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High-Aspect Ratio Blind Cutting of Ultra-Thin Ceramic by Nanosecond
Ultraviolet Laser

Chen Xinghua, Li Wenyuan, Rong Youmin', Huang Yu
School of Mechanical Science and Engineering, Huazhong University of Science and Technology,

Wuhan, Hubei 430074, China

Abstract Alumina ceramics have high thermal conductivity, good heat dissipation, and a small dielectric constant.
It is a common substrate material used in mobile communication and integrated electronics; however, its high
hardness and brittleness make it crack easily during conventional machining. In this study, we utilized a nanosecond
ultraviolet laser to study the blind cutting process of an ultra-thin ceramic plate. Moreover, we analyzed the slit
width and depth variations by controlling the three main processing parameters of the nanosecond laser, which were
laser repetition frequency, scanning speed, and repetition times. The experimental results show that as the laser
repetition frequency increases, the slit width increases and remains unchanged, and the slit depth first increases and
then decreases. As the scanning speed decreases and the number of repetition times increases, the slit depth first
increases and then decreases, and the slit width slightly fluctuates. With the slit depth-width ratio as the index, we
obtain the following conclusions through an orthogonal experiment: the maximum depth-width ratio of single-pass
multiple scanning in the blind cutting process of the ultra-thin ceramic substrate 1s 4. 0137, and the optimal laser
parameter combination is 40 kHz laser frequency, 0. 07 m/s scanning speed, and 25 repetition times.
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Table 1 Thermodynamic parameters of alumina
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Parameter

Value
Thermal expansion coefficient /(107° K) 5-7.5
Thermal conductivity /(Wem™'-K™") 20-40
Dielectric constant 6-9
Density /(gecm *) 3-4
I 3R 5 M DL 8 TR B LE ARORG 8 i T T — 4
R AN T 05 B A AE — € BN A v B R K
SRFUR N T i v MR O, T EL N I Y B R 3 T L
BORLRE R B 5 22 76 R 7 o ik v, T R 4
JUEE T H T A s
WO T —F m fg

ARSI TR LA
19 2 A BE L TE LR 0 LR T 4 fih 5 i T
S RUTE e B R B R A FT L UD D R B S

TOr A E AR . FAT, A AT R A O

Iy RO A AR 22, B AL DR O
T By SR AE O U R T S O B g T Y 5
w0 S HA I T AWM E A T A R T

b

BT A (E X T 3E A o o RO I T
2 5D T A 9 B R R A b S B R R B L T Y
T W A

BT AR P e R

Fig. 1 Alumina substrate

e

PAN= g5
T 2E R

Beausoleil 25" 3% J1] iz #0400t

PAN

AN FNBEOC &,
R2HR . BOCAY R S K A 355 nm. OB T
X 48 Ak 0 P 8 R AT v R R L RS B U0l e b

AR G H S Gn

RGEME 2R, KRG FEEREINEOCH IR

B WREE B ALK LA . O RS M

AN 7% Poplar-355/12A , HoR F— iR fb ik it

TESELN T TIRGE R SRR EYI4E 502 B AN RS H IR 6 R Go 4 e — A i, 454
=R CO, K O 28 X5 1000 wm J5 Fig % A iE 47

B JF H L IMOG A 9O6 BERL UR B E T 1 AR
0114010-2



*2 BEIMHOLFE RS H

Table 2 Relevant parameters of UV laser platform
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Table 3 Selected three levels under three factors

in orthogonal table

Parameter Value
Pulse width /ns <15 Level Laser repetition Laser scanning  Repetition
Focal spot size /pm 37 frequency /kHz speed /(mes ') times
Ambient temperature /°C 25 1 40 0.07 15
Spot diameter /mm <2 2 50 0.1 20
Roundness of focusing beam 85% 3 60 0.2 25
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Fig. 2 UV nanosecond laser processing platform
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Table 4 Calculation table of variance analysis of orthogonal test

No Laser repetition Scanning Repetition Random
frequency /kHz  speed /(mes ') times value Depth-to-width ratio Slit depth /pm
1 2 3 4
1 40 0.07 15 1 3.795 88.8
2 40 0.1 20 2 3.383 91.0
3 40 0.2 25 3 3.291 90.5
4 50 0.07 25 2 2.893 83.6
5 50 0.1 15 3 2.912 86.2
6 50 0.2 20 1 1.832 55.5
7 60 0.07 20 3 2.104 50.7
8 60 0.1 25 1 2.486 68.6
9 60 0.2 15 2 1.894 57.4
Average depth-to-width ratio Average slit depth
3.4897 2.9307 2.8670 2.7043 90. 10 74.37 77.47 70.97
T 2.5457 2.9270 2.4397 2.7233 75.10 81.93 67.97 77.33
2.1613 2.3390 2.8900 2.7690 58.90 67.80 80. 90 75.80
R 1. 3284 0.5917 0.4503 0. 0647 11.20 14.13 12.93 1.53
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