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Abstract The technology and instrument of current photolithography applied in semiconductor industry have been
very complex and expensive due to the diffraction limit barrier of linear optics. For achieving nanoscale lithography
with visible and near-infrared light, the lithography method is necessary to breaking the diffraction limit. In this

article, we introduce the principles and methods of super-diffraction lithography technology, review the progress and

current status of laser super-diffraction lithography with problem discussion and prospect of development.
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Fig. 1 Schematic diagram of molecular states in microscopic
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Fig. 2

Determination of diffraction limit. (a) Abbe and Abbe diffraction limit formula; (b) diffraction limit based on Rayleigh

criterion
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Fig. 4 Super-diffraction lithography based on near-field tip enhancement technique. (a)(b) Near-field tip opening
photolithography and 24 nm super-diffraction polymerization lines™; (c) (d) near-field tip enhancement lithography
diagram and local enhancement simulation diagram ““; (e) grating structures with 70 nm line width, 70 nm spacing, and

140 nm period under near-field tip enhanced lithography
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Fig. 6 Super-resolution imaging and super-diffraction lithography based on the principle of spherical focusing. (a) Experimental

configurations of white microspheres with 1/8—2/14 imaging resolution”"; (b) (c) super-resolution imaging of 130 nm line

spacing and 50 nm diameter holes obtained by using microsphere lens imaging™"; (d) distribution of the light field when the

ball is focused in the photoresist™”; (e) nanodot array patterns generated by spherical focus lithography™”
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Fig. 7 Super resolution imaging based on super oscillation phenomenon. (a)(b) Super-oscillation phenomenon super-resolution

principle’™™; (¢c) SEM image and imaging focal spot calculation simulation and actual system diagram of superoscillating

lens'™; (d)-(g) 121 nm slits were superresolved by a superoscillating lens'™; (h) indiscernible slits under conventional

objective lens NA=1. 4"
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by two-photon polymerization; (b) - (d) polymer under different processing conditions and two-photon absorption

probability under different laser pulse energies; (e)—(f) spring vibrator with diameter of 300 nm prepared by two-photon

polymerization (scale bars: 2 pm)"*’

(‘b) BPDPA: Photoinitiator

1
- OCHLCH, ™

A
Brpa = 294 GMat 800 nm
DEP-6A: Crosslinker

L i
Vel

A 30nm

T SO 05 SO T T 204 Y3 (o) B B 9 JR/ R SE 100 mom K5 (b) B AR L 69 /N 9 80 non 44
AL BT 31 0 5 52006 5 T 4640 5 () B4R 1= 50 nm 0K 4 5 () B A 4R 1= 35 nm 40K
()~ () /N R 30 nm 18 nm 7.7 o ) = e s

Fig. 11 Resolution of laser direct writing two-photon super-diffraction lithography. (a) Minimum line width of 100 nm nanowires on the

[)l

glass substrate "; (b) minimum line width of 80 nm nanowires on the glass substrate and the molecular structure of the used

initiator and crosslinking agent "’; (¢) 50 nm nanowires on glass substrate "*; (d) 35nm nanowires on the glass substrate!"”;

[106] [108]

, 18 nm "™, and 7 nm

f6 20, 5 B AR B BOG T W Y 4y BE AL
PEAT TR A BT FT B HE Al b 582 THOE Bk b A9 72

(e)—(g) fabrication of suspension line structures with minimum feature sizes of 30 nm
XL F B G O 21 £k 58 n] 18 3 ok 48 BO D AR A
HRE PR AT P A B A O S A I I R 4t R

PROEZN LA — A 22 L E S IR, X
T B R PRk 5256 & 48 00 Fe e T, 2 BIOE A%
H K b B i Sl M R ) S BN RO | — B g

ALIEZ T2 5 L g 3R 5G .
5 HABSE 2 T ZAM i T 3067 Bk A4
TEHOL M G AR FRTBOE T 6 2 HOR 52 B = 4

0922029-10



SEAR S ZI B R AR O B, BE 6% 5 T (5 5 v 5 b fin
T A HE R = AR A R . 2005 4F Juodkazis
SR RO B HORFE SUS R ZI I m T
= B S oK, H e INVREAE RS 35 31 30 nm
2007 4E Tan 2" F F§ SCR500 Y6 % B 3545 T 18 nm
AR MR L LM . Wang 25 7E 2018 4F F| FH 7
HEH S & 016 W B AE W6 5500 R il & R ik RSF
/NTF 10 nm Y B2 KR e B AL MR S5 28 7 nm
[ 11Cg) 1o FFH = 4 B 2s 4R 25 M 3R A5 1 45 40 R~
FHEARREDTWWE W RAE RN RE., T
TE AR AT M /N RO I 57 1 000 M ' 25 424 e DA ' 220 Jie
F 4y KN, 3 H O E AL = 4E R A W N 4 B R
B RS — o i BRI R Y 4y L E R
B 5% A7 1 B AR R R W) o0 T3 T Bsg b Ak 4
P US4 B, DT 3R A5 B XSO F W i 5 3 A IR
P N S ) N N By = A £ TS T
1) 3R A5 1) 45 Wy 5 0 O A R e T, L R o B
1 52 B U - R A7 5 1) 2R B B R S L

2ok 20 4R 9T, RO F B S 6 20 H R 1 43 B¢
10 Gt 3 AT G A PR, LR AR R — A DK
1 1/10~1/50, f /N Al 3537 10 nm"* g 51l . 4H
P FHRETHAR HFIO6ETF HS EZ2HAR
BT EL A8 0 = YRR 7R A B E 98K RO FRAE 1Y
USRNSSRy T LA R L A R
i PE G 22 2 Oy TR AR T2 R

TEALAA R SR 2 ik SR ke (HSQ)! W HA 1 5
162 0% B R AR R B R R LY
HL TSRO 2 e, T I H T A6 %0 ST 10 nm &5
G2, B 1z N T RN B R AR
T HA AR W A 0k 1 4 (<2200 nm) XA (B 25 42
S0 157 nm P AT 52 3 HSQ O F 6 %, 15 G 1y I 4
A0 (193 nm) J6Z1 DL K AT UL S I K 14 30 e DL
BEAT G2 2022 4F Jin 2511 v M AR IO
55 0 Al 2 A BLAE ] —— 2 0% T Wl Rk,
1 225 WS LR S5 R AN, S T HSQ
1) RRD OB AT S ORI T T AR
HSQ JG ¥ fifi B w] 0L AT 21 0 % 9 47 9% Z00m T8
JRyBR o i K 780 nm AY AT 4T AR KA EO  E ad i
JeEE 7, A T A A1) 33 nm Al 26 nm
HSQ YK 2548, S8 T R AE RF AU I K 1/30 1)
TEHLE 20 e HSQ M8 17 5 4l K Z1 .
3.2 STEDEBHHEES HZIFEAR

STED # 53 BF AR HE A 1 H BT 58 A 3 37 8 415

$£59% F9H/2022 F£5 A/HAERBFEHE

SR AL T — A % 7 0 S — R RO R
W 2 5 20 B o6 51 & R 4y 1 B R R S —
TR R R O A L R R S R
JO7 35 43 F G, T AT RICHE G 20 43 HE 1 RO Z
—EpE

BT R R S8 [ 1 HL Rk Li%ETHE 2009 4F
R T A HIEE 4 HE(RAPID) I T [ 12(a) 1, F
H1 800 nm RN OG0 21 B H G B 1 1 B0
T R TR) B ol T 55 — BR800 nim (1 3% £52 #: i8
b AR AT IR R O S O £E A
B 51 A3 53 O EE SR TR K, i R A BN v
K, 5ROEF R A M, KRN T AT 56
Z) 25 ¥ 1 b ) RSB 12(b) () Jo Bl 12(d) . (e)
R T R R ROE I R A DL &l
STED SOGH I 2R & E T 138 S 55 2 iy 3
GERY R W] T XRG4S STED # 4> ¥E 4 AR B9 B 5
TAE =4 25 F b nT RSB A R B R L G 4R
o TN T AR 0 W AR B DG H SO TR R
T34 T 0.5, 48] 7 4l 1] e ANFAE R SF 40 nm
(A PSR, 2B T il 1) 43 98 3R OB K A/20
4 R AT S0 T, R R T B0 RO R A i TR
700 nm A5 70 & B Gl oy BE R T T 18 4% .
2010 4F , fE %] Wegener fff 58 /NH R ] —Fh 5 T — &
5 M AT AR 453 AL 3 A R A5 B0 RO TR R | 38 i A K
IS R O N I 21| [ e N 2\ = 1 | I
65 nm M R G WKL, Lo in T =4 R &Y
FR BT SR 5487 2013 48, WK ) 37 67 S BF Y
2R T M - BH R B AN Ty 2 , 18] B 43 2K
W1 H R B A BRI S X B Rl 3 S A L AR SE
T 9nm RBEY = 4B 7S L), AL ] BE ] 3k
56 nm, WE B T OBO% HEOE BE 5 ik nT S E AT S
ZRBOCES T

2009 4, 36 EFF B i 2 K2 McLeo fF58/NH &
J& T 55— oS G BH 588 23 FEn T i 3 R K
B A AR B G K RO ST B /N AE RS
110 nm (204 58 K 64 nm) IR 25 0m 1.7, [/},
JR 44 B T 2% B Menon W 58 /NALE Y 20 e 1 iR 78
—ERBEN S AR AT T REWIE, A
TG B 8 4 F R 8 0 1 325 nm K 6 TR IR
S5, I X6 20 e 6 Y R B 633 nim 14 9% K R
VT ST/ O G AR S ot G A I e Rl R BB
633 nm f4 P K B8 5 20 X 325 nm 7= AR W, BH 1R
HOR S 2 Y I X A [ O K R S IX

0922029-11



F£59%5 FIH/2022 FE5 B/HAEBFFHE

a)  peactivation Beam

800 nm CW

800 nm 200 fs

polarizer PBC
Excitation Beam

z
e phase I y
wWW polarizer  mask X

3D piezo stage
 e——

sample

b) 800 40 (0

2
8
—
ey
©
s

Height (nm)
g8 3
—
(O
on—
»

v i
0 20 40 60 80 100
Deactivation Power (mW)

o
°
°

F12 T STED U A HOE T M AT 620 HE AR . (a) 00 FH VK o 5 5 SRR {37 348 S5 86 7 36 3 50 ik 3 20 1 I 0 ) 52 04
EL:WJ;(b)(C) SETDEE%}U&*T%}E?&‘LO nm %%%éﬂé%m,(d)(e)7ﬁ[ﬂ%q&m%ﬂ?ﬂ@%%%iﬂ“ﬂzb”,(f)w(k) STED
HEHEATFH& N9 nm B2 LA

Fig. 12 Laser direct writing super-diffraction lithography based on STED principle. (a) Schematic experimental apparatus for

37

fast lithography using pulse excitation beam and phase continuous wave inactivation beam""; (b) (¢) 40 nm polymer lines

obtained by SETD direct write lithography™”; (d) (e) comparison of polymers under different absorption mechanisms™’;

[37]

(H)—(k) 9 nm suspended lines prepared by STED direct writing technique*”
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Fig. 13 Method of laser direct writing process based on photothermal phase transformation principle for 5 nm gap fabrication”".

]

(a) Fabrication of nanoslits by overlapping two laser beams; (b) simulation results of laser irradiation on the heating

distribution of the two-layer Ti/SiO, structure; (¢) AFM image of slit width varying with laser power; (d) calculation of

oxidation depth under different conditions and slit SEM images
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Fig. 14 Super-diffraction projection lithography system and fabricated patterns. (a) DMD projection lithography system based on
405 nm LED light source’*”; (b) SEM photograph of uNOEL Logos lithographic pattern (minimum critical dimension is
180 nm )"
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Fig. 15 Multi-focus scanning two-photon lithography based on DMD. (a) Multi-focus scanning two-photon polymerization

lithography system; (b) single focus, double focus, and multi-focus scanning process; (¢) 500 nm suspended lines from

DMD multi-focus scanning lithography™*”
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Fig. 16 Femtosecond laser two-photon projection lithography based on spatial and temporal focusing. (a) Schematic diagram of
nano-lithography based on space-time focusing technology; (b) polymers with transverse widths of 139-140 nm and axial

linewidths of 175 nm fabricated by spatio-temporal focusing techniques "
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Fig. 17 Multiphoton lithography using spatiotemporal focusing. (a) Multi-photon photolithography combined with space-time

focusing projection photolithography system optical path diagram; (b) printing of suspended line structures with Z-axis

compression under spatiotemporal focusing technology (minimum height of suspended line is 1 pm)™*"
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