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Abstract Ellipsometry is an important measurement tool for thin films. A novel calibration method is described for
single wavelength ellipsometry, both theoretically (with simulation) and experimentally. The basic idea is as follows:
if the relevant information (refractive index 7, absorption coefficient k., thickness d) of samples is given prior to
measurements, the system calibrating parameters (angle of polarizer P, angle of analyzer A, offset angle of
compensator C,, phase shift of compensator §, and angel of incidence ¢,) can be deduced from the comparison of the
measured and calculated Fourier coefficients, with the least square method. These calibrated system parameters can
then be used to measure unknown samples. This method is easy to implement and cost-saving. 2~ 6 samples have
been tested in the calibrations, and the errors are analyzed with simulation. Finally, this method is applied to a
realistic 632.8 nm laser ellipsometer, and the results obtained with the new calibration method prove the validity of
the method and show a maximum error of 0.26 nm.
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Table 1 Ellipsometry parameters of samples used in simulations

Sample thinkness /nm 100 200 300 400 500
v/ 40. 980 33.910 12. 548 52.025 28.564
A/ 79. 744 279.023 199. 194 82.621 274. 335
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Table 2 Result of thickness measurement with sample calibration
Sample thinkness /nm P /¢ A/ C./® 0o/ () VAS) dy/ nm d,/ nm
100,200 45 30 —20 60 90 100/368. 4 200/468. 4
200,300 45 30 —20 60 90 200/468. 4 300/568. 4
300,400 45 30 —20 60 90 300/568. 4 400/131. 6
400,500 45 30 —20 60 90 400/131. 6 500/231.6
500,100 45 30 —20 60 90 500/231.6 100/368. 4
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Table 3 Ellipsometry parameters of current samples

Sample thickness /nm 2.676 4.719 6. 364 8. 801 13.071 101. 222 289. 440
v /() 10. 584 10. 725 10. 892 11. 217 11. 985 41.652 10. 759
A/ 171. 749 166. 015 161.518 155. 115 144.796 79. 820 165. 023
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angle 0, with current samples
DIMSC . (HAR TR M2 X TR A 75 18 SE 5 iR
ZEWAEAE s R PR MO R b R R A A R £
FRE i 2 5 I RCHE b X RE AT LA 280 T B3 18 R
R7E.

F 4 100~350 nm i [ A JEE 2 4 A 0t 2 Bl o Ao

Table 4 Ellipsometry parameters of thicknesses in the range of 100~350 nm

Sample thickness / nm 100 150 200 250 300 350
v /() 40. 980 75. 854 33.910 17.760 12.543 27.690
A/ 79.744 265. 457 279.023 249. 445 139. 194 86. 748
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Fig. 3 Sensitivity of error function to incident angle 6, for

calibrating samples with the uniformly distributed

ellipsometry parameters
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Table 5 Calibrated parameters from 5 measurements using the sample calibration method [unit: (°)]

Parameters 1 2 3 4 5 Mean SD

P 131.95 132. 23 132.33 132. 15 132. 06 132. 14 0.15

A —9.60 —9.93 —9.68 —9.62 —9.54 —9.67 0.15

C, 53.18 52.77 52.98 53.08 53.14 53.03 0.17
0 90.002 90. 002 90. 003 90. 004 90. 004 90. 003 0.001

0o 68.48 68. 26 67.82 68. 19 68.18 68.19 0.23

26 AR HE S B0 AR AR B 09 VR RS
Table 6 Measured thicknesses based on the calibrated parameters
ths1tci;1de(id / Thickness Thickness Thickness Thickness Thickness Mean / SD / Relgtive Maximum Rglglive
nm 1 /nm 2 /nm 3 /nm 4 /nm 5 /nm nm nm deviation /%  error /nm  precision /%

2.676 30. 38 30. 27 30. 33 30. 31 30. 15 30.29 0.09 0. 30 0. 36 13.50
4.719 49. 34 49,22 49.18 49.19 49.08 49.20 0.09 0.18 0.22 4.66
6. 364 65.15 64.91 65.19 65.10 64.97 65.06 0.12 0.18 0.16 2.51
8. 801 88. 17 87. 94 88. 14 88. 10 88. 04 88.08 0.09 0.10 0.02 0.23
13.071 128. 34 128.10 128.52 128.61 128.61 128.44 0.22 0.017 2.6 2.00
101. 222 1011.35 1009.79 1009.73 1011.22 1011.31 1010.68 0.084 0.08 2.5 0. 25
289. 440 2895.62 2897.21 2897.01 2895.67 2895.65 2896.23 0.081 0.03 2.6 0.09
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