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Large-area interference lithography setup based on deep
ultraviolet laser
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Shanghai 200093, China)

Abstract: The setup based on deep ultraviolet light source with a wavelength of 266 nm was built for
interference lithography and a flat-top beam shaper was used to turn Gaussian light into a flat-top beam.
Both a one-dimensional grating structure pattern with an area of 8.9 mmx25.4 mm and period of
407 nm, and a two-dimensional hole structure with a period of 860 nm were successfully achieved on
silicon substrate. The linewidth, period and other parameters of the one-dimensional interference
structure generated by flat-top beam with SEM were measured, and also a comparison was made with
the parameters of the one-dimensional interference structure generated by Gaussian light. The
experimental results show that the interference lithography setup with flat top beam shaper can produce

periodic grating structure patterns with better uniformity, which is increased by 21.36%.

Keywords: laser interference lithography; flat-top beam; deep UV laser; grating structure; micro-

nano processing

Y75 B H#A: 2022-12-02

E£WH: HEtiRZsaHor Bk se g H (19060502500 )

FE—1EF: 5k 18(1998-), B, BULWFAE. M AN T.. E-mail: 203590627@st.usst.edu.cn
BEEE: EHC(1974-), B, B8 R : GG REEIS S L. MOH . E-mail: qwzhan@usst.edu.cn


http://dx.doi.org/10.13255/j.cnki.jusst.20221202002
mailto:203590627@st.usst.edu.cn
mailto:qwzhan@usst.edu.cn

4 6 1 WU, G SETUESNIOCR I KT W2 BT s41

FE3 2L HAE, B TR B T KR
(K, HEA T 9K RN, Ot T W6 %14 £ 3
TR AR, SR T AR i i S
B L5 R ) A T A o s B
IR S OIS o™ G, M
T RAIEAE G562 . AR RED . B
BT RO AR FHOCZI SR AR, 400214
AREEMHURE AR C 2L, HERML . B3k
FREE G, BRAEMINL, T URsE; (U, fL5%me
BB S 52 ) P ATT SRR R A BRI, A PR 4
FAEIAF] 0.5 um, HRARZS S T 2RI 9K
Jrid, SR UK A R 524 (EUV ) LI . £
TR AR, S5 R E 4558 T 5nm
LATF, (HBEE R S84 0 T 2 REAR o 5 4 s 1,
WA THOCZ B AW &SI IR, — B HE
e I, (B, HREER RS, If
Hn TR AR K, SBCE > BERMREN, g0k %
B[ AT LA o 4 K TR B A0 B R A R sk, (HLR
AR 20 K 285 ) (0 A S 0 K TR B A T AR, T e A
B0 3o 5 v B 8 0 A S o A A 25 5 40 R
R T RO AN B AL, T LA
I TAT 2 EUR O HIE WS i e, B2, K
S SN T AR, AN A TR Tl A,

WO T ¥ ' 2 2 — b G 48 15 A T3k 48 i T
A, RG22 6] (9 5 AR T 378 BN AR — 9
S, ZESCZIE AR T W IR %, M T A
RN TH AR, BA B BUC, P8R
S MY A RO T WO 2, — T Y
H278 (Lloyd) TWRIBUEH T W fp 7. SOEH
T T USRS R RO, (R, i THA
BT R G R e MR, IR AR e
A LS e T RO HR Z (  e ff, 7 RO K
VT EME, BeRME T, Lloyd T4 & 1 68
Wieh, SOBREMIA L, WA, JERESRHTS
BT, HR, BRI, i T O e
f) 8 TG AE AR X 48 B R R G B, 15
ZIBE AR KR e 2 5, RA LS
HE AW T W R R ML 82" At
Lloyd T-#W It ZI% & 5| i TR TOERIE RS, 44
TR il P B B 2 5T S TGO s, 1l 7 A
BT AT TE T S, XIS SRR R 2k
PR 3 75 o 3Rk 1 S S 5 W R R B L AR
A5 T v R 4 S S 2 A TR

1.1 FHkzIEEER

Lloyd T-# 6213 BN 1 iR . %25 B il Er
LIRS . 2 MY RS . FUOLRIERS . JLIrk
Ml Lloyd + ¥ #E S 5 4l i . B # L1, L2, L3,
L4 MteEidie, M1 RS EE, FTBS A FTOka
Ea%, S Ak,

Bl 1 Lloyd FiHAZIKEREE
Fig.1 Schematic diagram of Lloyd’s interference lithography
setup
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Fig.2 Images acquired by CCD cameras in different positions
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Fig.3 Schematic diagram of Lloyd’s interferometer
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Fig.4 Images of 1D and 2D periodic structures of photoresist SU8 2000.5

22 ETWRERIEREZME

150 9T 0 1 5RO SR L T
LR TR Z I T, & S 8ohon XKz 2
W5 SR T 2 X, PRI, R B AR DXk
(1406 22 2 I & WO, 2RO BN 2
IELG . FEREXT T T2 0/htzi, &%
b KB B, WS RSN, 5
Fb 2 A LR 28 B R0 R 0 EAEL, X Bk S %)
JE, B B e R SRS A o s B RO 2
XIRE 525 Fo/N, X T IR G2 AR I

TS — RO R E R A Y, 1E
NGRS R R F . Rk, 7E ) Xk
ez, fr sz 2] i e i & JLF 2 — 80, |
U, SRR L I SR F ar O S i . FE g
A E T AR TTOBRIE A, i HTK1062 S %)
JRe AT X S, 0 ik B X Y 3 A B
B R EEE, Hrp, XA LRI
Ly, X3 B FIX IS C Xk A &5 12 mm
PEHCAIX B, 250 5 fron . 185 Ry —4it
W25 440 1 L B9 44 K 407 nm, 2 FASH G R S 4
e flh 19,1975 B T W 2 SO et ok o DR %
/NI B 1 S i BT A OGRS R R

B R, PIE BAR T SR A 5 AN
5, AT LU AR A IS WSS AT iR — R R R )E
AT . X SEM EUE i T A St 2 A H 3 5
25 W B BOP I LA A iR 22, 3R 1R .
ARG 2 sy B S VR (4) 315
Max— Min

2Adv
K: HERRHLEE; Max 278 805 0 55 ORAE 5
Min FoREAE 0 e /IME ;. Adv Fn BRI E

H UM AT A, P i O R ' %) DXl — 2 S
SER LR 5 B ) BE R 69.54%, i IS 0GB G X
WAL e 5 BE R 90.90%, M FLIRTFT 21.36%.
23 AEXZIKHEXA

SU8 S ZI /2 I-line PG IR, B rh ik
K2 365 nm, XFF 266 nm 1) BE GG IR EA A 5
Rr UM, R, WEBERMEELH &, [
X % B PR R W . SUS R AL ZI R 1)
PR ML 8 ™ A [ 3R 5 F IS 0% st Ak
PEAR SR BRI, LI R M, il fE 4 R e R
Af it 27 SR — ()

HTK1062 J&— K KrF IEPEYCZI B, e
BRI 248 nm, SO KR, Wik, A&FT

H=1- x 100% (4)



544 o BTk 2

EE 2022 4 5 44 &

600 nm

// (b) FTEEGAY X I A SEM K%

\\\ (©) FHOLHDLAIKE B SEM A2
C

(a) BB X s B ||

() R B X Ik A SEM [&l{5

600_nm

(D FEUDEEERI X B SEM [E14

(d) SFTOEEER X8R C SEM &%

(o) FMTRIERIIX B C SEM [E11%

B 5 AEREAEERLHFAFEEREEE
Fig.5 SEM images of different types of light in different areas

F1 AEAREBHSELE
Tab.1 Duty cycles for different regions

B
XA X 3%B XIC
=i 0.6068 0.3091 0.5501
SFIOE 0.3861 0.3395 0.4082

o B B RIURR R, BRI AR, iR B X R

$,ﬁ%,TUE%EmFEME£ s, =
B, T2 DRI AR N, 34 i 5 e s i g

%NﬁoﬁmﬁﬁwmﬁT,Hmw&AﬁE%
WIRRE, AEEE 025 B A e vl LA 5E i HTK 1062
HI I ERE, X TR Se KB R A IR R 3

3 & it
BT ES T L T 266 nm F 45 AN OGRS Y
Imw¥ﬁ%ﬂ B, SCE: T SUS 2000.5 Al HTK

1062 3% 2 FOREIZERI B2, HISEBL T 8.9 mmx
25.4 mm BRI lad — O Rk
TR G 1R — 2 YO 25 F4 F — G pS BE S R, GER T
iz E A f%ﬁ%MAT%Eﬁﬁﬁ
. WERE TOUM AR TR A PE, XS

PR AL, R TE SR g5 i A 4R T
=98

SE k-

(1] 250, RRHALE, 780, BETHLARILOE I 2 G B T e 2F
HARSEETIEL [J]. Ya2# LR, 2022, 44(1): 1-8.

[2] EEF, B OB KBHBEE MY Fano Gzt
BROCMIELIBET (9], e 2 AAR, 2021, 43(3): 45-51,59.

(3] sk, AP, 1%%)%?1%@5_2;’525] SRS LGR (1]
REVRIIFTE 515 5., 2020, 36(3): 154-161.

[4] SUSLIK L, SKRINTAROVA J, KOVAC J, et al. Complex
analysis of emission properties of LEDs with 1D and 2D
PhC patterned by EBL[J]. Coatings, 2020, 10(8): 748—757.

[5SIMIN S Y, LI SJ, ZHU Z Y, et al. Gradient wettability
induced by deterministically patterned nanostructures[J].
Microsystems & Nanoengineering, 2020, 6(1): 1-9.

[6] GU L, CHENG D W, WANG Q W, et al. Design of a
uniform-illumination two-dimensional waveguide head-up
display with thin plate compensator[J]. Optics Express,
2019, 27(9): 12692-12709.

[71 CAO K Q, CHEN L, WU H C, et al. Large-area
commercial-grating-quality subwavelength periodic ripples
on silicon efficiently fabricated by gentle ablation with
femtosecond laser interference via two cylindrical
lenses[J]. Optics & Laser Technology, 2020, 131: 106441.

[8] KHORASANINEJAD M, CHEN W T, DEVLIN R C, et
al. Metalenses at visible wavelengths: Diffraction-limited
focusing and subwavelength resolution
Science, 2016, 352(6290): 1190-1194.

[9] LUTTGE R. Massively parallel fabrication of repetitive

imaging[J].


http://dx.doi.org/10.3969/j.issn.1005-5630.2022.01.001
http://dx.doi.org/10.3390/coatings10080748
http://dx.doi.org/10.1364/OE.27.012692
http://dx.doi.org/10.1126/science.aaf6644
http://dx.doi.org/10.3969/j.issn.1005-5630.2022.01.001
http://dx.doi.org/10.3390/coatings10080748
http://dx.doi.org/10.1364/OE.27.012692
http://dx.doi.org/10.1126/science.aaf6644

% 6 1 ik

W, & JETHEINIOCH IR T WO E O 545

nanostructures: nanolithography for nanoarrays[J]. Journal
of Physics D: Applied Physics, 2009, 42(12): 123001.

[10] ZEH, X AN, fL5R . et 2 BRI K e DR 5 o
PR (] ot 5ot F2E0E R, 2022, 59(9): 0922006.

[11] CAIJ X, ZHU Z Y, ALKEMADE P, et al. 3D volumetric
energy deposition of focused helium ion beam lithography:
visualization, modeling, and applications in nanofabrication
[J]. Advanced Materials Interfaces, 2018, 5(12): 1800203.

[12] GUO L J. Nanoimprint lithography: methods and material
requirements[J]. Advanced Materials, 2007, 19(4):
495-513.

[13] GUERFI'Y, CARCENAC F, LARRIEU G. High resolution
HSQ nanopillar arrays with low energy electron beam
lithography[J]. Microelectronic Engineering, 2013, 110:
173-176.

[14] VAN WOLFEREN H, ABELMANN L. Laser interference
lithography[M]/HENNESSY T C. Lithography: Principles,

Processes and Materials. New York: Nova Science

Publishers, Inc. , 2011: 133-148.

[15] YUE G, LEI Y, DIE J H, et al. Fabrication of 4-inch nano
patterned wafer with high uniformity by laser interference
lithography[J]. Chinese Physics Letters, 2018, 35(5):
054207.

[16] KIM H, JUNG H, LEE D H, et al. Period-chirped gratings
fabricated by laser interference lithography with a concave
Lloyd's mirror[J]. Applied Optics, 2016, 55(2): 354-359.

(17] REEER, TR, ZUOCZ BRI T 2R SERprFE (. R
SEYPRSLEG ) 2018, 31(5): 31-35.

[18] GAN Z F, FENG H T, CHEN L Y, et al. Spatial
modulation of nanopattern dimensions by combining
interference lithography and grayscale-patterned secondary
exposure[J]. Light: Science & Applications, 2022, 11(1):
89.

(197 5K, E9&, IR, 55, SU-8 LA KB T 2058 [1].
2%, 2020, 50(6): 910-913.

(H: 1 B

DD ADAIECIEIAIAICICIEC DI ECIECIECDICIADIADIADIEIECIEIAIEICICIECIECICICIECIECIADIADIAIECIECIAIAIECICICIAECICICICIECICIAIADICIECIECIAIE

[ F3E%6 539 1 ]

[10] HE K M, ZHANG X Y, REN S Q, et al. Deep residual
learning for image recognition[C]//Proceedings of 2016
IEEE Conference on Computer Vision and Pattern
Recognition. Las Vegas: IEEE, 2016: 770-778.

[11] ZHANG H, ZU K K, LU J, et al. EPSANet: an efficient
pyramid squeeze attention block on convolutional neural
network[ EB/OL].(2021-05-30)[2022-11-11].https://doi.org/
10.48550/arXiv.2105.14447.

[12] ZFHT, VLI, 20, B T 80GH U-Net B9 EALAR 53507
BAIIFST (1] AR, 2021, 43(1): 21-27.

[13] SIVASWAMY J, KRISHNADAS S, CHAKRAVARTY A,
et al. A comprehensive retinal image dataset for the
assessment of glaucoma from the optic nerve head
analysis[J]. JSM Biomedical Imaging Data Papers, 2015,
2(1): 1004.

[14] IOFFE S, SZEGEDY C. Batch normalization: accelerating
deep network training by reducing internal covariate
shift[C]//Proceedings of the 32nd International Conference
on Machine Learning. Lille: JMLR. org, 2015: 448-456.

[15] CHEN L C, ZHU Y K, PAPANDREOU G, et al. Encoder-
decoder with atrous separable convolution for semantic
image segmentation[C]//Proceedings of the 15th European
Conference on Computer Vision. Munich: Springer, 2018:
833-851.

[16] ZILLY J, BUHMANN J M, MAHAPATRA D. Glaucoma
detection using entropy sampling and ensemble learning for
automatic optic cup and disc segmentation[J].
Computerized Medical Imaging and Graphics, 2017, 55:
28-41.

[17] YU S, XIAO D, FROST S, et al. Robust optic disc and cup
segmentation with deep learning for glaucoma detection[J].
Computerized Medical Imaging and Graphics, 2019, 74:
61-71.

[18] XU Y L, LU S, LI H X, et al. Mixed maximum loss design
for optic disc and optic cup segmentation with deep
learning from imbalanced samples[J]. Sensors, 2019,

19(20): 4401.


http://dx.doi.org/10.1088/0022-3727/42/12/123001
http://dx.doi.org/10.1088/0022-3727/42/12/123001
http://dx.doi.org/10.1002/admi.201800203
http://dx.doi.org/10.1002/adma.200600882
http://dx.doi.org/10.1016/j.mee.2013.03.055
http://dx.doi.org/10.1088/0256-307X/35/5/054207
http://dx.doi.org/10.1364/AO.55.000354
http://dx.doi.org/10.1088/0022-3727/42/12/123001
http://dx.doi.org/10.1088/0022-3727/42/12/123001
http://dx.doi.org/10.1002/admi.201800203
http://dx.doi.org/10.1002/adma.200600882
http://dx.doi.org/10.1016/j.mee.2013.03.055
http://dx.doi.org/10.1088/0256-307X/35/5/054207
http://dx.doi.org/10.1364/AO.55.000354
http://dx.doi.org/10.1088/0022-3727/42/12/123001
http://dx.doi.org/10.1088/0022-3727/42/12/123001
http://dx.doi.org/10.1002/admi.201800203
http://dx.doi.org/10.1002/adma.200600882
http://dx.doi.org/10.1016/j.mee.2013.03.055
http://dx.doi.org/10.1088/0022-3727/42/12/123001
http://dx.doi.org/10.1088/0022-3727/42/12/123001
http://dx.doi.org/10.1002/admi.201800203
http://dx.doi.org/10.1002/adma.200600882
http://dx.doi.org/10.1016/j.mee.2013.03.055
http://dx.doi.org/10.1088/0256-307X/35/5/054207
http://dx.doi.org/10.1364/AO.55.000354
http://dx.doi.org/10.1088/0256-307X/35/5/054207
http://dx.doi.org/10.1364/AO.55.000354
https://doi.org/10.48550/arXiv.2105.14447
https://doi.org/10.48550/arXiv.2105.14447
http://dx.doi.org/10.1016/j.compmedimag.2016.07.012
http://dx.doi.org/10.1016/j.compmedimag.2019.02.005
http://dx.doi.org/10.3390/s19204401
https://doi.org/10.48550/arXiv.2105.14447
https://doi.org/10.48550/arXiv.2105.14447
http://dx.doi.org/10.1016/j.compmedimag.2016.07.012
http://dx.doi.org/10.1016/j.compmedimag.2019.02.005
http://dx.doi.org/10.3390/s19204401
https://doi.org/10.48550/arXiv.2105.14447
https://doi.org/10.48550/arXiv.2105.14447
https://doi.org/10.48550/arXiv.2105.14447
https://doi.org/10.48550/arXiv.2105.14447
http://dx.doi.org/10.1016/j.compmedimag.2016.07.012
http://dx.doi.org/10.1016/j.compmedimag.2019.02.005
http://dx.doi.org/10.3390/s19204401
http://dx.doi.org/10.1016/j.compmedimag.2016.07.012
http://dx.doi.org/10.1016/j.compmedimag.2019.02.005
http://dx.doi.org/10.3390/s19204401

	1 实　验
	1.1 干涉光刻装置搭建
	1.2 干涉周期结构制备工艺

	2 结果与讨论
	2.1 周期性结构的种类
	2.2 平顶光整形对图形的影响
	2.3 不同光刻胶的区别

	3 结　论
	参考文献

