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Large Hospital
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Clinical laboratory

Home Care Testing
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Electronics Circuits

Micro Flow Systems

Flow Electron(Hole) Liquid (Gas)
. JW\— Resistance % )| Microchannel
Passive
Elements _| I_ Capacitance ﬁ'— Microcavity
—N— Diode o
(S Check Valve
Active /
Elements Transistors Active
Microvalve
_| |_ DC Volage Silinge
Source Pump
Drivers
N— AC Votage Diaphragm
* Source+ Pump

Diode
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Micro Flow Devices/Systems CAD

Micro Flow Devices Data Base
/Elements Design
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Conventional -simple sheath flow

| ]

€10 =
sample reagent =—Sample =
Buffer mmp is diluted = Outlet 2
Sample ‘g’ -
Reagent g -
2
Buﬁer — =Samp|e E —
|=- Outlet @ o

to prevent sample dilution

\

Improved -stepwise sheath flow

| ]

Sample 5 107
_— B
Buffer —— Outlet % = —
Sample — | % B concen ation
Reagent =—=| ; -
Buffer mm L—sampic 2

|=Out|et 2 0.0 =

[ =B ' A——A B—B
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Conventional -simple sheath flow

The sample reagent was diluted between inlet and outlet.
Concentration profile at the entrance of the outlet channel was degraded.

at the entrance of the outlet channel
Average concentration = 0.94
= 1.0 | g o
o) ~ I\ A-A cross section . L
T 08— - B
8 0.6 Ave Conc
o 0.4 —
3 0.2 — pd N
A X sample AR
00 ~— 7 |
-100 0 100 -
|

Positon across the channel (um)

(a) Concentration profile (b) Velocity profile
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Improved -stepwise sheath flow

The concentration profile at the entrance kept rectangular

at the entrance of the outlet channel
Average concentration = 1.00
= 1.0+ 4= T
S A-A cross section
g 0.8
3
© 06— Ave Conc
S =1.00
o 04— |
=
§ 02—/ |
_ . sample qutlet
A A 0.0— =| > | | T | T
-100 0 100

Positon across the channel (um)
(a) Concentration profile (b) Velomty proflle



T A o T (SHA e

* Deep RIE Si TyF ¥
* Pyrex Glass LDEEES

channel width : 40um
channel depth : 20pum
partition thckness : 2pum

100um

SEM image of the fabricated sample injector
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Off chip valve fluorescent

PC-Controlled valve

measurement

Pressure
Controller
Pressure
Controller

Air pressure that infused sheath flow was switched by off-chip valve.




FIF I NI E R
PR | o o s % I

t=400msec

t=200msec t=466msec

Fluorescent image of flow switching

Switching Time : about 400msec

Assuming the sample flow rate of TmL/min, the accuracy of the injected
sample is estimated to be several 10nL.



Y TNA DT O3 I 1T
Off chip valve

fluorescent
PC-Controlled valve

—~ measurement
GP-IB Link Pressure 'M-
" 3 Controller |-I:.M_
G [ =\
_ Pressure
Controller

Air pressure that infused sheath flow was switched by off-chip valve.

Controllable sample volume
A few tens of nano liter

Off chip valve — On chip microvalve

— about 400msec
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Dioxide

~Silicon PDMS
-~ Dioxide | ~
S— i "SPET film
(a) Oxidation and oxidation etching (f) Oxidation and oxidation etching
SU-8
A = IT‘T/
(b) Si isotropic etching (CCP-RIE) (g) Photolithograpy (SU-8)
: PDMS
. , L
Q QQ Q/Photoreast T | [
c) Si deep etching (ICP-RIE, 1st step) (h) PDMS molding
Q [ I | L
I By L )
(d) Si deep etching (ICP-RIE, 2nd step) (i) Removing the polymer film
| By 1
(e) Anodic bonding
% bﬂ [ Pyrex(#7740)

(j) Assembling with a PDMS part

Fabrication steps
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Channel width :401um
Channel depth :201um
Partition thickness :20um

SEM image

100um

SEM image of the fabricated flow switching device

Cross sectional view
of the microvalve

Pneumatic Microvalve

Sllpm

Overview of the microvalve
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€ Switching time: < 100 msec

€ Controllable sample volume: several nano liter
(Flow rate: 1 ul/min)
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« 2 Port Injector and 4 Port Injector

BU'FT-EF‘ I 1 —— L Euffar# : i S—out | 8t
I ] ————outlet . .
———outlet

Sample ®

L 1 C——— S%amp|e . :
Buffer* : | I:I,:, atlet : : pr—y ir:llci
———————out
Huffar-
[ I L g Sl
iclae

(a) 2port injector (b)4port injector
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The 1x4 multiple sample injection was performed.

Sample flow rate : 1yL/min
The distance between the both side outlets is 330um.

Intensity

Conservation of the sample concentration was confirmed

for each injection mode.
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Long pitch spiral flow w = j
0
X y

2:/q N X VY

. 2

200um
C /s=0: N Ae=100: . b =180
,,7.- ndlll
m

A. D. Stroock, et al., Chaotic Mixer for Microchannels, (Science 2002 vol.295)
(a) Slanted grooves on one wall
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Long pitch spiral flow Short pitch spiral flow
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(a) Slanted grooves on one wall (b) Slanted grooves on three wall
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1 J HIl En Iﬁ 0) 5“)] % EE =I1R) Flow rate: 20uL/min

Start -~ 2tum  3/4tum
Slanted grooves on one wall

Start 1/2 turn ” 1 turn 3/2 turn

2 turn

Phase shift type

€3k -3/4REs —=> TJr—X > T,:2/0¢x
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A. D. Stroock, et al., Chaotic Mixer for Microchannels,
(Science 2002 vo0l.295)
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CFD(Computational Fluid Dynamics)Z W T#ETE1To7-

BiE
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TRERIEW:100 RS IH:100
iBEw:30 ERREw :30
BERSd:30  (BHfIpm)
BEHA 45

'Ij'/j)l//)ll.
A—43> B 1lul/min

V_XJJIL
Water 20ul/min
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i M —e— Re=0.174
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0 100 200 300 400 500

BB um
LA/IWXBEEALIZCKDUTRE
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L: EFE [m]
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RERTEW:100
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Fragmentation
toN
keeping
total volume

°| Reaction path ° | Surface/volume @ | Yield rate

(R —r) (1/R — 1/r) (1 — N)
Reaction distance 1 0.79 0.69 0.63 0.58
Reaction surface 1 1.26 1.44 1.59 1.71

Reaction time 1 0.63 0.48 0.39 0.34
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Background

Reaction media Microcapsule

Carrier

Protein fluid Y

Salt 30pm

]
. e
functional

polymer capsule

Capillary L

encapsulant
molecules

Screening of protein
crystallization condition

B. Zheng et al., S. Abraham et al.,
J. Am. Chem. Soc, vol. 125, pp.11170-11171, 2003.  in Lab on a Chip, vol. 6, pp.752-756, 2006.




Droplet generation methods

Conventional methods

v"Mechanical stirring

Microfluidic methods

v'Droplet generation by cross-shaped channel

water
organic 7
@ g _r""‘ - @I
o,
g& water
Microfluidics Conventional [Microfluidic
——— Mixers method method
E Size-control X
Generation rate @

diameter




Previous works in our labratory

Generation rate vs Qratio

Systematic investigation 250 ot
. . —— W=
for cross shaped junction T 00 % Qued o
- ~=—Qw=10
Qratio : 0.07 Qw: 4 uL/min Qo : 0.28 pL/min §® 150 = Qw=12 =
| g 100 .rﬁf“'f//Jﬁf
° .
[ - -
S0
ﬂ L

0.05 0.10 0.15 0.20 0.25
- - - Qratio (Qo/Qw)
Uniform droplet separation by pillar structure

Water phase

7 Flow velocity difference

decrease

Organic
phase

Water phase



Design of multi-cascade type device

Observation part

I te

Organic phase




Results of multi-cascade type device

ird Third

: First separation
Generation part




Effects of the water flow rate




Details of droplet generation

0 Generation ratio
¢ Maximum diameter

"o 2000 e Average diameter 60

3 A Minimum diameter —
‘“1“*_« 1800 50 g
° 1600 : ; 40 3
3 % g o
(G N
“~ 1400 \ 30 "o
S -
5 1200 20 %
g R o
% 1000 \l‘Z 10 A
S 800 - -0

6 7 8 9

Water phase flow rate [uL/min]
Qo:constant ( 3 [uL/min])

High generation rate :1760 droplets/sec
Droplet Diameter :37 um ( the size deviation 2.8% )
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Bubble type

7Kk$8 : Polyvinyl Alcohol 3%7K:&i&
JH4E - BEEE T FIL
U'D:

ﬁ*ﬁ - X 7@_» j
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