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Laser Process of Polymer Micro Fluidic Devices

Joohan Kim

ABSTRACT

Polymer micro-fluidic devices were fabricated with laser processes. A UV laser and a femto laser were used to

machine polymer micro-fluidic structures directly. This laser direct machining process suits the need of rapid

prototyping, as in many applications changes from the original design are often required. As examples, two polymer

micro-systems were developed: a micro-check valve and a micro diffuser pump. The micro fluidic devices can be
applied for many applications such as clinical diagnostics and drug delivery. Advantages and disadvantages using
polymers as a material for micro-fluidic applications are discussed.
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1. laser, 2. mirror, 3. mask, 4. shutter, 5. beam splitter,
6. lens, 7. sample, 8. x-y-z stage, and 9. camera.

Fig. 1 Schematic experimental set-up
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Fig. 2 Schematic diagram of a micro channel formation
by laser ablation: (a) without an ablation stop and
(b) with an ablation stop
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Fig. 3 SEM photography of a UV laser machined micro
channel in PET
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Fig. 4 Laser fabricated cross-shape micro channels and

reservoirs
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Fig. 5 Side view of a polymer micro-check valve device
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Fig. 6 Assembled diffuser polymer check valve system
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Fig. 7 Cross section of the micro-check valve
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equation for the last tree data points: Q (flow rate) =
7.8x1072%.P **(applied pressure)

WHol F&& 333}5 g 84F A%79
MEE g F AE FEA Hd & A5y
(maximum operating frequency)Ol"’ ol W MT

Z=(resonance frequency)$} ## o] Qi) vlo]ZE A
3 e Zye F9Y IFFE E(cantilever)®
A2 vUgd  Jdon ol g #E He
2 Fojug’

172
rol ) o
27\ pwt

ad7]A L& Y9 Hdol, Ex 99 RERA /T
PAEAE p & U5, wE ZHY & & THY
7, a28la ¢ Aolth PET 2 UP%OJ{ z
o] 7% (E =25 GPa, p = 1.42x10° kg/m®) AA}ts] o]
A FYAFFE 21 kHz ot} ol #FE Ao
A E Zg9 AL (E =190 GPa, p = 2.33x10°

kg/m®) AIAHE 140 kHz o FEch oF 7 #) e F
ojt}. ol Ao WE AI WBY HS o
e £x2 $o] sheditE AL LAFm 3l
9. AT 2o Yol WEL Eojol 29
ol WW A7 WP e AP AL FZ
nfo]a 2 WHAA Zan Mz ¥H A 2Ho] g
x%g-sl- /\]Aet] oz 047;];‘(_11 ;J\q'

f“1

4. E2|0f C|{ XA ojo|aZ HE

uAE F3e FAE olFA77] AT 7

134

HEHoZ vlo|a2 HE7 B} ofd W
FTFY vlelaz P/ RS g3 O FolA
YFA vle]aZ H = (diffuser micro pump)E A 71-
. 2ufE 3 Z(electro-osmotic pump)H @ WHF A
(valveless) HX 9 71| FFo|th? tFA wvlo)
32 PWZE S Idiaphragm)S 7k ¥y
(chamber), ¥ Tl FA(inlet diffuser)?} &7 ©F
A (outlet diffuser)Z T o] o] 9lt}. wio) H-3fo|
AA 3 YFA ”274101] o3 AsHol FAY o

ME o8 F%o] el Ha oo fA 559
A% (net flow) 3% o 2ut sl A Huh(Fig.
9).2|
/——— Infet ditfuser Outlet ditfuser —\
t Diaphragm !
m_ ——Chamber m

Suooly Mode Pumping Mode

Fig. 9 Schematic diagram of a diffuser micro-pump with

narrow angle diffusers
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Fig. 10 Assembled diffuser polymer micro-pump
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frequency
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