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Effect of Repetition Frequency on Femtosecond Laser Direct
Punch Machining of Aluminum Nitride Ceramic Blind Hole
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Abstract ; In order to investigate the influence of laser repetition frequency on the size and shape of blind holes among
the parameters of femtosecond laser processing, the femtosecond laser direct punching method was used to process the
blind holes on the surface of aluminum nitride ceramics to experimentally explore the influence of laser repetition
frequency on the diameter, depth, shape and side wall shape of blind holes. The results show that with the increase of
laser repetition frequency, the entrance diameter and hole depth of the blind hole tend to increase to saturation and reach
saturation at the repetition frequency of 0.3 MHz; with the increase of the repetition frequency, the morphology of the
orifice and side wall of the blind hole deteriorate, the accumulation of molten spatter around the hole becomes more
serious, and the adhesion of the side wall recast layer becomes more severely. Too high or too low repetition frequency
will make the blind hole machined by direct punching to fail to achieve the desired size and morphology.

Keywords : femtosecond laser ; aluminum nitride ceramics;blind hole ;direct punching processing
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Figure 3  Effect of repetition frequency on blind

hole size of aluminum nitride ceramic
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orifice morphology

SRR 1 e SRR By AL 11 DX, L
A RS R B3O i LS IX B e 1 SRR IR
TR T2 Z WO AR RS2, G, LB 22 ) 11
“HRIEAN B ICR, 4 S (b) F(e) B ; & T
SR E— SR WO T e WA R, B
FLITRIE BE— 480, SRR IR FF 0l 1) 15 AL IR AL
i, AN Wy AR RE B 23 IS ALFLIR A IR , B 38K
THALEL MW, B S(d) . (e) FI(E) n] R 4k 2k
FERBOCIE PR, E LR R R B AR e
ELMUEE B H BT R B AR HOIR KBRS 21, X s 2]
UK BUER B ALBE LT 22

6 9P S (a) s 9 FLIBEIE 550 R FOR I
T ] R B SR Ak T — A B AR BE I, T L
(R BE A T 2 A B 2= 11 BRSNS 14 B 4 21
Bo XU RO T H LR E 2 —E R E S,
WOES ZER AN ARG B9 7= 90 HE AN il T
WAL 17 AR IR BRI, 23 v S J T SR AL S Fi



[R5 - i&it] E 8.F EEREN RN E PR INTARLEBESILNEN

.25.

50 pm
Lo

(2)/<0.05 MHz (b) /=020 MHz (¢)/=0.30 MHz (d)/~0.50 MHz (e)/~1.00 MHz (f)/~1.20 MHz

BS EHIREFILMEG A
Figure 5 Effect of repetition frequency on side wall of blind hole

A TEE s AL T 15 LS GR A I T M 7E B AR R 2 19
YRR IR B NBURLIR AAZH SR TR . dLuEl] Tk
FRROE S YRR REE R S 2%, MR 2 Bl
SEAEANFVE IBLBE R SRR/ LBR A, XA AR b
LRI ] B A RHR AU IR A LR
K7 I 5 (e) HE FLIY R ROEBUIOR A, i & Al
TR IR T B AL MBS i 5 i 2
WMo B, MEEPURAMTT B AL T X B
RERRER , X LERE I 2o Fp 20 B 16 O BE 1 F 4 )=
AT IR, (45 556 )2 21 SU7E O 3 v e )™
AR BRI R PR S T2 SR A RA I, 73R
T3 T AR , 45 15 FLONBE th BLARE RE S
B, R 7 v T AL PR s BEE ROE R Be i B AL
TRARE S, OB T4 52 5 L TR L A3 2 mi HE
At , HARERE & 7EFLONBE R 1, b T 5 FLIRAL AV AE 3R
PR TAL A AR 20 ROl 2 e
FRAELNIEL T TR A AR HCIR RBURE Y 1 P A1,
BEAE R 1 E A5 IR AL A B0 HREBUN, WnE 7 w1
MBI 5 28100, A6 AL AR R B RE AR OL Y
R A G, A1 I TP S e R,
e FLNFERIE e it 25 25 U, BOBTEE A AT
KA T e AR HOL R I E AR e A O, IR L

I
JRBRR

1 10 pm

I
k10 ON

I

10 um

BH6 FHIME=0.05 MHz &} F 3L
M BE T 37 AR K
Figure 6 Micromagnified view of side wall
morphology of blind hole at repetition
frequency f=0.05 MHz




.26 - B THI# Light Industry Machinery

2023 FFEE4 B

BE b BN PIOG ML be i ™ A2 A9 06 n kA2, an
7 H IARIE /s 5 i T30 i e 2 BERL G 1Y

I

SRTRBR

Il

A7

Wi il 1 7 IV AL IE B R B SLR 9 SLIR AR e
WOCTC e 2 B0 e 73 Sl 8 Y HARRBE

il
JRFEBBR

5 um

FEIE f=1.0 MHz 8 5 5L BTG 50 2 K
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