Lab Notes

KEITHLEY

Automatic Operation of a
Bias Temperature Stress (BTS) Test

Introduction

Semiconductor research and production facilities rou-
tinely measure the amount of sodium contaminationinthe
oxide of their wafers. With modern systems, the concentra:
tion of thismobileion iseasy to measure. After identifying
the source of the contamination (typically from handling or a
contaminated furnace), action can betakento eliminatethe
problem.

ThisLab Note describesard atively simple software
program called “ STRESS.” Thisprogram, alongwitha
temperature controlled chuck and the Keithley Modd 82
Simultaneous C-V Measuring System, allows measurement
of themobileion concentration in the oxide layer of awafer.

Measuring Mobile lon Concentration

The C-V method isone of the more common waysto
measure mobileion concentration. Thefirst step isto mea-
sure ahigh-frequency C-V curve on aMOS capacitor
fabricated on the samplewafer. After thismeasurement, a
biasvoltageisapplied to the MOS capacitor, and thewafer is
heated to increase the mohility of the mobileions. Intypical
tests, the biasvoltageis selected to cause a10° V/emfiddin
the oxide with atemperature between 200°-300° C. The
wafer isheld at these voltage and temperature conditions for
afew minutes.

After thesampleisreturned to 23° C (to “freeze” theionic
chargesin place), the biasvoltageisremoved, and another
C-V measurement istaken. By comparing the flatband
voltage before and after the stress, the mobileion concentra-
tion can be calculated.

Automating the Bias Temperature Stress
(BTS) Test

TheKeithley Model 82 isan automatic High Frequency/
Quasistatic C-V Measuring System. The Keithley system
can perform the necessary C-V measurementsontheMOS
capacitor and cal cul ate the flatband voltage and other
parameters needed for mobileion measurements. With a
relatively simple additional program (called STRESS) and a

temperature controlled chuck, the system can also perform
theBTStest.

The softwareincluded with thisnoteisdesigned torunin
conjunction with the Keithley Model 82 to performthe BTS
test. Itisdesigned for userswho must occasionally messure
mobileion concentration. Sincethis program isaseparate
program and is not integrated with the Model 82 software,
theuser must exit one program before running the other.

Instrument Setup

In addition to the complete Model 82 System, aTemp-
tronic thermochuck and one extra| EEE-488 cable are
needed. Therequired equipment islistedin Table 1.

Table 1. Required Equipment

Equipment Summary
Keithley Model 82 C-V System

Temptronic TPO315B Thermochuck with optional |EEE-
488interface

Keithley Model 7007-2 Shielded | EEE-488 cable

Note: The Temptronic TP0314A, TP0314B, and the TPO315A arealso
compatible units. Optional IEEE-488 interface must beincluded. The
computer requirements are the same asfor the Model 82 System.

NOTE

If your equipment setup isdifferent than
described, refer to Modifying STRESSEXE later
inthislab note.

Connect theModd 82 instrumentstogether, and set up the
software asdescribed in Section 2 of the Model 82 Instruc-
tion Manua . After theModd 82 iscompletely set up, add
the Temptronic TPO315B to the system by connecting the
| EEE-488 interface cable between the temperature con-
trolled chuck and the other instrumentsin the system (refer
to Figure 1). Attach the chuck to your probe station to
complete the hardware setup.



Figure 1 |EEE-488 connections
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Finaly, make surethe Temptronic TP0315B primary addressis NOTE

St 109, itsfactory default address. The program setsthe chuck temperature to 23°C after

startup. Thisvaueis used asthe starting temperature for

Software Installation thetest. To change this start temperature you must

The software supplied with this note was written and compiled
inMicrosoft QUickBASIC 4.0. It isprovided onthe diskette as
both source code and as a stand-a one executablefile.

Toingtal the software, smply copy thefile STRESS.EXE to
your hard disk drive. If youwishto print alisting or modify the
source code, copy thefile STRESS.BASto your disk. The program
isnot copy protected and may be copied using the DOS COPY or
DISKCOPY commands.

Software Startup

To runthe program, type STRESS at the DOS prompt. The
display showsthe command menu. To select one of the commands,
typetheletter of the command, and press<Enter>. Thelower
portion of the computer display promptsfor the other parameters.
For example, if you select R for read temperature, the lower
portion of the display showsthe actual temperature of the chuck.

modify avariablein the source code. After startup, the
program al so setsthe biasvoltageto OV.

WARNING

It ispossibleto apply a hazardousbiasvoltageand a
high temperatureto your sample. These conditions
may continue even after the program hasbeen
halted. Do not touch thesampleor chuck until the
chuck temperaturehasreturned to a safetempera-
ture, thevoltage sour ceisset to OV, and theprobes
areclear of thesample.

Automatic Operation of a Bias Temperature Sress (BTS) Test



Software Command Overview

B — Perform Bias Temperature Stress

Select thiscommand for thefull BTStest. The display prompts
for the biasvaltagein valts, the test temperature in degrees Celsius,
thetemperature window in degrees Celsius, and the delay timein
minutes. The computer then programsthe Model 230 Voltage
Source, programsthe Model TP0315B Thermochuck, and waits
for the chuck to stabilize to within the temperature window.

When the chuck has stabilized, the delay time counts down.
After thetime has expired, the temperature controlled chuck is
reprogrammed to the start temperature (23°C). The biasvoltage
resetsto OV when the chuck temperature has stabilized at 23°C.

Figure2 showsatemperature versustime graph of thefull
BTStest.

R — Read Temperature
Sdlect thiscommand to read the current chuck temperature and

display it at the bottom of the computer screen. Press<Enter>to
clear the display and return to the command menu.

S — Set Temperature
Select thiscommand to set the temperature of the temperature

controlled chuck. The computer will prompt for thetemperaturein
degrees Celsius and the temperature window.

Thetemperature window is used to determinewhen thetem-
perature controlled chuck has stabilized. For example, if the chuck
isset to 50°C, and thewindow isset to 1°C, the temperature
controlled chuck will give an at temperatureindication whenitis
between 49°C and 51°C. In most cases, a1°C window is adequate.

V — Set Voltage

Thiscommand setsthe Model 230 voltage sourceto thedesired
voltage (-100V to +100V). Usethiscommand to apply abias
voltage or (with the Set Temperature command) to runaBTStest
manually.

Q — Quit
Select thiscommand to quit the program. It resetsthe wafer test
conditionsto OV and 23°C and exitsthe program.

Example Operation

Thefollowing example usesthe Model 82 and the STRESS
program to perform amobileion measurement on asample MOS

capecitor.
NOTE

Model 82 operationiscoveredinthe Mode 82 Instruc-
tion Manud. Only asummary of Model 82 functionsare
covered here.

Keithley Instruments, Inc.

Figure 2 Temperaturevs. time operation of BTS test
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1. Start up the Modd 82 software, and make surethe measuring
system is calibrated and operating properly. Manualy pro-
gram thetemperature controlled chuck for 23°C.

2. Placethe sample on the chuck, and perform teststo determine
oxidearea(A) or oxide thickness (t,,), oxide capacitance
(C,), and equilibrium delay time.

3. Using the Modd 82 software, set the measurement param-
etersas needed (range, sweep voltage, frequency, etc.), and
runaC-V sweep. Using the analysis menu, record the gate
area(A) and flatband voltage (V;,). Both of these parameters
aredisplayed on screen in the analysis section. Refer to this
first flatband voltage as V;, (0) for OV applied bias.

4. Exitthe Model 82 software, and type STRESSto runthe
stresstest program. Select B from the command menu to
perform the bias temperature stresstest. Inthisexample,
assumet,, is150nm, alMV/cmfiedintheoxide, and a
temperature of 200°C. (Sincetherequirements of samples
may vary, select val ues appropriate to your needs.)

Toobtain afield of 1IMV/cm, the applied biasvoltage must
be (150nm/10) = 15V. At the prompts, enter 200°C for
temperature, 1°C for temperature window, 10 minutesfor
delay time, and 15V for biasvoltage.

The program will now run the complete stresstest and
return to the command menu when done.



NOTE

For best resultsfrom thistest, apositive bias should be
appliedfirst. On anewly formed oxide, most of the
mobileionsare at the metal-silicon dioxide interface,
whichiswheretheions enter the oxide during fabrica-
tion. The positive bias movesthese chargesto the
slicon-silicon dioxideinterface and causesalarge
changein theflatband voltage. The negative bias (step
6) movesthese charges back to the metal-silicon dioxide
interface, again causing alarge, easy-to-measure change
intheflatband voltage.

5. When the stresstest is complete, enter Q to quit the program.
Start the Model 82 software, manually program the tempera
ture controlled chuck for 23°C, and perform another C-V
measurement using the same parameters asthefirst curve.
From theanalysis section, record V;,,. Refer to thisflatband
voltage as V,,(+) for the positive bias voltage applied during
the stresstest.

6. Repeat step 4 (BT Stest) using al the same values except for
the biasvoltage, which should be negativein thiscase. Inthis
example, set the biasvoltageto—15V.

7. Repest step 5 (C-V measure and analyze), and record Vi, ().

8. Now that thevaluesof A, C_,, V,,(0), Vi (1), and Vi, (-) are

ox?

known, cal culate the mobileion concentration asfollows:
Qi =6.2415x 105 x V,, x C_ /A

where: Vi, =Vi(+) = Vi, (0)

or, Vi = Vip(5) = Vi(H),

whichever islarger.

Modifying STRESS.EXE

Those who wish to use this program with a different temperature
controlled chuck or instrument setup must modify the program and
recompileit. Thefollowing informationisfor individualswho are
familiar with BASIC programming. It isnot acomplete guide for
modifying STRESS.BAS, and modification details areleft to the
needs of theindividua. Whilethisdemonstration programis
copyrighted by Keithley Instruments, we give theright to our
customersto modify it asthey deem necessary for their business
use. Refer to the software license agreement for details.

KEITHLEY

The program STRESS is supplied in both executable
(STRESS.EXE) and source (STRESS.BAS) codeonthedisk. Use
Microsoft QuickBASIC 4.0 (or later) versionsto modify and
recompilethe program. The structure of the program isrelatively
smply, and many commentsareincluded. The main program
modul e setsthe program constants and control s the command
menu. Each of the other functions (B, R, etc.) isaseparate
subprogram.

Whileyou are modifying the program, you may runit directly
from the QuickBA S| C environment, which isthe easiest way to
debug the altered program. After the modified programisrunning
properly, recompileit using the QuickBASIC “Make EXE File’
command under the“RUN" menu.

Make sure the |EEE-488 driver isloaded beforetrying to run the
program. TheOtech Driver488is supplied with the Model 82
DOS software.

Pleasefed freeto cal the Keithley Applications Department if
you have any comments or questions.

C-V Utilities Software

Thosewho areinterested in aturnkey BT S software package
may purchasethe Modd 5958 C-V Utilities Softwarefrom
Keithley Instruments, Inc. In addition to the required temperature
and biasvoltage control, the Model 5958 also includes provisions
for automatically running pulsed or staircase C-V sweepsto
determinethe deviceflatband voltage. Mobileion concentration
parameters are automaticaly calculated by the software.

In addition to BTStests, the Moded 5958 can also perform
Zerbst/C-t analysis. Thesetestsare useful for determining minority
carrier lifetime and surface generation vel ocity of thewafer
under test.

For moreinformation on the Model 5958, contact the Keithley
Applications Department or your Keithley representative.

Trademarks

Microsoft and QuickBASI C are trademarks of Microsoft Corporation.
Driver 488 isatrademark of IOtech, Incorporated.
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