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ABSTRACT

In this. project, we design; construct, and program a semi-automatic system for electrical
properties fiicasurement such as resistivity, earrier coneentration, mobility and carger type by
van der Pauw and Hall effect methods; Allthe apparatus were ¢ontrolled by LabVIEW program
to acquire the‘measurement.data. Furthermore, the programming seftware of the semi-automatic
system can show ‘a real-time graphical measturement and converse to_the resistivity, carrier
concentration and mobility; The system was calibrate’ by using standard’ samples that have
electrical paramefers “byocertificatc measurements from Institute _of /Electronic Materials
Technology 01-919 WARSZAW Aul \Wolezyfiska 133, Standard samples are GaSb:Te (n-type)
(certificate measurements temperature 300°K)y-and GaSb<Si (p-type) (certificate measurements
temperature 77 K). In addition, the system was used to measure and calculate electrical
properties of CuAlj Fe, O,. It was found that the semi-automatic system has high the precision

and acceptable accuracy.

Keywords : Semiconductor, Van der Pauw, Hall system, LabVIEW
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DAQmx - Data Acquisition
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3.1.3 Keithley 2410 Current source

miﬂﬁ 3 3-Current source Keithley Model 2410
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Source range Current setting (@ yéar, 18°C-28°C) }
Ee : IRl
1 pA 1.00000 A 0.99905 to 1.00095 pA
10 pA 10.0000 A | 9.9947 to 10.0053 pA
100 nA 100.000 pA 99.949 to 100.051 pA
1 mA 1.00000 mA 0.99946 to 1.00054 mA
20 mA 20.0000 mA 19.9870 to 20.0130 mA
100 mA 100.00 mA 99.914 to 100.086 mA
1A 1.00000 A 0.99640 to 1.00360 A




3.1.4 Keithley 2100 Digital Multimeter
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Function Ratge Resolution laput Resistanee 4 ¥Year, 23°C £ 5°C
100.0000 mY 0.1 py >1060 0.0055 + 0.0040

1.000000 V 1.0 uV ‘I(—)Z!-Z—)—J 0.0045 + 0.0008

DC Voltage s 10.00000 V 10 pVv >10 GL2 0.0038 + 0.0006
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1000.000 V 1 mV 10 MQ2 0.0055 + 0.0010
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3.1.5 Magnetic Core
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7.Rapsc = VBc/lap

8. Rpace = Ver/Ipa
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¢ G "ok q 1 5 9 IO J

e 80 S 2aaiial 319 q AYA 1.9 % AN REIR 1) | 1 NATIN

NS LIAN [ 119 ARGRGIS SR L~ NN 1 Ll 6], 1018 0 AN £J 51 E) N FUBN 1 ! rtdN¥i
el laan Consists of a constant string

WansumFlumsideulisunsy

1. Add

2. Subtract

3. Multiply

6. Less

Returns TRUE if x is less than y. Otherwise,
this function returns FALSE. You can change
the comparison mode of this function.

7. Tab Constant

N1 UN Rl Lt ivi Ll Usilde tU

containing the ASCIl HT
(horizontal tab) value.



8. Line Feed Constant

Consists of a constant
containing the ASCII LF
value.

9. Open/Create/Replace File

prompt
file path (use dmlog)

refnum out

-----

AN ba,v

}'*: f_*:_.-u ;fl
{ U

string, numeric, path, o data text

mﬂ“’ .?@ﬁﬁ’ W ile position.

Wise, the function will open the
file and write to the begmmng of the file. This function
does not work for files inside an LLB.

12. Format Value

string (")
format string :m output string
sun Y ®iionsa
Commsmu.lmbcma stn»g
~ according to the format sq
whgmdappmdsuumm




13. Reshape Array

n-dim & ;
dimension :::,0 m-dim array
Y
dimension size m-1

Changes the dimensions of an array according to the

values of dimension size 0..m-1.

14. Build Array
array feagates

element ;,"H appended array

elemep -

15. VISA Wi
-
v

R T I TR RAN

lavn (B
?ﬁ/ m?',f_.-g,t AN ~ (f
m"-]ﬁr ISR "‘, 0 () (111} lﬁ

17. VISA Clear

VISA resource name E:!! 1
error in (no error) =28k 2

1EZ3E VISA resource name out
- #80 ssror ot

Clears the input and output buffers of the



18. Fract/Exp String To Number

—

Interprets the characters 0 through 9, plus,
minus, e, E, and the decimal point (usually
period) in string starting at offset as a
floating-point number in engineering
notation, exponential, or fractional format
and returns it in number.

19. Linear Fit

20. XY

21. Simple Error Handler

type of dialog (OK msg:1)

1
2
error in (no error) 2
5




22. Wait Untill Next ms Multiple

millisecond mdtﬂe—@-

Waits until the value of the millisecond timer
becomes a multiple of the specified millisecond
multiple. Use this function to synchronize activities.
You can call this function in a loop to control the
loop execution rate. However, it is possible that the
first loop period might be short. Wiring a value of 0
to the milliseconds multiple input forces the current
thread to yield control of the CPU.

23. Number To Boolean Array

Number To Booiean Array
‘number ———J8E9)-+——— Boolean anay

Conyerts.ariintaget oy ﬂxcd»pocﬂt number te 8
Booledhdrr&y lf,vou Wire Ay integer to number,
Bodleanarray returns sriafray of 8 16, 32, or 64,
elements, depending or»thenumb.- of bits in the
integer.If youwire & fixed point numbser to
numbeér, the size of thnauhy that Boo“my
feturiis equalsthe word length ‘of the fided-point \
ABMmben Thebih element of the aray Cnrr.monds
to the leastsignificant bit of the tivo s !
codwmnt of Mlﬁnary repvém-ﬂ?dﬂ of the

: ar.

24. While Loap

Repeatsthe subdiagram inside it uritil the¢onditional ¥
t@rrminalsan ingut tefminal, feceiyes 3 particalar
Boolean vliues thn[k;Fueﬂdp!ﬁds on the,
continuation Behavior of the While Locp, Right-chck
the conditional terminal and sefect Stop if ng‘ar
(onmmﬁomthtiﬁom menu. You 3lso/can
wire an error cluster to the conditignal xm al, gjgti-
clickthie terminal, and select St qptkﬂrﬁy 2
&nlwew&imrmmthﬁogoﬂcut menueThe
‘Whitekoop always executes at [east onee.

25. Flat Sequence Structure

Consists of one or more subdiagrams, or frames, that execute
sequentially. Use the Flat Sequence structure to ensure that a
subdiagram executes before or after another subdiagram.

Data flow for the Flat Sequence structure differs from data flow for
other structures. Frames in a Flat Sequence structure execute from left
to right and when all data values wired to a frame are available. The
data leaves each frame as the frame finishes executing. This means the
input of one frame can depend on the output of another frame.



26. DAQ Assistance

Creates, edits, and runs tasks using NI-DAQmx. Refer to the Ni-DAQmx
Readme for a complete listing of devices NI-DAQmx supports.

When you place this Express VI on the block diagram, the DAQ Assistant
launches to create a new task. After you create a task, you can double-
click the DAQ Assistant Express VI to edit that task. For continuous
measurement or generation, place a while loop around the DAQ
Assistant Express VI.

27. Build XY @

errer in (ne error)

input 1 (0)

’
er-*
-input n (0} =
- Formats string, path, en

Jes el XY

L LT TR T oy I ALeT PTRINTET [N
Boolean, or numeric data as text.




29. Concatenate Strings

string 0
mgﬁ’— concatenated string
LLLY I

string n-1

Concatenates input strings and 1D arrays of strings
into a single output string. For array inputs, this
function concatenates each element of the array.

30. Case Structure
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Model 2100 6 1/2-Digit Resolution Digital Multimeter User's Manual

To install the software:

NOTE

You must have one of the following items installed on the remote interface in order to
obtain the proper VISA layer:

» Keithley I/O Layer 5.0 or greater
* NI-VISA 3.1 or greater

[y

o B Lo na

o

Agilent I/O Library Suite 14.2 or greater
(the Keithley I/O Layer 5.0 is included on the CD-ROM that came with your Model 2100)

On the CD-ROM that came with your Model 2100, double-click the 2100.exe file to start the
software installation.

Accept all defaults, Select-Next.

Select Install.

Connect the USB cable between the Model 2100 and the USB"port.on the remote computer.
The "Found New-Hardware Wizard" will fauneh,.and you will see adialogue box asking,
"CanWindows. connect to Windows Update te search for software?":Select No, then Next.
"USB Test and Measurement device" will appear on the.computer screen; select Next, then
Finish.

Icans for KI=TOOL; 2100 Excel"Add¢in, and 2100-Ward Add-in"will. display on the desktop.
Double-click any of these to control er configure the Model 2100.

Remote interface commands

You can program the multimeter to take measurements using SCPlcommands (after appropriately
setting up the USB.remote interface).

The following conventions are tised in' SCP1 command syntax:

.

Triangle brackets (<>).indicate that you must'specify a value for the enclosed parameter.
The square brackets ([ ]) indicate that.the parameter is'optional and can be omitted.
Braces ({}) enclose the parameter choices far a given command.String:

A vertical bar (|) separates several-choices.for a parameter.

Common commands

MEASure?

Definition

Although it does not offer much flexibility, using the MEASure? command is the simplest way to
program the multimeter for measurements. You can select the measurement function, range, and
resolution; then the multimeter automatically sets the other parameters for you, makes the
measurement, and sends the results to the output buffer.

Commands: MEASure:

VOLTage:DC? (<range>|MIN|MAX|DEF}, {<resclution>|MIN|MAX|DEF}
VOLTage:DC:RATio? {<range>|MIN|MAX|DEF }, {<resolution>|MIN|MAX|DEF}
VOLTage:AC? {<range>|MIN{MAX|DEF},; {<resolution>|MIN|MAX|DEF}
CURRent:DC? {<range>|MIN|MAX|DEF}, {<resolution>|MIN|MAX|DEF}
CURRent:AC? {<range>|MIN|MAX|DEF},{<resolution>|MIN|MAX|DEF}
RESistance? {<range>|MIN|MAX|DEF}, {<resolution>|MIN|MAX|DEF}

2100-900-01 Rev. B / July 2007 Return to Section Topics
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Section 5: Remote Interface Operations Model 2100 6 1/2-Digit Resolution Digital Multimeter User's Manual

FRESistance? {<range>|MIN|MAX|DEF}, {<resolution>|MIN|MAX|DEF}
FREQuency? {<range>|MIN|MAX|DEF}, {<resolution>|MIN|MAX|DEF}
PERiod? {<range>|MIN|MAX|DEF}, {<resolution>|MIN|MAX|DEF}
CONTinuity?

DIODe?

TEMPerature?

CONFigure:

Definition

The CONFigure command offers a little more flexibility than the MEASure? command. The
multimeter sets the parameters for the requested function, range and resolution, but does not
make the measurements. You have an optien-te.changethe configuration. To initiate the
measurement, use the INITiate.of READ? command.

Commands: CONFigure:
VOLTage: BC A<range=|MIN|[MAX \BER, { <f&sdlueion> | MINAMAX | DBRE ¥

VOLTage#DE:RATip f{<rangé> |MINtMAX DEF—}}d <resoluticon>|MIN [MAR| DEF}
VOLTage yAC {<rangé> |MINIMAX{DEF], {<resglutionz|MIN\MAX | DEF}
CURRgnht: DC 4=raniger | MINJMAXIPEF), { <resoitet 1oab | MINIMETTDEF }
CURRept:AC {<rapgés |MINIMAX]BEEF} (%iesedigions | MINIMAX | DEF)
RE$1 stance-{Srange> 'MIN |MAXLPEF ) , Hidresoluevons | MIN|MA X WOPR)
FRES1 stance  {<panges pMIN \WMAX{ DEF} A2 rese lutd on>y MINIMAX| REF }
FREQuency f<range>+#MIN|MAX|DEF}, {<resolution® [MIN|tMAX | DEF)
BERIL od™| <rapGe pEMENIMAX| OLE ) J{ <¥esolut 16n> | MIN | MAXIDEF }

CONT izl bty

RI0ODe

TEMPeratuYe

CONFigure?

Definition
Query the selected function,

READ?

The READ? eommand.changes the state of the trigger system from “idle" 16 wait-for-trigger.”
When the specifiedtrigger condition requiréments‘are met after.thesmultimeter receives the
READ? command,the.measurement will be initiated. The restilts are.sent'to the output buffer right
away. You must enterthe'reading ‘datainto your bus controller opthesmultimeter will stop making
measurements when the outptt-buffer fills. Readings are net'storéd in the multimeter's internal
memory when using the READ?'ecommand:

Using the READ? command has a similar effect as using the INITiate command followed
immediately by the FETCh? command, except readings are not buffered internally.

INITiate and FETCh?

Definition

These two commands provide the lowest level of control of measurement triggering and reading
retrieval, but offer the most flexibility. After you have configured the multimeter, use INITiate to
change the state of the triggering system from the "idle" to "wait-for-trigger.” The multimeter will
start the measurements when the specified trigger condition requirements are met (after it receives
the INITiate command). The results are sent to the internal memory and stored until you are ready
to read them.
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The FETCh? command sends the data in the multimeter’s internal memory to the output buffer,

where you can read them into your bus controller.

SENSe

Definition

The SENSe subsystem is used to configure and control the measurement functions.

NOTE Default parameters are shown in bold italic.

Commands: [SENSe:]

FUNCtion "VOLTage:DC"

FUNCtion "VOLTageP€:RAPIC"
FUNCtion "VOLTafe #C"

FUNCtion "CURRefit:DC"

FUNCtion MCURRent : AGL

FUNCtiopf "RESistameel (2-Wwike L}
FUNCt i8nd" FREShst pce! N 4~wire )
FUNCtigh "FREQuepty!

FUNGt #on "#ER1ody

FUNCEion "CONTidmgty"

FUNGCt i gne*D1@De

FUNCtion "TEMPereturéf
FUNCtdaon? ”

[SENSe:}

VOLTage : BCS RBNGe-{<ranga™)| M NImumi MAX Tmamn |
VOLTaga:DC JRANGE 7| 1 NEmem | MARLINDIn
VOLTage : ACYRANGe| (K range> JMINImum b MAR Lmun |
VOLT&ge : AC: RANGe ?| [MINimum|MARImam?
CURRen t: DESRANGe" {<rafige>|MINLmum | MAX 1 mum)
CURRent” DC : RANGe? ¥ [MIN i mum MAN 1 matr |
CURRen £ AC: RANG& L range > MMINimum | MAXSn{im}
CURRent :&C: RANGE2 {MINLimumMA xdmum]
RESTstancesRANGe (<pangex MINimumpiaX iman}
RESistatce yRANGe 7 \MINImufit} MEX i mum]
FRESistange :RANGe, {<range>{MINimum]MAXImum}
FRESistanc8:;RANEez [MINIimdm | MAXifiimd

FREQuency :WOBEagetRANGe {<range>|MINimum | MAXimun]

FREQuency:VOELAGe : RANGe £) [MINimum | MAX mumi
PERiod:VOLTage : RANSe. { <rarge»|MINImum)MAX imum}
PERiod:VOLTage : RANGe2 MElimum | MAXimum]

[SENSe:]

VOLTage : DC:RANGe : AUTO {OFF | ON}
VOLTage : DC: RANGe : AUTO?

VOLTage : AC:RANGe : AUTO {OFF | ON}
VOLTage : AC : RANGe : AUTO?
CURRent : DC:RANGe :AUTO (OFF | ON}
CURRent : DC : RANGeAUTO?
CURRent : AC: RANGe : AUTO {OFF | ON}
CURRent : AC: RANGe : AUTO?
RESistance:RANGe:AUTO (OFF |ON}
RESistance :RANGe:AUTO?
FRESistance:RANGe:AUTO {OFF |ON}
FRESistance:RANGe:AUTO?
FREQuency:VOLTage:RANGe :AUTO {OFF|ON}

2100-900-01 Rev. B / July 2007
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FREQuency:VOLTage : RANGe : AUTO?
PERiod:VOLTage : RANGe:AUTO {OFF | ON}
PERiod:VOLTage:RANGe : AUTO?

[SENSe:]

VOLTage :DC:RESolution {<resclution>|MINimum|MAXimum}
VOLTage:DC:RESolution? [MINimum|MAXimum]

VOLTage:AC:RESolution {<rescluticon>|MINimum|MAXimum}
VOLTage:AC:RESolution? [MINimum|MAXimum]

CURRent :DC:RESolution {<resolution>|MINimum|MAXimum}
CURRent :DC:RESolution? [MINimum|MAXimum]

CURRent :AC:RESolution {<resolut10n>|MIN1mum[MAX1mum}
CURRent :AC:RESolution? ] .
RESistance: RESolutﬂv:'
RESistance: i
FRESistance:.

TRTD: ‘; e @

x {<value>[! v |MAX1mum} @
TEMPerature

4 NlmumlMAle n :
TEMPerature: B, DX % mlk uﬁ)ﬂ(h@l P 4
DX g M INlm t1m i

TEMPerature: SPRTD

[SENSe:]

UNIT {Cel|Far|K}
UNIT?

[SENSe:]

VOLTage:DC:NPLCycles {0.02]0.1/21|10|MINimum|MAXimum}
VOLTage:DC:NPLCycles? [MINimum|MAXimum]

CURRent :DC:NPLCycles {0.02]0.1|1|10|MINimum|MAXimum)
CURRent :DC:NPLCycles? [MINimum|MAXimum]
RESistance:NPLCycles {0.02]0,1|2|10|MINimum|MAXimum}
RESistance:NPLCycles? [MINimum|MAXimum]
FRESistance:NPLCycles {0.02]0.1|2|10|MINimum|MAXimum}
FRESistance:NPLCycles? |[MINimum|MAXimum]
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[SENSe:]

FREQuency:APERture {0.01|0.1|1|MINimum|MAXimum}
FREQuency:APERture? [MINimum|MAXimum]
PERiod:APERture {0.01]0.1|1|MINimum|MAXimum}
PERiod:APERture? [MINimum|MAXimum]

[SENSe:]

DETector:BANDwidth {3120|200 |MINimum|MAXimum}
DETector :BANDwidth? [MINimum|MAXimum]
[SENSe: ]

AVERage:TCONtrol {MOVing|REPeat}

AVERage: TCONtrol?

AVERage:COUNt {<value>|MINimum|MAXimum}
AVERage :COUNt? [MINimum|MAXimum]
AVERage:STATe {OFF|ON}

AVERage:STATe?

[SENSe:]

ZERO: AUTO #{'OFF | ONCE [ONJ
ZERO:AUT@O?,
GAIN:AUT@ {OFF{ONCE{ON)]
GAIN:AUFO?

Other measurement configuration commands

[INPut:]

IMPedancesalTO (OFF|ON}
IMPedanhce tAUTO?
ROUT@TERMinals?

Math operation commands
There are eight math operations. Only-one of them can'be enabledat a time. They either store

data for latertise or perform mathematical operations on the readings. Note that these eight math
operations are-ayvailablé to all measurement functionsexcept continuity and.diode testing.

The math eperations'use one ormore internal registers: You can presetthe values in some of the
registers by entering constants in some of the commands (e.9:; CALCulate!NULL: OFFSet
0.1), while others hold the results.of the math.operations’{some commands are the result of a
calculation, e.g., CALCulate:AVERage : MINimum?).

[CALCulate:]
FUNCtion {PERCent|AVERage | NULThiiMitaiM¥B DB | DBM}
FUNCtion?
STATe {OFF|ON}
STATe?

[CALCulate:]
PERCent : TARGet {<value>|MINimum|MAXimum}
PERCent : TARGet? [MINimum|MAXimum]

[CALCulate:]

AVERage :MINimum?
AVERage:MAXimum?

2100-900-01 Rev. B / July 2007 Return to Section Topics 5-7
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Source-measure programming example

Table 3-6 summarizes the command sequence for a basic source-measure procedure. Note
that the steps correspond to those listed previously in “Front panel source-measure proce-

dure.” These commands set up the SourceMeter as follows:

* Source function and range: volts, 20V

« Source mode: fixed

« Source output level 10V

» Currenpecompliance: 10mA
* Measure functiomand range: current, 10mA

Table 3-6
Basic source-measure programming example
Step! Action Commands®* Comments
*RST Restore GRIB defaults.
1 | Seleet source function, mode :SOUR:FUNC VOLT Seleetwoltage source.
:SOUR:VOLT:MODE FIXED |Fixed-voltage source mode,
2 |Setsource range; level; compiiance | :SOURIVOLT:RANG 20 Select 20V source range.
SOUR:VOLTELEV 10 Sourcgoutput = 10V.
SENS:CURR:PROT 10E-3  {10mA compliance.
3 | Set measure functiongrange iSENS:FUNC 'CURR Current measure function.
SENS:CURR:RANG 10E“3 | 10mA.measure range.
{FORM:ELEM CURR Current reading only.
4 | Tum on output ‘OUTPON Output on before measuring.
5 |Read data :READ? Trigger, acquire reading.
6 |Turn off eutput :OUTPOFF

L. Steps correspond to front'panel steps listed previoustyn™ Frodt pipebsouree-measure progedusd.”
2. Commands must be sent in order given;
3. Instrument must be addressed to'talk after :READ? to acquire data.
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4.1 MITDUNBVAMINUHIKAN

P as b ' d A o tY [} ad _ d
A15190 4.1 wamsdannuuasivandemua Idenusivaniluyan

B (T) E
I1(A) B (T) S.D. Uncertainty
1 2 3
1 0.071 0.075 0.071 0.072 0.002 0.001
2 0.138 0.139 0.139 0.139 0.001 0.000
3 0.205 0211 | 0205 0.207 0.003 0.002
4 0.275 0277 0275 % 0,276 0.001 0.001
5 03387 | 03300\ |0334//1 0336 NN002 | 0.001
6 0.401 10,405 0.396 (1~ 0401 - 0:005, 0.003
7 0.462 0.464 0,470 04651 <.0,004\ |\ 0.002
8 0527 7] -~05525 0.531 05526 ¢ | 710004 |\ 0.002

A131971 4.2 pams dam e mhiuimaniemvual mamiimandluay

‘ B (T) : . |
1(A) . T BU(T) $:D. (| Uncertainty
i 2 3 -
1 0.070 0079 0:072//51)-0.075—'| 0.005 J/ 0.003
2 0.140 ONAT e 0,140 0448 | 00004 /] 0.002
3 0207 %0214 [=0¥97 | 0200, 6060 | 0.005
4 0.273 0.277 0274 0.225" 4" 0.002 0.001
5 0.337 07340 03400339 | 0.002 0.001
6 0.403 0.406 0.405 0.405 0.002 0.001
7 0.460 0.463 0.466 0.463 0.003 0.002
8 0.526 0.528 0.531 0.528 0.003 0.001




4.2 MsaaUNeVszVVIA Van der Pauw

P @ ' e ot
M1319% 4.3 wamsia R, 11 1da TusiAd 2035409 Van der Pauw

Calculate
I (nA) (/)1 (nA) V(V)
R (MQ)
1 0.25 0.23 0.92
2 0.50 0.47 0.94
3 0.75 0.70 0.93
4
5
6

2 9
= 3
lﬂq 9}
2%. iiTea : > Eofa
2B d [ Agaht

o~ /ol
15 0.93
16 0.93
17 0.93
18 0.93
19 4.75 4.40 0.93
20 5.00 4.64 0.93




A15197 4.4 wamsia R, uuy 1ion 11iAd20759049 Van der Pauw

Calculate
I(pA) (1/4) T (uA) V(V)

R (MQ)
1 0.25 0.24 0.96
2 0.50 0.49 0.98
3 0.75 0.73 0.97
4 1.00 0.96 0.96
5 1.25 1.14 091
6 .50 1.4 0.97

St RN ‘ ;I Jofing

7 \ \\ f // //ﬂy 0.97

5.00




4.3 Ao UMEUITUUMIIAMILA36I0L 19110 1M GaSb:Te 1Az GaSb:Si

v
=

o g { o é
@15199 4.5 WAN33A R, Y94 GaSh:Te AT4N 1 #2035 Van der Pauw 1ABIZULIALLIUAA

o0 luin
V (mV)
1(A)
R BA,CD) R (ABDO) R (pC,AB) R (cp,BA)

0.01 0.156 0.230 0.190 0.171
0.02 0.306 0334 0.312 0.321
0.03 0453 0483 07449 0.493
0.04 0.598 0,639/ - 0599 0.654
0.05 0.743 0.794. 0.747 0.815
0.06 0.889 09555 01896 0.979
0.07 " 1034 1119 10ad~ G | 1438
0.08 1178 1.286 1193 1.302
0.09 1326 1457 11344 11468
0.10 1.469 1.630 1510 1.632

a; @ :‘-J & . ¥ & a é
M13147 4.6 WaNTIIA R, 40T GashiTe. AFIMl A2675 Van- der’ Pauwd1Ags U IAUDUNG

o0 TuiA
VAmV)
I (mA)
R (AD,BC) Rpa.cm) R (cB,DA) R (BC.AD)
0.01 0.424 0.478 0.777 0.513
0.02 0.988 1.023 1.033 0.998
0.03 1.480 1.525 1.496 1.488
0.04 1.965 2.024 1.968 1.978
0.05 2.454 2.526 2,440 2.474
0.06 2,944 3.028 2,921 2,966
0.07 3.445 3.520 3.397 3.460




A13197 4.6 (A9)

V (mV)
I (mA)
R (aD,BC) R (pACB) R (cB.DA) R (BC.AD)
0.08 3.933 4.025 3.883 3.963
0.09 4.445 4538 4375 4.463
0.10 4.962 5.030 4.867 4972
A5 4.7 HAN3 A HallATB9GasSh:Te A3a7 1 Froszun Tmalnason Tuaia
: v, (V) B Vi) B-
I (mA) , | .
R GaeBD) R Bp.cA) R-(A¢.BD) R BD,CA)
0:01 0.439 “0.242 0.261 1-0.444
0.02 0.861 0477 0.502 0867
0.03 1,287 0727 0.740 1297
0.04 1,708 097 0979 4432
0.05 2130 1206 1,216 2154
0.06 3357 -13570) 1457 ' 5587
0.07 2978 1719 1.696 -3.028
0.08 3411 4991 1.928 -3.480
0.09 .3.34‘9 2229 '2{180 -3.914
0.10 4288 12,486 2421 4355

= w ¥ 4 a w &
A1319N 4.8 WANITIA R, Y01 GaSb:Te A5dN 2 @275 Van der Pauw 1R052UTALIUNG

@ Tuaia
V (mV)
I (mA)
R (BA.CD) R (ABDC) R (bc.AB) R (cp.BA)
0.01 0.157 0.206 0.172 0.146




A13190 4.8 (AD)

-
L PN,
-

""‘\' /j_,

V (mV)
I(mA)
R (BA.CD) R (aB,DC) (DC,AB) R (cp;BA)

0.02 0.307 0.326 0.322 0.311
0.03 0.454 0.478 0.468 0.478
0.04 0.602 0.634 0.604 0.655
0.05 0.752 0.792 0.817
0.973

1:.131

N g 1.293

.607
A151971 49 HBNT TR v SbiTe AN A ﬂut., Sanuui
- % AN V] SRR N N
o Tl Q &X“‘Q’ oS & -Ke. c
: 52535 .:,!J. | 2
\ \ é \ 5 & @
I(mA) \, ~
DAL (BC,AD)
0.01 0.529
0.02 1.002
0.03 1.4 1.5 486 1.493
0.04 1.987 2.02 1.956 1.986
0.05 2.475 2.516 2.430 2.481
0.06 2.966 3.021 2.910 2.978
0.07 3.465 3.519 3.387 3.476
0.08 3.961 4.011 3.874 3.977
0.09 4.455 4511 4358 4479
0.10 4.971 5.017 4.854 4.986




H -7 le { % é o Qe
A157199 4.10 WAN1339 Hall Y99 GaSb:Te ATIN 2 Aa05z U AN e Tuaia

V, (mV) B+ v, (mV) B-
I(A)
R (ac,BD) R BD,CA) R (Ac;BD) R BD,CcA)

0.01 0.444 -0.239 0.256 0.434
0.02 0.870 -0.482 0.502 -0.858
0.03 1.290 0.719 0.745 -1.285
0.04 1.724 -0.962 0.982 -1.716
0.05 2.139 -1.204 1223 2.146
0.06 7,551 41\454 1466 2,589
0.07 2.975 ~11699 1.704 -3.02
0.08 3.399 219565\ 1945 -3.463
0.09 3898 N A R\
0.10 4.256 3,466 2436 \41339

- {0 ——— A — - | Bo A
M13199 4.11 "wan139a R/ABA GaSh:Te ASIN 3 A8 3% Van der Pauw | Iagszinriauuuna

on 1uiA
VimV)
I(mA) yP
Ri(Baicp) R aBDE) Rocap) A/ Rcppa)
0.01 0.160 0.200 Oitas” 0.174
0.02 0.307. 0337 & |60 0.324
0.03 0.453 0.478 0.431 0.489
0.04 0.603 0.634 0.588 0.660
0.05 0.748 0.785 0.748 0.830
0.06 0.893 0.945 0.889 0.976
0.07 1.042 1.103 1.045 1.154
0.08 1.190 1.271 1.205 1.308
0.09 1.340 1.437 1.357 1.473
0.10 1.496 1.604 1.510 1.632




§ o ¥ st a &
A13799 4.12 WAM3IA R, Y9 GaSb:Te AT9N 3 A207F Van der Pauw 1ABIZUUIALVUNG

89 1u3iA
V (mV)
I (mA)
R (AD,BC) R pAcB) R (cB,pA) R (BC,AD)

0.01 0.450 0.470 0.628 0.527
0.02 1.019 1.010 1.013 1.004
0.03 1.504 1.506 1.486 1.485
0.04 1.990 2.002 1.955 1.987
0.05 2475 2,508/ 2.434 2.481
0.06 2.972 3.003° 2:901 2.966
0.07 3.467 3,506 ‘ 3;3"&2' 3.471
0.08 3.966.. 4.006 38t 3.968
0.09 4412 4514 4.359 4474
0.10 4966, 5,012, 4.:8,53' _ 4988

d‘ 1 a i . ﬂ - % ; Qr o ey
13199 4.13 WaN1538 Hall. ¥93.GaSb:Te Ai5vn 3 ﬁ'wwﬂmmmuﬁﬁmium

Vi 69 BY: V, (V) B
[ (mA)
R&eBD) Rmpca) R (acabp) R (BD,CA)
0.01 0.445 -0.233 0.260 -0.440
0.02 0.870 -0.477 0503 -0.856
0.03 1.292 0730 0.748 -1.285
0.04 1.708 -0.964 0.987 -1.704
0.05 2.126 -1.207 1.224 -2.133
0.06 2.543 -1.453 1.463 -2.572
0.07 2.964 -1.700 1.697 -3.021
0.08 3.394 -1.951 1.941 -3.439
0.09 3.824 -2.201 2.174 -3.883
0.10 4.253 -2.448 2411 -4.345




4 ar g § af é
A191991 4.14 WAN3IA R, Y04 GaSb:Si AFIN 1 A207T Van der Pauw IABIZUUIALVLAY

on U@
V (mV)
1(A)
R (BA,CD) R (AB.DO) R (Dc.AB) R (cp;BA)

0.01 0.250 0.247 0.540 0.233
0.02 0.510 0.518 0.535 0.519
0.03 0.775 0.782 0.784 0.778
0.04 1.031 1047 1041 1.038
0.05 1989 11308/ 1303 1298
0.06 1.549 1.575 1563 1.558
0.07 1813 18355 1823 1.817
0.08 21072 2099 208 2.079
0.09 2334 7,358 2.345 2337
0.10 2,594 2o\ 1 e 2.599

- g ) WO G o v L w &
A13190 415 5WaN15 30 Ry 0 3GaSh:Si ASIN: £ AIYTT Van der, Pautv lagszlpiauuuna

oa 1R
V(mV)
1(A)
R ABBC) ;) R @B DAY R (BC,AD)

0.01 0.2 0.761 0708 0.629
0.02 1.570 1596 1.607 1.546
0.03 2371 2.386 2.39 2.353
0.04 3.164 3.175 3.185 3.144
0.05 3.951 3.963 3.976 3.932
0.06 4.740 4.757 4.775 4.710
0.07 5.527 5.549 5.579 5.492
0.08 6.314 6.347 6.373 6.274
0.09 7.098 7.143 7.181 7.049
0.10 7.883 7.945 7.991 7.823




: @ " ¥ A w &K o Qs
A15197) 4.16 WAN1330 Hall 499 GaSb:Si A5IN 1 A2052UVIAUVUNIBA TUITA

v, (mV) B+ v, (mV) B-
1(A)
R (Ac;BD) R BD,cA) R (Ac;BD) R BD,CA)

0.01 0.512 -0.573 0.546 -0.531
0.02 1.014 -1.114 1.095 -1.033
0.03 1.518 -1.663 1.645 -1.538
0.04 2,021 -2.207 2.188 2.043
0.05 2.526 2753 2.739 2.543
0.06 3.031 3.292 1286 -3.042
0.07 S N2 3.829 -3.544
0.08 4.038 43769~ 1)) — 4379 : -4.042
009 4544 Aoraol |1~ 84 \-4.538
01 50947 \ 0 R RN o IR 5.035

a ¥ Y P gﬂ y 3 3 i : 8 o &
AT199 4117 HANIAR R, U8 GaShiSi 03Tt 2 R85 Vander’ Pauw TABS 2D TAUIUNS

D@ 11319
V(hy)
1(A) '
R@ik,co) “LRuam o6y R peam) R (cp,BA)

0.01 0.255 0.240 0.355 0.233
0.02 0.513 0.522 07535 0.521
0.03 0.770 078 | 0182 0.780
0.04 1.033 1.050 1.044 1.040
0.05 1.294 1.313 1.306 1.301
0.06 1.557 1.575 1.566 1.562
0.07 1.812 1.835 1.826 1.822
0.08 2.070 2.093 2.087 2.081
0.09 2332 2.358 2.348 2344
0.10 2.600 2.621 2.608 2.604




o @ g 4 @ &
M3197 4.18 WANTIA R, Y09 GaSb:Si ATIN 2 AI83T Van der Pauw lAoszuuiauuung

i Tuaia
V (mV)
1(A)
R (AD;BC) R (pA,cB) R (cB.DA) R (8C,AD)

0.01 0.752 0.760 0.709 0.635
0.02 1.569 1.596 1.605 1.549
0.03 2.371 2.385 2.399 2.355
0.04 3.161 3 ) — 3.185 3.149
0.05 3951 3962/ // 3.975 3.931
0.06 47395 757 4771 4711
0.07 5.501 ' 5,545 5.563 5.493
0.08 6.306 6.3, X 6.368" 6.275
009 _ | /7089, 7483 7172 7051
0.10 1877 7.931 9, 1.830

= @ ) 220 & - L s ! o
A3197 4,19 Han 3 Ta-Hall udg GaSh:Si nTa11 2 AuTs A anuLAsea 1y

|V, (mV B ' v, (V) B
1(A) ‘ e
Riae.BD) Repen- | Kacap) R (BD,CA)

0.01 0.511 -0.572 0555 -0.535
0.02 1.021 hiis 1001 -1.035
0.03 1.526 1.665 1.642 -1.540
0.04 2.027 23 2.19 -2.043
0.05 2.532 -2.753 2.736 -2.544
0.06 3.036 -3.297 3.283 -3.040
0.07 3.538 -3.838 3.825 -3.541
0.08 4.044 -4.379 4377 4.041
0.09 4.544 4.92 4919 | 4540
0.10 5.053 -5.457 5.467 -5.034




4 ar 5 4 o é
M15199 420 WAN15IA R, Y09 GaSb:Si AFIN 3 A207% Van der Pauw lavszuyuiauuung

oa luia
V (mV)
1(A)
R (BACD) R (aB,DC) R (bc,aB) R (cp,BA)

0.01 0.256 0.244 0.447 0.232
0.02 0.514 0.522 0.528 0.521
0.03 0.776 0.791 0.783 0.782
0.04 1.040, 1047 1,044 1.041
0.05 1,298 \812//// 1.306., 1304
0.06 1.557 1.573 1567 | 1.564
0.07 Lafls — 1.832 1.829 1.824
0.08 2079 2,099 2080~ |\ 2087
0.09 2339 2360 2.349 ~ bhas
0.10 2602 2.620 2.612 ‘o= Adl1

- as . AL ey i - o =
M151991 4.21 Wan151@ Ry Y84 GaShiSi ATIN 3 AT Van derrPauw apszUiiauuung

5 1A
V"(mﬁ)
1(A)
R Xpio) R\DA.CB) R (cB.PA) R (BC,AD)

0.01 0.846. 01787 Y 004 0.658
0.02 1.584 1:594 1.597 1.552
0.03 2.377 2.385 2.388 2.355
0.04 3.16 3.169 3.177 3.146
0.05 3.946 3.954 3.97 3.933
0.06 4.732 4.747 4.761 4.719
0.07 5.518 5.537 5.557 5.498
0.08 6.306 6.33 6.358 6.285
0.09 7.086 7.126 7.168 7.060
0.10 7.872 7.924 7.964 7.843




o @ it ¥oad o 2w ey
M13199 4.22 WAN139A Hall Y99 GaSb:Si ATIN 3 AwszvuvIauUUN o Tuiia

v, (V) B+ v, (V) B-
1(A)
R (acBD) R BD,CcA) R (ac.BD) R BD,CcA)

0.01 0.515 -0.573 0.552 -0.530
0.02 1.016 1118 1.101 -1.031
0.03 1524 -1.662 1.649 -1.538
0.04 2,027 2,208 2.193 -2.041
0.05 2.534 S — 2.742 -2.541
0.06 3,040 N\ 288 3387 -3.042
0.07 3.544 3893 3823 NN -3.543
0.08 4.046 4373 4372 -4.042
0.09 4155) OA4 4919 %.539
0.40 5.050 5450\ 5466~ 4| _ 5039

4.4 NAAAIMNBENI Cudl, jFe, 0,

d. @ A Qs " & L QF QA
A131991 4.23 WaR3 30 Ryw o3t Van der Pauw TAgsz1iaummningsa luiia

V (V)
1(A)
R ®Aep) R(aB pey R (pcian) R (cp,BA)

0.002 0.039 0.037 0.037 0.037
0.004 0.073 0:069 0.069 0.068
0.006 0.107 0.102 0.100 0.099
0.008 0.140 0.135 0.132 0.131
0.010 0.174 0.167 0.164 0.163
0.012 0.208 0.200 0.196 0.195
0.014 0.241 0.233 0.228 0.227
0.016 0.274 0.265 0.260 0.259
0.018 0.307 0.297 0.292 0.291
0.020 0.339 0.329 0.324 0.323




A13199 4.23 (AD)

V(V)
1(A)
R (BA.CD) R (ABDC) R (bc,AB) R (cp,BA)
0.022 0.371 0.360 0.356 0.354
0.024 0.403 0.391 0.387 0.385
0.026 0.434 0.422 0.418 0.416
0.028 0.464 0.452 0.448 0.446
0.030 0.494 0.480 0.477 0.476
0.032 07522 01509 0507 0.505
0.034 0.550 0,538 0.535 0.533
M151971 4.24 Hanasia R, A383% Var def Pauw Tﬂuwuﬁﬂuwﬁaﬁhmﬁ%
ViV 1
1(A) | '
fappe ! Rioacwi | Ricaipa) R 82.AD)

0.002 0:032 0053 0.033 .6.033
0.004 0:061 0.062 0,067 0,061
0.006 0.0 0.090 0.090 0.090
0.008 049" (3TCpm 0.119,% 0.119
0.010 0.149 0.148 0:149 0.148
0.012 0198 ol 7 0178 0.177
0.014 0.208 0.206 0.207 0.207
0.016 0.236 0.235 0.237 0.236
0.018 0.266 0.263 0.266 0.265
0.020 0.294 0.292 0.295 0.294
0.022 0.323 0.321 0.323 0.323
0.024 0.351 0.349 0.352 0.351
0.026 0.379 0.377 0.379 0.379
0.028 0.407 0.404 0.407 0.407




A1319% 4.24 (M9)

V(V)
1(A)
R (AD,BO) R (pAcB) R (cBDA) R (BC,AD)
0.030 0.434 0.431 0.434 0.434
0.032 0.460 0.458 0.460 0.461
0.034 0.486 0.483 0.486 0.487

~ w DT e
A1319N 4.25 WAN139A Hall ﬁ?ﬂﬁﬁ’-ijﬂ’rﬂlm‘l}ﬂﬁﬂﬁluﬁﬁ

Vy (W B % NWE

[(A) |

Reacmoy, {{aRmp,car -V Riaeep) R BD,cA)
0.002 07 00067 | 0./00206° - “0.00286 000287
0.004 20100266 0. 00372 -0.00508 0,00501
0,006 0. 00456 0,00579 -0.00720 = 0.00729
0,008 -0:00649 0.00772 -0.00946 0.00943
0.010 20400825 0.01002° P, 001187 001168
0.012 =0:01007 0.04213 : 70001414 0.01385
0.014 0.01183 0OTa38 /o obieds L /001593
0.016 -0.01357 0.01 681940 /<0.01866 0.01787
0.018 -0:01537 0.01960 -0,02102 " 0.02034
0.020 20.01907 0.024 1 -0.02322 0.02255
0.022 -0.01861™ 0.02327 0.02564 0.02507
0.024 -0.02011 0.02572 10.02822 0.02720
0.026 -0.02149 0.02770 -0.03054 0.02950
0.028 -0.02326 0.02992 -0.03285 0.03143
0.030 -0.02481 0.03210 -0.03520 0.03338
0.032 -0.02682 0.03410 -0.03738 0.03540
0.034 -0.02858 0.03618 -0.03965 0.03739






