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Abstract
Development of nucleated red blood cells separation method using micro flow channel
1. Introduction Conventional prenatal fetal DNA diagnosis methods are invasive when fetal cells are recovered, and it
has a constant risk of miscarriage of the fetuses. For example, amniocentesis has a risk of miscarriage and infection with
0.2~0.3 % rate. Even though, prenatal fetal diagnosis is implemented 5 million times per year in the world. It should be
non-invasive to fetus. Recently, the researches for non-invasive prenatal diagnosis using maternal peripheral blood were
studied. In the maternal peripheral blood, nucleated red blood cells (NRBCs) that have migrated from the fetus exist and
it is possible to analyze the retained DNA in them. However, the concentration of NRBCs in the maternal blood is very
rare for example, 1~2 cells/mL, so that the separation of them is very difficult. Takabayashi et.al., reported that NRBCs
were recovered successfully from the maternal blood by combination of density gradient centrifugation and image
processing, and have also been successful in gender diagnosis. However, the method took too long time of 20 hours to
recover the NRBCs and is inefficient for practical use. To overcome this problem, further concentration of NRBCs
between the density gradient centrifugation and the image processing was effective because it reduces the number of
blood cells to be searched over. To do this, we focused on the size and hardness of blood cell. Filters and
chromatography also can separate blood cells, but it is difficult to recover trapped blood cells. Here, we developed
micro-fluidic chip with separation/concentration and recovery mechanism by applying semiconductor micro-fabrication
technology. In order to shorten the time for the separation and concentration of NRBCs by chip, we tried to develop
multiple micro-gap chip. In addition, we develop fully automated processing equipment aiming at improvement of
reproducibility and convenience. From those, the efficiency for the recovery of NRBCs was improved very much,
which contributes to realize noninvasive prenatal genetic diagnosis.
2. Experimental The design of micro-gap chip was done using Adobe Photo Illustrator. Micro-gap chip is fabricated
by photolithography. The height of the gap of the micro-gap chip was made at 1.2 pm, 1.5 pm, and 1.9 um. As
preparation, maternal blood was centrifuged by density gradient. Maternal blood was delivered to the micro-gap chip,
with the flow rate to the chip of 1 pL/min, and the process time for separation and concentration of 30 minutes. Red
blood cell, white blood cell count was measured using FACS. In order to speed up nucleated red blood cell separation
by chip, multiple micro-gap chip was designed with Adobe Photo Illustrator and fabricated using photolithography. The
number of micro-gap channels was increased 5 times from 90 to 448. Umbilical cord blood diluted 10 times was
delivered to the chip. Here the flow rate to the chip was 11 pL/min, 22 plL/min, 33 pL/min. PLC (programmable logic
controller) was used for automation of multiple micro-gap chip, and flow operation and diaphragm operation were
carried out by air pressure control using an actuator and an air cylinder.
3. Results and discussion The blood cell can be trapped at the interstitial spaces of the micro-gap chip, and the trapped
blood cells can be recovered by opening the membrane gap. NRBCs were discovered from the recovered solution.
When the height of the micro-gap channel was 1.0 um, the collection rate of NRBCs was 92%. When the micro-gap
channel height was 1.5 pm and 1.9 um, the collection rate of NRBCs was 75%, 25%. Removal rates of red blood cells
and white blood cells were 93% and 98%. The processing time for one specimen was 90 minutes. The collection rate of
NRBCs was 84% at the flow rate of 11 uL / min in multiple micro-gap chip. The collection rate was 66% when the flow
rate was 22 pL / min and 60% when the flow rate was 33 pL / min. Removal rates of white blood cells and red blood
cells were 98% and 84% at the flow rate of 11 pL/min. Those were 93% and 99% when the flow rate was 22 pL/min,
and 92% and 94% when the flow rate was 33 pL/min, respectively. From these results, the time for automatic image
processing can be expected to be shortened from 20 hours to 1 hour. Moreover, the number of tests can be increased
from 1 sample per day to 20 samples per day. By pressure control using PLC, flow operation and membrane control
were automated. The automation of multiple micro-gap chip was achieved from sample introduction to recovery.
4. Conclusion The fabricated micro-gap chip was able to trapped NRBCs. When the height of the micro-gap channel
was 1.0 um and the flow rate was 1.0 pL/min, the collection rate of NRBCs was 92%. Removal rates of red blood cells
and white blood cells were 93% and 98%, respectively. In the multiple micro-gap chip, the collection rate of NRBCs
was 84% at flow rate of 11 pL/min. Here, the removal rates of red blood cells and white blood cells were 84% and 98%.
Using this chip, the total throughput of the recovery of NRBCs is expected to be improved by factor 20. The automation
of micro gap chip operation is also achieved for convenience. From these, it is expected that the developed micro-gap
chip will greatly contribute to non-invasive prenatal diagnosis.

Keyword: Noninvasive diagnosis, NRBCs, Cell hard and size, Micro- fluidic-chip, Micro gap.
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1-3 EREHARTRZET
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B CHATOILOHR ML Th 572 | (R B TR D TR IR Wz 5t LTI i
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1-4 NIFTY study

1994 F 57 AU T TEZRHARTRZEE ORI T o7 1y
=7 NIFTY study (National Institute of Health fetal cell study)?23325 I
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THOID(Fig. 2). MACS 13X, REMERRL TR ZERTL . B B bt
R SO % L Z S8 /1% O CRIRL TOA(Fig. 3),
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DEEDOHEIIONWTRELEIT 70, BIRZTIRL7-BEN SR L7-
BIRERRAEL, HERIDRIEICRII LA, IEFE=IL, FACS 13%. MACS
48%72 57, INZ T ABPERIT 11%H0 | RIS IS o<l 2 7a ks
FIIFONeh o722, FACS X° MACS (XD H AR MERD 73 BT #EL
<, SHRDBCENMEIZEZ ZHND,

— T, A0k T v 7 AW E R MEROEIEEBFL T
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1-4-2 MACS ¥

BB Sy Bl A7 Z(MACS)IL, 1984 A2 Owen C.S.HICKVBAFEE
NI BEE TH D, FACS DR R THLE I E L LMBA~DZ A—
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1-5 FDD-MB study

WA 7 AUINTHEWN T H AR T A AR ILERIC KD R BB A RITR2 TS
B39 58 98(FDD-MB : Fetal DNA diagnosis from maternal blood)73T#
NTND, TAV I TEBESNI-Z LR THRMERD 53 - AL 2
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1-6 HHLES
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MERD A5 EL T Percoll % & AJBLE Ly BEIC LD T IERHA D3, MmEK
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RRT DMK 2 D72 $THIEN DD, T DIZDIZIE, MERD L E LS
DIFETHBETDLENRHY | MERFEIU O ZhZRAL O 7= i 5 e i {E D
DEHTITOANEEL, ZNHT R TEATH D, MERD K EZ IO
SICEFERB LI, TANE—0/ua~ N TT7 =72 8% IERE TR 5 1257 B
THIENAIEETHLN, BUNTHZENRNETHL, ZD7D, EHdL(m]
IR 2l T IRAR T > 7 2R 2, 57, BS ITBMRZITO 72012
INHIBR M E A R | RS IZIEI S D72 DICE AT 7T 2525, 2
NOEME A EDOELHTE TRAMERINEEALEB T 52N HTHD, 2
MIZEY | AERILEREIR ETO RO EATIZEP IR TE, &
(REHARTER 2B OEBICT -SSR D,
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B2E WINERF YA IZIDEERMEROBIRSMH DA

2-1 F&E

FATHIFEIZ B\ T B INTRES N ORI ¢ e NARE AR M ER O i 2 %
FRNSHTND 2D, UL, il S QORI ONE T, fLERDIEHEA T
ELOMIOIRN, ZZ T, N RIRE S T~ A 7 a2 i 5t - BRRS
L. RS OMREBRZIT), £, RSN REOMERNE DL
ZALT 200 FIRFICEIZE T2,
UL, ENERE IR ML ERZ & T, @ B T M) 7 BE AR L0 JFF 7 1L oD A T
HEL W, AU MIREL € BEOMERMTIO B TVS 2D93, ehod ke
DDLU, £ZT, R OERR ZATH LI, TR 72
BOFEHIT),

2-2 HHY

AEDOHMZLL FIORLT,

1. ENEEARMILERZ & o MR OO AU MR DOFR IR 36 L OVE MR 72 5 &
2179,

2. BUNRHIRRAE & T~ A7 iR T A A%k T BAR T D,

3. REMIRE WA RMEROIE AT OB EMRFTEIT,
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2-3 FEg
2-3-1 3
EBRIZRAWRET, LTy Th o,
T B g (R B
(1) SILICON WAFERS ; sk R& 7 2 —7 v 7 Jar
(2) SU-8 2002 ; /b3~ A 7 v1/r I
(3) SU-8 3010; {LIE~1 /7
(4) SU-8 3035 ; {L 3~ A 7 v1/r I
(5) SU-8 Developer; b3~ A7/ A
(6) IPA (2-Propanol); B8 AL 5
(7) SILPOT 184 W/C; L - a—=7
(8) CATALYST SILPOT 184; L - X7 a—=7
R A T 7~
(9) =V MK ; Rt A AR S A A7 AMIFZERT

2-3-2 H#iE
EBRICHWEEE I, LT\ Tho,
T8I~ P Bt 6 £
(1) AL > z2—X—1H-DX2;I W R &4t
(2) v 7L—h DATAPLATE 722A-1; 47 F
(3) ¥ AZ7ZAJ—Double-view Mask Aligner PEM-800; =74 %
B a4t
(4) BZER 7 MD 4C; iERE(ET vy 7
(5) B2 al2ERE AJ-0133-010;AS ONE
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(6) A—7> DKN 301;- "~

(7) BB 7 7 A~z yF 7% E RIE-10NR ; SAMCO
(8) CCD —+# LK-3100; KEYENCE

(9) 7 PHVIRMEE VH-6300C ; KEYENCE

(10) ALV A HOEEEE SMA-20GWUU; NB
AR M2 25 UR

(11) ~A7a VPR 71 RSt A2 2
(12) B 2RSS 1X70; OLYMPUS

(13) = CCD # A7 ADT-33C;FLOVEL

2-3-3 (RERMLIR DOfET

AZRMEKZEH THEMZRL . EROARIMERO RESEN TS
DIZEDRESZHRL il laz2IRU 7,

2-3-4 Adobe Photo Illustrator (ZLAWIEDEFFE~ A7 i i E O
Gl

TG DS —=0 T, T A7 EBL T, SU-8 I EaHTH7
NIV TTT7 4 —EE R\, $2, TA N AV, SRS A H %A
WD, TART AT DG — %, IR OFRFE LA ERNE 5127205018
RETLT,
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2-3-5 THRIVTTT =T hD~ A7 il #E o (Rl

~A7afitfEDIERIL. LT DO FNETITo7-(Table.2, Fig.24),
(1) LVa Y —|Z SU-8 ZAE L a—hL7z,
(2) BLHRBEITT,
B) ) DVaryz/—|Z SU-8 ZAL a—kRLT,
(4) BtLHRBEITI,
(5) PDMS (2L 585851 T o712,
(6) (5)D#HIEL 7= PDMS D ES 73 &7 AT 7T A~ K i A1 % i
L, #EESET
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Table.2 Su-8 spin coat.

(1) Spin coat (7) 2nd Spin coat
Program | slope rpm Program | slope rpm
0 5 - 0 5 -
10 5 500 10 5 500
20 10 - 20 10 -
1000,1750,
30 30 3000 30 30 3000
40 10 - 40 10 -
50 end 50 end
(2) Soft bake (8) Soft bake
Time Tem. Time Tem.
1 1 min 65C 1 5 min 65C
2 2 min 95C 2 20 min 95C
(3) Exposure (9) 2nd Exposure
25 sec. 40 sec.
(4) Post bake (10) Post bake
Time Tem. Time Tem.
1 1 min 65C 1 1 min 65C
2 2 min 95C 2 5 min 95C
(5) Develop and Rince (11) Develop and Rince
Developer | 2-propanol Developer | 2-propanol
1 1 min. 1 12 min.
2 1~5 sec. 2 1 min.
3 1~5 sec. 3 10 sec.
4 10 sec. 4 10 sec.
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(1) RE>a—k

s%s
Su-8
“— e
Si/Sio, (1)
v v
@) Bk
‘ (2)
\ 4 \ 4
(3) IR g LkiF
) Eﬁ%m% —
3
\ 4 \ 4
(4) 2nd ZE > a—k
>y = SU8
- @
v v
(5) Tk
i T —2 _E_
<= )
v v
6) I/RFEEY R
—
FJ §HHY
\ 4
(DP?MS&E! PDMS
— 7 (7)
v v
(8) TSR igR
F—=—]
— (8)

Fig.24. Fabrication of micro gap chip.
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2-3-6 ¥ A7 pE AR MK 21551
~ A7 ~O B OERK X, LL T O FNETI{T - 72 (Table.3,
Fig.25),

Table.3 Solution sending protocol of chicken blood.

FE | W&

1 —UN2METy X F2—7 12 10 u L 557ET A,

2 Ty F 2—T O=UN LK% 100 75K 45,

W

NV T a—T T D,

F 2 —7 =Y NAR ML 2 DN ALD,

I~

5 NV VDR TINIRET B,

6 T a—7 LU NBR T T B T

7 N OR T EEESYE | FRIR 2 =K T 5,

8 =DM IRIMER DT SN A T2 A LIS EE T CBIZE 35,
1 2

Chicken blood,10pL Diluted chicken blood
10uL + 990pL (0.9% NaCl)= 1000 pL

3 H:[ 4
0% We %%
%) ) %Micro gap chip
Syringe pomp —_—
Chicken blood: 1000 pL @I PC

Invert m.s.
Flow of chicken blood to micro gap chip

Fig.25 Solution sending protocol of chicken blood.
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2-4 FERBIOEL

2-4-1 REMIEDIER B I OUMLERD KEZ2 G4

BRI OE M IR IMER ORI AR R T 2780 . ENA R ILER
DR ESZEFH 7 (Table.4, Fig.27, 28), AR EOL MG HRMER T, 9.3
pm~ 132 pm THHIEMNS D372 230,

R MR, AR MERE RA T 5L 2~z —REIIHFLERD
RILERIT, I CTHHIENMOLINLTNDTD, KAED O A REIRILERD
RESEADA M (g 2222 B30~~~ (Fig.26, 28, Table.4),

Fig.26, 27 CHLNT=ZEIMERO KRESEEMNE AR MLERD K ESE Ll L
720 ENE AR MERD RESLIEBIL COZ AR MERZ > 4E8 1T, =
A ZUR AXA Y NAD 4 fliZRL, SRR MERO KEEIL, 8.5
um~12.3 pm, 9.8 pm~11.6 pm, 10.5 um~12.6 ym, 12.8 yum~13.5 pm 72>
7z ENE AR MERD B/ MEL DS /NSO F R MERZ FEOEWT, 21
72ofc, o ENEERMERO IR KEEFESOREIZREOAEDIL, Y
INATE T,

AR MERO KR ESIZ O CHUNE R CHItE T 2 500 2 it 5%
B b/ NS E AR MLERE R DA WNE Y ChHEB 2 Hivd, AT,
R MEA R TENE R MERIE, e/ N AR MERE R 52 L3 A
REEZRAUE, WARIIIZ TR CEDEE 2 HND,

SO\, T A B E LM B RINEKOEDO RESHMA TRFL T
x7-(Table.5, Fig.29 ), b MNE R R M ERDOEE D K& &1L, 3.3 pm ~ 10.2 um
ERNERROMEDOIRRIEFIZRKEN, R MOFEAEL T o= 1,
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ZUR ARA Y AD 4 FEOFERMROBEOZNEND KRESIT,
FNZFI 4.6 um ~ 5.6 pm, 3.6 pm ~ 3.9 pm. 4.6 pm ~ 5.5 pm. 5.3 pm ~
6.1 pm 7257z, AEARMERDOEZ D Tt/ NSREMT, =V N7, i
(L AR MEROED b REREMIL, 2472572,

ERDOF IR ML ER D /N D R ESIZUTIL TN A 3R LI V25
LCWAEEZLNIN, ORESE T DL, F/MEICRLITMT5
EYIT, =URNTEoT,

~ A7 i g N ORI B 2 i ER AN 88 T B AR E L7, BRI,
HIPR I B A @i 3~ D 2 AT T 5, Tl EM MR O A R ek D H
TROEE T HMERIT, RETHEN NSO =U N OF AR MEKTE LS
Z6N5, F-, EMAERIILEROEE D KESOF/IMEIL 3.3um =T K
DL N | R ITIE 288 T 55, 2D ERETHEE RS
o,

LLEDZEMND | ENAREIR ML ER AN B A0 25 BRI <0 4 i oD 1R if
REL T, AR MERORESIEERMEITL T HLHRISND, =T
DILEZ AWDZENEELNEE X BND,
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Fig.26 Staining animal blood cells x230 magnifications. (1) Rat™, (2)
Camel®, (3) Lama®’, (4) Trionychidae®”, (5) Amphiuma®’, (6) Ray*”,(7)
Carp®®. Arrow and marking cells are white blood cells.
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R an
Fig.27 Staining Bird and Human blood cells. (8) Chicken®™. White blood cell is
indicated by an arrow. (9) Sparrow””, (10) Barn swallow*”,(11) Human®’, (12)
Human, x230 magniﬁcations3°), Arrow marking cell is nucleated red blood cell.
(13) Human, x230 magnifications™”, Arrow marking cell is nucleated red blood

cell. (14) Human. x230 magnifications®”. Arrow marking cell is nucleated red
blood cell.

<~
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Table.4 Comparison of nucleated red blood cell size.

W4 B& um |EZR um
1 | 7y hIEEZ) 7.1 6.6
2 | TUH () 6.9 4.6
3 | 7v(EE) 7.2 3.8
4 | ARy 17.7 13.2
5 | 7rba—< 56.9 26.3
6 | =A 16.5 12.0
7 |=2A 10.6 8.3
8 | =UKY 10.4 6.9
9 | AXA 11.7 6.4
10 | /32 13.1 7.6
11| ek 11.0 9.8
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100.0
90.0
80.0 r
70.0 F (5)
60.0
50.0 r
40.0
30.0 r
50.0 L+ (4) (6)
10€0 F M @ ©)

0.0

Cell size: ym

OGN (10) (111)

Animals
Fig.28 Comparison of nucleated red blood cell size. (1) Rat, (2) Camel, (3) Lama,
(4) Trionychidae, (5) Amphiuma, (6) Ray,(7) Carp, (8) Chicken, (9) Sparrow,(10)
Barn swallow,(11) Human.
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Table.5 Comparison of nuclear average size.

£ EfR um |EE pm
1 | = 5.1 3.1
2 | =UR) 137 3.0
3 | ARA 5.0 2.1
4 |V R 5.6 2.4
5 |kh 5.8 55
14
12
£ ()
€10
o
© 4
3 & (1) (3) @
O
>
=z
4
2
0

Animal

Fig.29 Comparison of nuclear size.. (1) Carp, (2) Chicken, (3) Sparrow,
(4) Barn swallow, (5) Human.
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2-4-2 BN AEE T~ A 7R T A A h iR B %

TERIL 727 g b~ A7 R4 — 2 R LT (Fig.32, 34), MR OBE TOHEIE% .
ES THIIRICTELIOWEL . Rt aiTo7, ¥ — EoFEkiL, M
BRIEEE T 9 LRABR £ TR T DI 20 D 2 FlCRERk L 72, RIS
CIERWR TSI iy 2 it 70 412, 2 BEREBICAITONERHHT-0 | fLiE
TR DO~ — & fiZIAAT (Fig.34), £7-., MREO &SR 57=
DI A — 2 — %3 8 L 7= (Fig.33),

~ A7 OERBIF BT, AL 2 —F CRRITE i s
mé%:/TLt(Table 6, 7 Fig.30, 31), Wi m SO EIE, SU-8 O¥5ME, §

FIKFFL TS | Rl—EHRETRML T, R ESIZRHT,
AL T 2RO &I ZAER T 20BN LAVl

2 BB NAEATOIZOIZ, TAH N AT D~ —0 LRI DBI TR LT-
v L BEEDEEIT), Ll SFBMERZ IR, 2 DICHEE S
7o SU-8 [RILD I M 2NN =D, (L E I AL PN AETTE,
L HAH0, ALPELCTHRWIICT AN AV BRI LT3, KM
T = B TERR T DICIE, AL S B @ A2 D ATREME DN B D, AL
L TRUIOEE#%IZ DeepR.LE Z W TR A T2 HEEZE 26N
Do VALY = N—Hitlid SU-8 DREDLICHHRR AN ENLEE BN
LI 2 BMEEE R OB RFE 2 S B A S CEH LR FTED,

36



Table.6 SU-8 2002 thickness.

rpm 1 2
1000 | 1.7 1.8
1500| 1.5 -

1750 1.2 1.3
3000| 0.9 1.1

1000 1500 1750 3000
[Bl &5 /rpm
Fig.30 Fabricated micro gap height.
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Table.7 SU-8 3035 thickness.

3000 rpm

um

1

36.4

41.8

41.5

389

50.9

39.8

31.2

32,6

NeRNe AENNEeo N RV, RSN RUST § )

31.5

—_
()

33.1

3000

[E$5%1/rpm
Fig.31 Fabricated flow channel height of 2™ exposure.
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N
A
1
!

/

\s_of

R BE/ S5—
+

FERIE/ N F—2DITAHITRY

RIS/ N —2 DK

N - vadl
%
@ =
L O
= i we
;':;’\\‘\
e RE

INF—Z U SN T-FEERBD3IDA A=

Fig.32 Micro gap channel image in photo mask and 3D structure
after patterning.
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EIf RIS DM E A A—D

HHR—2— DRV EIRRBOMEA A—2

EIRIED3IDA A—2
Fig.33 Micro gap channel supporter.
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SMEEDERTIA A0

2ERE B DEBRIDITRIING—

Fig. 34 Alignment mark and 2™ step exposures photo mask.
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2-4-3 REMEE B W= A IR IMLER DI IR S DR L ke Ft

=URIML#EIE, EMILE EFARIC A I ERE & A TVD, AILEREZ & E4
72NEDIT 1000 FLL EAIRTHIEDGF ELV, T NHEIBRT 7 N~
BRSNS MERED D 72720 | RSN AR T 2R T D2 ENEELL 72
%o £ DT | 100 fEARIK ANz, =V N OF AR MLEREHR I 57
DIZ 4 DOEIO~ A7 a TR LT, TUNERBRTEEE OB S5, 9um
DIRg, =Y N OB AR MERZ TR T A2 &M /e n -7 (Fig. 35), 2um
DRFIL, U NRIFRT B O PNER THITE L TV 2 (Fig. 35), 1.4pm (ZEBWT
(%, WU RIS O T ENES THIFEL TV /2 (Fig. 36), 1.2um T, &
/NEIBRFRRE DN 0 TR TEMIEL T (Fig. 36), =UNOAREIRIL
ERORES 10um 1. ENEREARMERDKEE 1pum L5 | RSN
LM/ NEBR DR SR D EE 2 HND,

F7o WREEEBEEIC =D N O MERA M EL T/ (Fig. 35). ENFZAR M
BRI, FEHICA DI RR DT80 D BRI XA FINDTE Ciit B BE T

(ATELIEG A BT 22N TERLIRD, Wi NEEE O i 2 f.Bk
2 IHIE 2 R T 5 2L TR CEDEZE XL A D,
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[E RS

A\

Iﬁﬁﬁ% '

i { B8 o )

I . ? | . :
5 { ay { l !
T 1

L iy :

FRRBOES: 9 pm

pliEbEs

plEYnE

FIEREBOES : 2 pm
Fig.35 Chicken red blood cells trapped at micro gap channel. (1), (2) Gap height 9 um. (3), (4)
Gap height 2 um.
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| [ B

\4

1 B

FEDEE : 1.4 ym

Flovy )

DE iz [ B

EIRIEDES 0 1.2 ym

Fig.36 Chicken red blood cells trapped at micro gap channel. (5), (6) Gap height 1.4pum. (7),
(8) Gap height 1.2 um.




2-5 HEvm

UM AR MERE & de ik & LT, RHA I SR 2528 1T o 23, X
FEBITHDIME THY, B & EHERIZR AT REELD, RFMIREL T,
A O MR E BT LIz, I ERLERZ G AEmEL T, B,
FUE, TC R EZ RN & B EZRIILERD KESZ kL 7=, EME R ML
BRORESEHPLIZMEREFTFOED T, =V THLZ LR /o7,
=U N DR DR £ ARG % 1000 f5& L7,

SRR O B S AL CX DT A M~ AY OVERIA (T o7, IEE X 25
eI R—F—ZREL, RSN DR T 285 T 272012 2 BRE
HAZ LD ECOWMBEE 3 E TR LT, 2 BEREBLIRFIZEB T, 7 b
SYAIDY—J BB EO~—I DALE S DOERELNZ LN ZoT,

=UNMEET v 7 ~EK L, S ZMRO&mSIE, 1.2~2um 725
720 OB MIBROESAY 1.2um (ZRBW TR O & T COMERFHIEIZ
AR LTz, 5% ENEIZIRMERZ R 9554 L LT, MRS E 1.2pm
FIEMEL L CRFTT 5.

F7o, FRBSEEENC MER M35 L Qe AR MER ML oD M BR | 2%
ZIAENDIE CHEEEE RN AT & T D FIHEMEDS B . DAL= | MERfT & H]
W DT OFEFEEEH 71— MR FT T DM ENHHEE 2 BT,
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HI3E WIERF IR DM EGRIMER D 25 B

3-1 &5

%2 BmICBWWC, MR THH=T N migs FAV i NI XD
I ER DS D BF 21T o7, =V NIRILEKIL, #/NERO &S
1.9um LU N O, e+ 52 &I LT, £7o, it L7k, ehg
EARMERD KESETPIL TN | MERD L TE DM E S b Ul
THEEZLNT, L, MEESEER I MERA S L QOB EAERR SN
Teie AT E MR OB ZATILEN DL LR 3T,

AETIL, 5 2 BORAINME R ORI, eIz mER
ZEULT DML LT X AT 7T LB AL | IEREI DR S S%
FHCEDERMEOMEN AT, Fo 8 2 EOMRICHESE fHEM A O
ENA AR IR DA | UM T > 7 2 W TERL, ¥ A7 775
AR IC LA MEREIN A EBR TEXA00, HERT 5, SHIT, Ajm L0 BEY
Thd, AREARMERLS O A B BRE | Effifia Lo 28T &
FIEROEAERS L BERMERDEIURE RS T HZENTEIZDN,
B2,

3-2 HAY

AREDHBL, LLTICRLTZ,

(1) e PIEEER 0O 2% T ALBR | 2 5 1 BRAF 25 D il
(2) X AT 77 LEREIZ XA M ERFIRENED S Ka 5+t
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(3) B/INEIBR T I LA MER ML O A IR MLER D IR S 1 D f Rt
(4) WUNEIBRT > 7N KD MR L T o0 B ML ERE AR BRDFR 2

(5) /NIRRT > 7037263 @IRIEFR KRS FDD-MB 2 % — D H £ Hii
DML ~OEIRFH S

3-3 EEr

3-3-1 3K

A L7ceAERIE, LT IR LTZ,

(1) SILICON WAFERS ; Bkt 7 = —F w7 )z
(2) SU-8 2002; b3~ A 771 /r s

(3) SU-8 3035 ; {kF~ A /7 2

(4) SU-8 Developer; (b3~ A7 /7 2

(5) IPA (2-Propanol) ; B B 5

(6) SILPOT 184 W/C; WL - ¥ ya—=7

(7) CATALYST SILPOT 184; L - X7 a—=7
(8) ENMERARIMIE; IR EF KT FDD-MB 22—
(9) ENMMLE ; € IRER K5 FDD-MB 24—

(10) Percoll™; GE Heal Health

(11) May-Grunwald Stain Solution; MERCK

(12) Gimsa’s solution; MERCK

(13) BlockMaster ™MCE-210. 510;JSR corporation
(14) Lipidure-PMB ; NOF corporation
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(15) A b7 AGC JBHET-

3-3-2 diE

EAL-EEIX, DTIORL,

(1) AL a2—4%—1H-DX2;I Wk Eth

(2) " ;7L —h DATAPLATE 722A-1; 475

(3) ~AZTZAF—Double-view Mask Aligner PEM-800; =74 .5
Rt

(4) BZERT7 MD 4AC; RSt T L3y 7

(5) EZEfiaEEE AJ-0133-010;AS ONE

(6) A —7"> DKN 301; ¥~ rElF

(7) BRI X~y F L/ {E RIE-10NR ; SAMCO

(8) CCD L —# LK-3100; KEYENCE

(9) 7T HNBSE VH-6300C ; KEYENCE

(10) BLYE ¥ E SMA-20GWUU; NB

BHA I 36 & O MLk 2 1517

(11) ~A27a VPR 7 I R E T A

(12) 8 SZEAM%EE ; 1X70; OLYMPUS

(13) E# CCD # A7 ADT-33C;FLOVEL

(14) TOMI Multipurpose refrigerated centrifuge EX-135; TOMI
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3-3-3 MERNZE QM BET T o~ A7 itk T 7 OFah LS Ok
Ak

Fo 7 OIERFNEIL, 5 2 EEIERIZT ANV 7 T7 4 —1EE N TT
> 72 (Table.8), M EKfIFMAIFEL T, FERHEAOWELIHLEFET D
BlockMaster ™CE-210. 510, Lipidure-PMB ¢ 3 fE¥% T\ /=, Sk St
I, Table 9 |2 ~LTz .

Table.8 Chip fabrication protocol.

1 | Si Wafer (Z SU8-3035 Z A" z1—h

2| TotLig

3 | PDMS #51&

4 | PDMS | #f

5| PDMS > — A1l

6| STR~REE
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Table.9 Surface treatment protocol.

1 | BMCE-250, 510, Lipidure-PMB % 7" ~%i

2 |12 Wi

3 | AR KZ KR

4 | Mgz kiR

5 130 EniE

P

6 | ENEE 100 u L/min T 5 4y [HE0R

3-3-4 AT 7T LEREDORF SIS DL

Adobe photo illustrator ZJHWTERFIL, v A7 /32— ZAERILT-, &)
TELHEREI T, LU IR L7 (Table. 10 , Fig.37),

Table.10 Mechanics of diaphragm pump manipulation.
1| ZERIRBRAZEHEICT S

2| ERRBAZIZEICTS
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(@)

_I \_|—H [F|0W layer

Membrane
| I |

—1 ] | Air channel
Positive pressure

| 7+ |

M/r_

lTo down membrane
Negative pressure

Fig.37 Mechanics of diaphragm pump manipulation. (a) Positive
pressure in air channel. (b) Negative pressure in air channel.

3-3-5 TUNEIBRTF 7 O VERL L & DR EE
WUNEIFR RSB OERL X, 55 2 FEEERRICIERIL 7=, INx T, 225050

FEE L RO E AT 570,
VRS TFNEL, Table. 11 35X Fig.38 |ZR L7z
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Table.11 Micro-gap-chip fabrication protocol.

(a) BUNEIBRITES T 7 DR

1 | Si wafer |Z SU8-2002 Z AL > =—]
2 | BeLEig
3 | Si wafer (2 SU8-3035 Z AL’ z1—h
4 | BOLLEUG
5 | PDMS C#fid
(b) PDMS HrfAIfE D 8L

6 | Siwater (Z SYTOP Z At =1—Fh
7 | PDMS ZAt" > z—h

(¢) ZERIRHT 7 DI
8 | Si water | SU8-3035 &AL =1—Fh
9 | EELEE
10 | PDMS Tk

(d) WUNHEFRT > 7 OfFEY
11| TI7R~H%E
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(1) AE>a—k

stl-s
« ) ——— SU-8
Si/SiO, Si
(2) T&H
TARIINZ—>
. ________ N |
3) B L%
B B B
—
(4) 2nd RE > a—F
SU-8
: =58
(5) TN

1—f-|_uﬂ¥k7 7— .

&= ==
\ 4

6) I/RFEE R

FoT R '
(7) PDMS i

w

El PDMS
\/ i

(8) AE > a—h
CYTOP
4 CYTOP

< /g
Si/Sio,

(9) PDMSXE>a—hk
CYTOP
é PDMS
- E CYTOP
Si/SiO,

(10) RE>a—k
SU-8
4

Q ) : SU 8
Si/SiO,

(11) &

I B
(12) RFLEF

ZERINIE
—

v

(13) PDMS#515

@ —— PDMS
\

(13) TS A &E&

——

WNERF YT

Fig.38 Micro-gap-chip fabrication protocol.
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3-3-6 B AEL RO BELERIZ LA NE B2 IR ILER D 45 B

R AEGE O REE. @RER Y FDD-MB &2 —{EIZ#EC TYT
-7z (Table.12, Fig.39),

Table.12 Percoll density gradient centrifugation protocol.

Percoll % £ 1.085 g/mL & 1.095 g/mL ¥& iRz FRTEL 7=,

RHA M2 2 AR 72,

1.085 g/mL & 1.095 g/mL @ Percol % E A% 1mL T >fEE L7,

2 EF R UM A SSICERE LT,

20°C. 30 43, 3000 rpm (1750 @)D At Tzl yBEL 72,

PEFEJE 1.085 g/mL & 1.095 g/mL OO gz EIIL L7,

Percoll fELLT20°C, 547, 1500 rpm (450 xg)D et Ci Ly BEL 7=,

Percoll frEEHE 2 BIfTo7-,

PERE L7 ML ERA RN L | ¥R O #HI

54




(1) BHAME2AEFRIRT 5. \ 4
(5) B MR D4 BB E IS 5,

- 2fEHm RSN =FIRI

U U ﬁ*ﬁﬁfﬂﬂlfﬂ?

\ 4 () \_UJ Percolia
(2) Percoll1.095 g/mL, 1.085 g/mL "
1 mLg OEET 5.

(6) Percoll 3 BDFEEZTT

B %I MR
+

_1— Percoll; 1.085 g/mL
 Percolliai&

- -/ Percoll; 1.095 g/mL /] +
AEBIRK

' —
(@) FRL-BHLETHIRET 2. (7) Percoll BB DB =% 8 £2E1T5
\ 4
o mREA - BAN (8) iEBEL TULNA Bk EURT 5,
_+ Percoll; 1.085 g/mL
- ' Percoll; 1.095 g/mL

- BRI MmEE

B MERD 77 BEfE
' -:E%JIELB}'Z(DQ%E

Fig.39 Percoll density gradient centrifugation protocol.

55



3-3-7 B/ TF > I LD e M RIER D 75 B

WUINEIRRT > 7 ~DEANFNEZ LT IZ/R L7 (Table. 13 , Fig.40)

Table.13 NRBC separation protocol by micro-gap-chip.

LU= M ERVRIR 12uL & Ty X0 F=2—T 122 TE LT,

AFLRIEK T S EAIRL ., £8E% 60uL 12U, 20uL 3oL,

SV AERREIEAKENN B, ST a—T R LT,

Fa—T WA K E XK LT,

VU ERBIE Ta—T NIZZERE AL, AIRLUTZ MR % 20ul Wy AfL7-,

6 | F 7 WNEER AL S DU NIRRT 7 D22 R N & B (6.0 kPa)lZ L7,
T F 2—T ERUNEIBRT v 7 248 L VD EV VR T IIERE LT,

8 | BEIRHE L 1.0pL/min D S4T 20 47, EIK L=,

9120 7314, U — N—EOERZ R LT, ZO% K EilikE 35,

10 | /)N R BRI G 0D 22 53t B PN & B2 FE (-6 .0kPa)l 2 L7,

11 | AR /K% 100uL/min DT 10 23, BRLT-,

12 | VY — R —EOWEIRZ FIR LTz, ZOWKRE , BITRET D,

13 | BIRIR L BIURD D, AAT ZAERIL | AAX 2L DUV REARIZ 5 3R T2,
14 | RFIGEIRE AFAIEK CHRUOEL . T AP YREARRIC 20 5T,

15 | REIEAREREZ AT K THROIEL, MIllQ K THR#., BARTERSE T,

16 | A EOAMARMER OB Z TS F T8,
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(1) BAAMEEINT 3. \

(6) ZZR RN ENLE(-6.0 kPa)lZL T,
ERIRE 100 pm/minT102 & &R 5.
12pL ) H—/N\—FTELBREERL. 62
BET B
\ 4

(2) £EERIBKTHERRL. 2ET 5.

:> P RIEE - 100 pm/min, 104 fE
60 pL 20 L 9

(7) BBREFRBDOOAATZEWT B,

) Fa—TJIZHEERIEKERFIRLE: U R _
BAMDZEANS, Al :> | /
U HiITR AT
0.9% NacCl . '
ﬁ*RLT‘WDIZ.OpL (8) A -F LHEBEET 5,
\ 4
(4) WuINE BFvTDESRBEST
(6.0kPa)IL T, Fa—T LT 5, I ' ]
TRERANEER ) s -
AL (9) BEMER T CAZKAMEKEIERT 5,
HIERIEK
THhiFEH

B I TEI) DR TIZREL, %
BIEE 1.0 um/minT20 &R T 5.
) —/N\—F TEIBREEIRL. BB

R E 1.0 pm/min, 205

Fig. 40 NRBC separation protocol by micro-gap-chip.
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2-3-8 FHEELAITLDMERD LT T 7 LR

WONEIBR T~ 7 IC XD AR MEROHIR R 2 L m ESE572010, &
HKDIRFEIZE D% MERO LA R D, £T-, BRI lLEkE T 7~
B AR IEROIRFEEZ T D,

P @
> ¢ o @@

=EREEREL) A IR ZE4(0.9% NaCl) BiERE(ERER)

Fig.41 Cell deformation by the NaCl consentration.

Fig.42 Cells passing through at micro-gap by cell deformation.
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3-4 FERBIUELE

3-4-1 ILERfSEB DR R L2 2S

FELIR 2L DG O AL AT ORI 5 1T ER AT E L T
W (Fig43 k), fFELTO MR, BRIREE FOBEMNS IR EN RS
T2 Te O IRIMERTE L8 %2 Hivd, BMCE-250 % AW CRIELERZITU
IR LTI, JEEE O 8 OF AR MERAMTE L C=(Figd3 T ), L
L. BEMMEEBIER Y RMLIRR LR T2 & (55 Loz b7z
molo, REAFICEIDMIROMEIHNIL, DRDBDLEEZOEND,
BMCE-510 ZRWTRIELIZATV, FRLTZ5E | R EL T
W emno7z(Fig. 44 ), BM Y U—X i, ARV =T Lo 7 U a— L8 % i 1
NEEIZ=—RLTUW5bH, BMCE-250 L[t L 7= FF, BMCE-510 I3,
BMCE-250 JVb ARV~ —#HAE W, BEE IR MERZ J0 i o9 <L
TeLEBZOND, iz, MERDOFEND, 18 Ml O FIL, RV~ —E
DEITHHIL TWDHEHE X 55, Lipidure-PMB % W TR ALE %
TV B LT2HE , R ER ST F L TV 22 o 72 (Figdd T )
Lipidure-PMB (%, fEONEE — EEOFELAE L CHERE IR T
HHTW | JE NEEE 2 M EKR O SMUIDOFRIZL TWDHEE X B, ERDMT
BRI LB Z BN D, IERAT B BRI AN K2 3 B8 B 1 0D 2% i AL PR
EATHOZET, RMERDAEZ MR HZ LM LTz, BEEAR MER DO 25
EIA DI ENTEXAHEMFFTES, 72, Lipidure-PMB 13, K DREMEDS
N2 DB N BRTE I~ BRI D2 EMNTEIp 0T, ZD7280, /1]
BRT > 7 DR EALERT, BMCE-510 23 2 CTHAHZEN T30 o7,

59



RELIEZL

BM-CE 250

by - o/ y
i it P

R EE T

Fig.43 Non specific adsorption of red blood cells. non
treatment (upside) and BM-CE250 treatment (under side).
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BM-CE510

Lipidure-PMB
%20 Flow x 20
j;“ j"""""']
':- J____________E it
: 'a:-f'é" 1
HILEEE - !

Fig.44 Non specific adsorption of red blood cells. BM-CES10 treatment
(upside) and Lipidure-PMB treatment (under side).

61



3-4-2 AT 75 IEREOENERZ 33T A L ER [FUN O B E%h B

ERLL7=2 AT 77 LSO WrE %2 SEM (2 Chgsa L7 (Fig.45), = R
WENVMET 22T, MBI 3 05+ 20 ITHLIRS VT e, TV R
ST TR SN = 2 COMBOEI I TE D,

"lruﬁll L\f aﬂﬂiﬂ?’

\ 1Y ERY

l""’%ﬁﬁ%lﬂ’&l@&(:?éo
SRR TS

by 2

Fig.45 SEM image of diagram structure and performance.
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3-4-3 AT 7T LIMEEEMERES T D8 NERR T 7~ DR

NIRRT BE FR MR S N2 W IO IS IR 2 HERF 975720 | ZE KU
KA IEL-(Figd6 k), TRENOESD 7 kPa DR, 228034 B %
T, TN EBICRININ I A LT=(Fig46 7£), PDMS FEM L, ERi%
IERH DI | 23R FEHE O MR 220 BIEA BB L, RPN G
DEERFNIRALIZEZE 2 HID, TREENDIET] )36 kPaDIFIL, Fit#E A
TR A LD o 7= (Fig. 46 ),

VERLL 7= AT 75 DSHETR 4y DZE KT ICINEL . A fES
B 72(Fig. 47), ZZRMIEDESE 40 um &L, FHEFEOEZ 20 um, 40 um,
60 um, 80 um ZZAEIUERIL 7o, FREIEDEZZ)Y 20 pm DR, O E
IDVEDSTT2D | UNFBRIE RS ICBEE L, PR L A I 72RE I
AL TL £ 72 (Fig. 47 /£), FRIEDIEE 40um DRI, 5 AL
LK ERFITRESEIEL 7 (Fig. 47 7). FRIEOES 60pum & 80um DK
(X, RBRERFCBER T 0T, #UNEBRIR IS 245k T&E o7z,

NIRRT O MERO IR L UL DT=D DX AT 77 L HE DA ES
I, FREDOEZD 40um OFEFDNE Y THY, FEELZHER T 57290
DZEZIRIEDOHET 6 kPa LL FANH Y THHZEMNrh =T,
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NIRRT YT
—‘ | |
| O

40 ym AR

40 pm
B} o

B2 /E (7 [kPa]. 6 [kPa])

Eﬁhiﬁiﬂbf: o

ZR/NFEBLEGA DT,

Fig.46 Air pass through of membrane

FFEAEDES: 40 pm

FRERDES: 20 pm

RN

Fig.47 Membrane breaking at the processing of diaphragm.
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3-4-4 EPEABLE O DBEICL DA AR MLER D 4 BEE A M ER 35 ORI
EROBEEROTFHIMKE

T X T 2T N TOBEEANROERIZ Y P W T, B
EAROERZ ~ A7 Ny MW TERLZD, PV Ta ol
7573 Percoll B E VAR DERE OFIE LR B\ AT 277028 BE AR
DOIEFELZIE, SV DN TN ES DT, B AR D BRI B0
T, 1.085 g/mL. 1.095g/mL O] THIZARIMERD /SR BERE Tz
(Fig.48), ZO /X RN, SRIMERE A MLERDN L 310 E FATND, Fz,
AMEROSTEER LB S| RIMERANE o T =i, mERNERIC
IKISAVIAI BEFEN EF LTz eZ 2 DD, BN LT EEIR D &iX,
12ul 2otz F2, BEZARMERLIAN O AR Bk E B i ER O RN O 53
BEL LT, ARILERD K /3 &2 B BRS Z SRR B LTz, B L7232 RIE N
DMERBO R EL T, PEBHIEAROBZE)HAR MERE A MERD I L
Z1:1 DEIFTERENTNDHEERILND,

ZOTEDDS, ARMEEE 10’5 10° 8 = TR =525, 1000
BT HZEICRIILTZEZ A 6ND, T, iR EEL 12uL £ CHEHET
DZENTEID v A7 aiifST v 7 2 T MER D BT 5 <
ST2EBZBND,
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3000 rpm
3057

> A )

EIE

—)

/

} AR M EK R AEE

Percoll1.085 g/mL
1.095 g/mL

4
) EUR
12 uL
> Percoll
> ¥k

Fig.48 NRBC pre-serapration with density gradient centrifugations.
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3-4-5 BUNERT > I L5 IR ML ER D HE « B ER & L ERFS LY
FRIMERDOFREROMET

T8 B3 Uy Bl VBRI DY TV B B A N R T T SRR LT
TERIRBENTRIL, B2 6 kPa THERFSILDIDIZL TITo 72, PN R
L MEREHIE T DS BI LI (Figd9 k), AT X AT 77 14
EEENESE2E T, ISRz T X CE T 52N TET
(Fig.49 1), ez kL, UMD AR ENERD 2 2 T
Rbilz, 3 2 ETHUNEFBIOE S 1.4um ORFIZZONTZAE R LT
W%, Fig.49 ORUNHRRES Chife S 72 B O B2 BREE OH Bl 1L 2
LW, MLERD DR T2720  RILERMfRS NIz B Ab IS, %
7o, WIS NN B RZ AR MERSC A MER 23 R M ER I & XA FCffe s
TWDHIELE LD, B AfdE L4y Bt OVER BN T~ 7 ¢
TR - [FU L7 R DVE R L 72 Y A A% Fig 50 a,b IR U7, f/INH
BT T IR EAT 572 28T MERERZ WO 3 2L ISR LTz, FiZIR L
EROFHE SR 1T, UNREIBR IR THITE L2 A R ER(Fig. 50 b)DE &l
PN BRI 2 B LT A R ML ER OB 8 U= (Fig 51 b)), FHAIM
H oD M EREE AR M BR A A0 P B e B 2 i L 7 P o Bk ffe & R i Bk
¥ DFAIE FACS 2V CITV O (Fig.51). BrEREZHEH L7, AMERESR
M ERDERZERIL, 98%. 93%7Z o7z, HHLERIZ, FRIMERIDE REVZD
A AR IMERE LU N BRI 7y CHifE S5 85 2 T vza3, 1.0um D
HR AR L T e, et Snc BIER(Fig.50 a)& #2395 L8%018, BR
W7 B ORIV En TOhAZEN 305, /NER %
T D0 O NETEL CERLIZEE X DD,

;/—'—»

F
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WUNERRFE R DO S A5, 1.0 pm D, AR ILEROEIN L, 92%72
STz, Flo WUNMEBRTRE OB EA, 1.5 pm BEN 1.9 um OFF, FEER
1L BRDZIE N DENLER T, 75%, 25%7Z o7,

B2 BEIZBWC, BRI OS2 1.4pm UL F O ENA R IMER
DR - TN L2 D e TR TELFERBBEONT, REDOERIZE
WC, ENEREIR MEROFHE - IR @O AE R A S S N2 0rd, MBI
KEOESH, 1.0 um DEEE 1.5 pm OB TH -7, =T R FRILERDS T
L@ AR ERO B ERIE S MER S5 T-, F2, KETORME
i &ElE 7mL TEMLZ, ZEniciE, i K& T 4mL WD, 20O &
OHIBTIE . IR O IR FU TR E 95703 ENE AR MER O REAA] ~
DATEDOIERERMEIL, BADNZS LT, LAL, FDD-MB Tl
T BE R DT BEIC XD ImL 4720 1~2 HUREIR 52 L8 TR H
HLTNDT0  BHARMEOEHFHEL T 7~14mL Z A5, B TEHH
BARMERDEIT, BEBIE 7~14 HLHE T&5, HARTZWIZLE
BRARMEROEL L, 10 HLL ELEEEShA, U NERT I LD
BWENE AR IMLER DB RIL, 92%7- 72728 . BAKFR M 72 BEA ML
OEIT 1ImL L ETHAHZENE 2 b5, @EEZWIFOBR M EIL 10mL
AL 252\ BMARML 11mL 2 W22 nE el ee 72 & B 2 ob, 20
728 HERTZ BN N T > 7 IS CEHEE X DD,
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FEOEE: 1.0 pm EREE 1.0 pm/min

BAT 75 LEBESE T,

M EK D [E4R

174 Fbh --ﬁ_m&ﬂmwmwmwnwm
it e i o Js Fars. g

EEEE 1.0 um . ﬁ:&ﬁlﬁ : 100 pm/min

Fig.49 Trapped cells at micro-gap (upside) and correcting
(under side).

69



30 pm

Fig.50 May-gimsa stained cells 1mage. (a) After
density-gradient centrifugation, (b) after chip collection.
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NRBCIEL (%) =

NRC

NRC+NTr

X100

Ny FUXL7ZNRBCHL, Ny, : 81 L 7ZNRBCEX

BUNSIRES pm | /'\'(ﬁngn) NRBCERE % |5Ff
1.0 13/ 14 93 ©
1.5 6/8 75 O
1.9 2/8 25 X
Wrh/ MO BIEE | Rrh /MIRILEREL | BMEKBREER/% | FRIMEKBREZE/%
7 9
/11'%‘:5211%7 /3éfgsxx11009 98.7 5.0
100
90 r (a)
80 I
§ 70
g 60 |
3 50 |
S 40 |
3 30 t
20
10 t (b
0 m(C) | - ! .
0.8 1 1.2 1.4 1.6 1.8 2
Micro-gap height

Fig.51 Cell collection rate(a) and RBC(b), WBC(c).
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3-4-6 fHU/NEIBR T 7RG 7269 4IRER KT FDD-MB 22— H
FERTZWEIE~DORE L RO ET

AGm O HAYIE, NRBC AEA M5 D> H B AL AL (2 F -4 DR H 0%
MELEATOT2  ENE AR L ER D O - FIEE A EHLIL S| o
M ERZ Sy B DI EDBIE ThH, (FRLUIMUNART > 7 2 VD %
T 93%DAIEIRIMERDFHHE - [ & | o i ERE A JBD S8 | BIRIEAR
DR 4 K6 0.2 BUZEH T ZEITHE LTz, NRBC O H B i {4 AL
(ZET DI 20 BEEDD 1 RO FEFEIZIFF TE 2D (Table. 14), A
PHERA IR 1 BHT20 1 EDD 1 HoH72h 20 RIEETHELZ
EINTRIES T,

Table.14 Micro-gap-chip efficiency in non-invasiveness diagnosis.

T AER T 7 E
WBC f# | RBC @ [NRBC f&| WBC f# | RBC &l |NRBC &
RHAM: 7mL | 5.3x107 | 3.3x10" | 7~14 | 5.3x10" | 3.3x10" | 7~14
Perdoll: 12~30uL | 5.3x107 | 5.3x107 | 7~14 | 5.3x10" | 53x10" | 7~14
T TRV - - - 1.1x10° | 3.9x10° | 6~12
IRAAE R 4 0.2
] (R ALPRIE[R] / h 20 1
A= s 1/RE/1 H 20/RE /1 H
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3-4-7 ZEELACIC LD MER DL LT T LEE

AHAEHEKEFRUEERE Omg/mL(Fig.52 a)DRFD M ERDF L RKES
EIEELUTRETT D, Fo, ABMEM FTRECEFRL TQODHIMERS
Ao, AR THLHEEZ OND, AR AKED 2 FORERE
18mg/mL(Fig.52 b)D I, FRIMEROIEIZEN R b7z, MERO KR EI1T,
AR SRR RESB(EL TN e oTn, AR K E 4105
ORIEEE 36mg/mL(Fig.52 ¢)DFFE, AR MERDOREIAEAELDE /X
7poTr, Fio, FRITMA L0 H -, EHAEKIY 5 FoRIEREE
45mg/mL(Fig.52 d, Fig.53), JEIRIL, BRIRSOM B IRAR E RERE(L A
Ao,

ENE AR MER LA IRE 45mg/mL O TH REREE N A0
STz, Fiz, FRIMERC B MERD RESOIITRELEFL TV, 2
DI ZEFI LT, I ERTF 7 OB RARMER O REm S8
Hl=8 | MiRE R 45mg/mL D44 TICE X, #/ NS S 1.0um
DF >IN TER LTz, WUNERO AD A TEL O MR RS, MERTE
TGRS VT (Fig.54), MERDTE R ZH O COZ(LSE | /R T >
T RIR L ENE AR MLER O 5B - BT IS TERNIED o
2o LinL, BHKOREEIZL > T, EMEER LIRS S AR MR, Bl
ERODYNBIINBE G IR DT LD 3otz

73



’
/
’
/
’
/
/
’
1
~
~
~
~

(a) 9 mg/mL NaCl
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(b) 18 mg/mL NaCl
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(c) 36 mg/mL NaCl

LY
\

(d) 45 mg/mL NaCl

Fig.52 Cell deformation with NaCl concentration.

45mg/mL NaCl
Fig.53 Cell deformation with NaCl 45 mg/mL.



45mg/mL NaCl
Fig.54 Cell solution sending with micro-gap chip.
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3-5 fhm

<A TR T T OB NBEE 3 A EF T DM ERO B &L T, F i
WA FE LTz, ROIREHFFTELLDOEL T, BMCE-510 % EiTH
iz,

BAT 7T LEBEEESE LT, MUNEBRITEE 23+ IR RS A,
PRSI ERD BN N TED LS Do T,

ENE AR MEROFHIE X, UM T > 7 Om S 1.9 m BLFOREIC
T 2L TE, 2O, =T MFRILERD Sk &3Pl Tz
72, MERDKRESDHLET | BERHLEITWDITREMZE 2 BT,

ENARE AR ILER DL  [FIUL R DY 90%EHeh iV MEA R L7z, /N B
D@L, 1.0 u m OFFTHHZ LN nh o7, o, /R ES 1.0 u m
(ZFITD B MERETRMERDEREFRIL, 98%. 93% ThHDHI LN TI-T2,

TERIL 7O T IS R TYBAEAR DR Z 4 725 0.2 FTHS
T LI LT LRI B 8 B QIR ISR T DG T24F %
ST, MIfFSNARLEL T RESHERA ERMELA 1 BH20 1 KRk
DIFANS 1 AH7-0 20 IR ETHEINTE LI LN 0T,

UL, ZOF 7 OB EL T, B BhEf{§ LR IZ 2§ B R O
DITEN w7 aFIRT T B OB N 2RO LH I E FNHE &
INEL IR DT EINFET BTz, Ty 7 BB O R L ATV 2,

— 75, FiRE A AKICE NI E M AR MERDOSRIL, o EkE
e L, RESETEIEL2WZERNDhoTz, ZHUCEY eNE AR M ERH|
BIOBIDFELEL THE R HZENTES,
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4B ZEBUNEBRT YT ICE DA EGRMER 7RO EEL

3 BEICBOT BN T T SR ILERD B SR SRR O
Mz FBLL, 1k, Ei TELOMAIE 20 fFICFET T2 R AT
B30, LinL, B ShEHG R O FAE LIS N R T
7 OILERRE 23, AR IE RS2 FDD-MB £ 0 2RO ALE R O F &
2% EOLTEN g oT,

F2C, ALEEE OB L E1TH 720 BB K 0%, BE1EE
WIS E o~ A7k T 7 7R eE - BASEATD, £, AL PR oD B
AEAC RS IS M F O = B AR I ER O FHE » [ U =R & [ 1 B - 7R 1f Bk
DIRERANDEEEZRARD, SHIZ, WERFEF OB I D v A om
TART > 7 JLERIREREI Y | IR E ALK P FDD-MB kD 2RO QLB R R D
HEE EOHI LTI ST-ODEFETT 5,

4-2 HHY
RECBITHHIZLL T RUT,
(1) B/ NIRRT 7 DAV RERT D4 HEE B FEL . S0 MR T~ 7 D
XEEBHFEITD,
(2) ALEREFHIDTEME (D . B MR ML ER DIHHE - [=l LK~ D 52 B a7

~A5,
(3) AAEREFRIOEME ZHED . BHLER, FRMERDBR LR~ D B2~
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60
(4) SR INERT > 7 OB ERE A3 &R R K S FDD-MB (£ 0O 24K
DIIREERADENE %2 5D D LIRS T=DhWiatd 5,

4-3-1 I

i L7, LU MR LT,

(1) SILICON WAFERS; Bk &t 7 2o —F v 7 Vs
(2) SU-82002; LI~ A 7117 I

(3) SU-8 3035; k¥~ Ao /r I

(4) SU-8 Developer; b3~ A7/ A

(5) IPA (2-Propanol); B AL 5

(6) SILPOT 184 W/C; L - X ya—=7

(7) CATALYST SILPOT 184; L - X7 a—=7
(8) BN M.t ; R EFH KT FDD-MB 22—
(9) Percoll™; GE Heal Health

(10) May-Grunwald Stain Solution; MERCK

(11) Gimsa’s solution ; MERCK

(12) BlockMaster ™CE-510;JSR corporation
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4-3-2 AiE

1ﬁﬁﬁb7i. i JJ\T \—be\—o

(1) AL a—2—1H-DX2; I RSt

(2) Y7L —h DATAPLATE 722A-1; 475

(3) ¥~ A2 T ZAF —Double-view Mask Aligner PEM-800; =7 > Jt5
Rt

(4) BZ2R 7 MD AC; RS 7 vy o

(5) HZEfLEEERE AJ-0133-010;AS ONE

(6) A~—7 DKN 301;- "~

(7) %I X~y TF 74 RIE-10NR ; SAMCO
(8) CCD —+# LK-3100; KEYENCE

(9) T THVEASE VH-6300C ; KEYENCE

(10) ALV &HEEEE SMA-20GWUU; NB

BEAR I35 X OV M ik % 25917

(11) =A27a VPR 7 RS e =

(12) fBSZBEMES ; 1X70; OLYMPUS

(13) = CCD %47 ADT-33C;FLOVEL

4-3-3 ZEMUNEIRT 7 DG

% #t1d Adobe Hlustrator VN TITo72, 5 3 EDFERND . MERDHH
PRIE, UNBRIEEE D A 1 B NEBRBERE DINERD 2 7 FT CiTH41 T
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W, £Z T AR TDREL T, FUNHBRTTES OF, HU RS O
R&% BEIFD,

4-3-4 ZEMUNEIRT >~ O (R

TN T 5T 4B XD DR a T o7, (ERIFNE L, 56 3 =
ZRIBETH S, £/~ S BIOEFEICLVEREL S CRIGED £ U A AT REME A
HD, TNERRITAFEELHRHT D,

4-3-5 ZdUINEIRR T 7S KD L T O v MY IR L ER D 43 B

EBRFIL, B 3RELFRTHLN, B RiE LT, AWk e AR
fER | FHOREN BT BND, 7EMZ Ll T IZRL7C(Table. 15, Fig.55)
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Table.15. NRBCs separation protocol with multiple micro-gap-chip using a cord blood.

i i 10pL &3 L  AZERAEHEK T S EATIRL , &2 &% 100ul ([ZL7z,

VIO DIZABRIEOR TN BT, Fa—T L, Fa— T ICEHE R K E R L

7"/,
—o

VPR IE Fa— T NITZELKRE AN, AIRUZ MR 100ul W A7z,

T 7 WRER AL ERE A DU INRIBR T~ 7 D Z2 R B N A b5 (6.0 kPa)lZ L7z,

Fa—=T LU NRRT v 7 EB R L LUV RV VR TICRRE LT,

6 | = ODF 7 ITERGEE 11uL/min, 22uL/min, 33uL/min DSA4C 6 4y, &KL=,
716 3t&, VP — " —EH OB R BEIR LTz, ZO% K4, @ilike 35,

8 | 1/ [ Bt B 0D 25 ST S PN 2o 2 2 (-6.0kPa)l Z L 72,

9 | A FRA /KA 100uL/min DOEAET 10 4[], FEiR L=,

10 | U — S —EHOIFIE A EIUN LTz, 208K, FEURET 5,

11| BRI EEIRNS  AAT ZAFRL | AF 2L DAV RGLEARRIC S 7 R 72,

12 | RFIGL A A FERIE K TRV L, T AV AR 20 53R 7,

13 | RFEIGARE AR K THWVIEL, MillQ /KT EIF e #% ., B ATIRIE T,

14| AR LOFRINEROEZ BEMEE T CRIEL:,
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(M BEFLZEDET S

Cord blood,10uL

) 4

) BHIME10EHINT 5.

10pL X 10(0.9% NaCl)
=100 pL

) 4

Q) Fa—TJICEERIBKERRL
BHAMZEAND.

[ras =
flm =4

HEEIEK

FIRUIEE M 100pL

AMNEREF YT DESRIREST
(6.0kPa)IcL T, Fa—TJ LT 5,

6.0 kPa
\ -.ff?!.'r'r-'ﬁ.?'ﬁ!
-*L;.'i.ii“' '*ijii']'

By TEIN)URTITEREL.
&R E 11 pm/min. 22 pm/min,
33 pm/min, TR fEEERT ., ) F—

N—FTELBRZREIL ., BBERET

Do

\\\\\\\'\y._‘.’} / /
éi Outlet

EBERE 11 pm/min. 22 pm/min,
33 pm/min, 6%3fE

¥

ZRMBAZIZE(-6.0 kPa)lZL T,

PERIEE 100 um/minT105 %R
B ) —N\—FTRIZABBRERURL . ##
RiRET Do

100 um/minT10% ffi% %

) 4

(7) BBRETFIRBRNOAATEERT B,

U HIER& AXAT
\ 4
(8) A -F LHLBET S,
&
/
\ 4

(9) BAMER T TR A MBKERRT B,

Fig.55 NRBCs separation protocol with multiple micro-gap-chip using a cord blood.



4-4 FERBIOEL

4-4-1 ZHiBUINREIRR T 7 OREEFEBR%E

HE LT~ R I RZ—% Fig56 (ZRUTz, MLERDHEA IR O
AOERNEHTEHRIILTW 2, RRIEOBERES REEE LT
(Table.16), F£7-, FIEFRFEZHTAEBINTH2E T, EREFE D[ _EIZ
FEDILPRIRF M O FIAR L A TR T2, S0 2T, 6 2T ERL L7z, T il
H . PDMS %5 X339, #5212 PDMS 235%-72, PDMS 23+ 5712
W L CWVeh ol B 2 5b, £ 2C, PDMS shidE R4 1 Refi]n 5 2
RFRIC A L, BERRIRFED 75°C 5 60°CICA B L TRgtL7-, F7-, 51X
HINLOFmMEEAAONPGH O Lz, ZNGIZEDBI XA LE, &
DT HIENTE, LVEHEIZ 2o T2 D PDMS #5313, A L RERH
R, BIEHBLO T MERE ST HZET, T 2L o7,

Table.16 Structure of micro-gap channel

R g (RS

g 90 448 5.0 fF

& |30pum |50 pm 1.7 f%

FEX [197um | 1400 pm | 7.1 %
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WU/NEIIRER 2 DILK
Gl ;JlLﬁ-%fDEé 197 Hm

NI

R ER D& : 30 pm

WUNERF YT
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Out
2EEREEDE : 90K

BRSO : 9K

PR—5— ZEMNREBRES DOIEK
FERREOKRS: 1400 pm

Il

E R DME: 50 pm

LEMIEREFYT

.‘TRT—Y‘.-I.T._T.'. -'TT.I;'.T?.:T‘..! AAAARAS

I“-i-*l-‘l Ilil-‘l .Llll I‘I‘-illl L-"_‘_"i:;}‘"

EEIRIRIE D 448K

| PERSREE DE: TA
Fig.56 Structure of micro-gap chip and multiple micro-gap-chip
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4-4-2 LU NIRRT I LD A R ILER DREHE - B

KR TR I Z U DA AR I ER DRI ER % Fig. 57 {2 R LTz, i
e AT A {52 AR (IR U7 AR I ER OO Y BAZ AR ) (8% Fig.58 1R
L7, 8 3 BEFRRICILERATD 32 LI H LTz,

PEGHE DS 11 uL/min OFF, AR MLEROFHHR - [EINRIL, 84%72 -
77 DGR FE S 22 pul/min DWFIE, 66%77 572, PR FEAS 33 pL/min O
REIE. 60%72 577, EEEDY 11 pL/min ORFOEINRD R @\ MES
R UTe, SRS DA R L ER D[R 3 C & 7 1 Bk ¥ (Table. 17)7 6 5 H
L7z,

AREARMERDOE ImL 12 B THY, (AT 2RHAIMLIL, 7~14mL
Tho, lRIEAEETFZWricnZE e mekEuL, 10 2o, FikiRin
KDY ImL A 1 B2 27283 2B 5 MK &I, 12mL Th D, 5 3
BEOM BT AL, MEE ImL <7220, FEITRA 8%IEL (KU VE
(Z7poTo, oL, ERIEEIA 90 73 [E0° D 16 43R & 10 (5 < E TR T
HZENTE, MA T, FRHEEL LI HEIZEI R B LI, [
NCROMEIL, ALERERFE A 10pL/min KVIKEIZTHZETRINREZE DD
ZENTEDEE X BIND,

T 7 OB X IV BT UL R WS KR 60 LA T Thi
(TRREL R CTED, 5 3 B ODFE FE A iz L7y Bl DI &3 12uL 72
ST, W= b — )L D=2 60uL FTHAMLIZEL T, ZsE i E R
Fo 7 T LT EARE T D, BIREE X, 1.2uL/min L R ToHiv i
IREfE I 60 73 LA T &7 %, DD | THiEE 1.2uL/min 7>5 11pL/min O
[ CHAVUIE IR MER DRI HEIL 84%LL L& RiAD | FHEIEDT v 7 X
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Fig.57 NRBC:s collection rate with flow parameter.
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Fig.58 May-gimsa stained cells image. (a) Cord
blood, (b) after chip collection.
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4-4-3 2@ NEFR T 712 8D HILERE TR I ER DR FE R~ D2

IF

FIEEERFIZ BT DR MER B L O M ERDFREFE Fig 59 ITRLT,
EWGEE 11uL/min OFF, AMERB L UIRMERO R ERIL, 98%. 84%
7Eolc, IBREFE 22ul/min OFRF, [ IMLEK I L OURIMER D BRE R IE
93%. 99%72~7z, PEIIEE 33ul/min OFF, A M ERIS L OGRILBR O FR 2=

I, 92%., 94%7E 570, FRILER K OV E ML ER DFR A%, ) [H B 2 8
WU MmEREC R TR L7 MERED BB L7, EOEEEHE THER L%
1%, 80%LA EEmVMEZ R LT, & 3 BT, SEHOEEE 1.0uL/min THER
EFRIT 90%LL B7E o7, BHEIG L, BARE FACS LR7HD0TV MEL
AL T2 UM @ LTIZ RO S D5 W e B 2 DD, -,
Table17 (TR L7245 MERES  BEN T2 MERE A AL AR ERE B ifER
(%, ZL<DEEN TN, MERDEN TR, /R Z @5 RE s
PeIEAREAER T BRED 2% B2 BN, & 3 TIZB WUV NERE
IR L 72 M ERIE FACS CRHT DL TET, DFED, FUINH BRHE B 18
L MEROREA DY NI D IRNEEZHZENTED, Lol
L@ U NIRRT 7 U NEBRIRE O R EA 3 EOF v J0E 7%
FL TV, MERDEF LIRS biiiL o BEREDM R OV 72012, mER~D
HA—=T PRELIRSTZAIREMEZR B 2 H1LD,

PLED 56, RESERUFT T2 mERIL, #EN0T <ROEEARERLIE
(CRER D DN T ATREME A /R L7288 2 D,
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Fig.59 RBC and WBC removal rate with flow parameter.
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Table 17. Number of cells in stained samples and missing cells rate.

S pl/min SART | BiE | @@ | A [SpNmE
DENE %

NRBC 40 33 6 39 3

H2 T )1 11 RBC | 3.9x10 13 1.6x10° 1.6x10° 60
WBC | 1.9 % 10° 5 4.3x 107 4.3%x 107 77

NRBC 52 6 3 9 83

HT )2 22 RBC | 2.7x109 2.8x10% 3.5x10° 3.7 x10° 86
WBC | 4.5x 10° 27 363 390 91

NRBC 12 6 4 10 17

H2 T3 33 RBC | 9.7x10% 5.3x10% 8.7 x10° 9.3x10° 4
WBC | 3.5x 10° 84 1090 1174 67
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4-4-4 SRV T 7 I XA R O /R LI ED . EIRIER K
¥ FDD-MB 15D 2RO ALBERF ] 2K % (5D HE| &~ D2,

2B NHRT > 7% VT Sy BB ORI A 10 5L Eend bl
Th, AERIMEKOIEIE I, 80%LL LEFWMEIZHDZ LN 550>,
Fio. ZEMUNEBRT v 7LD ABEREF O ERE LIV SR EFR
K% FDD-MB JEDEKOMERIE &K% 5 2EI &%, KERFDT
HZ L30Tz (Table.18), £/o, AFED BRI TH LT > 7 LB K] D%
ML R T HIENTET,

Table.18 Throughput enhancement by the multiple micro-gap-chip .

ZWUINEBRT Y 7 (4 BEOTF 7)) UNERRT > 7 (3 BT v )

WBC/cells| RBC/cells| NRBC/cells |[WBC/cells RBC/cells NRBC/cells

s I 10ul | 4.00x10° | 3.00x10° 12~52 - -

Perdoll : . .
- - - 53x107 | 5.3x10 7~14
12~30uL
Fo T K| 426 1.50x10° 10~44 1.1x10° | 3.9x10° 6~12

ALLTER P R 16 47T 90 47 A

Z—Tk 60 ZLE/1 H 12 AL/1 B
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4-5 HEve

WUNBRT 7 N OM NP IS D3 7 (5127 22 L CHLERRERT D
B EAT -T2, BWGEE % 1pL/min 7>5 11pL/min, 22uL/min .
33uL/min & 10 {2 EICUC, i i O e M IR ILER D HE - [ =
ZRREELTZ, F7o, BILEREFRMBR DR LR OGRS F L 72,

PEIEE 1 1pL/min O A ZIR MLEROIBHE - FICRIT, 84%77 57=,
Fo. AMERBIORMBERDRERIT, 98%. 84%7Z 7, = iH &
22pL/min DR, AR MLER O - BEIRIT, 66%72 572, £7=, HL
BRI L OURMERDBR L FRIT, 93%. 99%72 57, DEIHE 33uL/min DR,
AR I ER DI < BIRIT, 60%72~7-, £/, A ML ERFS L ORI Bk
DEREFRIT. 92%. 94%7Z o7, ZIERUINEIRT > 7% AT Sy BEALTR
DEFfZ 10 PLEmHREL T, ARIRMLEROFHRRIE, 80%LL L& iEv
D DL 2Tz, o, AED BRI THLT v 7 B RE O FE
M blZ, Ve A BT 28T 90 D5 16 BRI T HZENTET,
ZOZEBUNEIRT v 128D MBERRFE O LIS SRIERKR
% FDD-MB £ DR D MIREF ] 2% E O 5FIG 13, RESBATHZ
EM It

91



BSE LEMNERT YT EBIEO BB

5-1 f&=

52 BDE 4 BIZRUWT, MUNEBRT Y BN 31T D MR L
EROTHAR - [FIR EALBRRFH ORI AE R AT, Ty 7B ORBE S EL T,
BEEIZZL DB EZ AL TWDIET, BERMEORLESL, 2—F—0D
FUEMEOIK FAZEF 5,

FITCARETIE, ZHBUNERT 7 HBED B B{Lik A, HE SO
IR AR D,

52 HAY
AREDOHWIZ, LTIORLT,

(1) Fy7UBHOBFEREOM Lo —F—oF{EEOR E

(2) PLC(programmable logic controller)Z FH\ /2 22 & OYRaRMED M)
3) ENBRIRICI DKM ES AT 7T LEERE D8]

(4) ZEWUNRRT > 7 e O 2 HE b
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5-3 EBr

5-3-1 FRIK

i L7 ild 2 LT IR LT,

(1) SILICON WAFERS ; (i &t 7 zr—7 v 72 Jay
(2) SU-8 2002 ; (b3~ A 712/ 1

(3) SU-8 3035 ; {L#~ A 7t I

(4) SU-8 Developer; (b3~ A 7177 I

(5) IPA (2-Propanol); B B /b

(6) SILPOT 184 W/C; WL - ¥ ya—=7

(7) CATALYST SILPOT 184; L - X7 a—=7

(8) i REMEHE F; 1

5-3-2 M

FERL-EEAZ L TIOORLT,

(1) AL > z2—X—1H-DX2;I W R &4t

(2) A 7L —F DATAPLATE 722A-1; (%7 F

(3) ¥ AZ7 74 F —Double-view Mask Aligner PEM-800; =74 Jt.5
R tt

(4) BZER 7 MD 4C, BRAEAET L3y

(5) FLZELEELE AJ-0133-010;AS ONE

93



(6) A—7"> DKN 301;- v~

(7) BB 7 7 A~z yF 7% E RIE-10NR ; SAMCO

(8) CCD —+# LK-3100; KEYENCE

(9) 7 PHVIRMEE VH-6300C ; KEYENCE

(10) ALV A HOEEEE SMA-20GWUU; NB

(11) ~A7a VPR F T R E T2

(13) & CCD #7147 ADT-33C;FLOVEL

(14) ACON-PL/PO; 1AI

(15) ACON fHll1EI 24V I TAI

(16) '/ o~7 /) arha—7—FP0 2 ha—/ L=} ;Panasonic
(17) 7mrI~7N=arha—7—FP0 #§iX ==} E32T:Panasonic
(18) 7'mro~7 )Larthr—7—FP0 A/D A #i= =} ;Panasonic
(19) 3 AR—FJL AR/ T V124, SMC

(20) T HNES LY ESF2; 4 AEy

(21) 77 F a2 A% — RCP2;IAI

(22) 7Y A —  KOGANEI

(23) EPWIN GR ; Panasonic

5-3-3 PLC ¢K-HEEEE M OB

AR E A OBEeH L., [BIE 2 ERL TITo7,

5-3-4 ZEBUNHIBRT > T HBRAED BB L ZATIHETOREE
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F o T ~OEREFNED E DA B BT 57 BFt L,

5-3-5 PLC 'S AD{ERL L& L D H

INFE TV =Y 7R =7 EPWIN GR % FIVWC, [E/12 ha— L3¢
EHTH =TT NAERILT-,

5-3-6 2HAEMLOT-O DT TR E LEIEHER

Adobe Illustrator ZFH\WNCF v 7 OHEE{T-o7-,
5-4 FERBIOELL
5-4-1 PLC &t4&-fZEE oI

TERLL 7= [A] B X % DL R I2R LT (Fig.60, 61), PLC EDEEGIZ, 77F =
TAH— JETIRF YV ARSI T T o7, itk . 6 57 mhERERR
ATV, IERICEREI L T2, =T — R EROMRLL T, TIT—2F =7

T8 BENCEMEL -, Fv 7 BEORKFHIIL, S 7 27T L8
VB CTHDHN, HEBEBDLELT-HIEN R LT,
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Fig.60 Electronic circuit of plc connection 1.
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97



5-4-2 BEMLTDLGETDRT

28U NEBR T T OEEIZB W T, BEMETEZTER LT, E A #
EICLDEWR, X AT 77 LOEEN il ThDHEE 2 BT (Table. 19,
Fig.62), F72. ARZARMLERD 73 BECITEN AR TRRIENH OV — 3
— NI DT FZ AR MLER O R PRI & IO IE R (X 3 =17 TOH
HaE 2T, ZAUTEY Fo 7RO FEMED R L2 HIFTED,

UL, 22— —OFIENZ I @D D20 | EIR I A & O 7o 2 H 8
LFEREEATVZ N, BEMEIZE L= T 7 S O
THHIED DT,
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EHZ EXEVY
AR

PLC  FYTOESEME ""’al RS Y
e ZEIHZS 3 !
b %2 215 il -

—
JOysSLEE @) TOFLII— 9—1

Bl 1§1LI l_
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3FaVY

Fig.62 Selection of automatic manipulation points.

Table.19 Automatic manipulation of chip with plc devicies.

J 0% 5 L%EPLCARTE

S

TOFATAR—1EHNT

@

TOFLTARZ—2ETMNT
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5-4-3 KFRIEE ORI 27T A

TH =TT L Fig.63, 64 {TR LT, X4 13 EOEIRE ON 2T
Do X513, 77 F 2 AF—DIF SRR, X6 (&, EIFHOVEY M THD,
X7 1%, T/ F 2mA X — 2 EESEIMESE 5, R11 1T, JE DR OEEN
bo—EMEE FEl>7-K:, ON (2R 5B FmAA YT ThHhDH R20 b R11 &[F]
HThD,

TR I LT Ial—as BT, EIOarkr— L3 TELIED
G3Inotz, S NIRRT 7 ED B E LI T T,
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X3F  X3E RO
— /7t : £ 3
RO X3D R1

3H /I { 1
RO X3D R2

GR=—} { 1
X3F  X3E R3

9/ | [ 1
R3 X3D R4

12 =17 [ 1
R3 X3D R5

15H — | { 1
RO
— —[FO MV . WX 2 . DT O ]

R1

24— —I[F65 WAN . WX 3 . H3FFF ., DT1 ]
R2

32 H—I[F66 WOR . W3 . HGOOO ., DT1 ]
R3

40H F—I[F0 WV - W2 o BIpTED ]

R4

46— F—[F65 WAN o WS . H3FFF , DT 3 1
R5

54— F—[F66 WOR . W3 , Heo00O , DT3 ]

X4 Y4
— | { 1
)SON(I
Y5
{
TL(1)
Y48
r
| 9
Pa
X5 Y6
=i { 1
HOME(
1)
X6 Y7
— | { 1
RES(1)
[ < DT 1 . Kon X7 R11
f <SET>—
R1IJ
R11
81 F—IFo W . W3 . DT 50 ]
##0a
—f
[FO MV . K40 ., DT 51 ]
A
[F169 PLS ., DT 50 . kKo 1
ﬁ*{i_iﬂ:

Fig.63 Ladder diagram program for automation of chip 1.
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Fig.64 Ladder diagram program for automation of chip 2.
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5-4-4 B EMEOREEE

U NERR T~ 7 PLC DA LEE 2 L . FIEISH7-(Fig.65), 5K
BEO BEMEAZMGEL ., JE har ha— USRI LTz, £z, FRIRESC%
R DJETTHERFIZH RPN L2, I T ROE R EFRIBED=a e —
JVINTEDZ LMoo T, A EIO HBIE 7 27T AOEEER 352
LT F T EEON, JE 3y ha— L TR CEAEET R CIT ki
TEDLZED 0T,

Fig.65 Automatic chip control by air pressure.
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5-4-5 2 HBULDOT-DDF T HES

YRR Jo~ A7 /32— % Fig. 66 (T8 U=, 388/ NEBR T~ D H &)
FIE OB NWTEHELRDHDOMX, EIRO HBL LR OBIR TH D, U
IR & it U7 i Bk &30 N TR CHE R L 72 I Bk A 2 A B ALENIL 35 D 1
MamDO e, MkEFR L% AR BT AKEAT T 28T, MEROHHIEE
FZATOMEN DD, ZOTD, RO AR ABEEARKDAA | B
/NI &g L 7o I BR [EDI 0D HH | AN T B g C & 72 M BR & (=Y
THHAD 4 OFT, ENENEBERITHIEI CTEXLX AT 77 LEFRIEL
72,

Zo B EHE AT 7 OEFIE X — % Fig.67 ([TRLT, 285K
1 ZVAFEFKEMIKZMEL , EK T 2, Z0ks, ZZRJEHI#E2 LY
L ARV T ORAAZ T H5ZE T ENENDIEREZBINANTETL T 5.,
MIRER A, A AT K EZRREE 5, ZREHE 3 L0, R
DHELHERF 95, £7o, ZE5UERIE 2 &L ARV T ORMAE T
AHZET, P/NEIRR A 08 U7 i Bk A [0, 1N B G L 72 i BR
DENN A FIREIZ BN CTE D, ZEMUINEBR T~ 7' 0 4 B @k ik 55
Bt A7 LSO EBITHfF TED,
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Fig.66 Mask patern.

105



Ha

K 1E2

JL/ARIN LT
HHEIEK

22 53 il 4E L

28 T 13 jim e

Fig.67 Automatic chip control system.
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5-5 fhm

2 NE IR T TR D R B Lo — Y — DFIEE O A] 1A B /Y
LT, Fy7UH O IR AT, BUNRBRT > 7~ 710
BN, PRBEOHIE, BN, VI — =~ DR E) IERD
B[R DA Th BB FEAT CELEE MRS, ZEMUINEBRT > 7 AL
HOFHRMEZEmOONDLEME TED, £, IR EBIRITER TED
Fo T ORFEFTEAT oI, 2 DLNDOH 7 V2 FIRE) D B BAYITEL T
EDHIDNT72 %, AT, B DI EIBIRINITAT 255912702, 8K
OIBRE BN OFRS HE)TITH 2L Ca— P —OFMEMELIHIZM
ETEDEHIFTED,
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H6E WG

HAERTOBAS T2 MR M2 D, ZORBEMIL, BHE-BIREY
(ZHETOENRNE D THLHD , EREITINHATHD, TAY IR —n
o/ N7 B A I C IR BR AR RTR2 N DWW CRFFES LTV A8, £ A
LIZIZE > TRV, BEROERBEL AR L —7 Thd
FDD-MB TiZ. Percoll % FE Afd i L4y BEIC LV AR IMERZJRAEL | IR
M R 2 e AR AT U CIEAR RO A R Bk B B i LR 25 1T 1Y
BRERLTWD, Ll ARRILERDIRIRITIL, 20 FFEILL EZES 5720,
TEEDNFAN VA THD, ZNEFFR T DT20IT, 5 AEE L5 B
ERTEREL | RO FE LA CSDIZIRME T 52 &M TEH M/ R T
Y7L, ZOF v IV IRE FOBAE MERZ G T 28T, HE)
] {50 8 | Z LD R R O B (b A IR T & D,

K@ LTI BH O BICE AR MK RTEREIR 228 TEHT
v 7 ket BAFE L BRI ORI A B e LT,

WUNRABRIC X5 M ER ORIV T, BIBRER A 0125 M. Bk
AR S IDT=0 , N DO A2 <L, mERBLO A M2 52
W TET, Fiz, =V N IR MER CRtE 95283 R RIfR o @ S
1.2-2.0um DEF/Z o702 % LT, EbOFE AR ERIE, BB O @S2
1.0~1.85um OFFITHFIR 5L TE, =V N AR MEK NG R L
EKDOIIRIL R 72573 1t CEAM B DO S I PN RHNSZ L0377
STz, EHIC, VN OE S 1.0um O ERIA AR L ER O BN =R 1%
0% Ha % . ARMLEK, HMERDEREZRE 90% 48 % 72, ZOMINERTF >
TN & D RERKRS: FDD-MB 1 O i Bk R IRE ] O S5 I 2 30 SR A 4
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FCXDDMRE LTz, Ty T e okl fEbieinol- ki gL, AV
— 7w 20 fFICH] L TEHTEN S H o7z, L, HE) NRBC BERE O
R DG I, Ty TR DORERI D FF N Rl le Tz, £ CTHUINE
BRI DR A BELPL , T 7 AL R O 4E M L A s A T,

/N T~ 7 OFEEEEL 00 715 448 DR S {5 ETHEC LT i)
FIBR T~ 7 ZERLL 72, 255 % 11 uL/min, 22 pL/min, 33 pL/min 6%
/NERRT 7 10 10 5 UL EOFEE CHEZ IR ML ER OR[N A 3R A 7=,
BERRMERO BN R IT, 2 E 11uL/min @ 83%705 kb miV MEA L
2o Fo, RIMLER, A MEKOEREARIL, 80%% X 72, MUNERTF > 7 D
RUFRIRE ) 2 it B DB 2 HE RO L T2 28U NI T 05 2 LT AL
[HTF v 7 AT DI o7, @IRIEF KT FDD-MB O IfiL ERFE
SRIRE O RLMEA B 27 Sy BEE O BR R I TR B L 72

ZHHUNER T 7 OB B E 2 — P —OFEEO ) LS 5720
(CFy TRFRD 2 B B A R I T, IR T DB AING Ty T AR
BE IWIROEIR O 2 TE BB EIT CEAHEB L ERS T2, ZHEM
EIBR T 7 R O F B L 2 — - — DR EME D[ L2 c& 5, &5
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