7| A 7F 383 A, A214, A4E, pp. 77~83(2022.04) ISSN 1598-6721(Print)
Journal of the Korean Society of Manufacturing Process Engineers, Vol. 21 No. 4, pp. 77~83(2022.04) ISSN 2288-0771(Online)

https://doi.org/10.14775/ksmpe.2022.21.04.077

HIEA gt=2| olo|3 2 dE 2o|A 7t

Micro-pattern Fabrication of Amorphous Alloy by Laser Beam
Machining

Haan Kim™* Jong Wuk Park”™
*Department of Mechanical Engineering, Dongyang Mirae University, **Department of Mechanical

Design Engineering, Dongyang Mirae University
(Received 13 January 2022; received in revised form 14 February 2022; accepted 02 March 2022)

ABSTRACT

Amorphous alloys exhibit excellent mechanical properties; therefore, application technology development is
being attempted in various fields. However, industrial use of application technology is limited owing to the
limitations in fabrication. In this study, micropattern fabrication of an amorphous alloy was conducted using laser
beam machining. Although microhole fabrication is possible without the deformation of the amorphous phase
through nanosecond pulsed laser beam machining, there are limitations in the generation of recast layers and
spatters. In cover plate laser beam machining (c-LBM), a cover plate is used to reduce the thermal deformation
and processing area. Therefore, it is possible to fabricate holes at the level of several micrometers. In this study,
it was confirmed that recast layers are hardly generated in c-LBM. Furthermore, square-shaped micropatterns
were successfully fabricated using c-LBM.

Keywords : Amorphous Alloy(H|&Z &t Laser Beam Machining(®llO|X B 7}&), Metallic Glass(25R2!),

=),
Micro Patterning(0}0| 22 THE{H)

1.M B Holgh Aol AW FH52 =07 ste] U

WHOR b AR ol¥e EFe: YR

s 1A AsE vA A HIAZA, N&ES Z2EE AR e JHE AxEY 5
339 B7hA 7 A= AWM #HA Fr|AHS £ 53 (liquid metal, metallic glass)2% EHTH
AT ARAA Uk $8E FE4E nGoR AEA e A9 Anel vt 53 A
st TAFA A S FEHS YA} I = 2 UAAES derl L o] AT 55 2
NAow wWdEx Ram, AHe Tzxe 2= = FELL UG WIFE e 240] Fd
PN A2 3AL B ol dejg wy L AR ol AEA w7 mzel

e AE7E =i, WEAA, WrtRAe] ¢
# Corresponding Author : haan86@dongyang.ac.kr sty Wz v =& "gHAL zh=t) o)y sh
Tel: +82-2-2610-1847, Fax: +82-2-2610-1852 v A 29 53 EAHLS MEMS, o 887]7],

Copyright © The Korean Society of Manufacturing Process Engincers. This is an Open-Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 3.0 License
(CC BY-NC 3.0 http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

- 77 -



A%, HFS  FFIIAERIA A2, A4E

npolaE A8XA, FHAT T Og EoklA
ggo] A=Ha e,

HAd g5 3 71Ad 542 7heel 3

e8|y 2 Aoz ALt w2 A

=9 AER lsto] Ikl daTkEe] ZH gl

&

3

o0, $5% WRAHoE 42 Yo 2

d

g w4 4 A 9 A
[e)

A ®a AR T2} AAEYOR, F T
no AguFol FAA FAHUL AY F=
9 ASRE AHL A a2 SEE

= HAA

G783 golA | ZF(cover plate laser beam
machining, ¢-LBM)-2 8} AAjo] FojA ® HA
7tEE fE AtE MFHOE AA o @A
T #olA W& ZAElY S wlo]AEMH
FoR J1EE 5 A FH FA EWES
A @O 7hE AR 9] gaTe] dxbH
2 FolA W dUAE FFstAl Hol A
2EE doUAE F4 AlA 9y A4 53
7HH 2= Aottt oHd EAS HAA T
7bEel &83tH vA A s FASHEA vA 7t
Fol 7T AL =Z JuHET.

E AFdAE Yz d2 FolA W JhEs
83 A a9 vA 7t AFE FYsta
gtk vAl & HeolA W 7tEs st vt
AAfel] tighk 7FE WE, viAd 4 FA AR
A5tz doh =3 @A o)A W UhE

(cover plate laser beam machining, c-LBM) W2]-&

AR el ThEel A8t 7122 #eolA W
7bE 2o dAE sk, welaz dE Al
zol| A&l 2t

W & o Jf. 4 o

i of N

2. Alg g

o

Ao AgHE HAE FF2 2EH EHY
Vacuumschmelze AFe] Co 7]¥F WA A 3

Table 1 Properties of amorphous alloy

Characteristic Value
Composition CossFesM 0By 551165
Type Strip
Thickness 20 um
Vickers hardness Hv 0.05 800 ~ 1000

100 ~ 150 GPa
1000 ~ 1700 MPa
Crystallization temperature 530 °C

Young’s modulus

Tensile strength

Table 2 Experimental conditions

Parameter Value
Wavelength 1064 nm
Peak power density 7.0~55.7 Jem?
Repetition frequency 20 kHz
Pulse duration 100 ns
Scan speed 258.6 mm/s
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[ |
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Fig. 1 Schematic diagram of the laser beam machining
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Fig. 2 Laser beam machining result of amorphous
alloy as laser peak power density

(a) 1 time (b) 2 times

Fig. 3 Laser beam machining result of amorphous
alloy as number of laser beam imradiation
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Fig. 4 XRD pattems of raw amorphous alloy and
laser marking processed amorphous alloy
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Fig. 5 Schematic of cover plate laser beam machining

Fig. 6 c-LBM result of amorphous alloy (a) peak
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Fig. 7 Scanning path for micro pattern fabrication

Fig. 8 Micro pattern machined by laser beam
machining (a) peak power 7.0 Jen?, 100
times laser beam imradiation, (b) peak
power 27.8 Jem’, 2 times laser beam

irradiation
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Fig. 9 Micro pattem machined by c-LBM with line
scanning path
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Fig. 10 Types of scanning path for square pattern
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Fig. 11 Square pattern machined by c-LBM with
different scan path (a) type A, (b) type B
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Fig. 12 Micro pattern machined by c-LBM with
complex scanning path
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