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Fig. 1 Schematic diagram of the phase-shift point-diffraction inter-
ferometer (PS—-PDI) for the EUV region.
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Fig. 2 Schematic diagram of the phase-shift lateral-shearing inter-
ferometer (PS-LSI) for the EUV region.
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Fig. 3 Schematic diagram of the experimental EUV interferometer
(EEI).
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(a) PDI interferogram (b) Wavefront map

Fig. 4 Interference fringes and wavefront map of the Schwarzschild
test optics obtained by the PDI method. (a) PDI interfero-
gram, (b) Wavefront map.
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(a) PDI interferogram

(b) Spatial frequency map (FFT) (¢) fringes after filtering (GFFT)

Fig. 5 Interferogram, spatial frequency map, and fringes after the filtering of the Schwarzschild test optics obtained by
2D FFT method. (a) PDI interferogram, (b) Spatial frequency map (FFT), (c) fringes after filtering (iFFT).
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Fig. 7 Wavefront retrieval process of CGLSI interferogram by differential Zernike polynomial fitting method.
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Fig. 8 Comparison of the Zernike coefficients of the test optics obtained by PDI, LSI and CGLSI.

2Ry FIRICEE S, SHICHEATCCD I ASH LT
FHL, MEROTEMET > %,

Mk TRl 247 ) OFEIHTH LT, SEIEH
FICIRHDADRERT A7 HH W T4BZAT | O
CGLSI T # i L T, Rl—D 7 A M RO HE %
FHPRBEL Y, BERTSHZ LK, BREFTED
RBAOHEL L, 1REDOARIC LS SN LOEWIE
BCED, YT HEEZEFEFOL v FIZ L > TRET
&, FAMKFEROBEICH L T#0.02~0.04 & L 7=,

4.2 CGLSIEDIGHET & BR

Bo N TWiR» O O FRERIL, BB ORI
FAEIELL Y, FEOITETRAI, TOKE, SR
HFRD & D el OS &, Wk, WobicE%
ER OIS D, KRERGHEBEXELS L
Doyroiz, 2T THEIE, % Zernike ZTHA % D <
D, CNEFHLAYTHEMEZRD2TECLD 7 4
v T4 VT T BT EITL DB, HE36THE TOD Zernike $R
B sk, Wi h ERERL 72,

9, BONATERBIIFHLT2RTO 77— TEH
(FT) %4125 &, Fig. TOLEDP B 2FBITRT X D75 AR
v FAEON D, THITZEMBER Yy SITHYSL, Ch
LOARy FOFPLXBIUTY Haoznzhn 1kt
FEHOHF DA ERT S, CNEIHICHEFT 5 &,

24 © ¥ Jan. 2006 Vol.19 No.1

1 RETFHBEOAIC LAY TEEREONS, ZOEIET,
PDI D854 & RMRIC T RO DC B4 @k 1 &
LA XMEREIN, aVEFFTAFOB Y TP &
%, —J5T Zernike %IHRA. & 1 #4455 Zernike %I & 4 %,
L (Z Z TiX Annular Zernike £#HHKX A H W), T bH
NX, YWY 7EEICRBEICT 4 v 58D R/2F
#a W CHE367H £ TD Zernike (R & & L 7=, Fig. 7
DWBITAFMOKIE, EREE(ETHE L 7o Zernike REL
Tl LICHER L7275 A P EROWH TH 5,
CGLSIMIEH b Lo 7/ 1 A THM L /727 A P K
HROWHEIL, 60nme DYV R— L& HWTHIZEL /2
PDIRIC L A B mm e i R & IR & < —%% L 7z, Fig.
812, M—DOFAFHERICH L TPDI, LSIERL LU
48] CGLSI #: THIE X 1736 D Zernike FREE D Lt
BhRd, TNETPDIEE LSIETRD/EKRDIES
IzE (Z5, 726) ORIk EEND - 727, PDIE L
CGLSI#EIC & % Zernike fREUIME R DIEENZE D FO T
FBHEMINE—F L 7o, Z5TED» B Z36H £ TOD Zernike R
BTEEL Z2H®mKZEL, PDI# T1.28nmRMS,
CGLSI # T 1.30nmRMS & 7% V), % O #%130.28
nmRMSTH -7z, b o &b KRELEDAN—HERLIcDFK
KOARGE (Z8) Th -7

ko &6, CGLSI I HBENZEA K X<, PDI
BIGEWEERBE R B, T 54 AV o LIcKHERD



PE Y7 Z X EETHECE D EUV 2 AFROKREA

- I e

P oy

-

53 o r -
s » - | L]
% 3 1 ] '
- -, (4 - =14
it - T e LY ¥
<4 < ~d
(a) 0° (b) 90° (c) 180°
1.26 nmRMS 1.32 nmRMS 1.28 nmRMS
0.2
o o

< 015 B o ’7

= O yane

k= 0.1 160

3

: 0.05 L

8 o = Do L..s, B e

2 oos 7 11 13 15 17 19 21 23 25 2 31 33“:1"]

€

ﬁ 01

015 -

Annular Zernike order
(d) Zemnike coefficient (unit=A : 13.5 nm)
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coefficients (unit=A4: 13.5nm).
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Wavefront metrology of EUV projection optics
by soft x-ray interferometry

Masahito NIIBE

Laboratory of Advanced Science and Techology for Industry, University of Hyogo

3-1-2, Kouto, Kamigori-cho, Ako-gun, Hyogo 678-1205 Japan

Abstract An experimental EUV interferometer, using which various interferometry methods can be tested
by simply changing the optical parts, was developed and installed at the NewSUBARU SR facility. The
methods of measurement were classified into two groups, point diffraction interferometry (PDI) and lateral
shearing interferometry (LSI). The wavefront of Schwarzschild test optics was evaluated at a wavelength of
13.5 nm, which has been used in the EUVL tool. To verify the measurement accuracy, the measurements
were repeatedly carried out by rotating the optics from 0° to 90° or 120° around the optical axis, and the sys-
tematic error of the measurements was estimated. In the PDI measurement, ultra-high-accuracy metrology
can be realized with a repeatability of 0.048 nmRMS and a systematic error of 0.066 nmRMS.
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