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Fig. 1 Schematic diagram showing image formation by Fresnel
zone plate. (a): lateral aberration d, caused by image forma-
tion that does not satisfy the Abbe’s sine condition. (b):
Light rays in the case of imaging that satisfies the sine condi-
tion.
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Fig. 2 (Color online) Spot diagrams obtained by imaging with a
Fresnel zone plate, in a wavelength of (a): 4.5 nm, and (b):
13 nm. Calculations were performed using a high refractive
index method.

THHT %2, 72038, &NmEEZNEL FIC/hs <4
FICHORERMS W C &8, KWHE 5572010
BETHLHI Ehbh b, MELEERN GGFEE ¢
=23 um, F/PMEHE 4,=20nm) BV TRETHON
LEMNFE ARy b XA T 75 A%, PFR45mm B X
13 nm IZ B W CORARGBIR L 7o f5 - % Fig. 2 1R d, i
ETiE, REZHIINRZVW—FT, RA)ICLBEKA
B8 Ymax T, IXIERREL, TOTERCEMI L
IEBDIRIFIE—FT 5, T/, K13 nm TOR KBS
Vmax (ZEP0.4 um TH Y, EFEHNIT400ICFH £ 5, &
D7z, TOWRB TGS~ /R L TLERLH
BB LIIHENRDHZ B0 5,

3. BBIRI 5 —ICL BBENFRDAFHRE

bRl koic, 7RIV =TV — + DIEEEMHE
ST &% a~BEED, B/ SZ — 2P EE S 5058
ELTHET S, BICREO KBIUH X D L RFERMO
EUV 28k X SR CIdBI B ORIV, 2088
B %, BT/ — % il FICECE 9 U IR S
FWETELZ EDPMENTWAED, TOMEHICITAE
WEERES, — /T, COWRRFBICEVT, \WaERHS
fRBE L BROA A S OWHE 2 B, KE 72O NELIGH
DEIET 5. 21T, IE13nm K To kY v /S
T4 =AY, BFHESSP20BE T TOBRTENOK DL
W L ATCRIAV P I A M EFIR LI /A A=V
7, IHITHE, MESERECHIEDOBLE T, K&ELMN
TRV Th a~xREL G4 & BRI HIE T &
LI RFEFRDEENS, CORPERDOLIOELT,
BREOME LB I 5 —2HAE DR L 2B A S

#&T Nov. 2022 Vol.35 No.6 © 329



Object

Intermidiate i=0
[ y

i=4

Final image
i=5

=

Primary Objective

Fig. 3 Schematic drawing for the three-mirror objective. The objective is made of the additional magnifier with a single
element (i=1) and the primary objective with two-mirrors (i=3, 4). (Reprinted from Ref. 22.)
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Table 1 The third-order aberration coefficients for the design exam-
ples, and corresponding lateral aberrations computed on
the final image plane. Values for the Schwarzschild design
are also shown as the reference. (Reprinted from Ref. 22.)
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Fig. 4 (Color online) Spot diagrams calculated on the final image plane. (a) design A with spherical magnifier, (b) de-
sign B with aspherical magnifier, (c) Schwarzschild design. Vignetting effects were ignored in the computation.
Solid circles indicate the Airy disk that represents diffraction-limited resolution. (Reprinted from Ref. 22.)
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Fig. 5 Schematic of full-field microscope for at-wavelength obser-
vations. It consists of illumination optics and an imaging ob-
jective (indicated by dashed and solid boxes, respectively).
(Reprinted from Ref. 24, Copyright (2012) The Japan Soci-
ety of Applied Physics)
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Fig. 6 Bright-field EUV images of elbow patterns: (a) intermediate
and (b) final images. The dashed circle (diameter on mask:
160 um) represents the field of view of the three-mirror ob-
jective. (Reprinted from Ref. 24, Copyright (2012) The
Japan Society of Applied Physics)
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Fig. 7 Bright-field EUV images of the fine grating patterns: (a) 80, (b) 60, (¢) 50, (d) 40, and (e) 30 nm half-pitch pat-
terns. The bar indicates a length of 200 nm. The pixel size on the sample was 9.2 nm square except for the 80 nm
half-pitch pattern, in which the pixel had twice the size by using a 2 X 2 binning readout. The exposure time for all
images was 100 s. (Reprinted from Ref. 31, Copyright (2014) The Japan Society of Applied Physics)
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Fig. 8 Image contrast calculated from the data in Fig. 7, as a func-
tion of spatial frequency of the grating patterns. (Reprinted
from Ref. 31, Copyright (2014) The Japan Society of Ap-
plied Physics)
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Fig. 9 (Color online) Imaginary part of the atomic scattering fac-
tor, f9, representing absorption at a photon energy of 92 eV,
as a function of atomic number, z. (Reprinted from Ref. 33)

LEZB, — T, BICHVALEHHCCD N A S D
EUV ik COBETFRHRIL, 1ZFE1 T, »>, TOEKH
AR TS0, CorE, EUVBICBE S
B/ ARXDERSE, BRHNOLTHENOELETEL
HYVay b JAREEZLBN, COLE/AXDKEIn
\Zid, n=N/N=1/[N OBHENRH %, HHOR D, K
FHN DA OFHERRICHH TS ¢E 25 &, EUV
FEEDO SNR IZIRATREL S 2 ENTE S,
|t — bl

SNRoc—m (14)
SNR DfEpKEVEE, KD DRWETEHT, BOWE
R TELT L ERT,

W72 R~ —T LV FTH5 poly (styrene-methyl
methacrylate) (PS/PMMA) @, %#E= (JEX300nm)
¥ XU SNR AX7 )L % Fig. 10127~ , Fig. 10(a) {2779
BB AR PV R B E, RFEOK B (E=284
eV) OET FIVF—MTiL, MBFE* &L PMMA iE, R

@10 -
0.8}
o)
e
8 06
=
g
c 04r
o
— .
0.2 C-K i
60 80100 200 400 600
Photon Energy (eV)
(b) — . .
1.0 = .
0.8 -
F
& 061 g
o :
2 04| |
0.2 R
60 80100 200 400 600
Photon Energy (eV)
Fig. 10 (Color online) Parameters describing the SNR of a trans-

mission EUV image: (a) transmittance spectra for 300-nm-
thick PS (CsHg, 1.00 g/cm3) and PMMA (Cs0,Hg, 1.18 g/
cm?) films, (b) SNR curves for 300-nm-thick PS/PMMA,
PET/PC, and PBT/PC blends. (Reprinted from Ref. 33)
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Fig. 1 (Color online) Transmission EUV images of a PS/PMMA

blend film observed with a one-shot exposure of an LPP
source. (a) Full-field image. The inset shows a magnified
image for the black box at the lower right. The bars cor-
respond to 30 and 6 um. (b) Cross-sectional transmittance.
The red curve is the measured transmittance across the
phase boundaries, shown as a black line in Fig. 11(a). The
dashed lines show theoretical values for 306-nm-thick PS
and PMMA thin films, which give the best fit for the meas-
ured values. (Reprinted from Ref. 33)
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Diffraction-limited imaging by extreme ultraviolet
multilayer mirror objective and its application to
staining-free observation of polymer blend sam-

ples

Mitsunori TOYODA Optical Design Laboratory, Faculty of Engineering, Tokyo Polytechnic University,
5-45-1 liyama-Minami, Atsugi, Kanagawa 243-0297 Japan

Abstract An imaging system made of reflective multilayer mirrors in extreme ultraviolet (EUV) region can
provide both a large numerical aperture and good correction of off-axis aberration yielding a bright
full-field image with high spatial resolution in a wide field of view. After an overview of the charac-
teristics of the imaging properties through a discussion of the Abbe’s sine condition, which is pri-
mary important in imaging optics, we will introduce the research results of the EUV microscope in-
stalled at the NewSUBARU synchrotron facility, where we review highlight data of diffraction-
limited imaging on lithography mask observation in a wavelength of 13.5 nm. We also report
staining-free observation of polymer blend samples by applying a laboratory-scale transmission
EUV microscope, where an elemental contrast resulting from transmission difference between

oxygen and carbon will be discussed.
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