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The optimization analysis of the structure parameters of
overlaid gratings (Simulated annealing algorithm)

and an algorithm for computing the overlay error

Student Jun-Wei Lu Advisor Mao-Hong Lu

Institute of Electro-Optical Engineering
National Chiao Tung University

Abstract

In this thesis, the rigorous.:coupléed: wave analysis (RCWA) is used to
simulate the overlaid gratings. The overlay:can be found by the zero order
diffractive efficiency. This method, scatterometry, has the advantages of being
noncontact and nondestructive, and an accuracy of nanometer.

The structure in our simulation is the overlay of two linear gratings. On a
silicon substrate, two layers with linear grating structure are overlaid and in
between a thin film layer is deposited. We change the overlay of the overlaid
gratings from zero to one pitch, and analyze the zero-order diffractive efficiency
of the overlaid gratings by RCWA. Then, the overlay between the overlaid
gratings can be found.

We also analyze the zero order diffractive efficiencies of overlaid gratings
with non-zero sidewall angles. The overlay can be regressed by global and
partial-global searchs. The parameters of the overlaid gratings can be optimized
for the highest sensitivity by the mesh-grid method, the N-point method, the

simulated annealing method, and the hybrid method.
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t=—o0

19



n*(x,z) = iﬁt explit(K, x+ K,2)] (2.42)

t=—00

K2 KASAZTKAX?wE 23 pdib § 5] o

- 1 (-2, A2, A2,
Ny =— '[ nldx+j nzdx+j n, dx
A \J-Ar2 —fA/2 fA/2

=nl(1-f)+nf (2.43)
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Diffraction Eifficency(%a)

—
o

)
oOr 2 Degree 2 Degreeg 529 Degree ]
5 P 1 1 1 1  : il 1 !

0 b 10 15 20 25 30 ] 40 45

Incident Angle(Degree)
Bl D.16 7 b » 84 & 2945 = & SrficEe I e E B S S o A E)
(6 =0"~45 > D=0~200nm > # EE50nm )

% 5.6 W E0,1,27,26°,29" % 45 = F D=0~200nm F &S B (%)

Z oy
T Onm 50nm 100nm 150nm 200nm
0 11.5217 12.2100 13.9510 16.0977 18.0907
i 11.7916 12.4789 14.2136 16.3485 18.3318
2 12.6067 13.2896 15.0021 17.0979 19.0490
26° 6.8554 7.0170 7.8926 9.9944 13.0688
29° 14.1856 12.2437 9.0895 7.9334 8.4884

F 0.7 B HOR B R~ 5 & 0717,27,267,29° » 53T otk 4 e R B SRS S B (D)

» AR Bt (h)
0 11.8867
I 12.1562
2° 12.9693
26° 6.9285
29° 13.1034
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1 £ 56404 5.7 HEer Bl hdE T @ KR AL $ o
HEEE s -EDAEANM~50m2 F o 7 KE g+
D=0~50nm > # §E 5 10nm > » BFE 2~ B & 0 =0 ~45 > HEH WEsda oW
RFEE - n S E R THRT A R R B R AR 0 B 5 B
B ERFAAETHB AR Z EHcFE o B b Bkt GFAATHE
2o B AR L 6,=28,2930°31°32 0 HEES K EANE 58 BREHERE

B endEst S o TE $i0is ~ 85800~ B & 9 =287,29,307,317,32° » 4

Sl o BE R RIH F BenE B R B oo Bk B R BT chiE

% 5.8 fEHEE 54 9 =28,29"30",31,32" % 45 & D=0~ 50nm enn¥Edt e w5 (%)

g

T Onm 10nm 20nm 30nm 40nm 50nm
28" 15.1441 | 15.0779 | 14.8830 | 14.5701 | 14.1555 | 13.6605
29° 14.1856 | 14.0957 | 13.8328 | 13.4158 | 12.8739 | 12.2437
30° 26.0173 | 25.9554 | 25.7732 | 25.4802 | 25.0918 | 24.6278
31 31.5912 | 31.5470 | 31.4165 | 31.2056 | 30.9236 | 30.5831
32° 34.2447 | 34.2114 | 34.1125 | 33.9521 | 33.7366 | 33.4746

Z 5.9 BEKHEE R~ 5 4 0 =28,297,307,317,32" » B3t Ap ¥tk 4 endEST e S 1B (%)

Y Bt (%)
28° 14.3322
29° 13.1034
30° 25.2574
31 31.0442
32° 33.8289
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T 30nm 32nm 34nm 36nm 38nm 40nm
29° 13.4158 | 13.3163 | 13.2121 | 13.1034 | 12.9906 | 12.8739
28" 14.5701 14.4946 14.4153 14.3322 14.2456 14.1555
30° 25.4802 | 25.4096 | 25.3353 | 25.2574 | 25.1762 | 25.0918
31 31.2056 | 31.1545 | 31.1007 | 31.0442 | 30.9851 | 30.9236
32° 33.9521 | 33.9132 | 33.8721 | 33.8289 | 33.7837 | 33.7366
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900 R AEE ki SR E > AaPFEAY J TR WL PR o 4

HR Ao d BB A BRSNS S 0 B TS E R TR A B
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0.1 0.2 0.3 0.4 05 0.5 07 0.8 0.9
Dty Cycle
B 6. 6 #3218 Vg & 2 o F BT i B
F 6.4 BT L H 2 OE BT U S d
Grating Period(nm) | Duty Cycle | Sensitivity(%)

1. 500 0.5 2. 2746
2. 650 0.6 2. 7181
3. 200 0.5 1.56
4. 400 0.75 4.6124
5. 200 0.25 0. 65624
6. 300 0.2 0.87963
7. 900 0.85 1.5178
8. 850 0. 65 1. 7037
9. 450 0.5 2.7382
10. 400 0.4 3. 4437
11. 450 0. 65 3. 6908
12. 500 0.8 6. 9931
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% 6.5 ’}K‘j’ﬁ‘g N /'%?-Er ERR S =S /L-._mﬁ’ ’Qﬁi?\

Grating Period(nm) | Duty Cycle | Sensitivity(%)
1. 300 0.2 0. 87963
2. 1000 0.9 1.8183
& 550 0.1 0.46817
4, 1000 0.6 2.0444
5. 800 0.75 2. 1898
6. 350 0.4 2. 3946
7. 600 0.85 3. 9882
8. 550 0.8 5. 3048
9. 500 0.8 6. 9931
10. 550 0.75 5.5179
11. 350 0.6 5. 5386
12. 500 0.8 6. 9931
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