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Computer-aided alignment of Schwarzschild
objective with off-axis illumination
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Abgtract : The application of computer-aided aignment in Schwarzschild objective system with off-axisillu-
mination is described and a Newton' s method based on the singular value decompostion (SVD) was used to
caculate the value of misalignment. With the use of SVD to decompose the sendtivity matrix , the senstivi-
ty of the configuration wasobtained for the aberration and the compensators were sekected from the config-
uration. The dmulation alignments were carried out in thisway on alarge number of random misaignments
and al of them were converged.

Key words: EUVL ; optica system dignment ; Sngular value decompostion

ductor industry asciation) ,
1 (extreme ultraviolet lithography EUVL)
0.1 m
[23]

1 DRAM
Tab.1 Deveopment and trend of DRAM

1992 1995 1998 2001 2004 2007 2010

1
1 (DRAM) Mm 0.5 0.35 0.25 0.18 0.13 0.1 0.07
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Tab.2  Configuration of system
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Tab.4  Sensitivity marix

£ WFE (Zemike £31) oAz M-Ax M-Ay M4 = ImAz
BE(No.4) 9.20 -1.03 SN -2255.91 1011.80

¥y FHEENT) 0 92.28 0 0 0
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HRE(No.9) -0.97 0.13 -30.60 235,88 -101.34




148

1

RENERERE J #TEREIR, BANS

FINE 3 4 Fim,
10000
S 1 ooo} \
100} —
< 0 \
E .

ll 2 3 4
ARERREY N

B3 SREEmMATRE
Fig.3 Singular values of sensitivity matrix

INMBAFENTRE. TURL, FRE
wENKBNER FE R TRED. H4RR
THREFREMBMZRFAEZ AN KR, BE
B 1THEE %23 HAREE, B 4 IERRE,

10 w
u B a2 {ww2588.1 A
04
2 P ““—‘_\
= i N
ey
L
6
08
A : s —
1 2 k] 4
N
1]
P
=l —e—ti (w=82 28 1)
o b
02 3]
~ ol —_—
hy
£ ar
o4 F
eyt
ey
-0
] 2 ] 4
Nin
tn
08
P ./’.
04
n
'5_. 1] ——
= L
M
%
o 1 (W.md8,55
10 . . . .
1 z 3 q
Nn
10
08 +
06 - | —E—u (we] 72 ]
oL
< B
K- e
04+
05
08
i . . . .
1 2 3 4
Nin

MESR L IR Az, #2852 0F M, -Ar, $ME
2# 3Rk M) -Ay, FMERR 4 1F M, Az, $MERR S
RFERH Az,

MEHE LR, v, BEBEBERN, SRURE
B (ABANN mm) XA 2 588.1 A F R{E, MR
EFmRME u) FEH Zemike RHH 4 T, R4,
BT M -Ar X3S, FBRF A E—E#
B R iMEA R, EEAWEE M, -Az §UR, BT
LB EAMERE. KR v, BRas i
NR28AFREMEBRETFRAE u, FTEH
Zernike FBE 7T, WG o WA MEET, TEE
IR AMER 2 Bl M, -Ax AME, FEE v; B8l
TR M, - Ay FAMEERERNT « B mEE, 3R
ARER 48.55 A, T vy AR, B PR
XA E AT 1,72 A AT LI i [ B TR

1
08 —
e —& Vv
ot
at
E o
2 ot
* mf
06
Q8
o -
1 2 3 4 5
Nin
10
08|
a [==v)
04
[1¥]
£
Ew
Y

ﬂ

v;/mm
SLLLLITTE
< !

Nim
I
8
a8 —tY
o
E 2
ant
T 2
LY / 1
a8 1
a8
T L R .
1 F k] 4 5
Nin

B4 REFRENRRHENEHSHARER R
Fig.4 Aberration singular vectar corresponding to configuration smgular vector



2 , o Schwarzschild

149

EF Lo, A A ER i M, -

10m
Az My -Ay.M; -Ax 1AM, HBIAME R G 5 ™
B SETRE, ALARFEREECE DT S O
ERE T g 0:
r-1.03 -77.79 -2255.91 a1 -
92,28 0 0 j‘& 0 2 4‘ 6 ! 10
T =\ 015 5108 -652.49 ® o
0.13 -30.60 235.88 (a)REHLIshE And
(a)On larger random misalignment -
5 RiFEm
’E 00
B (8)ZH J 71T SVD, 8 g
Job = UaWan VI 9) 2 )
s Uy Wi Vo BB B O *§ al
REHEWBHAE T RRNEIRSD T S, e
Zemax A BB A B YT Zenike F5, B3 o1 2 Soww 6
R Z(X), BRI EL AR oX:
SX:-V-LUT Z(X) (10) : wmmm}w.ﬁ
W & ’ (b)On smaller random misaligrment
I 5(a), X GH ST — R RIREHLEL M5 RERERTRIEL

3,7 28 A1 =13 o) WRAEES kR, oo Resdnl o shamton chnging with pumberof e

BERHIZE 1/14 RVS R ER, WA 5(b), %zt s

EHBRAT— NIRRT 04 RALH, A ¢ % X5

FHERER, R 1/14 A RVS AT

Mo A7 T B YR, LA R, S SR T ROV R A I A EU-

RAEAENRGEHE ENRER, By CEFRETHNA. ARETERESR

RN T AR R iy, VD MFIERRIORRBARE, I EIR

—— DU, Rk TR B T AR,
B A B A T AT A

XM

(1] 4dk, 2 &0, Fibak. B X SHRBROLRIFEERMIT]]. A5 Mgk x42,2000,8(1) :66-70.
JINCH SH, WANG 7H SH, CAO J L. The design of soft X-ray projection lithography[J 1. Optics and Precision Engineering ,
2000,8(1):66-70. (in Chinese)

[2] HIROO X, TAKEQ W. Three-aspherical-mirrer system far EUV lithography(]]. SPIE, 1998,3331:20-31.

[3] TAYLOR ] S, SOMMARGREN G E. Fabrication and testing of eptics far EUV projection lithography{ . SPIE, 1998,3331:580-
590,

[4] FEHNIGER M. Aligrment of a full aperture system test of a cassagrain telescope[J 1. SPIE, 1980,251:21-28.

[5] EGDALL I M. Mamudacture of a three-mirror wide-field optical system{]]. Ol Fng, 1985,24 (2):285-289.

(6] BECKSTETTE K, ASCHENBACH B, SCHMIDT M. Assembly of the ROBAT flight X-ray mirror system[]]. SPIE, 1998,
982:2.9.

(7] SCHMIDT M, BECKSTETTE K, DINGER U, ¢t a/. An optica! test and alignment method {or the XMM mirror module



150 1

[J]1. SPIE, 1989,1159:625-637.
[8] IRIE S, WATNABE T, KINOSHITA H, et al. Development for the alignment procedure of three-asphetical mirror op-
ties[J]. SPIE, 2000,3997.807-813.
[9] SUGISAKI K, OSHING T, MURAKAMI K, e al. Assembly and alignment of three-aspherical-mirror optics for ex-
treme ultraviclet projection lithography(]]. SPIE, 2000,3997:751-756.
[10] CHAPMAN H N, SWEENEY D W. Rigorous method for compensation selection and alignment of microlithographic op-
tical systems[]]. SPIE, 1998,3331:102-113.
[11] DESOOUR MR, WILLER M R, CLARKE D S, et a!. EUVL. projection-cameta alignment methods[1]. SPIE, 1999,
3676:663-668. .
(12] GOLDBERG K A, NAULLEAU P P, BOKCR, et a/. Honing the acct“l{\acy of extreme-ultraviolet optical system test-
ing: at-wavelength and visible-light measurements of the ETS Set-2 projection optic[J]. SPIE, 2002,4688:320-337.
[13] 24K 250, $44 X X HERERAEART]. B# L 5EF £,2000,12(3):559-564.
JIN CH SH, WANG ZH SH, CAQ ] L. Soft X-ray projection lithography technology[J]. High Power Laser and Particle
Bearns ,2000,12(3):559-564.
[14] 24K, LAE L4, F RENBEANTREENER]]. L F #HE 14,2001,9(5) :418423,
JINCHSH, MAY Y, PEI SH. et a/ . Development of an experimental EUVL system[J]. Optics and Precision
Engineering ,2001,9(5):418-423. (in Chinese)
(15] f2&m. sk [M]. A% BTk A% A, 2000. 225-233.

CHENG Y P. Matrix theory [M]. Xi’an; Northwestern Polytechnical University Press, 2000, 225-233.
1974-), , ,1998



