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Electrical Properties of Plasma Polymerized Hexamethyldisiloxane Thin Film

ol&E - olHE
(Sang-hee Lee, Duck-Chool Lee)

Abstract

Plasma polymerized hexamethyldisiloxane thin film was fabricated by employing an inter—electrode
capacitively coupled type apparatus under the following conditions : carrier gas flow rate of 11 sccm,
reaction pressure of 0.1 torr, discharge frequency of 13.56 MHz and discharge power of 30~90 W.
Polymerization rate of thin film fabricated at the discharge power of 90 W is 32.5 nm/min. Relative
dielectric constant and dielectric loss tangent of thin film shows 3.2~3.8 and 2.6%10°~451x 103
respectively in the frequency range of 1 kHz~1 MHz. As the annealing temperature is increased, the
relative dielectric constant gradually decreases while the dielectric loss tangent increases. The current
density increases gradually with increasing annealing temperature and electric field. The electric

conduction of the hexamethyldisiloxane thin film shows Schottky effect.

Key Words : plasma polymerization, hexamethyldisiloxane, relative dielectric constant

dielectric loss tangent, Schottky effect

.M 2 el 9E EaAEn Ee ogEord et
Zgzu 2gwe guidel sstE =W H TEAES SAFHA 3 s TY FFE AL
A AzzAel uam, A wve Aoy, g AT
A4 FAA B H5H - 2y Aol Gt mebA mEAE BTN g 47E 77
F2 2§ POkE FH0R EYs aTgeen g HELE dAFeRA F7] a¥Ael Fye o
o], olgld ZTa=nl 2FWon AY = Adzx B AASEAM dHe SESIA & Aol KUIFE
ATH fEREe nEAE 87 nEx go He  HEECT WS AVIFSE FEET #14HE 3
et Ao & Aoz AL & g &y nr  HEY dAHIL $Y 4P YEEE BE o
A= A7A 9 gaHoezm ge EAL sAxm g /b IFAAR dd2l #7142 HAEE B
22 Ao} WMo e exne po Za Ay A 58, 1A 2, EW I, o8 AR 2 2
A GQ4e §AA Bain 2o £xoa ga A EUAE T OET 2ok $8E A% 54
o2 AFEHAR L ATH34] ZE ol &8 £
o121 s o oke] AT o]HMel 7leAE UEY] A E=v)
o I s s 3% woe AZVE FUS FF e 54
Fax : 032-863-5822 W A7 AeEolor & eg Mz
E-mail : diamondcvd@orgio.net) A B dFgMEe F714EE FFE FeA
20008 119 39 A<, 20009 129 229 HAEE 3| Ab E o] 4 &2 (Hexamethyldisiloxane, HMDSO)

43



J. KIEEME Vol. 14, No. 1, January 2001.

Sz MAd] Telzvl FHPeE nE
& Az}n A71H 549 WEE Sl
2k,

> .IE. m1o
M 2

r
o}

2.4 3

Fetzn FEAAE WFAAY FE7L=Felth
FHHY A4FE 9% Vg2 £gol= IS
(Superior, 76x26mm)E& AF&&HTH 1% EWH
e BEES AZSY fEtg ZE29A &9
(H2S504<100cc> + KoCrsOe<h.5g >0 oF 2087 &
9, otHER FHRFM A7 2083 28 2&
2 AlH"ska, 10Tl F&83) A=z 5 AHgstd
o AEAFH F
o A&

Aeoltrt ojzag
AMelol7kx {3 11 scem,
Ful4= 1356 MHz= 3193 th

Fepzal FHTY FASAS
200(AJU EXIMINC)S A}-4-3- 9t

FAgL dHdx EA7|(Impedance analyzer,
Hewlett packard, 4192A LF)E AX&HS =43

[s]
71(:].;7!_\__

}%ﬁ}i‘ioﬁ
g g 01 torr,

o

¢ 3f

a —step

FALANAL, FAEAE ANRE RAIE o E
R SAHFEL UFFIF AVt F 1R Fo

Vel gto2 AdAsgnt. dddge] Wste wE
BEHE delr7] f8) FHHEE 30~90 WA #
A7) Ebebs T &As9x, d4A49 &2

ot ] 95t % A gk 343?; N E 2
2o A 125T7x & 717 ax g F S5
o}

A=AFE A F A (Electronic Picoammeter,
Takeda Riken, TR8461)Z ZAstHed, AAE 10
5~12x10° V/emE <17tst] A &4 S B33,
AFa-2 AAE A7 o2 108 Fof Jebd g
o2 AR,

=
R

=

Al

i}

3.3 % »E
3.1 #MEH
HMDSO Ruxv22E Zgzul FF¥Hoz A=}

g Eezn 8 gAIE U4 ZHPPHMDSO) B

o] wAdy Watdd e FEEAL 29 19
ERi 9ot

Badge] Srtstd wkg AWAZE Fbgd w
g e FHEE Rer B 5 Yo =

Z8A HAAREE 30~90 WE 3t 7aA zhzt

44

40

30

20 |

Deposition Rate [nm/min]

10 |

0 L ] i 1 1 L 1

30 40 50 60 70 80 90
Discharge Power [W]

a8 1 AHAge] wE F7E
Fig. 1 Deposition rate at various discharge power
Az s FopsongAe, A48 2
of UEhuiglth #3147} 100 kHzol spol A e )
&7 FA940) A dRHY 2 olge] Hu
A8 Fhed. £9, $UAYL F7HAIA
zalarfsw; Biage st o

=i

do o

2
bo 2 W e ol 2

AZAM 1—}%0}
o] H]-§-7-& ol %7}54% ez AJYztdr
FAGHL wAAY Frte] wa gas
olm 1 MHzolA FF ZF7HE wth o)
FA WEE S st @dez HIA wjg
o] 1 MHz9] Fa5or A2 FAs# F3d,
T Aot EAET whEE QE FAAHe)
F7tste ez AZEY, 1 kHz~100 kHzH 9ol
Ae 59 2Adgo2 Azd vy fARHL
H =3 ghs YE i Joernz Foige oggg A
o] WA g9 & & glrh
Fet=zrr S8 BFEe

AEAFE 4R 2 2



5.0 8.0x107
—a—30 W [ )
vt SO W
o TOW
45 F | _e—o0w
4.0 | - 6.0x107
-
=
s
2 g
§ ast 5
&) @
Q st
g St o 0e—* 3,
b5y a
2 3.0F - 4 4.0x107
.2 2
) o - -
° £ ¥ oy p— ;,']
Z 25 N A kA =
= s
o . » ® =]
C) .-os =4
2.0 | 1 2.0x10?
A
/;
‘¥
1.5 F /l’.*. //
o——%—9_o0 O AL
PRIE S 4
1.0 L 1 l5 Is 0.0
10° 10* 10 10

Frequency [Hz]
ad 2 Y$EFEe] »E HHY .7 tans
Fig. 2 &: and tand of thin films at various

discharge power

oA Gl o e W3t

Fagze] AAY ne
28 949 vk HHAE

SEERREE IR

E
=

90 Wl AzE A8E FLANTE 125 CARA
W7 FelA 0% GAYE F FLAA MFAE
3 ARHE HA%AR 2 AHE 39 30 et
W GAE LEE FANLRE FHUY 0§

Aee 2FH 24T &
@k ol dxe Lxe
FEs} HA g B fAE
zA9E Aoz Az

£ 54
N7 AN AFE s 2x10°
Ang W AFYUE S4¢

AZARE A A7 F n
2 £AEE AFHd =23 F o 108 T4 A
FgFHoR ZadE FRAFE HQT 0@
A #HI250] AANIFe 2 widste FA

32 ®I7IH
HARHE
V/em®] AAE <17}
29 4ol e

Heo
==
T

45

AN AAA B EH=FA Vol. 14, No. 1, January 2001.

5.0 8.0x10”
‘,
—e— 20°C !
—&— 50°C
45 | we15%C
—e—100°C
@ 125°C
4.0 6.0x107
35
S04 o

% '_.A__%Z_”""TT " = 2

Relative Dielectric Constant
jusB8ue ] $5077 9L1OdBIQ

3.0k 4.0x10°
25 F

20 F 2.0x10°
1.5 F

1.0 1 1 1 1 0.0

Frequency [Hz]

a3 3 EXY 2xd w& o] .3 tand
Fig. 3 & and tand of thin films at various
annealing temperature

oA Jelde
PR HAAFE
T Ut
PPHMDSO ghute] Hm@io] o] &4
AR AZERIAE dolr7] gt #d
A A ARE 9y L= At AA
A7 A=AFE SFsAth EA4Y ez A
LA NRE 125 CAA, AAE 10°~12%10° V/em
2 HA3AFHL XY 228 54 55 A=A
u 43 F715 Yebdch ol drebe] ey
wol 528 AHz dd Adge d=st FUt
ARAF FdFL vxEe FHALEFEA, o
%ol FUHs Aoz QY7
ol&A AERE I olFe EFH Fhe] WaF
, DEAF ol e Foeo dxtel oF HAF
of 2 YA EANA SAAA ALe]
FAAMEA o5 g5l
A4 Axe £ETJ] E3(Schottky effect), &-

AFolT F5AF Fol vents
HAAS o 108 Fol Yede o

1513
=

=7
0 W
g W

NI )

&

.

L=
s

Bodu rfr

H

fo o X
>

M E H

A

<«



J. KIEEME Vol. 14, No. 1, January 2001.

1x10”
—e—10W
—A—50W
@ TOW
——90 W
1x10"° |

10"

Current Density [A/cm *]

-12 1

10
10

Time [min]

a8 4 Nz mE At AREE
(log J - t)

Fig. 4 Current density of thin films on aging
time (log J - t)

=PdA T (Poole-Frenkel effect), ©YE =&
(Tunnel effect), 3-7+A3F A% ZF(Space charge
limited effect)e] 28 H= WAUZOZE dEF §

o671
FEol §AA S04 P2HAE AAE 354
s G1AY ¢ AR A71E A sl
Age wARt aed AAE dststw Aol
wolAA WA WEo] folal7] Hid o]E aE
7 mstet o
A

E7) mabe AAd g% AT AaAAE
o Aste] A WEAFY FrolAT o] B T
B AAA AR Dotk olRe E-zA
a%en s, EUEgd At 247 dEge
A71% W AAA s} AR olA AR
477 golatAl HE AL T

Ha ZdE A4 ANY UX Ko B e A
Ao s Adom HY QR Al
oA,

JE

_CH

A3 FYe golgt o] FFF FHEL

46

1x10°

—o— 20°C
ik - 50°C
L 159

o

—4— 100°C
¢ 125°C

-10

110 o
X B ‘-
& ~€/‘ ¥
é‘ - 2 /v“'/
g ﬁ////// - /////A
15} g e -~
a . A .
5 / R
o e v
o] A /"/
E A
10" F ,,7 .
A/'/
-
10-12 1 1
500 1000

172,

Electric Field [(V/em) 7]

3d 5 AU ] we wee
Qog J - VE)

Fig. 5 Current density of thin films on electric
field (log J - VE)

ARE=

44 we] Agdn
dajel wla] How &

A}, o)} o] 17

o
o

gt-2w PPHMDSO et =@ 5ol behyh upshz
ol log J& VE zolell wa BAZ AgHE o
2 mo] PPHMDSO #Hehe] A7 AEE AA4y A
=9 £E7YT 7Y B AdNFL & S o)



29t 283 Fo7t 100 kHz 7H-A = A 94
ik, 1 MHz o) 4eln Sa540 Fushe 54¢
7} o)

2. PPHMDSO ®og dAefstd A 2= 4
ol et vgHee fadn AP Fe
= 548 A

3. PPHMDSO urebe] A7jde @42 d/d=E

(log J)sk RA(VE) Atolel uldl @A 48z
gomz A4 AEHed 3= 2E7 ¥ 7}
¥ 2 9xsm Yot

3 23

[11 H. Yasuda,“Plasma Polymerization”,
Academic Press, pp.1~10, 1985.

[2] H. R. Allcock, F. W. Lampe,“Contemporary
Polymer Chemistry”, Prentice Hall,
pp.196~231, 1981.

[3] K. Montasser, S. Hattori, S. Morita,
“Characterization of hard transparent
B—C-—N-—H thin films formed by plasma
chemical—vapor deposition at room
temperature”, J. Appl. Phys., Vol.58,

No.8, pp.3185~3189, 1985.

(4] B3, ABESE /70—~ WERE L 25
L = L REREE & MR & A EIER
T BT, Vol.38, No.10, pp.709~
715, 1981.

[B] kBEE 4, “BHTFOERGE", BERSTE
Vol.7, No.6, pp.375~390, 1983.

[6] Kwan C. Kao, Wei Hwang,“Electrical
Transport in Solids”, Pergamon Press,
pp.303~308, 1981

[7] Masayuki Teda, Goro Sawa, Sousuke Kato,

Frenkel Effect

on Electric Conduction in Insulator”,

J. Appl. Phys., Vol42, No.10, pp. 3737~

3740, 1971.

Du
S

“A Consideration of Poole-

47

A HAAN RS =8A) Vol. 14, No. 1, January 2001.



