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Abstract; To improve the wettability of micro channels made of Polymethyl Methacrylate (PMMA)
and Polydimethylsiloxane (PDMS), the wettability of PMMA and PDMS surfaces was modified
through sputtering silicon dioxide. Firstly, the surfaces of PMMA and PDMS were etched with an ox-
ygen plasma to change their surface morphologies and enhance the roughnesses. Then, a thin layer of
silicon dioxide was sputtered on their surfaces for hydrophilic modification and the silicon dioxide lay-
ers with different thicknesses were obtained by different sputtering time. The contact angles of the
PMMA and PDMS surfaces were measured within a period of time after the hydrophilic treatment,
and the effects of hydrophilic modification under different conditions were evaluated. Finally the adhe-
sivity of the modified samples was tested too. The experimental results show that the surface of PM-

MA after oxygen plasma etching remains extremely hydrophilcity during 10 days via 10 min dioxide
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sputtering, and the contact angle remains lower than 10° in 35 days with 15 min sputtering. The mod-
ified PDMS remains hydrophilcity and the contact angle lower than 60° for 10 days. The aging treat-
ment delays the recovering of the hydrophobicity of PDMS. By silicon dioxide sputtering, the PMMA
and PDMS after oxygen plasma etching achieves longer hydrophilic modification efficiency. Moreover,
after hydrophilic modification, both modified PMMAs, or pristine PDMS and modified PDMS could
be bonded effectively.
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PMMA at different etch time

3.1.2 W4 SO, FARAMAELER

P 3 BT s R S [a] 8 S5 st 1] ke 1 3 3 9 4
PMMA 2 1 # fih /1 J H 28 i A5 4k, i L, 48055
TAARZ Pk B R 5 ming I 569 B ), SIO,
TS (4 JEE R K, PMIMIA it 3 THT 19 42 ik £ ik
AN REEE T 20T DS PMMA B 42 filh /2 /N T
60° HRTEZS S HCE 3 d 7, WIE N LA 3 K
KR, B A KT 700, 1E 0 ih 2 R 40t Tk
S} SiO, , AMLAT Al PMMA 1) 2% 1 4 fil £ 76 b 2R
Je e B TR] P 4230 07 1T FL7E 5 d N X AT AR R AR



5 8 ]

R, 5 JE T AR R IR ST PMMA Al PDMS 2% 7K o 2099

SEARHPIRA Bl A /N T 107, 78R E A HLS A9 2
JHZ W W5 10 min LLF S0, B9 PMMA (1) 4% il
B R AN T 607, REFRIKIE. 2 I Z
JE il A LR R AN A FL R K % A AT DA R 4
30 d. T H LIS EFE Y 15 min (5 PMMA 2
(SiO, WIEIEREZN 72 nm) , A DL B A4 57 B
U Y SR A fl £ /N T 107, 3 A, Y TE N Ab
O fl f OB B 25 5. I 3 RS 10 min FE A
LI 2 [ AR B AR A2 A 7E 7 d TR AT K
7 Ak 1 2 DR AT RS2 T A 0 I S A A K S5 R
BRI )3 LY

100
90
80
70 - —— 4k
60 B
T os0 e S mingy
g —a— 4+ M S min
X —
30 —o— 4+ L 10 mindh
20 —— 4+ W15 ming)

10 4+ 1S mindh

0 -
0 5 10 15 20 25 30 35 40

Number of days

Bl 3 PMMA 35K A4b 35 (142 fal f J 2 28 b A8 4k
Fig. 3 Ongoing changes of contact angles of modified
PMMA

3.2 PMDS FEKAELER

20 b 75| 2 174 3% THT TR 0 78 Ak PTG vk R ) 2% 1
HURE B, 2R A5 T 47 1 SR K PR el 4 Ca) i
TE 10 k f5HLBE T R & A0 HLY PDMS K L BE A
B g TR 75 R 1 R B R 0 A 8 K H TR B
G A WS AS BN 254 5 RS Si0, , B Si0, kL
HhHICIH AR, I 4(b) . &0t 5 min B4R
GRS TR S5, R R TE TR AN B A 4k s g
K5, DS 2R s M, K 4 (oL (D PR,
W ACe) JI - e il 2 Ak 45 20 1l 8 B 40 K 25
FIZE G/

() A A4b3

(b) H kGt
(a) Pristine PDMS (b) Only sputtering

(c) HZImh () Z ik K S35 (e) Ak 20 i itk 55
(0)Only etching (d) Etching and  (e) Aging, etching
sputtering and sputtering

B4 A AR R K e i PDMS LB 18 A
Fig. 4 SEM images of the surfaces of PDMS after

different treatment

100
90
80
70
60
— 50
‘é‘ﬁ. == E-5 min =+=5-5 min
40
. ~o~E=5 min S-1 min =+ E-5 min §-3 min
30 ~+-E-3 min -3 min -~ E-5 min $-7 min
20 ¢ =T E-5 min $-1 min =T E-3 min $-3 min
10 2 —T E-5 min 5-5 min—T E-3 min 5-7 min
0
0 5 10 15 20 25 30 35
Number of days
(a) Jiles Hds
(a) Original data
<

0 5 10 15 20 25 30 35
Number of days

(b) [A]—A4b 25 ¥ 071
(b) Averages of same treatments
5l 5 PDMS 3% /K B 45 5 K FL 2 m A8 4k

Fig.5 Ongoing changes of contact angles of modified
PDMS

E 5Ca) R 35K AL B S PDMS $5 fih £ 14 22 5
A, B EPAR R 2l SRR M L, 4T
R R AL, H 25 S 55 B 20 ol i oA T S
) PDMS Wi i 7E % A 2= b icE 29 4 d J5 . H3%
fiili ff1 AL 50°514 d S L Bl A 420 90°, ERRAR &2



2100 b= W

522 %

Bk E, 2t IS Si0, Z JF . 7E PDMS % i 1B
J— 2K SIO, I, BT 3R A5 K i R] 14 55 7K
MRS . TR ST S B9 PDMS 5 55 K 1k K 2 2%
1,10 d WA /0T 607, B, 5T SiO;
CILRTE 1R Sy s gL P S STing TR

AN, B2 53 Ik 5 (1 PDMS 5, b B 5 4%
filh ff1 29 Sk 20°, T AE Z ik ) B Al K S 9 PDMS
RS AL H S A il A /N F 107 B 4 d JE, ZH W
T4, PR AR S 1 2 ol o R TR N
— P UEE TR S10. (19 3R K BCPEROR AR X T 2%
IR A B LA R B R, At 2 A AR )
N [ 5 B8] B PDMLS 34 JE 532 K ol P 110 2550 SR %
A B 5 D3] AE O S A AS TR S B PN 1A B Y
22 fioh £ e 20 ok B ) 8 R T el /S P AL . 2R R
ZALIE B PDMS ¥ A 2CPE S5 09 1 7K 1 1k 52
AR 28 R 2 A PDMS W 2218,
At Ab 325 A AR TR] A [R] 0 S5 B 1] 1) PDMS 2% 7K
O 2 SR 43 0 B 38 A 5 (b)) FIEoR L FE SR K R
PEJG 30 d N, il B L AEZE T PDMS 3 [ i /K P
HIPR A, FHEE T oK 48 5 Tl AL B PDMS T8 B, 422
fib fh /N 10° A4
3.3 EXLEEHNFHEN
3.3.1 #BIEEAE*T PDMS % K &M 6 % v

il A SO 1B B, — M 224 PDMS RS Fr

® 1 IBIRETEH PDMS EM A
Tab.1 Contact angles of peeled PDMS

R L L
¥ /min /min SOy B O
0% / / 110.7 /
1 5 / 30.4 98.5
2 0 5 17. 4 91.1
3 5 5 5.3 94. 6
4 % 5 5 2.3 94. 4
% TE 20 5 BT 7 b T, S B

s SRR Ek

(a) KRB
(a) Unpeeled off
B 6 WS 5 min i) PDMS HLBIIE J
Fig. 6 SEM images of PDMS surfaces with 5 mins

(b) W 5 )5 48 A
(b) Peeled off

(o) M55 8 I (R %)
() Peeled off (10 kX)

sputtering

R R FTR NP E A PDMS 38 B 4 A
J5 B4 fik £R L 38 B S PDMS 32 fil £ 288 1 90°,
R 2 AL B A9 PDMS 21 7= A 24 80 (]
6) ¥R PDMS 1 (1) Si0, J2, i /K 1) PDMS
TR T M. PDMS 0% 2 5K .
3.3.2 b

h TR S S10, S A 235 e 4 e L X R
JRAL PR JE B RE AT B R IR L0 . WA 7 (a)
FroR, Bt PMMA 5 8P PDMS #E 47 8642 19 #F
Ao AT B E ARy KR L R A E YRR
SEEREEHE  GEOK U JE ) PMMA 5 5P PDMS
ANBE I AT 55 B T 20 0l Y T vk SR AL R s R T
(b) ekt PMMA 5Kt PDMS 34T & #: 1
FER L 7o) Rkt PDMS 5 gkt PDMS £ 4%
BOREF S WS Ak 9 PDMS 3 55 4 7 087 , 286 42 355 43
BIRB T . DR ok 4055 B8 20 Dl Y vk ket
Pk PDMS 52t PDMS K gt PMMA 5 &
Ut PDMS 347 4% , FLRE #2098 2 K T PDMS
JE B B B 5 B, T R A I A Y R EEOK

(a) PMMA-PDMS

(b) PMMA-REL  (¢) PDMS-PDMS
PDMS
(a) PMMA-PDMS (b) PMMA-Pristine
PDMS
B 7 SRR R
Fig. 7 Bondings of modified PMMA and PDMS

() PDMS-PDMS

A SCHE T A g Wk S SiO; X PMMA
PDMS #E47 3 10 2 /K Bl Pk 19 5 . 78 T S iy %
PMMA Fl PDMS 17 % 55 55 4b #2, 7] 14 fin &
TALRS B L 2 2F Si0O, 78 PMMA FIl PDMS 2 [ 1
B RS L el SR K B M AR . 20 il S I B SiO,
AR AR R F K ERFFE ST 1 A8 PMMA,
PDMS /KA FF 10 d. #E il 1 <<60°, Ik & SiO,
W 4 S T 3 e A A S 20 el 1) i R R A A
BECPE B SR KR R R ], 4045 B8 1 20 Dl s U 5



£ 8 ]

MR, AF L FE T AR TR ST 9 PMMA Al PDMS 3% 7K ol 2101

15 min SiO, i PMMA Fmi M7 1 4~ A WA
PRE/NT 10°, miEZIELE T PDMS 3 1H i K
PERIVRE AHER TR 2 i AL B PDMS A, 1
ASH G BBl /N 10° 28 47 . S5 7K ik o b BEOR 45

S E k-

(1] F#&E, RXA2, AN, F. ETHEIEEARN

HAWE BB L% HE L&, 2011,
19(3): 651-656.
YU HX, LIDC, LIUT K, etal.. Interstitial flu-
id transdermal extraction tool based on microfluidics
technology [J]. Opt. Precision Eng. ., 2011, 19
(3): 651-656. (in Chinese)

(2] ##HE, MFpedl, TAK, F. BA=HREDR®

B S ()], R H % A2, 2013, 21(9):
2309-2316.
YANG L X, HAO X J, WANG CH SH, et al..
Three-dimensional focusing microfluidic chip [J].
Opt. Precision Eng. » 2013, 21(9): 2309-2316.
(in Chinese)

[3] hAe, Z k. H4. F. WO FIX PMMA fR

FERENEG L] RS M E T, 2012,
20(2) . 321-328.
XU ZH, WANG ] ZH, YANG D, etal.. Effect of
assistant solvent on in-mold bonding of PMMA mi-
crofluidic chips [J]. Opt. Precision Eng. , 2012,20
(2): 321-328. (in Chinese)

[4] SHINOHARA H. HORI T, UMEDA S. et al..
Integrated hydrophilic surface treatment system of
vapor deposition polymerization and vacuum ultra-
violet irradiation for chemical/biochemical micro-
chips [J]. Microelectronic Engineering, 2011, 88
(8): 2751 -2754.

[5] LAIJ., SUNDERLAND B, XUE J. et al.. Study
on hydrophilicity of polymer surfaces improved by
plasma treatment [ J]. Applied Surface Science,
2006, 252(10): 3375-3379.

[6] VESEL A, MOZETIC M. Surface modification and
ageing of PMMA polymer by oxygen plasma treat-
ment [J]. Vacuum, 2012, 86(6): 634 -637.

[7] TAN S H, NGUYEN N T, CHUA Y C, et al..
Oxygen plasma treatment for reducing hydropho-
bicity of a sealed polydimethylsiloxane microchannel
[J]. Biomicrofluidics, 2010, 4: 032204.

[8] PRIEST C, GRUNER P J, SZILIE J. et al.. Mi-

I F] PDMS 5 PDMS A9 %h 35 3 42 7% nl ik 2 1o
AR B R R K . SRR SR B PMMA 5
U PDMS ARl o 55 B9 1 20 il iy 7 ik SE LA
G A 5 R et PDMS AT DL S 30 A SR 4%,

croplasma patterning of bonded microchannels using
high-precision “injected” electrodes[J]. Lab on a
Chip, 2011, 11(3): 541 -544.

[9] SHINOHARA H. MIZUNO J. SHOJI S. Studies
on low-temperature direct bonding of VUV, VUV/
0; and O, plasma pretreated cyclo-olefin polymer
[J]. Sensors and Actuators A: Physical, 2011,
165(1): 124 -131.

[10] BAUER W A C, FISCHLECHNER M, ABELL
C, et al.. Hydrophilic PDMS microchannels for
high-throughput formation of oil-in-water micro-
droplets and water-in-oil-in-water double emul-
sions [J]. Lab on a Chip, 2010, 10(14): 1814 -
1819.

[11] LEE D. YANG S. Surface modification of PDMS
by atmospheric-pressure plasma-enhanced chemical
vapor deposition and analysis of long-lasting sur-
face hydrophilicity [J]. Sensors and Actuators B:
Chemical, 2012, 162(1): 425-434.

[12] LI J, WANG X, CHENG C, et al.. Selective
modification for polydimethylsiloxane chip by mi-
cro-plasma[J]. Jowrnal of Materials Science,
2013, 48(3): 1310-1314.

[13] OZAYDININCE G, COCLITE A M. GLEASON
K K. CVD of polymeric thin films: applications in
sensors, biotechnology, microelectronics/organic
electronics, microfluidics, MEMS, composites
and membranes [J]. Reportson Progress in Phys-
ics, 2012, 75(1): 016501.

[14] RATNER B D. Surface modification of polymers:
chemical, biological and surface analytical challen-
ges[ J]. Biosensors and Bioelectronics, 1995, 10
(9): 797 -804.

[15] AZUMA A, AKIBA N, MINAKUCHI S. Hydro-
philic surface modification of acrylic denture base
material by silica coating and its influence on Can-
dida albicans adherence[ J]. Journal of Medical
and Dental Sciences, 2012, 59. 1-7.

[16] KITSARA M, NWANKIRE C. O’REILLY A, et
al. . Hydrophilic polymeric coatings for enhanced,
serial-siphon based flow control on centrifugal lab-

on-a-disc platforms [J]. 2012.



2102 e R TR 422 %

[17] KIM K, PARK S W, YANG S S. The optimiza- DIS V, et al.. Plasma nanotextured PMMA sur-
tion of PDMS-PMMA bonding process using silane faces for protein arrays: Increased protein binding
primer [J]. BioChip Journal, 2010, 4(2): 148- and enhanced detection sensitivity [ J]. Langmuir,
154. 2010, 26(17). 13883-13891.

[18] EDDINGTON D T, PUCCINELLI J P, BEEBE D [20] BODAS D, KHANMALEK C. Hydrophilization
J. Thermal aging and reduced hydrophobic recov- and hydrophobic recovery of PDMS by oxygen
ery of polydimethylsiloxane [J]. Sensors and Ac- plasma and chemical treatment—an SEM investi-
tuators B: Chemical, 2006, 114(1): 170-172. gation [J]. Sensors and Actuators B: Chemical,

[19] TSOUGENI K, TSEREPI A, CONSTANTOU- 2007, 123(1): 368-373.

fEEMR

MEHEZE(1961-) .20, ) AR A,
Bz ARSI, 1989 4E T H A K
Kp R+ 2 A, 3 B E 5T o %/
EAL NN il Bt 7 s NI 1
1L & E8 45, E-mail: xyye @ mail. tsing-

hua. edu. cn

Z=F 4 (1989-) . &, b it AL W+ WF 5
42,2011 SE TR R BT 2 LA,
FENFMRIABEARGPR . E-mail:
lizish11@163. com

(RRIERE REWWT FEEH)



