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Novel Fabrication and Testing of a Bubble-Powered Micropump
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Abstract

Micropump is very useful component in micro/nano fluidics and bioMEMS applications. In this study, a
bubble-powered micropump was fabricated and tested. The micropump consists of two-parallel micro line
heaters, a pair of nozzle-diffuser flow controller and a 1 mm in diameter, 400 pum in depth pumping chamber.
The two-parallel micro line heaters with 20 pm-width and 200 um-length were fabricated to be embedded in
the silicon dioxide layer of a wafer which serves as a base plate for the micropump. The pumping chamber,
the pair of nozzle-diffuser unit and microchannels including the liquid inlet and outlet port were fabricated by
etching through another silicon wafer. A glass wafer (thickness of 525+15 um) having two holes of inlet and
outlet ports of liquid serve as upper plate of the pump. Finally the silicon wafer of the base plate, the silicon
wafer of pumping chamber and the glass wafer were aligned and bonded (Si-Si bonding and anodic bonding).
A sequential photograph of bubble nucleation, growth and collapse was visualized by CCD camera. Clearly
liquid flow through the nozzle during the period of bubble growth and slight back flow of liquid at the end of
collapsing period can be seen. The mass flow rate was found to be dependent on the duty ratio and the
operation frequency. As duty ratio increases, flow rate decreases gradually when the duty ratio exceeds 60 %.
Also as the operation frequency increases, the flow rate of the micropump decreases slightly.

X 2
-

&

fr
of, o
[kl

rlr
=}
o,

[

fr
Ho
—_>‘4—1‘4

>
ot
oé
i&‘
£

) *
bo ABed clfdel delasa 298
A

sl om, Abelste)

H T
FE 2kHz 2 FF3te] AW 155 ul/mmA s

T

Fobrista oahel
E-mail: lust7349@ms.cau.ac.kr
TEL: (02)820-5278, FAX: (02)826-7464

Fooh sk 7| A1 38y

DA Jun F Kim[2]> FH A4 o] 3.4 pm Q1 vt
OELE TrEOM DPO]ii FEHZ 7 E2 g
7131, AZete] AXg 3719 nfo]a R FEHE &
E«] 7201‘%”%}23 =X s FAdste] VIEE
ol gAl 7= WHel wielaE FIZE JfEeiolth
58 3 A9 FHd BEHE A Hre =
A, 27 5& xAse 2¥s Fsg o
Z 3L 0.5 nl/min o] &3 o] 800 Pa o]
£ ¥tk Olsson 5[3]2 =Z/8AH71¢F gk
Aupol 55 ol &3 Fzo| wEls AASH3 AL,
Tsai ¢} Lin[4]> E}—E,‘U] vlul 3 E 2 o] &3
Z/847] mhela B> E A=, IPA(Isopropyl
Alcohol) = ¢ 0}%\4 o5 1 W AHEL 250
Hz(10 %duty)® & H3ote] 5 pl/min ] 3 -3}
377 Pa o] B4 AT} Sim 551 2 719
o} u| iy whal W o] &3k wlolaA® HIZE A

o&%—(

1196



2004

Zheto], & AR AREete] AEstSTh o
2 10V Y A 0.5 Hz(60 %duty) = 31 E o] 7}
gto] I 6.1 p/min & FHIY dHEFEFE 10
mmH,0 & At}

ShA R Qhofl A ATt AFES FxRIF HHS)

a1[1,3,5], AZko] of#-9-1[3,5], W74 &AI[1.,5]
g 7HAa Qlvh agal 7|2E S o] &3 o]

ATF2-519A 712 Asel gk JES By
Al ¥l QAT Tsai € Lin[4] A &o] wi-g- 2h&
gFuE WS SERE ARSI wite] A
S Eol7] flete] FEFES o R FHE A
Zheth 1Elal YEks fIFoA Ve S
o]Fo] x| A ekgtow ZHF Ful4 250 Hz 2 9

Aofstittar 17

Md

)
m]
o
[
tu
1
F
1o
Sy
0z

eSS EERERIOE
olgstgom Hxsh TENE Bt A o

1= ABS BRI/ Aste]l Az
Aae AEsten.

/ Hole for electrode/liquid

/ Hole for chamber

(b)
/ Poly-Si for heater/pad

(©)

Fig. 1 Structure of micropump; (a) glass having
inlet/outlet hole, (b) silicon having chamber and
nozzle/diffuser, and (c) silicon substrate having micro
heater
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Fig. 2 Fabrication process of embedded micro line heater
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Fig. 3 Schematic of experimental apparatus
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Fig. 4 Micro heater was embedded in silicon dioxide
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Fig. 5 Operation sequence of bubble powered
micropump during application of 1.47 W, 0.4 Hz and
40 %duty.
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Fig. 6 Mass flow rate of micropump with circular

chamber depending on various duty ratios
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Fig. 7 Unwanted bubble nucleati(;during applicatiog of
1.2 W, 2.0 Hz and 70 %duty.
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Fig. 8 Mass flow rate of micropump with circular
chamber depending on various frequencies
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Fig. 9 Mass flow rate of micropump with rectangular

chamber depending on various duty ratios

30 40 50

12 4
—o— 40 %duty

10 1 —a— 50 %duty
£ —o— 60 %duty
£ —e— 70 %duty
£ 8 —a— 80 %duty
Q
B 6
2
2
w 47
(2]
©
= 5

0 ‘ ; ; ; ‘

0.0 0.5 1.0 1.5 2.0 25
Frequency (Hz)

Fig. 10 Mass flow rate of micropump with rectangular
chamber depending on various frequencies
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