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Abstract: Biomaterials for bioelectronics are susceptible to the adhesion of proteins/cells, which will affect the chronic
stability of devices. Here, Anti-fouling parylene films were studied and prepared to resist the adhesion of proteins or cells.
Bromine functionalized parylene film was first deposited on parylene, and then, atom transfer radical polymerization was con-
ducted to modify parylene with zwitterions. Three different types of zwitterionic polymers, poly( 2-methacryloyloxyethyl phos-
phorylcholine) (PMPC) , poly(2-methacryloyloxyethyl sulfobetaine) (PMSB) and poly ( 2-methacryloyloxyethyl carboxybe-
taine) (PMCB) were used to modify parylene, and their properties were studied. It was observed that PMPC-functionalized
parylene showed the best antifouling properties. Moreover, the PMPC-functionalized parylene was also utilized to fabricate
patterned bio-platform by a lithography-combined microfabrication for spatially guiding neural cell attachment. These zwitteri-
onic functionalized parylene films, which can resist anti-inflammatory cells and control the growth of nerve cells, have a
promising future in the field of bioelectronic devices.
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PRI AR TR, A b R B G S 9 E 2 I Y
EMZA R, HETEY SR AR
AW S A B T RO T A 2R R
PEHI TR SRR T A2 WA AR S 1k 2 1 R
PAESET IR RAE R FER R Z —, IS 07 1R
BRERISEAE, R OK IS I T KRS T AEY
HL TRk, A1 3R T A 4 2% 2 35 4 ) i AR St K
TR A TRIRR DRt 4 2 2 R X A 0 W - R 1
HAMAMEE 2 R R TR, RO m A 5 B
KT G MRE, ke B ZFP 408 Ay, &
RIX MR T g it . AR PR REAR A SR, (HOR
i Pt RE 25 . BUOK R BE AR, T EL 28 bk 5Tl B
AL B AR 5802, IF 51 K5k ZU JEAE K2 I B8
HHAWIR, Pk, FHER%ES BT AR T8 5
A AR YA A S RIS T

%Xﬂ‘:qa}ri(f’arylene)Eﬁ1ﬁﬁ%ﬁ"]$%*ﬁf§‘ﬁ$ﬂi
P, SRR L S AAEIR 2~ 3 B, i B R
TR IR R B 0, I A P e iz ) A W)
M Z—"7 Parylene 5 0] 3 it Ak % S AH VTR
(chemical vapor deposition, CVD) [ 77 il #5, il & (1) 1l
JJSERE S S AT o BRI | JOIAL kRS BN AR S
SR BT B 2B IRER . 2R, T Parylene
ANHAHTANL B FURBERE , bR 0 AR ) F Al T
KA G IR 2 FEORFUG A R AE RN . S EE
Parylene [A4E WM M, R RME, 2K, o5
YHIT Parylene RUSR T, BLAL, b T vl 4 S btk
R EAEH, AR EFHE L X Parylene
PEATEMG , (75 Parylene HATHE S 055K, ] L
HCHTAR o 5 1E 40 /2 RS B, Ik =5 el 558 21 4R AE
Bt R R 2 AR R 4 R B TR 23 0
FEAE PR R R HHE AR, DL B AR E 1
PIRAEBCR' . Wbk 73— MR I B (PC) | il
FRAHSRA (SB) . AL I (CB) , 1 T HA L5+ mHt
HR/ A0 MRS B PR i EL7E AR BIAEE R HERRRRE , TEAMEE
YR EA T Z R R, EA KRR, Ptk
BT RA R ALHAEE, PR TR R,
A AR A 20 B LS S G B AR R S T 4 L B RG
BPRRE T

ASCAE Parylene 211188 32 U0 5 | 5 A2 A W 1 88 570
THE, LASCHBTIRRR et /2R B, A B S A A
SRR A E W BRI v A A i, P B ik P
JRF5:F A 3£ B & (atom transfer radical polymerization ,
ATRP) #:A457E Parylene 3R, 433l R FH 5 H BE TR R HH
P R L6 ( PMPC ) | 2R PPk 1 0 TR PR T Ak TR S5 ok

(PMSB) | 5 H 3 T M 2 HY T 2 TR It % Bl ( PMCB) X
Parylene #EAT1EM, JFXTHLBFSE 1 3 Rk &8 1B 1Y
Parylene R THT 1Y 118 121 | 70 3E 47 5 1 25 E1/ 40 Jf9 RS R 1
fe, BLAb, W B T & A9 Parylene A1 K A& 1 (9
Parylene AH45 G il & P 22 A 0 A= S in, T2 ) 13
2 AL ARG B TR

2 k£ W

2.1 ZIRF

[2,2] % IR T5 bi-4-H 3k 298 55 T RS2 SCHk [ 18 3
TTE L, BRI 2-F LN I 0t 4 £ S5 05 19 IR i
(MPC) FE 254 A b8 FRA R ;= (2-NbnE 3
HH ) e (TPMA) T A 2% (1) Akl Tolk & Jre A B2 )
WKy 3-[ [2-( RPN ot ) &k ] — W e B | 9 R TR
(MCB) | JRALIEA (CuBr) | VRALHE ( CuBr, ) T 5% B AL~
PR () ARAFIL; [2-(HEENEBILAS) &
e T - (3R PR N L) AR AL B (MSB) | i A I T
(FBS) ., 4L HAMEH (BSA) , G4 A (FNG) . #r
AR . AR, JETE SRR . NIRRT PU A%
IRy (1) B 5 A BRA L, DMEM = B 55 5%
e DMEM MRS 372 3 | Tryspin/EDTA FH0 M 75 34 4 4
PR 2GR BRAFIGSE 5 AR 4 s T R A YRk
JeAn A FRAEIESE 3 K EVIMES T 4H e 2R (HAPI cell line) F
MerckMillipore I 3L 7N BV iR B T 4 40 g ( NIH 3T3 cell
line) . KEE FARFEHKAHAL(PCI2 cell line) fH P ERMAA
BT A PEAR AL R S1813, WA ZX238, Kk
71 N- B LN e i 55 M F A4 T A BIR 2 R 3%

2.2 Parylene K Parylene-Br By &

Parylene ¢ Parylene-Br 231 CVD #5845, ARSI
i CVD SEE A A WA CVD R, AT RS &
A ARG,

Parylene FEA il & B2 BB R/ AR ET
RBTIRE, 5 ¢ ZRXNZHIEBRE FHEEN, THE
CIRFEFEHITE 90~200 °C, i 2% G IR BE I 7E 670 C
LAy, MRIRVTRE IR B SR EEAE 25 °C, a5 IR 1R Fe 1
10 Pa LI'F, Parylene-Br Ff Sl &3 #2 K . K AE i & K
DT, 500 mg [2,2] X305 bt -4-H 5 2-00 5% T ey
RKETIHECH, THEGREEGIZE 90~200 C, il
HBCIRBEIEHIAE 550 C A4, KRR GRE R
25 °C, HAEEIIRIFIE 10 PaLIT,

2.3 ETEBEHEREGRM

SN 28 S I 75 511 L AL A R Ak IR A
BRICABRE R 1:1), AR SSOERRA 2 h, FLLER
TETERNSE M 0T C A L 0 520 75 70) T 2 3k 1 oy
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2.5 mmol/L CuBr, 2.5 mmol/L CuBr,, 10 mmol/L TPMA |
665 mmol/L MPC(H# MSB, MCB) fIRA IR, KL
A Parylene-Br IR S T ROV, A S 3 O %
B, MAFEIRTD ARG, ORI HR 50 °C o N4
Ja, RHEE KR, IR,
2.4 ARBEBREML

AR R (quartz crystal microbalance, QCM)
5 36 T i S AL it R T 5 A 201 AR AR
S8 b QCM-D ( Analyzer, Hi Lt Biolin) 473K, 7E
QSX301 4 5 F ( Fi H Biolin ) 3 i UL 1 Parylene M
Parylene-Br, Jfifid ATRP S b 78 H b AS i 1 11 125 F 3
M, FrARF AR &8 TR A N, F 9% 3 22 (1smatec
ISM935C) ¥ M 12X BT T #) B R 22 i i ( PBS, pH =7.2) &%
VAR ARE SRS, M0 EC 30 wl/min, PR
25 C, Seliish PBS R, (S ERLRARE, FOF ALK
S8, Wi 10 min PBS ZE i (15 B LT H2) , 40 min
EHER(SEAEMLR), 30 min PBS Sl (ke
). YHEWHA QCM BEZ G, WRTHEARS
QCM & F R A EHAHELAE F 255 A% IR L AR A A4 1 A2
(A, AERMKME 2T MR TR, QCM Ay
BN 5 MHz, fF7E 7 FhigHi (15, 25, 35, 45, 55 il
65 MHz) , ARSI VERE 3 B4R (15 MHz) , 2S5 F)
FH QCM #£% Parylene X &1i ) Parylene 58 HAIVER .
2.5 EERREMRENIR

eI T 422 fih #9152 56 SR ] O' 2 5% fk 73 W0 4 1 ( Theta
Flex, it Biolin) M3, P30V W o BEAIK, W K /)N
43 uL, HHEHM 2 pl/s,

CVD coating
/ —— ——

ATRP w removal

X %Té)%)[ﬂ%%ﬁﬁljat(XPS, Thermo Scientific Al K Alpha
XPS) I T UUARTE A R AY TR : BRITR (C 1s) |
FICE(01s), BLE(S2p. S2s) ., BILK(N1s), W
JCE(P 2p, P 2s), WICEK (Br 3p, Br3d), A&
(Cl2s, Cl2p),

IRefk Parylene J Parylene 311555 2k H R T J1 2
% ( AFM, Bruker Multimode 8) DMT modulus 3 fiE,
AFM BJHEHFERSTH 1 pmx 1 pm,

2.6 AL

NIH 3T3 4T IR SR AL . 87% DMEM & B
FRHE | 10%FEA T . 1945 RABENE . 1%AF 075 BHERR |
1% NERREN . HAPL 4T FHRE SR 3L 180034 . 95% DMEM
IR RE 97 3% . 5% FBS, NIH 3T3 4 Jfd Fl HAPT 40 g 4 78
37 °C | 5% CO, WA T 5 5%, 40 M B 4% B R A A i R
T, RN 10° 4~/mL, AL FREHE 20508 1, 2 A
4 d, KA BHETIEL (Olympus CKX53)

2.7 BRLEYHREHE

K24k Parylene A= %) 5 1 A0 il & B Wi & 1 Fiow,
TEPEEE R 18 3 CVD L UL — )2 Parylene T 5, 7E
Parylene FMEHERCZI e S1813, JiEekk & 4 3500 r/min,
€Lk 60 s, FFAE 115 C FHHE 60 s; RATEIMDEZIH AN
WA B R BRI TR BT, AR
365 nm, HEJGHFMEIH 2 s, ABEEAY X R W 5
ZX238 Y2 RH CVD LR & i i 5 BV — )2
Parylene-Br, 1] N-H 3 nt g g i 2= B sk A 6 20 e s 1%
Jai L ATRP, 7E Parylene-Br i PIME R TR &Y 4
Fik,

Photoresist

M PR S1813 .

CVD
Photoresist

Glass M Parylene
@ Antifouling Parylene-Br
layer

B 1 K1k Parylene A= 4 BT Y i 45 5 £k

Fig. 1  Route for preparing patterned Parylene biological interfaces

3 ZRE5HMH

3.1 B F& Parylene IR R ML

Syl #& P AR R 5 PR AG B Y9 Parylene IR, S TE
Parylene 3 [ L1 — )2 Parylene-Br, Ffi/5i#id ATRP
A AT i R i N IR (Y Parylene I, 40 2 iy

TNo WITE B I A BT R SR K PR RE, AR T 2B Ak
— 2 BB DK, AT AR 5 KR 20 . AR SR ORE
B HRCH TR R o ) R T
Bk 3 Bl RIBSERREGR(PC) , BARREHZEHR(SB), &M
EHSE0H (CB) . A BLFE Parylene 3 M 43 5 1& i PC. SB,
CB iX 3 Pt g+ 3L (& 3) .
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o ' _ow -(cuz—cg-lcuz)]- 7 B Parylene
Sk

OI %Br Parylene-Br

hY

awe, @ |
‘u*(ar Il' if‘c,\“|-- Antifouling layer

Zwitterionic group

K2 PR 1M Parylene 145 B SR BIEI

Fig. 2 Routine of designing zwitterionic Parylene

)
;—\OHBI'
o’\'°~n"ﬁ’\/‘so; PMSB-Parylene
i-*o”\(a,—> §—~ H

~Op o/\,N‘(CHs)s PMPC-Parylene

] io»\,OJVN PMCB-Parylene

K3 3 FTEE s Parylene P 25 4 78 7 R

Fig. 3 Schematic diagram of three different zwitterionic Parylene

XF 3 FE B FAE A Parylene #EATXTILASE, @ BNIEICRFFAEH 715 5% (Cl 2s: 271.0 eV; Cl 2p:
430 XPS BEIE (& 4), WHIE RIhHI & T 3 R PRIEE 200.0 V), 3 FFIMER F B A Parylene ¥ & iR AT
THRHAMEM ) Parylene W, T Parylene M1 MPEE  FR(N 1s), HAG5UEAIETE 402.0 eV, PMPC-Parylene £¥
TAEMI Y Parylene "X & A BRI AR 7, HITE  IEMBEOCE (P 2p) B 115 S0 H BELAE 133.0 eV, PMSB-
XPS i E Al LIWEE R4 R (O 1s: 532.0 V) FIERICE  Parylene FHIEMHRICE S 2s L5 SR IILE 231.0 eV,
(C ls; 285.0 eV) (M5 51&, BT RMMWIIE Parylene S 2p L5 ST BITE 167.0 eV,

Parylene C, HHP&HEETF, FILAITE XPS 1% & Hh gk JEUR Parylene (%42 1 REIA E] 91. 3°, T T PC,
e SB F1 CB & i) Parylene K 1fI K AL 38 B, HAHEAEK
01s PfE, BT Parylene R MEIH L 3 R & T )5 2 P H
— s WK YE, B f 7R 10° %47, WS TR, PMPC-
— PMPC-Parylene

N 1s — PMSB-Parylene Parylene $%filiffi 4 10. 0°, PMSB-Parylene #fil ffi 4 12. 6°,
—— PMCB-Parylene PMCB-Parylene F2 il f f/N, 1 8.7°,

=N

(! ISR SN PP

P &
E?LNL———‘“ o120 Parylene PMPC-Parerne

PMSB-Parylene PMCB-Parylene

600 500 400 300 200 100 0
Binding Energy / ev

14 Parylene, PMPC-Parylene, PMSB-Parylene % PMCB-Parylene ¥l 5 Parylene, PMPC-Parylene, PMSB-Parylene, PMCB-Parylene
19 XPS %4l ISR AT A 7K ik A
Fig.4 XPS spectra of Parylene, PMPC-Parylene, PMSB-Parylene Fig.5 Water contact angle of Parylene, PMPC-Parylene, PMSB-

and PMCB-Parylene films Parylene and PMCB-Parylene



o557 1

BRI . BT /A0 ORS R O P B T D REAL SR X — 563

3.2 B FIEM Parylene BRI IEE S 1445 B

AW A TR S A E IR o, R T 2 A
Yoorv /AL, 38 A W 2 SR 45 0 LA R R A R R
R PR T A Y Parylene 2 T 4775 55 F A H.AF
F, AR = A A KR T s s,
W7 ERSEOE S PO AR 1/ AR R O PERE . b T PEAR 3 B
PIPE B F 21 (%) Parylene i i ( PMPC-Parylene, PMSB-
Parylene, PMCB-Parylene ) X% 2 [ A9 K Bt 1 68, 14
BSA | FNG F1 FBS 3 Fhii FAVE AR BRI R, o BSA
VE Ny B — 2 R A0 20 DA I B 0 AR A S MG
FNG J2—Fl R 15T (Mw =340 kDa) $8, FLATERR Y
WEBHEE T o FBS FISRBRARE— AN X B B2 2=l e 5
PERGBASE, b & ma A fM A& A S 2R E N,
WA, ZRAERE A, AT TR ML 2R 1
A, mE 6 A%, MELT Parylene ¥, 3 FPEEM

T QCM BT, WtEEFEMiINY Parylene A5 9 47 2%
ST, B2 1B M6 1) Parylene TERE HA 10 5 94T
R RCR

JiE— A E6AE PC, SB FIl CB JE A& () Parylene X
20 P RS BREE 0 26 P NTH 33 Fi HAPT 40 i AE A 40 ffd
BERIHEATIRSMIN R . NIH 3T3 40 Jg 2 — e 1 9 40 i 40
ZEME BRI . HAPT 20 2 —Ff LY fr) 8 RE 20 i A 78
EIEP IS RGP ) R AR, R AR L,
il 2 THB i/ RABMG 38 B AETE 1Y Parylene W, K] 7 25
R, 5 RIEMY Parylene WEBEAR L, Wk B T &1
of 1 PMPC-Parylene , PMSB-Parylene b PMCB-Parylene
WG NTH3T3 1 HAPL 41 i &8 2L AT Lo 48 00 5 i 0 Ak B
PEfiE, Hd PMPC-Parylene 3 JAH XT 55 4b 2 i o4 2
&M Parylene ¥ I H A5 Tk {5 19 BT 2 AiE 41 il HAPI
KB RE

10 [a] 10 (6] 10
0 0 0
E ——PMCB-Parylene E —— PMCB-Parylene, E ——PMCB-Parylene
~—10r ~—-10) PMSB-Parylene| ~—=10f —— PMSB-Parylene
z 3 & ——PMPC-Parylene
5 dCJ 5 ——Parylene
3-20r =2-20r 3-20r
o o o
o o @
w w w
-30 -30r -30F
_4C A A A A _4 A 1 L 1 _40 A A 'l A
0 2000 4000 0 2000 4000 0 2000 4000
Time (s) Time (s) Time (s)

6 PMPC-Parylene, PMSB-Parylene, PMCB-Parylene 1 Parylene %4288 H AR BHESL . (a) BSA, (b)FNG, (¢)FBS
Fig. 6 Absorption of BSA (a), FNG (b), FBS (c¢) on PMPC-Parylene, PMSB-Parylene, PMCB-Parylene and Parylene

NIH3T3 cells

HAPI cells

7 NIH3T3 4fd Ll S HAPT AUMIAE Parylene MATARRE SR Parylene ZRIHHTFF 48 h AU
Fig. 7 Micrograph images of NIH3T3 cells and HAPI cells attached and cultured 48 h on Parylene and antifouling Parylene films
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P B 7 SR AR EE W ) i 5 K TR W SR T
RS RKERE" . SHEE FaArk, HAdk
BAR | R RACE TCHR I 434 AR K S TR K
TCH w3 A 5 T 25— 0 1) 2 TR T 2 1/ 4 )
BEHER 71, SR, T PMPC-Paryene, PMSB-Parylene
Hl PMCB-Parylene 4T AERF 5 VAl B PR BE WG 3#b— 25 . X
AT SB I B B R AR R T LR AN P, SB R
FPHE PR 3.0 e/nm’, BB THfTHN-4.5 ¢/nm’,
PRI [ 4 50592, 4500 B 52 15 T b 5k e B 1Y B
Wi > AT S5 PMSB-Parylene HUKG B PEAER S5 . 11 CB
BIRANAEAE A SR B IS, (HRE S 2B pH E
HYSEIR . CB HRIETESS IRMEA M N S R A Tk,
1 CB PRAF P 2 TR Y 25 A LT 2, AN 883 1
PMCB-Parylene HIPOREBHEERE . 5 SB il CB ANIF], PC
PR F R AR A A, H PC &5 M, e
FEAS TR e FE RV T P AR RS Re e M 254 R Ee T
HALZIRELBY Parylene, PMPC-Parylene H-A LR Pk
R SR NTERE
3.3 ER{LAEMmES

H A AP 7 a8 8 T e i, K
MR RO A2 % v S5 IR X8 40 5 7 ' R B, R AIF S

200 um 200 pm 100 ym 200 pm
—— — Pl

Kl 8

AIMICAAT R Y FER T At CVD IR ZE A ORI AR K&
ATRP 7£ 3% 35 F 10 T Parylene J2 0 M B F 151 09
Parylene 1 4 21 RS B/ HE R W B AA L, FHTBIF 58 40 i)
RGBT A, FR T R T ) A L AT B A HE R 1R
REASTE 2 ()1 B 40 ARG B, R okt o 4 A ) 25 T AL I
ST IS P G RUST S 40 4 R BREA T A BB I, 40 R
B Z T ELR Parylene, 254056 A 200/100/50/20/2 pum,
A0 HE SR JZ A1 B H PMPC-Parylene, 2% 40 58 J& X W M
200/200/100/40/200 wm,

BEF PC 12 A R o 2 A A Y | BFF 5 12 200 A
B RIS 1) Parylene I ARG BHE B8, R ARk —2
J FEAE A Bl 28 AR AR N B9 T A 255 Sat

WE 8 i, 4 PCI2 4l il 2 Ff T PMPC-Parylene
VLR AR ZAEMi 1Y) Parylene FEIRTET, 4 M1 1) 1 Kl B 76 K
ZABMEY Parylene I, Bl ARG Parylene 5575 1 9 B
i 200 J8/NE] 2 wm, BRI PMPC-Parylene #8434 96 B % 4=
PCAE R, AR B IX 3 B =2 & A A R A AR Ak (] 8a~
8e) . PC12 40J FUK it 78 K & i & 1 1Y) Parylene X 38,
It SR U B PR B F B B9 Parylene X3 40 i BAA AE F 0
FUHE R AR, 1% B BT REAR f- b BR 11 4 i 7% 25 1) I
FRRY BEF

M 200/100/50/20/2 pm, 4HIHET 2884 PMPC-Parylene, 2540555 M &l 8a~8e 24 200,200/ 100/40/200 pwm
Fig. 8 Fabrication of Parylene/PMPC-Parylene platforms to spatially define PC12 cells, PC12 cells seeded and cultured on the Parylene/

PMPC-Parylene platform featured with cell-adhesive stripes of width 200/100/50/20/2 pwm (Parylene) , and cell-repellent stripes of
width 200/200/100/40/200 pm ( PMPC-Parylene) , from fig. 8a~8e

4 % ®

ARSCGHEA TR [ LR A TE Parylene 143 51
AE 1 3 P 356 D 0 R TP T 8 19 LA ( PMIPC) L 2R R 6 TR 0
i FFY P REE IR T 32 06 ( PMISB) L R PP 6 9 04 T Y 1K % 1 it
B (PMCB) . & BIX 3 FdgbE & &M 1Y Parylene 1A
B4 T BE RN B AR ORG BRE R BE T G B R 25 0], B2
PMPC-Parylene 3 i< (9 47T 4 JiE 411 M K B 68 5 BH 2 18 F
PMSB-Parylene & PMCB-Parylene H i, [A 1, PMPC &
TiHY Parylene FIARAEM Y Parylene 45 & il 25 K &AL 1Y A4
YIS, A A BN T eSS ) IR S g A
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