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Development of a Hot-Embossing Process using Ceramic Glass Molds for
Polymer Micro Structures

Joohan Kim*, Ki Hoon Shin"

I Abstract |

|

A ceramic glass mold was developed for micro hot-embossing and replicated polymer parts are fabricated. The
glass-ceramic micro mold could be fabricated with a laser process and a wet etching process and the fabrication time
could be saved a lot. Various polymer micro structures can be obtained by hot-embossing. The process parameters
such as ho-embossing temperatures or pressures were investigated and optimized. This process can be applied for

fabrication of micro structures for flip-chips or micro fluidic channels for bio-engineering. The advantages and

disadvantages of this process are discussed, too.
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Fig. 1 Principle of photo-structurable ceramic glass. (a)
A ceramic glass specimen, (b) photo-sensitiza-
tion with a UV laser, (c) heat treatment, and (d)
wet etching with BHF
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Table 1 Material Properties of PVC

Density [kg/m’] 1.38
Tensile Modulus [GPa] 29 ~ 34

Thermal Conductivity [W/m.K] 0.16

Refractive Index 1.54

Glass Transition Temperature [C] 65
Melting Temperature [C] 212
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Fig. 2 Hot-embossing device
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Fig. 3 Temperature history in the hot-embossing process

glom] 44 FEGKN/m) oMol wAl Fa & £
E0I7F thE FHof vjef WA Fo| A 2= Aol
7he EA-] HAEA ofdt dE dolHE F3 2
KN/m’9) 92 @ 90 C 9] s H A 2T & o] g3t 23}

Agatoa T4 L& 270] Fig. 30 Ut

4 39228
Y ot
3. duat & ¥
Hee) Zeksl o) @4 ARl ol S Aol

2% A7 4 um Aol B g-Any FHo] Ha
A F7)= FojH AFe A7)o TR 1 Aetd
Fehag] @38 27 geisint dolA WY 2A2 A
o] AR o5 Hig o & dATE T3 Y37} o] Fo]
A o] ARES $AE Fo AL o] W T P4



i)

o
=

ok

[o)

i)
> 0L

Aol R437|7} o Sum Aot} 1PN B
2k 10umA =7} dof. 3k A AL
AtH o2 e AJo|22 BiIFo] gfout.

Ak gelo) 2 SAA 1 Ha P4 3

Hojg 4 ol EY ARL 2E e

o ol AE 18 ERE WS 4 ok

o r_'l;
Iy
rlr

= ooh ot b

o &

O:

U ot
N

rir

o)
al

ox O-\>Z |">'

=2
>

r{r

Fu

OO_A_,

10um

i
i)
N

(o=

ey m oo N ol b
n do

-

Hx g A718H d
2 wiAl F/gol Alehy] %3101] A= em SR
3t &7 mho|AE FAdo] EAH BAE A
oF 15umo] L Zlol= thE 32umA ot} o= 124 % 9

WAHIE 7L A Sl B $4E B 4oz
A28 4 91e-S LFERITE Fig. 4014 1sume] £3} 32

ume] 018 7R Al Fehnel B4 1A o
o tAVAE YO HolFw o

SAE ulA g 2AE Fol EP$EZ_ FHE Ho
Fot o2 ARz 3R AN FAe] g2 F

o7k Fiol BES A R UL Ushich ER
1:50149] &2 AAlolAe FH] vhaEo] o3 g
4ol 4FHOR o|Folx77t YEck o}l 44 Fig. 5
oflAf Eiz utel o] vl Fafo| B whel veha g4
AA7Y ERHRRE LAY Ee B2t A9 o)y
Zejo) Fagol BE glof ksl A9 (Fig. 5)7h WAE,
ofeidt 2AIE s dsly] YeiNE BEY AWVE BaAY
99 bR 59 Furg olgsiolof wi.

E-]] |AE o]&3t gk
9] ¢ 7} Fig. 69f X
—161-.301 oﬂ /J\Ol _/’E A=

H
2~ 0
Eal 1

01:}.

O

Eefofo] v RAL
A7 7129 -ARAFHA

&I FHE ofste] EEE

)
i rfEoeo ox
o

o

)

u

of Hd o
w

oX

> 2

2
>

oy
2 2 o

=2

o 2%

o

172

(b)

Fig. 4 Resolution test for the hot-embossing process with
a ceramic glass. The full scale of the photo is
80um and the structure width and depth are
around 15um and 32um respectively
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Fig. 5 Failure case of a ceramic glass mold with failed
polymer structure
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(b)

Fig. 6 (a) Various ceramic glass molds and (b) their
replicated patterns on polymer
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