AR B2 A7 5 S

3

H

TCPCVD

EENRER REBE

Y B 2 R

& 4

12 A

2003



of = HEEL MHEEMY Gmo® SR

2003 %€ 12 J]
wAbzel  HEE B Gm e AdiES

)
i
oA
il
X

XA

\
/ H

1

%

\
/

PN EAE KB
2003 4 12



A Study for Properties of a—C:F Thin Film with
Low-x Formed by TCPCVD Method

Tae-Un Kim
(Supervised by Professor Chi-Kyu Choi)

A thesis submitted in partial fulfillment of the requirement for the degree of
Master of Natural Science
2003. 12.

This thesis has been examined and approved.

Date

Department of Physics
GRADUATE SCHOOL

CHEJU NATIONAL UNIVERSITY



Hr

)

Ao 7]

1.

wo
jan

mK
ol

—

<

1. TCPCVD # X

14

i

14
14
14

Xg

=
-

2) Ellipsometry

3) A7

T
i
dArO
-

"

15
15
98

<
i

N

frotat
pu

ar

1. a-C:F 4}

32

)
T

jr3

al 7}

ol



SUMMARY

Fluorinated amorphous carbon thin films were deposited on a p-tpye Si(100)
substrate by using a transformer coupled plasma chemical vapor deposition
(TCPCVD) system with a mixture of carbon tetrafluoride (CF4) and methane
(CHy) gases. Fourier transform infrared spectra showed that a-C:F film had C-F,
C-Fy;, C-F;, C-H, C=C and C=CF: bonds. The C-H and C-F bonds induced a
re—arrangement of the chemical bonds with C-Fo, as the fluorine content was
increased. The C-F2 bond of samplesis found to be increased as a function of
annealing temperature and rf power. is found to be increased. The thickness of
a-C:F films increased as [CF4/(CF4,+CHy)] flow rate ratio increase, but the
thickness decreased abruptly at [CF4/(CFs+CHy)] flow rate ratio of 83 %, when rf
power is 500 W. Therefore we can infer that the optimum condition of a-C:F film
prepared with [CFy/(CF4#+CHs)] by TCPCVD method is the flow rate ratio of 83 %
and rf power of 500 W. The dielectric constant of a—C:F film decreased greatly
due to the reduction of C-F bond to C-F: and C-F3 bonds as a function of
[CFy/(CF4+CHy)] flow rate ratio increase. Therefore, the reduction of the dielectric
constant can be obtained by varying the C-Fx bonding configuration as well as by
incorporating fluorine atoms in the thin film. The lowest relative dielectric constant
of as—deposited film with a [CF4/(CF4++CHy)] flow rate ratio of 83 % was about
2.5, but the dielectric constant of the sample annealed at 400C was about 2.8.

Dielectric breakdown was not observed up to 6 MV/cm.



%13 A (ULSL ultralarge scale integration) AAF= I|Elo] mA3l HAE 7}
a&sh, gl At whel v d A o] 0.13 pm olstE FFAE I ATk dAAl ARE-
Ha = SiOp F3F AAE AbEske A, 7188 AEFe Aol osto] Axte
Ao AdE doFith As AAdE Fasr] 9% WS Al(p=2.66 pim) ¥HdS 9
Aol v Culp=1.65 pim) s ez WAs = A dA A& = Si0; 53t

dAHE 787 3.0 olakd AFd 2242 tAlshs Aol

Ee HAASE 21 slold ke nPAsle &3 5o AL FHAIA R
Salck webd Fadst 30 olakel H3 A BAd g9 we Avsh 943 o
TE 3 Jrk(eF 2000, 7 2002). ol#ld A whebe]= XLK, SiLK, th#A4 SiLF,

SiOF, nano-pore T%& Zt& . SiOC(-H), 18]3 fluorinated amorphous carbon
(a-CF) 29t Fo] ot o]Fa Al A {4 (

C), A714, st agja Al 5ol 5% a-CF 9ol FH* Cu/Low-k A&

IA

N
=
o
r
iy
Bl
I
e
ax
r o
o,
oX
\Y
=
S
S

2ol FEAEAE gFFHn Juh a-CF e &3 24 iz Agse]

o dAdwto 2 g7 ok dustd F 9xE =2 A7 =429 ve &
(0.557)& zkaL 9l7] wjol C-F, A%l A o] Foxth a-CF "t CFy CoFs
CiFs 59 E4233E5S CHy 7F29 £33t PECVD(plasma enhanced chemical

Hoez=z FAHI Yo 2001). PECVD W)= CCP(capacita-

Md

vapor deposition)
vely coupled plasma), ICP(inductively coupled plasma), TCP(transformer coupled
plasma), Helicon Plasma &9 Z&t=vl-9& AF&stal ut. oyt Ze=v-o F

oA TCP-9< AMg3td 10" em ol 4be] % Zeb=nts AS 4 9l precursor
2 13 AgrAA a Ao H23 radicale BAEAZ F JorE 2y d

92 crosslink 73¢9} gk whukg o] 75 st



B Ao s CHy®F CFsZ precusor® AFg3tod TCPCVD HHH o2 a-CF &y

FAAY. dAE a-CF 2o Ast4%+ FTIR(Fourier transform infrared)< ©]

4

gstol EAMstla, 2H8&Y FAELS cllipsometry® AT A71A 54



e AekdAte 2 Adetwe] GaHs « g7t vbA - ol A e A 2ol P%
drs Frdh wekA o5 Hakel sk Abelel 1@ 13 2ol image-forcee)
=

aF Afolel] &%= 92 Coulomb BH7]E o=

o
rix
e
ol
ol
)
i,
£
il
rzi

_ —¢ =g 1)
dmey(2x)? = 16meyx’

2

_ (" - —4aq
W(x)—fooFa’x— 16 meyx @

o Rol AA g, b A7FE o AA EHA UAE A R UEw

PE(x) = ﬁ; + gE oy x @)



Fig. 1. Energy diagram between the surface of metal and vacuum.
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Fig. 2. The schematic diagram of the TCPCVD system.
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Table 1. A formation condition of the a-C:F thin films by
TCPCVD method.

Antenna Structure 1 turn
RF power 300~500 W, 13.56 MHz

Total flow rate 60 sccm

CH, gas flow rate 0~30 sccm

CF4 gas flow rate 30~60 sccm
Initial pressure ~10™* Torr

Working pressure 100 mTorr
Deposition time 5 min

Substrate Temperature Room Temperature
Wafer p-type Si(100)
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Fig. 3. The FTIR spectra of the as—deposited films prepared
with different [CF/(CF4+CH))] flow rate ratios.
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Fig. 4. Deconvoluted spectrum of the sample with flow rate ratio

of R=50 %.
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Fig. 5. Deconvoluted spectrum of the sample with flow rate ratio
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Fig. 10. The FTIR spectra of the as-deposited films prepared

with different rf power.
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Fig. 11. Deconvoluted spectrum of the sample with rf power

of 300 W.
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Fig. 13. Deconvoluted spectrum of the sample with rf power

of 500 W.
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Fig. 14. Relative integrated absorption area of the C-F, C-Fs, C-Fj,
and C=C bonds for the fitted peaks from Fig. 10 as function

of the rf power.
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Fig. 15. The FTIR spectra of films prepared with various annealing

temperatures for a 'flow rate ratio of R = 83 %.
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Fig. 16. Deconvoluted spectrum of the sample with annealing

temperature of 100C.
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Fig. 17. Deconvoluted spectrum of the sample with annealing

temperature of 200C.
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Fig. 19. Deconvoluted spectrum of the sample with annealing

temperature of 4007C.
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Fig. 20. Relative integrated absorption area of the C-F, C-F, C-Fsj,
and C=C bonds for the fitted peaks from Fig. 10 as function of

the annealing temperature.
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Fig. 21. Thickness of the as—-deposited samples prepared with
different CF,/(CF4++CH,) flow rate ratio.
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Fig. 22. Refractive index of the as—deposited samples prepared

with different CF4/(CF4+CH,) flow rate ratio.
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Fig. 23. Thickness of the as—deposited samples prepared with

different rf power.
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with different rf power.
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Fig. 25. The I-V characteristics of film prepared with [CF4/(CFs+CHy)]

flow rate ratio of 83 %.
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Fig. 26. The C-V characteristics of film prepared with [CF4/(CF4+CH,)]

flow rate ratio of 83 %.
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Fig. 27. Dielectric constant of the as—deposited samples prepared

with different [CF4//(CF4+CHy)] flow rate ratio.
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