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Fabrication of three dimensional microstructures using laser direct writing technique

S. H. Jeong (Mechatronics Dept., K-JIST), S. I. Han (Mechatronics Dept., K-JIST)

ABSTRACT

Fabrication of three dimensional microstructures by laser-assisted chemical vapor deposition of material is investigated.
To fabricate microstructures, a thin layer of deposit in desired patterns is first written using laser direct writing technique and
on top of this layer a second layer is deposited to provide the third dimension normal to the surface. By depositing many
layers, a three dimensional microstructure is fabricated. Optimum deposition conditions for direct writing of initial and
subsequent layers with good surface quality and profile uniformity are determined. Using an argon ion laser and ethylene as
the light source and reaction gas, respectively, fabrication of three-dimensional carbon microstructures is demonstrated.
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Fig. 1 Schematic diagram of the experimental system
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Fig. 2(a) Schematic diagram of laser direct writing (b)
Method of fabricating three dimensional microstructures
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by stacking laser direct writing layers
3. e

ol &g 3 Ay wpela
Hustel o3 A4dw
LRI EE R
dHd BV A
FHE Hol
Inl d8g &
° Holl A O'Oibi
&o] pel7} *&*3“}“% olg} 7
9

%ol Z}OV} F7hsjo} Hdke

9

=

i

)}
2

o

T S up
?‘3*—’»"’8% &v‘%lé /} ?%cﬂ’i Hol
, Y d9E Figs
A2 A(continuous  line) ¥+

YA Frhof] ols)
14 @ 2E o)



3
50 | %
= 40}
e
£
=
o 3} g %
© r 2
n
@ 20 2 § g
S - % g
3 : :
D g0t 2 :
% 3 2
I 2 2 2
. s & & & % 3
05 1 15 2 25 3 35

Laser Power, E [W]

Fig. 3 Deposition results of a line pattern (A : Rod, <
Discrete line, © : Continuous line)

bk Fig3 oM % 5 A%l T Qof4]
G AolA gqel g Ados
W o, 1W elsfel

K
5

T0um/s ©] olMconm S
ALz YAs|= Zol 2AAs ULt
A oo A o) F i‘:ﬂ = !
] oA o)A 7z
DJ—;‘OH;‘D} 2 *‘@ oMz HolH&Ed 3w
A st 2A4Hd $2Ee 444
B vlA G A At BdE
Atolo] @& 23 ogdo] veldl
17 o7 ol e A7tEQl =2t

= o i R
BolE 3w 9 v

off x X we M
o e .

° o

v}

N X ku O[N i 12 of (E
cgr[nm_%éoei;o{o

L

2
ol
-
o

Q|

aske] 35W FHAAE <k

LAY FHge A4 o

2 otle T oo o

o]
i3
N

I
-
oht

2o o
o N
oy 2
o i
=
v

-
o @
ofn
B =
o
1o
M
o
rlr
o
Moo

o
2

v
=
=2

>

672

()

Fig. 4 SEM pictures of the micro carbon patterns
deposited by direct writing with various scan speeds
(unit: pm/s) (a)9 (b)10 (c)I1 (d)12 (e)15 ()25 (g)30
(h)50 ( E=3.5W, P=400Torr)
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(b)

Fig. 5 Micro carbon structures (dumbbell, square tube)

fabricated by stacking layer method with optimized shape
conditions: P=400Torr, Vs=30u m/s, E;=3.5W, E;=2.5W,
Es=1.6W, E;~E(=1.5W (2)10 (b)15 layers. Bottom frames

of (a) and (b) shows the corner and sidewall.

a2Txee Axgozn At W

tilo

S8l 3 A

4 o A2FZ2EY AR} 7tede FAsAUG
=z 7
o 3} E2147] ZEEo ALY

—_—

w

: %
Fotol 22 2 Aol A7) A

]
g wol 2AF AFAY Judh.

Madou, M. J., Fundamentals of Microfabrication. 2
Ed., CRC, 2002

Bauerle, D., Laser Processing and Chemistry. 3 Ed.,
Springer, 2000

Az, ol xaF, ol T H, AAHE, e TiF
zZhatoll o} gh ¥4 wlA FRE AEA AR
Mo ek g es U Fas]x] A 19y, A

7 3%, pp. 106-115, 2002

Lehmann. O. and Stuke, M., “Three-dimensional laser
direct writing of electrically conducting and isolating
microstructures”, Mat. Lett. 21, pp. 131-136, 1994.



