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ABSTRACT

Atmospheric plasma become popular in recent years. It has been
used in surface modification, Biomedical Technology, Energy Science,
and even environmental engineering. Although not so clean, but the
advantage is that low-cost, and fast processing time. therefore,
atmospheric plasma technology can be applied very widely. The
experiment was made using different proportions of ammonia(5%)
/nitrogen mixture to generate plasma, and modify the surface of PLA. We
expect to promote the biocompatibility by plasma generated
nitrogen-based functional groups such-as primary amino groups. The
discharge was generated -between two. planar metal electrodes, with the
both electrodes covered by quartz and the PLA sample was placed
post-discharge region. At the beginning, plasma properties such as
electrical, spectrum, temperature..and-chemical composition will be
measured. To optimize the parameters as the experimental conditions.
After plasma treatment, the contact angle changes from 82° to a minimum
of 28°. N1s atomic ratio increase from 0% to 2.97%, it’s can be reach 5%
with the increasing treatment times. The effect of plasma treatment on
cell affinity of PLA surface was identified by observing the morphology
through the culture of mouse C2C12 cells. Obviously, many cells
attached to the surface of the modified PLA film and the cells stretched
very well. Cells activity was grow stable in a long time observation.
Compare with FTIR and XPS data, we might be known that primary

amino functional groups(399.2 eV) are beneficial to cell adhesion. And



how to get the optimize results by experimental control. Aging effect of
plasma polymer are important, as marked changed to the surface
chemistry of polymer may happen over the storage period. The detail of

phenomenon will be described in this paper.
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- XARERITRY cH B P FR T ks fep L 5

Forlg e REEARILG F G PRI AEAAR A ES S )l 2 gAY
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ReFFEAP AT R LT R ER L F O FR 0 R G s o
TR I 2 PR RS EEFT > HHERRH

(bL”k)T’ j/fl.' ;/_ggg R FEC-P—, ‘é{ﬁi" )‘,3_ ]4_ [Poll H., et al. 2001] _ ,g: j]%%\ & Ei’?ﬁ"t

1) 2 K,lrf =~ %4 F (Contamination Removal)
(2) # @ & i (Surface Activation)

(3) 4 %|(Etch)

(4) 4&.3%(Cross Linking)

=+
W

BAA 2B Bt AR N E S R A R T 4

4o
Rl

T X B HAciE o 3 S BT (lon bombardment) i # 4 £ @

—

R AR L g I i L R —i“’T‘ AR F S SR AR S

o4

FRT RS LG s kT 1o AJLGE AR B 15T H 8 (post

discharge) > o »*} B AT & T H el BRI BT 5P LR

wo L K w RO PR R PR E A € 2 dt UV & EUV F R0k > 55

& - ‘r 2L 5 a2 [lwasaki M., et al. 2008 . Ly 2
B kRl P G A G STAEE T 2 o | Vo3



=
RS
i
>
i

X T RHRZ R BT B L T ki o Rk
REE blder A BAF AT UBREACREFAG 0 S TRAT
PR RF LA R G MR T F T AHRS L P
FApE W RER - B THA G TEARY 5 FR Y5

REH R AR it BT OLALE 1 HIRE 1%

A 15 %J#: [Mukhopadhyay SM., et al. 2002]

BERIEMHEGEZ A R PR ES G BRI I F
IR R R A A2L AR EF 2 L L E R
W2 AL - BRARREFHFORES 7 TLE > L EEMR
H (microwave) 7 jﬁ@jﬂ_@@ 718 T ek 2R F R 000 FR i A G
EMARME S XPS Afrigdkdg A e 7 F FAaAtFRA RS ES
5% > Bofs SUEHME AT NS F FAAY X 97 50% 5 A E
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O SESIEE S RN E RS I SRR LIEE S ik
o [SeoreriC, el 200 . 3 Rk P g e e GRS PR A G R
ok e A BRI 2 P F S e et oPLA &
20 Pa & 4 T 4% RF (13.56 MHz, 50 W) % T% Fed® 120 40 % & RF #278

id R AT785°% 3 215° (£ 22) 0 sd § - fEie i PLA 4

Iy

FPEEDT - R E R AR BT DA G oA K432
FA D691 mIM s AoGoasent 2 R ARME AR E N ML A G 0T
o MO AR B R L XPS £ AT 0 v g ¥
fFipl~ % 5 #(Cls) ~ & (NLs) ~ §(Ols) @A ¥ hT + ~ Fip+ 7
RRAEPREACEE RREREF 2L C-CHl4t 24 C-O& C-N-
% 2.3 5 PSU B4 £ § /& F R (MW, 60W)AJZ 1 2 XPS 4 4 »

Cls B8 K rd® w e 88.8%E MF E & 68.5% ; Ols j£_9.1 + =

1415 NIsf€0 - < 2 163 e § § TR 4% > 4 § /& THA

>

. NS VPSRt = 5= 3 —~  [Bryjak M., et al. 2002 .
WO F R E e B F A A~ PSU £ g [BYIRM.etal 20020, 4 peyg

S

Hif @ RAEHE LA G e frck a2 I1d > 247 g

‘3\\-

b—»
20

el —r‘%%
i

z :rf;ﬁ # A ik Bl 21 5§ AR B ke & $F Polyethylene

N

Fed2 30 §5 2. XPS & 47 5% % > & _N1s ;%‘%’fﬁg)ii’% Ko Az g 7;’13‘]%@7: 4t
»—HEFF T fkﬁl??ﬁ@“’yﬁqémz%”km&\”ﬁpﬁ A S AP IR
N-C=0 S i&=0  ftdfippaat »N-C - Bhs
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S0 ST B AR RS 2 P RN E A

FLG AT RA T O R S g (R e 20

222 ¥BRTFFREFHX

FRTFRT AR F&FLG 0 05 B2 DFL
e BT RLR S a2 o ﬂ}‘“‘»"% * g 48 o §345 Paschen curve
T F MR T RACRY R R A 1 F F B AR
BAXLLL2ATFRIBKV A R BFREELL TH s R
B R R o ¥RE Jﬁi’# %’ﬂ%ﬁé #g.12 Pening effect » j2 » 4&
£ (trace) v b ehs = fEF MR LT R Kok e g R R ey W
B RS TR I AP EF DI IS5 F 525 H
DABMEF RO FIEE FRARREF TR

fe st DBD % BT R ¥ E wfsx T W (post discharge) i
Low-Density Polythylene i£ &2 % & % & & » 15%10™ cm™ 4 & if i%
o 22) 0 0 2 S g R s ek 21 Ny(A)s R 1t el
% No(A)E 5 & 49 <ha £ #- Low-Density Polythylene # & C-C %74
(S rAF A A R R FHR I K N +25%H; Jf:
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fe A4 X EaINy(A) o Flpt ek s Ny~ Ny + 1.7% NH; 7 f}f;ir’v’ﬂ

[Klages C.P. and Grishin A., 2008] _ é’—}ﬁ&? 1o 2\ ﬂasiﬁ'{% ff ?, fﬁ% }f@,_—_}’ﬁ‘if 3&
SARE S P B RES R A o T4 DBD T A % 6 A ik
TSR LG R RE P AR AT R T T e

ko AL (M 23) 499 ¥ e 4 5 o Fl 24 5 T2 DBD T 4 # PLA

E R TR e PLA WP B et dm e A1 b G F g% > CaFg

)

6‘34

TR TR B A F A R HE e PLA g G
ek ¥ 5 & (OD) © CoRe A AL i3k 4 PLA 4 6 2 % 4p 3 12Dk
T Aed 6 ST ] e P FIG X e ) B G K F R R R
¥ U T PLA e CoRs R R AL B 5 7 18 Lk 0 R T
AT A2 2 &S PLAGRAEY > a5 dg ek g

Hoe b £ dmre i PLA £ 6 RESEPRSR S flenmkyy (VR

Nakagawa, et al. 2005]
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PR RERFHEKG

rEF PR BT rriEﬁi{%‘*(DBD)”#@m E e (B 3.1)a =
d 7 @IRA e :DCquasipulsed T RERE - T FHEANT TR IE

KBS AP F q‘}é’v? B i H G Ap Rz BRI A o

31 XHFHFATFOBD)¥ BT A&

“r: 2 DBD % m » X FE A T F B jrox T (Dielectric Barrier
Discharge) - /& >+ Townsen discharge~ " 37 & ¥ *x 7 % (abnormal
discharge) - #p >t H @A fg 2§ % *DBD g =R T RF ¥ bR
E-AAEAATET O RVADALEIBA S FEZE > P i &k
BORBR O R 0 RAPHEOR T ke 2 breakdown voltage
2 APE R g o A R AT 0 T RTARR S T A o ph
Ao IFATEICRF TR TREEFRAFE AT PR K
B iT G4 r s PRV A E R AL e ¥ hd Bk R
WA FREFRE AL ROV A A2 R 20
TLTFEHEDBD R R p FRFUT Feipi 65 UF

A SR
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311 REH A FK

Holp s BT ATH 32 P ETRRAIL AAT FTRE
0 ML 5 4 (50%50%k 8 mmeach) » T RPN K FoREEE 0 T R
FHTHRZER - PRTEBRELRE-AFR:ITFEZEATE(O
701 mm) > 7 &E AL s 3920 TLHRTFH(ap)d &A1
mm g A SR R R T E 0 T Y R TR
Rz o HATHAPFINL P ANFTHRL 2RI ET P ML
R PLEERTIHEIARS T - I FRAE -
3.1.2 DC quasi pulsed & & & & =

¢t 2 DC quasi pulsed . & 7 & & % 4 EN Technologies Inc. (model
Genius 2,/ 3.3 ~ 3.4) » #7 5 & F 5 ) 20 7] 60 kHz » £ =+ %plm@%
BMmetm%m’&%ﬁmﬁﬁﬁZMN’iﬁﬁaﬁﬁA~ﬂ~

T2 T EAR PR HIEPEARI 35 €V TR o

313 FRHER 5

=

FACT AR ARG FMRA R R F F A A
FAMSRE AN £ F 55N N RYFE 235 20k F R
$)e md & ATHFE (U4 inch) 3 R R Fat A kB
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PGP T RE A ALE UEEFRAE R o CERKB =
REFREERSE TRUBRIFR > FH v sk f - K 53R

PRAEEEHTERE > # I AR B R T
FooIRA G B LA A B G - 30A A R 4
R TP EREBIRAL RGN REPR G RREE  T I

ek B R AL T b kR 0 RTNE R A 20°C =+ () 3.6)

3.15 R =%

HOFRR LR PR BN T R R
FRARICAS & RN BB TE - KR4 S MDA
ZRSH F RLVEREPN R L Rl b i o b R A TS AT o vy
W BEBABART > > A RHRF 7 VERHT IR IFREL 27

(B 3.7) -
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316 EmfHd L o
Eofddod 222/ E - aBF 2w REPRTRL

& {6 22 T % & (post discharge)z. di v T 3 s EE T AE AT L FET

REHA A w i d gL o ot RJZIEHES 30 24 > TR T LR

3.2 ?%iiglj/:ﬁ 3’b
3R emr w* RERTEEA 2350 TEER - HBIERS
KR~ A ERR S B2 o kFR(FTIR) - XPST &

~EFAATRMUE Y AR R TREROT SN ME e TR R

B2 B frA AEF T RASE (FHEwh i R o

321 # &R

FRLES - 2 T RT R pF TREOT R T n
BRI E R S A AT RS R ER N L TR T R T - A Y
% voltage-versus-charges & B> % > 1 & § 4 T 1 48 W+ — &t
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BERLF CINIREBRBREALTFISFENELR e BRERE
BTz 7 BRfchp- A2 Er =% T4 ¥ % &7 dLissajous
Bl I 2 RBVAL PHPEEIRLAERHTENT R ERL
A ooy b gicE B2 E o P2 R R ir * Rogowski coil(IPC
CM-100-MG, lon Physics Corporation Inc.) ~ 3 & 3% # (Tektronix
P6015A) ~ =& & 4% ¥ (Tektronix P2220) 4 %]:& # = * 7 £ (Tektronix
TDS1012B) > if # M $DBDE Pl = BT (54 » ¥ e Avipr g # 2

ot % & T T F EC=681F -

322 #4483V g R3+-(TC)
AR K typeRifg SR AR RH R RN v f WiE A (Ty) 7
iP5 ) /1 25-20 °CF[400°C o fe & Fulii & e $30 1

R FEAT)rFERF AT ~ AR > SR ARZER

3.2.3 k¥ % (OES)

T ﬁﬁmﬁ AR Ed FTFTHNFELT I OLEEIT - R
A ga) =  RRAEN E5IE T oA R T T 2 R R
MR PR L 3% A PR s 2 jogF (excitation) ~ 53 (ionization) ~ ¥ 3
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H_¥rgk iz 4 (dissociation) » H P e tripe 2R F TR R AT €
A d de-excitation 2 relaxation = 3% 3£ w A TNy FE g > I
EFE N LR A R o N E - RS il ek
S At R 1 e U - A ARER A 4
EFAG A R RAGHLRY 7 g3 ML EEES o VR
400-700 nm¥ £k Brensk gt o { fop RATER I T a‘J{r}%ﬁJ ;
FARE OB O RS AP R RERRET R W
AT LA R

AR RERIF R R AR (F3.9) 0 % H sk &(PI
Acton SP 2500)p 7 =k & 53 & (Hamamatsu R928) ,%”gzi B R R
S i 0 RIER » M-E R F) e SRR ELIE Y OES T 3% T il ek o 47 -
APET UG RRAE S B REFEER(E3L) 2 P f RS
PRI o G B SH BT Ar TSI T N A RELR BT T E T
PR S EPMT b o] 2 ff A B kB 30U A F R B R
B kg A BLE e (overlap)shai % o B F 4R BOR (Step) it B
B (slit width) k4% = j347 & > 2 @A AFL TR RV RE o 7

Fertd RAL A PT UH AT Ren s MBI TR R R R gy

¥

RE R EERrR PR A F - B TR
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3.2.4 £fF & £8 % 5%(CA)
RIS AL PEEEY L - £ i

Peig en= U R R R MH R A 5 Rl &

(surface energy)fr# m 3k # (surface tension) - % & it £ i & d — polar

liquid » & # 4% £ & & * 15 %4 k(DI water) ; — disperse liquid »

4_4H 4 (glycerin) & = @ 7 “z (dilodomethane) & ;% %8 > jF »t < Bl

F a:t..,-g ]ﬂtlﬂ}%m#.q.ﬁgi_ ja&%ﬁﬂ)\%n“ﬂ é«:@ﬁ}\gg‘,mé _\)J_

¥ 41 4 5 i £ (Girifalco-Good-Fowkes-Young equation [Navascues G. 1979y

9 2% % % 4o§)3.10%755 (KRUSS GmbH-Germany) » = ‘4% = £ &F

o R e e L SR o e CCDRHRRE<% R i B iAo 20

"t ﬂﬁi'ﬁﬁa}”l%@?—‘ﬁé’%; P2t E AR o A AR

P AR AR G2 4l B ERE ST e BRR o R ke g
T2 ] & BT 30 T il T R 8 T AL

te m;?',fgﬁ‘;c% T4 37 o

3.25 B> EiF ML RATR-FTIR)

B2 EREBR R R - ARER DT B AR L

?)L'QLT"J'A/\‘_"*”Z\ W l?ﬁr}‘f[” L"f’JE /EJ7 o | _t_ﬁjﬁé,\,ﬂ_‘:)\;](zf 7]~ S\'-’i&]

T FlAedR e N B A PR BT A A hi bR T R kET
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- AV L N Sk a
fr b Ak E E ehs 7 7€12800-10 CUBE + # % % 0.78-1000
Um o> S5 % 3e a7 b R A & AP - R o #0[1]/£4000-400 cm? s
E a5 o =X R A
(1) #FHHE & % (characteristic-group frequency region ; 4000-1300
cm?h) s H W U EIRA S - P i R e T o
(2) 4p % (finger-print region : 1300 cm™rz ) > % ¥ 12 AR A
S ) 4
AR S R s I SRR L I RS e i R 1
Bk R F R e SRR G e R SR EF S Y eh

o

Rig
W

K 5B R T GAR T A 6 o L R B R
F TR A DB B P SRR eh T AR R (BT R
% RETVRIEIEARL o

AT A E B AP AR 2 F BN 2 e e 0
4% 3 Gk (HITACHI 8400S - B13.11) (79 5 £ ir| > £ il # §/£4000-500
cm™ (64 scans were taken with 4 cm™ resolution, 45°) » * % 2| &PLA
Wk o 2 - BB 2 B 0 I E 3 ex jz(absorbance) it 1T &
L od WFTIRERIRF 2 X ARBEGAER - BRAEARE Rt 9
HUCFTLREERRSE > EFF TRV AHALD Fagla
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PLAY 4 B ki (FRD o

3.2.6 XPSi- & = % & 47 &

iv 8 =% & 47 R (XPS- X-ray photoelectron spectroscopy) ¥ * % 4
WHA LG E T &~ 3 gt B2 BRSSP A &
RIL G KT F FoT Xoray g« % ohkz2 k3 s Fok S a0 g 4
RIPMEZHEBNTFIRER T ERFNAd T I AR08
BRI FEFLCHRN oD T LR OBEFAHGEEA L T IR
AR R e NEA e mdRRIp d T FF o RS
50-20keV }+ T o EEa g - AT A m B G as 7
B o XPS AL B KA Ad B0 T d T RS R
KT~ F AR~ AT RBLAATAF 7 £ > MFRES ks dre

o B S TR AR 3 R T S BT B M

AEG R F AR &Y w2 XPS(H 3.12)> X-ray 2 15 kV~250 W
A hvrRR4 5 2%10° torr BT 0 kT R 450 xR

+ -
™= W

-

- AT M ERFARF KT GRRSR G IFR R FE
BT HRRRR AR e S N B RERLD S~ S
2 %K o F M XPS BRI BTy > APl RZFUT
e a RJZH R T F it (smoothing) ~ 2 72 4-(deconvolution)
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;}r",f (background removal) #2334 & 4 fe & (curve fitting) & > 2 ¥ 4 {8

K PR LS S

3.2.7 @ % VR B MKE

BN RS Bd PAE ERFFEES O F Y AHL
Pz A o S ITRSZ LXRRPHEAL T E B RR
ZRIE MR TEZ AT % 2k F Bkt > DM IL > LEICA >
Major Instruments Co.,Ltd. B 3.13 > - %2 @ & - & picsepes CCD -

T T ] R R S AR

3.2.8 ¥ :\fx% 4 & A 17 & (Elisa reader)

B F-v B h > (ST e SDS R R A& (SDS  gel
electrophoresis) ~ & = 2k ;# ;2 (Western bolt) ~ & # v *§
(imunoprecipitation) ™ % f% % i % & & = ' A 45 (enzyme-link
immunosorbent assay ° # fi ELISA)% - ELISA i = 8 | * ik

(antigen » ;j%{}w B ) ikl (antibody) 5 & chd - 10 Ao P EER DR

JCEES ST TRY L s LN & &S ER ¥
Bk

(1) #ixdF > -0.20 = 3.00A
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(2) A EREFFilten)™ &2 K7 @ %3t
() P p AT LS IR ELD FE T
(4) #chp™ d PC ¥ =gispydi 2z oo
~F2 3 i¢ * 2 Elisa Reader (Thermal Labsystem, Multiskan Accent)d
LA E B3 p Z FREAEST R TG RBEN T

im0 R L LERY R4 [ 4ed0] o B o F S

3.3 @5 2¥c2 e mit

3.3.1 ’Fﬁiﬁt%\i ey

AT L R PO FRIER R S A i K PLA H
EhG o FRERL ERARB2407 > d A F R L mm e
FEARFTRENTIER T TIEQP): Imm- FP 3l 7B
O Amma 8t 5Tk v R RIE o T AL
AR

(1) N, +0.1% O,
(2) N; + 5% NH;

o BT RS F AR S 50 sl RiR B ES FH 5 500

W35 60 kHz > x> &7 U7H kR 3}% i F (pretreatment



plasma) « % = &L JER & F W E 5 10sIm > T 0k B F 5 5y
5 A00W 5 30kHz ed fr 2 &7 7% § T 5‘]%”134 #-(rare ammonia
plasma) - & &% 4 #-$t PLA Hi & BILR LA - BAPEREE
(2-step process) — £ ALK T Tft € 3F e J2 (pretreatment) > £ 1 5 F 7
]\/*Ti’jiﬁu%‘ R SRS iy LA »Fo PR BRiEET SR A
32 F 3 Az e 315 97 0 F LA L A & IR

(1) =5 &%

(2 THRVHRRA K S HER

(B) M2 R E s {7

(4) Pz phriplE
HY $ 23O 25 AFES ML wiz P37 U FiEF i sk

IARVHRFES T N MR Bl R R0 S sk

3.3.2 w32 % AR

BRwer dEAT RS Y 2L PREp R s § A
AR R - B a2 AV R FREBF RO P bldci
AT~ B EARy 52 Efe B E 4 F 0 C2C12 ) &g # M
e kit d LR FmT e d b Ao FnER

(Fetal Bovine Serum)z_ 3 &= p > £ 3c¥ A8 & 37°C ~ 5% CO, thif=
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B #a(incubator) o o 3t C2C12 >t phrtdlfmPe - & Blmre d 1B &

3 PLAZG PR A A 03 mIsEE0 5 15 A4

e, & ﬁzm@g@@_;rsfﬁqttz*lo“/ml » FIR P AF S 6 cmen

2ET N 0 F R ImIERA T E B P 94 6%10° i Bk

|
o
E‘.’T
a
“"U‘
F_&
)
—d
o~
T
A
=1
\ N
b
&
N
>y
5
iy
1’1—_

T RE W R d 7
o kPR BLY UELR T e cnd A5 NP Bk R F R A A Y

RIS 21 T2 )PP i85 X Z R IEE & FHime BT R
& JF 4~ DMEM R & 10% MTT #j&2 & = p#2 % 3~4 /] pF > H 3 &
IR e R R Y LI E M2 ¥ B MTT 3-(4,5-dimethyl
thiazol-2-yl)-2,5-diphenyl-tetrazolium: bromide)z_ tetrazolium #& % & 4
2o AP o AT e b R EE AN R B2 S
M LARRE o AT e AR A N enf R B AR S o kg
P 14 » DMSO - 4 pe Elisa Reader = 570 nm szl 2 > 7 14 £ P

IR Y e
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41 DBD ¥ BT R #F AR %3258
B PLA fd g e HiTSBNDEFHELVEL - 45
MR R R B RAEHF SRR A Y AERC B

Flo BEFoRE > T i F ok PLA K2 A pAp g e o

411 &R

’}5

28

E!

Bl 41 feM 42 5 & Q¥R RRHAIEF TR T BRI

\\\

SO RS TE F L as S e e PR RN E
TR

5 10 KV o @ Rk R RGEH 2400 mA S v E T RS

>

7% 100 MA > 1 4F T 4R 25 om® (5%5 cm)hg A kR E TR % A 0

3
3
=H
7
IR
CD
S
>
(@)
3
%\

Tk F RERG 12mAem’ e § T R
BRHE PREE T ABEFH T LT 2§ R
- BFEEETIREETE o A0k Fle DBD T G
Mo g BT EFLAERETAAAFE I ARDEEATT T2

20

BadLFaerl- BRRGEFE > & AT1EAS BT

Cilhad

<k

o ¥ RA2R AT A MF RRI HRE > DRSS BT
TESEEL SRS RS SR I ST SRR R
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TP o Bl 43 ZAKT :Pf:?\ T 1 Lissajous B > #£_Q-V & SR B % X
HPENT Fe F P T Fe FURATENHPFERRGHF I
ENTRR R 5o S R R AN TRERE
4% DBD ﬁ%f#.ﬁﬁ-,’ 5 jjg:,\ > }}% [Wagner H.E., et al. 2003] _ oKk F ij.;y\
Lissajous 3+ & i mdfcs 5 4 5 175Wo & SR R 0 2 e B » 4
500W > % 4 7 ) DBD § 1843 35%mad » @ ¥ TR LT 5P
LR FES AP F TR R IT RS EAT R E B

T erFs HPE UMT A N ;J_'Er il [Wagner H.E., et al. 2003] :

E= N/ (t)dQ = area of (Q-V).diagram (1)
1

PR A AC PR R RS o

412 % #fé % § % (Post discharge)z_ ;g & € il

— R A AR RS OR AL B g 2 F S ] o
FAFPLAGER 110°C 2+ &2 PR AL 2 dw i ™
HLRWAET I T Fofk (T Fl2 Lg &1 07 - B 44 5 DBD T

REES R LT RA T - B XZ D ALEREARR DA G
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;g;,;f?’jf;ﬁvﬁi%]/\;éff iR R RO gD T B 45 B

46 - HREREF WP XA FEHDLARM > HHAT

2

R r 3 D0 500 W A § R AT LR ki F R

B R4 A 80°C 11T s 2 fEiE 4% 50 sim lt‘}.\sf. R e A -

@R HR- R AT R 2 PR % 4E 0 ion ohmic heating &
;’?‘;'S?,gﬁﬁun# ﬁﬁg%/lj,ﬂﬂ— L#BIF-W’J%J)\IJJ T,;r‘%ﬂ/”

Il

AXL Rl TR RARC o § F R ]J‘{'x LA & B = > 2 B 7% (ammonia
LABPT) ARFETe AR LA B2 55 0wt r G 10
slm » F]pL 2% i vk x'&%] » 7 2 (400 W) o i 14 TR R o ¥ X
G R A ZIRZLFIE G ns A SR R R &K

M0 6% ¢ AR R Y RFLERIIN

4.1.3 XA ¥

kB Rk AW 3.9 kiR RIEE S L R L R

%oi%?%&ﬁ??&r%&%#%ﬁ’ﬁﬁﬂ* RIS E 7T
qb*/@‘ﬁl?lgﬁﬁﬁlﬁ*?ﬁﬁﬂi?i'“% PR RERZITE

B o f;i:‘%]fpf??,i]%ﬂz vl - 180 nm g * o B2k 180 nm 12 F 2
LR AE# BB AS SRk L BB AL B % o Bl 4748 5

’['3;% fi'g&\ ¥R R fﬁg{‘ff’fé f:{: jf{ it 200-400 Nnm F ¥ E B o ‘:5
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ST R RIFEHL S PMT o[ fofp 4 p5 B 3040 e > 2 20 IE 0 g o
HoKR 3]3( . 200-280 nm A X {% 3 e NO-y> < 5+ 3 236247258
nm & £ » NO-y sd % 4o N, 2™ positive $ %+ B & » =3+ 337 nm
¢ Ny 2™ positive 2 & B §F #8¢ eh§ A 3 2 Fl4eid § 3 i F 9k
0 BB D RO U A1, 2 NO A 3 £ 22 N, 2" positive & s 14
A4 % E5NO-y - 280-400nm i & 3 NO-B- H kikhfr NO-y 24 4p
oA FRRFMESS L G ARIF FoRd REF AL LR
AR - ZIpFRF IR T3P RS EFA TR RS
A S R LA ST R o RN N R Ty
27| N, 2" positive =h#ic® % % 5 & 2 ) BRI S S tERR R
4ol - %o § F T H Tk SRIEINO-yA o % % 315+357 nm
FRERESE D NOL SHRITIMEEEFL §F 2§ § 0t b 4em B
B P B o 5 R K TR P 7 N, 2" positive ~ NO-y ~ NO-B $f %
S PRER PR AN PT S 41 ek NO-y fh- B F
M > NO-y #idiesk 3 5 H B 15+ 4 % 545 eV & N, 2" positive

A F 6.2 eV ik o K EHALE G IFETEEE 0 FehiB ]

42 %fq & LRIE LT
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A é‘i;}é’,_}»j—i{?‘ ﬁ]%%i » T @EE&FA& N /5'-‘ Sf« 'gﬁféa\;"fr'bl‘ [E P

RO R 7S B F 0 kB PL

>
Iﬂ
ﬁ
A
§
A

Lis ] & engis - TR
B BECEARER ok Aot E o &K S F G AR T

B RHRETIBREORE BT ARR Y W B
30 A MR g3 g3 k(DI water) - B 4.9-12 5 PLA FhSiE &
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Table

%\' 21 ,:; fﬁw\@ *;, Fg /T [Schroder K., et al. 2001]

Name Abbreviation S]"m]].wr. Chemical structure of repetition unit
Product No.
-~ —H—oH,—
Polystyrene Ps Falcon™, 1016 lij :|
Polyethylene PE Goodfellow, [ —CH,—CH;— l
ET 303 050

Polyvetherether-| PEEK Reichelt 48021 4:5\? C; ; ?_
ketone |: N ;._{5_‘}_ ]ﬁ
Polyethylene- PET Goodfellow, s e _:" f!:_
terephthalate ES 301 445 |:—L e @_ l
Polyethyl PEN Zoodfell i g

olyethylense- dodfellow, — 0 CH—CH—O—C -
naphthalate ES 301 445 @
Polycarbonate | PC Goodfellow, &5 @_f—:{ ;}—d T_

CT 301 260 &,

Polymethyl- | PMMA Goodtellow, S
methacrylate ME 303 050 COOT,
Polytetrafluoro-| PTFE Goodfellow, [ —CF, —CF,— ]
ethylene FP 301 350 "
Fluorinated FEFP Satorius, Py
ethylene bioFOLIE, e er |: e IF ]
propvlene IV-76 077 316 [_“ e ]... o
copolymer
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Zﬂ:\' 22 f‘ﬁfﬁgﬁ 5}%?% PLA @@i%{,kii%[YangJ.,etaI.ZOOZ]

Sample Condition Contact angles to HoO
Power (W] Time (sec) Pressure (Pa) {deg)
1 50 10 20 60.5
2 50 20 20 47.5
3 50 30 20 37.0
4 50 60 20 25.0
) 50 120 20 21.5
) 30 120 60 49.5
7 30 120 40 44.0
8 Q0 120 20 35.0
? 70 120 20 27.5
10 50 120 80 40.5
Confrol — — — 78.5

4 23 ;3 5}3\»@ PSUY E;;;:,\ XPS A _%fr‘g%%[Bryjak M., et al. 2002]

XPS elemental analysispof plasma treated PSU films

Pretreatment Alomic ¢onCentration, "

C 0O N N/C OIC
None 88 .8 9.1 a0 0¢ 0,102

(844 (125 (0.148)
NH,; plasma 76.9 12.5 8.7 0.113  0.162
NH,/Ar 68.5 14.1 153 0.223  0.206

plasma
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2031 kip R 5 FHE L

Grating Holographic 300 nm Blade 500 nm Blade

Range 180-280 nm 280-400 nm 400-900 nm

%\’ 3.2 ? 155’ f’%‘ fi

Pretreatment'Plasma | Rare Ammonia Plasma
Gas N2 +0.1% 02 N2 + 5% NH3
Flow rate 50.slm 10 sIm
Gap distance 1 mm
Dielectric quartz (Imm)
Input power 500 W 400 W
Frequency 60 kHz 30 kHz
Treatment distance 4 mm
\elocity 1 cm/s (20) 2 cm/s (40)
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# 4.1 SpecLine #r#f » 478k T NO-y % 3¥

Energy (eV) Transition Quantum number

Element Line (hm) I (rel.) lower-upper AE (eV) lower-upper lower-upper Comment
NO 226.28 800 0.00 =545 5.45 X2Pi— A2Sig+ 0=0
NO 237.02 1000 0.00-5.45 5.45 X2Pi— A2Sig+ 1-0 Kaplan's. System
NO 247.11 1000 0.00=5.45 5.45 X2Pi - A2Sig+ 2=0
NO 258.75 900 0.00 —-545 5.45 X2Pi — A2Sig+ 3-0
NO 271.32 800 0.00—-5.45 5.45 X2Pi— A2Sig+ 4—-0

%42 ¥R e AR F R i ()it E

Surface 6 (deg) to H,O 6 (deg) to CH,l, Vs vd P
control 78.46 38.12 46.0 30.5 155
plasma treated 31.16 43.10 626 274 352
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% 43XPS AT PLA 45 A4 s (1) HEE (2 AETH Q)4

FLR (@) S ratel it A

Surface of PLA Ols (%) Ni1s(%) Cls (%) O/C N/C
1 36.43 0.00 63.57 0.57 0.00

2 37.60 0.51 61.89 0.61 0.01

3 36.06 0.07 63.87 0.56 0.001

4 37.03 2.97 60.00 0.62 0.05

% A4XPS 24T PLA v ak % (N +0.1% Ok T % (2)

N, + 0.04% O, 78k 7 Jj‘i FeldL

Surface of PLA O1s (%) NI1s(%) Cls (%) O/C N/C

1 37.60 0.51 61.89 0.62 0.01

2 37.29 0.41 62.30 0.60 0.01
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45 A FERAERE L §F T fffz/i@_‘il:'t #w:(1)0=x (2)40=x (3)80

= (4)120 = (5) 160 =

Surface of PLA Ols (%) N1s(%) Cls (%) O/C N/C
1 37.60 0.51 61.89 0.62 0.01
2 37.03 2.97 60.00 0.62 0.05
3 36.41 3.84 59.75 0.61 0.06
4 38.20 5.01 56.79 0.67 0.09
5 37.83 4:67 57.50 0.66 0.08

# 4.6 % fp e B2 2 ¥ C2C12 ke &% PLA &5 1-3 X #7 & PI7E

jea
Control 2 step plasma | Gelatin coating
1% day 1.34 2.28 2.19
2" day 1.21 2.61 2.34
3" day 2.14 4.21 4.10
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Figure
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N
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w
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E 1[:3_
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frm

Non-thermal Thermal
102 plasma plasma
| | | | | |
105 1w0* 10% 102 10! 100 10! 102
Pressure (torr)
?] 1.2 f{’, ’Jﬁ(/ﬂ}i‘f‘—"ﬂ: @Fﬁ;‘i 4 @[SchutzeA.,etal. 1998]
cathode

transferred arc

“\\_: /

l wt)rkpin;cca(unndc) I—

a. g HE KB

A RS R AL 3 oF
(e T

Bl 13 ¥R

corona discharge

drift region -
‘\\‘* ’r' “) ’[ |. Y
F ' ] : i v

' [
rorg [ ]
[ i

| plane electrode }—

b. 47 A

water cooling —» |
e ——

RF
pnwc:_

“CJ"OZ —_— ]

TEOS —* —

d KA EER

o [Schutze A., et al. 1998]
l( Y
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Voltage (V)

pd (cm Torr)

B 1.4 Paschen CurVe[SchutzeA.,et al. 1998]

&
Q\} ] e m—————
: <

B 1.5 1857 & W. Siemens #7#7 4 d12_ 5§ < T #
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High Voltage

|
e Electrode
AC ESINRURITRTTL_ Dielectric
[~ ararararaaa] ~
——  Generator C Dlsﬁfgffap Barrier
Ground
Electrode

B 1.6 DBD % # 7 &% 3+
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W ) €2 )

== 4=y - ..
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S 53 W
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W18 #p £ 425 (invivo)
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(a) C1s N1s O1s
C-H

C-0
C-N

288 284 404 400 396 536 532 528

: N1s O1s

288 284 404 400 396536532528

Lot

292 288 284 404 400 396 536 532 528
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- NCS)
\:(XD:€ DBD :> l :> & O
Ny A)

2{1 T T T T T T
o F 51l/min A
154 © F ]ﬂlflm%n A a -
‘= A F 20 Vmin
A=) A N 10 Vmmn
2 104 -
2 ]
£ 51,0 o
Z 1,80 4 A
|
ﬂ_lﬁ ] T T T

0 10 20 30 40 50
Treatment duration [s]

B 2.2 # & DBD % j:F; B Low-Density-Polyethylene % & NH, % & 4

ff [Klages C.P. and Grishin A, 20081 (\| = nyre nitrogen, F = H,/N, forming gas)
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Plasma geucrator

€ Gas tlow (CO,, CiFg)
Electrode

PLLA Sample

S mm/sec(] round tmip)

®23 ¥ &L 2 DBD T HHrE T LB E PLAGE Y g2z §

[Masafumi Nakagawa, et al. 2005]

025

(.00

— — —

f— o’ e

= = i

= LAy =
1

0.05

Optical density (O1)

control Co, CsFg

Gas

B 2.4 MC3T3-E1 ¥z REF> 7 B T j}%@& PLA & %05 R iy

2

[Masafumi Nakagawa, et al. 2005]
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Gas Feeding
Syatem

AC/DC Pulse
Power Supply

~_~

Experimental
Instrumentation

Matching and
Lines

=i

Cooling System

M 3.1DBD ¥ BT 4 4

Power supply
(’_\l (D palsed
&
Oscilloscope H-¥ probe
| | Q00 (1:10007%
I 000 —e
Rogowski coil!
Yoltage probe
(1:107
Gaz in
——Teflon
—Ceramic
|_—Cooper electrode
E (writh cooling water)
Ty (6.EnF)
Z axis t

Polymer

¥ 3.2 DBD ¥ BT % T2 it W
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Display LED Regulation On/Off Modify

OP Mode Menu/Enter

Bl 3.3 "L ki AR R

Master/Slave RS—485

RS—232 Userl User2
Dip S\witch / /

"’,’:#'L.S&U’r"_?.:'"o: .o,:‘o
X

Output Connector Input Connector Earth (PE) Input

Bl 3.4 "R BT R E S AR
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Valtage BV

power density | pulse width {2 5)

Large 3.02 ~4.06
Middle 415 ~ 4.58
Small b.b~ 6.3

Time (135

M, (10shmn), G0kH =, large

Fl 3.5, A B A Lk
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B 3.6 -KEi4 Fr kst

Bl 3.7 7 =i
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B 38 ¥ ot s/

® 3.9 sz % (OES)

73



74



B 3.12 XPS i+ & ~ % & 47 1%

Bl 3.13 iF = 3k 5 Agpicdk
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L AKX
- = e 0N s
-

£ A <3 MR-~

Wy

B 3.14 45 ;S22 4 & A 47 & (Elisa reader, Multiskan Accent)
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Sample prepare

4

Set up
plasma apparatus

0O,/N,
plasma
0O,/N, NH,/N,
plasma plasma ',
NH,/N,
plasma

Surface chemical
composition and analysis

I_l_l

Feasibility
confirmation

Cell culture

Bl 3.15 7 2k i A2
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Voltage (kV)

Voltage (kV)

12

500

— 400

— 300

200

100

o
Current (mA)

-100

— -200
*Gas: Ny +0.1% O, i
Flow rate : 50 (slm) 200
s Input power : 500 (W) \Vi e
) Frequency : 60 (kHz) -
Discharge gap : 1 (mm) | | 400
Dielectric : quartz (1mm)
-12 ‘ 1 ‘ ‘ ‘ -500
1E-005 2E-005 3E-005 4E-005 5E-005
Time (us)
R N T Y
B 4.1 R fﬁ% \L@ P4 A 18]
12 500
— 400
— 300
— 200
— 100 ~
<
1 &
— 0 E
e
7 5
— 100 ©
— -200
* Gas : Np + 5% NH3 |
Flow rate : 10 (sIm) 200
" Input power : 400 (W) v | |
Frequency : 30 (kHz) E
Discharge gap : 1 (mm) [ | -a00
= Dielectric : quartz (Imm)
-12 ‘ 1 ‘ ‘ ‘ -500
0 1E-005 2E-005 3E-005 4E-005 5E-005
Time (us)

B42 z 5 T

TR LI
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Charge (nC)

500

400

300

200

100

-100

-200

-300

-400

*Gas: N,+0.1%0,
Flow rate: 50 (slm)
Input power: 500 (W)
Frequency: 60 (kHz)
Discharge gap: 1 (mm)
Dielectric: Quartz 1 (mm)

0

4 8

Voltage (kV)

Bl 4.3 kR ]Jé Lissajous B]
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200 | ‘ ‘
— @ 10sIm | *Gas:N; +0.1% O,
T | @ 30sim| Frequency : 60 kHz -
Discharge gap : 1 mm
— A 50sim Dielectric : quartz (1mm)
160 Z=4mm
o
<
>
T 120
k)
o
IS
(3]
|_
80 ‘
40 \ |
300 350 400 450 500
Input Power (W)
@45 ;—,{’;&“,jﬁ‘g/?‘]jr‘r'r-z 4mm/E}§
80 |
*Gas : N, + 5% NH;
Frequency : 60 kHz
Discharge gap : 1 mm
60 — Dielectric : quartz (Imm) _
;G Z=4mm
Y
3
E —
S
IS
(<5}
|_
20 \ | ‘
200 250 300 350 400
Input Power (W)
)%]46 é‘z;f?ﬁﬁi(w:{‘r—r—a 4mm/§_)§
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Intensity (a.u.)

Intensity (a.u.)

2000000 T T T | T | .
I N, +01%0, | |
! B * Flow rate - 50 (slm)
Input power : 500 (W)
B - Frequency : 60 (kHz) &
NO«y Discharge gap : 1 (mm)
200000 |— Dicleciric : quartz (1mm)
! T Integral time - 100 (ms)
B NO-f3 =
200000 |— T \ ]
400000 | —
0
200
Wavelength (nm)
Bl 4.7 #.k0R5180:400 nm o 4 41
200000 T T T | T I T T
i N3+ 5% NH; .
160000 |—  * Flow rate : 10 (slm) NO-p
Input power : 400 (W)
| Froquency : 30 (kiiz) | 1
Discharge gap - 1 (mm)
Dielectric : quartz (Imm)
120000 —  Integral ime : 100 (ms) —
i N, 2% pos .
80000 [— .|
40000 [— |
0 L | I | ol Jdtl J{ J | M Y.
200 240 280 320 360 400

Wavelength (nm

®4.8 % § T4 180-400 nm sk 3¥ 4 47
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90

\ \
| —B— N B
— @ N,+0, (0.1%)
80 ——A—— Ny+NH; (5%) |
L *Z:4 (mm) i
V : 1 (cm/s)
D
~ 70 —
Q
D
c
< L
3]
8
S 60 —
@)
50 —
40
0 4 8 12 16

Passes

] 4.9 PLA-KGF 42/ & 5.7 b 87 W2 =t e % 1t

20

80 ‘

—m— N,
@ Ny+0,(0.1%)

* Flow rate : 50 (slm)
Input power : 500 (W)
Frequency : 60 (kHz)

60

Contact angle (°)

30 ‘

Discharge gap : 1 (mm)
Dielectric : quartz (1mm)
Z: 4 (mm)

V : 1 (cml/s)

Passes : 20

400 450

500 550

Input power (W)

B 400 PLA -k if 4200 & 63 o f RLT SER ~ 7 2 %
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80

70

Contact angle (°)

* Gas : N,+0,
Flow rate : 50 (sIm)
Input power : 500 (W)
Frequency : 60 (kHz)
Discharge gap : 1 (mm)
Dielectric : quartz (Imm)
Z:4 (mm)
V : 1 (cm/s)
Passes : 20

40
0.001

B 4.11 PLA AR F 3= & &g O, vt

0.01

0.1

O, concentration (%)

% T TR T 7 T AT T T T
* Gas : Ny+ 0.1% O, ]
Flow rate : 50 (sIm)
70 —  Input power : 500 (W) —
Frequency : 60 (kHz)
| Discharge gap : 1 (mm) i
Dielectric : quartz (1mm)
= V : 1 (cmis)
@ 60 —  Passes: 20 —
[=)]
c
@ L -
3]
[+
IS
S 50 — —
O
40 |— —
" I R T EOT IR NI NI
0 2 4 6 8 10 12 14 16 18
Z (mm)

Bl 4.12 PLA "k 45/ & SEASTEAE2
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60 ‘ ‘

+ ——— 2stepplasma |

50

Contact angle (°)
N
o

30

0 | | |
0 40 80 120 160

Passes

B4.13 4 p R EAER H PLA 0 ke

(a) (b) (c)

(d) (e)

B 4.14 PLA T 2 5545 4 6 R F 80 & 50K T f et de #1

(@) 0 (b) 4 (c) 8 (d) 12 (e) 16 =

85



50 ‘ ‘

- * Untreated sample : 82°

Contact angle (°)

»s | | |
0 20

40
Aging time (hours)

W 415 S RFAAAET 4G i fd 2 F IR %

—_O-IC'H-C‘-O-CI'H-C'——
B ¥ s CH: =

PLA

B 4.16 PLA » =+ 54f
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—————— Control PLA film
——— Hydrophilicity plasma only
—————— Ammonia plasma only

———— 2 step plasma

T Y e

|
I
A L]
|
|
|
|

Absorbance (%)
[ T
va 1 -
— O —
1 —
4
| ‘,

C=0'
IC- S S
T \CC/N”‘W'* T -
™~ [ |
Y |
(I
(I
jﬁjﬂ——’—‘
NG
B | |
\ \ \ \ \
1800 1750 1700 1650 1600 1550 1500

Wavenumber (cm)

Bl 4.17 FTIR 1500-1800 ¢ 4 & 7 it s A 45

————— Control PLAfilm
———— Chitosan coating 7
—— 2 step plasma

Absorbance (%)

1800 1750 1700 1650 1600 1550 1500
Wavenumber (cm1)

Bl 418 " &2 % Her %@ﬂﬁﬁﬁ : 1500-1800 cm™*
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Control PLA film
Chitosan coating
2 step plasma T

Absorbance (%)

2000 1960 1920 1880 1840 1800
Wavenumber (cm)

B 4.19 7 2% % g af& o B 1800-2000 cmt
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— case 1l
—— case 2
— — case 3
— case 4
~ O(A)
“\“WM 0

Intensity

\ ot M
TR e i h ‘

1100 1000 900 800 « 700 600 500 400 300 200 100 0
Binding Energy (eV)

420 PLAXPS 24730 (1) #Re (2) Ak (3) 44 %

B IPERBERET R AT

—*
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case 1
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(C)
Bl 4.22 %P8 & PLA 2_ % 35 % B icax (x100)B % (A) 2 (B) 4 (C) 24

| P
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(C)
Bl 4.23 Fk R ASL PLA 2 n % 53 & BACSL(XL00)BLE : (A) 2 (B)

4(C)24 |
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(A)

(€)
F14.24 & § T HAIE PLA 2 fm® 33 % HLACHL(X100).% : (A) 2 (B)

4(C)24 |
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(©)
F14.25 A 1f S 0AE T FASL PLA 2 0% 13 & BECSL(XLO0)BL % : (A)

2(B)4(C)24 /) p=
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§o_ 0%
No En P,
"3"}0"8)',5

(D)
Bl 4.26 #4P8 = PLA 2 £ pFIF fwve 12 % A5 car (xLO0)BL 2 : (A) 2 (B)

24 (C) 48 (D) 72 /| p&
95



(©)

(D)
427 & BB AR T R RTE PLA 2 £ 5 in e 53 % BB (XL00) R

%2 (A)2 (B) 24 (C) 48 (D) 72 /|- &
96



A. Control
+ | B. 2 step plasma -
C. Gelatin coating
*n=3
15 — _
[a)
9 = —
=
(2]
S 11— _
©
©
2
= - _
o
0.5 — _
0

A B. C.

Bl 4.28 # 2 i $ C2C12 ‘m¥s 4 £ 3% PLA 424 | pr i 8

5
r Control -
2 step plasma
7 o Gelatin coating B
L *n=3 _
o
S _
P
'S
[y [ —
(5]
©
= I
L 2 _
j<3
O
1 _
1st day 2nd day 3rd day

Bl 4.29 7 fr 2 B 2 4 C2C12 fmve 4 £ 30 PLA E9 1-3 % #7 ¢

Py e
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i8] 4.30

: ’

plasma control

w3 PS~PDMS % 7 Jf:
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