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Investigation on 532 nm Picosecond Laser Processing of Quartz Glass
Hu Yan Ji Lingfei

Li Jian Bao Yong Yan Yinzhou Jiang Yijian
(Institute of Laser Engineering , Beijing University of Technology. Beijing 100124, China)

Abstract In this paper, picosecond laser drilling of quartz glass is studied. The 532 nm picosecond laser induced
ablation threshold of quartz glass is explored and the basic parameters of the picosecond laser processing of glass,

g

— .

including the laser power, repetition rate and processing time, are investigated. From the study, the ablation
threshold of quartz glass at picosecond pulse width is concluded to be around 2.01 J/cm?. It is found that the diameter
and depth of the holes drilled in quartz glass are proportional to the laser fluence and processing time, but the rate of
increase levels off finally. Meanwhile the laser repetition rate also has an important influence on the machining
the ablation threshold and the processing rules obtained in our research.
Key words

OCIS codes

=]

quality. Picosecond laser crack-free processing of quartz glass is achieved by optimizing the laser parameters based on
140.3390; 140.7090; 350.3390; 160.2750

laser technology; laser micromachining; ablation threshold; 532 nm picosecond laser; quartz glass

BT 5 92 0 538 19 L T O AR
TR A B A T i % T LA

RIS AATRRIE 5 AR AR AU BBt e ﬂfaﬁa@xﬁﬁnﬂzfﬂ,muj@ﬁamm:;;;zwzam@ﬁ

3 AR TR 378 00 M A 2 R S O

BLYE B Bt 7 B A T BT L SR T

TRl R A O R . SR T B A B

(19 868 JE A o A o T3 A PR AR ) A D B T
24 AR GE R AU N 5 AR R o A ) G R AT

T RN - HOEHRR T RE R SR RL A+ ORI B 90 i

-
KGR TR TR AE T 3 AR K4 . Hun, T3k
/\j\_/
RS B HEE: 2013-07-01; B R HHA: 2013-09-30

B0 T SO T vk 3 B B m vk A
fEE® A B & (1990

%

Sk B TR A Tk T N B AR AT K
BEE&WE: EEARREREAE (5127501 L2 I8 F5 A A 34571 R (NCET-10-0007) AL 5UTT [ 48 B 2 2 43 g7 100 H
(3111002) (At T HF 2 0t =R TR S0 H A b i A A s 20k R 8185 H (05313999200601)
E-mail: huyan0508@ emails. bjut. edu. cn
SimEa: &
E-mail: ncltji@bjut. edu. enGE 5B R )

) I3 BRI A L 2 B R A RO I T AR Oy T B AT 5T

T 971 L WL B T A 0 32 RO A N SR T TR AT

s103009-1



i &

# ot

FIF ¥ J10 A L2 5 95 3 3k 0 25 ) 3L R L DR I AR
AREREB w5 » 1T L0 B4 25 010 DR /N BRI 1 i T B 3 114
REST o T BRS04 ] 35 D) SR Xk 2 S E AT ™ A s il L
IR AN T A R 3 32 AR IR . 55 4k, X
P 7 35 T BB # 2 7 A BR I ARG ) X A
22 0 DR L A A DX S 1 R
M 35 B Jon I o+

H T Pk O A B I il BE s L 1 I
[F1) 5 2 0 o AT A B R R B A 1 155 0 T 15 1) 45
PR SR 2B 77 ARV 5 BRI N 280, AT 38 S o
TR EE RO R PO R AR
TN T AECRAR L X A4 R I T3 AR T
FEBREAN AR BT B A7 A ey 058 A ) 23 9 9001 ik o
3o P A S ML A X B AT IR Sl I DL A
HHREAS TE IR+ B8 1l 3 0 WL B8N B IS ) [, 340
O I R AR OGS RS AR X R i T
RO B BRI Tl B AT RS . A B AR 0O
PEAT O T8 55 — 4> 2 25 00 2 B2 A0 O e 5wl LA
i G B B R R FL A BIOK B = LBOR 1= 9L,
TR L R W R ROL A
# Z BON A DTN 5 0 A4 FE AR ML A T O
% . Raciukaitis %7 Fil J 48 5h 52 #3016 Xt 3 3 1t
FrFTAL LRI - 20 SR TS T O ik wh o in T
JEE 1R 53 W) R A ) B3R 3 23 5 TR T 1 56 R L (HLTE 5 o
IR L B 5 1 19 45 407 9 (EL ) LA 0O 1) S R
JIE B O AR A X B B N T AR R R . AR SO X
SRS XE A DL B FE T T re) D A e A A ek
I T BP0 A7 149 30O RE 1 L ik o £ 22 1 R
FIHOE B 5230 5 45 2 B0 A1 S B N A JH i e AR
A A3 AE 532 nm PR B P HOLAE T A1 98 B8
BB BE . fm - 7EARTR A SC IR ML L A L L ol
AU T2 RS B T A S Bl R Y TC R0 U R
TETE ST AL TR E] T I 7Bk

2 SEEG AR KTk

S ok H AR E Edgewave 24 B A7 ) PX &
G| B R EOE AR WK 532 nm, ik b RE & B ] F
ZEF 20 ps. il HOE R A RAE TG EBE K/ N 40~
50 pm, LI FEMFF /ML I T HEMIRE S
WOtRE R B E XA BB ERE W RIZE N
100 kHz., [& 2 il T-B AR  Hoag i D N 4 W %]
7 W SR s AE AT K b AR S B R) X /N L TRy
S B L PO AR 0 RS )R Ay B Rk
100 kHz #1 7 W1 TR AS (LK T8 H 0. 1~5 5576

T 5% 38 258 T 5 00 6 X6F T L 1 5% ) EsF o L s )
WEN 2 s, B MR PAR K & E R 100,200,400,
500.800.1000,2000 kHz ZE%{H .
SRl A R ER ST R 2 em X 2 em X
0.3 mm¥f1 S BE I R SEI b A B E TR oy
P& b FH R B th S O R AR TEFE R
1T 1 AT R A5 0 L e s AR R R R S
ok Pk 3 /NEL I TR s . SR A OLYMPUS-
3100 F B 4 i 2 3R 48 0 0B W 58 /N L i 2% 1o
TE AR = HEZ5 1, I %o H AR F0OR BE HEAT O o . AR
e 0 2 1 R DA B A v SO L A5 B0/ L B i T s
BE S BOE i B R B IF DL HE S A e Bt
TR B BOCAE R S B0 M . e fEC iR
18 S g ML A BE A B 0T A B B A A R T AR A L

3 AR

3.1 IMNLFAEEHMAEEETENXER
3.1 AR EEAXAR

S . Bk eh O Y A R BB E
100 kHz, il i ] [ 5 S 1 s, 75 A BU8 #O6 R &
JEHE RS T $E N & 38 o O O 2 L e
WOLIL IR AR B BB T I LE BN LIE AR . S B 45
FnE 1 BoR

40 pm

8] o] O

4(3irln 40 pm 40 pm
— hd

1 OR[EREOGRE & % B2 R /ML IR B A &
Fig. 1 Surface topographies of holes drilled
by different fluences

T ] DLk B B A O RE B 8 B Y A T
I s ANFLEL AR AN T 38 R, 8 B — el /N B K AT
P B, A i /N LR B A B0 o) DX B T K
7 3R A I AOBE I R AL AL AR RN R N AL
RHEOtREBECRWME 2 Pix.

A 2 MERE]L S NFLE AR N E] 45 pm DU
Ep IR ARG A R R A 3 R R
WO AR G, o R AR R R RO Y O
AR/ FA 06 R v o6 BE Y BE B B SR

s103009-2



LIRSS

532 nm JZ B EOEIN L7 S35 B BITE Y

I A S 5 H 1) 453475 1L BT BB A 220 ki 1 [
BE/NLALAR BN . SR B O T AR A 84 . B R
DX 35 PAY 18 SO B s TR A 3K ) 8 B 46 405 B A P LA
ALALARREZ K. (T TR fL AR 52 31 R AR R 1
PO G BE R BRI BT LAk B — i {H i HE 3 A2 2%
LA+ 23O Dy R v I T /N L] s A i
DXL e B 2S00 77 A 5 X O 0 50 2 A o

551

50} _—
45} .
g 40f //
5135- /
30+ y

/
—

25t H
20+ /

o

15 . . . . . . .
16 18 20 22 24 26 28 30 32
Fluence /(J/cm?)

K2 NMERSHEOLRREEZ LR

Fig. 2 Relationship of the ablated diameter and fluence
3.1.2 DIALREALRIFAXA

TEHE WO Ik b H 20 AR B E g 100 kHz, I 4%
0 o B R 7 R AR R e B O e T R
XF AT BB ST AT AL 50 . o Sk R AR W U 2 Sl
I 2 AN/ INFL IR BE - i) DA B /0N LR B Bl O 2 %
X BB i O R 2RI L sl 3 TR

30¢ value standard
B interce -67.12 8.00181
o5l B slope 49.11 4.75276
20+
g
S 15
[N
J<8)
~ 10k
5l —e—depth
1.37 — linear fitting of depth
R W TR W= R W W RN

Logarithmic laser energy /W

&3 /NLIRBE 5O Th X O R E
Fig. 3 Relationship of the depth and the logarithmic

laser energy

B3 epR] LA 7E — 2 D) R 5 /N FL IR

JE 58O 3 BOE B A Lt O R H/NVLER
VI I o 25 T 1 96 o0 0T A DB o 224 3 3 A B
—E VR R OGSO TR R AN B R
FEARIE B AR AR o RIS A R A — B AL
RV ZE SO T A e Bt /LR B AS IR %
JGHEA NG B AL RE AN T S5 AR DL e FF Bl RE
S 3 8 L OB RE BT T T AR R E — U B B AT

FIBR . S EON TRk — L7 L. Bk, /ML
TR R 23 W A5 SO RE H 25 B B I m — B R . 7E
S 2 /N AL R BE G N E) 30 pm £ A B4 R W
Uk % o G SR P B M B O T 3 N FLE B

P AL 2 AL
gl 3 s iR AT LG AT AR B E
LR AR O 49, 11, H 5 B 52 s AL B A AR O o =
1,37, J@at (1D Fn(2) 2, 7] 758 78 B BD i ) A% 1
T R SRR A R O Tk 3.95 WL i
WG S A S B 3 45 5 A R 2,01 ]/ em?®
p =", @)

__?
F\h fTU"2 ’ (2)

Krfp BEOEEHR R o MK SHMAC S Fo A
YIS B /A BOCE A r RGO
FAz
3.2 NMNLRESMIMEXE

OGPk o B R N LR R R R Z
— o 1K L A PR OG A Y I O B[R] R B O K
PRE ULEENT L TR . FE S M % 100 kHz
AT BOCT R e 7 W ARl R
JNCE S [E] T 0 A7 S g B FEAT AT AL S 56 . AR A5 /D
E{RO e =Ry € (E /= Il I (S 0 i O T A

FRMLE K 4 s,
50

Depth /um
0 ~
F =

DO

S
T
o

S
.

0 % 3 & &

P4 /AL A% B2 B Jim o ] 28 A R A

Fig. 4 Relationship between the depth and machining time

M 4 wal DL e /N LR TR F 40 pm D
BT ANFLIRBE 5 B b RO A RAE FE R R . ANLIRBE
TE— € JU 1 P9 B A5 o ek [a] fy 22 AR B0 i B0 A
RTS8 8 0 o L 25 0 B — i B L K R T T
F 1 O f 288 T E (E N PR N . X Ul AR BF 5T
ANFLUR BE 55 Tk i B I O% 3R B Ol BRE AR R R AL N
IR X FLRA IR K .
3.3 INLFAEEHMAEEMEXR

O H SR A R R OE I — AT

s103009-3



H |

# ot

B . FEAWETE S Ik vh i H A R 0y i) B B
100,200, 400,500,800,1000,2000 kHz 4 %k
(L G o B 5 £ 3 Y SO TR IR0 B 1R B
2 s, WA RN TIE S i T 3HOE A £ A 7
AW 1 i D) 2 B R B AT AE 100,200,

100 kHz

¥

200 kHz

30 pm

1000 kHz = R85 % 45 18 T A" i 76 3% 55 2 160 T
— R M/NL . BB, 7E A =R R 0 R
TR RS R B E R 6. 6,11, 8,50 Wk #EFT
FTFLAE5 BN T 245 W E 5 iR .

K5 A A H S AR T /LR D 5K
Fig. 5 Topographies of holes drilled by different repetition frequencies

M S 1 LA B 7E Bk o 2 52000 R 200 kHz
oy ALK e B o L /N LR R B ER ) R
Py AE/INFL B SR TETE B5AR X 55 S0 0 b B R MR
Jei AL EAR W N, kP E R Ry 100 kHz
IF /N L [T A B B0 i Gk BB B B 22 s T Y

WAy 1 MHz i fL S B B ™ =AY A X o
EAIOFAY VAT EES) MW NS R E 2 NI E P B
£ 0 BB LI = A/ LAY D RO DA AT Y B
KRB 435 A 21, 06,50, 02,21, 45 pm, 0E 6 BF
N

% | (a) = (b)
g ® =
\:L = :,_‘___,.,_,xd"‘v-'(v-_ﬁ" {f\\__‘ﬂ‘.___\ E‘- - =
= g L f = 2P
g \ | &g
A | fJ a
(== Y
>3 ==
= \ S
1 1 1 1
64.00 128.00 64.00 128.00
Width /um Width /um
2L ©
® /
E -
1) N
a -
(==
|
—
—
1 1
64.00 128.00
Width /um

6 [l d AR AT /LT TR

(a) 100 kHz; (b) 200 kHz; (¢) 1 MHz

Fig. 6 Depth of holes drilled by different repetition frequencies. (a) 100 kHz; (b) 200 kHz; (¢) 1 MHz

TN A T TSR A R R AT — S T
TEWOG K b e B A — B OL T A X TERE
W%k 200 kHz i 5 . 100 kHz (980 Ik v fig 1 1
S AR TR B[] P ) Jok i B J2 LR 1 XY
A1 SR 58 A TG J2 B I S BUR S /N FLIR
#A A K 200 kHz B9 1S BL . 1 1 MHz (1930t ik
fE T AR e L R T E S ORI TR RCR -
WOLTR R RS0 WL e Tl el T A&,

TCIE RGBT i 2 /9 BE 8 5% A6 $553 i 7 £L
P ™ A T R S T X, S B TR R R R
QR T TRt — 2247, Pl 7 PR 5 5 ik b
REE AL B 00 R R T E A 200 kHz (934
O Bk i RE AR AT B 4 1 o 45
3.4 MUSHTRRITILER

N T £ 5 3 2 2R A B G e 4 ) O Y fE R
JEAT AR A ) D3R B9/ AL 2 ik A5 R 5 i ik

s103009-4



LIRSS

532 nm JZ B EOEIN L7 S35 B BITE Y

0 T A S /L4534 19 (L » (] B A5 3800 A ] o T g
(] AN [l O 3 AR R /LI T A2 A LA

i X HE A BUAE B AR O 200 kHz, fiE i
JEN 2.7 J/em® (Y25 AF R« REAS 14 2R T iy LA

@

Depth /um

30
pm

FRAEA /L, FLAR ALY 40 pm, I TR WA 7 fp
w. B 7 R/NLEREI TS, B 7(b) /N LK
i 5 EE .

= DN O W
S A~ DN O

[e]

(b)
s e P
96 144
Width /um

B 7 RAASET /MU TIEHE . (0 REERE; (b #im 5 %E R

Fig. 7 Topographies of the hole drilled by optimization parameters. (a) Surface topography;

(b) section and depth topography

MIET 7 Ca) UL e B/ L3R T RS 37 L G 3R B0
A B VRO I TR R L RE R S L e A
KB T R IR o /N LA B 04 el T
T R A AT AT LA SR P T 40 A I B B8 75 3
Ve Ak Bk . M 7 () Hronl g F 0 T i fL
2k AL RS54 L A LG 1 5 FTEL 6 f Ak i /AL
fLIRA THBORI B i WARTE AR B 25 25 L FLAR IR BE
O 35 pm Ay NMLEARZN 40 pm. 1 TEOEAS
7 A R L O, S BB 7 Cad rh /AL R DI 0 (B
AN AE 5 2k 525 p o] gt — B AL B

4 & ©

TP SE g B Fb 0 532 nm OK 22, 9E
I 38 5 WO A B 38 /N FL I T R A O 0 e
HEFT T HRRWFGC. 385 5 % 1% B0 7 B 1 00
BIME M 2. 01 J/em®. 3 H % BU/NFL IO B A2 32 80
I 5 1 5 W L E — 7 905 FEL 1A G i 80
T 888 001 3 B 32 9O S BE /N IR B 3R . 3 % B
SO I T /NFL TR FE B2 0 R ik 5 K o R i
K 5 T P P/ FL VR 5 90K Bl i 8 R K o
SE H 36 5o B O B 3 B A 0 T B . L gl
T 19 4280 R FL S f B ) L /N FL VR IR R A —
BRI 2 DRI £ 3 (0 AR R B R R T
SO R SE B L O T SRR A B 0 /N AL
TR — AT A 2 20k T AR
200 kHz i B 45 3 0047 50 0 T AR . AR
IR 15 ) f 7 0 3 95005 090 (8 1A I 0/ 5 80 /s
LN T B A MU . DL T SR S 200 KHz 9 ik ol
OGRS 0 T VB 3 40 U i R B B L e

2.7 )/ em’® Zid s BEAT AT AL 92 5 . e 0 A% B B AR
2y 40 pm AT AR/INML .

5 £ X

1 Wang Yufen, Liu Liancheng. Quartz Glass [ M ]. Beijing:
Chemical Industry Press, 2008.

EEIF XIEM. AEgIM]. dbnt. s Tl aRAL: . 2008.

2 Zhang Yongkang. Laser Processing Technology [ M ]. Beijing:
Chemical Industry Press, 2004. 12—289.

SRR, WOt THEOAR LML Jbat: 2% Tl ittt . 2004,
12—289.

3 Ji Lingfei, Yan Yinzhou, Research and
consideration on laser cutting technique of ceramics[J]. Chinese J
Lasers, 2008, 35(11): 1686 —1692.

Zpe 6, HRLM . 6 5, 4 BREOL R E AR MR RS
BT, P E#OE. 2008, 35(11): 1686—1692.

4 Born M, Wolf E. Principles of Optics [ M .
Transl.. Beijing: Science Press, 1978. 179—266.
BB RRR. RFEICEOIMI. MBIk, 1R dbaT. Bl
fAt . 1978, 179—266.

5 Yan Yinzhou, Ji Lingfei, Bao Yong, e al.. Theory analysis and

Bao Yong, e al..

Yang Jiasun,

experiment verification on crack characters during laser processing
ceramics[J]. Chinese ] Lasers, 2008, 35(9): 1401 —1408.
ERL . e 8 B S WO TR LT O M R 4
Br R SEBS B UELT]. P EREOG . 2008, 35(9): 1401—1408.

6 Yuan Mingquan, Ling Hongzhi, Peng Bo. Precision laser cutting
technique for thin quartz glass plates[ J]. Laser Technology,
2006, 30(4): 406 —408.

B B2, % 5. AEEEARROCR BRI AR LT
WOEFE AR, 2006, 30(4): 406—408.

7 Jiao Junke, Wang Xinbing, Li Youping. Research progress on
glass cutting by laser[J]. Glass, 2007, 34(4); 8—12.

BRE EHE ., 30, WO R B or R 9,
2007, 34(4). 8—12.

8 Bernhard Klimt. Micromachining with industrial picosecond
lasers[J]. Laser Technik Journal, 2007, 4(1): 40—43.

Hu Niu

Investigation on etching parameter of fused silica based on

femtosecond laser[J]. Applied Laser, 2012, 32(1); 45—48.

JAT AR, SRR, AR, AF. BT R EOR R A S 20 i S 80R

WD, RLHISOE . 2012, 32(1) . 45—48.

10 D Ashkenasi, A Lemke. Exploiting internal material reactions in

9 Zhou Guangfu, Huadong, Xiaodong., e al..

s103009-5



H |

# ot

glass using ultra short laser pulses[J]. The Laser User, 2009,
55: 26—28.

11 D Breitling, A Ruf, F Dausinger. Fundamental aspects in
machining of metals with short and ultra-short laser pulses[ C].
SPIE, 2004, 5339: 49— 36.

12 Li Donghai. Short-Pulse Laser Action on the Material and
Research of the Destructive Mechanism[ D]. Sichuan: Chinese
Academy of Engineering Physics, 2010.

AR K RO X BRI AR BB ML T 5 (D], )i
Fh I AR BT ST - 2010,

13 Duan Jinpeng. Research on Pico-Second Laser and Micro-Drilling
Technology [ D]. Beijing: Beijing University of Technology.
2012.

Bam. HEEOUNTRE SEMEFL L2 [D]. dbat:
JeH Tk K5, 2012,

14 Mingying Sun , Urs Eppelt, Simone Russ, e al.. Laser ablation
mechanism of transparent dielectrics with picosecond laser pulses
[C]. SPIE. 2012, 8530: 853007.

15 Gediminas Raciukaitis, Marijus Brikas. Micro-machining of
silicon and glass with picosecond lasers[ C]. SPIE, 2004, 5662;
717—1721.

16 Tadatake Sato, Ryozo Kurosaki, Aiko Narazaki, et al.. Flexible
fabrication of deep microstructures by laser-induced backside wet
etching[ C]. SPIE, 2010, 7584 758408.

=EHRE.FE2

s103009-6



