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Alrel] HlEl A e AAsstgial WAl glo] e siglen whake]l 2B A= vheke] Tl 7} gkl wiet ZRAsskgic.

Abstract — The fluorocarbon plasma polymer/Si@mposite films that exhibit excellent thermal stability(at least°@$0
and maintain low dielectric constant(between 2.0 to 4.0 depending on the ratio of source gases) were developed by incorpo-
rating a small amount of Siinto fluorocarbon thin films. The films were deposited by a planar-tygectively-coupled high
density plasma chemical vapor deposition using perfluorobenzgipés fluorocarbon source gas and hexamethyldisiloxane
(HMDSO) as Si@-film generating source gas. The infrared spectra of these composite films typically exhibited two distinc-
tive absorption bands - one corresponding to,@iOaround wavenumber 1,070 Tjnand the other corresponding to amor-
phous PTFE(around wavenumber 7408mThe dielectric constant was varied in the range of 2.0 to 4.0 with the ratio of the
source gases. Also, these films exhibited good thermal stability - the variation of thickness is less than 5%, furthermore, the
film maintained the dielectric constant and refractive index within 5% of its initial value when the film is subjected to tem-
perature as high as 500. In order to investigate the change of film uniformity as film thickness is thicker, the films deposited
up to 2um for two hours were stable without peel-off and film stress was rather decreased with increasing film thickness.

Key words: Low Dielectric Materials, Thin Films, High Density Plasma CVD, Inductively-Coupled Plasma
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Fig. 1. Schematic description of the planar-type inductively-coupled
high density plasma chemical deposition reactor used in this
study.
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Table 1. Conditions used for the deposition of low dielectric fluorocarbon
plasma polymer/SiO, composite thin films

HMDSO/(HMDSO+GF,): 0.0, 0.2, 0.33, 1.0
Hydrogen 110 sccm

Oxygen :10 sccm

Silicon wafer, KBr Disk, Aluminum foil

Sources gases

Substrate used

Power sources
Top electrode  13.56 MHz RF
Bottom electrode 100 kHz LF

Substrate bias voltage —200 \olt
Reactor base pressure <2.0x10°
Reactor pressure 100 mTorr
Substrate temperature 200°C

Wz A S35 f A49(10-100 KHZE- 7138 B F9)o] Sah=n)
AL AT AL, 71F) QU EE o] S 29l fHR|E A A
FH= dER A3 Ao BHo= A AL AR A E|(~100 nF)
2 Edle] 5P A, & 7 S EFE otk 7138 el7kE o]
=2 F92 g qUAE g s 2457] 98 7182 f de-self
biasd+-2 rf FEE Foto] S HES Hol vt 25 7252 3
o 2% BE Zﬂoiﬂ( mass flow controller, MKS, USA Ea}e] g%

L& 4M YE YH (cv=1.18)

il
N
Bl
Q‘L
£
T,
oo =
N,
=
o
2
i

g 23 3} oS ZgFo BN 1 FHE Aolst
== Fof girf a3 93] ofEe A oy &%4719) throttle valve
of AdE FEA7E Fote] Aojx|of ), vhkg F35H7] Ao

7172 A2 98] 100 mTorr, 200 V self-bigdolr g2 Za}=w}
2 102 =< Ayt vhe S0 AR &4 2452 Table Bl
HeRt §l

Z2 tl}‘%H FAE Al 2% 5] W= thickness profilo-
mete2 tHeF 244 £ ellipsometed o] &-ste] A&t 98Tk
upete] A3 P 13mmA A9 KBr diskell S2H8 9S4 eni’e)
23] %54 Fourier Transform Infrared Spectroscopy(FTIR)(PE-2&00)
o]8-&le] &4 (absorbanc& &3 ro 2 ZA T A 59 Ze
of thgk BIE L] 1804 2 A B el 100H-E FAFSte W
slgjon, 2alz B2 (Lorentzian distributiond. = curve fittinggh-.
2 apet A Adae] A% RS ARH R BAET 9
A s 1 MHz 33594 C-V Meter(CV Plotter, Model 410, Solid
State Measurements, IN&:)o]-&-5t ndd Az Ho S2FH ghet
Slofl 29 E8-g o] gete] AFoE IFHEE S2e MIS(metal-
insulator-silicony-%& @/ 8ke] A7} AHSHE -100 WellA] +100 V1A]
HIAA Ao A718F-E SR, vho] A o225 E =3t

C.xt
£ = 1.1299x 103%*)(

A7 CralPFYE C-V FAolA] Aojzl pRdle] A A&
olf, = um 99 F3H vl FAS Vehia, A= enf
99 AR Ao WA (Al dot)e VERITE BEALS Eo)7]
a4 0.049 cme] SRR AT WAL ZE AgrS A A o)
A5t Wwstry. S22 vhete] d kgAd-g syl 98 €
gy 42 99719 100 mTorr 713 slelA] asteizit. A8 300°C
2EAA 1hr 5t G4 & F FRor d7ste] dash 45
stgen, 94y 222 mi 100°C Frlele] 3 dxy 2%
500°C7F @ wi7kx] Zp7be] o diste w7H EAEAF T
T3 B2 500°CHA EA =AM A& 300°C, 400°CE AA
500°CE EA4#7F 75U gt

.

Jm L

HWAHAK KONGHAK Vol. 39, No. 1, February, 2001



80 AR

2.0 8.0

- 360
g c [ 1 &%
- W 151 Jao0 2§
~ Q = .—’"" _ ® ] @ &
3 E - 3 - S
x L -]

& ; % J20 %
c 2 < ] e
2 ] @ i 3 x
= <] > 10 0.0 -
=3 © 3 1 [
& - @ Deposition Rate is ..:1 J-20 % 5
50 |- . 3
O Refractive Index o« ! ] 3 2
F 0.5 J40 & g
. o'z ' 0'4 ' ol 5 n's 07 ’ ] g £
- -0~ Reﬁtactllve Index 1 gq Qo -
HMDSO/(HMDSO+CgFg) ] -~ Intrinsic Stress ]
Fig. 2. Deposition rate and refractive index as function of feed mono- 0.0 3 1 1 1 ] 80

mer ratiofHMDSO/(HMDSO+C ¢Fy)]. 0.0 05 1.0 15 20 28
Deposition Time, Hr

Fig. 4. Uniformity of film properties as function of deposition time.

3. &4 ¥ pE

5.0

3-1. & £29f 2H M5 54 "t s

Fig. 2= HMDSO/(HMDSO+GFgel 432} 12 0.0, 0.2,0.33, 1.0 aof
oR Z/WIEN 23 &% % FUYLE 59 49 el A g |
oty Are] vl7t /e me} H3 S A AAH 0w A5 8 20
st EshEE ke wolv), 2 e A9 AuHow 216 S
A gt} ol Sio, YEYUS HMDSO] el 71 we) F2H e 5
St &0 SI0,8] o] Wold7] mie] Wl Asole). Edl Fig.3 g 1
7 4504 VER 119} 7¥e] HMDSO/HMDSO+GFg)= 0.4 2hete] &8 of
A B 2LAE 127 SAa) As) 2pnwiA oF AFS B4 :
o BSkoL}, whke] A& bt 3 Al7le] HHAOR el 00 Ee e e e e
1:}1747& O] %O] %@S}%QU:] I:_I}El—_% /\Egﬂ/\l—; [e] o]E% H]»U]—_% _,_7]1]7]— 0.0 0.2 0.4 0.6 0.8 1.0
27Kl ek 2asleinh, ol AR Setos ALga] slal 2 HMDSO/(HMDSO+CqF)
Feolofdt vht AEH X 2ANRT 4 5he glo 2 Btk dhvbe) Fig. 5. Dielectric constant of deposited films as function of feed mono-
:rLz 24 Si0, TZE A7IBIe.EM, S0 fEAgY o5 487 2 mer ratio)fHMDSO/(HMDSO+C ¢F)].

o= FHM B nh $IvH20]. 3, FAVE S o S
uhte] AR A9 Wt gl AL0E Kol o} g v
AoPE & 4 AT Aol 71 Fasith 43 e A1) QUUHEIE W A &
o fFEE FAEY golr] miEol AT Aaste vl 2
3-2. 8 M= EM I} o] =A(ionic polarization); 71712 =7 (electrical poIarization),EE
TSP &2 A=o] d B4 54 37 f-3A9 J84 = W4 =4 (orientational polarizatiof) 752 S ] Walo| 7
gt} 2l ER fAde] A4 AAUEE =98] Slside :L”E
2 919 Al o FaElste efstefof gt Bl ofshd o]
FA=E &5 A5 Kramers-Kronig@l #oll 23k 24 E 5 A
o mm Arto] A3, H74 FHEE ¢ nzéna AHgste] 24
E
%=

20000

15000
A=A AAkE] o] Rt} wLEk o]_‘?_/ﬂ qu 9, a3 e 94

o o FL FHFRY FHE C-VER A st AR At
[9]. ZHER AF2ox &35 @JJE% Fig. 5l vERd nje} o] &
ArellAE C-V plorl 23t &8 44 A9 e Ao,
HMDSO/(HMDSO+GFg)2] 212 2712120 nhe} Al A=A
02 AFES 4 T Ut o= HMDSO/(HMDSO+GF,)] -3+
7} E715k) ulhet Eﬂﬂﬂ urete] b g e Akt ”i‘rE‘r

29} Si0e] RS 2 vhute] B 29 FTIREA A7} (Fig. 7)
N Y T T 2= &5 A9l
Deposition Time, Hour T3k g+ R0 H[HMDSO/(HMDSO+GF)]7} 0.23 wf, 7214
Fig. 3. Film thickness as function of deposition time at feed mono- 7= C-V FAdolA] &4 Fejollx MIS 722 A718%, & v 7]
mer ratio[HMDSO/(HMDSO+C ¢F)] of 0.2. Qe 2xsko 24 oF 250 7kS AT},

10000

Film Thickness, A

5000

LINL Dt M B S S B B B R B B B S M S e

st5ta 8l H39A M 15 20014 28



F7r HAOR ) 9N A FrA) Boleki Fehsrh TRASIO, Bl 23 81

xo} 89h] 2Ag AFHOR RASIGIT Ao NE FTIR
HEH] e vpeke] vlgA, 2d % Fre shaAe] Sae
B}t wrol] o theslal BREER, 958 AR S50 9

LE AL kA oz 4] o gt thE F 2=r HI[HMDSO/
(HMDSO+GF¢)=0.0, 0.2, 0.3325L 1.0FlIA] -2 =5f vhete] v

3 & 4,00004 500 cm® Akole] We)elA ol FTIRY 4] 23E

H HEL Fig. & e} . F5F 2w ¥)(F, HMDSOR) v/} %

£ J¥etel e} the whete] A% Txo} §8449) 24E BITh TH B

[

£ =1 H][HMDSO/(HMDSO+GF]7t 1.024 o, of2] {8 olA] Table 2[29]
o 29 213} go] PECVDA 98] F38 S0, ke UehiE o

4000 3000 2000 1000

Wavenumber, cm” 7 B4 W58 HoZr) TO(transverse opticalf. =#}+ &= 1,070 cnt

Fig. 6. FTIR spectra of films obtained at feed monomer ratiosHMDSO/ =Ae) e HE SO-SP e waks wep akhdnte) MiEA
(HMDSO+C Fg of 0.0, 0.2, 0.33, and 1.0. AEAE wol i, 72 whel 800 cm'2A] Wi SI-0-SP tj Al

A% ot} I3 -OH, C=0, Si-CH, 18] Si-OHWE-S vEh)

+ 3,600, 1,700, 1,260,283 930 cmiZx] 9] o3t wEE #au o]

3-3. FTIRO| olgt tinte] gt 7= o Biats Aol Mus 24
[}

EAvh M A AR AEAE DA PR SR Abold Table 2. FTIR absorbance band assignments for a-Sjdilms
}\jii QH] E:ﬂ ‘71/1—7:” Oﬂ gl—O_‘E‘il ‘é %é—@—%to] 25‘7]—@4:% ‘IQr;ﬂ}?:]'—/FlE Wavenumber’ Crﬁ Assignments
=7k, U 2o B40 Ayl A9 AA] e B4 i - - -
s7/1sl, W B2 BEae] AVte AgEo] UA &2 EJ_(dangillng 800 SI-0-Si symmetric stretch
i 2] 2o AA 7] 2o 22Xzl vlos] .
or unbound fluoring)} 2317 wiit-ol GAl &71 59 &3 W335t 930 Si-OH stretch
Avt 48 7HE A HEiEE d oS Aty 28 ERE 4 1070 Si-O-Si asymmetric stretch
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= 3 15982 10813 25‘682 398:18 = k 4 4.0462E5 1063.7 76.538 4114.3
2 32215 10813 1777 490.61 5 1.4137E5 1156.7 89.332 1007 .4
5000 42346 11273 60074 38506 6 54867 76870 43.562  801.84
g 6 1.0754E5 11780 151.90 450.70 Amorphous PTEE ‘é- 3000 —
‘S 4000 - 2 ]
£ £
3 173
O 3000 - 8 2000 -
=
8 1 8 '
8 2000 - 5
o 5 1000 —
a CF, a
<C 1000 - < i
e O 0
0
— T T . T T T T - e
1300 1200 1100 1000 200 800 700 800 5§00 1300 1200 1100 1000 200 800 700 800 500
(C) 10000 (d) 3
S$i-O-Si orCF  peak Area Center Width Height E Si-0-Si
3 1 17838 643.39 34.277 331.30 ]
8000 § ;%5‘;322 323:2 siggf g;gg:: — Peak Area Center Width Height
3 POERE ;] mhoRE
L 6000 L 26296
% & ] 146.58
8 Amorphous PTFE g
c 4000 - E ]
£ s 7
g 2 3
2 2000 < 3
0 E
< 3
o - — 4
T T T T T T T T 1 T T T T T T T T 1
1300 1200 1100 1000 900 800 700 800 500 1300 1200 1100 1000 900 800 700 600 500
Wavenumber, cm™ Wavenumber, cm™
Fig. 7. Lorentzian curve fitting of FTIR spectrum for film deposited at feed monomer ratiosfTHMDSO/(HMDSO+GF,)] of (a) 0.0, (b) 0.2, (c) 0.33,
and (d) 1.0.

HWAHAK KONGHAK Vol. 39, No. 1, February, 2001



82 AEA -

Table 3. FTIR absorption band assignments for fluorocarbon plasma poly-

mer films

Wavenumber, ci Assignments

650 CF, wagging
740 “Amorphous” PTFE
980 CR
1030 CF
1050 CFinCk
1070 CF
1160 CE symmetric stretch
1220 CE asymmetric stretch
1340 CF stretch
1450 CF, asymmetric stretch
1725 C=0 stretch
1780 C=C stretch
1850 C=0 stretch
3555 O-H stretch
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Fig. 8. FTIR spectra of the deposited film at 200C and annealed
films at 300°C, 400°C, and 500°C in the range of (a) 2,000-600 crh

and (b) 4,000-2,000 cri.
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Fig. 9. The change of (a) refractive index, (b) normalized film thickness,
and (c) dielectric constant with the increase of annealing tem-

perature.
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