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The excimer laser ablation of PET for nickel electroforming
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Abstract

In this study, manufacturing of polymer master and mold insert for micro
injection molding was investigated. Ablation by excimer laser radiation could be
used successfully to make 3-D microstructure of PET. The mechanism for
ablative decomposition of PET with KrF excimer laser(A: 248nm, pulse duration:
5ns) was explained by photochemical process. And this process showed PET to
be adopted in polymer master for nickel mold insert. Nickel electroforming by
using laser ablated PET master was preferable for replication method. Finally, it
was shown that excimer laser ablation can substitute for X-ray lithography of

LIGA process in microstructuring.

Key words : excimer laser(<]A] =@ o] #]), PET(polyethylene terephthalate), mask projection

(k== AALZIH), electroforming(HFE3), mold insert(E3), master(2 &)

g=Eol A tE 834 A6 A2%, 20039 084



36 A4 - olAFE -

== %
3 A=E

solaz RES Az A Ao
Nese BgE 91 glon ARE,

o2, BAF TFE BoRIA FEYo F
93 ek £ FHYL ¥ A A
AP Buats] A% xMATIE o
$9 AEYNOE A UIYVRE

WAo]l i1 gt
oldlgt &3 A F HEARI HE
H o LIGAZ A2 24 2 A1)
(LIthography) &3, X% (Galvanoformung)
T4 a8x  F¥(Abformtechnik) & A &
e gHoz st LIGAFAHL X-ray s
o] & YA THOEAN 2 FIH
(aspect ratio:>100)& 7FA& F+&2E A%
of #8354 AH8Hz Jdo. =y LIGA
AL dixaguFAd o8] sirio]
Arleg BExd 334 7HFol & vA-
ZFA I ek, Wb ofuet AR S
ol Yo X-rays AlL3tof 3=
X—ray% vt23 & QA7) o #e St
3 R A AAEL gol7] o
oo} WE Yo X-ray Ya1Et
Al A oA ofEHolRFTAHE o]
£3to] R (EEM-master)S AT T *
F3e Wl AGHAF Y. uved g
T
o}

N mlo ox, OH

HolAE AHH 3 (direct writing)H
& Ao ZYE TEALERER
Yt dAabulk)defe EFE9, 4,
of o]27] 717 RP o2 AT F Ue
o] o

opxa =28 M (mask projection)”]
& o] &3td Hold wtet JtFFe W}
Qe 33d TZEL AZT F don®’
nlo] 22§ A A AH(microfluidic device) W]
B Adg 73 u Y3t dHIALS
Aolgd & gltks AL ou A o7
A wlolag FAAAE violaRWEH @
o] N FA7 22 A, ¥H F

fl

Journal of KSLP, Vol. 6, No. 2, August 2003

of AHE a4z vlol2z (W) F

& Yy (o) B9 Ag B 52
A7 e Nse FAfE Lol
o

H§°1PEP”ﬂ o}
AAH Holx ofE

g & g yFAgdo] Hold YA
F(electroforming) 8} =]
& AR W BAS
o A7A
(electroplating)oll &3 F&AF A=
U EAsteE WHOoRA vlojAz &
Al ztel] f83HA AR

2. Alg

IJS.

o

B A4S AA Holx oE
A EE el PARAE VM
FEFE F39 mlojzz AAAM
(micro injection molding)'®4 3L A%
3t FAHLR oFRY. 53 & AFT
7] $18l- & Fig. 1o vebd vpe} o] o
A FolAH o Ey o] M(ablation), =&
(plating), % (molding)3 4 #HAHE A
# oF sttt

o)A ojEgoelXd HgH FIE
248nm FZAE  JHAY A Z(pulse
duration)®] 576ns<! KrF AA|w o] A
(SYATLADE AHE3R. E2re A=
e AgATEHY  IA8 Feld
(A\:248nm) ¢} 34 3} 8H4-2-(photochemical
process)®] F7F Ho &FE(melt) 2 &
FFH-(HAZ)7}F 91 T B(crack)o] LA H
A gon ¥ R A7 7|(surface debris)7}
2 A oA &= PET(polyethylene
terephthalate) & A7t A3t Aot

f



YA AFE2S 9% PETY oA #o]x ojZe o4 37

polymer

Excimer laser
Microstructuring

Electroplating

Separation

injection Molding

Demoulding

Fig. 1 Schematic diagram of the
replicating sequence for
microstructures generated by

excimer laser

projection

lens .
mask specimen

tB

Fig. 2 Geometrical layout of mask

laser
beam

projection

1 1 1

TYTT7F W
B L—f

AT @)

235 AEdte A #HolA JF
HE 7R Fddd dXA7E
A el oAt E @ Fig 29 37

© msh gol ol Rt AFAA 7+
@tk Aol WalE APAAE vhaal ¥

ol AH 3 JEetue A= wiAFALo

& xd3te ¥HHE 3o A9
718 AT 5 A= FHe] Aok A1)
Fae T2
ntAzmERE A=z AU 2 23A
AUOE B A2 g Al A2
AAe ARLE L5 Aok EF s
9] 3 & o] e H] & (B/A:
demagnification ratio)2 2(2)8] #A A& 7}
Ak, B AgoA 12 9559mm, L&
95.59mm 21 f = 869 mm < ZAs
of 1/109] Z=2u|2A #olA ¥le zAls
At

500pm
| sooum | i

500um 500um

500um |
750pum

(@ ®) © @

Fig. 3 Shapes of various mask
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Table 1 Constitution of plating solutions

solutions quantity(g/ 2)
Nickel sulfate 16
(NiSO46H,0)
Nickel Chloride 40
(NiCl,-6H,0)
Boric acid
(H;BOJ) 25
Sodium Saccharin 3
(C7H4aNO;3SNa-xH0)
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Fig. 4 Structure of plating bath
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Fig. 5 Cross section of PET after
excimer laser direct writing with
circular mask (Rep :200Hz)
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Fig. 6 Ablation volume of PET after
excimer laser direct writing with
circular mask (scanning length:
10mm, Rep :200Hz)
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Fig. 7 Cross section of PET after
excimer laser direct writing with (a)
square, (b) triangular, (c) T-shape
100m/sec,

energy density: 2.1J/ad, Rep:200Hz)
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Fig. 8 Representation of relation
between mask projected beam and
groove formation
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Fig. 9 PET master (a)rectangular
channel, (b)triangular grating
(scanning speed : 100/m/sec,
energy density: 2.1)/ad,
Rep :200Hz)
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