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Liquid-assisted laser fabrication of hard materials
and applications

Luan Meiling, Zheng Jiaxin, Sun Xiangchao, Liu Xueqing’

State Key Laboratory of Integrated Optoelectronics, College of Electronic Science and Engineering, Jilin University,
Changchun, Jilin 130012, China

Abstract: Due to the stable mechanical and chemical properties, excellent photoelectric properties, and other
advantages, hard and brittle materials have been widely used in aerospace, the photoelectric industry, and other
fields. Laser fabrication is an ideal technology for hard and brittle materials processing due to its high precision,
high energy, and non-contact properties. In order to achieve the removal of hard and brittle materials, high laser
energy is usually required, resulting in low structural accuracy and poor surface quality. This review introduces the
advances of liquid-assisted laser fabrication technology in the processing of hard and brittle materials, introduces
the principles of three liquid-assisted laser fabrication technologies, and compares their advantages and
disadvantages. The effects of different processing technologies, types of auxiliary liquids, and processing
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parameters on the quality of different materials were summarized in detail. The main applications of liquid-assisted
laser fabrication technology were summarized, and the existing problems and potential development of this

technology were discussed.

Keywords: laser fabrication; hard and brittle materials; liquid assisted fabrication; micro/nano structures

1 3 §

WO T h T A SKE . e, JEEmCn
TARRRRL, T T EP AT U, 45 terim
5. (FEARE, EY B2 FHEOE IR AL
PRAGFEA G Ny - KA = B B O R AL R b LR 1
BUNER, R RS SR AR E AR R 4 AT P IR SO
Aeht, Zd—RINE 0 RE R IR ARSI R
Bio BT e e i O IK hos 4 8 38 ZU SR L EAE
AN T AYSS MRS FEALAR, T H R M 2s, ML
T 2L R 20 25 A1 XoT 45 A v A R ORI Ry % 1D U A A 38 )
Ko

R TR LA B, E R AMIFRE N R T AR
HIEhEOCIN THA, R IEHAARRE, PRI 25
R R, A R AR PO KR (laser ablation in
liquid, LAL), ¥#0ti% 575 #0820 ik (laser-induced
backside wet etching, LIBWE) £ Z| {1t 4 B 384 ' ot v
(etching assisted laser modification, EALM) il T.# K .

Horb, WOARBOGEE M E AR RO 5 T i 2
ARSEAE - XA RREAT N T, B AT R kb
BTG X, A R0 oL EREB A bR R
TEIT 8 A1 i 2 2 R B S . R, 3
PR HAT S R BORTRE | SR A 26 T REDRE J3E R /1N Y
PN X LA, THT T a0 FEmEYN R
A FBRH T 20 el B O R A A
(ELRBOERK o BB TP, 3R T st
DXAAREE 220 b 3R, DT S5 IR A ) B PR B
PIE, EALM EARTERA R M ol 33— AE T h 4544 il
7 L AAT BRI

ARICHE St T =Ff AR Bh O T FEA
W, 2 HIOLEGE, TRAIXT TR R A BhOE
T AR — L R RE AR T 2280, Avéi 1 F)
PR BfOen TAER s ROC oo e . MoftfE ek
FORGFLODERS5 D AN, o fe iR AR Bh oL in T
PR — DR R TS, 5] 1 /R T AL A4S
Fafii P

Liquid-assisted laser processing

T W —

a
[ i
Method LAL
Materials silicon
Application

Micro-optics

Microchannels

T v
| | -
""", —-
|- = G e
LIBWE EALM

Sapphire Glass

Driling and cuting

B 1 SRR TEAAER F B

Fig. 1 Outline of the review about liquid-assisted laser fabrication

220328-2


https://doi.org/10.12086/oee.2023.220328

¥y, 4 e TRE, 2023, 50(3): 220328

https://doi.org/10.12086/0ee.2023.220328

2 REHBNHSE I THEARREE

P GEROEIN TR [ -2 SF DG BB R4 T 58
ThEBR, SRENAARLAE VR AR AP XA A X
BE R AHEA T RO BE e R I AR IR A o T A
BRI T 5 ¥E2E T PRI T S BERS I pR Al S b RN
TR, —FpJ7 SRR TR SRS, Bk
PRIRGE, 72 - s St A T n T MRAEROEER Y
SERTRMA B SRR AR 7] 343 R ORI LB ™
WO A HORIA 2 53—y SRR 20 i i
SCHCHE I T, AT B RO Gk oo [ A KL AT

N

S, SRR TE R [ R SRR T I,
T [ A= [ A ] B SRR T, A A TN RS
AR T, ke T REIE A A B OGO E R 25 R
AT, DTSRG S5 5. TR
AT A IX =R AR o
2.1 WAEESRR

BRSO EEE AR R S AR A K EH A
Wik rR, ASHEOC A G I A TR AR IR R B A Akt
FOMTRTTE . BOARBOEEE AR Loy =A%
AR, MR 2(0) BN HAE, HBOCREE

~ _GEET . a

Plasma formation

Cavitation bubble formation Cavitation bubble tupture

Material removal

n 0 us 110 ps 220 us 560 ps
Laser 0 - 4
1 mm
—
110 ps 220 ps
_
Spark i
560 us
Initiation Maximum Collapse Post-collapse
expansion bubbles
Front view Side view t

Persistent bubble
refracted ablation
@

Successive
- refracted ablation

B2 (a)&ABgotim TRIZE; (b) AT RADIAIAR T AW TAAN T A, Bk, FHRABRFAKAE AT
(C) A TR T Hr4h Asat o) R APBOR Beik R ) & AR ) [ E L2541,
(d) 25 F AV A Foft HURAR B AR AR B & TLR RS LM 8 R R f T S )
Fig. 2 (a) Schematic diagram of liquid phase laser processing; (b) Generation, expansion, collapse, and persistent bubble generation based
on cavitation bubbles generated by liquid phase laser ablation ""; (c) Preparation of tail concentric circle macrostructure based on underwater

sustained bubble-assisted femtosecond laser ablation technology"'; (d) Preparation of porous crack structure based on
femtosecond laser impact shot peening liquid ablation technology with different angles and morphology display"™
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Fig. 6 (a) A single microlens with arbitrary morphology was prepared on the sapphire surface®®”; (b) Preparation of low-light level vortex

generators with different morphologies on the diamond surface®™; (c) The bionic moth-eye anti-reflection structure was prepared uniformly on
the surface of the coated sapphire®™; (d) Highly homogenous artificial compound eye structures prepared on the surface of sulfide®™”
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Fig. 7 (a) Three-layer multi-branch microfluidic system™"; (b) Auxiliary microchannel system with rotating impeller®”;
(c) A nested system structure of microcavities and microspheres that can control the direction of liquid flow'™”
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Fig. 8 (a) Through hole array prepared by laser-induced micro-jet assisted ablation"”; (b) Non-taper pores with different morphologies'
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’

(c) Microchannel array prepared by laser-induced microjet assisted ablation!"”
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