey.

d. Pressthe front-panel Enter key.
(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 M easurement

After the measurement, the charge pumping current (Icp) versus pulse base voltage
(BaseV) curveis displayed on the GRAPH/LIST: GRAPHICS screen. The screen also
displays the maximum Icp value (MAXIcp) and the interface-state density (Dit). See

Figure 6-7.
Figure 6-7 Square Pulse Method M easurement Result
GRAPH/LIST: GRAPHICS SHORT 980CTO8 O1: 16PN
MARKER
MORKER ¢ -4.0000000000 Y 405, 04nA 5
MAXIcp 405.04000000n0 ON
<A Dit 2. 02744820847
S00. 1 MARKER
MINATIAX
——— INTER-
Tep POLATE
OFF
\ DIRECT
MARKER .~
sU.9n / \ CURSOR
/ \ MARKER
/ \ SKIF
/ \ AUTO
ANALY -
SIS
0.00
-2.00 Dazev T.00 ~diu Z.00 CURSOR
OFF
B
MARKEE.| | LIMNE SCALING DISPLAY|| SWEEF TIMING
CURSOR SETUP SETUP SETUP
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Triangular Pulse M ethod

The triangle pulse method extracts the mean interface-state density (Dit) and the capture
cross section (o) as shown in Figure 6-8. The triangle pulse should be applied to the gate,
and the substrate |eakage 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 |eakage 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 isincreased with each iteration of the measurement loop. Then the
recombined charge (Qss) versus pulse frequency (f) curveis drawn. Where, Qssis
calculated by the program using the following equation. Dit and ¢ are extracted from the
Qss versus pulse frequency curve.

Qss=lcp/f

Figure 6-8 Flowchart of Triangle Pulse M ethod

START

| Input measurement parameter |

| Get initial measurement setup file |
»

Set pulse{:onditions
(Pulse period, width, leading time Increment pulse
and trailing time) frequency
according to the pulse frequency

Measure Icp

End of pulse =
frequency?

[ Draw Qss vs Pulse frequency graph|

Extract interface-state density and
capture cross section

END
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Triangular Pulse Method

Figure 6-9

Timing Chart of Triangle Pulse Method

PGU1 Output

voltage Stepping Frequency of Triangular

Pulse

=/l ML - AAA

SMU4 Output
Voltage SMU Sampling

m Measurements

sampling /
Sampling
point

Measurements

Time

To Extract I nterface-state Density

The mean interface-state density (Dit) is extracted using the following equation, where,
Sopeisthe dope of the regression line for the recombined charge (Qss) versus pulse
frequency (f) curve on alinear-log graph. The slope value is obtained from the graph using
the auto-analysis capability and the read-out function of the 4155/4156.

dQss _ ngTDitAg = Slope
dlogf loge

Qss: Recombined charge per pulse period
f: Pul se frequency
Electron charge
Boltzmann's constant
T: Temperature
Ag: Channel area of the transistor

Dit : Mean interface-state density (cm*2 erl)

6-18
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To Extract Capture Cross Section

When using triangular pulses, the recombined charge (Qss) can be calculated using the
following equation.

_ Jo (1D a) - |Veg D Vy
Qss = 2q-Dit-Ag-k-T- In(vth-ni~ /cn~cp)+|n( f"VGHDVGL’ }

The geometric mean of the capture cross section (o) is extracted using the following
equation, where fj is the frequency where the charge becomes zero. This means that fy is
the x-axis intercept of the regression line for the Qss 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.

B 1 Ven ® Vel fo
O = N%n % vip' N [VegPVq|  Jo (1P o)

where,

Op: Capture cross section of electrons
Op: Capture cross section of holes

Vih Thermal velocity of the carriers
n;: Intrinsic carrier concentration
VGH: Pulse peak voltage

VgL : Pulse base voltage

VEg: Flat band voltage

Vr: Threshold voltage of the transistor
o: te/ (4 +t)

ty: Pulse rise-time

ts: Pulse fall-time
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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.

SETUPMES 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 datafiles to
the diskette automatically.

Example M easurement Result Files

The following files save example data created after executing the CPF program. Thefiles
are stored on the Sample Application Program Disk.

CPF.DAT 4155/4156 setup and measurement data file.
CPFASC ASCII format file.

Sample Setup File

The triangl e 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 SETUPMES 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 asanew 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
thefile name.

» Edit the sample program, and change theinitial value for the setup file name. See“To
Change the Initial Value of Input Parameters’ on page 6-36.
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CHANNEL DEFINITION screen

CHANNELS: CHANNEL DEFINITION 9B8SEP28 00:26PM
Initial set-up of the charge pumping measurement

KMEASUREMENT MODE
SAMPLING

CHANNEL S

SWEEP
SAN-
PLING

MEASURE STBY| [SERTES
UNTT UNAME ] INAME MODE [FCTN RESTISTANCE DEFAULT
SHUL:HR |Vr Tr v CONST 0 ohm MEASURE
SHMU2: HR SETUP
SHUZ:HR
SHU4sHR |Vsb Isb v CONST nent
SHUS: HP UCE-TC
vsuUL
vsu2
I R e T ——-
I N R ] I e ——-
PEUL Vg VPULSE [CONST
PEU2 E?3
GNDU VBS-ID
MEM4 1
DIODE
SAMPLING VE-IF
Select Measurement Mode with softkey or rotary knob. B
‘CHQNNEL‘ USER ‘USER ‘ ‘ H “ “NEXT
DEF FCTN VAR PABE

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.

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) ‘
ROW

Icp
Enter User Function Name. d(max 6 chars.> B
‘CHQNNEL‘ USER USER “ H “PREV “NEXT ‘
DEF FCTN VAR PRGE PRGE

This setup screen isrequired to calculate
the averaged Isb value (Icp) automatically.
Icp valueis used to calculate the
recombined charge (Qss). Qssiscalculated
in the program using the following
equation:

ss=lcp/ Freq

where Freq is the pulse repetition
frequency [HZ].

USER VARIABLE DEFINITION screen

CHANNELS: USER VARIABLE DEFINITION

Initial set-up of the charge pumping measurement

98SEP28 00:2¢PM

USER VARIABLE [::::::]

NAME UNTT SIZE

Freg Hz 15

Oss 15

ROW

Freq
Enter User Variable Name. (max & chars.> B
‘CHQNNEL‘ USER “USER “ H “PREV “NEXT ‘
DEF FCTN VAR PRGE PRGE

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 Qssis
initially set to 15, but the number will be
changed automatically during program
execution. The sample program sets the
SIZE to the value of the Number of
frequencies parameter which you can
define while running the program. You can
also define the pulse frequency values.
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SAMPLING SETUP screen This setup screen sets the sampling
MERSURE: SAMPLING SETUP ‘ 38SEP28 00: 27PH measurement condition for the substrate
Initial set-up of the charge pumping measurement CUI’I’ent (lg:)) meast |rement.
XSAMPLING PARAMETER STOP CONDITION 5616
MODE LINEAR ENABLE /DISABLE |DISABLE
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 |
CONSTANT
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 ‘ MEQSUREHOUTPUT ‘ ‘ ‘ HPRE\/ HNEXT ‘
SETuP  ||sETuP |[sETUP || sE@ PAGE PAGE
PGU SETUP screen Use this screen to set the pul se output
MEASURE: PBU SETUP ‘ 98SEP28 00: 26P condition used to force the gate pulse.
Initial set-up of the charge pumping measurement Dunng thempleprogrm eXGCUtIOﬂ,
ONr TR PERIOD, WIDTH, LEADING TIME, and
PERTOD BT TRAILING TIME are automatically
DELRV TINE | 0.0000 calculated and changed by the program
BREE VALUE  |-4.000 v using the following equations:

LERDING TIME 80.0us
TRAILING TIME| 80.0us
IMPEDANCE LOW

PULSE COUNT FREE RUN |-==—————-—

PERI OD= 1/ Freq

W DTH= PERI CDx 0. 5

LEADI NG TI ME= W DTHx 0. 8
TRAI LI NG TI ME= W DTHx 0. 8

10NN

CONSTANT
UNIT PEU1 PEUZ
N e where Freq is the pulse frequency [Hz].
For the definition of the pulse setup
parameters, see the figure below.
0.0002
Enter PGU Pulse Period (2E-06 to 10. B
‘SQMPLNBHPGU ‘ MEQSUREHOUTPUT ‘ ‘ H HPRE\/ HNEXT ‘
SETUP SETUP SETUP SEQ PRGE PRGE
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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:
Initial set-up of the charge pumping measurement

DISPLAY SETUP 9B8SEP28 00:29PM

KDISPLAY MODE

GRAPH-

Use this screen to set the measurement
parameters and display parameters. For the
sampling measurement, the x-axis must be

[sErPHICS] — set to @TIME. To measure the substrate
HBRAPHICS current, the y-axis must be set to Isb. Icp
TR T v must be set to the DATA VARIABLES
min - | 0. booooooos 5| 11 field to display the Icp value on the
e — E GRAPH/LIST: GRAPHICS screen.
*ERID *LINE PARAMETER
|:|
*DATA VARIABLES
= ]
GRAPHICS |:|
Select Display Mode with softkey or rotary knob. B
‘DISPLQ\/‘ ANLYSTS ‘ ‘ ‘ H HPRE\/ HNEXT ‘
SETUP SETUP PAGE PAGE
ANALY SIS SETUP screen This setup screenis required to display the
DISPLAY: ANALYSTS SETUP 985EP28 00: 30PN regression line for the Qss versus pulse

Initial set-up of the charge pumping measurement

*_INE1{[REGRESSIONI] line on [Y1] between a point [AT ]
Xz [MIN CFreq)

Y [MIN Qs s) ]
and a point [AT ]

X: [MAX (Freq) ]

Y: [MAX (Rss) ]
KLINEZ2: [ ]

NORMAL

GRAD

TANGENT

REBRES-
SION

KMARKER: At a point where

ERRENERE

1 =1 ]
L ]
*Interpolate: [OFF] DISABLE
REGRESSION
Select Line Mode with softkey or rotary knob. B
‘DISPLQ\/‘ QNL\/SIS‘ H ‘ H HPRE\/ HNEXT ‘
SETUP SETUP PRGE PRGE

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 (Dit) and
the capture cross section (o) are extracted
automatically. The parameters can also be
displayed on the screen.
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To Execute the Sample Program

This procedure describes how to execute the sample program.

1

Display the SY STEM: 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.

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.

Get the CPF sample program as follows:

a

b.

C.

Select the GET "" softkey.
Enter CPF as shown below.

GET" CPF"
Press the front-panel Enter key.

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

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)
e ASCII datafile 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 [HZz]

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]

e Channel length [cm]
»  Temperature [K]

* Hat band voltage [V]
» Threshold voltage [V]

Connect the device as shown in Figure 6-1.

Select the Measure softkey to start the test.

6-24
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After the M easurement

After the measurement, the CPF program automatically does the following:

« Displaysalist of the pulse frequency (f), charge pumping current (Icp), and
recombined charge (Qss) on the All IBASIC screen.

*  Changes the 4155/4156 setup information. This change s to display the Qss versus
pulse frequency curve, and to extract and display the interface-state density (Dit) 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.

* Savesthe ASCII fileto the diskette inserted in the 4155/4156 built-in flexible disk
drive. See Figure 6-11.

* Savesthe DAT fileto the diskette inserted in the 4155/4156 built-in flexible disk drive.

USER FUNCTION DEFINITION screen Icp is deleted from the original setup, and
CHANNELS: USER FUNCTION DEFINITION 98SEP29 02: 19PN Q, KT, Ag, Dit, and CaptC are added. Q is
Recombined Charge (@ss> us Pulse Frequency the electron charge, KTiskxT

(k: Boltzmann's constant, T: Temperature),

Agisthe areaof gate, Ditisthe

L

USER FUNCTION

R (S VY73 5 N interface-state density, and CaptC isthe
T I ‘ ‘ capture cross section. The equation shown
T WA T el in “To Extract Interface-state Density” on

page 6-18isdefined inthe DEFINITION
field of Dit, not in the sample program.
The values for other parameters are
calculated in the sample program, and
SECETE automatically entered in each

o DEFINITION field.

AL

Q
Enter User Function Name. (max & chars.>
‘CHQNNEL‘ USER USER H

DEF FCTN VAR

@

NEXT
PAGE

“ “PREV
PAGE

DISPLAY SETUP screen In the original setup, the x-axis was
DISPLAY: DISPLAY SETUP 98SEP28 OL: L5PH @TIME. To measure the substrate |eskage
Recombined Charge(@ss> vs Pulse Frequency GRAPH-

Ics current, the y-axis was Ish. However, to
*XDISPLAY MODE

— display the Qss versus pulse frequency
KGRAPHICS curve, Freq and Qss are set to the x-axis
N fFoas Tt frants and y-axis respectively. Dit and CaptC
S| 60, 000000 e | 226, bo000004C must be set to the DATA VARIABLES
1AX 1.00000000MHz | 630.00000004C fieldsto display the Dit and & values on
*SEID KLINE PARAMETER the GRAPH/LIST: GRAPHICS screen.

The SCALE of the x-axis must be LOG to
display alinear-log graph (linear for Qss,
and log for Freq).

DATA_VARTABLES
Dit

INRNREE

GRAPHICS

Select Display Mode with softkey or rotary knob. B
‘DISPLQ\/‘ ANLYSTS ‘ ‘ ‘ H HPRE\/
SETUP SETUP PRGE

NEXT
PAGE
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Figure 6-10 Triangle Pulse Method M easurement Result
GRAPH/LLST: GRAPHICS MEDIUM 98SEPZ9 02: 18PM
Recombined Chargecldss? ws FPulse Frequency MARKER
CURSOR ¢  S00.0000000 Hz 228.720000004% >
FARKER ¢ E00.0000000 Hz 335.720000004C 3
Dit 2,785 3K em~—2 ON
o) Captc 281,247 kaen~2
530. 1 B MARKER
R MIN/MAX
1Bzl Bds 1
Erag INTER-
Qss POLATE
OFF
DIRECT
MARKER .
S0P CURSOR
MARKER
SKIP
AUTO
ANALY -
N L SIS
o0, 4 D% Intr ep g| 38497 Hz
100, Freq ¢Hz decade ~diu 1.00M CURSOR
SHORT
B
MARKER /| | LINE SCALING DISPLAY|| SAMFLNG| | STOP CONST
CURSOR SETUF 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].

Thefifth line and following two lines are the measurement result data; frequency (f) [HZ],
charge pumping current (Icp) [A] and recombined charge (Qss) [C].

The last line is the mean interface-state density (Dit) and the capture cross section ().
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Trapezoidal Pulse Method

The trapezoidal pulse method presents the energy distribution of interface-states
(interface-state density (Dit) versus energy characteristics). Thistest is performed as shown
in Figure 6-12. A trapezoidal pulseis applied to the gate and the substrate leakage current
ismeasured at the point shown in Figure 6-13.

The amplitude of the trapezoidal pulseisheld 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 I cp extraction are performed using the setup information in
the 4155/4156 measurement setup file, not in the sample program.

The pulsetransient time isincreased with each iteration of the measurement loop. Then the
interface-state density Dit versus energy characteristicsis drawn. The value of Dit and
energy is calculated by the program.
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To Extract I nterface-state Density
The energy distribution of interface-states is obtained by the following equations.

El1=E+k-T- |”(Vth’0p‘ ni’%’@
E2 = EPk-T- |”(Vth‘°n‘ n; - %‘tf}
where,
El: Energy below theintrinsic level (eV)
E2: Energy over the intrinsic level (eV)
E;: Intrinsic level. Center level of the forbidden band. (eV)
Boltzmann's constant
T: Temperature
Vih - Thermal velocity of the carriers
Op: Capture cross section of holes
on - Capture cross section of electrons
n; : Intrinsic carrier concentration
VEg': Flat band voltage
Vr: Threshold voltage of the transistor
VgH ! Pulse peak voltage
VgL : Pulse base voltage
t,: Pulserise-time
t;: Pulse fall-time
Ditl : Interface-state density for E1 (cm‘2 eV
Dit2: Interface-state density for E2 (cm‘2 eV
q: Electron charge
Ag: Channel area of the transistor
f: Pulse frequency
lep : Charge pumping current
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Figure 6-12 Flowchart of Trapezoidal Pulse M ethod

‘Input measurement parameter‘

‘Get initial measurementsetup file‘ Setpulse period, width
and trailing time
Setpulse period, width [
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
Amplitude|

SMU4 Output SMU Measurements
Voltage
Sampling/
Measurements
Time
PGU1 Output
Voltage Stepping Pulse Leading Time
SMU4 Output SMU Measurements
Voltage
\Sampling/
Measurements
Time
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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.

SETUPMES 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 M easurement 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 SETUPMES 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 asanew 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 theinitial value for the setup file name. See“To
Change the Initial Value of Input Parameters’ on page 6-36.
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CHANNEL DEFINITION screen

CHANNELS: CHANNEL DEFINITION 9B8SEP28 00:26PM
Initial set-up of the charge pumping measurement

KMEASUREMENT MODE

[SAMPLING |
SAHPLING 5
CHANNEL S PLING
MEASURE STBY| [SERTES
UNTT UNAME [ INAME MODE_[FCTN RESTSTANCE DEFAULT
SMUL:HR |Vr Tr v CONST 0 ohm MEASURE
SMU2:HR SETUP
SMUB s HR
SHU4sHR |Vsb Isb v CONST nEmL o
SMUS:HP YCE-IC
Vsut
VMUL - - e ——— FET
vhu2 ——— | — VDS-1D
PEUL Vg ————-—— |VPULSE | CONST
PEU2 L MEM3 M
BNDU- T o
V6S-1D
MEM4
DIODE
SAMPLING VE-IF
Select Measurement Mode with softkey or rotary knob. B
‘CHQNNEL‘ USER ‘USER ‘ ‘ H “ “NEXT
DEF FCTN VAR PABE

Use this screen to define the measurement
units used to set the gate pulse, drain and
source voltages, and to measure the
substrate current (I1sb). 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) ‘
ROW

Icp
Enter User Function Name. d(max 6 chars.> B
‘CHQNNEL‘ USER USER “ H “PREV “NEXT ‘
DEF FCTN VAR PRGE PRGE

This screen isrequired to calculate the
average lsbvalue (Icp). Icp valueisused to
calculate theinterface-state density (Dit) in
the sample program.

SAMPLING SETUP screen

MEASURE: SAMPLING SETUP 98SEP28 00:2¢PM
Initial set-up of the charge pumping measurement

LINEAR

*SANMPLING PARAMETER STOP_CONDITION
MODE LINERR ENRBLE/DISABLE | DISABLE L0610
INITIAL INTERVAL| 100.00ms ENABLE DELAY 0.0000000 s
NQ. OF SAMPLES |5 NAME
TOTAL SAMP. TIME|AUTO THRESHOLD 0.00000000 L0625

EVENT Val > Th

[HOLD TIME [ 100.0ms ] [EVENT NO. 1
[FILTER [ON ]
CONSTANT THINNED
UNIT SMUL:HR  |SMU4:HR
NAME vr Vsb
MODE v v
SOURCE 0.0000 V| 0.0000 V|-========|-=====-—=
COMPLIANCE| 100.00mA| 100.00mA|=========|—-———————

LINEAR [:::::::J

B

Select Sampling Mode with softkey or rotary knob.
‘SQMPLNG‘ PEU ‘ MEQSURE“OUTPUT ‘ “ “PREV
SETUP_|[sETUP |[SETUP |[sEw PAGE

NEXT
PAGE

Use this screen to set the sampling
measurement condition for the substrate
current (Ish) measurement.
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PGU SETUP screen This setup screen sets the pulse output
MERSURE: PBU SETUP ‘ 985EP28 00: 28PH condition used to force the gate pul se.
Initial set-up of the charge pumping measurement |:| Durlng the p|epr0gram eXeCu“On,
e ST PERIOD, WIDTH, LEADING TIME, and
R | | TRAILING TIME are automatically
DELAY TIE | 0,000 calculated and changed by the program.
el | oy || PERIOD and WIDTH are calculated as
TRATLING TTHE| 90, 0us E shown below:
TMPEDANCE LOW
PULSE COUNT FREE RUN |-==—————— PERI OD: 1/ FI’ eq
CONSTANT |:| WDTH= Tpea*Ti ead/ 0 8
UNIT PBU1 PEUZ . .
NAIE E where Freq is the pulse frequency, Tpeq iS
SOURCE . i
the pulse peak hold time, and T}y is the
[ E pulse leading time. When the pulse
Enter PBU Pulse Period (2E-06 to 10). B r|se_t|me |scon$ant, Tlead |Sthe Congant
‘SQMPLNG‘ ‘ PGU ‘ MEQSURE‘ ‘ OUTPUT ‘ ‘ H HPRE\/ HNEXT ‘ ) ) i .

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 20%
Pulse

Amplitude

Pulse 10% /
Base

tr(rise time) tf(fall time)

Pulse Peak Hold Time

f(Pulse Frequency) = 1 /Pulse Period

DISPLAY SETUP screen This setup screen sets the measurement
DISPLAY: DISPLAY SETUP 9BSEP28 00: 29PN and display parameters. For the sampling
Initial set-up of the charge pumping measurement m I’ement theX-aXISmuSt be%tto
s — @TIME. To measure the substrate current,
KBRAPHICS the y-axis must be set to Isb. Icp must be
VEE oTiE T faas set to the DATA VARIABLESfield to
e D |, || displaythelcpvalueonthe GRAPHILIST:
MAX 1.00000 s 100.0000000mA |:| GRAPH'CS &reen
*ERID *LINE PARAMETER
]
*DATA VARIABLES
e ]
GRAPHICS |:|
Select Display Mode with softkey or rotary knob. B
[ [ | I O I | =
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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 adiskette containing the CPDIST program file and the setup file used for thistest

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" CPDI ST"
c. Pressthe 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]
e Pulsetrailing time[sec]
» Constant transient time [sec] used to set the constant rise/fall time

6. Pressthefront-panel Run key to execute the program.

8.
9.

To change the following measurement conditions, select the appropriate softkeys, and
enter the new value:

e File Name (select the File Name softkey)

» Setup file name to get (enter the name of setup file if you changed)
e ASCII datafile 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)

e Pulse base voltage [V]

*  Pulse peak voltage [V]

e Pulsefrequency [HZ]

e Drain and Source bias [V]

*  Substrate bias[V]

¢ Number of measurement points

e Pulsetransient time (pulse leading time) [sec]
» Device parameters and Temperature (select the Device Parameter softkey)

e Channel width [cm]

e Channel length [cm]

e Temperature [K]

e Flat band voltage [V]

e Threshold voltage [V]

» Capture cross section [cm™
Connect device as shown in Figure 6-1.

Select the Measure softkey to start the test.

?]
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After the M easurement

After the measurement, the CPDIST program automatically does the following:

+  Changesthe 4155/4156 setup information. This change displaysthe Dit (Dit1 and Dit2)
versus energy curve. To review changesto the setup file, see the table below.

« Displaysthe energy distribution of interface-states (Dit versus energy curve) on the
GRAPH/LIST: GRAPHICS screen. See Figure 6-14.

» Savesthe ASCII file to the diskette inserted in the 4155/4156 built-in flexible disk
drive. See Figure 6-15.

» Savesthe DAT fileto 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 VARTABLE DEFINITION 980CTO9 02: 35PN the energy distribution of interface-states
Sur face states (Ditd us Energy (E-Eid |:| (m versus energy CUI'VG) on the
GRAPH/LIST: GRAPHICS screen. The
USER VARTABLE |:| value of the Energy, Dit1, and Ditl are
Fheresley — e E calculated in the sample program.
itz e
ROK
Energy
Enter User Variable Name. (max 6 chars.> B
‘CHQNNEL‘ USER HUSER H H HPRE\/ HNEXT ‘
DEF FCTN VAR PAGE PARGE
DISPLAY SETUP screen In the original setup, the x-axis was
DISPLAY: DISPLAY SETUP 980CTOL 10:55AM @TIME, and the y-axis was Isb. But
Sur face states (Ditd> us Energy eV Energy D|t1 and D|t2 arewt tO X—aXIS
s — y1-axis, and y2-axis respectively to display
KGRAPHICS the energy distribution of interface-states.
VT Tensray S S
SCALE [LINEAR LINEAR LINEAR
MIN [-311.7707&%mev| 0.000000000 | 0.000000000
MAX | 311.7707ekmev| 2.823462493T | 2.823462493T |:|
HERID *LINE PARAMETER
|
*DATA VARTABLES |:|
6RAPHICS |:|
Select Display Mode with softkey or rotary knob. B
| v | | [ E R
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Figure 6-14 Trapezoidal Pulse Method M easurement Result
GRAPH/LIST: GRAPHICS MEDIUM 980CT0O1 04:00PHM
Sur face states c0Dit>» ws Energw (E—-EL2 MARKER
MARKER ¢ —-259. 8089844kmel 2.221513245287 —Ouer flow pl 0N
T (]
2. 8T oL GT MARKER
MINAHAX
s INTER-
Dit1l Dit2 POLATE
OFF
DIRECT
MARKER /
20515 200:% | CURSOR
MARKER
SKIP
AUTO
ANALY-
5IS
0. 00 0.00
SR Energy (ev) S0.0m ~diw 21 1%m CURSOR
OFF
AXIS MARKER./| | LINE SCALING DISPLAY|| SAMPLNG| | STOP CONST
¥1| | 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

. 005, .0005, 300,-1.3, .75, 3.E-16

1.E-6, 2.E-6, 3.E-6, 4.E6, 5. E-6, 6.E-6, 7.
1.E-5, 9.E6, 8.E-6, 7.E-6, 6.E-6, 5.E-6, 4.
5.8114E-9, 5.6318E-9, 5.52214E-9, 5.44262E-9,
5

E- 6, E- 6,
E- 6, E- 6,

.16922E-9, 5.20662E-9, 5.24964E-9, 5.29638E- 9;

2.23475827E+12, 2.19234376E+12, 2.26550687E+12,
2.79588146E+12, 2.77386300E+12, 2.80352998E+12,

-. 259808984074, - . 249326843334, -. 241889646121,
. 220925364642, .223970308169, .227422380425,

In Figure 6-15, the first line is the number of measurement points. The second lineisthe
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
|eading-time when the pulse rise-time is constant, and the pulse trailing-time when the

pulse fall-timeis constant.

Thethird line isthe drain and source voltage [V] and the substrate voltage [V]. The fourth
lineisthe channel width [cm], channel length [cm], temperature [K], flat band voltage [V],
threshold voltage [V], and the capture cross section [cm‘z] .

Thefifth line is the pul se leading-time [sec] when the pulse rise-time is varied. The sixth
lineisthe pulse trailing-time [sec] when the pulse fall-time is varied. The seventh lineis
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 Dit. The tenth is the Dit.
The 11th isthe energy (E1). Thelast 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:

e “ToChangetheInitial Value of Input Parameters”

e “To Change the Measurement Unit”

e “To Change the Destination of the File Operation”

To Changethe 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

_ I _nitial_ \(alue Program
Input Parameter Variable Name in original Line No.
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 1V 670
Pulse Period Pulse_period 2.E-6 sec 740
Pulse Width Pulse width 1E-6sec 750
Pulse Leasing Time Pulse lead 1E-7sec 760
Pulse Trailing Time Pulse_trail 1E-7sec 770
Drain and Source Voltage Drain_source v | 0.5V 800
Substrate Voltage Sub_v ov 810
Channel Width Weff 0.005cm 840
Channel Length Leff 0.0005 cm 850
Measurement Setup File Setup_file$ "CHPMES' 890
Measurement Result ASCII File | Save ascii$ "CHPASC" 920
Measurement Result DAT File Save data$ "CHPDAT" 950
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Original program linesto set theinitial 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

R R Input Parameters ------------------------~-~--~-~-~-----

R GPIB Setup --------ccmcmcmcie e e i
INTEGER Hpi b_addr, Swm sc, Swm _addr
Hp| b _sc=8 1 415X GPI B Sel ect Code

Hpi b_addr =0 I 415X GPI B Address
!

ASSI GN @4p415x TO Hpi b_sc*100+Hpi b_addr
ASSI GN @orm of f TO Hpi b_sc*100+Hpi b_addr ; FORVAT OFF
!

e Pul se VoI tage Conditions ----------------ooooon

Pul se_anmp=6 Pul se Anplitude Voltage
Base_start=-9 ! Start Pul se Base Vol tage
Base_st op=2 | Stop Pul se Base Vol tage

Base_st ep=1 ! Step Pul se Base Vol tage

!

No_of _step=I NT((Base_st op-Base_start)/Base_step)+1 ! No.of steps
REDI M V_base( 1: No_of _step)

REDI M | sb(1: No_of _step)

!

R Pulse Timng Conditions ----------------------~-----

Pul se_period=2. E- 6 ! Pul se Period

Pul se_wi dth=1.E-6 ! Pulse Wdth

Pul se_| ead=1. E-7 I Pul se Leading Tine
|

Pul se_trail=1.E-7 Pul se Trailing Tine
|

e Bias Conditions --------- oo

Drain_source_v=.5 ! Drain and Source Vol tage

Sub_v=0 ! Substrate Voltage

!

e e - DeviCe geomBtrYy -----mommm oo
Wef f =. 005 I Channel width [cm

Lef f =. 0005 I Channel length [cn]

!

b Definition of measurenent and stress setup files -------
Setup_fil e$="CHP. MES" ! Charge Punping Test Setup file

!

R File name to save ASCI| data ----------------------
Save asci i $=" CHP. ASC' ! Charge Punping Test Data ASCII file

e File name to save GRAPHI CS data -------------------
Save dat a$=" CHP. DAT" ! Charge Punping Test Data file
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CPF Sample Program Input Parameters

_ Initial_\(aluein Program
Input Parameter VariableName original Line No.
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. @ 710 to 780
Drain and Source Voltage Drain source v | 0.5V 810
Substrate Voltage Sub_v oV 820
Channel Width Weff 0.005cm 850
Channel Length Leff 0.0005 cm 860
Temperature T 300 K 870
Flat Band Voltage Vfb -1.3V 880
Threshold Voltage Vit 0.75V 890
Measurement Setup File Setup_file$ "SETUPMES" 990
Measurement Result ASCII File | Save ascii$ "CPFRASC" 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 linesto set theinitial value:

540 L Input Parameters ---------------------------------
550 !

560 R GPIB Setup ------ - - oo
570 I NTEGER Hpi b_addr, Swm sc, Swm addr

580 !

590 Hpi b_sc=8 I 415X GPI B Sel ect Code

600 Hpi b_addr =0 I 415X GPI B Address

610 !

620 ASSI GN @1p415x TO Hpi b_sc*100+Hpi b_addr

630 ASSI GN @orm of f TO Hpi b_sc*100+Hpi b_addr ; FORVAT OFF

640 !

650 I Pul se Voltage Conditions ------------cmmmommmnonnn
660 Pul se_base=-4 ! Pul se Base Voltage

670 Pul se_peak=4 I Pul se Peak Voltage

680 !

690 I Pul se FrequenCcy ----------mmmmmmm e
700 No_of _freq=10

710 Freq_data: !

720 DATA 5E2, 1E3, 2E3, 5E3, 1E4, 2E4, 5E4, 1E5, 2E5, 5E5

730 !

740 REDI M Pul se_freq(1l: No_of _freq)

750 REDI M | cp(1: No_of _freq), @s(1: No_of _freq)

760 RESTORE Freq_data

770 !

780 READ Pul se_freq(*)

790 !

800 T Bias Conditions ----------------------------------
810 Drain_source_v=.5 ! Drain and Source Voltage

820 Sub_v=0 | Substrate Voltage

830 !

840 [ Devi ce geonetry and tenperature ------------------
850 Wef f =. 005 I Channel width [cn

860 Lef f=. 0005 I Channel length [cn]

870 T=300 ! Tenperature [K]

880 Vfb=-1.3 ! Flat band voltage [V]

890 Vt=.75 ! Threshold voltage [V]

900 !

910 U LR R Constants -------ccmcmmcmm e e e
920 Q=1. 60218E-19 ! Electronic charge [(C

930 K=8.61738E-5 ! Boltzmann's constant [ev/K]

940 Ni =1. 45E+10 ! Intrinsic carrier concentration of Si at 300
K [cmt-3]

950 Nut h=1. 55E+7 ! Thermal verocity of carriers

960 !

970 ! ---- Definition of nmeasurenent and stress setup files -------
980 !

990 Setup_fil e$="SETUP. MES" I Charge Punping Test Setup file
1000 !

1010 ! ---------- File name to save ASCI| data ---------------------
1020 Save_asci i $=" CPF. ASC" I Charge Punping Test Data ASCII file
1030 !

1040 ! ---------- File name to save GRAPHICS data ------------------
1050 Save_dat a$=" CPF. DAT" I Charge Punping Test Data file

1060 !
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CPDI ST Sample Program Input Parameters

_ Initial_\(aluein Program
Input Parameter VariableName 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 2 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, 9 830
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 Vfb -1.3V 990
Threshold Voltage Vt 0.75V 1000
Capture Cross Section Cap_cross 300a cm™2 1010
Measurement Setup File Setup_file$ "SETUPMES" 1110
Measurement Result ASCII File | Save ascii$ "CPFD.ASC" 1140
Measurement Result DAT File | Save data$ "CPFD.DAT" 1170

a. Pulse peak hold timeis the time which the pulse peak value continues.
b. Constant transient time (t.ong) 1S Used to calculate the constant pulse rise-time

(ter) and constant pulse fall-time (tg) . tor = tef = teonst / 0-8
c. 1y, 2u, 3y, 4y, 5y, 6u, 7y, 8u, 9u, 10u [sec]
d. 10y, 9u, 8u, 7w, 6y, 5y, 4u, 3u, 2u, 1u [sec]
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Original program linesto set theinitial value:

550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
100
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
970
980
990
1000
1010
1020
1030
1040
1050
1060
Klc
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180

R Input Parameters -------------------------~-~-----~--

415X GPI B Sel ect Code

U LR GPI B Setup

INTEGER Hpi b_addr, Swm sc, Swm addr
leb_sc—8

Hpi b_addr =0 !

415X GPI B Address

ASSI GN @1p415x TO Hpi b_sc*100+Hpi b_addr
ASSI GN @orm of f TO Hpi b_sc*100+Hpi b_addr ; FORVAT OFF

T Pul se VoItage Conditions ----------mmmmmmmiiia

Pul se_base=-4

Pul se_peak=4 !

Pul se_freq=10000. !
usec

Peak_hol d=1. E-5 !

Fix_trans=8.E-6 !

Pul se Base Vol tage
Pul se Peak Voltage
Pul se frequency : 10 kHz. Pul se period

Pul se peak hold time 10 usec
Fixed transient tine (10%to 90%

T No. of Measurement --------------mmmmmm

No_of _nmeas=10

REDI M Pul se_| ead(1: No_of _neas), Pul se_trail (1: No_of _neas)

REDI M | cp_l ead(1: No_of _neas),lcp_trail (1: No_of _neas)

REDIM Dit _| ead(2: No_of _nmeas-1),Dit_trail (2: No_of _neas-1)

REDI M Energy_I| ead(2: No_of _neas-1), Energy_trail (2: No_of _neas-1)

!
Leadi ng_dat a:

DATA 1E-6, 2E- 6, 3E-6, 4E- 6, 5E-6, 6E- 6, 7E- 6, 8E- 6, 9E- 6, 10E-6

Trailing_data:

DATA 10E- 6, 9E-6, 8E- 6, 7E- 6, 6E- 6, 5E- 6, 4E- 6, 3E-6, 2E-6, 1E-6

!
RESTORE Leadi ng_dat a

READ Pul se_I| ead(*)
!

RESTORE Trailing_data

READ Pul se_trail (*)

R e Bias Conditions --------------mmmmmi o

Drai n_source_v=.5 !
Sub_v=0

Drain and Source Voltage
Substrate Vol tage

R T Device geonetry and tenperature ------------------

Wef f=. 005 I Channel width [cni

Lef f =. 0005 I Channel length [cni

T=300 I Tenperature [K]

Vib=-1.3 ! Flat band voltage [V]

Vt=.75 I Threshol d vol tage [V]

Cap_cross=3. E- 16 ! Capture cross section [cnt-2]

|

e Constants ------mmmm o

Q@=1.60218E-19 ! Electronic charge [C

K=8.61738E-5 ! Boltzmann's constant [ev/K]

Ni =1. 45E+10 ! Intrinsic carrier concentration of Si at 300
m*- 3]

Nut h=1. 55E+7 ! Thermal verocity of carriers

!

boeeee- Definition of neasurenent and stress setup files ------

!

Setup_fil e$="SETUP. MES" I Charge Punping Test Setup file
|

Do File name to save ASCI| data ---------------------

Save_asci i $=" CPFD. ASC"

I Charge Punping Test Data ASCII| file

T File name to save GRAPHICS data ------------------

Save_dat a$=" CPFD. DAT"

I Charge Punping Test Data file
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To Change the M easurement Unit

The original code in the sample program uses SMU1, SMU4, and PGUL for the
measurement. Other combinations of measurement units can be used, such as a

combination of SMU2, SMUS3, and PGU2.

M odification example shown below uses:

e SMU2instead of SMUL1 (to force drain voltage and source voltage)

e SMU3 instead of SMU4 (to force substrate voltage and to measure current)

» PGU2 instead of PGUL (to force gate pulse)

1. Change the setup file asfollows:
a. Gettheorigina setup file (CPV.MESfor CPV sample program, or SETUPMES for

CPF and CPDIST sample programs).
b. Display the CHANNELS: CHANNEL DEFINITION screen.

¢. Movethefield pointer to the SMU1 VNAME field, and select the CHANNEL
ASSIGN softkey. Then the pointer moves to the SMUL1 UNIT field.

d. Select asoftkey for every UNIT. See the table below:

UNIT name Softkey UNIT name
beforechange after change
SMU1 SMU2 SMU2
SMuU2 SMU1 SMU1
SMU3 SMuU4 SMuU4
SMU4 SMU3 SMU3
PGU1 PGU2 PGU2
PGU2 PGU1 PGU1

e. Select the EXIT CHANNEL ASSIGN softkey.
f. Savethe MESdataasanew file, for example, NEW.MES, when it is stored on your

working diskette the sample program is saved al so.

6-42 Agilent 4155C/4156C Sample Application Programs Guide Book, Edition 1




2. Change the program as follows:

Charge Pumping

Program Modification Examples

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_fil e$=" NEW MES"

b. Edit the following program lines to change the SMU channels (SMU1 to SMUZ2,

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 CQUTPUT @Hp415x;": PAGE: MEAS: SAMP: CONS: SMJ2: SOUR "; Drai n_

source_v

3780 OUTPUT @p415x;": 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_pul se_tine: SUB Set_pul se_tine

5800 COM @Hp415x, @orm of f, | NTEGER Hpi b_sc

5810 COM / Condi tion2/ REAL Pul se_peri od, Pul se_wi dt h, Pul s
e |l ead, Pul se_trai

5820 !

>> 5830 OUTPUT @Hp415x; ": PACGE: MEAS: PGUS: PULS: PGU2: PER "; Pul
se_period

>> 5840 OUTPUT @Hp415x; ": PACGE: MEAS: PCUS: PULS: PGU2: W DT "; Pu
| se_width

>> 5850 OUTPUT @Hp415x; ": PAGE: MEAS: PGUS: PULS: PGU2: LEAD "; Pu
| se_I| ead

>> 5860 OUTPUT @Hp415x; ": PAGE: MEAS: PGUS: PULS: PGU2: TRA " ; Pul
se_trai
5870 SUBEND
5880 !
5890 Set _pul se_volt:SUB Set _pul se_vol t (Pul se_base, Pul se_pea
k)
5900 COM @Hp415x, @orm of f, | NTEGER Hpi b_sc
5910 !

>> 5920 OUTPUT @Hp415x; ": PACGE: MEAS: PCUS: PULS: PGU2: BASE " ; Pu
| se_base

>> 5930 OUTPUT @Hp415x; ": PACE: MEAS: PCUS: PULS: PGU2: PEAK "; Pu
| se_peak

5940 SUBEND

6-44 Agilent 4155C/4156C Sample Application Programs Guide Book, Edition 1



Charge Pumping
Program Modification Examples

To Change the Destination of the File Operation

The sample program loads the measurement setup file from the diskette in the 4155/4156
built-in flexible disk drive. After the measurement, the sample program also savesthe
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
|oads 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. NET1 is one of the network drives defined in the NETWORK
DRIVE SETUP table on the SY STEM: MISCELLANEOQUS screen (you can define
maximum 4 network drives using the table).

NOTE To save the ASCII measurement result data file onto an NFS mounted drive, the ASCI|
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) Prl\?gr;im Progrsz Line
OQUTPUT @1p415x; " : MVMEM DEST NET1" CPV 3731
CPF 3721
CPDIST 4181
OQUTPUT @Hp415x; ": MVEM DEST | NT" 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 @+p415x; ": MVEM DEST NET1"
3740 OUTPUT @1p415x;": MVEM LOAD: STAT 0, "&Setup_file$&"',’' D
| SK' "
>> 3741 OUTPUT @1p415x; ": MMEM DEST | NT"
3750 Conmmrent $=" Char ge Punpi ng Current Measurenent"
3760 OUTPUT @p415x; ": PAGE: CHAN: COW ' " &Conment $&"' "
3770 OUTPUT @Hp415x; " : PAGE: MEAS: SAMP: CONS: SMJUL: SOUR "; Drai n
_source_v
3780 OUTPUT @+Hp415x; ": PAGE: MEAS: SAMP: CONS: SMJM: SOUR "; Sub_v
3790 CALL Set_pul se_tine
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) Pﬁgr;a'en Progrsr(: Line
OQUTPUT @p415x; ": MVEM DEST NET1" CPV 5181
CPF 5501
CPDIST 6511
OQUTPUT @p415x; ": MVEM DEST | NT" CPV 5191
CPF 5511
CPDIST 6521

Example: Program lines marked >> are inserted. This modifies the CPV program.

5140 Save_dat a: SUB Save_dat a
5150 COM @Hp415x, @orm of f, | NTEGER Hpi b_sc
5160 COM / Fi | e_nanel/ Setup_file$, Save_ascii $, Save_dat a$
5170 ! ---- Save charge punping data to DAT file -----------
5180 ON ERROR GOSUB Error

>> 5181 OUTPUT @p415x; ": MVEM DEST NET1"
5190 OUTPUT @Hp415x;": MMEM STOR: TRAC DEF,’ "&Save_dat a$&"’,’
DI SK' "

>> 5191 OUTPUT @p415x;": MVEM DEST | NT"
5200 OFF ERRCR
5210 SUBEXI T
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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:\(l)agr:qaem Progr ﬁ? Line
CALL Save_asc_net CPV 1081
CPF 1181
CPDIST 1311

Example

970

980

990

r upt
1000
1010
1020
1030
1040
pi ng
1050

: Program lines marked >> are inserted. This modifies the CPV program.

VELEEErrr i rrrrl Nain SLEEEEEEEEEEEEEEEE i rrrrg
!

ON | NTR Hpi b_sc CALL Err_check ! Enables GPIB inter

ENABLE | NTR Hpi b_sc; 2

!

CALL | nput _param I I nput Paraneters

CALL I nit_hp415x I Initialize 415X

CALL Measure ! Measure Charge Pum
Current

CALL G aph ! Draw Graph of lcp

- Pul se Base Vol t age

1060
1070
1080
>> 1081

Save ASCI| file
Save DAT file

CALL Save_ascii
CALL Save_data
CALL Test_end
CALL Save_asc_net

Save ASCII file to

network drive

1090
1100
1110

DI SP "HCI Degradation Test is Conpleted!!"
!

END

b. Addthefollowing program lines at the bottom of the program. This example writes
the datato an ASCII file on the NET1 drive.

8000 Save_asc_net: SUB Save_asc_net

8010
8020
8030
8040
8050
8060
8070
8080
8090
8100
8110
8120
8130
8140
8150
8160

USE FLEX MODE
COM @+Hp415x, @orm of f, | NTEGER Hpi b_sc
COM / Fi | e_nanmel/ Setup_file$, Save_ascii $, Save_dat a$
DI M Dat a$[ 250]
QUTPUT @p415x; " US"
QUTPUT @p415x; " SDSK 0"
QUTPUT @Hp415x; " OPEN "; CHR$(39) &Save_asci i $&CHR$(39); ", 0"
OQUTPUT @Hp415x; " RD?"
ENTER @Hp415x USI NG " - K"; Dat a$
QUTPUT @+p415x; " CLOSE"
I
OQUTPUT @Hp415x; " SDSK 1"
OUTPUT @p415x; " OPEN " ; CHR$(39) &Save_asci i $&CHR$(39); ", 1"
QUTPUT @Hp415x; "WR "; Dat a$
QUTPUT @p415x; " CLOSE"
QUTPUT @Hp415x; " : PAGE"

8170 SUBEND
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Perform the following steps before executing the modified program.

1. Display the SYSTEM: MISCELLANEOQUS screen, and perform the following steps:

a

Define the 4155 NETWORK SETUP table or the 4156 NETWORK SETUP table
properly.
Move thefield pointer to the NETWORK DRIVE SETUP table, and select thefirst

softkey from the top. This softkey displays the definition for the NET1 network
drivein the NETWORK DRIVE SETUP table.

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 adiskette 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 asthe LABEL in the NETWORK DRIVE SETUP table).
The 4155/4156 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 ASCI| datafile on the
diskette containing the program, perform the following steps:

L oad the program from the diskette.
Remove the diskette.
Insert another diskette used to save the ASCI| datafile.

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 followsto use
NANWRT.STR and NANERS.STR stress setup files:

* Maodify the following two lines:

1990 Wt_file$="NORWRT. STR" ! Wite Stress Setup File Nane
2000 Ers_fil e$="NORERS. STR' ! Erase Stress Setup File Nane
asfollows:

1990 Wt _file$="NANWRT. STR" | Wite Stress Setup File Nane
2000 Ers_fil e$="NANERS. STR' ! Erase Stress Setup File Nane
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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

Asshownin 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)

FGLUI

Selectar 1

CHZ
o]

o ]
I Sub Selector 1
}’\w }S_ / CHI
SMUT SMUZ SMU4 SMU3 {PGu2

D

pal5003 8540

The following table shows the selector's state for each phase:

Selector's Satein Each Phase

Selector . Vth
Channel Write Erase Measure
CH1 PGU PGU SMU
(Drain) OPEN
CH2 PGU PGU SMU
(Gate)
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Device Connection for NAND type flash EEPROM

Asshown 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 ’J Sub
Selector 1 | S Selector 2 Selector 1
CHE Se\%ﬂgr 2 CH4 CHI
sMull paui? smuf  paufg SMUS: M4 i
pg 05004 100x60
Table 7-2 shows the selector's state for each phase:
Table 7-2 Selector's Sate in Each Phase
Selector . Vth
Channel Write Erase Measure

CH1 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 Y/ HnErnrrrrr o Nain S0 EEEEEEEEEEE e rr i rr i rrn
1570 CALL Init_hp4155
1580 ON INTR 8 CALL Err_check
1590 ENABLE I NTR 8; 2
1600 !
1610 CALL Test_setting
1620 CALL Get file
1630 !
1640 Str_nun¥l
1650 FOR | =1 TO Meas_points
1660 CALL Stress_loop(l)
1670 I F Meas_str_nun(1)>4500 THEN CALL Calibration
1680 !
1690 OUTPUT @4p4155;": MVEM LOAD: STAT 0, ' MEM2. STR ,’ MEMORY" "
1700 OUTPUT @4p4155;": MVEM LOAD: STAT 0, ' MEML. MES' ,’ MEMORY" "
1710 CALL Vth_meas("Wite", 1)
1720 !
1730 OUTPUT @4p4155; ": MVEM LOAD: STAT 0, MEMB. STR ,’ MEMORY’ "
1740 CALL Vth_nmeas("Erase", 1)
1750 !
1760 CALL Trans_data(l)
1770 CALL Stress_graph(l)
1780 !
1790 IF Vth_w(l)<.1 OR Vth_e(l)<.1 THEN
1800 PRI NT " ### The Device is broken. Test Aborted ###"
1810 PRI NT " Final Stress Tines : ";Str_num
1820 CALL Final _session
1830 STOP
1840 END | F
1850 Str_nun¥Str_numtl
1860 NEXT |
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 errorsto 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
filesfor write and erase into internal memories.
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Line Description
1650 Meas pointsis 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 forceslast 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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Program Overview

Subprogram "Stress_|oop" to force write and erase stress is shown below:

2610 Stress_loop: SUB Stress_I| oop(I NTEGER I)
2620 COM @Hp4155, @orm of f, Start_tine, End_tine
2630 COM / Meas_i nfo/ | NTEGER Meas_points, REAL Str, Str_num Meas_st

r_nun(*)

2640 | NTEGER
2650 REAL Str
2660 !

K
_end

2670 QUTPUT @Hp4155; ": STAT: MEAS: EVEN?"
2680 ENTER @p4155; K
2690 OUTPUT @p4155; ": STAT: MEAS: ENAB 267"

2700 !

2710 OUTPUT @Hp4155; " : PAGE: SCON: STAN ON"
2720 Str_end=Meas_str_nun(l)-1
2730 FOR Str=Str_num TO Str_end

2740 DI SP VAL$(Str);"/"; VAL$(Meas_str_nun(l))

2750 QUTPUT @Hp4155; " MVEM LOAD: STAT 0, MEM2’',’ MEMORY' ; : PACE: SCO
N STR; *WAI "

2760 OQUTPUT @Hp4155; " MVEM LOAD: STAT 0, ' MEMB’,’' MEMORY’ ; : PAGE: SCO
N. STR"

2770 QUTPUT @Hp4155; " *OPC?"

2780 ENTER @Hp4155; A

2790 NEXT Str

2800 !

2810  Str_numeStr
2820  OUTPUT @4p4155;": PAGE: SCON: STAN OFF"
2830  OUTPUT @4p4155;": STAT: MNEAS: 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
M easurement/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.

2730to 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_neas: SUB Vth_neas(Str_type$, | NTEGER 1)
2870 COM @Hp4155, @orm of f, Start _time, End_tine
2880 COM / Meas_i nfo/ | NTEGER Meas_points, REAL Str, Str_num Meas_st

r_num(*)

2890 COM / Meas_data/ Vth_w*), Vth_e(*)
2900 I NTEGER K

2910 !

2920 OQUTPUT @Hp4155; " : PAGE: SCON: STR; * OPC?"
2930 ENTER @1p4155; A

2940 DI SP Str_type$;" Times = "&VAL$(Str_nunm
2950 !

2960 OUTPUT @Hp4155; ": PAGE: CHAN: COW ' Fl ash ROM Vth Meas. @&Str _
type$&" Tinmes = "&VAL$(Str_num &' "

2970 QUTPUT @Hp4155; " : PAGE: GLI S"

2980 QUTPUT @Hp4155;": DI SP ON'

2990 QUTPUT @Hp4155; ": PAGE: SCON: SI NG, * OPC?"
3000 ENTER @Hp4155; A

3010 OQUTPUT @Hp4155; ": DI SP OFF"

3020 OUTPUT @Hp4155; ": STAT: MEAS: EVEN?"

3030 ENTER @Hp4155; K

3040 OQUTPUT @Hp4155;": TRAC? ' VTH "

3050 SELECT Str_type$

3060 CASE "Wite"

3070 ENTER @1p4155; Vth_w(I)

3080 PRI NT USI NG "#, 4X, DESZ, 10X, SD. DDD"; Str_num Vth_w( 1)

3090 CASE " Er ase"

3100 ENTER @p4155; Vth_e(I)

3110 PRI NT USI NG " 10X, SD. DDD, 7X, SD. DDE"; Vt h_e( 1), Vth_w(1)-Vth_e(l)

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$="ROWTH. MES" !Vth Measurenent Setup File Nane
» Stress setup file name for write pulse.
1990 Wt _file$="NORWRT. STR* !Wite Stress Setup File Nane
»  Stress setup file name for erase pulse.
2000 Ers_file$="NORERS. STR' !Erase Stress Setup File Nane
« File name for saving measurement resullts.

Following two lines create following file name for saving measurement resullts:
time. DAT. To change this file name, modify these lines:

2010 Save_file$=TI ME$(TI MEDATE) !File Nane for saving measurenent results
2020 Save file$=Save file$[1,2]&Save fil e$[4, 5] &Save _file$[7,7]&" . DAT

«  Number of timesto repeat measurement (FOR loop of Main Program) Following line
specifies how many times to measure Vth during stress.

2030 Meas_poi nts=16 ! Number of tines to repeat Measurenent
e Stress pulse count data.

For example, if Meas_poi nt s=4, atotal of ten write/erase pulses areforced, and Vth
is measured after 1st, 2nd, 5th, and 10th pulse.

2060 Str_num ! I 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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M easurement setup filefor Vth measurement (for NOR type)

Measurement setup for Vth measurement is stored in "ROMV TH.MES" file on provided
diskette. Asdescribed 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 (SMUL):

Sart voltage Sop voltage Sweep step Compliance

ov 8V 10 mV 1nA

SMU1 is gate voltage source as shown in Figure 7-1 and Figure 7-2.

» Constant source setup:

Units Output Compliance
SMU2 (Source) oV 100 pA
SMU3 (Drain) 100 mV 2 uA
SMU4 (Substrate) ov 100 pA

» Analysisfunction for Vth extraction:

In thisexample, 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=1nA
Interpolate ON

7-10
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Sresssetup filefor write pulse of NOR type

Stress setup for write pulse of NOR typeis stored in "NORWRT.STR" file on provided
diskette. Asdescribed previoudly, 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:

« PGU1 (Gate)
. . Delay | Peak Base | Leading | Trailing | Impe-
Period | Width Time | Value | Value Time Time dance
1.03ms | 1.02ms | 0.0s 14V ov lus lus 50 ohm

e PGU2 (Drain)

priod | wiath | T UG | Vave | Time. | Tme | dance
Sameas | 1.00ms | 10ps | 7V ov lps lps 50 ohm
PGU1
e Constant source setup
Unit Source Compliance
SMU2 (Source) ov 100 mA
SMUA4 (Substrate) | 0V 100 mA

Sress setup filefor erase pulse of NOR type

Stress setup for erase pulseis stored on "NORERS.STR" file on provided diskette. As
described previoudly, if you use your own setup file with a different file name, change line
2020.

Inthe NORERS.STR file, the following is set up. You can modify these settingsin the
NORERS.STR file or your own file:

¢ Constant source setup

Unit Source Compliance
SMU2 (Source) @ | 11V 100 mA
SMUA4 (Substrate) | 0V 100 mA

a. Erase pulse source

e Erase pulse width

Pulse width of erase pulseis specified as stress DURATION and set to 20ms.
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Stresssetup filefor write pulse of NAND type

Stress setup for write pulse of NAND typeis stored in "NANWRT.STR" file on provided
diskette. Asdescribed previoudy, 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:

«  PGU1 (Gate)
Peak Base . .
Period | Width | 293 | vaiy | vay | beding | Traling | Impe-
Time o e Time Time dance

413ps | 400ps | 00s | 20V | OV | 10pus 10ps | 50 ohm

» PGU2 (connected to drain, source, and substrate, and set to constant source)

Source Impedance

ov 50 ohm

Stresssetup filefor erase pulse of NAND type

Stress setup for erase pulse of NAND typeis 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:

» PGU1 (connected to gate, and set to constant source)

Source Impedance

ov 50 ohm

e PGU2 (connected to drain, source, and substrate)

Peak Base . .
period | Width | P& | valy | va | -8ding | Tralling | Impe-
Time e o Time Time dance

502ms | 500ms | 0.0s |20V |0V 10 us 10 us 50 ohm

7-12
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Program Listing

1000 !*************************************************
1010 !*
1020 '* FILE: NOR_TEST
1030 !'* DESCRI PTION: Program for NOR-FLASH ROM Stress Test.
| *
iggg i*************************************************
1460 Start_ti me=TI MEDATE
1470 ASSI GN @Hp4155 TO 800
1480 ASSIGN @ormoff TO 800; FORVMAT OFF
1490 COM @Hp4155, @ormoff, Start_tine, End_tine
1500 COM /File_name/ Vth_file$[12], Wt _file$[12],Ers_file$[12], Save
_file$[12]
1510 COM /Meas_info/ | NTEGER Meas_poi nts, REAL Str, Str_num Meas_str_n
un( 1: 55)
1520 COM /Meas_data/ Vth_w(1:55), Vth_e(1:55)
1530 COM /Err/ Err_num(1l:6), Err_nmessage$(1: 6)[50]
1540 | NTEGER |
1550 !
1560 U/// 00 nnrnnninrl o Nein LEEEEEEEEEEEE e rrrrd
1570 CALL I nit_hp4155
1580 ON INTR 8 CALL Err_check
1590 ENABLE I NTR 8; 2
1600 !
1610 CALL Test_setting
1620 CALL Cet_file
1630 !
1640 Str_nun¥l
1650 FOR I1=1 TO Meas_points
1660 CALL Stress_loop(l)
1670 I F Meas_str_nun(1)>4500 THEN CALL Cali bration
1680 !
1690 QUTPUT @+p4155; " : MVMEM LOAD: STAT 0, MEM2. STR ,’ MEMORY' "
1700 QUTPUT @Hp4155;": MVEM LOAD: STAT 0, ' MEML. MES' , ' MEMORY’ "
1710 CALL Vth_meas("Wite", 1)
1720 !
1730 QUTPUT @+p4155; " : MVEM LOAD: STAT 0, MEM3. STR ,’ MEMORY' "
1740 CALL Vth_nmeas("Erase", 1)
1750 !
1760 CALL Trans_data(l)
1770 CALL Stress_graph(l)
1780 !
1790 IF Vth_w(l)<.1 OR Vth_e(1)<.1 THEN
1800 PRI NT " ### The Device is broken. Test Aborted ###"
1810 PRI NT " Final Stress Tines : ";Str_num
1820 CALL Fi nal _session
1830 STOP
1840 END | F
1850 Str_nuneStr_numtl
1860 NEXT |
1870 !
1880 CALL Final _session
1890 !
1900 END
1910 !
1920 Y/ 0nrnnnnrrrl o osub SHPEEEEEEEEEErrrrrr e
1930 Test _setting: SUB Test_setting

1940 COM /File_nanme/ Vth_file$, Wt _file$ Ers_file$, Save_file$

1950 COM / Meas_i nfo/ | NTEGER Meas_poi nts, REAL Str, Str_num Meas_str
_num(*)

1960 COM / Meas_data/ Vth_w(*),Vth_e(*)

1970 !

1980 Vth_fil e$="ROWTH. MES" I Vth Measurenent Setup File Nane
1990 Wt _fil e$="NORWRT. STR" ! Wite Stress Setup File Nane
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2000 Ers_fil e$="NORERS. STR' | Erase Stress Setup File Nane
2010 Save_fil e$=TI ME$(TI MEDATE) ! File Narme for saving measurenent
results

2020 Save fil e$=Save file$[1, 2] &Save file$[ 4, 5] &Save file$[7,7] &

. DAT"

2030 Meas_poi nt s=16 ! Number of times to repeat Measur
ement

2040 REDI M Meas_str_nun(1l: Meas_poi nts)
2050 REDI M Vt h_w( 1: Meas_poi nts), Vt h_e(1l: Meas_poi nts)

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_nun(*)

2160 SUBEND

2170 !

2180 I nit_hp4155: SUB | nit_hp4155

2190 COM @Hp4155, @ormoff, Start _time, End_tine

2200 !

2210 CLEAR SCREEN

2220 CLEAR @p4155

2230 QUTPUT @p4155; " * RST"

2240 QUTPUT @1p4155; " *CLS"

2250 OQUTPUT @1p4155; ": STAT: PRES"

2260 OQUTPUT @1p4155; "*ESE 60; * SRE 34; * OPC?"

2270 ENTER @p4155; A

2280 OQUTPUT @1p4155; ": DI SP: W ND: ALL BST"

2290 QUTPUT @1p4155;": DI SP OFF"

2300 PRI NT " <<< Fl ash ROM Stress Test >>>"

2310 PRINT "Stress Tines Vth Wite [V] Vth Erase [V] Diff [V]"
2320 SUBEND

2330 !

2340 Get_file:SUB Get_file

2350 COM @Hp4155, @orm of f, Start _time, End_tine

2360 COM /File_nane/ Vih_file$, Wt file$, Ers_file$, Save_fil e$
2370 !

2380 OQUTPUT @p4155;": MVEM COPY ' "&Vth_file$&"’,’ DI SK',’' MEML. MES',
" MEMORY" "

2390 OUTPUT @p4155;": MVEM COPY ' "&Wt _file$&"’,’ DI SK',’' MEM2. STR ,
" MEMORY" "

2400 OQUTPUT @p4155;": MVEM COPY ' "&Ers_file$&"',’ Dl SK',’' MEMB. STR ,
" MEMORY" "

2410 SUBEND

2420 !

2430 Calibration: SUB Calibration

2440 COM @Hp4155, @rorm off, Start _tinme, End_tine

2450 !

2460 OQUTPUT @1p4155; ": PAGE: SYST: CDI "

2470 OUTPUT @Hp4155; ": DI SP ON'

2480 OQUTPUT @1p4155; ": CAL: ALL?"

2490 ENTER @p4155; A

2500 SELECT A

2510 CASE 0

2520 OUTPUT @Hp4155; ": PAGE: GLI S*

2530 QUTPUT @+p4155;": DI SP OFF"

2540 CASE ELSE

2550 PRI NT " #### Calibration FAIL , Test Aborted ####"
2560 CALL Fi nal _session

2570 STOP

2580 END SELECT

2590 SUBEND

2600 !

2610 Stress_l oop: SUB Stress_| oop(|I NTEGER I)

2620 COM @Hp4155, @ormoff, Start _tinme, End_tine

2630 COM / Meas_i nfo/ | NTEGER Meas_points, REAL Str, Str_num Meas_str
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_hum(*)

2640 I NTEGER K

2650 REAL Str_end

2660 !

2670 QUTPUT @Hp4155; ": STAT: MEAS: EVEN?"

2680 ENTER @Hp4155; K

2690 QUTPUT @Hp4155; ": STAT: MEAS: ENAB 267"

2700 !

2710 OQUTPUT @Hp4155; " : PAGE: SCON: STAN ON"

2720 Str_end=Meas_str_nunm(1)-1

2730 FOR Str=Str_num TO Str_end

2740 DI SP VAL$(Str);"/"; VAL$(Meas_str_nun(l))

2750 OUTPUT @p4155; " MVEM LOAD: STAT 0, ' MEM2’ ,’ MEMORY' ; : PAGE: SCON
: STR; * WAl *

2760 OUTPUT @Hp4155; " MVEM LOAD: STAT 0, MEMB’,’ MEMORY' ; : PACGE: SCON
: STR'

2770 OUTPUT @p4155; " *OPC?"

2780 ENTER @Hp4155; A

2790 NEXT Str

2800 !

2810 Str_numeStr

2820 QUTPUT @Hp4155; ": PAGE: SCON: STAN OFF"

2830 QUTPUT @1p4155; ": STAT: MEAS: ENAB 0"

2840 SUBEND

2850 !

2860 Vth_neas: SUB Vth_meas(Str_type$, | NTEGER 1)

2870 COM @Hp4155, @orm of f, Start_tine, End_tinme

2880 COM / Meas_i nfo/ | NTEGER Meas_poi nts, REAL Str, Str_num Meas_str
_num(*)

2890 COM / Meas_data/ Vth_w(*),Vth_e(*)

2900 I NTEGER K

2910 !

2920 QUTPUT @+p4155; ": PAGE: SCON: STR; * OPC?"

2930 ENTER @1p4155; A

2940 DISP Str_type$;" Times = "&VAL$(Str_num

2950 !

2960 QUTPUT @+p4155; ": PAGE: CHAN: COMWM ' Fl ash ROM Vth Meas. @&Str _
type$&" Times = "&VAL$(Str_num) &' "

2970 QUTPUT @+p4155; ": PAGE: GLI S"

2980 QUTPUT @Hp4155;": DI SP ON"

2990 QUTPUT @Hp4155; ": PAGE: SCON: SI NG * OPC?"

3000 ENTER @Hp4155; A

3010 QUTPUT @Hp4155;": Dl SP OFF"

3020 OQUTPUT @Hp4155; " : STAT: MEAS: EVEN?"

3030 ENTER @1p4155; K

3040 QUTPUT @Hp4155;": TRAC? ' VTH "

3050 SELECT Str_type$

3060 CASE "Wite"

3070 ENTER @p4155; Vth_w(1)

3080 PRI NT USI NG "#, 4X, DESZ, 10X, SD. DDD"; Str_num Vth_w( 1)
3090 CASE " Erase”

3100 ENTER @1p4155; Vt h_e(1)

3110 PRI NT USI NG " 10X, SD. DDD, 7X, SD. DDE"; Vth_e(1), Vth_w(1)-Vth_e(l)
3120 END SELECT

3130 SUBEND

3140 !

3150 Trans_data: SUB Trans_dat a(| NTEGER I)

3160 COM @Hp4155, @ormoff, Start _tine, End_tinme

3170 COM / Meas_i nfo/ | NTEGER Meas_poi nts, REAL Str, Str_num Meas_str
_num(*)

3180 COM / Meas_data/ Vth_w(*),Vth_e(*)

3190 !

3200 REDI M Meas_str_nunm(1:1),Vth_w(1:1),Vth_e(1:1)

3210 QUTPUT @+p4155; ": TRAC: DEL: ALL"

3220 QUTPUT @Hp4155;": TRAC. DEF ' Stress’, " &VALS$(1)

3230 QUTPUT @Hp4155;": TRAC: DEF ' Vt hWRT' , " &VALS$( )

3240 QUTPUT @1p4155; ": TRAC: DEF ' Vt hERS' , " &VALS$( 1)

3250 QUTPUT @Hp4155;": TRAC.UNIT " Stress’,’' Tinmes'"

3260 QUTPUT @Hp4155;": TRAC UNIT " VthWRT' ,’ V' "

3270 QUTPUT @Hp4155;": TRACUNIT ' VthERS ,’ V' "
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3280 !

3290 QUTPUT @Hp4155;": FORM DATA REAL, 64"

3300 OQUTPUT @1p4155; " : FORM BORD NORM'

3310 QUTPUT @Hp4155;": TRAC ' Stress’, #0";

3320 OUTPUT @-orm of f; Meas_str_nun(*), END

3330 QUTPUT @Hp4155;": TRAC ’ Vt hWRT' , #0";

3340 OQUTPUT @ormoff;Vth_w(*), END

3350 QUTPUT @Hp4155;": TRAC 'Vt hERS' , #0";

3360 OQUTPUT @ormoff;Vth_e(*), END

3370 QUTPUT @Hp4155; ": FORM DATA ASCI | "

3380 REDI M Meas_str_nun(1: Meas_poi nts), Vt h_w 1: Meas_points), Vth_e
(1: Meas_poi nts)

3390 SUBEND

3400 !

3410 Stress_graph: SUB Stress_graph(| NTEGER I)

3420 COM @Hp4155, @rormoff, Start _tinme, End_tine

3430 COM / Meas_i nfo/ | NTEGER Meas_points, REAL Str, Str_num Meas_str
_nun(*)

3440 !

3450 OQUTPUT @Hp4155; " : PAGE: CHAN: COMM ' Fl ash ROM Vth Shift(Stress="&
VAL$( Meas_str_num(1))&")""

3460 OQUTPUT @Hp4155; ": PAGE: CHAN: UFUN: DEF 'Diff’,” V', Vt hWRT- Vt hERS' "
3470 !

3480 OUTPUT @Hp4155; ": PAGE: DI SP: GRAP: X: NAME ' Stress’"

3490 QUTPUT @Hp4155; " : PAGE: DI SP: GRAP: Y1: NAME 'Vt hWRT" "

3500 OQUTPUT @1p4155; " : PAGE: DI SP: GRAP: Y2: NAME ' Vt hERS' "

3510 QUTPUT @Hp4155; " : PAGE: DI SP: GRAP: X: SCAL LOG

3520 OUTPUT @1p4155; ": PAGE: DI SP: GRAP: X: M N 1"

3530 QUTPUT @Hp4155; ": PAGE: DI SP: GRAP: X: MAX " &VAL$( MAX( Meas_str_num
(Meas_points), 2))

3540 QUTPUT @Hp4155; " : PAGE: DI SP: GRAP: Y1: SCAL LI N'

3550 OQUTPUT @1p4155; ": PAGE: DI SP: GRAP: Y1: M N 0"

3560 QUTPUT @Hp4155; " : PAGE: DI SP: GRAP: Y1: MAX 7"

3570 OQUTPUT @1p4155; ": PAGE: DI SP: GRAP: Y2: SCAL LI N'

3580 QUTPUT @Hp4155; " : PAGE: DI SP: GRAP: Y2: M N 0"

3590 OQUTPUT @1p4155; " : PAGE: DI SP: GRAP: Y2: MAX 7"

3600 !

3610 OQUTPUT @1p4155; ": PAGE: DI SP: DVAR DEL ' VTH "

3620 QUTPUT @Hp4155;": PAGE: DI SP: DVAR "Di ff' "

3630 !

3640 QUTPUT @Hp4155; ": PAGE: DI SP: ANAL: LI NE1: MODE DI S"

3650 OUTPUT @Hp4155; ": PAGE: DI SP: ANAL: LI NE2: MODE DI S"

3660 QUTPUT @Hp4155; ": PAGE: DI SP: ANAL: MARK: DI S"

3670 !

3680 QUTPUT @Hp4155; ": PAGE: GLI S: | NT OFF"

3690 OUTPUT @p4155; ": PAGE: GLI S: LI NE OFF"

3700 QUTPUT @Hp4155; ": PAGE: GLI S: MARK ON'

3710 OUTPUT @Hp4155; ": PAGE: GLI S: MARK: DI R: X MAX"

3720 !

3730 OQUTPUT @p4155;": DI SP ON; : DI SP OFF"

3740 SUBEND

3750 !

3760 Final _session: SUB Fi nal _sessi on

3770 COM @Hp4155, @ormoff, Start _time, End_tine

3780 COM /File_nane/ Vth_file$, Wt _file$, Ers_file$, Save_fil e$
3790 COM / Meas_i nfo/ | NTEGER Meas_points, REAL Str, Str_num Meas_str

_nun(*)

3800 COM /Err/ Err_num(*), Err_nessage$(*)

3810 !

3820 I F Str_num 1=Meas_str_num( Meas_poi nts) THEN
3830 Save_fil e$="D"'&Save_fil e$

3840 PRI NT " ================ Measurenent Conpleted !!! =========
3850 PRINT "Final Stress Tinmes : ";Str_numl
3860 ELSE

3870 Save file$="F"&Save file$

3880 END I F

3890 !

3900 PRINT "Save Data File Nane : "; Save file$

3910 PRI NT "Test Duration : ";
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3920 End_t i me=TI MEDATE

3930 PRI NT DATE$(Start_time);","; TIMES(Start_tine);" ~ "; DATE$(End
_time);","; TIMES(End_time)

3940 !

3950 DI SABLE | NTR 8

3960 QUTPUT @Hp4155;": MMEM STOR: TRAC DEF,’ "&Save_file$&"’,’ Dl SK''
3970 QUTPUT @p4155; " *oPC?"

3980 ENTER @Hp4155; A

3990 OQUTPUT @Hp4155; ": SYST: ERR?"

4000 ENTER @1p4155; Err _nun(1), Err _nessage$(1)

4010 |F Err_num(1)<>0 THEN PRINT "### "; Err_num(1); Err_nessage$(1)
A"

4020 !

4030 OQUTPUT @Hp4155;": Dl SP: ALL | NST"

4040 OQUTPUT @Hp4155; ": PAGE: GLI S"

4050 QUTPUT @Hp4155;": DI SP ON'

4060 SUBEND

4070 !

4080 Err_check: SUB Err_check

4090 COM @Hp4155, @rorm of f, Start _tine, End_tinme

4100 COM /Err/ Err_nun(*), Err_nmessage$(*)

4110 I NTEGER 1, J

4120 !

4130 I =0

4140 REPEAT

4150 I =1+1

4160 QUTPUT @Hp4155;": SYST: ERR?"

4170 ENTER @+p4155; Err _nun( 1), Err_nessage$(1)

4180 UNTIL Err_nun(l)=0

4190 !

4200 IF =1 THEN

4210 CALL Meas_stat _check

4220 ELSE

4230 FOR J=1 TO I-1

4240 PRI NT "### ERROR Cccurred ###:"; Err_num(J); Err _nmessage$(J)
4250 Dl SP "### ERROR Cccurred ###:"; Err_num(J); Err_message$(J)
4260 NEXT J

4270 CALL Meas_stat _check

4280 PRI NT " === Test Aborted ==="

4290 CALL Fi nal _session

4300 STOP

4310 END | F

4320 SUBEND

4330 !

4340 Meas_stat _check: SUB Meas_st at _check

4350 COM @Hp4155, @ormoff, Start_tine, End_tinme

4360 COM / Meas_i nfo/ | NTEGER Meas_poi nts, REAL Str, Str_num Meas_str
_nun(*)

4370 I NTEGER K

4380 !

4390 QUTPUT @Hp4155; " : STAT: MEAS: EVEN?"

4400 ENTER @Hp4155; K

4410 !

4420 | F K<>0 THEN

4430 PRI NT "### Abnormal Stress Status Event Cccurred ###:"; K
4440 PRI NT " at Stress Nunber = ";Str;"[Times]"

4450 PRI NT " === Test Aborted ==="

4460 CALL Final _session

4470 STOP

4480 END | F

4490 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 cal culates the total forced electric charge.

name

Program none

Setup file TDDB.MES
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Application Overview

Application Overview

Figure 8-1 Device Connection
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The measurement flow is as follows:

1. Forces aconstant voltage to the gate.

A WD

| NTEG( | g, @1 ME) .

M easures gate current by sampling measurement.

If gate current exceeds specified threshold, measurement is stopped.

Calculates total electric charge that was forced by using a user function with definition
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Time Dependent Dielectric Breakdown (TDDB)
Customization

Customization

Measurement setup fileis stored in "TDDB.MES" file on provided diskette. In the
TDDB.MESfile, the following is set up. You can modify these settingsinthe TDDB.MES
file or your own file, then use the setup for your own application.

» Constant source setup

Units Output Compliance
SMU1 (Gate) 20V 1.001 pA
SMU4 (Substrate) | OV 100 pA

e Sampling Parameters

Moaode Initial interval | No. of samples | Total samp.time

Thinned-out | 100 ms 1001 999.9 s

e 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 1pA
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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

Figure 9-1 Device Connection
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The measurement flow is as follows:

1. Forces constant current.

Monitors DUT voltage by sampling measurement.

Eal N

| NTEG( | dut 1, @1 ME).

If the DUT voltage reaches specified threshold, the forcing stops.

Calculates total electric charge that was forced by using a user function with definition
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Customization

Customization

Measurement setup fileis stored in "EM.MES" file on provided diskette. In the EM.MES
file, thefollowing is set up. You can modify these settingsin the EM.MESfile or your own
file, then use the setup for your own application.

« Constant source setup

Units Output Compliance

SMU1 50 mA 20.002V

» Sampling Parameters

Mode Initial interval No. of samples Total samp. time

Linear 1s 10001 AUTO?2

a. Initia interval No. of samples

e Stop Condition
If the DUT voltage exceeds the specified threshold, measurement is stopped.

Enable Delay Threshold

20ms 20V
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