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A Study of Femtosecond Laser Ablation Threshold on Several Materials
Using Fiber Optic Beam Delivery System
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A femtosecond laser is used in various fields such as microscale machining, OLED repair, micro 3D structure fabrication,
and eye surgery. Particularly, because of non-thermal property, ablation and ablation threshold are the most representative
characteristics of femtosecond laser. The ablation system is accompanied by many optics, stage, or gantry. In the case of
the gantry, an ordinary optic system delivers a beam where mirrors and lens are required. If the gantry moves to the
sample, external stimulation such as vibration will occur. Vibration has an influence on optics such as transforming beam
path and becomes an error that decreases accuracy, precision, and spatial resolution. Generally, Fiber Optic Beam Delivery
System (FOBDS) is used to solve this issue. But in the case of the femtosecond laser, FOBDS is incompatible. Recently,
another FOBDS model that is compatible with the femtosecond laser has been developed. In this paper, the ablation
threshold was obtained by FOBDS and femtosecond laser. The results present a possibility of ablation without external

stimulation.
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Fig. 1 Schematical representation of the ultrafast laser machining
system (FOBDS: Fiber optic beam delivery system, MS:
Mechanical shutter, NDF: Neural density filter, BS: Beam
splitter, OB: Objective lens, CCD: Camera, HL: Halogen
lamp)
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Fig. 2 The ablation is occurred on samples, 1 to 5 pulses are irradiated to each sample and fluence is variable (Fixed, Wavelength = 1,030 nm,
Repetition = 100 kHz, Pulse duration = 190 fs). Each sample is (a) Ag (b) Al (c) Al,O5 (d) Cr (e) Cu (f) ITO (g) Ni and (h) SizNy4
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Fig. 3 (a) The diameter of ablation area on samples by femtosecond laser: As fluence is higher, ablation area is larger and (b) The ablation

threshold of each sample

Table 1 The ablation threshold of each sample in Fig. 3

Sample Ag Al Al O; Cr
Ablation threshold [J/cm?] 0.89318 0.52616 0.67526 0.76425

Sample Cu ITO Ni SizNy
Ablation threshold [J/cm?] 0.41501 0.1651 0.95964 0.64602

Table 2 Comparison of ablation threshold obtained by Liu plot and experimental ablation threshold

Sample Ag Al ALOs Cr

Calculated ablation threshold [J/cm?] 0.89318 0.52616 0.67526 0.76425
Experimental ablation threshold [J/cm?] 0.87949 0.49879 0.62124 0.69589
Difference [J/cm?] 0.01369 0.02737 0.05402 0.06836

Sample Cu ITO Ni SizNy
Calculated ablation threshold [J/cm?] 0.41501 0.1651 0.95964 0.64602
Experimental ablation threshold [J/cm?] 0.36763 0.2183 0.92409 0.65563
Difference [J/cm?] 0.04738 0.0532 0.03555 0.00961

g

O M R R e LI BT ER
JA07k Eobaic. 97] fE] &2 oA W F4
7Fgo] HGIEka B 4 glAek e oUAE W
| E|9lera 2 4 giek. Table 20 W A4k 713
QAN Ao A5 g YAXY A FaE mE
Ao 0.07 Vem' e @] ghon] ol ujs-
olmz AR HE AN A HoR ST 1 WA
= A9l SUT Aok w @ 4 o Ao L

rl[‘ o rlo

A

N
ol
¢

2 =dllAs ARG HELE o7t Fie o
A=el] ofgt Fea W o vk Mt 7]=2] FOBDS:= Y
w2 oAt AMgo] Thgsithes HE AL PEZ
oA A= AME 7H53t FOBDSE AREFHo 24 FOBDSS} 3
Ex FolAE SAlOl ARgslke e R EAdE oIl
E3h FOBDSO} HE2 do|AE o83t 7k Jom tjEs
7Fe 57391 7k 9AIAIE Liu Ploto] 5418 ARg-sto] theget
Aol 2533t



870/ December 2020 SHEYUISS|IX| M 337 H M123

Flugnice()/zm) Fluence(J/em?) Fluence(J/cm?)
0979 Toale i ST 0§33 @ @ihel ol « 0.863 [T .\\
0962 & . 0614 = & & o = 0.828 Ihe. Rl el
0.946 | AR AT 0595 [ @ - dmesmaie 0.794 IOREE R ot
0o BoE . o576 v -# s eree 0759 "ML G enen
0913 Foe s 0556 * * < = 0.725 ML s
0.896 b e, el 0537 ("= e % v e 0600 |« el GRS
0879 : 0518 | M0 nie 0656 MEREEIE R .
oo T s FTTEITITTY oo
0546 e rema 0479 ° {ﬂ g 0.587 T
083 MM etk e 0.460 .t 30—“5" 0552 [REE 30 pm
i Number of pulse = 1 Number of pulse = 1 Number of pulse = 1
(@) (b) ©
Hiience(l/ens Fluence(J/cm?) Fluence(J/cm?)
0.800 0438 Faiia R 0700 M
0763 0420 ® % o L) 0600 HBam o
o7 0403 [ S alie et 0546 Bane  se ey
0696 0.385 I Ca LR 1o E e e

0.661 0437 [Ess S o et
0.626 . : 0350 B _H IR 0382 4 G
0.591 " WEEER © o om o © 0327 faemivm . wiiis
0.557 0315 SEEEEENERIEENEEN 0273 [ e
oo (RS o0 (=
0.487 30 ym 0280 AL S0 o . - o 20um

Number of pulse = 1 Number of pulse = 1 Number of pulse = 1

(d) (e) ®
Fluence(J/cm?) Fluence()/cm?)

0963 & & & s . 0807 ® e e e o
0944 » @ : D) . -. 0782 = ° e o ®
0904 . ....... POl T '._ 0,756 Hil AL
tooe . ...... ........... orsr [ e ..
0.885 - : L) » 0.706 e ° o o -
0.865 0.681 ° e ® - 5
05 © © @ 0656 Bl ~ e |
0.826 0.630 NI N s e
0.806 : ] ‘ 0605 o e B -
0.786 el 0580 = = M

Number of pulse = 1 Number of pulse = 1

(2 (b)

Fig. 4 Experimental ablation threshold (Fixed, Wavelength = 1,030 nm, Repetition = 100 kHz, Pulse duration = 190 fs). Each sample is (a) Ag
(b) Al (¢) ALO; (d) Cr (e) Cu (f) ITO (g) Ni and (h) Si;N, and value of ablation threshold is presented on Table 2
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