Problem 1 : Electrical conductivity in two dimensions -
Answer Sheet (10 points)

Part A. Four-point-probe (4PP) measurements (1.2 points)

A1l (0.6 pts)

s=2cm
I(pA) [V (mV) || I (pA) |V (mV)
251 276 -148 -162
516 266 -256 -281
388 426 -363 -398
147 161 -507 -957

Plot your data in the graph Bl
Graph B1: [ vs V
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A2 (0.2 pts)

R =1.08kQ

A3 (0.4 pts)

AR=+10Q

Part B. Sheet resistivity (0.3 points)

B1 (0.3 pts)

PO = Poo = 4.89k0D

Part C. Measurements for different sample dimensions (3.2 points)
C1 (3 pts) and C2 (0.2 pts)

s =20 mm

Poo = 4.89k



w/s | I (HA) | V (mV) | R(w/s) (k) | Raverage (k) R
0.3 | 92 1477 16.1 15.9 14.7
03 | 74 1184 16

0.3 | 57 914 16

0.3 |41 651 15.9

0.3 | 23 358 15.6

0.5 | 154 1306 8.5 8.5 7.8
0.5 | 127 1079 8.5

05 | 97 824 8.5

05 | 67 567 8.5

0.5 | 38 321 8.4

1 233 1071 4.6 4.6 4.3
1 174 799 4.6

1 135 621 4.6

1 101 465 4.6

1 59 271 4.6

2.5 | 389 749 1.9 1.9 1.8
2.5 | 319 635 2

2.5 | 237 457 1.9

2.5 | 151 291 1.9

25 |74 143 1.9

5) 467 648 14 14 1.3
) 419 577 1.4

) 363 499 1.4

) 289 398 1.4

5 185 254 1.4

Part D. Geometrical correction factor (1.9 points)
D1 (1.0 pts)

Plot your data on the appropriate graph paper: linear (Graph Ela), semi-logarithmic
(D1b) or double-logarithmic (D1c) on the following pages.

D2 (0.9 pts)
a=27
b=-14

Graph D1la: linear scale: I vs V

Wrong. The usage of linear scale does not allow for deduction of the parameters.
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Graph D1b: semi-log scale: I vs V'

Wrong. The usage of semi-log scale does not allow for deduction of the parameters.



10

f(w/s - 1) or R/R« - 1
N

20 oNeo

Graph Dlc: double-log scale: I vs V

Correct. The parameters can be deduced by fitting a line.
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Part E. van der Pauw-method (3.4 points)

Note the number of your wafer here: 99 (between 1 - 450)

E1 (0.4 pts)

E2 (0.4 pts)
Graph F2: [ vs V

7 8 9

w/s

I (mA) |V (mV) || I (mA) |V (mV)
0.98 20 2.94 150
1.46 75 3.42 175
1.96 100 3.92 200
2.43 125 4.38 224
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Rypp =51.10Q
E3 (0.2 pts)
w = 10cm — w/s =5 flw/s) =1.284
E4 (0.1 pts)
po = 1802
E5 (0.6 pts)
Sketch (orientation of the current):
V mV | I mA
140 3.71
120 3.18
100 2.66
80 2.12
60 1.58
40 1.06
20 0.53
-20 -0.54
-40 -1.06
-60 -1.61
-80 -2.13
-100 -2.68
-120 -3.2
-136 -3.62

E6 (0.6 pts)

Sketch (orientation of the current):




1 Vv

140 | 3.92
120 | 3.35
100 | 2.8

80 2.23
60 1.67
40 1.11
20 0.54
-20 | -0.99
-40 | -1.16
-60 | -1.72
-80 | -2.29
-100 | -2.86
-120 | -3.42
-140 | -3.95

ET7 (0.5 pts)
Graph F6: [ vs V
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(R) = 36.5Q

E8 (0.4 pts) Calculation:



E9 (0.1 pts)

Apg
£O

=0.091 =9.1%

E10 (0.1 pts)
Resistivity of the Cr thin film p = 1.32-107°Q - m



