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Abstract
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Fiber point diffraction interferometer meets the accuracy of optical test for extreme ultraviolet
lithography (EUVL). Wavefront reference source which emits circularly polarization state light can enhance the

Key words

contrast of interference fringes and reduce the astigmation of wavefront reference source. The principle of phase-
control channels are obtained. A polarization control system is built and a circularly polarization light is achieved. The

controlled polarization controller is analyzed by Mueller matrix and found to obtain circularly polarization by only

using the first two control channels. A polarization control system has been designed, and the light intensity is
polarization control test. The polarization of wavefront reference source is controlled into circularly polarization
quickly, thus the problem of polarization control is solved for fiber diffraction interferometer.
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analyzed after propagating from the polarization control system by Jones matrix. The control voltage of the first two
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extreme ultraviolet lithography;

error between theory and reality is about 7.5% ., which is verified by analyzing the first two control channel before
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Fig. 4 Schematic of polarization control system

LA T 159 i 41 't 9 42 S 491 158 B L U= % BE A
A i P J7 16 L 90° B A Uk 3 . Ze e 15 i IR Ot
dnl DUAT R RE D7 3k 45 21 . 25 ) B i I 25 4 0 58 B2
Ja VARG R AR D' 280 e &R Gt S H B Ot B9 B [
R 25+ FFY Sa 0T 4 o 1 0 48 3 99 428 1) 2R 48 1 O 5
PEAT VRO B AR 1 B0 P 2 ] A et T

E _[1 oMl iMcosaz/z
* Lo odLi 1dLlisins,/2

[cos 0>/2 — sin 8, /2
0

iSinaz/ZJ[l 0 JE
cos 8;,/2J1L0  exp(—idy) "

iexp(—18,) (cos §,/2 + sin §,/2)

}Em, (6)
0

X i A ' i IR A5 AT R 0 R LA B i D' TR B R 0 T A D' 5 B R A R 2D AR A T ik

V3/2

%EﬁaﬁwAW%%ﬁ%ﬁ%ﬂ%%ﬁ[uz

]ﬁAﬂ%ﬁﬁ&%%ﬁ%ﬁ%ﬁ

E. — E/g/Z(cos 8,/2 —sin 8,/2) +1/2 « iexp(—i8,) (cos §,/2 + sin 82/2)} ’ .
0
AT A 2 Bk 't Y65 B R
Q= |8/2(cos 8./2 — sin 8:/2) +1/2 + iexp(— i6,) (cos 8./2 + sin 8,/2) | (8)

F Matlab i #2575 2 Ot b CH1,CH2 i1
FER B AR AL B O i Sy v O AT B Y i & 5 fF
/N . HET AT DA 2R B /N CHL CH2 X B A A7
fHR (4.7124,0.5027) , - B >0 A FE B AT 45 21 Jf
PR 1 28 0 R A

3[Rl 4l A5 R 4 L B

S ANIE 6 B R B S T2 Gentec-
EO BRI 450 4 XLPF12-3S-H2-DO, 52 5 4 4§
.

1) i T e D A P TR A e v XU 6 5% 2
1 AL TR B ARG b LSS B St 3 o JH e i
R 5 A0 46 6 19 D IR 255 o B Al 62 5% 5 7 e

1112001-4



USRI A . SLLF A 5 T 9 (b BRI 2 7% I U 22 11 &R e i e it

e mR R

2) MR LG OCR IR ASHA H KR % CH1,CH2
F, s 45 380 A 5 152 O I O'6 17 A 7 228 3R T A {5

3) ¥ CH1.CH2 $& il f F 8 21 25 3% 2) (1 &
1B s IR XU 4 B Ak e 0 A T 1R g 4 O A 0 19 7
JUE -3V E-$7 97N 3 ¢

4) iR CH3,CH4 45 W R H 2 58 2%, W
JCEFAT S OGRSy A e 19 O Bk 285, A% Hh T4 8 K 3L
R R B ALIRE

S v e e i 41 e 125 320 47 000 s D' o i A1 285
B SR FH LR SR T 249 198 T 45 380 0 e 6 1630 4 2 2 7
B 0.0, KX ROCHIHE P, Py S5 5 NER 1 s .

Phase /rad

Phase /rad

& 5 etk CH1.CH2 &R A A28 1k
Fig. 5 Light intensity varies by phase

&6 i 4 1l 2R 4 5 I 2 8 1A
Fig. 6 Polarization control system device

P TR W IR B A O R A i R S B
Table 1 Data of getting pol

arization state by rotated polaroid

Times 1 2 3 4 5 Average
0. 163 160 164 158 162 161.4

P,/mW 0.039 0. 045 0.030 0.050 0. 046 0.042
0, 70 73 72 69 75 71.8

P,/mW 0. 546 0.509 0.563 0.528 0.536 0.536

iR 1 ARG 46 ' o IR 25 T AL A R (] 22 4
AE > RG] A o hsJe ol 71 8%, 8 Bl A o il e
foh 161, 4° W [E FE A +/0.536/0. 042 =3. 57, 5t ¥)
Th Y AR A B 0T R B B AT Rl A A BRAE oy b B
7930, e AR BR 78 9 AS RE A 2 6 AR A 7] 5 R LR
15 1) B BT 45 A AN 93 3 A
o [— 0.9478 + 1. 13871’}
0.3190 -+ 3. 3835
E = [ 0.3190 — 3. 3835 }

—0.9478 —1.1387i
€
B €O 3P A i AR AR (6) B ] 45 215t 5

B AF A7 ZE 3R AR A B, B 7

1531 56 5 5 /)N B 14 48 3R A A 43 1) A2 (0. 7854,
3.8956) F1(2. 3562,3. 8956) » it T I i I 42 1 245 »
P F AR SR R R R R A 2 AT
BARNL T ZE 3300mV (4 il i He o AL AR A 2GR 6 4
S L AR (413 mV,2046 mV) F1 (1238 mV,
2046 mV) o Kl 7 25 17 A 4 1R F T 23 0l Bl
DL BB R B R (413 mV, 2046 mV) I, B
THEREICC /N o BV I Ao S o422 30 (8 g I 285 5 P 0G0 s
NRE R E . BG4 Z2 0815 CH3,CHA 45 il B /&
W H RO 2 RS B T 2 B R R SO

1112001-5



Phase /rad

Phase /rad

Phase /rad

Phase /rad

B 7 S APIR AT BER) A L AR AT OGRS AL E . (ORI A E; (b)) IR E.
Fig. 7 Light intensity varies by two possible inputs. (a) Originally input E, ; (b) originally input E,

Wi 2 R B I R 0 DU B B R A (413 mV,
2046 mV,130 mV,226 mV),

4 515 Hr

DI SERT CH3 . CH4 3 3 B R AE AH X F 68 = A=
2 AL HEIR (1) 3300 m'V' (14 B 5] BRIk 378 ek %) AH XK
AINAT DAFR IR M T 0 R4 1 R R R 2% G )N R
WY H e T S A o o R B R R AR PR, 7E CHI,
CH2 %y A BB E p JE a1, 58 278 Y6t CH3,
CH4 7 P& 42 1l i & 19 B0(E AH X 19 3300 mV 4331l
A 3.94% 1 6.85% . Z WM B GLE = AR A e PR
BUIMREH F b3 7 vk b b 47 30 5 DA Ay iR
25, AT T 20 YA AR A R 525, L CH3,CH4
KAEMXF 3300 mV [y B ) 67 152 25, 4 3R 22 n
8T/ o

75} . 1
o T
Ee.o» ) / i /\.
55F i "
50} . /

451

0 10 20
Test times
6 8 20 VIR A S 1Y 1R 22 0 A
Fig. 8 Error distributing of 20 tests

w1 8 AT AL, M7 35 R AT 19 i IR 5 8 P e L B S
FISCI (158 25 A M 7. 5%+ BRIV 5 28 07 75 10 42 11 el
P ANBRE TS 45 R B A B i Wy A AT LS B
i PR 25 1) R T . I L T 0 R [ 4k 2 Y 3

P TR 205 R LK R 95 58 RS M Ol B ok HG S X
FLAVT S B TRT 90 J5 ™ A 52 W) e 2 B TRT 9 1) D
7N FLOGE TR J3E A ok £L A A0 o A O L 5
9 = 2 38 B £ I R L3 GO RE BEAT 3 2R 9 Ak AL
RIVRT 7 A4 2R 4 B THT %

S5 ) DR 25 T EEATAE W T . — 7 T TR
JiRE % b A A A 2 R Sy AT 5 BT AT AR R 2 L S B
8 5 D' A 6 i DR A B AT R 22 5 5 — T T H 1O
LR LA LY A G IR 25 51 A A A7 38 08
T BRS8N R JIr AT 1R A A7 38 A 2 28 0 5% 1 Ot
e R EOT A AUR 5 SR A 2

5 % ®

A 320 BT O IR 45 ) B 11 DR A5 R B
F T8 TE R AT 9 R 5R A 2 S 2 A DN e I R 1Y
A i i 25 0 s A3 800/ T R A R A R S 0 B E
R P OGE 2 A 41 R 114 5 3k A5 L 0 e O SR 1 D Bk 2 L &8
ok B TG A S R R R iR A T T 0 HT R B R
B LB T AEARGIABIMR 2 M0 B0 o P 8 5 2
2 i i A5 DG A, HE 1T T LAAT 85 $E s T T U A 8Okt
Ll B ROAS DU B L T LA S EUVL 624 I+ &
2 B TR 9B Y5 Y 9 K

& & X #

1 K Otaki, T Yamamoto, Y Fukuda, e al.. Accuracy evaluation of
the point diffraction interferometer for extreme ultraviolet
lithography aspheric mirror [J]. J Vac Sci Technol B, 2002, 20
(1): 295—300.

2 Gary E Sommargren, Donald W Phillion, Michael A John, e
al.. 100-picometer interferometry for EUVL []J]. SPIE, 2002,
4688 316—328.

3 John S Taylor, Gray E Sommargren, Donald W Sweeney, et al. .
The fabrication and testing of optics for EUV projection

1112001-6



RBEFT % -

JCEF R I T W A P BRI 275 TR Ak 42 ) R SE Y BET

lithography [J]. 1998, 3331: 580—590.

4 Seiji Takeuchi, Osamu Kakuchi, Kenji Yamazoe, et al.. Visible
light point-diffraction interferometer for testing of EUVL optics
[C]. SPIE. 2006, 6151: 61510E.

5 Zheng Meng, Li Yanqgiu, Liu Ke. Design of mask for phase-
shifting point diffraction interferometer [ J ]. Laser &
Optoelectronics Progress, 2013, 50(3): 031201.

M A, AR X0 e, AHES ST ST U U A B AR A A BT
[J]. ok 5 e P24k, 2013, 50(3): 031201,

6 Cai Liizhong. Study on the interference {ringe contrast between
circularly polarization light and linearly polarization light or two
circularly polarization lights [J]. College Physics, 2004, 23(1):
16 —18.

BRI I % O LA R 2 DR I % 01 ARG % 06 T 9 PELRE 9 4 L
BELT]. KEF4HL. 2004, 23(1): 16—18.

7 Michael A Johnson, Donald W Phillion, Grey E Sommargren, e
al.. Construction and testing of wavefront reference sources for
interferometry of ultra-precise imaging systems [ J]. SPIE, 2005,
5869 58690P.

8 Lu Zengxiong. Research on the Deep Sub-Nanometer Accuracy
Reference Wavefront in Phase Shifting Point Diffraction
Interferometer [D]. Changchun: Changchun Insitute of Optics,
Fine Mechanics and Physics, Chinese Academy of Sciences,
2013.

FERHE. AR ST T R KRS B S % T s (D). K
B P EBER KGR RIS WL, 2013,
9 Lu Zengxiong, Jin Chunshui, Ma Dongmei. Rigorous vector

analysis of the effect of illumination objective lens aberration on

the quality of far-field diffracted wave front [J]. Acta Optica
Sinica, 2012, 32(8): 0812001.

JEMGHE, A AROK . T, BRI BT AR 25 0 3 b i S IR A T R
W ) AR R R BT LD, g2 dl, 2012, 32(8) . 0812001.

10 Zhang Yu, Jin Chunshui, Ma Dongmei, et al.. Study of
calibrating algorithm for wavefront reference source of point
diffraction interferometer [ J]. Chinese ] Lasers, 2012, 39(3):
0308001.

KT AR, BAME, S R T I BGK T 2 % AR E
HEWEELT]. R E L. 2012, 39(3): 0308001.

11 Li Weiwen. Study of the Transparent Electro-Optic Ceramics
Based Polarization Controller and Its Control Algorithm [ D].
Hangzhou: Zhejiang University, 2005.

2 C. BT 7 WY I T O AR 5 1 AR B LR R (DL
B . Wi K2, 2005.

12 C D Poole, N S Bergano, R E Wagner, e al.. Polarization
dispersion and principal states in a 147 km undersea lightwave
cable [J]. J Lightwave Technol, 1988, 6(7); 1185—1190.

13 M Born, E Wolf. Principles of Optics [ M ]. Cambridge:
Cambridge University Press, 1999.

14 K Kim, L. Mandel, E Wolf. Relationship between Jones and
Mueller matrices for randommedia [J]. J Opt Soc Am A, 1987, 3
(4). 433—437.

15 Zhang Qiye. Zhu Yong, Su Yang, e al.. Research on the polar
blind zone of the fiber squeezer polarization controller [J]. Acta
Optica Sinica, 2013, 33(5): 0506001.
akal, & B, g B, . JGET B R AR IR W A RS
XL ], a2, 2013, 33(5): 0506001,

ZERE: TE4

1112001-7



