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Resistivity, Hall effect measurement and
Magneto-Transport Analysis

« Resistivity probe Installation and Configuration

 Resistivity measurements by Van Der Pau for arbitrary shape film.
« Hall Effect Measurements by Van Der Pau for arbitrary shape film
« Magnetoresistance

« Superconductivity



Specifications

Current source range (with Keithley 2400) 1nA —-1A

Voltage measurement range (with Keithley 2182) |100nV — 10V

Resistance measurement range (DC) 107 to 10° Ohms

Voltage sensitivity(DC) 1V to 0.1V




Resistivity probe
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The sample holder and
conductive epoxy

Field No.1 is marked —

Fix the sample to the sample holder using double sided
Kepton tape.

Sample Size max = 10X5mm

sample holder

Mix the conductive epoxy of equal amounts for one/two
minutes then make connections as shown in figure.
Place it for 24 hours or under heat for 4-hours. Silver Paint

# Electrodag
::%2.2; Iso-Butyl
WAL




The sample holder and
platform.

sample holder

Push the sample holder carefully to be plugged into the sample platform sockets with
platform remover. One is positioned perpendicular and one parallel to the magnetic field.




The sample probe Connections

Sample wiring
Thermometer f

and heater

Clamp for height
adjustment

The 6 pin fischer connector provides electrical contact for the
thermometer and heater while the 12 pin fischer provides electrical
contact to the samples.



The probe Wiring
Scheme

Wiring Scheme table of

* 19-pin connector on Breakout box
« Terminals on breakout box

* 6-pin connector

« 12-pin connector

Connection Table for Sample

?OT;): Breakout| 12PIN | 6PIN 19 PIN Con:ae;t;:;‘ on Cc\)/l\/;:fn
PIN # Box Connector [Connector| Connector olateform cable
T1 1 1 Heater + Red
T2 2 2 Heater - Blue
T3 3 3 Thermometer I+ |Green
T4 4 4 Thermometer |- |Yellow
15 5 5 Thermometer V+ |White
T6 6 6 Thermometer V- |Black
1 Bl 1 7 Red
2 B2 2 8 Blue
of 3 B3 3 9 Green
< 4 | B4 4 10 Yellow
5 B5 5 11 White
6 B6 6 12 Black
7 B7 7 13 Brown
ol 8 B8 8 14 Violet
s 9 | B9 9 15 Orange
S 10 | B10 | 10 16 Pink
~| 11 | B11 11 17 Turquoise
12 B12 12 18 Grey
GND| B13 | Shield | Shield [19 & Shield Shield




Sample platform with pin numbers indicated

—10
Samples mounting position parallel Samples mounting position perpendicular
to the magnetic field to the magnetic field



Break-out box and its connection scheme

It provides a highly flexible arrangement whereby current can be supplied and voltage measured
between any connection points on the sample. These connection points can be changed without
disturbing the sample and the connection numbering matches that of the sample holders.




Break-out box and its connection scheme

Confirm the pin numbers of the sample on the breakout terminals using DVM

6 PIN 12 PIN
Connector Connector

R EEEE
DOODOO
QOODOOEN

Breakout 19 PIN
Box i Connector
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Break-out box and
its connection scheme

Incidentally, the break-out box can
also be used to check the electrical Connector Connector

the probe s loaded mio into the. @@E)E))0)
ovosat OEE®E
is ensures that the samples are
wired correctly and allows F:he
integrity of the electrical contacts to 7 | )
be checked.

Breakout
Box

19 PIN
Connector

A

Simply plug the sample platform to

the 19 pin socket on the break-out

box and use a DVM to check

resistances between relevant Axial sample |
connectors/pin numbers. holder

09 OO
A

Transverse
sample holder

1912

Sample Platform




Cabling from DCR Probe to Breakout Box &

Temperature Controller

The probe cables are:

- Between the 12-pin Fischer connector on the top of the sample rod and the breakout box.

- Between the 6-pin Fischer connector on the top of the sample rod (or at the rear of the

breakout box) and the temperature controller.

DCR
Probe

DCR Breakout
Black 12 PIN Connector at both ends Blue
Probe Box
red y - =
blk 10| OUTPUTZ QO _g
5 o
Thermometry Probe 6 PIN Connector at both ends Input B % 4
-
- =
™




Cabling from DCR Probe Temperature
Controller

The rear side of the 350 LakeShore temperature controller.




Cabling from breakout box to meters

Decide which pin number on the breakout box terminal to connect with current source

k2400 and nanovoltmeter 2182A

The probe cable between

the break-out box
KEITHLEY 2400
SOURCEMETER

The probe cable between

the break-out box
KEITHLEY 2182A

NANOVOLTMETER

A-WIRE
SENSE

INOUT/
OouTPUT

Q Bana cable to Breakout Box 1-12 O

@ Bana cable to Breakout Box 1-12 O

CHANNEL]_

| RED to Breakout Box

—
L
no

Black to Breakout Box

—
L
n

m@Qm

White to Breakout Box

CHANNELZ

Green to Breakout Box

—
L
n

0000



K2182 nanovoltmeter

The K2182 nanovoltmeter
has two input channels,
allowing the voltage across
two samples to be measured
on the break-out box.

The red and black wires
make up channel 1 (high and
low respectively) while the
green and white wires make
up channel 2 (high and low
respectively).

channel 1 & 2 are not
equivalent, channel 2 has
poorer sensitivity so for
sensitive measurements it is
advisable to use channel 1 only.




K2400
source meter

The K2400 source meter has four banana
sockets on its front panel; these are used to
connect the unit to the relevant terminals on
the breakout box.

Four wire measurements can be
constructed using

1. K2400 source meter solely as a current

source Input/Output (Hi Lo) and

2. K2182 nanovolt unit as voltage

measurement across at Channel 1 (red

& black wire) and Channel 2 (Green &
White)

OR

K2400 source meter can be used for both
current (Input/Output) and voltage
measurements (4-wire sense)

Two-wire connections (local sense) Four-wire connections (remote sense)

SNIRE INPUT?
S OUTRUT

SENSE
@H'g

.Lo=

TEMNALS
R
t..{..x"

OUTPUT

7

SourceMeter Front Panel

4 WIRE INPUT?
SENSE OUTPUT
i
QC
H DUT = |l DUT
LO
TERMINALS
ovor | i)
OUTPUT
Sense Selection: 2-wirn . :
T - * SourceMeter Front Panel Sense Selection: 4-wire




Loading probe and switch to Resistivity Probe

. Attach the 19 pin connectors on the sample platform to the probe end and
carefully push together.

Load the resistivity probe using the same procedure as it was adopted in the
case of VSM.

Connect the 12 pin Fischer connector on the top of the sample rod to the
breakout box.

Connect the 6 pin Fischer connector on the top of the sample rod to the
temperature controller.

Use the “Select Measurement” button in the Main Menu to display a
measurement selection window. Click on the displayed measurement to give a
drop-down list of measurements available and select “Low-T DCR” from the list.

The system is now ready for electrical measurements.



Resistivity measurements by Van Der Pauw
for arbitrary shape film.



Resistivity Measurements

Length, (L)
This method is useful when “" "“
the sample has large i ('"ﬁ i
resistance. " |, ) ) Area. (4)
Resistance equals. R
P L
L IL



Resistivity Measurements

sheet resistance the current is parallel to the L direction.

R L

T A

L
R_PL : 4
t W w7
P .

RS — ? if L=W

if W=L, R=Rs is the sheet resistance through the square
sheet, it is implied that the current is along the plane of
the sheet, not perpendicular to it.



https://en.wikipedia.org/wiki/Sheet_resistance#:~:text=Sheet%20resistance%2C%20is%20the%20resistance,that%20are%20uniform%20in%20thickness.
https://en.wikipedia.org/wiki/Sheet_resistance#:~:text=Sheet%20resistance%2C%20is%20the%20resistance,that%20are%20uniform%20in%20thickness.

Resistivity Measurements by 4-Probe Method

Four probes methods is used for the low resistive samples.

h

Thin Film (t << s) For a very thin layer t <<s, (1)
A U/

formula valid if

S<1/40 times the size of sample and r®_‘ :
t< 1/40 times S) 1 2 3 4 RW1§ Rw23 SRws §RW4
nt V
_ S S S
= — X —
P In2 I = —— — ot RGT Rcz§ AV ch3 TRC-’;
Bulk Sample (t >>s) For bulk samples t >>s. _ mA—Laa—Lann,
The expression for bulk resistivity: Rs1 Rs2 ;Si
5 V
= 2mS —
P I

Correction Factor k
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Resistivity Measurements by 4-Probe Method

A separate pair of
sense connections
(voltage leads) does
not include the
voltage drop in the
force leads or
contacts. Since
almost no current
flows to the
measuring
instrument, the
voltage drop in the
sense leads is
negligible

Two-point probe

Measures sample + contact
resistance + probe resistance

R

contact contact

R

sample

I/meas = [ (R('onta(.'t + R.mmple + Rlead )

+1(R

conlact

= IR

desired significant

++R, . )

=

samplc

meas

Four-point probe

Measures sample only

contact contact

Eh ¥

R

sample I

=([+i)R

sample
= IRsu/npk

\—v——/
desired

+1 (RCOIII(ICI + R/(’ad )
i(R

+ R % +Rlc’ad )

sample contact

BV, 639
negligible
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Resistivity Measurements by Van Der Pauw

The van der Pauw method is to provide an average resistivity of the sample,
whereas a linear array provides the resistivity in the sensing direction.

These properties of the material can be calculated:

The resistivity of the material
The doping type
The sheet carrier density of the majority carrier

o
o
o
e The mobility of the majority carrier


https://en.wikipedia.org/wiki/Resistivity
https://en.wikipedia.org/wiki/Doping_(semiconductor)
https://en.wikipedia.org/wiki/Charge_carrier
https://en.wikipedia.org/wiki/Electron_mobility

Worksheet for Resistivity Measurement by Vander Pau.xlsx

Resistivity Measurements by Van Der Pauw

This method is applicable only when satisfying the following conditions:

a. The sample is homogeneous, isotropic, flat, and uniform in thickness.

8. The surface of the sample is singly connected, i.e. the sample does not
have isolated holes.

c. The contacts must be located at the circumference of the sample.

p. The contacts are sufficiently small.

A sample of comparatively low resistance and of arbitrary shape should
satisfies all conditions (A) to (D).


https://en.wikipedia.org/wiki/Homogeneous
https://en.wikipedia.org/wiki/Isotropic
https://pern-my.sharepoint.com/:x:/g/personal/ghulam_sarwar_lums_edu_pk/EeKErrqX-QhPvCMUEleTPygBkBQ2WifEzSo8GZ61QcDlkg?e=SJgLNI
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The van der Pauw Technique

Van der Pauw demonstrated in his 12

paper that R, along a vertical edge and

R; along a horizontal edge are related Ry=Vy3 /1,
to the sheet resistance R. through the :
van der Pauw equation

S

()

Ra = Vys/l, and Ry = Vi,/l5
exp(-mtR,/R;) + exp(-tRg/Rs) = 1

Ry = V14! I3

The bulk electrical resistivity p can be
calculated using

p = R.d Schematic of a van der Pauw configuration used in the
S determination of the two characteristic resistances R, and Rg.


https://pern-my.sharepoint.com/:x:/g/personal/ghulam_sarwar_lums_edu_pk/EeKErrqX-QhPvCMUEleTPygBkBQ2WifEzSo8GZ61QcDlkg?e=SJgLNI
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Sample Geometry for Van Der Pauw

. Square or Square or rectangle:
* The average diameters (D) ‘ e s
Of the ContactS, and Sample Cloverleaf ¢ e contacts at the edges
thickness (t) must be much contacts at or inside the
smaller than the distance I 4 the corners perimeter
between the contacts (L).
Relative errors caused by 4 5
non-zero values of D are of
the order of D/L. P— - |
* The cloverleaf design will
have the lowest error due to ¢
its smaller effective contact
size, but it is more difficult 2 3
to fabricate than a square or
rectangle. (a) (b) (¢)
Preferred Acceptable Not Recommended

Sample geometries for van der Pauw resistivity and Hall effect measurements


https://pern-my.sharepoint.com/:x:/g/personal/ghulam_sarwar_lums_edu_pk/EeKErrqX-QhPvCMUEleTPygBkBQ2WifEzSo8GZ61QcDlkg?e=SJgLNI
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Resistivity Measurements by Van Der Pauw

Resistivity v,
l S
e The current flows along one edge of the . 1 4

sample and the voltage across the opposite
edge.

e one such measured along a vertical edge
and one measured along a horizontal edge

e The average bulk electrical resistivity of
isotropic material p can be calculated

exp(-TtRA/Rs) + eXp('T[RB/RS) =1 RB = VM:‘" I,
Ra=Vys/l, and Ry = Vi,/154 2
p =R

.

Ry=Vys /1,

[ V]

Schematic of a van der Pauw configuration used in the
determination of the two characteristic resistances R, and Rg.


https://pern-my.sharepoint.com/:x:/g/personal/ghulam_sarwar_lums_edu_pk/EeKErrqX-QhPvCMUEleTPygBkBQ2WifEzSo8GZ61QcDlkg?e=SJgLNI
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Resistivity Measurements by Van Der Pauw

Power Dissipation . 0
Set up a dc current / such that when applied to the fes Via
sample the power dissipation does not exceed 5 1 4
mW (preferably 1 mW). This limit for | can be .
specified by measuring the resistance R between Rpy=Vy /1,
any two opposing leads (1 to 3 or 2 to 4).

Imeasured < (ZOOR)-O'S

-

(%]

Eight measurements of voltage yield the following
eight values of resistance, all of which must be

positive: Rp= V4l 1,,
Ry134 = 34/ 121, R1243 = Vs, 2
R3p 41 = 21/ 1325 R23,14 = Via/hs
Ruz12 = Vol la, R3a1 = Var/lz4 Schematic of a van der Pauw configuration used in the
R14’23 = 23/114, R41’32 = 32/141 determination of the two characteristic resistances R, and Rg.


https://pern-my.sharepoint.com/:x:/g/personal/ghulam_sarwar_lums_edu_pk/EeKErrqX-QhPvCMUEleTPygBkBQ2WifEzSo8GZ61QcDlkg?e=SJgLNI
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Resistivity
Measurements & Calculations


https://pern-my.sharepoint.com/:x:/g/personal/ghulam_sarwar_lums_edu_pk/EeKErrqX-QhPvCMUEleTPygBkBQ2WifEzSo8GZ61QcDlkg?e=SJgLNI
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Resistivity Measurements by Van Der Pauw

Measurement consistency following current
reversal requires that

Resistance with one polarity = Resistance with reverse polarity

R21,34 = R12,43 R43,12 = R34,21
R32,41 = R23,14 R14,23 = R41,32

The reciprocity theorem requires that
Resistance at one edge= Resistance at opposite edge

Ry13at Rigas = Rz 1+ Ray oy
R3341 % Ry314 = Rigo3 *+ Rap 35

If any of the above fail to be true within 5 %
(preferably 3 %), investigate the sources of error.

Vy

43
12

-

o

Ry = Vy4/ 1y

Schematic of a van der Pauw configuration used in the
determination of the two characteristic resistances R, and Rg.


https://www.nist.gov/engineering-physics-division/hall-effect-measurements-sources-error
https://pern-my.sharepoint.com/:x:/g/personal/ghulam_sarwar_lums_edu_pk/EeKErrqX-QhPvCMUEleTPygBkBQ2WifEzSo8GZ61QcDlkg?e=SJgLNI
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Resistivity Measurements by Van Der Pauw

Sheet resistance R (V)

Vs
It can be measured from two characteristic I1s i ;
resistances R, and R, :

Ry= Vsl 1,
Rp=(Ry134 + Ripa3 + Ryz 1y + Rag 1)/ 3
Re = (R3p41 + Ry3 14 + Rig 3 + Ryp30)/4

-

(%]

And by numerically solving the van der Pauw
equation
exp(-mtR,/R;) + exp(-TtRg/R:) = 1

Ry = V4! 153
. . o 2
Then average bulk electrical resistivity of
isotropic material p can be calculated
Schematic of a van der Pauw configuration used in the
p = de determination of the two characteristic resistances R, and Rg.


https://pern-my.sharepoint.com/:x:/g/personal/ghulam_sarwar_lums_edu_pk/EeKErrqX-QhPvCMUEleTPygBkBQ2WifEzSo8GZ61QcDlkg?e=SJgLNI
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Resistivity Measurements by Van Der Pauw

Set the error limit 6 = 0.0005, corresponding to 0.05 %6

Hall Effect

Measurements Calculate the initial value ofz, orz_ =2 In(2)/[n(R,+ Ry)]
Algorithm

Calculate the i* iteration of y, = l/exp(nz, R,) + l/exp(n z ,Ry)

Calculate the i* iteration of z where

z =2z, [(A-y)yn]/[R /exp(n z R,) + Ry/exp(n z ,Rp)]
When (z, - z,,)/z isless than 6, stop and calculate the sheet resistance R, = 1/2

The resistivity pis given by p = R.d, where d is the thickness of the
conducting layer

Rs can be determined by numerically solving the van der Pauw equation by iteration exp(-1m Ry/Rg) + exp(-m Rg/Rg) = 1


https://www.nist.gov/pml/nanoscale-device-characterization-division/popular-links/hall-effect/hall-effect-measurements-2
https://www.nist.gov/pml/nanoscale-device-characterization-division/popular-links/hall-effect/hall-effect-measurements-2
https://www.nist.gov/pml/nanoscale-device-characterization-division/popular-links/hall-effect/hall-effect-measurements-2
https://pern-my.sharepoint.com/:x:/g/personal/ghulam_sarwar_lums_edu_pk/EeKErrqX-QhPvCMUEleTPygBkBQ2WifEzSo8GZ61QcDlkg?e=SJgLNI
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Resistivity Measurements by Van Der Pauw

The most notable exception when
Rvertical =R = Rhorizontal

In this scenario the sheet resistance is given by

TR
Re —
5 In 2

In most other scenarios, an iterative method is used to solve the van der
Pauw formula numerically for Rg.



https://en.wikipedia.org/wiki/Iterative_method
https://pern-my.sharepoint.com/:x:/g/personal/ghulam_sarwar_lums_edu_pk/EeKErrqX-QhPvCMUEleTPygBkBQ2WifEzSo8GZ61QcDlkg?e=SJgLNI
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Resistivity Measurements
Results by Van Der Pauw

Sheet Resistance Ohm 101.004

Thickness t (cm) 0.100

Rersistivity P(Q-cm) | 42.112



https://pern-my.sharepoint.com/:x:/g/personal/ghulam_sarwar_lums_edu_pk/EeKErrqX-QhPvCMUEleTPygBkBQ2WifEzSo8GZ61QcDlkg?e=SJgLNI

Current Supplied by 2400 Sourcemeter Source | Measure |

Voltage measured by 2182A Nanovoltmeter Channel 1

Idiagp_n_a]_ Vdiaggnal Rdiagonal |<(200R)-0'5 I:’diss

1.0E-05 7.37E-03 7.4E+02 0.002605368 | 7.4E-08

Set up adccurrent | such that when applied to the sample the power dissipation does not exceed 5 mW (preferably 1
mW). This limit for | can be specified by measuring the resistance R between any two opposing leads (1to 3 or 2to 4).

I |[9.10] |[10.9] |[11,12] |[12,11] IS = 1.00E-05
V'l 1.00E-05 1.00E-05 1.00E-05 1.00E-05
V V1112 Vi12.11] Vi9,10] Vi10,9]
V1 9.27E-04 9.27E-04 9.27E-04 9.27E-04
R Rig,101,111,121 | Ri1o,91.112,111 | Rpa1,121,00,101 | Ri12,111,110,9] 2 2/4
v 92.68 92.71 92.7 92.71 370.8 92.7
| l{9.11] 11,91 {10,121 12,111
H 1.00E-05 1.00E-05 1.00E-05 1.00E-05
v VI10,12] VI12,10] Vig,11] VI11,9]
H
9.31E-04 9.31E-04 9.31E-04 9.31E-04
R, Rio,111,110,12] | Ri11,91,112,107 | Rl10,121,112,201| Ri12,111,011,9] 2 >/4
93.13 93.12 93.13 93.14 372.52 93.13




Initial Value | ith Iteration | ith Iteration
No. Ry Ry 7 orz., of Y, of Z, Error = (Z-Z;1)/Z;| Rs=1/Z; | vander pau
1 92.7 93.13 0.0023745961| 1.000001286 | 0.002374601 1.85567E-06 421.1234611 1
2 0.002374601 1 0.002374601 1.19351E-12 421.1234611 1
3 0.002374601 1 0.002374601 0 421.1234611 1
4 0.002374601 1 0.002374601 0 421.1234611 1
5 0.002374601 1 0.002374601 0 421.1234611 1
6 0.002374601 1 0.002374601 0 421.1234611 1
7 0.002374601 1 0.002374601 0 421.1234611 1
8 0.002374601 1 0.002374601 0 421.1234611 1
9 0.002374601 1 0.002374601 0 421.1234611 1
10 0.002374601 1 0.002374601 0 421.1234611 1
11 0.002374601 1 0.002374601 0 421.1234611 1
12 0.002374601 1 0.002374601 0 421.1234611 1
13 0.002374601 1 0.002374601 0 421.1234611 1
14 0.002374601 1 0.002374601 0 421.1234611 1
15 0.002374601 1 0.002374601 0 421.1234611 1
16 0.002374601 1 0.002374601 0 421.1234611 1
17 0.002374601 1 0.002374601 0 421.1234611 1
18 0.002374601 1 0.002374601 0 421.1234611 1
19 0.002374601 1 0.002374601 0 421.1234611 1




Hall Effect Measurements by Van Der
Pauw for arbitrary shape film



The Hall Effect and
The van der Pauw Technique

In order to determine conductivity type mobility y and the
sheet density n,, a combination of a Hall measurement and
a resistivity measurement is needed.

Reference


https://www.nist.gov/pml/nanoscale-device-characterization-division/popular-links/hall-effect/hall-effect
https://www.nist.gov/engineering-physics-division/hall-effect-measurements-resistivity
https://www.nist.gov/engineering-physics-division/hall-effect-measurements-resistivity
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The Hall Effect

The Hall measurement, carried out in the presence of a
magnetic field, yields the sheet carrier density n, and the bulk
carrier density n or p (for n-type or p-type material) if the
conducting layer thickness of the sample is known. The Hall
voltage for thick, heavily doped samples can be quite small (of
the order of microvolts).


https://pern-my.sharepoint.com/:x:/g/personal/ghulam_sarwar_lums_edu_pk/EbW5nvJIE-ZGlu99e8OV2pIB2PFSudusJ3ciM3uMFXI3Rg?e=xkgHSZ
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Hall Effect

Under the similar condition of
applied voltage and magnetic field,
the Hall Voltage will build as for

Electric

Current?
[- Field

P-type semiconductor
The surface 1 will be positive with
respect to surface 2

N-type semiconductor
The surface 1 will be negative with | v
respect to surface 2. 5 Magnetic Field

Hall Effect

the force on holes is toward the same side because of
their opposite velocity and positive charge


https://electronicscoach.com/hall-effect.html
https://pern-my.sharepoint.com/:x:/g/personal/ghulam_sarwar_lums_edu_pk/EbW5nvJIE-ZGlu99e8OV2pIB2PFSudusJ3ciM3uMFXI3Rg?e=xkgHSZ

The Hall Effect

Hall Effect is the result of Lorentz Force
Hall Voltage |V| = IB/qn,

If Vi, negative then n-type semiconductors

If V|, positive then p-type semiconductors.

The sheet density
ng = IBIq| V|

the Bulk density (n = ng/d) and d is the
conducting layer thickness

Mobility of Charge Carriers,
1 = |Vyl/RsIB = 1/(gngRs)
Bulk resistivity p = Rqd

Rs is the Sheet resistance, it can be determined

by van der Pauw resistivity measurement
technique

Worksheet for Hall Effect Analysis by Vander Pau.xlsx

Lorentz Force
S Coordinate
F=-qv XB System
B
Z
y
: B [
i X
F . V=0
Al /
~—© | = —>
Y Z Fig
wf -
‘ 1
1]” hll.
V="V,
Figure 1

Lake Shore Cryotronics

Calculations Video
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Hall Effect
Measurements & Calculations
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B is positive when pointing in the positive z R—
direction, and negative when pointing in the H 24P System
negative z direction.

I3 = dc current injected into lead 1 and taken out of
lead 3. Likewise for /3,, I,,, and 1,,

V,,p = Hall voltage measured between leads 2 and 4
with magnetic field positive for /5. Likewise
for V,p, Vi3p, and V5.

Similar definitions for V,,\, Von Visne @and V5o apply
when the magnetic field B is reversed.

B-along Z | B-along -Z

[13 V 24P V24N

/31 V 42pP V 42N

| V Vv Schematic of a van der Pauw configuration used in the determination
42 13P 13N of the Hall voltage V.

[ 24 V3ip V31N
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The Hall Effect

Sample type

Calculate the following (be
careful to maintain the signs of
measured voltages to correct for
the offset voltage):

Worksheet for Hall Effect Analysis by Vander Pau.xlsx

alll ” ’:

Vi = Vagp

Hl’ “’ I

Coordinate
System

i

Ve = Vogp - Voun Vi
Vb = Viop - Vo
VE = Visp - Viay
VE = Vaip - Vg — — .
Source Metre | Current | Magnetic Field | Magnetic Field [IF + Film is P-Type
Connections |Direction B Positive B Reversed |[IF-Filmis N-Type
The sample type is determined
: / 1to3 | Vop=Vop-Vup |Voun=Von-V Ve=Vop-V
from the polarity of the voltage = AP ob AP oA CoN AN C 4P oW
sum Vi + Vp + Vg + V.. If this I3 3t01 | Vigp=Vap-Vop |Viaon=Van-Von [ Vo =Viap-Vion
SUm1s posmve (negative), the |4 4t02 | Vi3p=Vip-Vap [Vian=Vin-Van | VE=Vizp-Viay
sample is p-type (n-type).
[ 24 2to4 Viaip=Vzp-Vip [Vain=Van-Vin [ VE=V3p- Vi
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Sheet carrier density
The sheet carrier density (in units of cm) is calculated from

ps =8 x 10°IB/[q(V + Vp + Ve + V)]
iIf the voltage sum is positive, or

n, =8 x 10-8 IB/[q(V; + Vp + V. + V)]
if the voltage sum is negative,

where B is the magnetic field in gauss (G) and / is the dc current in
amperes (A).
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Sample Hall Worksheet

Bulk carrier density

The bulk carrier density (in units of cm) can be determined as follows
iIf the conducting layer thickness d of the sample is known:

n,=1B/q|V,]
n=nJ/d
p = pd

Hall mobility

The Hall mobility u = |V,|/RsB = 1/(gnR), (in units of cm?V-1s1) is
calculated from the sheet carrier density ng (or p,) and the sheet
resistance Rg


https://www.nist.gov/pml/nanoscale-device-characterization-division/popular-links/hall-effect/sample-hall-worksheet
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Conductivity P-Type

Sheet carrier density (cm™) 3.47681E+12
Bulk carrier density (cm™) 3.47681E+13
Hall mobility p (cm’V™'s™) 17797.56247
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HALL Effect Measurements and Calculation

Conductivity

for a uniform sample the average Hall voltage from each of the two diagonal sets of contacts should be the same.

Type

NIST Reference

The sample type is determined from the polarity of the voltage sum VC + VD + VE + VF. If this sum is positive (negative), the sample is p-type (n-type).

Source Metre Current Is (Ampere) Magnetic Field V (Volts) Magnetic Field Vv (Volts) IF resultis + Film is P-Type
Connections Direction Sourcemetre B Positive Nanovoltmetre |B Reversed Nanovoltmetre IF resultis - Filmis N-Type
l912 1to 3 0.000001 V 10p.11p = Viop- V11p |0.0001804 V 1on,12 = Vion- Vian [-0.0001791 Vc=Viop.11p- Vion,1an [0-0003595
l12,9 3to1 0.000001 V 115 100 = V11p- Vi0p |0.0001804 V 11n,108 = Viin- Vion [-0.0001791 V5=Vi1p10p- V1in,10n [0-0003595
l11,10 4to2 0.000001 Vgp,12p = Vop- Vipp  |0.0001796 Von12n=Von- Vion  [-0.00018 Ve=Vop1p-Von1on  [0.0003596
l 10,11 2to4 0.000001 V12pop =Vip-Vgp  [0.0001796 V 1onon = Vion- Voy  [-0.0001799 Ve=Vipop-Vianon [0.0003595
Ve+Vp+Ve+Ve 0.0014381

Sheet carrier density

The sheet carrier density (in units of cm™) is calculated from

B (Gauss)

10000

Is (Ampere)

0.000001

Ve+Vp+Ve+ Ve

0.0014381

if the voltage sum is positive

Ps =8 X 10 IB/[q(VC +VD + VE + VF)]

if the voltage sum is negative

ne =8x 10° IB/[q(VC + VD + VE + VF)]

cm’

3.47681E+12

Bulk carrier density

The bulk carrier density (in units of cm™) can be determined as follows if the conducting layer thickness d of the sample is known:

The Hall mobility = 1/qnsRs (in units of cm?V™'S™?) is calculated from the sheet carrier density ng (or ps) and the sheet resistance R

Sheet thickness d(cm) 0.1
=p./d
PP 3.47681E+13 cm’
n=ns/d
The Mobility
Sheet Resistance Rq Ohm 101.004
Hall mobility p 1/qngRs cm’vis? 17797.56247

Worksheet for
Hall Effect
Analysis by
Vander
Pau.xlsx
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Magnetoresistance



Magnetoresistance

Magnetoresistance is a phenomenon where the electrical resistance
of a material changes in the presence of a magnetic field. This effect is
used in various applications, particularly in the development of
magnetic sensors and data storage technologies, because it enables
the detection and manipulation of magnetic fields



Magnetoresistance

Experimental Setup

Magnetic Field Perpendicular to sheet
Source Current TuA along the diagonal

Measured Voltage along the same
connections (diagonal).
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Resistivity and Hall Effect Measurements

Sources of Error

Check the followings:
e Is the paste, epoxy or paint used for connections is compatible with the sample?

e Is the paste, epoxy or paint used for connections is good for cryogenic
applicgt?ons? POXy OT'P J Yoo

e Are the probes or wires making good contact to the sample?
e Are the contact /-V characteristics linear?
e s any contact much higher in resistance than the others?

e Do the volta reach equilibri uickly after current reversal (there will be some
delay for ser%?—?nsulatingqsampvew?q y (

e Is there visible damage (cracks, especially around the contacts)?
e Is the sample in the dark?
e Is the sample temperature uniform?

e |s there are large tegg)erature gradients across the wiring, or dissimilar wiring
materials being used”
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