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Fabrication of plastic CE (capillary electrophoresis) microchip by hot embossing process
Nam-Goo Cha, Chang-Hwa Park, Hyun-Woo Lim, Jin-Goo Park (MicroBioChip Center, Hanyang Univ.)
Abstract

A plastic-based CE (capi]lary electrophoresis) microchip was fabricated by hot embossing process. A Si mold was made by
wet etching process and a PMMA wafer was cut off from Imm thick PMMA sheet. A micro-channel structure on PMMA
substrate was produced by hot embossing process using the Si mold and the PMMA wafer. A vacuum assisted thermal
bonding procedure was employed to seal an imprinted PMMA wafer and a blank PMMA wafer. The results of microscopic
cross sectional images showed dimensions of channels were well preserved during thermal bonding process. In our procedure
the deformation amount of bonding process was below 1%. The entire fabrication process may be very useful for plastic

based microchip systems.
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1. Introduction gtk Zelo] ke wlolaz AL FYd Ad

T4E ZHAEA Fed deEem e HEA

A aelol 2¥EE 3 dF9 LHde FHT vls) w2 A, FAe vy, AFAN o B

300037 AlE QYEo] gow B3 FH ¥ d olFE sh¥m Auh ofEd  ZEw 7Nk

Zelv 7199] micro CE(capillary electrophoresis) 7 ) oM A2ZE UE=E 7142 hot embossing, injection

LA ol FAHAER AldoA] Be BHE EA molding, soft lithography, X-ray, laser ablation, sacrificial

welok @Al diFee uAaFAAaRe #F etching §°] gJom, o/l AFel A& Pyoms
Zlgeint AEE J¥e=m A HJ3 Y g Awg sigel AAEEIch [1.2)

HES A iRl ZHHn dE FuHE FAF PMMA (polymethyl metacrylate)= FAzloll dg]
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2. Experimentals

2.1. Chip design

ﬂ%ﬂaza% Fig. 194 2& 24" 10 mme
#2 N2 64 mme 7 Ado] AL Rgoz
wapste] o] FojA gk Adel vrle 50 g olm
reservoir®] 273 & AAEAG. ZHze

Reservoiri= HI (buffer reservoir), H2 (sample reservoir),

b

2 mm=

H3 (sample waste), H4 (buffer waste)Z ¥ A]&}G 01,
o] g3t A stk

up~ 3 E AutoCADE

Qﬂ % crrigy ii: EEREEEN R RS ERREF RN FPRRARN Pxi: s
ﬂﬂn Ht ‘ir i i H 3 i i i . H i 8&
PP N eom .

Homm

Fig. 1. Mask design for the micro CE chip.
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oxide #fo]¥+= piranha €% (H,SO, :
o] &30} A}t (Fig. 2(a)).
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Fig. 2. Fabrication process for Si molds. (a) A 300 nm
thermal oxide layer on Si was cleaned by piranha solution.
(b) A layer of photé}esist (AZ1512) was spin-coated. (c)
The surface exposed to UV light through a photomask. (d)
Development of the photoresist provided the surface
pattern on the surface. (e) The mold was etched in the HF
solution. (f) After photoresist was removed, oxide patterns
on Si were acquired. (g) The mold was etched in the KOH
solution. (h) After the oxide pattered layer was removed in

the HF solution, a mold for hot embossing was acquired.

2 AY sk NS 3000 pm, 30 = F<
&3 =HEsed 14 € 9 FAE IR (Fig.
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EVG Austria)E

ARge A3 moldE



2.3. 8 A2d 3% ¥ pMMmA Ol0j3 2 F
X

=t
UA 1 mm FA9 493 PMMA FE 9#old
sAlge Ve
ARg-Etgich. 8 A2 EVGSI0HE  (EVG

Austria)3 B & ALg3todth (Fig. 3). azad Ag=

(<] A
moldZE o] &5lod PMMA 9lolsjo] FZHEZ A
sl ar, dEAER PMMA ol PMMA H3+S
o digS FgAsINY. 9A AE moldet

PMMA fiels Aleolgl £& olgdsg HslAl ICP
= sjels el 20
nm 59 BEwALE /4 ARTH (Fig. 4().
F7Ael PMMA dolHE B9l
H R2ALHA B @Ry i
110 °C, 12.6 baro} ZZioj A
0] Bd

c

IAA R (Fig.
Ab). & AR FHL
108 < st (Fig. 4(c).
Hole He&
225kt (Fig. 4(d). YZUEF PMMA 9o} o]
A9 ZHIHHE =29
AR, a2 ged IF AEeNA
thermal bonding 3%3& ] &3l YZAEW PMMA
dlolz el e PMMA dlolHE FYHA
4(e)).

molde} YIETHEFH PMMA HolH =

4709} 1 mm

reservoire

Fig. 3. Photograph of an entire hot embossing equipment

(EVG EVGS20HE, Austria).
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Fig. 4. Hotembossing process for a PMMA microchip.
(a) An antistiction coating on Si mold for a release process.
(b) The Si mold and the 1 mm thick PMMA wafer aligned
and sandwiched. (c) Applied a pressure and temperature.
(d) Released the Si mold and the imprinted PMMA wafer.
(e) The patterned PMMA wafer and the blank wafer was
aligned and sandwiched. (f) Applied a low pressure and low
temperature. Finally the PMMA micro CE chip was

obtained.
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Table 2. Actual geometry data of the Si mold and the

imprinted PMMA wafer.

Top Bottom Height

&) (8) )

Si mold 43.345 119.2 459
(£0.6) (£0.6) (£0.2)

Imprinted 43.14 123.2 473
PMMA wafer | (1£0.3) (0.6 (0.4
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Fig. 5. (a) Photography of the 4 inch Si mold. (b)
Microscopic image of mold channels. (c) Cross sectional

profile of a channel on the Si mold. (d) Photography of the

imprinted PMMA  wafer. (¢) Microscopic image of

imprinted channels. (f) Cross sectional profile of a
imprinted PMMA channel.
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Table 3. A change of imprinted PMMA wafer before and
after thermal bonding process (bonding temperature was 60
°C, pressure was 1.3 bar, chamber vacuum was 1 x 107

Torr and bonding time was 10 min.)

Top (&) Bottom (B)  Height (8)
Before | 43.14(£03) 1232(106) 473 (£04)
After | 4420(t1)  1252(+2)  455(k11)
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Fig. 6. (a) Photograph of an 2cm X 7cm entire PMMA

microchip. The thickness of microchip is 2 mm. (b)
Microscopic cross sectional image of the channel region

after thermal bonding.
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