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Fig.1-1 The fabrication process for microchip’ s lithography

and etching.
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Fig. 1—2 Images of TWIST valves. (A) A microfluidic device in

PDMS containing five parallel channels with TWIST valves; the PDMS
channels are bonded to a glass slide and have been filled with

food coloring to make them easier to visualize. (B) Top view of a

TWIST valve on the device. (C) Side view of a TWIST valve. (D) A
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cross section of a TWIST walve with the screw removed. (E) Bottom
view of a channel filled with food coloring .positioned above a
TWIST valve (1-mm diameter); the valve is open. (F) Bottom view of
a channel that has been partially closed by rotating the valve. (G)
Bottom view of a channel that has been completely closed by

rotating the valve.
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Fig. 1—3 Illustration of the principle of phase change valve.
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Fig.1-4 Genetic analysis microfludic system integrating sample

phase valve/purification/ PCR and detection.
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Fig.1-5 The illustration of peristaltic piezoelectric pump.
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Fig 1-6. The schematic of hot air micropump.
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Fig.1-7 Schematic structure of the pneumatic microvalve and

pump.
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Fig.1-8 A large-scale integrated microfluidic device which

consists 2056 pneumatic valves and 256 addresssubnanoliter

reaction chambers.
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Fig. 1-9 A pneumatic rotary pump (a) the schematic diagram of

the design of a rotary pump. Two layers of channel patterns are
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used here. Any intersection of a fluid channel and an air control
line forms a microvalve. (b) A snapshot of a microfabricated chip

rotary pump device.
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| Fig.1-10 The applications of microfluidic  integrated
microvalves for bacteria monitoring , protein crystallography,

cell analysis, genetic analysis and chemical synthesis.
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Fig. 1—11 The illustrations of the liquid’ s transportation

on the Glass-PDMS hybrid microchip.

ZREM ETHRED A ARABENSEEE, MFCARWESH; FE
B9 PDMS # %, EEIMEATIHURERE, RAME. WEEWFR
HOEE S AFIM R, NERNAEREHEAN/NLS POMS EEAEM, X
M EBFLAR T POMS FERE R TR IS, EAETRBRAOFTHA.

H AT RS EE AR L MPCR R [59] . B 404760, 611
P W [62]. DNAZYBU 7 (63, 6414408, E1—12FTR. ERAKH
RS S DL BOBE P B TR R SR BB T B A%, BRI E
SR T REL NEEHRE.




18 RS A P 4 AR IR B 70 % SLAE PR K P Y L A

B1—12 “Mathies®” R EKIN A
Fig. 1—12 The application of “integrated mathies microvalves”

for PCR , disease diagnose, DNA genotype and sequencing.
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electric double lnyer
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Fig.1—13 the schematic scheme of the electric double layer.

o5 O T TR [1— 1] ,

p=¢ eE/4nn (1-1) |

£ Jleta B (stern BSdiffuse B EAHE, HI-13), e
WA BB R, DS, 1 AIRERE.

WARTE, BBRIF NS EHHEREL, BEERERAD, o
U6 877 (BT RS B A

ENS AR S B AR, BT, WTEFR, TEGE—

o

R

1.4.1.1 +FREHEFERR
TFEER RN, REMRTZMA TS BKER . B
TRH A BB SN BEIE (AR EREEIE), AW +FREX O,



20 ﬁﬁ%ﬂﬁ*%ﬁﬁ@ﬁﬁﬁ%&ﬁﬁ%ﬂﬁﬁ*%ﬁ%

HY AL FE B B 7 4 B 10 T A O M R S A A X # A\  BEE [66]
=2 38 1 BE RE B R SURRE i hn e 70 4F RGN SRR R
(simple) [10]. E¥® E## (floated) [67]. i ERE (pinched) [10,
68, 691, TR LR (gated) [111FH o HEA RN EL— 1457
o S R R H i ) R e VR P X AU 4 S EL R 40 AT
SR A MR, B RIT A B IRE (10, 68).

AR
g

B 1—14 TZ@BEER (A FERER B)BFEMF (C)Femst e
(D) 1B
Fig.1-14 The cross-intersection injection modes. (A)simple (B)

floated (C)pinched (D)gated.
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Fig.1—15 (A) hydrostatic pressure on a cross—channel

microfluidic chips (B) double-cross chip hydrostatic injection.
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Fig.1-16 The pressure injection mode (A) Schematic diagram of
a two—way micro-8-port valve for injection (B) The illustration of

pressure injection on microchip by external pump.
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Fig.1-17 The schematic of optical path in the first

microfluidic array system.
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Fig.1-18  Schematic of the rotary confocal fluorescence

scanner.
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Fig. 1—19 (A) Layout of the 384-lane n—CAE device on a 200-mm
diameter wafer. (B) Expanded view of a single quartet of channels
with their injectors. (C) All channels in a quartet share a common
cathode reservoir located closest to the edge of the wafer. The
injector design for every channel is shown at right. S1 -S4

indicate individual sample reservoirs.
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Fig. 1—20 (A) Schematic of multi-channel array microfluidic

detector (B) photograph of 10 channels microfluidic chip.
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Fig.1-21 (A)the chip design where the waveguides intersect the
microfluidic channel (B) The fluorescence image of the detection

channels integrated 128 waveguide beam splitter.
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Fig. 1—22 The droplet technique is used for parallel analysis.
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B O RE S A RN — N mERIRRE, BTRE T ARBER
RS H AR T AL R BRI RIRR T . IR T AR A RS R R RS A
(BEI-PDMS 24788 1 PDMS), W TR BIHIAME L Z R EM R REHAT T 5%,
FENT T S F PR/ B TR 2 [ A E R R . |

2.2 SCEGERSY

2.2.1 ERCH IR

AEERWE KD BABAEFERAR (KW, FED, RWAERWWER
VR R T, R R E RS S (PDMS) ) § Dow Corning A &) (Sylgard
184, Dow Corning, Midland, MI, USA), SU-8 2025 ZIfN 2075 B4 a2
Bl Microchem A &, T AZ4260 W B AZ A& (AZ electric material company).
AR ZES. BREM_FETN (DMSO) B B2 AT . KETR
FA IR Z&EK .

SC-1B A RHE AL RO BRI EER AR . LI E
ThermoOriel A®. IX-71 REIERLEMBENH 0lympus A7 (Japan) . &
BB E Harrick A" . WEEXABHINMERSHEZHEE, £
2385 H R A silicon labs ) CB051F350 B}, MIBRHURA protel ByFE
[T, WA BICO G40 BiEAEH CROCHHI 4000V, %[ BNCO
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AR, EBREIE: LHDA 0523111H ( Lee AT, 2[)
222 NEMFEE R

BABIT RO EE T RERS RS, L0 NS BRE 2
—1 B

A

B 2—1 MR REH REREE

Fig.2-1 The schematic of pneumatic microvalve system.

Z KR silicon labs i) C8051F350 1F Ay e B AR 34585 47, 838 CP2101
RN USB URIZFIREE S, 8 A LIEIT 1/0 #5561 B4 7T LU ST %1 16
BB IT R REPRE, LANEFRA Visual Basic RS, FAH
C8051F350 72 3% c++%‘a‘ﬁa50 BRMBER A lee A& (LHDA
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0523111H, Lee Co., USA), BB ST/, uﬁﬁﬂa‘l‘aﬂ%ﬁ(%ﬁﬁ%%?ﬁﬁi 1Hz),
FRE MR SE PR T B =B 4R, SRRSO GERE/fAmESD fM—BEH
50, HOAHSSEERRGAEREBHSEBAL, @R FEH s
W ) Dok BRI 18] F 7 R0 6 [ I 7 » SRARALL S 1B T AR PDMS F=AE TR AR By
%Eﬁo@N%%Eﬁ14@mm&m%ﬁ%ﬁﬁﬁﬂ%mﬁﬂ,%Eﬁﬂ
TU%&%%@Awwrﬁi}F i VB FRFR L.

223 SANMERIEE RS RERFET

ﬁ#%ﬁvmwl%mcﬁ#%EUJ-%%hﬁmgz 2 Fios, REE
) 3 MR, FERERERT —A Timer 344Xt sl 1T 551,
B LA AR A 6 B IR ), BT B SEIR AT .

B 2—2 REIA=EREHER A E

Fig.2—2 The program for controlling 3-port solenoid valves at

earlier time
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FEIBAT 7 it AR A EWE 2—3 iR, BB DT
B, FAZHERIEE 17 M “0” RARMIRKFFSORES, 7T LRSI
7N B FR IR o R ELIEIE K IA4E 4 H9 77 AT LA RS 26— A 4000 4R ) 55 K I,
T Bdkn & ITE. | 4

e R

o i o

sjto {1000 frezmn i

S SR S
S 41000 {16280 .
183C0 :

00 jlooee o TS i is

B 2—3 TABMEREEETENE

Fig.2-3 The program for controlling 16-port solenoid valves.

FREFHOEBEURSHERER . BHREBHES. XHESERERED
K OB ESER,
223.1 BEEHERF

ME 2—4 FTUE W, A TR T A5 SIS 6 16 B s pii,
ERUHECTHMER. HIRTFERMCHFRAS S BB Z3H “17 5RF
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B, BIEARIE, KKIRE TR A IR SR IR, skl
£ BB R R R T — AR SRR IR TT I o

B 2—4 +TNEREMRSHRRETBHER

Fig.2-4 The picture of 16-port solenoid valves’ binary- to-hex

number parameter change program
2.2.3.2 EBHLRIERIREF

R IRZFIRRFE 2-5 fin, BBF—3F 12 MESNSH, RTE0E
X 7 B, AL HE R B AT R R RDR A A BT 7 2 3 TR
(actuation time) HEATSCAT#M|. MM RIBMAZHE, ATLLKE 2-5
A BRI S B E SR BARR M BRS S Hh, BEEEARA VB I
TIMER #%44. SRAZFEFP T CASETL 16 B e B MR S SRR 42
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Fig.2-5 The program interface for controlling the selonoid

vavles.
2234 XHEEERF

ELWHITTIEN R, BHENSEFRER, SRIREEGARERN
EHISH, ATRERTHRANME. FHEGREREET T S, WY XX
HAm, @A VB K commondialog., richtexbox EHMEFRESH, &
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Fig.2—6 The program module for file management.
2233 BMARKE

SRR BT TRE, TEXA VB B MScomm HHRFHIT _EALHL
FTFAHEERELR, ME 2-7 AR, B W ESCRE &S D@ R (115200,
n, 8, 1), JWHrZ N 115200, WROSEEN 3.

HmEHESRT ARPEER, 3], LM B AT REHENAR, IRT
CEREE .
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512
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RThreshold [0
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0

B 2—7 0@ MK ERR

Fig.2-7 Serial port communication setting.
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12 FBESR A protel BAFMAT RN (5XFEHFAE), B 2—8A Kl
R, B 2-8B AFBEEAR PCB . #HIRET silicon A K/\LIEAH
C8051F350, FRATM4HG 24M. 1BiT 1/0 D454 ULN2803 B4 S Bt 42 B B il
VR 7o S FELYR PO
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Fig. 2-8 Schematic of the home—made controllihg pneumatic valves

device.
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Fig. 2-9 (A) The photograph of pneumatic microvalve device (B)The

picture of solenoid valves.
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2242 BEWREFIEIT

ﬂﬂWl%%W%mﬁﬁﬁEIﬂ%ﬂhwanHE%#,%@CH%
BEME, BFRHTESBRAI CIBESRERE, 5], uRZRC £/jEpm
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Fril C8051F350 JFRFEHMN T BN, REHEHERA 1K B F
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$aJa WAL 7 sEHI BUE R B0y 16 OL ZHEHBUE, X B R SR AT H35.
HE—ANFRAN 27 B, KRN AR EE R I EERE, SRS
JRE R . I%TUT%u%LHH%W%mﬂ%uﬂaﬁ%%%ﬁﬁﬁ
HiiEhl, NE=ZEMBNEN TSR TERATS.

T Silicon Labsratorics IDE — [450SPTL. o]

while (1) {

if  (read_flag==1)

{
read_flag=0;
if (inbuf [[0]=="0") {
up_AD=0: }; f/EE

{11:‘ (inbuf1[0)=="8")

E&=0:

inbuf1[0]=5;

SPI_DA_CS=0;

TimerO_us (1) ;

SPIF=0:

SPIODAT=(taint (inbufl [11)) %16+ (toint (inbuf1[2])) ;
while (SPIF==0);

SPIF=0:

SPIODAT= (toint (inbuf1[3])) %16+ (toint (inbuf1[4])) ;

while (SPIF==0}:
SPIF=0;

SPIODAT=(toint (inbuf1161))*16+(toint (inbuf1{61));
whlle (SP F==0) ;
S|

SPIOPAT= (toint (mbufl [71)} %16+ (toint (inbuf1[8]));
wh:.le (SPIF==

Bl 2—10 BHAERFITEAEE
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Fig.2-10 The interface for writing microprogrammed control

unit (MCU)’ s program.
2.2.5 WREASFHIME
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SUS BRI
¥ 45 ZRJEM SUS-2025 RATFREA L, TERET, 65 CHUE 15
A, FHEZ 90 CHbE 10 5.

EHNRL 30 BE, KRB RS BRI TR HE, 65 CL5
438k, 90 C10 434h. BARAAERY. EFRERTAER, T 190 TH
Farh R E— AN .

1E AR 1B -

WG IER AZ-4260 AT A L, I SRHLIEEEN 1500rpn, BEE
BERZ) 130 B IEAR . AR 52 58, B RE A LT 110 CHR Lm#h 3 7248
MIEIRE 705, FERRER=ENTEH. MRFENFEE, FE

St E SRR IR AR (reflow). Reflow B, EARARBUE 140-145 CHIME
FErhHLE 40 08, BB AIRIT]

BC B ARG R LB 44 20. 1 F15: 1 B PDMS[6, 71,
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EEWR TR T EMIBIER PDMS KB EMSEEMEERE, F 80 C
PAEEIEE 1 M. BT FHBUER, RRELFIR POIS SRR
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BB A R AT 5 A A B T

2.2.5.2 WHE—PDMS & HHl{E

B R R IR R 2R, S A BB i P
- Macromedia Freehand #MF4xfhl, & BEW KB LU TR 5% 4 218
RHEIR LAEARIR . BEREERE ERZRHEEE S (KBRS
FRZED, BRI LS PRI HE/HNO, (210/95, ARRREL) #EATIBIEZIM.
=R ERARATRIEE, BT 80un, 1R 20um; TRANTHIENE, B
3 200um, ¥ 80m, T BT S A B 05 S PR, PS5 PDMS
MBS AT,

PDMS &M B Rogers A & (HT6240, Bisco Silicones, Rogers,
Shanghai, China), tBAIRAIRIEMTESIE, KB WBEASE -GFE
REGEZARSHTNE 5 /- 8PELH, JRJEH 10: 1 fY PDMS WA T L IEES R A+,
EFVAEE— 250m BENRS, RESHERS —HBH L4, 7 80 C
MAGE L 60 B EEH, T#1% & ot PDUS MEREAILIE 40 FF, BNAT/83
SEIS AT 7% PDMS V.,

EREHET, ¥ RAPDMSHE A+ 5 T 48 M AR M BB A
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2.3.1 PDMS—PDMS BRI

2000 4, Quake MRARZHIRH T A POMS B &3k, @2 Bt
ZIH ARSI SEH S A R IR R SR R (8] - FFTE 2002 FEFI X —HiARSEHL
THERKRIEERL9].

PDMS HZEMERBLEIET H ABRIEREENSBEGEZ, &3K
FI PDMS #4, BATERREA “Quake B1” PHEEIR, ARG 1A o) 8 R A
| BEAENRRE, 55 “push down (FEED” 1 “pushup (LHE)”
FIANET (0 1—6C Bia) [10], EAIEABEAAER . (82 “push down
CRERD "R T Z B E 1 7 Reo< R, BR] b 238 30 H“ PDMS-PDMS
MR HRA “ BHER” MBE, S B EH ERAR i SUS BIME, WA
R R S P IE B AZ4260 #1E (6],

2.3.1.1 PDMS iF8 MR T HIRIPES
SF—ANEEEEHEEREEE, ZRnYSsmmEAP 2R, &
JEMAZREH THRARN 2-1 4117,

1y 24(0=vDP ys 1
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