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Abstract Based on earlier reports in the lithography technology field and global list of “highly-cited scientists” , the
research time and distribution characteristics of countries, research institutions, research funding institutions, and high-
level basic research talents in the lithography technology are analyzed. Based on these two aspects, a bibliometric analysis
of published works in the lithography technology field was performed to investigate the research direction, themes, and
development trends in this field. The results show that the output of lithography technology papers is currently declining,
and the United States has a leading edge in this research field. Research on optical lithography and masking, photoresist
and electron beam lithography, extreme ultraviolet (EUV) lithography, and other technical topics is still dominated by
foreign institutions. China has launched research on emerging themes, including high-numerical-aperture EUV
lithography, guided self-assembly lithography, graphene-based materials, and machine learning applications. This study
proposes suggestions for improving the overall layout, imvolved research institutions, enterprise strength, and talent
mechanism of lithography technology research and development to provide a scientific basis for decision-making and
research directions in related fields.
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photolithography research
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Table 1 Top 15 institutions with the highest number of publications in lithography research
Average Average .
o Number of ) ) Citation Frequency
No. Institution H index cited number of o
papers i . frequency of citation
times  other citations
1 Chinese Academy of Sciences 1199 41 8.21 7.37 9846 8835
2 United States Department of Energy 1103 66 20.22 18.24 22306 20121
3 IBM Company 1000 61 18. 64 17.25 18638 17254
4 Belgian Interuniversity Microelectronic Center(IMEC) 755 29 7.48 6.33 5645 4780
5 ASML Company 723 34 8.79 7.50 6352 5421
6 Samsung 703 33 8.52 8.04 5993 5655
7 France Centre National de la Recherche Scientifique 691 44 17.59 16.93 12157 11700
Swiss Federal Institute of Technology and Research
8 . . 656 62 22.64 20. 55 14852 13478
Institute Consortium
9 University of California, Berkeley 656 58 23.85 22.71 15648 14900
10 Osaka University 562 50 16. 20 8. 26 9107 4641
11 Fraunhofer Association of Germany 544 38 12.31 11.26 6697 6126
12 Intel Corporation in the United States 472 35 11. 26 10. 30 5317 4862
13 Massachusetts Institute of Technology 462 60 29.60 28.23 13674 13043
14 Helmholtz Federation of Germany 441 44 21.95 20. 84 9682 9192
15 University of Wisconsin 408 37 17.13 15.79 6988 6444
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Table 2 Major grants fund in the field of photolithography research

Research main funding institutions (note: number in parentheses represents number of

No. Institution o
sponsored publications)
National Natural Science Foundation of China (592), National Key Basic Research and
) Chinese Academy Development Program (139), Chinese Academy of Sciences (69), National High tech Research
of Sciences and Development Program of China (42), National Science and Technology Major Project of
China (40)
) Department of Energy (272), National Science Foundation (82), Semiconductor Manufacturing
United States Department . . . . .
2 . Technology Strategic Alliance (40), National Nuclear Safety Administration (30), Department of
of Energy
Defense (22)
UK Office for Research and Innovation (289), UK Council for Engineering and Physical Sciences
3 IBM Company (262), European Commission (92), Irish Science Foundation (40), European Research
Council (27)
Belgian Interuniversity European Commission (29), Flanders Research Foundation (17), European Leadership
4 Microelectronic Center Electronics and Systems (12), Horizon 2020 Research and Innovation Program (10), National
(IMEC) Science Foundation of the United States (9)
ASML (20), Dutch National Organization for Scientific Research (15), German Federal Ministry
5 ASML Company . . .
of Education and Research (9), Zeiss Group (5), European Commission (5)
Samsung Corporation (29), National Research Foundation of Korea (26) , Strategic Alliance for
6 Samsung Conductor Manufacturing Technology (20), Ministry of Education, Science and Technology of
Korea (19), Samsung Electronics Co. , Ltd. (18)
; France Centre National de  French National Research Agency (93), European Commission (33), Renatech Network (30),
la Recherche Scientifique National Center for Scientific Research (12), National Science Foundation (10)
Swiss Federal Institute of Swiss National Science Foundation (80), European Commission (79), European Commission
8  Technology and Research Joint Research Center (21), UK Engineering and Physical Science Research Council (14), UK
Institute Consortium Office for Research and Innovation (14)
9 University of California, Department of Energy (106), National Science Foundation (55), Semiconductor Manufacturing
Berkeley Technology Strategic Alliance (28), Intel Corporation (27), Department of Defense (14)
Ministry of Education, Culture, Science and Technology of Japan (134 ), Japan Academic
L Revitalization Association (116), Japan KAKENHI Foundation (112), Japan New Energy
10 Osaka University . .
Industry Technology Comprehensive Development Agency (36), Japan Science and Technology
Revitalization Agency (10)
o German Federal Ministry of Education and Research (34), German Science Foundation (32),
Fraunhofer Association . - . . .
11 European Commission (25), European Commission Joint Research Center (8), China National
of Germany ) )
Natural Science Foundation (8)
12 Intel Corporation in the Intel Corporation (46), US Department of Energy (17), National Institute of Standards and
United States Technology (10), National Science Foundation (10), Australian Research Council (8)
. National Science Foundation (36), Department of Defense (23), Department of Energy (16),
Massachusetts Institute .
13 Defense Advanced Research Projects Agency (13), Department of Health and Human
of Technology )
Services (13)
. German Science Foundation (61), European Commission (27), Karlsruhe Institute of Optics and
Helmholtz Federation . . .
14 Photonics (23), German Federal Ministry of Education and Research (20), Karlsruhe
of Germany e
Nanofacilities (15)
National Science Foundation (33), Mathematical and Physical Sciences Bureau (14), Intel
15 University of Wisconsin Corporation (12), Semiconductor Manufacturing Technology Strategic Alliance (12),

Semiconductor Research Alliance (9)
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Table 3 Country ranking analysis of high-level basic research
talent in lithography from 2019 to 2022

Country 2019 2020 2021 2022
USA 7 9 12 11
China 3 4 6 7

Singapore 1 1 1 1

Germany 1 2 2 0

UK 1 1 0 0
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Table 4 Distribution of high-level basic research talents in the

field of lithography by subject area

Field 2019 2020 2021 2022
Crossing field 6 23 16 14
Physics 1 1 2 4
Materials science 2 1 1 1
Chemistry 4 3 1 0
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Fig. 3 Main research directions in the field of photolithography
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Table 5 Thematic cluster analysis of papers in the field of photolithography research

Cluster

Theme induction

High-frequency keywords

Representative research institutions

1

3

Thin film
preparation and

deposition

Light source,
lens,
microscope,
microstructure,

microfabrication

Optical
lithography and

mask

Photoresist and
electron beam

lithography

Extreme
ultraviolet

lithography

Nanoimprint

lithography

Fabrication, films, silicon, nanostructures, arrays,
nanofabrication, thin-films, surface,

deposition, growth

Photolithography , microscopy , microstructures,
microfabrication, mems, light, laser, lens,

system, diffraction

Lithography, mask, simulation,design, EUV,
exposure, optical lithography , OPC, photomask,
lithography simulation, ARF

Resist, resolution, photoresist, electron-beam
lithography , polymers, resists, chemically amplified
resist, line edge roughness, chemically amplified

resists, electron-beam

EUV lithography, extreme ultraviolet, extreme
ultraviolet lithography , optics, generation,
scattering, interference lithography, contamination,
radiation, plasma
Nanoimprint lithography , imprint lithography,
nanoimprint, pattern transfer, step, template, block-
copolymers, mold, thin polymer-films, directed

self-assembly

Chinese Academy of Sciences (386), U. S.
Department of Energy (216), French National
Center for Scientific Research (213), Swiss
Federal Institute of Technology and Research
Institute Consortium (179), IBM (132)

Chinese Academy of Sciences (330), U.S.
Department of Energy (164), Swiss Federal
Institute of Technology and Research Institute
Consortium (124), Russian Academy of Sciences
(122), German Fraunhofer Association (117)
Swiss Federal Institute of Technology and Research
Consortium (362), US Department of Energy
(351), Dutch ASML (325), Samsung (301),
IBM (295)

IBM (342), Osaka University (341), US
Department of Energy (178), Belgian
Microelectronics Research Center (170), Swiss
Federal Institute of Technology and Research
Consortium (168)

US Department of Energy (383), Osaka
University (227), ASML Netherlands (182),
University of California, Berkeley (169), Belgian
Microelectronics Research Center (155)
French National Center for Scientific Research
(86), French Atomic Energy Commission (58),
University of Texas at Austin (55), University of
Grenoble Alps (51), University of Osaka (50)

& 5

Fig. 5 Thematic evolution of lithography research areas
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roughness) Fll 22 B 2 [0] 19 AU 5C & L1 5 F il
B8 G rb Bt ioh 181 28 109 30 2 43 25 CHL T OG0 ok B oo
A BRI GORURE B 0 22 R IR 2R 46 R R G 1l
AT A4 M T 1Y FE A ] [R) 3 ) Ol 20 HR R AL A%
) O TR T D 2 AR AR S A R EUV
O 22 Y Y £ AL A T T B AR AL AR o 2T AR R A R
P& b 0 53 B R 0 B D (SRAF) BT 7 i A
B B R v ) B s AT I ] s AR AT . A5 s
KA BIFTT o A W I R B 22 5%, A 46 2 T HL A 2 )
149 S 220 R SRR I s A 408 30T A5 A8 TE Y A ] S Ol
Z4 A 1) e RGO Ak i 380 v D' 220 A AR 4 BIE Y

A1 8 AR M A MU B L S R R
PG O A A AR TR 2 O 2 R I 5 Y AR
Mo W EPRL BT R 2 A SR A OG5, QI T
L S0k Y B2 A AR A R Y R AR K R AT
SR 3T 6 20 R AR B A BRI R 9K FLEE S T A
A 5% BB A0 S A8 ) AR T K A SR IR R A SR
b AT R A 5 RS OGIE R AR ] T g T A B Y
[SpiRe A PSR- SR N Y/ A i Bk N3
O EVE AR R QT T 1 58 A 56 20 04 48 K Ay 55 B0 |
TG 1 RO 2 e 00 Ak 2 AR T AR A SR 0 2 B TR 22
Ni M A B g0 oK JE B A B B F T o R
EUVL KL 1 40 K A7 85 38 B8 55 F 9T, DAl 9K R B2 1Y)
A o R ) 3 B B R A B AR R R s PR B R K2R
TFJRE T A OCHIF ST, ST FH AR ol 220 4 5 1) 499 0K 25 4 — 4
RE A1 B8 M LR 8] %8 (graphene substrate patterning )
FBR 7 ¥R O 20k i A% R BT & B9 10 nm A7 88 0 9K
iff (sub-10 nm graphene nanoribbons) 4% .
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Me) o R BRCR 27 JF Ji 1 s /b Bl AL Bk A 1) £ 2 EUVL 4t
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R B 04 7 A R T e B Y B R 5 5 I e A
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AALE W B IR AL 2= 2 N H T EUV 621 e 14k
2 TIOR BT 78 B BE ML, 43 B v o L A B Ak e - B 5
r O S ke T R R A B AL R 22, AN s i B AL
BEAHL EUV B 5% o EUV 6 20 4 B AL B G 460 b
BLJRy #8588 R (CD) 34 5] M 9 28 56 A o¢ P 43 B 4%
JEZI 5 B U EUV B AL (stochastic microbridge)
RYAE R B 1ol 551 -8 ' B L (resist-exposure stochastic)
SEY EUV 205K 2500 A 52 35000 | i AL 5k g A T B9 Il
PERL REPE S IF oY o 55 R KLA 2 Al L AL 2 5%,
RVE EUV G ZI B ML 55 M ED R L 5848 45 85 F1ROb 2 R 40
K EUV 6 2 BE AL Bk B LT ) 5 nm 19 a8 BEAL T2
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FI B 1 B B 5 oo R SR A

AN, B TR I ADE 2 H R IOEF 6215 AR 5
FAR AR A 522 1 . FE T8 2 O 205 R K&
TEMEE AT & TR T 0 90 oK 45 0 R 2ok 3 906 5 44
B AE TR DT S5 36 AT S R e Ot 3 RS o
il H R A e R TR 3R T A H R D R B Dl
P14 76 3R T L VR E AT SO 20 B R AE RIS o R 2 B
% R AT UL K A R B R ASE T i K T AR T i
a0 5 A T B T A e i YOG T R AR T A BB %)
HR VBB AT & A RO . SOGF O 214
A FH PR A~ O - o 38 45 1 b I O RN R ARG B R L g
PRAOE T 0 4 R I BE LA SIOK 9 8 B2 1 i T e
YA TEE W E LG S R RS R T
=240 i g L R MY 5 T N S e NP R S RS P
2SR T B B8 O 56 Z0 B AR i it B ok S R TR AR
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