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Motivation

Devices: electric properties of materials used are important.
Key parameter: Electric resistivity (related to carrier mobility, conductivity).

Modern devices (processors, integrated circuits, microelectronics) reach

dimensions of nanometers:
Depending on fabrication procedure, properties vary significantly.

Has a very thin metal film the
same properties as a thick
metal wire?

Development of devices and new
procedures relies on
experimental determination of electric

properties! www.bridgetec.com
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Assuming linear dependence between current and voltage, use Ohm'’s law:

v
R— voltage

resistance 7 T
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Textbook physics: resistance and resistivity

Material property resistivity:
measurements on a long conductor

A

[y
-

jNﬂ 1
N

l .
resistance [ = p - —— 0 = resistivity
t-w
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Resistance resistivity in 2D

Formal transition from 3D to 2D:

A
Y

05 / 'y
432

Resistance for a stripe and homogeneous current distribution:

[ [
S R=L." = o0 — pr [€2] = sheet resistivity
t w w
Resistance for point-like contacts of small size and distance:
o Vv
T R
N~

measurement
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4-Point-Probe (4PP):
Separation of current-carrying contacts and voltage probes.

Realization:

» Small point-like contacts on surface of thin film.
» Non-uniform current distribution.
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4-Point-Probe (4PP):

Separation of current-carrying contacts and voltage probes.

Realization:

» Small point-like contacts on surface of thin film.

» Non-uniform current distribution.

» Measurement depends on geometry and sample dimensions:

(a) "_ s
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(b)

Same voltage but less current!
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Experimental equipment
Samples: conductive paper,

metal coated silicon wafer

et

contact
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« Assembly of electric circuit (A1)

* Measurement of resistance of Ohmic resistor (A2-A3)

« Comparison with color coded specifications (A4-A6)

Current
measurement
I q
+
- b
p )
1 \rg;as%er}eme%t
Source -
>
o
o
<

Electrical conductivity in two dimensions | M. Hengsberger

Ohmic resistance (6.7 k):

€ U (4PPinline voltage drop)
— fit: U =6.73k *1 + 0.06

X U_0 (output power supply)
— fit: U_0 = 6.69k *| + 3e-5

current /(A)
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Task B (1.1 marks): 4-point-probe technique

Introduction of 4-point-probe technique.
Measurement on full sheet of paper (B1).
Determination of resistance and uncertainty (B2-B3).

Sheet of paper: ma)i( and min Slopes:
e |B1 | .
4000 N line fit a +b x unc,ertamty
a =-0.03+0.14 pA !
b = 0.91+0.0004 pAImV
200 — '

Resistance: 1.099 + 0.0005 KQ
Error: negligible !

%

Current

I (UA)

slope =» resistance

-200 —

‘;/

e 4
\i\. )/ Voltage -
. probes

| | i | |
-400 -200 0 200 400

V (mV)

Paper
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* Introduction of sheet resistivity.

» Calculation of resistivity of conducting paper for large dimensions (C1)

I (LA)

-
w~ = — - R ~ 5k
P In 2
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400 —

200 —

-200 —

-400

Sheet of paper: ma)i( and min SlopeS:
e |B1 : :
—— linefit a+ b x uncertalnty
a =-0.03+0.14 pA !
b = 0.91+0.0004 meV

Resistance: 1.099 + 0.0005 KQ
Error: negligible '

___________________________________________________________

1ce

-400 -200 0 200 400
V (mV)
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Investigate the influence of finite sample dimensions on 4PP measurement.

Cut stripes of different width w.
Measure resistance as function of w/s
(s=distance between probes). (D1)
Normalize resistance values to
resistance of large sheet R,,.. (D2)

R(w/s) = Reo - f(w/s)

flw/s) = 1.0+a- (g)b

S

Assume power law dependence and
plot the data on log-log scale. (E1)
Fit the curve by a line and deduce the
power law parameters. (E2)
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R/Rw-1 (1)

10

\ [} R/Roo '1

N

9 \\ —— Fit: Power Law a*(w/s)b
8

2 a= 27

6 \\\ (Length 10 cm)

4 N

a3 \\ bt

- N\

AN

N

w A O OO N OO

N\
Rmecj S
- AN

3

4567891 2 3 4 5
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Investigation of 8 nm Cr/Si by 4PP technique.

» Measure resistance of the Cr/Si wafer by

4PP technique as before (F1-F2). 4~ & Linear 4PP measurement
. . — fit: slope =0.0216 mA/mV
« Calculate geometrical correction due to resistance: 46.3 Q

correction factor 1.3 for w/s=5
p=160Q

N

finite wafer size (100 mm diameter) using
fit results of Part E (F3):

R(w/s) = Reo - f(w/s)

fw/s) = 1.0+a- (E)b 2]

S

current (mA)
o
|

» Determine sheet resistivity of Cr film (F4).

-200 -100 0 100 200
voltage (mV)
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(Leon J. van der Pauw, Philips Research Reports 1958)

Battery — 'V

Measure resistance in van der Pauw geometry for &
two different orientations (F5-F7).

Solve van der Pauw equation and calculate sheet
resistivity (F8):

6—7TR21,34/,OD _|_€—7TR14,23/,0D == 1

Compare to 4PP technique (F9).
Calculate bulk resistivity if thickness = 8 nm (F10).
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current (mA)

° O van der Pauw
— fit: p
slope = 0.029 mA/mV
resistance R = 34.1 Q
2 _| p=155Q

100

voltage (mV)

11 July 2016 | 15



IPhO
2016
@

Knowledge

= PBasic concepts of electro-magnetic fields (Syllabus 2.3.1)

» Circuits (2.3.4)

= [nteraction of matter with electric and magnetic fields (2.4.5)
» Mathematical functions and scaling laws (4.2)

» Calculus (Linearization, transformation of an equation) (4.7)

Skills

* Measurement techniques and apparatus (3.3) (A, B, D, F)

» Accuracy (in data acquisition) (3.4)

» Plotting data points (3.6) (A, B, E, F)

» Data analysis; fitting and determination of uncertainties (3.6) (A, B, E, F)
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A (1.1 marks)

Setup/circuit A1
B (1.1 marks)
4PP B1
C (0.1 marks)
Sheet resistivity C1

D (3.2 marks)
Sample dimensions D1

E (1.6 marks)
Correction factor E1

F (3.0 marks)
Wafer, van der Pauw F1

Note: Dependencies between sub-tasks are indicated by arrows.
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Summary

Part A (1 mark):
e Assembly of the electrical circuit (A1).
e Measure resistance of Ohmic resistor (A2-A3) and compare to color code (A4-A6).

Part B (1.1 marks) and Part C (0.1 marks): conducting paper
e Determine resistance and uncertainty by 4-point-probe (4PP) technique (B1-B3).
e Calculate sheet resistivity (C1).

Part D (3.2 marks) and Part E (1.6 marks): conducting paper
e Measure resistance of paper stripes as function of stripe width (D1-D2).
e Plot data of Part D and fit data with a power law dependence (E1-E2).

Part F (3 marks): 8 nm Cr film on Si substrate
e Determine sheet resistivity of Cr by 4PP incl. geometrical correction (F1-F4).

e Determine sheet resistivity of Cr by using the van der Pauw technique (F5-F10).
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