B4l 10 Hr ot Vol. 41, No. 10
2014 4 10 A CHINESE JOURNAL OF LASERS October, 2014

RREOE TES BT TiC K ZEng LAY 2 ma)
TEE RER' AR BAES BB IAE

PP SRR AR S BT B . BRPE P4 710055
PG T R R R A AL B MR R SR BRIY P54 710072
A B 2 B VY OGS AL T T B O SO T RO E K A K BV 7Y 710119

HE HAFEREE®E N RENEOCTEAR R B SUE T A TiC Mg % gk 47 ffL b 0, 2% FH 43 3 i 7 8 0BE (SEMD L 1
K X PR = 4k %A (Micro-CT) Fl X 548G Hy B3t (XPS) % i fL 19 TE S50 F Ak 22 R A7 T 0F9E . 45 B EW L 75 AR
[F) BE 2% T L G FLA F IR EE 3R/ 99 20 BFL s 11 (30 B il RlE 0 % BE  3 nimi B K B S e TR E L R A
BER 95 % o AL B Bl 4 B AR RT3 K, M BB % R 0. 51 J/mm” B SR R 0. 3 MPa B, i LA ¥ fie f:
A e B O — 0. 137 A A Oy 0. 777, Botm Tad R vp, C-C 4 Ti-C BB 24, 76 Sl AL I B & & )8 T,
Ti, Os Fl TiO, SW) AR . oo XG5 BRI /B R AL 64T T 980T

KEWR B POLE RO AL T TiC M & s se % B B <R

RESES TN249 XERFRISAS A doi: 10.3788/CJL201441.1003010

Effect of Femtosecond Laser Parameters on TiC Ceramic
Micro-Hole Drilling

Wang Yuqgian' Zhang Junzhan' Liu Yongsheng® Yang Xiaojun’
Li Weinan® Wang Chunhui®
' School of Materials and Mineral Resources, Xi' an University of Architecture and Technology
Xi'an , Shaanxi 710055, China
? Key Laboratory of Science and technology on Thermostructure Composite Materials Laboratory,
Northwestern Polytechnical University, Xi' an, Shaanxi 710072, China

* State Key Laboratory of Transient Optics and Photonics, Xi'an Institute of Optics and Precision Mechanics ,

Chinese Academy of Sciences, Xi'an, Shaanxi 710119, China

Abstract Drilling micro-holes in TiC ceramic with femtosecond laser in different laser fluence and assisted gas
pressure has been demonstrated. Scanning electron microscope (SEM), micrometer X-ray 3D imaging system
(Micro-CT) and X-ray photoelectron spectroscopy (XPS) are used to investigate the morphology and chemical bonds
of micro-holes. The results show that the circularities of micro-holes at the entry are not less than 99% when the
laser fluence varies. The circularities of micro-holes at the exit increase as the laser fluence grows, then it tend to be
stable. The maximum value of the circularity at the exit is 95% . The taper of micro-holes increases with the assisted
gas pressure. When the laser fluence is 0.51 J/mm®, the taper of micro-holes drilled with 0.3 MPa gas pressure is
the best, its long axis taper is —0. 13" and the short axis taper is 0.77°. C-C bonds and Ti-C bonds rupture while
debris which contains metal Ti, Ti,O; and TiO, forms around the micro-holes during laser drilling. Lastly, the
mechanism of interactions between laser beam and materials is discussed.
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Fig. 2 Schematic diagram of laser drilling method
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Table 1 Laserparameters for drilling micro-holes

Laser fluence varied

Assisted gas pressure varied

Repetition rate /kHz 100 100
Laser fluence /(J/mm?*) 0.51,0.76,1.02,1.27,1.53 0.51
Feeding speed /pm 8 8
Target radius /pm 430 340
Assisted gas pressure /MPa 0.55 0.2,0.3,0.4,0.5
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Fig. 3 SEM micrographs of micro-holes drilled with different laser fluence. (a)(b)(c)(d)entry holes; (e) (1) (g) (h) exit holes
2 AR RE I A O N AL Y AR R

Table 2 Diameter and circularity of micro-holes drilled with different laser fluence

Laser Entry diameter Exit diameter Entry Exit
fluence / Long axis Short axis Long axis Short axis circularity circularity
J/mm?® Deni /pm D., /pm De /pm D..o/pm (Do / Deat ) (Dez /D)

0.51 639. 38 631.41 656. 95 567.03 99 % 86 %

0.76 638. 68 635.79 671.39 638. 69 100 % 95%

1.02 647. 46 641. 48 683. 38 650. 14 99 % 95%

1. 27 655.03 654. 84 691. 55 657.77 100% 95%

1.53 651. 25 648. 45 694.01 656.13 100 % 95%

1003010-3



i

# ot

XFRE R ABFOC S AR A 5. HBOLXT
FHBHIEAT T i b A 3 2o 2250 7 W W S T
SN EE A S S N R R E A AL N (U N )
The X —ad FE SO RE A RO AR R A
TRE R HOL BER Y 25 R e DR L e
A JEE AV ) SO X B R B 25 BRI 0 EL A5 BTN T Y
PRAL 1 A 2

Beoh . i 3R 2 b AT DU HY L B BB B
AL AR R OB S (AR . i T RO e
A DA i 2315 o T LA O R 2 I OL AR TR
— e b AR BERY BRI R L T AAE A5 2 i 1
B0 50 coils BHE LT« fBAL B A% B RE B 5 R Y
IR A 3K
3.2 WHSEXEFL MR

FEWOE N T3 A v o 38 2 I A A B R g
S RE BRI BE 7 - 7] E PR 47 0O Sk fo 2 Bk i 1 o

e

&l R SR 0. 55 MPa B L BE %
90,51 J/mm® OGN TRCRII AL, AT
PH I AR X TiC B % Lm0 52 i L 76 fE 5 %
JE2 0. 51 J/mm? i}, B i B SR % TiC By % i
AL in T,

RERL % RE R 0,51 J/mm® (1 BOGTE A [A] (4 4 B
SET N TR 3L BLAR RAE BE AN 3R 3 Fo . HEJE
IE YSSIE

0 = arctan[ (D., — D..)/2h |, (D
K Do, WMFLA O HAE DAL O B R
R EE (2 mm) ,

3% 3 ATLLA s ZEAS [ 4 B U0 1 AL A
JEAATE—0.30°~2. 17°Z [, #E B £ 6 4 4l B U 9
MR T8 R 5 2456 Bh SR 2 0. 3 MPa i, fol L A8 o B2
s T 0%, . X RE R % E 0. 51 J/mm’® Y
WOLI L TiC B8 & AR B RN 0.3 MPa,

3

N

23 R [EVA B0 T A BFL Y AR R A

Table 3 Diameter and degree of taper of micro-holes drilled with different assisted gas pressure

Assisted gas Entry diameter Exit diameter Long axis Short axis
pressure / Long axis Short axis Long axis Short axis taper taper
MPa D.n /pm D.p /pm D /pm D../pm 0/ 0/
0.2 533.75 527.62 554.5 474,11 —0.30 0.77
0.3 530. 66 523.66 539.78 470.03 —0.13 0.77
0.4 547.72 539.63 510. 35 458. 31 0.54 1.17
0.5 531. 21 530.53 436.78 379.02 1. 35 2.17
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