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Research on Sapphire Femtosecond Laser Straight Punching Processing

SHEN Xiaowei' ,ZHAO Wanqin'>* , LIU Haodong'

(1. School of Materials Engineering,Shanghai University of Engineering Science,Shanghai 201620, China;

2. State Key Laboratory for Manufacturing Systems Engineering,Xi'an Jiaotong University , Xi’an 710049 , China)

Abstract:In order to process microporous structures of various sizes on the surface of sapphire on electronic substrate,

femtosecond laser straight punching was used to process micropores on the surface of sapphire. The effects of laser pulse

number, single pulse energy and repetition frequency on hole diameter and hole surface morphology were explored

through experiments. The results show that the aperture alway reaches saturation under different single pulse energy

when the number of pulses is about 50 000 ; the aperture increases with the increase of single pulse energy and repetition

frequency. There is no splash around the sapphire hole in femtosecond laser processing, and the main defect is the hole

crack. The number and size of cracks generally increase with the increase of laser processing parameters.

Keywords : femtosecond laser ; sapphire ; percussion drilling ; single pulse energy ; repetition frequency

W T AT AR AR B B G A A T, X
PR AN EA R BT EE J), B s AR e T A
TR E I HL B8, PR R A k2 D3 DA AT,
SRR T vz 0 T T LB L G A | R B S
RN fE T A R R R v, SR LB AL
77 AR ME LA T sl RS B 45 32 B, 1% 48 i AL
TIN5 77 530 BB R T BB A ) R TiAE SE i Ak
“F 2 b AR AL TR o in TH R
A ARl TS )T R B A, AR S
T T AR RE AR SO L, A S R — A Ak

W7 B 9 :2021-12-02 ; & 8 H 7 :2022-02-20
E¢U B EXK B AP EA(21703137)

P Ty

ATAFERE i ok b SO B e T T TR A )
KREAARE T2 00 S K O e i SR 2 1)
R S SRk b OB B O L, B O e ik
DL R T RERSAE B A AR 2RI A Al s A e
s KRG s BB R R I B A 5
B T ARy HBLAY AT REE , W] AR/ IME PG I X
I, R A RO AL TR AR A B

PR AT 1030 nm () €RMEOEAR , 76 0. 4 mm
JEB AT BT B b U, RGEHITSE T kol

F—IEEB/N JL/ME(1998) 5 e N W A, BRI O WO ORI THR, BEMEE T A (1983),
2 B VISFFEM R A BIZER , EEMTIE 7 M OGRS 0 T4 AR . E-mail ; linazhaolinazhao@ foxmail. com



. 86 - B THI# Light Industry Machinery

2022 FFE53 HR

BN kehRest £, KA £ B L T RAE
FUESR R0, O 50 RO T AR i ] 42
&%,

1 52§

1.1 K&

SRR FH B 64 9 c-Ti (0001 ) 5 5 A7 3 R 1Y
WA A g O R BRA w4 AL, R
#70.4 mm x15.0 mm x20.0 mm, H FZ Y PS5
wnge 1 prostt

A1 EELHRYEAK

Table 1  Physical parameters of sapphire crysta
)4
SO R/ C 1 J=VA
(g em™)
3.98 9 2 050 3 500
I IES
(W-em ' -Cc™Y) Z¥/(c™')  (0.3~5.0pm)
0.184 5.8x107°¢ =80% 1.76

1.2 LWiRE

AN A AR B AN 1R, 1 SEL A
REMEO G RO, WOL A S 2 Yk 450 Y 4
BB OO R AT 5, 27 W K e 3t
HAR, et RO AL /MG, H/NMLOG £ R
FoL, Hih 2 WS 3G, R A L 5
TR, e O 4 6 BT 1) AT A4 RO SR
TERFBHY 2RI, SRR AR 29 11 pm AR AL
BEo AN T 5 BCE RSO 235 A FI R ZLAk
KA FemtoYL-50 BB . ZBOGHN EZLSHON I
1035 nm; B HA 25 ~5 000 kHz 7] I ; Jik o 58 i
0.4 ~ 6.0 ps al ¥, HAHLHH Iz 3 R4 KRBT
AEROTECH A 7], iZ B # R E MR N S wm, e RAT
Fi9 200 mm BEAM, ZIN T S RCA LTSRS
A3200 Motion Composer, ] DA it 2 F2 J (8 Hb 37 17 %
Jear S8 L, SIS - & X, Y, Z [ s
(D@ I mMNESE S DS R

P T 0 A R R T 175 15T 2 M L SO 6 i T
WA, I 4 TR A S B e S I 1) O % A
DR 1H 52 6 i J AR 2L A P DI /K & B 25 8 /K MR 4% 1
PES min, FATE ARG AT o SRR T R

S5 B

AR

Bt A5

ER (G-

A1l k& mAamL-Fs
Figure 1 Processing platform of

femtosecond micro-nano
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Figure 2 Effect of pulse number on

hole in straight punching
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Figure 3  Effect of pulse energy on hole in

straight punching
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Figure 4  Effect of repetition frequency on

hole in straight punching
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