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Abstract  Grazing incident X-ray reflection ( GIXR) is widely used in film detection and high accuracy
characterization because of its high detection accuracy and nondestructive measurement. However, it is a kind of
indirect measurement method, and therefore it requires a superior numerical optimization algorithm when solving
thin film parameters, especially for complicated multilayers. A new method based on quantum-inspired genetic
algorithm (QIGA) is proposed to realize GIXR fitting. The proposed algorithm is applied in fitting the GIXR of Si
single layers and periodic Mo/Si multilayers. The results indicate that the algorithm based on QIGA has fast solving
speed and high fitting precision, and QIGA has potential values in the field of thin film characterization.
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Fig. 1 Relationships between the fitting values X* of GIXR for single-layer Si samples and generation numbers

based on GA and QIGA. (a) Results of single-layer Si sample 1; (b) results of single-layer Si sample 2
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Table 1  Structure parameters of two single-layer Si samples obtained by GA and QIGA

Sample 1 Sample 2

Parameter ) Optimal solution ) Optimal solution

Domain - Domain -
QIGA GA QIGA GA
ds/nm [28.0,32.0] 28.21 30.48 [28.0,32.0] 28.19 29.86
osi/(gecm ?) [1.5,2.5] 2.00 2.00 [1.5.2.5] 1.99 1.97
os/nm [0.1,1.0] 0.89 0.99 [0.1,1.0] 0.26 0.90
dso,/nm [0.1,3.0] 2.42 0.15 [0.1,3.0] 2.28 0.65
psio,/ (geem™*) [1.5,2.8] 1.93 1.88 [1.5,2.8] 1.90 1.55
0sio,/nm [0.1.1.0] 0.10 0.10 [0.1.1.0] 0.10 0.14
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Fig. 2 Calculated and experimental GIXR curves of two single-layer Si samples based on GA and QIGA.

(a) Sample 1 based on GA; (b) sample 1 based on QIGA; (c) sample 2 based on GA; (d) sample 2 based on QIGA

3.2 ZEEBMEN Mo/Si ZEBRHIKWER S

it — 2 E Ik QIGA TEE A2 E Y GIXR L4 1k B vh iy ad HIPE . DB I St b 85 i) A% 55 J&] 09 A 52
Hh Mo/ Si 2 J2 B IO 25 K 96 SR A R I EAT X L 40 B . 25T QIGA LG BT R I 280k - & 1 Fh
FEMEL N =100, AR ER KME T, =200, i FAERIEHMGE s=2, FF 2 XM p.=0.04, I, FT
fIE 2 )2 RO S5/ 1 S 8 R WL 3 2, B 3 iR 3T GA Fl QIGA 1 Mo/Si £ 2 B W A~ # i
GIXR A& WPEMN 25 X S BZ B HR . IWIE 3 AT LIE B, 5T GA B P 5 BObE 16 A8y 1
TNF FEAF RN 22 L M3 T QIGA BTN RECALAE 200 A9 Ak i A2 — B BRI 200 T [ ks 5 FL
25 200 AR Bt R BAL T GA, FIL. 3T QIGA B L2 IR GIXR #l &1 £2 b i 8 & E T % F GA
i) GIXR 4805 5K ik %

# 2 BT GA M QIGA M Mo/Si £ )2 IRFE 5 1 457 S 4L
Table 2 Structure parameters of multi-layer Mo/Si samples obtained by GA and QIGA

Sample 1 Sample 2

) Optimal solution ) Optimal solution

Domain - Domain -
QIGA GA QIGA GA
ds/nm [2.0,4.0] 3.61 3.49 [2.0,4.0] 3.49 2.94
d vio/nm [1.5.2.0] 1.75 1.89 [1.5.2.0] 1.50 1.91
d o ons1/nm [0.5.2.0] 1.22 0.89 [0.5,2.0] 1.61 1.46
d s on vo /0N [0.1.1.0] 0.26 0.52 [0.1,1.0] 0.36 0.67
ps/(geem ) [1.5.2.6] 1.93 1.65 [1.5.2.6] 2.58 1.51
omo/(geem™?) [8.5,10.5] 10.47 10.11 [8.5,10.5] 10.12 10.37
ovas, / (geem ™) [5.0,8.0] 7.77 7.91 [5.0,8.0] 5.93 5.11
o /nm [0.1,1.0] 0.31 0.34 [0.1,1.0] 0.32 0.34
dso,/nm [1.0,3.0] 1.91 1.15 [1.0.3.0] 2.98 1.07
psio,/ (geem ) [1.0.2.7] 2.68 2.66 [1.0,2.7] 1.10 2.63
0s0,/nm [0.1,1.5] 0.77 0.45 [0.1,1.5] 0.83 0.52
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Fig. 3 Relationships between fitting values X* of GIXR and generation numbers for multi-layer Mo/Si samples
based on GA and QIGA. (a) Results of multi-layer Mo/Si sample 1; (b) results of multi-layer Mo/Si sample 2
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