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Abstract Spectroscopic ellipsometer is a common instrument for measuring film thicknesses and optical properties,
whose accuracy largely depends on the calibration procedure of ellipsometry system. We propose a new calibration
method by measuring several standard thin film samples with known thickness and dielectric function to obtain the

experimental Fourier coefficient spectra. Fit these spectra to theoretical spectra which includes the calibration
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parameters using least-squares method and then solve these parameters of the ellipsometry system, including the
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azimuth of polarized elements, the retardation of waveplate, the azimuth of waveplate and the incident angle etc. We
have extended this method to broadband spectrum of 200~1000 nm and verified the validity by measuring the SiO,
thin films in the thickness range of 3~13 nm and demonstrated good measurement accuracy of 0.194 nm. This new
method is easier and faster than traditional calibration method.
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Fig. 1 Schematic diagram of PSCr A spectroscopic ellipsometer
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Table 1 Simulation results of different grouping samples using sample-calibration method

Sample thicknesses d,, d;/nm P/ A/ Cs/ (" d./pm 0,/
100,200 45 10 25 7.3 60
200,300 45 10 25 7.3 60
300,400 45 10 25 7.3 60
400,500 45 10 25 7.3 60
500,100 45 10 25 7.3 60
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Table 2 Thicknesses of different samples using calibration parameters

Thickness Value
Sample /nm 100 200 300 400 500
Simulation /nm 100 200 200 400 500
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Table 3 Calibration parameters using multi-sample calibration method

Parameter P/ C./ () A/ d./pm 0,/
1 45.130690 95. 421606 116. 552410 7.326206013 61.46
2 45.129523 95. 422035 116. 574444 7.325193474 61.46
3 45.140368 95. 405080 116. 541979 7.323687309 61.46
4 45.139795 95. 409383 116. 534249 7.322261841 61.46
5 45. 142553 95. 410890 116. 554448 7.320685767 61.45
6 45. 142912 95. 405388 116. 545825 7.319476993 61.45
7 45. 142941 95. 403804 116.534383 7.318321674 61.45
8 45.136962 95. 421897 116.570321 7.317081211 61.44
9 45. 147808 95.403183 116. 539756 7.316036022 61. 44
10 45. 146555 95. 411977 116. 545993 7.315026254 61.44
Average 45. 1400107 95.4115243 116. 5493808 7.320397656 61.451
Std /[(*)/pm] 0.005774334 0.007302495 0.013141378 0.003676259 0.008306624
Rsd /% 0.012792052 0.007653682 0.011275374 0. 050219395 0.013517475

Table 4 Effect of non-uniformity of sample thickness on calibration parameters and measurement

A B JEE P R 24T 1 XA T 2 R S 1 5

Sample(log“(m P/O G/O ATO d/pm 6/ C) (10@'({111) (10@)'0/ m) (10(}'({111) (10@'“/@
—3 45.134410 95.157998  116.293513 7.322938488 61.85 2.36 2.73 3.5 4.26
—2  45.135320 95.244660 116.380987 7.322098571 61.72  1.58 1.82 2.34 2. 86
—1  45.137195 95.329104 116.466243 7.321276981 61.58  0.79 0.91 1.17 1.43
0 45.140011 95.411524  116.549381 7.320397656 61. 45 0 0 0 0
¢ +1  45.143732  95.491908  116.630435 7.319501188 61.32  0.79 0.91 1.17 1.43
42 45.148284 95.570334  116.709486 7.318594060 61.19  1.58 1.83 2.35 2. 86
43 45.153734  95.646744 116.786436 7.317664989 61.06  2.35 2.71 3.48 4.21
A A A v v
—3  45.091424 95.230849 116.367872 7.323140246 61.80  2.13 2. 46 3.18 3.9
—2 45.107108 95.292467 116. 429783 7.322241574 61.68 1.42 1. 64 2.12 2.
—1 45.123306 95.352738 116.490330 7.321313735 61.57 0.71 0. 82 1. 06 1.3
0 45.140011 95.411524 116.549381 7.320397656 61. 45 0 0 0 0
b 41 45.157177 95.468949 116.607072 7.319473692 61.33  0.71 0. 82 1.06 1.3
+2 45.174822  95.525089  116.663410 7.318497334 61.22 1.41 1.64 2.11 2.58
+3  45.192892 95.579831 116.718366 7.317557040 61.10  2.13 2.47 3.19 3.91
A A 0 v v
—3 45.043292  95. 330426 116. 468632 7.323007875 61.72 1.69 2.17 2.56 3.17
—2  45.075244 95.358319 116.496398 7.322143652 61.63  1.13 1.31 1.71 2.12
—1  45.107479 95.385389 116.523351 7.321278479 61.54 0. 56 0. 66 0. 85 1.06
0 45.140011 95.411524 116. 549381 7.320397656 61. 45 0 0 0 0
‘ +1 45.172839 95.436671 116.574433 7.319525758 61. 36 0.58 0.67 0. 88 1.09
+2 45.205975 95.460890 116.598576 7.318637757 61.28  1.09 1.27 1. 66 2.06
+3 45. 239403 95.484062 116.621652 7.317756806 61.19 1.69 1. 96 2.56 3. 17
A 4 A v v
—3  45.001007 95.428593 116.566967 7.322618264 61.64 1.3 1.52 2 2.52
—2 45. 046887 95.423974 116.562150 7.321886327 61.57 0. 86 1.01 1.33 1.68
—1 45093204 95.418317 116.556329 7.321150292 61.51 0. 42 0.49 0. 64 0. 82
0 45.140011 95.411524  116.549381 7.320397656 61.45 0 0 0 0
¢ 41 45.187297 95.403592 116.541310 7.319646591 61.39  0.43 0.5 0. 66 0.84
+2  45.235095 95.394537  116.532097 7.318864910 61.33  0.84 0.98 1.3 1. 64
+3 45, 283387 95.384240 116.521717 7.318121534 61.27 1.28 1.5 1.98 2.5
A v v v v
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Table 5 Measurement results using the calibrated system

PO A i 2 2R

Sample a b c d
Reference /(107" m) 30. 36 49. 66 89. 39 129. 60
1 32.25 50. 90 89.49 129. 68
2 32.26 50. 89 89. 50 129.79
3 32.22 50. 94 89. 59 129.78
4 32.30 50. 98 89.55 129.75
5 32.29 50. 97 89.52 129. 68
Average /(107" m) 32. 264 50. 936 89.53 129.736
Max absolute /(107" m) 1. 94 1.32 0. 20 0.19
Max relative /% 6. 389986825 2.658074909 0.223738673 146604938
Std /(107" m) 0. 0287054 0.03611094 0.036331804 0.047581509
Rsd /% 0. 08897037 0.070894731 0.040580592 0.036675641
Goodness /% 99.61034 99. 62528 99. 62772 99. 58492
M 4 rfE] R o3 T e B SRR A T R ZHC L RH M 1 S R SR B A . AR 4[]

GES R i JBE S R AR 2 ST PR R G UE S B R
Wi o 22 B O Bl R il 3% S PR R 22 — BRI . R 4L
HRWES YA R LA SE5 Tl & B .l
JHERLAS AN [v J5E B2 ) o A it o 0 T 1) E 28 2 00 1 B
R B A B L LA JEU LR ] 23 A g o e il JB 14 22
S AALIEE B, 7 exp (—i28) HEFR Y IE 115
S AR S DT BOAS [ B ify X 107 (39 652 o 2 K 4 B
MRS

PR i 1) JE R R 2 5T AN AR i R e A i

RE R R S SR i A7 R A 3 ST P I A [ TR B R i A o
(14 28 G0 o R I 5 5 22 0 AN SO [ o AR i J5E R
AR st 00 ) R e 2 HL OGS T ) I 5% 22 . A B
K.

LA 3 P 2 RE ph R HE RS 5 U 1 Kt =
XY S A 3 N BE S G R RE B — Bk AR
(0.5 nm A I X R GERMES BB, L4
U 3 prR

3 2 5K eI R G S B — B AR R GRS B R

Fig. 3 Effect of coincident change of sample thickness on calibration parameters
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FAH .

5 BT A IRHE IS 19 AR 482 Y A AR
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Horiba UVISEL2 S i # i £ 0l i 1) = 2% )5 B2 AH
BOUF 1223405 XoF 7 B0 DU 2 ) PR A i 4 4 s
G 22 I i 1 JE BE AR

B4 ZHJEREAR B9 () 30,36, (b) 49.66.(c) 80.39.(d) 129.59X 107" m Y SiO. /Si AL i i £k 14 25 &
Fig. 4 Fitting results of reference thicknesses of (a) 30.36, (b) 49.66, (¢) 80.39, (d) 129.60>X10"" m SiO, /Si samples
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