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The Fabrication of PVDF Organic Thin Films by Physical Vapor
Deposition Method and Their Electrical Conductivity Phenomena

(Eung-Choon Lim, Duck-Chool Lee)

Abstract

In this study, the PVDF organic thin film was fabricated by the physical vapor deposition method
to be dry-process. The distance of heat source and substrate was Slem] and the temperature of
substrate was 30[C], when the pressure had reached 2.0 10 l"[Tor‘r], the temperature of heat source
was reached to  285[TC] to heat at 6~8[T/min] rate, the shutter was opened and deposition was
started.

TG-DTA(Thermogravimetric-Differential Thermal Analysis) spectrum of PVDF pellets showed that
endothermic peak arose at 170[°C] and exothermic peak at 524[C], but that of thin PVDF film
showed that endothermic peak arose at 145[C] and exothermic peak at 443[C1.

The current density was increased linearly with increasing voltage but increased nonlinearly with

higher electric field than 250[kV/cm] and activation energy was about 0.667[eV] at the temperaturc
of 30~90[C].

Key word(Z2&0{) : PVDF(Ealu|dalel F22l0|2), physical vapor deposition method(® &3 &H),
TG-DTA(Z & AR E4), Activation energy(EA 3t ofl L X])

LN = 1892'1 Heaviside?t &8 ¥ 2o dAxe <z}
sl AT AAE o AN gyrdely e
1 AR kel FES wae wel Av), A dARAES  Evs olR & ANE o Fof
A4 wEel Huksh s¥st y9d @ nAH ) 19208 Eguchi’b A& ox gt guaegdes )
)q_ngloﬁwq NE A Au R 928k A Febddrh 53] 19694 Kawaizh a8z 48
& 7154 wE ajne 2do) qtE v gu) PVDF(Polyvinylidene fluoride)oll 4 st 8 A & @7
reba s AR HEe) "Hs 29 gu ool mita AEo 7]?)?3011 gk datt
3} 59 olF 5 9y 249 «iu oo 2] ey s Aoy’
MRZE 716 S Holali=z VEAne 44 9 ¢4 PVDFi= ~CHo-CFr-& WERE9IZ she Ao
of B@ At FEYm o Tu v Wl wAsA TIAE, stebs gdlel g A
Wil REobo] lojA M) Ml B aielxy = ol FAstsz Ze C-F AFa71e] s 11z}
ol S5 wretajie] FAw wWa s Algo|ul MRS 7 2 Fd&E e, ZedAdge
St Estet 2dave E2qan”
* 0 QARG A7) 5 Felel PVDF H5 Az¥Mozs 4% -a
w1 QlabU| B A v) 2o} Ak HaEAe] ddu ey olHd WS
e 5l m = =3 o 2 5 1z
=97 19964 109 299 ol g3 AF Azxdd dE FA9 A v
3 -1 7 [o) Q.
HAR 19979 2% 109 =dd, s %4 &9 DMF

217



(Dimethyleformamide) %°“£ Abg oz A el
e I ©¥E AUa Ak,

olo] B A-FolMi A TR Ao dFQ A
%%Z} & o]&3led PVDF H71dtote Alzx3tw
AzF BEe ZA EHoze ARNEEH, X4
MM HAMFFEF R, gl FAEA
Ao AL ol&&g. 53 #1H 5H4EHE
AaiA dAatap dofjipr] HAel AA G A A
ANARHASS dESAY

2.8

2.1 77l SRR

Fr|akat ZFag el Wty A E D1 19
e R

L ] N
I L SAVAVAVAVAVAVAYAYAY . ] 2
8 I | )| 7

@ Halogen Lamp (@ Thermocouple @ Thermal Shielding
® K sell Pot ® Shutter ®Mesh (@ Spacer
® Subsirate

Apparalus
® Thickness Monitor

a” 1. AESFFAY MFE
Fig. 1. Schematic diagram of physical vapor
deposition apparatus
zaa Zwe AAe B2 2dol WA
PVDF #2t¢t St Agste wo] FAEE A&
WA BHow Fugomis #wa Ame| ¥
Atd S o]l &3t o o2 AHAHAR

g $lste ’\Eil"]i’]i%
&3l 13} 7)#e

v*l’\lﬂ 71 A 2
DX4*100)°ﬂ 7he A g

7‘\:”—0

218

INFICON Co, ITM-180)& ©] &3ttt

2.2 PVDF wolutete] =33
A (

AFFAHoRZ PYDF #al (Kurcha Co)& ©)

£3le PVDF #7]8tats A zsti 23S 18 2

o LFERRSATE

Glass Cleaning ]

Bottom Electrode
Anncaling{at 400C, 1min)

Glass & KBr Setting

Pressure Control

Substrate & lleater
Control

L Vapor Deposition ]

Upper Electrode

‘ Measurement I

™ 2. PVDF fr7]urehe] Az
Fig. 2. The fabrication flow chart of PVDF
organic thin film

THE

Az Ao ola) FFuES Fel7]T6 X 26um) o]

slel s AGgoR HANAL, WgEYo

SN A Fuds ARzl A sl &
al

1, vske) 5 E P[TC)E FAs
o] AF%I 20%10 [Torrl2 NS o
255 6~8[C/min]2& 4&ArA, $2d9
7F 285[Ci17F Hg # ME(shutter)d& &L

52
,?
=) ’5:

ol
e
N orfo e oo
RURRCA N

\§
|
N
o

< AMAstgr. ol FREEE 18[A/min]lA .
AF5% ® PVDF #7199 ol 4RaSe a
AAN e G2 FAgstHew, ouf HGe o

A& 9(mmjel A h.

23 ™ &x

AzE PVDF #719t9e #x2EAe 4
7WTG-DTA, Hewlett Packard Co., TA-2
ol 43le] FHHE HAINFOY, ANFFHAYPL
A% PVDF #71drere] Ao} BAFR2E
g 9ste] X4 3 HEA7)(XRD, Philips Co., X

=
" Pert-MPD DY616), ¢ HAAFFER(FT-

A3 -

2

M
J
>

0]

=

il [



IR, Bio-Rad Co., FTS-165)% Ab&sigdvt. =3

AzE Foluvte FAzgw e @aye =
ekl SlsA AR AA@R AR SEM:

Scanning  Electron Microscope, X-650)3 A # A
W EHEllipsometer, PLAS MOS Co., SD2302)% ©]
gatdom, A7) H £49 AVNAHAE 5L HF
A(DE, Takeda Riken, TR8461)¢}, 2%« gk2i(
Y E Takeda Riken, TR300C)i & & Z(Takeda
Riken, TR43C)5 4338t HAsHt, oW #H 5
e Bu Foll YEG grow A A
3.4 7

3.1 AlXIE 2o
ek 9l F 3

L‘rﬂ 34] Q_

b5l PVDF & 7)ububal 91 4] 20l
PVDF b (powder) HER whEol o1
%m@%AWA%ﬁk}ﬂ#f 39| (7h)e}

(hel el

’L%‘

= Q:‘.;L; =3

10[ L/mmJ =7}

/‘1 3_/1] al pal

B A 713
Sy PVDF WA HEe 49 F< 3 A (Endothermic
peak) 7t 170[C 1l A Hoywk o W

(Exothermic peak)7F 524[C ]l A 0401” Hl of)
PVDF #7ldbete) ZH9 Fduart 1450 T 1A
WA A7F 443[Cloll Al 742y oyttt oleje A
e sHAl oA 4R PVDF: GREE F

kA HEd, AzzetEird a(GPe Gel -
Permeation Chromatography) 54 A3 4= &
xkﬂkol QAT A 185000014 204308 Fol

Q7] WE wAs L 2o gzhE ok 1

ﬂ&%aﬂ%@mmwmlgﬁe Fapakol 10%)
A 132[TCT]~138[TCI9L kol Expgo] 4> 107
A3kl 125[ 1R welrthi= V)t Mo o) &)

a -
g—v Kl

121 110~1635[ClN A & Fol

ﬂ.“ﬂrx}.gx o] Hl ol 24yl & tH

7}

12

= 2~ 4)
@ 5 o, q o
o

o

)\] x]— ],} - 74

PVDF &2 A7t dgdda madgddos 5
Axol 9ol AAGHte] A-zv e L
ogh fijle R % g met Av)7E AL 4
HAGEE S§HEA Foliz vjAdAHIG A
BEAERE Wary] dZol FAE fdelgtn
A 7hatet Y

32 BHEAN

PVDF #71¥rate] Ewv|Al Fx, F3te] o
A FA %@% %a@ FALE AAAn A S
o] 83} oluf, <I7pzItE 25[kVIE I,

PVDF #7]d9% % ‘,.01]*191 =g 27 #iskd

T(AWL. 2 AE EHS ion-coating 5%

219

A7 42 A 2313817 Vol, 10, No. 3, March 1997,

Exo

[7s]ssor nBopm

Endo

170
0 100 200 300 400 500 600 700

Temperature[°C]

Oh A se Aad ey

Exo

[94] ssof iftop

Endo

0 l(l)() 2(‘)0 3(‘)0 : 4(\)0 5(‘10 600
Temperature(°C]
(1) PVDF fr71ubebo] Al 8y
a8 3. PVDF f71dhvte] Alakg 24
Fig. 3 TG-DTA curve of PVDF organic thin

film
PVDF f7]ubdbe] w7328 A 1(7he,
WrxEE g el e Akl (Wbl LPEHH
At
AL 1OPel A B o waty ded EgeR
Aztel  AAER o)Folx A TEA(inear
polymer) el & wx glewn FExte] FH7t A

me Adynd BiAeA Ao



WE A EE ¢ A A b
sl Al PVDF 710 oo S5 of 28000 AT
gouv, 2ol ! 9]
2l

4g skt ol el gl

604989

(th PVDF 7] 8ol

- i=1
G 5 A

At X 1. PVDF #7ivtebel =48 a2y 4
AL7

Photo. 1. SEM photograph of PVDF organic
thin film

220

¥ A3 Hee o

&8 PVDF #7lupetel P&E, o9 E

322"+ xE &4

)\] :ﬁ_g] @ Ral :1;/‘ A
8kt PVDF ¢
e XA S HEN S 719 40

eE atotu 7]
191 =i PVDE § 7] vhtol
b el

A4duE

A 5

(2) PVDF Pellet at Heater Temp. 285(°C}
{b) PVDF Thin Film Sub. Temp. 30[°C)
(110}
(100 110)+{020;
g l (110)%020)
: ool
£
&
&
[0
E
)
15 210 2‘5 3l0 315 40
Bragg angle(20}]
a7 4. PVDF +71vvbe) XA sl gl
Fig. 4 X-ray diffraction pattern of PVDF
organic thin film
XA gld7r 203 157 ~ 457 HYd M HHE
SFATE  Aliiel A5z 4708 ukbAbvE S sl
kAol @) x[is 20 =17.88° 18.469° 20.13°
20.8° ol A vheERsiYY, CIR] (@i e el PVDF
A vbeERLRs (100) WEARTE %*o‘ @ B efoll A vhehe
70200 WMARRCE FIivh GEE o 4 ASdvh
3 g F@ehel PVDFol A vhvbibis (oAb g
A &l "P"‘oﬂ Aol A hubulis (11004 1020k A}
oEEsIdisd olul st A PVDE YA
sfupel Auko]l Zajaliz Aol efijul o] gl «
il pEe]l Faly g EAce o U
kTRl (hye] FES beb g *‘Ji o 323
Bl o] (110)+(020) kA7) 4 Hog n
of el Ay 4' % o]
o ; EE:
&9 EET
E}l‘; 1%1 49]
2z} & 72
O A

!
]

Crystallity (%)=




R NC I A EE R IR
AR Ee ﬂ‘%‘ﬁ’i‘lolﬁl—m
o] &-3te] A4+E PVDF o ARSEE of
523[%]9 oW, PVDF #71dtute] dAsiw= oF
71[%]2 YA sxT) vy =2 AAIEE vE
4 ¥ &

og rgra
9]

O

f Al o
=, IC'C =

o_])\

Az dHe] KBr #lol 432 PVDF
o utete] Ao AFSEAEAS 17 5ol e
Tk

(a) PVDF pellet

(%) PVDF thin film
(at Heater Temp. 285{°C], Sub. Temp. 30[°C])

Transmittance[arb. units}

L . 1
800

R

1400 1200 1000 400

Wavenumber[cm™]
a3 5 PVDF f7i9tee] HefHdEZEsidadge
2t
Fig. 5. FT-IR spectra of PVDF organic thin
film

29 @AlA 44 #aEE ¢dHe) PVDFe
LAUAE, WA sAEE g¥eHe] ngwaz
ERH Aolth dA R A aﬁﬂEH«l gaz
Z& o] FX|ut EsﬂEﬂ—J 94ocm bl R R A
Ao 8 Mol PYDFi= o
otz} o= %Zﬂo = i% <
Ay YAIEe S o¥HHo 3=y
Ao, Awtxy o g PYDFe AHe
aFele 530cm ' FH A CF,
mode)el  9&] ilelvbE g3 610cm1J11-—

.
R

221

712384 Vol 10, No. 3, March 1997,

& 7 A olgk e A
a FH ke ez E3

1k

Aol vhehibx] ek
HE A g 73
8]’—1—- 9\1—‘3 %1' AR
Az A5l (b)eh
vtate] Jgetgles @A
L= 12oo~1350cm 'o)
o H=azt 489 g AE
Aol e daR @Az exshe s

ol%a )

el
=

4

%

o
=]
o]
4
2~
T
%i

nE —‘ﬁ )=J I
g )
38 e
&

%
S
Ho,
>

Njg;
-‘fé
€ >
lo
Hum
2

wA AgAD ol
SHA BAHE floletn 4
2 dwrHel PVDFe] Wz 94
2apshel Fepol thalA eI

E: 3 1. PVDF ¥ate] ghatgy Fo4:
Table 1. Observed frequencies in PVDF thin
film
Frequ Poteéntial .
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cm’! Distribution »
445 T B
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510 8 (CF2) TT B
530 6 (CF2) a
602 T 8
612 | 8 (CF2)- 8 (CCC) TGT a -y
742 T B8
764 T B
795 r(CH>) a
841 | r(CHo)- v (CF) T ‘: A
880 | v (CHz)+ v (CC) TT ‘; A
945 TT 8
976 t(CH») a
1067 v (CC) a
1143 | v{(CC)- 6 (CF2) o
1182 | v (CF2)+t(CHz) o
1209 | v (CFu)* @ (CH) a
. v(CF2)- v .
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