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Micromachining Thin Metal Film Using Laser Photo Patterning Of Organic Self-Assembled
Monolayers

Moo Jin Choi(KIMM), Won Seok Chang(KIMM), Bo Sung Shin(KIMM), Jae Gu Kim(KIMM)

ABSTRACT

Self-Assembled Monolayers(SAMs) by alkanethiol adsorption to thin metal film are widely being
investigated for applications as coating layer for anti-stiction or friction reduction and in fabrication of micro
structure of molecular and bio molecular. Recently, there have been many researches on micro patterning using
the advantages of very thin thickness and etching resistance in selective etching of thin metal film of Seif-
Assembled Monolayers. In this report, we present the micromachining thin metal film by Mask-Less laser
patterning of alknanethiolate Self-Assembled Monolayers.
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1. ME o] &35ty & ¥Futo] submicron size 9] A AL
Ao = etE Xt ojM JtS 7Este MRS AAEHh
F4& w9l Ugte] &R Fzhe) o A 2. Self-Assembled Monolayers

ZlzdE A SAMs) e HA BA, obE Ast §
o] 71%8 71X mY2ozajel Lan Bz wi 2.1 Az
Aol uid PxE HA4E 94 ddoez 4y SAMs © AF % &4 A7HT de B
AT sojAm Uk ojelg AT FolA SAMs 9] o g dBxAH] F7] 22 dgolrh iz,
o] - 9k FA(T nm)e] 54& &83t AFM tip SAMs = ® A TH Alole] o] AT o F
Scratching Lithography I alkanethiol Photopatterning h= LB Zofl vl 71 W mwole] Aol 3sto
WHE AFE T2 M microscale o NS FAoh= EEd PSS ¢85 5 Adx, 8nF deg =
AT AFHrl 22 olE9o] #|AE wolglt) o] F Feogn TR g4 v 7 ol LB B}
AME 53] % WE(Gold, Silven)e] B 27} g v HAE 57 2 wtdtolatm st}
& A% SAMs & <A QD A 2~ E(Photo Resist)H SAMs o thal ks BRI, Fig. 1 oA B
Aeof ERQE &&3 IFoiA s o A7) olx= A FoiW r]Heol ZHe LYoz
o gts] s n kit B Apo = B3 P& AR & gLy Aoyt & &
SAMs & 8 XA3te 532 FolA] Gold substrate $ 1 Atk szt F2E HY 7] ED jEZEE o
A oFA A 0 R Monolayers & RAISHE Alkanethiol 2] HEE(head group)T ¥ 75E #H$dhe
of Avizgatea NEX o)A Y AeldS me] -2l ZE-7)(tail group) 12 I TFE A F 2t
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22 MZz=3H

2.2.1 Gold substrate Preparation

71gko] E Silicon wafer & Fu|3lct, o] 7]%
Aol thiol FAHe] Fa& A ZWSE FHlsh] 9
& gold =g g@ob stdl, o gold F
silicon wafer £}2] adhesion promoter 24 Crome =&

Sputtering & %38 & 200 AS®ct. O olF
layer £ sputtering & B3l <F 1000 A FA=Z 34

A,

2.2.2 Cleaning

Gold & siol #FIE #7218 5L AAs
3l FAHS0)T HAABFLMH0)E % 31 9
Hl-& 2 412 Pirahna Solution o] A|H& Tt} ¢

18 Fol AES 7AW =, DI Water ol &3]
& gt Bavtes 4 AzA
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2.2.3 Thiol solution Preparation

SAM & 4ol A}83 thiol & Carbon chain 7}
12 7] Dodecanethiol (CH3(CH,),,SH, 1-Dodecanthiol.
98+%, Aldrich)y® Carbon chain 7} 18 78]
Octadecanethiol (CH;(CH3),,SH, Octadecyl Mercaptan.
98%, Aldrich)yE AL&3t3ivt dvtdog 47 A&
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2.2.4 Self-assembly

Z8}% thiol solution °] A|HE wtaar 1 4 7H
)& A 71T, o] #}AA ODT = -t-;‘tﬂo] 30 C

¢
=3 0]1\1«0] 5]‘:% 3}
Atk 1Yol A F, AHE solution A A
o] WA ethanol & FE38| lofdH T, DI water 2
THA] rinsing & @}, vl utom AivlAE o &
sto] NPEWS 91 ARANG, AH4H EHEE
e} ZbZrol FAHZ AL Table | 3 2T}
2.2.5 Inspection

DDT ¢ ODT % 24743 (hydrophobicity) & 2 0]

22 DI water 2 EW By LAFMHEW AA
g BRPOEA G Fo BHARTE GAHL
2 4% F Qo
Table 1 Process conditions of SAMs
Material Concentration | Temperature Time
ateria .
(mM) () (Days)
DDT 2 20 1
ODT 2 34 1
3. Agdn & o

3.1 20| 713 % Gold Layer Etching

Zv]8E SAMs A|8L HEZ o] #(800nm I}
%k, 200 fs 2| Tisapphire Laser)& o] §-3to 712 38}91
tl. JtE" A#e ulg] ZAF cyanide gold
etchant(] M KOH, 0.1 M KCN, 0o} 2 A|7+ Z<F ¢}
T gold & etching &C} o] m gold o &£7H
etching & A&l WA 0, stirrer & ALE3t] &
NS AAEA sttiring LN FFES DI water

of AT § Aaskrz AAS AZAPOEA
Age whyel @

Table 2 Laser patterning conditions

. Power Fecd Rate Line Width
Material
(mW) (mm/s) (um)
DDT 5.5 70 1.6
oDT 5.5 70 0.8
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DDT ¢} ODT R #o) A g RAlste] A4
MEL AN 3 HY AL 22 Fig. 2(a) 22
I Fig, 2(b)°] L}E}LH?M. SAMs 7} Table 2 o} A
AB dolA 7t ZH BholA dejXr 2AlW
SAMs F--gtol A3 AAFeH, Uulx] oo
E& gold etchant o] thE resist 2419 715 & 4
5] F3)3lo} substrate Y 100 A FAYD Gold
layer 7} 94 E] AMASUETE & & Ark

Resist 7} AAFE #AUEL A2 Ablation
o} old SAMs 2] oxidation o 2% Zog (1) C-S
Aol FolPen 91§ head group 9 EA AL
o1&, (2) head group 9] FHALSE A (3) HWoRA
of AA o #AMZ $Arin BPsn Y’

Fig. 2(2)% Fig. 2ol A= R dide] g

Profile & YEIYAT Y& #HolA 7t 2 : : =3 :
1A DDT & ODT A4 ¢ A4 sfeie] %ol Fig. 3(a) AFM analysis of the line pattern of DDT
& o4 F U} o= ODT o €29 2o

7} pDT of Bis} Joidew o o §& 71

threshold & ZtA €024 Gaussian Distribution &

e Hold FYes g8l 2oks W v F& 9
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Fig. 3(b) AFM analysis ofthe lme pattem of ODT
Fig. 2(a) AFM 3D image of the line pattern of DDT

4. 2B

DDT % ODT SAM & Resist 2 A}83510] 2o %
28 HEe g £33t DDT A#HME 1.6 1
m. ODT AMHEAME 08 pm HF9 oA AL
Adul, He)HE AH SAM o FAIFOZMN viA
a g AW 3o vheEdvh B r|E B
A Fol et 2ol 200 am G A 8] vhupAo] of
800 nm o Aub 9o YU FER YuE
Abgskel saM of EASoim B A Avet de
submicron A& o] Zul4d Vel A 4 A

Fig. 2(b) AFM 3D image of the line pattern of HDT
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