FERE: kF 2024 F£ 54 % F 12 Hi: 2452 ~ 2462 OPERFRE ) Zekidt

SCIENTIA SINICA Chimica chemen.scichina.com SCIENCE CHINAPRESS
A A LY M k
1¥ ﬂ_\' Sggksffr u pdaa];‘S

WA R EAFEEUV SEZI B R FARE R N 28

k£ A, sae! Fam! Hai! B A T, v, TEAY

1. BUMAS RIS B AR FR A D, Bt 311228
2. PE TR P2, b5 100029
3. dER R R AR R 5 TR 2R, JE5T 100083

*HINE#, E-mail: gracexing@greendachem.com; guojie.wang@mater.ustb.edu.cn

Wk 1 393: 2024-01-08; 43252 H #1: 2024-03-20; W28 Ji % 3% H #: 2024-08-26

WE HEFIERTLAAR, FHETHRAREE S & T oS E % B (integrated circuit, 78 R A4 &,
B). 7% B BB b 2] 8K (photolithography, 7R R &8 A) F, B FAAFAES 89 R~ £ E B TR R IRI E
K. HEEFNRTEBNENARIR, B LR EKNEIR BRI ES. FER, KK H13.5 om0
(extreme ultraviolet, EUV) & 4 #7 — R L ZI B A B H IR, £ ZI10 nm B UL T HIA2 8y X2 E &, BrobIRF L 24,
 ZI B (photoresist, 7R AL ) 2k E HEUHERTHEEZH &, L AU EROEIHE, IHE. &1
GHERERMEZTHEREES HWERTEUVEENEZIRETERAREGN. 2 THEMGEEMBFILE, £,
Mk e BEAZEUVAEZI KA &5 EUE . A—/\%E?%Uﬂi*ﬂ%ﬁﬁgfﬁﬂb, B R R B AT R AR
AXEFENBREEFRNAKLBEEAHREUVAZIRERNA R, EMFEREERTZ AR, XRALZHERETFTR,
Ma#E, REEMERESAZEER LIRS EMBEAEHF S AL IR IEERHRAZE, £E2KRT#
R ZIAUEE R B T i oK g

LA AREH, SRR, BB BRI, LB AR RS

1 5|5 RGUZ RSS20 9= R 38 20 T 3148 1 e /s
B RS, @ AR ZIRE B R, BPeocs R

B & - SRAITI I R RE, B2 R H B (integrated cir- ~}(critical dimension, CD)R/ & & 8D 48562
cuit, JNFRFRA HL B ) IR A AR 5 RN AR 1l P it ik =, S ELR G T R IRV 7 O e/ N e e T Rk g
HIFE Y A2 T AT A, HESE YEZ T2 AN B e fif, MBS B LA G R RS FEE, 8 21 Zofhe
FEMEXT 10 nm S LR B SRR T A1, Jez) T2k ¥ (line edge roughness, LER)EK 2k % H1HKE  (line width
PR K IR L S (deep ultraviolet, DUV)[] 3 A} 28 41 roughness, LWR)MT . 6% fisc it ZE 5k DL _E %70
(extreme ultraviolet, EUV)J# 4! &I, &R A FG PR, PR b AE ' 20 e W T RH A B o 20y B 4% T
Z) T 26 %I (photoresist, JRFRGFH )4 & tH7E T+ 2% PEREIISPAT. MAENEE DUV ZI R 32 otk
B EZI R B EE B 1 =AM REFE b 0 2 o PR AR TG % i (chemically amplified resists, CAR)f&

EliE Xing Y, Hu T, Fang W, Yu Y, Gao L, Liu W, Xu D, Jin H, Wang G. Nano metal-oxygen cluster EUV photoresists and their performance influencing
factors. Sci Sin Chim, 2024, 54: 2452-2462, doi: 10.1360/SSC-2024-0008

© 2024 (PERE) FEHL www.scichina.com


https://doi.org/10.1360/SSC-2024-0008
www.scichina.com
chemcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSC-2024-0008&amp;domain=pdf&amp;date_stamp=2024-08-23

HERRE G 2024 4F 0 BB 544 5R 12
R, 1EMR R ROEEB I EU B2 7 (photo-acid - gen- 27 g ﬁ:tz:::: ;n:r:i':
erator, PAG) WSO T G L OGER, AW ek % [ e tioas . I
SLEIREAT. SR TEUVOGIR, J6HBK 13,5 nm, H = Semimetals ¥ ’
T REBRIL02 oV, [HILAME AL R — I, Mo " telogen %"ss .
Yo THELWD, B F-CARM R 5 2 S HHHLL " Lortoricee i o

JSEHE N M TG S BOA R B R 7, 240
FHCEIRA T, I IR S 55 ) L R U 2
BEFL, XHEREUVHCZI K R0 m R 2
EUV YA B I e g AR = L R . DIk
EU VG 1R U BE J1 AN 5 44 16 20 e ik 2 64 A i)
BHLY FEWAK, 5L PAE AT RMR
KA R TR BUV OSB!, s T4
MR % Wt ERC. Hye O Fifi s, C. HXEUVYG
(I S T 8/, T OANERTEUV ' i W e #8% T e K
MY ERKEFRFHEMNRKRINENEE TR,
WiSn. Zn. Zr. HfF, HXFTEUVIGHIMRICE I Z KT
C, HILEAHARRTEIAN LIREEILER IR E L%
e FEUV G AR S T & EUV S ZI i 44 & 1 2 s
W5 77 1),

AT SR 2 MEUV IS ZI R 1k &R £ B R AW
U e 2T R 4 R 2 O %)
BRI = K2k, BAMICZIG R UL TR N
i, BE A = BEUVIRI G R FIFIPAGEI N B R &
YIMEE, Z AR R A T AL S o ez,
G KRB S, ARSI A R R BUR
FEAGUmZIE, B R R, TR
LI /NI BB WL A — 25 ThRe
PRL, AL IR A0 B % s B A AR R B i 1) e A
RAFI6E I S0 A BN B B A T
REFEZI I R IRFR B M, DL R o P R AR A
LER%:, {HiZAKk RAEEUVIEIR UL RE /) A itk B8 5 1]
TEAN R, SEECZIRE T AR EDEZIR,
WS EANARTSINRA R BEUVIRISCGETH Y48
TCEK, AFITHREEZI R 1 5 HE A R R S R,
TEZICZIAR ZRrh, & @A KBURL G % i A & 8 SR
ez PRI LA 57 RE AT AR SR 4 32 50 4 B2 40
K EBEFCZIR, REtkiedBAmk R
Z AU P L A, 4K & R SRR 21 i () 45+ T
DAY 2, RifR/h B —, HA1~2 nm, AT DL
JEEUVYCZI S w2 PR . RS AR LER ) 2
K FR, SEREESEHY RS AZA&EET, 7

Absorption cross section ( 107 cm?/mol)

0 10 20 30 40 50 60 70 80
Atomic number Z
B 1 (KRR E) AR TCEREUV IR

Figure 1 (Color online) Atomic absorption cross sections at EUV of
different elements [11].
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Figure 2 (Color online) Two typical tin-oxygen clusters [35,36].
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Figure 3 (Color online) Polyhedral exhibition of the non-alkyl tin-
oxygen clusters with different functional ligands [40]. (a) Sn,y-pyrazole;
(b) Sn¢-3-methylpyrazole; (c¢) Sn;o-4-methylpyrazole; (d) Snj4-4-
methylpyrazole.
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Figure 4 (Color online) Chemical structure and crystal structure of a
typical Zn-oxygen clusters [44].
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Figure 5 (Color online) Chemical structure and crystal structure of a
typical Zr-oxygen clusters [48].
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Figure 6 (Color online) Crystal structure of Hf-oxygen and Ti-
oxygen clusters [52].
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Figure 7 (Color online) Reactions occurring in (partly fluorinated)
Zr-oxygen clusters upon EUV excitation [57].
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Nano metal-oxygen cluster EUV photoresists and their performance
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Abstract: With the development of the semiconductor industry, fabricating integrated circuits with higher density of
electrical components is required to realize more advanced electronics technologies. In lithography technology, the size
limitation of patterned feature structures is mainly determined by the wavelength of light radiation used to pattern a
photoresist. In order to push the size of patterned feature structures to a smaller limit, the wavelength of light decreases
more and more from ultraviolet to extreme ultraviolet. In recent years, extreme ultraviolet light (EUV) with a
wavelength of 13.5 nm has become the light source for the new generation lithography technology. EUV lithography
technology is a key technology for achieving sub-10 nm half-pitch node. Apart from the equipment such as light sources
and lithography machines, the size of patterned structures is also constrained by photoresists. The critical properties of
photoresist include resolution, sensitivity, line edge roughness (LER), and line width roughness (LWR). Up to now,
many photoresists for EUV lithography have been developed, mainly including three categories such as polymer
photoresists, molecular glass photoresists, and metal-based photoresists. Among them, the nano metal-oxygen cluster
EUV photolithography colloid system with high sensitivity, high resolution, and low roughness due to its precise
structure, small and uniform particle size, leads to its enormous application potential in EUV-based nanolithography.
Overall, this review mainly introduces the composition and structural characteristics of nano metal-oxygen cluster EUV
photoresists in recent years, as well as the factors affecting their performance. Multiple characterization methods are
used to elucidate influence of photoresist composition, structure, and environmental factors on the photolithography
process and pattern formation from the perspectives of resolution, sensitivity, and roughness. The photolithography
mechanism and performance balance strategy are understood at multiple levels.

Keywords: nanostructure, metal-oxygen cluster, extremely ultraviolet, photoresist, semiconductor integrated circuit
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