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Multi-layer Glass Cutting

by Femtosecond Laser

Hyun Myung Shin*, Young Min Lee’, Hae Woon Choi

Abstract

A femtosecond laser with 775nm central wavelength and 150 fs of temporal pulse width was used for multi layered glass
cutting applications. Ultrashort pulse was effectively used for clean glass cutting with S50um depth and minimum cutting
width. Laser beam was split to two stages and focused on the top surfaces of each layer. Ablation threshold of used glass
was measured to be 2.59)/cm’. In experiments, 200mW laser power and lmm/s scanning speed was used for preliminary
experiment. Air gap was the major defect occurring parameter and laser power was less sensitive to glass cutting in the
experiment. The maximum cutting speed was measured to be 60mm/min with 2kHz, however, Maximum 3m/min cutting

speed can be achievable with a commercially available laser with 100kHz.
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Fig. 1 Experiment setup for glass cutting
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Fig. 2 Schematic of experiment setup
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Fig. 6 Single layered glass machining

A OT o5&t F75H BLFHE] Hob A
ko] 7o) A ol FFgAlel BN A7) 3)
ovi®, Y3 713 ol el A4 24 Fig. 63} o] A2
B AAs, AYEEE Imm/s=E AR § =2 200mW
g AHgateld gL

7o) A3E YA AL AgelelA Fig 7 ol Liet
Wlek. 17090 Web] T BA7E 9171 S, HiE Soum
Ao 7012 7] 74go] S olF /1A% AL Tl
el Aee 23t Aue] vud skl AHES ¢ %
7+ g

3.3 t=(Multi—layer) 7}
w7k BYd 20s 75.%5& = o] AHE 50% T 50%
2 st A ARl srel B 2AKE SlolA
A7Fs-& A3l thFig. 8). ol AHEE 2= UV Glues
S mxstoia Hatslelon, ojn) £82 200mWE A-S-3}

E h \__
50%% Estion g 7t el EWol= 100mW7T &

AFE] LY,
Ao AbgE fedd 230 el golANlor %7
=25 A 7174124 3 g 7kste] whol AR A3 S AAIA

A A Adske WS Fsoith 27139 A T dolA &9
200mWeoll A= AR 2t ;g_r,}gi S5 Sal Ak
= AI7F e Fig. 9(a). 282 4&skolA 400mW7t
A ZAbEO e U At wAsGlom, EAA T f
Aololl EAah= v AMEE 713 (Air gap) oA #lo] A Wlo] ket

o
fus

385

BEAMSPLITTER

LASER MIRROR

A L

ABLATION

> F

& 7

UVeuredglue | /il

Crack propagation

Mechanical
strain

—

Fig. 9 Multi-layer glass cutting(a) cross sectional view(b) laser
beam scattering

Fig. 10 Multi-layered glass cutting for multi-layer

o] F UMl AoR uaA

AR AdE & ), ts7heAl deolAwe] FYEYE F
ﬁﬂr*}ow A sk 7] 248} sk Alo] Fa el W
st ol el Wi S3akd geoAle] 7]E v
= } %@_zﬂ WSk A71A HaL, el dell A Abeto]
a -?JOL% Ao Aol Hr},

2714843 7|Zst01A 71l Hast E 5 e A
S ol Aud sprtolel WakslelA] Ald)ER) 2n, 200mW
do|4 o2 ~AYEE Imm/se 7FEEAS FaiA 7t
2H A7} Fig. 109 =A1Fo] k.

Fig. 10¢] Aol A e}zl 100mW =2 o4 AL
o= t5] frel7t 2 ddEgol Yebdth 23 datw
059 frefd dvto] vl A doldS & 7 AARE,
Fig. 1104 tepbe= uke} o] oF 50umeoll A 100um Akl €]
T~ H 2 Lateral offset)= 3|4 AetH o] WA w7} thi |



Laser #2

z‘ﬁ o] 4 & Algael Al W]
9174]”& 2kHz2] dl°]

B 1aEE 7
F7t A7t Al o k?ﬂ_ Ao )
00kHz-°4 glo] A7} F-&-5}e o] 4%541 NoEE 4
7]. oq]/\}ﬂu}(@ I:Eﬁ}
wg} sprel g 94 Wb -
Az ARHolol T A0

[

%o, _IO('

(1) AH&8 2tk 24 f2]e] A9 150fs, 775nm #lo] A A}
A3}t A2 2.59)em’ ] 7FEAAA 7} AAEE QI

(2) A &S S3IA glolA &9 200mWS AR A}
ImnvsellA] Q8491 A7t vebtom, ojgf Hx 133
Z2 95% Aw7} AHEH

386

(3) w59 frElkee] %
Atolel] EAfsh=
o] LERRT

u&7bE A 98 100mWHEHE) o2 THssH,

T2 sl e a7
71g0] Jgage o e o

Q)

#lo| A HHEE-S ol Al W Hd) 3m/s 714 7 & A
o7 yarEn©,
FaEd

(1) Kang, H. S, Hong, S. K., Oh, S. C., Choi, J. Y., and
Song, M. G., 2002, “A Study of Cutting Glass by Laser,”
Proc. SPIE, pp. 367~370.

(2) Jiao, J., and Wang, X., 2009, “Cutting Glass Substrates
with Dual-Laser Beams,” Opt. Lasers Eng., Vol. 47, No.
7, pp- 860~864.

(3) Choi, S. D., Cheong, S. H., Kwon, H. G., Jun, J. M.,
Choi, M. S., and Yang, S. C., 2007 “Design of Hybrid
Cutting System for Flat Glass by Laser Beam,” Proc.
KSMTE, pp. 838~843.

(4) Ben-Yakar, A., Harkin, A., Ashmore, J., Byer, R., and
Stone, H., 2007, “Thermal and Fluid Processes of a Thin
Melt Zone during Femtosecond Laser Ablation of Glass:
the Formation of Rims by Single Laser Pulses,” J. Appl.
Phys., Vol. 40, No. 5, pp. 1447~1459.

(5) Ben-Yakar, A., and Byer, R., 2004, “Femtosecond Laser
Ablation Properties of Borosilicate Glass,” J. Appl. Phys.,
Vol. 96, No. 9, pp. 5316~5323.

(6) Farson, D., Choi, H.,, Zimmerman, B., Steach, J.,
Chalmers, J., Olesik, S., and Lee, L., 2008, ‘Femtosecond
Laser Micromachining of Dielectric Materials for
Biomedical Applications,” J. Micromech. Microeng, Vol.
18, pp. 035020~035028.



