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Experiment of long pulse high energy laser drilling on silica glass
DAI Gang, LU Jian, LIU Jian, ZHANG Liang, NI Xiao-wu
(Department of Applied Physics, Nanjing University of Science and Technology »Nanjing 210094, China)

Abstract: In order to improve the drilling efficiency of glass, a drilling hole method in the glass with a
long pulse laser was investigated. ZrO, was deposited onto the glass to increase the absorption at
1 064 nm. A cone shaped hole with a depth of 1. 55 m was obtained by using a Nd : YAG laser with a
pulse duration of 1 ms. The efficiency of drilling holes were studied, which shows that the efficiency
reaches the maximum value when the energy density equals 6. 8 kJ/cm®. Then, the possible reasons
were analyzed. The mechanisms of forming the cone shaped cavity were discussed by considering the
property of absorption coefficient of glass that increases with the temperature. The cylindrical holes
were obtained in the glass by adding absorption materials on both sides of the glass. Finally, the
effects of thermal and optical properties of the absorption layer on the drilling holes were discussed to
improve the drilling efficiency. The experiment results show that the single pulse ms laser can drill
holes in glass by deposition absorption layers, which provides a new way for improving the drilling ef-
ficiency.
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Fig. 2 Schematic diagram of laser drilling system
3 EIAZXR

3.1 BRERKE

3 Ay A [m] g i 0O 7 TR 3 58 A A A e
B, 3R AR 7 B 3 2 T OB R BE B4R 400 pm,
28 b W B 3 7 B B 3k B B R H 0 O R i
3.51 ] B INE 34. 4 ], B FEAYJEE N 2 mm,
B 7 A 03 0 B A K o 0 — W rE i TR
B AL AR B AT . FL A R 5 B 1Y Rl
ZEMXERWME 1R, KHOGMWRER R 3.51 ]
B WOGFE B EAT AL AN &l 3 i a s, fL
) AR FIIR BE 435k 0. 16 mm 1 0. 31 mm, IR 5
P 1094 = 1, fEHOLRE R/ T 3.5 T BB i
IINFLFEASEH B T R b FLA OB RE RN 6. 97 T, 2
a fLITHR E M BE R AT 1. 99 £%; b fL Y B2 AR 2
4331 0,25 mm 1 1. 03 mm., b £L i % 58 K
412+ 1, L c MERFEE 53124 0. 30 mm Fl
1. 24 mm,fLIGIRTE o 4. 13 + 1 /E A0 fg
WO 1L 1T, 2B b AL OB RE R Y 1.6 £ . c
LI EBEIEES b AL T 1.2 5. d fLAF
TRERE N 16.0 T, & c FL1Y 1. 44 i LA F AN
REE4r 50 1. 38 mm i 1. 40 mm, 73 5 & ¢ LAY
L27 f5 A 1013 fi5, e f FI g 5§ 3 LI B HE
WA 21,4 7,278 ] A 34,4 T MFLE
BRI 22 2N T 300 HAR MR E &
Sl d fLI 1,05 f5 A0 1. 08 £,



55 2 1 WA K b REBOL X A S BLRE AT AL 383
3 Rt G AT LR AR T R I W)
Fig. 3 Cross-section diagram of drilled holes by long pulse laser
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Tab.1 Energy efficiency ratio of long pulse laser drilling
©®=400 pm WOLREE /] FLWEAR/mm  fLAHEEE /mm  EEEE/ (k] cm™?) FEEEL/(mm - ] D)

a 3.51 0.16 0.31 2.79 0.088
b 6.97 0.25 1.03 5.55 0.148
c 11.1 0. 30 1. 24 8. 83 0.112
d 16.0 0. 38 1.40 12.7 0. 088
e 21.4 0. 40 1.52 17.0 0.071
{ 27.8 0.41 1.53 22.1 0. 055
g 34.4 0.42 1.55 27.4 0. 045
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Tab. 2 Optical spot diameter and laser determined

distance away from the lens

BF %/ mm HBEHAE/ pm
220 463. 6
230 440. 2
240 403.9
250 400. 1
260 404.5
270 437.9
280 460. 8
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Fig. 4 Cross section of drilled hole treated with both

sides
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