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Abstract

In the present study, a power-free method is explored to perform mixing in a
microchannel without any external active mechanisms such as pumps, valves or
external energies like electrostatic or magnetic fields. Often a relatively large support
is needed for the desired power, thus limiting the capability of system miniaturization
and integration. The surface tension is the only mechanism for driving the fluids
through the microchannel. The channel of this mixer is designed to have no sidewalls
with the liquid being confined to flow between a bottom hydrophilic stripe and a fully
covered hydrophobic substrate. It is found from theoretical analysis and experiments
data that for a given channel width, the flow rate solely due to capillary pumping can
be maximized at an optimal channgl height. The flow:rate is in the order of nanoliters
per second, for example, the flow rate._is~0.6_5 nL s 'at the optimal channel height 13
um, given the channel width-100 ,umj If‘qsmost crueial to this power-free mixing
device that two liquid species mustl. Ibe %ell _IInixed..For this purpose, asymmetric
staggered grooved cavities are .opt.il.nally_arrang':ed on the bottom substrate of the
channel, which can generate three-dimensional helical recirculation and let two
different liquid species mixing efficiently. In the experiment, the fluid can be
achieved fully mixing within 1.3 cm.

This device has also been applied to whole blood to analyze the characteristics of
blood in a microchannel at different sloping angles. The channel is determined by a
bottom hydrophilic stripe on a glass substrate for the purpose of cost effective. It is
observed that increasing the sloping angle from -90° (downward flow) to 90°
(upward flow) increases the blood flow rate monotonically. The trend of the velocity
of blood flow under various sloping angles is totally opposite to that of the DI water.

These peculiar behaviors on the micro scale are explained by a dynamic model that

VI



establishes the balance among the inertial, surface tension, gravitational, and frictional
forces. The frictional force is further related to the effective hematocrit. The model is
used to calculate the frictional force from experimental data, and thus the
corresponding hematocrit, which is smaller when the blood flows upward.

In order to enhance the driven efficiency of this design, a superhydrophobic
surface was considered to replace the original Teflon surface. We can find out the
optimal fabrication parameters of utilizing induced couple plasma method, which can
successfully generate compact silicon grass on the bottom. This structure can sustain
DI water on the grass top and keep the contact angle around153°. And the average
velocity is 1.21 times that of the original design from experimental results. To make a
thorough investigation, when fluid flowing in-_the hydrophilic channel, it may contact
with Teflon surface on both sides, fhus produce friction force. Nevertheless, as for the
superhydrophobic surface, it can fornll.*st‘g‘glpe:-__a.ir cushién to isolate fluid; therefore, it
will effectively reduce the friction fo.rc;'_'%.fr-om- both ;sides, and improve the driven

efficiency.

Keyword : microchannel, surface tension, hydrophobic, hydrophilic, blood flow,

silicon grass
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1.4, 222K 823 50552 B
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B s A SR O FYE - BEFRF 28 AT A LA BSOS LT R
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BB T A e RARSIES S 13 - gie s § R
fro IR A F’ﬁfkm”a“w”’ﬁm#ﬂ%*bk’# -Iﬁn AIRER R & ﬂ}%v‘ ,
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(4) #c®22 (Lithography) [98-102]
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(5) I HE F tpiwhi2 (ChemlcalaVa ion, CVD)[90-93]
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1936# d Wenzels % <7323 (Wenzel’ s Theory) [110]¢ » 3P % jF fie
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dut X (r >1)

B2. 2. 1 Wenzel's Theory #3424 & 7 % B

d Wenzel eHfrd] ™ fvofeddd o AR Do iR 2 30T L o s ff o fj-%
BB BRSO G T S S P HR G 20 B B En R e
B AR i At R AL BT kAR B T R B Han ok o

Foebood (2-2-D58 ¢ ApEFdapl o § 013907 0 RO, € Fl & AnkER 3 4o
Mg E O A0 IREG, € F L ARk R e B S o :T‘&;{ﬁi’:T‘&;Wenzel
AU RCRERE W S o A A ok - ¥ R T U A S 2
B EEH A - FARF LA 2R AANAG L 0 T AL G kR H0

;‘,*;z;‘ﬁ; Bk m,ﬁ‘ﬂfnrin/}, &~ B zérsomru s B AP T UE R }\]v_}_%frm
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P B A G ARRR et - % T R R B o R &

ARk P e R RF B ﬁ H Wenzel's Theorysh4 & + 8 % % %
FEm o EE o RFOTEEBSTEREILI RS DT R

RFELAF RS dopt - KRB REZBIEDLIERG L~ WL U
Wenzel's Theory a2 o » 5 Aok R 38 4e > BF & 8¢ =

R - B o RFE A S = 280 4&f £ 7 J Yang’s equation

2 Wenzel’s theory® & 1 eni2 2 38 5 01 > e RiF B EE Lo 2% 24 0 A A
DIETIE N sk RS Al R aF 7 L g } ’J‘?‘}?’"Lr*%ﬁgﬂm“’ PR W PSP

B12. 2. 2 Cassie's Theory 3|2 % & 7 % B

393 dp 4o 2 ff & onif 2 %1944 % J Cassie® 7%

F_*

Fpoo ¥ - JE 5 R

% 32 % (Cassie's Theory ) [112,113] ¢

cosd, = f,cosb, + f, cos 0, (2-2-2)

H ¢ 6, % 77 & yaCassic's Theory % & e if 4/ &
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[ E T Em A2 A p2eribant ) (fi+/f,=1)

ORF7d 25 1% X2 2T Lgchd & & o

§ AT A2IEg ik b R R E ¢ E A G 212 F 2k

BB e d

&

Fhavioogei-kda 280 B4 e dekkd o orimm
Z & KAt ayg & £ 5 (Composite Surface) » Flpt i i1k &7 FAM 4 5 >
NE2REAERZF R FR A ERFRERGE T Z1807 > Fpt R0, 301807

Borasd o B fid fy=10 BT R S

Eﬁﬁ@%&gﬂﬁﬁi%%$$%“@%ﬁ#ﬁ%&*{ﬁ6ﬁﬁﬁ$
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ERTEL G D ;$£'W9mﬂﬁ%%“’ms b F AR ek
Bl Bt B A G e R JLL” 2 F I%Iﬁ:m,ﬁﬁv Ha54 HE 4 B e i
SRR TR E RS F A zis\-mﬁ’_""] I 2 5 AL oK g P e H R
FRE R Bl MR e R B e f o b ARREMREF 4 5 @ RGF
L7 F ML EE -
R ﬁfCasswsTheorymz\m— E4mE b b ’T}q“?ﬁ“

BEBEIT R A

(l‘»
/JS

h‘“

Foom DA RARS P RFEF AR BV F (A
LFEFE o dopt - ke b 250 4 ehLpEd-¢ /] > >0 2 ﬁ{fﬁCassie’s

Theorye G » § AR e B 4o ¥ > BUF & 8¢ 0]

=1

YA EIERIA R A 2N 2 T AR AR AR B (%
FeRER ) A G R A2 M R AR A F/ R/ F TR GRS &
P AR R R DR o E A AR R 2 R FA
ZFeafhn ks B> P R/HAFO kS E A0 F /FAFOR ek o 4ot A
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R HE AR A G 2B A IR R AR F LT 4 Fdok
MEFM A, & TRE adMis A ndilgmkiszg RomEsR
W7 AR A Rk 2 SR e R SR S - Nk AT 9T
%5 1000 458 > 4ot A ac E FlAZER 2 £ G BHER R

FEMNY A2 TR MER ’Jfgéé’%d#ﬁ ( Induced Couple Plasma, ICP)
SRE MRS S TRE S S 3£ ST T R S BT MO SR e
I Mo B FRAZERZ G oo RA o AR 0 3 A3 A LR
Robert Bosch[114]% & 21 k endjir—i % B F R&E+ 4 % H ¥ (deep reactive ion
etching, DRIE-BOSCH Process) & 245 L& 48 ¢ 4% (ICP) - = Liktp
TRARHNY LA E R - g o By AR R AR TR i
oo LA KRIERE R R mﬁlz/,,\ ) ll*ﬂﬂm'% N4 f VR

Bl D E9 & P che ﬁx s&mllv}%'ﬂ’{? bR R 0 MeF T AR T

N\ N
BB ETHRY ﬁ*ﬁ"ﬁ %k“1@r+m$+ R F L FE A
RS £ %_%vxsﬂ AL LRRFLFA S

&

; x ! ;

)ru‘* iED|EE Y] 04 irhf'glﬁﬁ mﬁbl'itravriéé) %] (Anisotropic
Btching)e 7 * bofb 2 fus b dutbalAE Y » 2407 %] 77 14 A5 4
ik il Fla ¥ o E g E R (Aspect ratio) it di k o Hifw
2R AcR 2.2.3 7m0 ek - FEECP A B3 et A %) 5 # (ilon-assisted)
SFeernd+ 2 B H A& 6 T4 H 3] iT® > &F > 2~ Clsip+ 2@
(radical ) te#’ S 1t 2 - F 4 F &1 RLh > TRe &2 54
(poly-tetra-fluoro-ethylene, PTFE) - o4 Bxchp ch2 {3t ok RIEE&
o bis o et »F FESHaR EF 8 H P F 57 FE R INE T
G RE BT EF AT A SRR ART ViR R KPR R e

- koI LA EF A A F T B [T el TG
B F S BIFET ORI L B 2.2.4 F417 ICP %2 ki A
% 10 um > A %% & 50um > fekER ~10 nm e
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SFs+ O, N O S—

' 7z 17 77
T TNV NN G

Silicon Polymer

Silicon Silicon

Etching Passivation Etching

B 2. 2.3 Bosch process & 7+ % B

Bl 2.2.4 g1 ICP &2l 2 "°*7“" %‘fﬁl 10 um A %ER 50 um o RIESERER

10 nm -

R oo B ICP &% G 4 24 g+ &% (lon bombardment) = ;% (2t
et AR ) AR EARY £ A 4 4T R KRR B A AANIFEREIFRF

mAREEA € F Rle AL F AL o - Ao e A% FAY 1002 200m =+ o

Fote @ i 200 nm T A LR R B Sl ERE S E 8% o [CP &
FIFET T 0L 2E SN SN A A e AT AR SN e ) 2 S g

+F A% (RIE) #gi0 > B ox end W] A28 58 A% 2 58 5 7 L F sp
FooB@ERa P RAUAT LR A BELITEII00 mm T o 2 F
SEERHFN MRS N A S s T T mAS TR A RS
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ERet HEEET Y S iy TN HATORE A R @5 R FIET
vt S AR E B Ak > 4oR] 2.2.5 #7or o @ 2006 # Pradeep
[115,116]% ~ Rl R A1* ICP e 3 &% > ;% > & A & SF, chd 3| & C,F, ¢
Ghit PR R R s S A H AR A6 R DT ko
(Silicon Grass) > e &_» # A4 fFaykims il 254 &% > Flt & X & 9973

PAZEUR S HE 0 AeBl 2.2.6 1R o @ 0 A R O A4S Ik ik aha]/gh i

EER L B s U AR E G o

2.3 %% %4 Spe§F
- &3tk 4 @ 5% 4 (Surface tension) & v — #4558 2 48 7 B E i 2

Pose B EARBRINEY AT TR 2R AR IR & B2 R RR 2 N i
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FIPmES R i AekRS on R EF FAFL RS LEFYTF M

TARBRHEr AR MFERFAAMME e B AL TR

F_k

BWHl o KA B R R 0 4o * £ ik (thermal energy)[120] -~ & 3-(magnetic

field)[30-32] ~ & &_*} 4v 2_#* 7 (electrostatic)[33,34] » 1 i F| 5> /% 48 A/~ 48 ~
B i K SRR L R S LTS T b i

AR E R IR e~ i2?d 2 BF el e X FA TR AN AENE R

2R dos Efpl ittt A EEY FTHIT AL SIRBERRTY 2

) SO AL A R R R R o

Pafl* &Gks SoRBRMBIITAG P2 W R U SRE S

FARE %2 iREE o d E A % & (linear d1mens10n) = o BRARE2 G NHSM

B BT s e 5T iJﬁ%{{U‘ﬁ"T%vm% iy
gﬁ—t/&%ﬁﬁ?yi”%;j\l-t}ﬁﬂé.ri p~| ]‘-—5’\1!% l‘a’sfﬂ fir_ﬁ'g 91\,‘]'5.5:1 L v
==
?%iﬁ—47%%’%?%m%ﬂfﬁiﬁ@iﬁ?u?m$ﬁﬁiﬁﬁ’ﬂ

, s x g 4z S N W1 VAT S
Al * 4 S EFER A S AR RN ERRS ek L 2L -
Fa

E
Pt
P
F_w.
™
DNE
>_L
b
y
>
N,
|
34
/Am
s
“3
F_w.
c‘f >
\F‘b

I LE PN IRL g RS
RERMAEAE? HBH o H P 5 P E ] * £ L w4 (thermal-capillary)[120] ~ 2 &
F1* T & 4 (electromegnetic)[30-32, 119] ~ & # # (electro-kinetic) % > 3% o F %3¢
o B A A Mk EFE A2 A2 A G E 0 E-ﬁiﬁ%ﬁ@ i
AE 2 GEREEES A4 P B SRR R A2 B 4I[118] -

A HE SR LG R4 MR AR A IFR kG FAREOT A 2
Foapw ud FOUINER R Ko S Ed R F A G AT 2 0 B
doo GRREZ RETF BB ¢ AR M e o T E A G B2 T MBI 2 B R o
VY- BER ey A7 UEIE 2 R f R TR T G R 2
WARF S o & R AT b B 2 150 117] 0 4 LR
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B f A et (68 5 118] -
3 E R A 5 0 A7 7 & F 4o Bouaidat [68] % £ ik 42 3T g 2
WH D 45 HEL A b o d o B R RMA ) T A LR ERAS B
]

Lo FlLimd @ Hp 2§ N m G A 2 AR EE R o AT

CUREY BB FR  A R By B R R

LRRH AR R R S AW

v

3. R b P nd 2 {7 5 7 0402 Poiseuille flow k& v 0 HE 5 - BiE

6.1V
32T TR P P B Rl 2 kiF (G #ic(viscosity) 0 @ v iz
i -L'\.I Il.-' )
2%(111 3;9._ v Ea i—,’j/u Si ° _-’_".:'.; :'_.". \|
=
1l M

4,ié@&;§“&ﬁhziﬁ%%#4
1
|

ﬁ_l

Foebop MAE MR M2 B AR 0 p A F AR T Bc(dynamic viscosity) > y & & &

kA o

@m > d Bouiadat £ A 2. & 3 f28 > ¥ A AT N

tot :F'C +Ff (2_3_1)

#e¢ p o E (total momentum of the fluid)

F. @ * 3 (capillary force)
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F, kw4 (viscous force)

<

K o fkom B4 Bpsinag Y 2 jnds o Rk 4 poiseuille flow o F)pt H 3 4

! (2-3-2)

foAF BRI R R L EBIBZRE 0 W P T RmEkA G kBl R

P TR BRI T 30 R S R A B TR A Y A1 R x 2 oA
= Loy

it s

(2-3-3)

l

PIF EFREF A 5

&

(2-3-4)

-Ff’]‘ ’;&{‘Bﬁ.é » F—L%ﬁ’}{?\:@)\/ﬁiﬁ ) é,_ﬁ rﬂ,ﬁgﬁ\i Fé&ﬁf']%\'\i;;iil—l
frm SRt F AN -F F-F A S e P n BhnT @

E, =[2h=w(cos 6, +cos )]xy;, + WL(¥, + 7, ) * Awa?ts (9_5.5)

dul

T,

B A, §7 05 GABIEA X AUTE G R 4

b
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026 ~»% 5 T AG 2 BFE

2P T L BRI R T S ehgE ) AR ET R X X AP B I o 2 F #-(2-3-5) 5

¥xfes o BT L EDL A

OE
F =——~=-2h—w(cosb, +cosb)]y,
A (2-3-6)

Pl it 2 ZpF 4 (2-3-4)8 £ w4 (2-3-6)4 W > (2-3-1)5% » ¥ # 3] :

PhW% = —12;1%36_)&?_— [2h~ w(cos 0, +cosO)y,,
= phw d(d);x) L s ) x)p—,[w(cosé? +c0s6)—-2h]y, =0 (2-3-T)
."'_\"r- "'\| .
«er’"w ,
| J-"[ | I

B¥ ftaix pdl wﬁgﬂuﬁﬂ A 2 R BT e A0

¢ i 2 BB AR S
d+Ac—B=0 (2-3-8)

—',E!ﬁ ’ P«/%#Bﬁ’lg 'é'ﬁ;: A=——

2 [w(cos 6, +cosf,)— 2h] I

Bix*miv* jpif 28 B=
phw

%ﬁ d 4o » e iE 2 x(0)=07 %2 x(0)=0 &~ F2N2-3-8 F > A w o E IR

%ﬁﬁpﬁ%&ﬂi&%ﬁiw A G R X F R 2SI 3 AR 5
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12
t+ exp(——‘l;
ph

K’ 12
x(t)=a = \/%[w(cos 0, +c0s6’l)—2h]\/ph€

=\/%(Ar+ef“ —1)

tj_l
(2-3-9)

R~ AR 2 0 AW 2 R 0 24 F 2-3-9 HPER e 1 5

B i
—(l-¢
24 : )

x(1) = (2-3-10)

\/;(AHé‘.‘"—ll): L

"'"_\-'\. .rf-h‘.
| 1
g
..#FI l-‘ 1 :
= |
| | 'r?_"_ \
| e 1

-

!

SRR A SRS J'f{sg_ﬁslé.fz MO AE E g R A R
Ko F Lo RMEfL % ¥ (rolaxation ti.rr.le) T= A" = ph*/12u Ap R i
A R b2 PR RT SRl A T A2 B BHGRP 0 B AL 1.0gem 2
kigr - BB A h=10um F 2 ing2 ¢ o 3R 20°C T H FgRiF Al 001 g
em s BIH AR R R 2 SRR ¢ 5 83 X 100 ) 0 AR MR AW~ T R
[ERE= - G R R N VR<gly S LA < ) TR B ol R A A SV AL E I o

2 e FP 0 2R (2-3-10)7 {1

x(l()zl B zl £:£ (t>>T) (2_3_11>
2\ A(t-7) 2N4t 7



B

C= v \/24ﬂw[w(cosé’ +cos6,)—2h] (2-3-12)

PYORRIN 2 R R IETE (W o LR I Y EN T L N
B a B bR Co - B2 Tk S ER CET L E IS e

® R 2 SR B R LR 0 hpper 0 FIELR A LR 9

e |" e s
% ——
w { 'h'-’ Ly b _‘:E!I \:..r
— - e
hupper 2 @089; > oL B = (2-3-13)
B { |
& y 3,
= =
L] - i~
oA | "‘-
/“'-"‘- 5 :

g & ﬁipﬁ»’*f*“‘z‘i- *lf‘::{uf

b _F- o
e T

o '_'_.'_" - 1‘;
%&m&#%@HL&%“C@MﬁﬁE%“
iy = i |c0s6’b+cos€t
192, (2-3-14)
Prrs ¥ @A L B G NE B R S
w
h,, ZZ(COS 6, +cosb) (2-3-15)
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dP"” =F +F +F (2-5-1)

hud
T

- @ F & (total momentum of the fluid)

F £ 4 (capillary force)

c

F, © &ki% 4 (viscous force)

F &+ (gravity force)

g

B ot r v kR E ) b A A FE AR EL AT

E 4. 4% w7 ZH .
B2 e & 4e iy v

94

frm Spdew i o Fl M KSR R -F ~ F -F > AR

=[2h—w(cos 6’ +cos 6? )]xy,v + wL(}/” + 7s D+A 7,
N o (2-5-2)
-\._r . ;f\l |

= () |
<= ||

| m |
He A4 & 5% L_ér\’;t'ﬁr"r—’ﬂj( h-Lr'El”,E’_ﬁﬁ? ﬁ °

Qﬁ@,QWén%bj\ ETE VT

AL T L ERR R AR e 1 AR EYREAE X G AR B o 45 F #(2-5-2) 5

X fcs o BT LETL A

6E
F. =——L=-[2h—w(cos0, +cosb)]y,
= (2-5-3)
Ra oo fhhom k4 SRR Y 2 0nd 0 2 4 B 5 poiseuille flow - Flpt A ¥
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h (2-5-4)

M OARBRITR T g s ARG g > d F T AR A e R B E

Fpb o Tt L B AAT B0 B S AR AR R T Al R x 2 M

AN
V=X (2_5_5)
Pl @ EIARF 4 S B
N N\
.r_\u.l':_; :I.E\I 'i
ry E_Izlubloodl f” i| , (2-5-6)
y i {7._--1: | .

S\l \V

J A e A e M+ AR R TR R
Y AR A AN PP E LT EAR ANS s L3 H 2 F e
% K (shearrate) > % & 5 4 B iiif ¢ 2 ind o d De Gruttola [69,70] % 4 2
SR R DR AT A € TR0 R IFIR R AR 425% (Einstein
suspension viscosity equation) > I % » Vand 2. * 428 B B > | * gt - 22 L EXK
£ 3k E - Al FMERS Bt Y 0 T TN 000 i R il @ E
ES IS LF 2N LI

4.1H

Hitood = luplasma exp(164——H) (2_5_7)
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aH
Hriooa = ,Up,asmaﬂ m for H > 0.7
4.1H
Hriooa = luplasmaIB(l_H) exp(m) fOl" H < 0.7
b
_'El = ﬂ = 1 —+ ,
K
m b,n 2% Bk
kK ¥o5 ~
H 7‘; n. ? b ""'_h'kl Il.rf-h"_:
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e EE R A R Y 1l bTﬁ‘» 057 0=0.75 2 54
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F, = phwxg sin ¢ (2-5-10)

Nud
he

B bk iR bR P R PR LR o

dopt - K0 B AT 58 (2-5-3) ~ (2-5-6) ~ 12 % (2-5-10) 1 » (2-5-1)¢ >

jg: ?_ 14 » WL T[T ;t.;. :

=~

i(phwx%) =F,+F, +F,
*x
dr (2-5-11)

—2h—w(cos 6, £€056,)]y,, =12 Hy1,5 %xx + phwxg sin ¢

= phw(%)2 + phwx

F1# PR k- R ol Ak 4 F, SRR M 50 4o (2-5-12) 908

Fy =S (phwx )~ (F + F,)
t t X (2-5-12)

= phw(%)z + phw % —{[W(cos 6, +cos 6,) — 2hy, + phwxg sin g}

FARF N RAE S SRR A RF RS LG RN

F P EATEI AR SR G it K@l
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l}‘]LL ,E’ A fg?,l‘j#‘flj’ﬂ'
I B 2 B dost 2513 97 o Aot - ko T @R R R~k

B B PR LM A s A% R AT A L RS

N s ohe s v
T2 BT o
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w .
-1 2/ublood ; XX

H W o (2-5-13)

= _121uplasma (1 +%) (1 - H)exp(

=Ff

1.64-H h
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A = p o BFIRE G Freon € ¥ Teflon AF 3 #25 » &P Teflon AF chfrplde |2

TR o TP E A B

£ Ry kiR -

7
~

L1892 H 4

TETOERBANITL AR

® 3. 2. 2.

K BABEL AT 2 B E o

2 3|3

Taﬂbh’ AF .Ché'niical hesistance

Temperature Appearance
Reagent °C °F) Awt% Change
Acetons 23 (73) 0 None
CCl, 23 (13) 0 None
Freon® 113 23(73) +6.2 Swollen *
12 N HCI 60 (140) 0 None
Hexanes 23(73) 0 None
50% HF 60 (140) 0 None
98% H,S0, 60 (140) 0 None
MEK 23 (73) 0 None
10% NaOH 60 (140) 0 None
44% NaOH 60 (140) 0 None
Perclena® 23(73) +0.1 None
Toluene 231(73) 0 None

% 3-2-2 Teflon #ie= & (d 2035 )
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AF enffadkidAp 4 P47 o R PF > AF S BN R B i ehiE 2T o B A

e 2 N PR S e gl e

68



(@)

- - Coming - - Hoya — Soda lime

350 A
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E ___,--F- -
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T 1004 S =
50+ 7 time [min]
u T T T
o 20 40 60
(b)
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8
7 J
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4 4
3 4
2 HF:HC1
etching
L solution
0 T T T T
pure HF 10:1.5

(©)

Kllg,'enco; o

Alpha-Step 1Q

Bl 3.4.1. ma&meyi
[Francis E. H. Tay, 2006] (b)4

“ e \‘
A
o [0} HE
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-100 = R T T
\ 1/ WA T f N5
-200 s < £
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o 50 i 150 200 250 350 400 450 um

Fr ek (a) PR ad ¥
%] {8 2_ ke k& & [ Ciprian Iliescua, 2005 ]
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= FEEFHEm) | FHERZ G YT A
2> x (whole . J_;LIﬁLJ]%nLﬁ:
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— — , X
(Packed e IR E L T]’i‘ v om
RBC) (CPDA-1 NS S A A 2
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e i TR . ‘ SE AR T <5Hx10°
200-350(2 ¥ )| 1-6°C » # % 15 24 -] &
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R i TR 2 O T # - <5x10°
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200-350(2 H.i&=)

~65°Cug w0 10,

o

ek R CGRF 99960 1
Zoo w3~ d ] E A
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20-30 |

B 3 12

6k 3Rk B 2022 0.6-1.0x10" ¥ x 3k
s gppmist | 200-250 \[20-24C WAl a2l pr|  4.0x10" % 5 5t
il kR 30-40 | 0-24°ClRAF %5 = 2-3x10" 5 | 4
A g L 200-300 20-24°CEIE 5 = >3x10" s ] 4%

RTHE A Jf: =90 -18Cm—™ »1 # i ;Ff: © R TS

RSN =90 18 C T o5& Jiﬁ‘éﬁ%fﬂ;
(V, VIIT #>)

Fibringen 125mg, VIII

50U, XIIT 25U, von

Z30) SLDP 10-15 -18CruT -] &

Willebrand factor 400U,

Fibronectin 23mg

%3-4-1 B ¥ & A T, 2003]
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4.1 FHEA

4.1.1 % g & T 442 (Induced Couple Plasma, ICP)

ARED LI ALY EF AT B R FORE S SEF ] A
B (e R LI A E K A G B e T b0 B AT I
Fel 2 B FET L B

TART ARER o D RN A
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BEHEES kA F e

2. 4B 2‘]3i —3 RN 2 u m/mll&,"{ o] LIV L?_II{J

3. ;N 1S PR(AZ;’%@ g

BillTRMmed %% %1% (Induced Couple Plasma, ICP )

73



4.1.2 ¥ LT ke

AREBALR R EBRIAMONHFEIR S Z AT 'l%ﬁ“’ WRPBRF L SRS
Haym 2 sz kin o 307 sdR e g2 8 o dopt - ko TSR A
BB A2 RS il P 2 (TR R YV s SRR E G R
B2 e Rz P 38 LS8 LAEMss (DP50, Olympus) » #% > &

F 33k 4o r 0.9 pm 2 ¥ kol (R900, Duke Scientific Corp ) » 4t — % »

Iy

A f{?,l‘léﬁﬁ - %ﬁ ,__,{,(,,,i"‘gt’ mf”’#ﬁ ﬁ N "5/!55(‘}_—4\ w2 [l R & A s L'J
BLR £ B2 R £k o

Ao ECCD#HER B - LT ME - L P &L 108 &R 1.20 8 ~

5% ~10% ~20 Bf-50 B » 4@ 4. 1.2 #r7 o

] (ST

B 4. 1.2 %k kB R cs

74



4.1.3 "ARLR2T

BN AT E A A R T F R R AR Y s en

Tk o 4

b4
I

BOZAREERTALFRALRZT S e A L3R o 2T 4

B E G CCD MRS 112 L H 2 BMCH > 7 U HARR T R iR B A 2

An

*I“]pP\ i m IR A ¥ 2 ;ﬁa@

4.1.4 #f8 & LRIR

AR R R - R A 0 T LR L R R - b

n ,,‘;fb?r_,
= “f THRITR R FEY  FERRE R AL FRLTH T EREEE
TSRS F e T L ek R )

VARERS

g

P+ S CCD#HERE > 12+
A E A B2 BEE o Bl 4.1.4 1T o

75



=g Ploeniy 150

Bl 4.1.4 qu-ﬁﬂ £ p 'ii

.'1_~

Vi
BE 2R ﬂkﬁamhwléwi/u@ﬂﬁ P R R i R o e A AT ShpE
Vel

ﬁ#ﬂ%mﬁ/ =, ‘7)\-_] L= E 4._%_

E‘ﬁ PR BE > % K8 J"Fm

EE i'w%? SEomE | 7'1 %

BgER B OTREKE ,‘_‘;r._,_;rp«

_..\{}G\

PR Rk ,%W@f&‘—ﬁ'j

f"l-.f:j_ '.i.f

B A.1.5 fcxs§g

76



4.2, %5 %4 o iR & B WEH R

o A * Ao ficde 1 @ A7 (surface micromachining)z. 5% o @ F LK b F

ANFEN 25 RS REEARIL > At 300 R WA T AR &R
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B2 BRI R JIHJFL B v £ 4% % (Plasma enhanced chemical

vapor deposition, PECVD) » it A& 5 lum2 = ¥ it @ H L e + > 12

BEFARKZLG o PP @* CEFARTFZEZ D 2 AL Gy

Hoo ek T B8
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Film Thickness vs. Spin Speed for
Teffon® AF 1600 In Fluorinert FC-76
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Signal A=InLens Date :10 Aug 2006
Mag= 105KX |—| WD= 6mm Photo No. = 6442 Time :9:14:52
B enr e AT )
-

EHT = 1.00 kv Signal A =InLens Date :10 Aug 2008

Tum
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(b) = 12970 & o # &% F M SF A » PFF 5 44/ &1 5 4
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