Applied Physics FF %, 2021, 11(3), 146-157 Hans XMl
Published Online March 2021 in Hans. http://www.hanspub.org/journal/app
https://doi.org/10.12677/app.2021.113017

RN R R BRI R R R Gt A

NEE, ERFA, IR, KFL
KEHTRFH AR, TR KE

Email: *linjingquan@cust.edu.cn

ek H . 20212 H2H; FHBEM: 202143H8H; KA HW: 20214E3H16H

R

AT HRE T Schwarzschild 5514 B RSO LB SR B I R SR BRB R B, A ST S M TR
Xt EBEAT TR T ARG FE R B 2 Schwarzschild UK R G IR B SRR LA B £
BEEARGEEI MR, NMAZERENSERTAEDEREHRERETE. SOIEREN, BELE
JEfSchwarzschil d3EBRTH 5 28 £ VL3 1 4% 328 B HOX BT ARBRAKT,  RAPIARGE ) BOR T AR 7
H95.9 pmA10.2 pm, EEWIAIN L. AIOIEINE BB FOCERBE R RREWS L BIATHR R AT
BT —MEFEERSCARRRT T, BT ZRBETERRRERGRER HE.

X 5in

HERGRIE, SRR, RRHS ZRE

Optimization Design of Dark Field Detection
System for Mask Defects of Extreme
Ultraviolet Lithography

Xinze Liu, Shangqi Kuang, Jinyu Diao, Jingquan Lin"

School of Science, Changchun University of Science and Technology, Changchun lJilin
Email: “linjingquan@cust.edu.cn

Received: Feb. Z”d, 2021; accepted: Mar. 8th, 2021; published: Mar. 16th, 2021

Abstract
In order to ensure the image quality of mask defects detection system based on Schwarzschild
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structure for extreme ultraviolet lithography, the equivalent working surface model is used to op-
timize the optical design. The optimal reflector of Schwarzschild amplification system obtained by
traditional optical design method is regarded as the combination of multilayers and bare mirror
surface, and the optimal bare mirror surface is obtained by using equivalent working surface
model of multilayers. The design results show that the full field modulation transfer function of
the Schwarzschild aspheric system with multilayers reaches the diffraction limit level, and the
maximum surface gradient of the two bare mirrors is 5.9 pm and 10.2 pm, respectively, which is
suitable for the system detection and processing. We provided a practical design method for the
optical imaging system with multilayers to reach the diffraction limit level, and our method avoids
the problem that the imaging quality of the ideal system is seriously reduced by the multilayers.
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1. 5|8

Z AW TR T B T RSO 1] [FERPAR 2] B AR[3] BAMSIR[4]. & & T2 5]
AR ANEUV) I ZRI[6]5518 2 8. BEESCZIERKPE R, EUV BRI EHEN 7 nm F1 5 nm FAR 75 A1
T B RS A P IR [ 7], EUV J6ZIR I 13.5 nm AR5 5 gl 4k 2 BRI, Rk EUV
JEZIR Bt S5 R A0 St s A 1), it =0 2% R 4 1) P A s S SHEASE S T 6 ) A B 4
K2 )20, v SEILE R DG AT 28] [9]. 2 ZIEERIEZ EUV SCZIFERIREA MEREE, Xz T 20
RV, BT ¥&E TZKFRRE], HAroikfilis Tk faia, TR Mmish i i S i & e
HE[10]. BT ZERME S IERERN 2 ERI RS AR FR TR, Fit, 7ERKHERER
B ARG I T HL A T BRI [ 11].

EUV Z JZ i SRR 7 7 3 R B 41k, 0 Mo/Si £ Z Il & EUV 3 BU A h i —Fh 2 2
JEE, G AR JE A B LA R A e [l e M, 1 FLRTAE 13.5 nm FFAE I EUV S SRR 70% 0 55z i S S 2
[12] [13] [14] [15]. Mo/Si 2 7 5 HH SIEGIN A3 (9 5 B S S eI T BAR S5 i ) BRI Rt T8 Mo JZ
M Si R FHALTE AR T R 16]. BRTFREY], Mo/Si 2 2 1 5 S S Sk 52 31) 22 2 1 LI 1) 2K
S, JU T SR B A AL A [17]. DRIk, 22 J2 R 00 S B I P 406 2005 8 2 [R) RO B, T
Mo/Si % JZ 5 I R AR RT3 NP, —Fh Z 28R, R E Mo 21 Si J2: Jish—Fh 2V EHAL,
AR & Mo JZH1 Si 2, B &2 Z A1) MoSi, I HUZ[18].

H T 2 Z I 2 B &2 R ST TE R, BRI IR 16 S W T R TE VR AR 2 2 I ) R
SHREME, X B Y6 BT A S E T Bl 2 R S N A AL R ARIE AR A, AH AL AR S 51 R R
(1708 F AR AR AL B 5 ) IR AH AR RS, 3R T 2 R G0 I RIS i, R AR AR &R e LA A2 b 2%
e EIEMEEI . Bal 25 A[19] 25 T L3R H T A NSRRI, RIFAL T — @ IR B I SN AN R
HERZER, S THINTRES NS A BEESHIREOCR, (B2 9N ABKE, p Wit
A s IR MNSHRE Z AR K. EEZAN2013E T A B e @ iiE 7SR TR IR, ¥
JEREERC— A5 B MR YRR )5 — 3R, A8 EE T 22 J2 I 51 N AE A A8 4 1) & 288 T AR A 2 3
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TRAFENG . B2, CHUTRIEHNZ EEARE SR E S A7 R 8GN, XERE
A R G R R R 45 RS SRR R K R 2 . AR, T AR GRS B B RS R R
S TR B 12 A2 22 J2 RS AN A B T T 36 DA T R 8 31, T4 T I EUV Sl 218 B BB G I 2R 45 RO 04K ¥ i ie
R — B A .

N T ARAESE T Schwarzschild Z5K /) EUV JGZIHEAR R A I R LR RRAE B, A SCiR Y 1 20
WA T Z BRI 1 71k . T 2 2 ISR TAE SR AL[20], BeA 4 T DU E BRI S5 30 T Ak
WS s SRR EHRAE T JEBRTE Schwarzschild BUK SR R 5 e 2 2 IEVIGE S5 H s @it /i £
RS BEC RNS MY L h O B 2 R R IR B A RSV EAE S 2 )RR
BELIHITE o
2. FYITEEER
2.1. REFEERE S

WS R IR R M T DL R s e 2 R R G R, W T2 RE AN S, ETEAN R mZHE
Wi I A, HAER R, RADGEEFIRPMHEML R, [BAETE F MEENZERRE
FETRE[21] [22]
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2.2. W T EmEL

Mo/Si Z )= RAE 13.5 nm Tk BEaT eI E I SO 28, iR R, IO 3% Mo IRJZM Si lf)= 2
(4 HUZ FISEmELR,  Fr A — MR & 1 R — I Mo/Si 2 21 Y 2R L5 R . Mo JZ1E Si 2
L MoSi, M HUZ R Si JZ7E Mo JZ EH) MoSh, M #UZ E AL, AT B FEECR, XIHET Mo 1)
A HAELE Si ., Mo JET 1A Si JEH9HkL Si 5718 Mo JE Y #iF &
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Figure 1. Schematic diagram of the four-layer model structure of a one-period Mo/Si multilayer
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Figure 2. Schematic diagram of equivalent working surface model
2. FYITEERE REE
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3. EEZEENASGRERMTE

RS RTT BRI 3 FoR, 13 TG0 A B vk, EAE R L Z BN IR T,
X 3T Schwarzschild £5#4 1] EUV Y ZIHERIE I 88 I R Gt AT Wit At, SRECEBE G, B2 )20
S B S A AT SRS SRS I B NS R VE L, AR NS A o A AT B R B 2 JE R R
P e s 18 JUHE 5 2 2 T B 0 PSR, B2k A T AR D B s e I N T IRV SRR B T
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Figure 3. Flow chart of bare mirror shape calculation
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Figure 4. Dark-field detection system for extreme ultraviolet lithography mask defects

[& 4. EUV St ZIE 1R ERFERE AN R 5t

Table 1. System resulting data of standard experiment

%% 1. Schwarzschild A RZEFELSH

Parameter Value
Wavelength / nm 13.5
NA 0.5
Field of view / mm? 0.5%0.5
Magnification 26
150 L2
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B AT B, X RGEREAT A, G SRR R ) 1 R B (MTR)EAT AL Ak, PLARAIE L3
R RIFRB . B, RAAR, K RGOMBEE BT, RESEKDRRERFERIMER
P AR RS BRI R AT 4R, R & SRS, MR R RIRTE N B R Z R
R EAR AR T, BN 2 SR R S AR B T IR RIAE FT 0 45 58 KL 5 B B9 44137 RMS A8 ZZ T LLA H
ERHKIBBERT 2/14 (2 =13.5 nm), PR Z 2 RIRER  MTF 2R RN M EES K —,
Ao e i) MTF B 6 Firos, W] IL4tildn MTF #2408 SIRT R AR IR AT
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Figure 5. RMS wave aberration of Schwarzschild system
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Figure 6. MTF curve of Schwarzschild system
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3.2. ML= ERE SRR R G MR & R E R

LA 3.1 7% Schwarzschild 24t 9, BALIYZ B 5 R R GG TR 2 57 A2 7 1,
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Ko RGHEHAFR R 2 BERA G MTF fhZan i 8 fos, 9 2R3 2 ZRE, R
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Figure 7. The MTF curve of the system after coating the multilayers with different film structure. (a) Two-layer model; (b)

Four-layer model
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Figure 8. The optimized MTF curve of the multilayers system with different film structure. (a) Two-layer model; (b)
Four-layer model

8. RGEFITRIRAZENZ REMILEN MTF #i%k. (a) ZFE&RE; (b) OEER

3.3. ERFEZEEREIT

NHAT RGH EREZ R, MG R RGBT 2t — 0 b, 15 3] E B I64
AN AT A 2.04°~3.81°F1 5.16°~11.86°, KB ANFMICHEEL 10°. A T IRIUEZ 2R 5 5L 7E 8
10 A AEEIA XS 13.5 nm ) BUV SGIE 2B)m et 2, EE5 LRt SN2 BB, ExE Bt
JEZ R . Mo/Si Z)JZEIL 40 NME, R Z R, HT MoSh, ¥ HUZ F AR M, JF HAK
W Mo JEEL Si JZHERE, B8R 1 U R B AR A AL B, A U R A, 4
Mo JZ1E Si = EAI Si JZ1E Mo JZ E ) MoSi, # #UZ ) JZ 7371 79 1 nm A1 0.5 nm. [& %€ B4~ MoSi, JE = &
£, BRI EER T Mo 2R Si EM LA ER, Hd Mo E MU B A5 E Y 2.27 nm~2.31 nm,
Si JE MU B A AT G BN 3.15 nm~3.21 nm. £ E I E A 9 fioR, o Rlh T R 2 2
ik S B 4 B 1 42 AR A
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Figure 9. The change curve of the period thickness of the normalized multilayers with the diameter of the normalized mirror
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Figure 10. Additional thickness distribution of gradient multilayers of secondary mirror M2
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Table 2. Fitting results of bare mirror surface of the system with multilayers

2. BERZERNAGRIEEMIUSGER

Traditional design method Inverse method
Parameter
Bare mirror of M1 Bare mirror of M2 Bare mirror of M1 Bare mirror of M2
Radius/mm -171.6621 -177.2363 -171.6621 -177.2363
Conic 0.1695 5.3664 0.1695 5.3664

2th order term 0 0 0 0
4th order term 2.5708 x 107" -3.4308 x 10°° 2.5708 x 107" -3.4320x 10°®
6th order term 9.1691 x 107" -3.3662 x 1072 9.1691 x 107" -3.3574 x 1072
8th order term —-7.2417 x 107" -1.5888 x 107" —-7.2417 x 107" —1.5948 x 107"

B A T iR AR ML S BRI RS =4em R K, TR, ARSI O
SRR AR AEER BT . AR PO SN ARAR R S, BOKAH T8 SRR EE, TS H EE AR
BN EN-19.9947 mm, KBS HIRRERIN 2% 5 N-2.6982 mm.

4

'
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g g
£-20 12 g -5
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14 B
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-30
-18 2.5
b
@ 80 -80 ®) 30 -30 3

Figure 11. The three-dimensional surface figure of the primary mirror and the secondary mirror of the system with multilay-
ers. (a) The naked mirror shape of the primary mirror (M1); (b) The naked mirror shape of the secondary mirror (M2)
E 1. ZERZRENAGZIRXFHRELEETLE. () EHREMDIRTER; (b) KEM2)MREER

AREREDE AR 2T 2 A EIN T AIE3A 58 B, L2 il i R T R e ) 3 T 28 R
AN IE AR FE LA, WL TH A AR BRTE B2 /2 538 1Y H AT AN TAd[23 ] AEBRTE f5 32 M RpE 2 AR BR T
FE, JERRTIRE R AERRI S Sk LR A I 25 5, RUORSIN TR bR, X/MEYE T TAEBKI i)
715 ARER D B 10T A5 P2 B A R T 5 o o B STk o v 25 2 PO D) 2 AR R AL, 3 2 S i Jom T ARG 0 9 P2 241«
FEF/FT P, WA E BRI p 07 A0 0 B9 B B3 RR 0.1 mm SRAE, 1545 2025 18 2 2 151 2 40 e (4 T
TERREZ 2N 5] 12 Frow, EBRRBEECR IR N 5.9 um, RELFIBRET SR IIEREZ N 102 pm, 3R
7 VBT AR AR ER TS T f5 2 LU BB T (10 0 B B4 7P T2k b 1 mm ST A 235038 °K 5.9 um 1 10.2 pm,
G T B AT AR . R 12 TR M2 RYETERRE S ] 13 F R GRS 2 R REAS B AR T A 3t
ATXSEE, R I & (TR B BEAE O B - BB ]

FEF 14, B RIREZEMN, A G TR AN 2 R RS B R T iR AR R B M2 IR
B ZR, ATV, P 10K m ZE R SR 3 AR B KT K, K= RIZ108 7 nm.
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Figure 12. The surface gradient of the bare mirror of the primary and secondary mirrors of the system with multilayers. (a)
The surface gradient of the primary mirror (M1); (b) The surface gradient of the secondary mirror (M2)
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Figure 13. The surface gradient of the secondary mirror (M2) of the system without multilayers
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Figure 14. The difference between the secondary mirror (M2) of the system with multilayers and without multilayers
changes with the diameter of the mirror

E 14. ZRZBRESTEERSERNAGRXRMRRENR 2 EMRFIREOENEN

DOI: 10.12677/app.2021.113017

155

L 4 2


https://doi.org/10.12677/app.2021.113017

PUL P2
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