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Fig. 1 (Color online) Lithography trend.
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DZER K Tililc TR BEN AT 5 Z & T, KOREH
Epn=133TH b7, {ROEAFEIIZHNTNA=
1% B2 A0 EEIE L TN LAED N, 56
12, 30 nm BREOMGHERELYER T 45720, ArFREY
VTS5 4 —ICEBEEBEDPERbLIN/, LLaH
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B, 3HIFRRMORHMENERI ORI NS
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ATHOTENZN Fig. 3(a) I3 X 51240 nm OFRIE %
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BIZROSEAH W THR L7, ZO%E% A\ Fig. 3
MICRT LIy a7 1N 10 mm X 10 mm OFEX
FHIKC, Fig. 3(¢) ¥ LU Fig. 3(DIT/RT L DT, #hEh
100 nm ¥ L UF60 nm OfEIEZHFTHL/SOLV VA F/3Xx
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® - 72 EUVL O -8 (R BLE B pE~ D Bl L 2o > 7- i
TH - 7o 2001512 SO FE % 2 B EUVL FERE
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ASML #:OBFRBE YK ORI R A FKEZ Fi/-h, ZhHhE
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BIHXZERICOVWT, RAHIS—, 7=

m Three aspherical mirrors

Wavelength 13.5 nm

|Alignment optics ]/
T T

Wafer stage | = =

Numerical aperture 0.1

Demagpnification 1/5
Diffraction limit 60 nm
Depth of focus 0.9 um

Exposure area
(in statics)

30 mm (H) X1mm (V)

Exposure area 30 mm (H) %28 mm (V)

(in scanning)
Mask 8 inch or 6025ULE
Wafer 8inch

Exposure In vacuum

environment

Fig. 2 (Color online) ETS-1 EUV exposure tool (a) specificationL. (b) configuration, and (c¢) photograph.
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(2) _®

- 10 mm

40 nm v

(¢)100 nm L&S

Fig. 3 (Color online) Replicated resist pattern results; (a) 40 nm isolated line, (b) achievement of the large exposure
field of 10 mm X 10 mm, and (b) 100 nm and (c) 60 nm replicated L&S resist patterns.

2015 2016 2017 2018 2019 2020 2021

EUV light EUV light Resist Resist Resist Resist Resist
source source
Resist Resist EUV light EUV light Mask Mask Mask
source source & Pellicle & Pellicle & Pellicle
Mask Mask Mask Mask EUV light EUV light EUV light
& Pellicle & Pellicle & Pellicle & Pellicle source source source

Fig. 4 (Color online) Trends of technical issues on EUVL.
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- Scattering
~
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Anple
]

(-

HAERD, LWR OEJA AR C & A FFEL 7222, 2D
CEnD, VYA BB ORE S fAHE A HIC, &
SBIC Xk Ak X A S EEL (RSoXS: resonant soft X-ray
scattering) AW TRl ##H D, = 2 — A/N)LD
BLI0ODRAEM A% IR &+ HE—L5 A4 VICHIERE
RS /229, TOWMEDOFEIL Fig. 5107 d, kX H%
Ry HEHNE EVY AT OB DOILFED KEDOET
BETHRINT FVF— A7 VB EIETE (Fig. 5
(@), BV —7 pORETFOREERED G »5H, CNHD
W — 713V VA P EERT HMRO/EZRL T
Bo COWMNY —7 %52 AT X IVFE—%HT5 X%
MRS L CHELIE 217> & (Fig. 5(b)), Z O E OHEL
I {5 A F225%H G CCD 1 A 5 CHE < = (Fig. 5(¢)), 3X(2)
BRWTEGELNZ FIVDETHETE S, KEREBR T 5
OBELAIT/ NS CEELRZ PV a0, Zo8ELR
FEPE, —TF, NS TREROR T OBELAIT R & < BRELAN
ZPIVEKREL R, TOBELRENTL b, LD
R, VYA OBBHBEOREEOBELN7 Mo 717
ANVEHES ST ET, VAR OEREL—M A3
flicx% (Fig.5(d)), COFHMRICLD, FMHOKEW
VUARENSWUYA S OREREHED T 5H220
EUVLOYR & L THRASNTWADA L —F —FF
A X TH 5H, TOWJE TIE EUV DA HEE I
MERET S0, TONHAEOCBREFIITNTED,
OBYWE VYA TN T S, A7 Z VEBEICEE
B2V A R EE EUV X0 FA S FEIEK & RIS K O 42
TIC OB EMBEINS L, T2 OOMHEBOEHTL

——280 eV

——286 eV (11%)
289 eV (0-C=0)

——294 eV (0)

o1
Scattering vector q (nm™")

ﬁ Scattering profile

Scattering image captured by the in-
vacuum-CCD camera

Fig. 5 (Color online) Configuration of the resonant soft X-ray Scattering (RSoXS) method; (a) selection of the X-ray
photon energy by the soft X-ray absorption spectrum, (b) scattering experiment, (c) scattering-image observa-
tion by CCD camera in-vacuum CCD camera; (d) observation of RSoXS profile.
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VAN VORTHBFEEEL, LWR BELd5, 2O
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F U OoB KT & A AVBERHI S I 2e B A HESE L, X
FER A DT X725, Fig.63 LU Fig. TIcFnFn
EEOMEL JORHERAXY PV ERT, 0B
Mo/Si %@~ A7 K&t 35 LU TaN BRI O KR 131
30% TH o 7zo E72, EUV FD Mo/Si % @R 5= A~
7 IV FIEIC AT OoB ¥ /3 Filg 25k 6D T A
WV, ZD7/c®, OoBXREE R JUZORE LK 5
WEPBHHZ LT\ A,

2.2 RROUBLIVBRUI L

EUV <~ 27 OWm#EEid 3k oEzH L Tsh, &
KR % & A YN (ULE6025) L7 )L LiZ Mo/Si
%fEE, 0 FIZ TaN BIRAK THEREIE S 2 BT
INTW5b, CORPBNXVTEFHRIVIITT -8B
CFIAT v FVITDOTRICEDEHIN TS,

AWK B AL, VYA Z VU ERIREL B
12, ERPRR S0, BRI RUN0 Lk S7%%\x
VIR EN, SBREESY 9 — Wi S VO RER
HH1ebT IR b, DD, BRI~ AT DERE
NTW5b,

EUV < 27 O & Baid Kb & ORGSR =
N, znZn Fig. 8(a) 5 L (b) 1T, 5HERIMGEIZWIN
L EBEORTICERE ST 5, —F, LXK
ULE6025D 50 & @i dh O M ICHEINT 5 DO TH 0,
% IR OFE RS OFLAUC X0 RTINS R IMETF L
Tl EIC R BRIBETH S, T, MAEKRMROMHICIZERE
K RI3S5mEH A EBPBAELA, £ T, =
12— ANV BLO3A V'— A5 4 /iZ EUV BB B+
REL 7220, CoOEEOME, FH, (HHxznznh Fig.
9(a), (b), (@)ITRT, ZDOEETIE, A7 H% NAO.3
DY 2NV VIV FRZERICE B30FICIKL, £OK

DR % CSIHBAEWH CETF OERICEIEL, EHL Vv
AT200f5 % THL K, =7 0F v VT L— b THRFRIC
ZHa L T, CCD 1 A ST Kf536,0006% Criik 4 2 &
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10(a) & (b), WO (e) & (D) iZnd, EUV <27 D150
nm L/S ORI AE/R % 13 EUV X L 0 1\ B

0.8 T T
Angle of incidence 6°

Mo/ Si multilayer
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TaN on Mo/Si ML

Glass substrate
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0.2 light > Should

tht ¥ \\Qj“'
ALL_A& NBB reflect
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Wavelength [nm]
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0.0

Fig. 7 (Color online) Measurement results of the reflectance spec-
tra of EUV and OoB lights region.

(b} Phase defect
..
E— 7 ——— —

(a) Amplitude defect
- ..

Glass Glass

On a surface

Detected by DUV light

Inside multilayer

Difficult to be detected
by DUV light

Fig. 8 (Color online) Crosssectional structure of EUV mask with
defects such as (a) amplitude and (b) phase defects.

Monochromator Refocusing Reflectometer
M3 M4 Detector
ABS M2 X (PD)
B w == -
ﬁ Grating Exit Slit M5
2,700 3,431 15,000 69.3 668  139.2 1,846

Multi deviation

angle design

Deviation angle
150°(10~80 nm )
M3 N
i Grating _ ™M

Deviation angle
120°(40~200 nm )
M7 M3

6 Grating

Fig. 6 (Color online) Configuration of the reflectance spectra measurement of EUV and OoB lights region.
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BeamLine 3

front-end turning mirror
(Multilayer mirror)

»—-————\

back-end turning mirror
Schwarzschild optics (Multizyer miror)
(Muttlayer mirror, NA 0.3, 30X)
CCD camera

Load-lock chamber

Schwarzschild optics ™
Magnification : 30X

/ i3 1]
=
\
X-ray zooming tube
(10~200X)
- X-Y-Z sample stage
Vibration isolator ’

Numerical aperture: 0.3 ’

(c) - Light source

- Magnification

- Resolution

- Inspection method
- Defect type

Bending magnet
300~6000x

10 nm

Brightfield

Amplitude and phase defects

Fig. 9 (Color online) Bright-field-EUV microscope for the defect inspection; (a) photograph of the magnification opti-
cal barrel for the Schwarzschild optics, and (c¢) specification of the EUV microscope.

=

150nm L/S Contamination lum

Absorber Dot
O_H W O_aEm o
—r— ————————| E
ULE Substrate Amplitude Phase
Finished mask Blanks

Fig. 10 Observation results of the bright-field-EUV microscope; (a)
photograph of the 150-nm-L/S—absorber pattern, and (b)
configuration of its cross-sectional structure, and (c) photo-
graph of amplitude and phase defects and (d) configuration
of its cross-sectional structure.
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7 #MULE6025 4 5 AV F 7 IV ORBEICTHK I izl
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MASy ZFEIC XD HBE S N D & RIEFEFRTERBEREATLN
b1, 75y T OREGEMEEHRTERWID, KL
L TR 52,

IHIC, TOEETHWT, KBOKEI LEHITTA
7 RBaD T TN EICER G S N A 8K & S e WA R
FTHIEEHLPICLI®, CORMOESBITKE
OBtk & Z ORfE% Fig. MR,
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Non-printable area

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Width (nm)

Fig. 11 Threshold of programed-defect thickness and height
between the defect printable and non-printable region.
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(a) Off-Axis FZP
\
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EUV CCD
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06 };Il, - -0.4
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Fig. 12 (Color online) (a) Optical setup of the EUV-coherent-scatterometry microscope, observation results of (b) in-
tensity and (c) phase mapping for the natural bump-type-defect of 33 X 28 nm? in size and 1.7 nm in height.
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Research and development of basic technologies
for EUV lithography using synchrotron radiation
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Abstract Extreme ultraviolet lithography (EUVL) technology has been used for mass productions of 7—
nm generation and 5—-nm generation logic devices from 2019 and 2020, respectively. EUVL has
significantly different contents compared to the conventional lithography. Since the energy of
EUV light is approximately 14 times higher than that of ArF light, the photoreaction of EUV light
with the photoresist is different from the conventional one. Therefore, there is a technical issues
peculiar on the material and processing of EUV resists. Furthermore, since the refractive index of
the substance of this extreme ultraviolet light is almost 1, the conventional refraction lens system
for lithography and the transmissive mask cannot be used. For this reason, a reflective optical sys-
tem or a reflective mask having a Mo / Si multilayer film as a reflective surface is used, and there-
fore, there are problems peculiar to the optical system and the EUV mask.

This article outlines EUVL, its necessity, and research and development efforts toward the reali-
zation of further microfabrication technology. We will also introduce the shortened wavelength of
EUV light (beyond EUV lithography: BEUVL), which is being proposed as a future semiconductor
microfabrication technology.

228 © &tk July 2022 Vol.35 No.4





