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Electrical Properties of Plasma Polymerized Hexamethyldisiloxane Thin Film
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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 1356 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 32~38 and 26X10°~451x107
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.
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Fig. 1 Deposition rate at various discharge power

A Zg drete) oS- fHE, FAAHLE 19 2
of YeEtldch. #3947} 100 kHzol sloll A &= v &4
€3 FHAF A9 dASY 2 o] HA F
A Frigch =28, BAAYLE FAANA AEE
AzetdE v FHEL FUIY ol L& WHAY
A Az FH GddFE AR YAE
olste] dtdto] B 2HUsA ¥AHD BAAY 8
AEA AL3e FHACUT T JEFLE A3
o H{FAE0] F7IHE Aeg Azdr),

FAZH L BANY Fotel we) Fase AP
°lny 1 MHzolM &4 % F71E B, o|AL %
FA wFET 7A3 e 4oz 43 ugR
o] 1 MHz9 Fa5olM A2 A=A #3ly,
F9 Ao} EEHS vpAdE A FHAH o
F7h8le Aoz AZ4dct 1 kHz~100 kHz'E 9
Ae 59 LHAAdoz Azxg uuty SAYHLS
H &8 e Yl Jorz Fude JL A
o ¥A ¥ & F AUtk

Eegt2at FHute AFFE ARAF AR 2 I



5.0 8.0x10?
——30W
- 50 W
. TOW
45F | e sow
40} 4 6.0x10°
=
s
b4 (=}
§ st &
S z
2]
‘£ 00— o 00—* =
3 : ©
S 30 - < 4.0x107 =
° 9
a R .y @
‘>’ v v ¥y LRI 4 o ;i
2 2sbka——a-aaa—a-a-an——A B
o o
° - - g
o o . ES
20 F 4 2.0x10?
154 o—eoo——" /
A-—f—‘~A-AA-———""‘A‘//
v - e
1 o 1 L 1 1 0.0

10* 10°

Frequency [Hz]

Oy 2 HAAge & 99 ¢, tand
Fig. 2 &; and tand of thin films at various
discharge power

Feogo AAe nLoA doll g FEe U
& goluy] ¢ ANEE A HUuH WIFAY
90 WelM AMzg ANEE FLAAFH 125 THAA
7] FelA 308 MY F F2oA vFHE
3 FHARAE 3ASAT 2 AHE 39 39 dE
Witk dxa 28 F/MANESE T Hf
Age 234 #2343 FARHE =234 s
Ak ol dxe 29 Frhd we Heie 2
Mot gaso] Bl{FHEE Fada FHAYHLS
ZFEe ez 4zdo

32 Ho|Wx R’Y

ARG L WA AN A gotEd 2x10°
V/emel AAE ArtEHE W HFRLE FYL
29 4e] veEhidY A=RARE AL A% F out
2 £AFA AFF =2 F o 108 F7A A
FHgFHoz gaste FFARE EAD oY

FAFE BFAE0] AALYgoz wide FA

45

AANARAAB G =8 Vol. 14, No. 1. January 2001.

5.0 8.0x107
-
—— 20°C
—a— $0°C
45F | v 15°C

6.0x107

4.0x10"

Relative Dielectric Constant
jusBue ] sso o;.naala;d

2.0x10?

0.0

Frequency [Hz]

a8 3 dAg &2z ©E 4% .7 tand
Fig. 3 &: and tand of thin films at various
annealing temperature

dA Yeldes AFeltt FFAF FoA veEhie
FYFHAFE AAA ¢ 108 Fo Yeldg ¢
4 gt

PPHMDSO gt AZ#Ao] o4 AEQA
AR AEUANE Yobu 7] $1std wAAY 90 W
o AaAF ARE N 259 A7 AAE W
A7 AEZHFE AT AN 2= 4
Lo MEEH 125 T7A, AAE 10°~12x10° V/em
2 MgANAY 948 L& =4 55 A=A
FE W4 F71E dEhd. ol gl Aoy
2| g wol 2Y AHE WD A¥e) WxSt FU)
Hi1, A=HF FLE vixe FHAYEEARA, 9
& S)o] F71% Aoz AZE

olgA HEE 1 olF EIH Fe] WAL
o, DEAFY o]&L FH9 Uxate] % AHF
Yol B2 AAAX SAMA AFNA Alo]
& FIAMEA ol FuHsL

AR AxE 2EJ] A} (Schottky effect), &E-



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

1x10”

——30W
——50 W
» - TOW
——90 W

»
S,
3

Current Density [A/cm’]

S
L

10™ 1
10

Time [min]

a8 4 AT e e RYE
(log J -0

Fig. 4 Current density of thin films on aging
time (log J-0

XdAd  F I (Poole-Frenkel effect), EHYd A
(Tunnel effect), ¥32FA3 Al &H A (Space charge
limited effect)oll & Ax HAYFLE YEsF
oH6,7].

FEoY FAA &M HEHE HAE FEA
& FAAe ¥ AN A7l WA 9o
AgE wAE. zHY FAE A7EE Yol
ol A Az W&ol Rol3A HiedH ol& &E
7] &ze} o

2EJ) B HAA o HF9 HEAAYY
o] Azte) og WEAFY FrlolAgt o] & &
7 BAA UM E dojdr ojRE E-ZAA
adetn sed, BUEAA Ae dA}t dEgz
oq71% o AA o FHFuo] wopx A=zt
oq7)7t &ol&A HEe F4E T

Ed AdE ARt 29 HuA B & A
A AYE Edsls dAez HY 99 AFHo
ax FYe ol Eo] 42 FHLE ol

| T

46

x10”

—e— 20°C
ot $0°C
¥ 75°C
—e— 100°C
i 128°C

1x10™° L

Current Density [A/cm 2]

3
T

107 1 1
500 1000

Electric Field [(V/cm)"?]

I8 5 AU & uvtete] AFIE
(log J - ‘/—E—’)
Fig. 5 Current density of thin films on electric

field (log J - VE)

F A3 AY AFYLS HAN U AaA
U7 AF02REH YUY Aate) ws Yo §
A uol B A7 Y4 LY. o9 go] g
FUAS Y2 AL wA HE HFE 2P A
& AP AFYolad ¥}

RAAEC e 2N AYATH}E waH B
stgw PPHMDSO #ee 19 50 Uehd ulshg
ol log J9% VE tolo] wla] BA7 4¥se Re
2 v]$o] PPHMDSO uHete] M7 dss Ay A
59 2E7YY 71 # AV & U}

4.8 e
& EBe Ed20 FWHOE 47 A 9
AP YTl 4 S4HPPHMDSO) Hetg Azsn A7)
4 54¢ BHS w2 AES AU
1. PPHMDSO & &ezv} %A #H1d

€& FHATIE v AL FUbshd fAAPe #

=3



2@t 283 E547 100 kHz AR E A9 4
s, 1 MHz ol 4ol 0S40 2dsts 54¢
7HA o,

2. PPHMDSO %22 dxgsts g Lx¢ 4
%o wWet ¥FHES FAsn FARHY L ZFE
= 548 MG

3, PPHMDSO Htete] M7)AE @4 AFUE
(log D& AAVE) Arelol wlal @A 4y=x
Qormz HAY AEYe &= £ENYH s}
3 & Jdxsn Uk

3 28

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

[2] H. R. Alicock, 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

Ho

temperature”, J. Appl. Phys., Vol.58,

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

(4] BIEE, AAEE #," 7o -KEREL LHKE
)R E = Lo KRibi#E & /MR e DEEER
", @ Fa#SU#E, Vol.38, No.10, pp.709~
715, 1981.

[5] KBBE 4, "BHTFoERMY", SERLEE
Vol.7, No.6, pp.375~390, 1983.

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

{71 Masayuki leda, Goro Sawa, Sousuke Kato,
“A Consideration of Poole—Frenkel Effect
on Electric Conduction in Insulator”,

J. Appl. Phys., Vol.42, No.10, pp. 3737~
3740, 1971.

47

ANAAAR RN LA Vol. 14, No. 1, January 2001.



