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SUMMARY

Fluorinated amorphous carbon thin films were deposited on a p-type Si(100)
substrate by using an inductively coupled plasma chemical vapor deposition
(ICPCVD) system with the mixture of carbon tetrafluoride (CF4) and methane

3 . .
1S obtained at low pressure

(CHy) gases. High density plasma of about 10% em-
(<200 mTorr) with a radio frequency power of about 800 W in the ICPCVD
system where the CF; and CHy gases are fully dissociated. Fourier transform
infrared spectroscopy and X-ray photoelectron spectroscopy spectra showed that
the film had C-F, C-Fy, C-F3 C=C bond and so on. Also, the dielectric constant
might be decreased greatly due to the reduction of C-F bond in the film. It was
found that the C-Fx bonding configuration changed from C-F bond to C-F: and
C-F3 bonds as a function of CFs/CHy flow rate ratio. 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 CFy/CHs flow rate ratio of 3 was
about 2.6, but the dielectric constant of the annealed sample was about 3.5. The
dielectric constant of the annealed sample was larger than that of the

as—deposited sample, which was an indication that F atoms in the film diffused

out due to thermal annealing.
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55 CHy 7F2=9F &%35te] PECVD(Plasma Enhanced Chemical Vapor Deposition)
o g gAY 9lth(Kang 5 2001). PECVD "WH el &= CCP(Capacitavely Coupled
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Fig. 1. The polarization by the external electric field in the dielectric

material.
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Fig. 2. The change of the dipole moment by the molecular vibration;
(a) C-F stretching mode , (b) C-F; symmetric stretching mode and

(c) C-F2 asymmetric stretching mode.
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1. ICP CVD ZfR[Q] 74 Y a-C:F HfEIQ|

a-C:F 22 ZZo] AFE-3F ICPCVD # A+ Fig. 304 HoFE AXH weio}

AF w715 aga 7ba FIFEZ Holth 7] fEFERHE e MFC (mass flow

controller) 8ttt 2 & wl7]E= rotary X} 0 Al HEE AL AT 8=
b M ARHEE pyrex FHE ARES oW o] w FrHO HAL 130 mmel i Zol
=300 mm °|UTh ZYL 1/4 inch FA9 F8 HFE=Z FHojglow HARFH Ed

43 ARG Wi HEYA= telvet A A 7P R o5 dvld 2z b
Aol 7hsetes Holdrh of A4 Fu= 1356 MHzo

a-CF "4s F235H7] flste] AR&3H dlolH e 54MB)7F =8 € p-type Si (1 0
Oolth. dleld FHO Be=sS A7e7] flste] 10% =4HHF)O 30x &<t &+
T 32 SHFE dely mWeo EAHHE) &S AASGAT 33 SHTFANA AW
AL AN 7F2E Al| g9 F2E SRS A AT v FAE 9% =
7] AEEE 10° Torrel® F28k7] Aol Ar 7}22 o] &3to] 300 W ¢ d¥og 5
b Sebznt Az dleolH o] AALstes A s A a-CF wes F3st7]
lete] CHyok CFy 7k2E AREsEl e, o] W wbg 2o %= CHat CFy 7429
& fFFE 40 scemo 2 fA AT 2Eal 7k 3= CHy/CF4=30/10 (scem),
20/20 (sccm), 2813 10/30 (sccm)o2 &t vhahs Z2ke u rfe] A8 -2 800 W

™

e eEE ALoR Stk 23

=
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Fig. 3. The schematic diagram of the ICPCVD system.
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1) FTIR ¥4

a-CF 9ute] bond 725 #4387 ¢ete] FTIRS o] &34 21, 690~2000 cm '
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23l C-F3 59 bond 7% Ata doja WAn e Fofa vlola Al7|= A Y
=3

2) XPS &4

a-CF "ato] EAets 9459 AR chemical shifts S w4317 $3)
XPSE ol&stadth. o] W X-ray 392 Mg Kag AH&atlen o] Fde] o=
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Phs o] FaL e BAC)9 BAF)Y vk WItE XAbst 9t Y] 94 s
% C 1s9 ti3le] narrow scang sl C 1s core level ZApell tfgh A of v %] <}
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2 A7l WeeRE w3y 9ase] AY TR SR PE WHE A5
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1=z
o
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< EFEADS ARSI o w whut 9ol FAE Ale] F7A= 1000
ARER sklal, Alel A5 250 umeo] vk, Brehel] I7FeE b 20 V~+20 V
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1. a-C:F Hf2to| FT-IR &M

Fig. 4= CHy/CFy frFHlol whel 2ol 4 'F 29| bonding 7% &
Bl FTIR =#Edeltt, Yetd F5 AFAEH2 F3FHd w#AIgle]l C-F (732

v}
o|\
8.0
it
gl

@

cm ) deformation, C-F stretch (1108 c¢cm '), C-F, asymmetric stretch (1188 cm ),
C-Fs (1290 cm '), C-H bend(1447 cm '), C=C (1610 cm '), C=CF; (1722 cm ') 1&]
3 CF=CF; (1773 cm ') bond9] ¥o]aE= yehgrh o722 4% a-CF vt 1
o & A8 F7e bondeE® AYH HFTEE olFi d=s gngd. 2y
CFso] f3°] 30 scem@l A& A &= C-Fy, C-Fs C=C, C=CF; Z12]3 CF=CF; bond
o Foja A77t T7tEge 2 Kol A a2 C=C% C-F; bondel| 93 A&
ring 7ZX7F S7tste Ao 2 AZET o] AL CF.9 ¥l 571845 C-F2 bond
9} C=C bond®] +%7} F7}% 1L, C=C¢ C-F, bondel 9|3 A}& #+% 2 ring 1%
2 dhabo] PAES & 4 9tk C=C bond F+ZF7F vhat ol @& A2 crosslink
Z7F ad s v dth(Yokomichi & 2000). ©] 2=HEH ] A2 HE A0 A
HAHE a-CF B9e A& ring 7271 £839 Aoz AZHrT).

Fig. 5+ Fig. 4258 CHy/CF4 frHlel W& C-F, C-Fy, C-F3 bond 7%& 7t
2 HAn e} Foja A2 YERd Zo|t} Fig. 59 (a)dlA Weld A3} 2ol C-F
bond®] Fth# WAH = CHy/CFso v 7 30/10 (scem)Ql BRaholl 4] ok 70% ]
vt 28u CHYCFo #3HI7F dads 5 a8kl 10/30 scemeol A= oF 37%°] 91
th o] W C-Fu9t C-F3 bond® Z&th? ®WAH= F7Feklal, 53] C-F» bond+
CHy/CF4s2] 1] 7F 10/30 (sccm)el Al C-F bond2] At wAn| e} FdstA e}
Ut} Fig. 5(b)elA] JeEbd Aoz slo]= 47120 A%, C-F bondE Fig. 59 (a)%}
Hl 52k Ao =4 CHYCFso 3081 7F 30/10 (scem)Ql ¥Hebe oF 80%<| ATt e
U CHY/CF4] ##H7F 4ada5 7raste] 10/30 (scem)oll = oF 60% = Fo1 4
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Fig. 4. The FTIR spectra of the as—deposited film as a function of CH4/CF, gas

flow rate ratio.

_14_



100 T T T
[ —m—C- F str. ]
l (a m
’\;\ 90T (a) —e—C- F, asym. str. |]
S
- g0 F —4A—C- F, m
o o 4
= - | -
570 u
© 60 [ 1
(] - 4
© 50 [ 1
° L ]
> 40 [ -
= L | i
s ok ]
() | A ]
14 A A
20 [ 1
10 [ ]
S 4 ] N
30/10 20/20 10/30
Gas flow rate ratio (sccm)
__ 100 T T T
2 _ (b) —m—C- F str. :
— 90 —e—C- F, asym. str.
o i A C-
= 80 - | [ C-F, H
© L i
70 | B
> - -
=
» 60 [ |
j = L 4
2 50k -
c L 4
o 40 | B
2 i 1
s 0T ]
[V}
20 | *
04 [ A A ]
10 | B
L , [ ] 1 7
30/10 20/20 10/30

Gas flow rate ratio (sccm)
Fig. 5. The relative peak area and intensity ratios of C-F,

C-Fy and C-F3 bonds of the same sample with the Fig.
4,

_15_



_I

o} C-Fo= CHW/CF42] 3117} 20/20 (sccm)7HA = oF 5% 2 YA sA o f-3Fn] 7+
10/30 (sccm)ell Al C-Fz bond®] ZGdi# Ioj=e] A7+ +
bond®.th B AKth C-F3 bonde CF4o] o] 57kl whet skntstAl F7tst .
olFe] A#ERY a-CF W& CF,o #3o 571d45 C-C bondolA C-F»
bond® %7} ®stEs & & Ak W o] B4 dAhse] S48 4% C-Co
C-F bond #+&+ #4&HI C-F9 C-F; bond 7+%7F 7t (Han 5 1999). ik
3P =8 CFyo ##F0] 42 H$ E4(F) °o]2%59] crosslinking C-C bonds #
o]Fw, C-C bondi= C-F3; bond Aol <Jste] ZolxAl 7] wjFolth(Han &
1999). Fig. 49} Fig. 59 Z3}=24¥ CHyCFs; F234]7F 10/30 (scem)?! A5 C-F
bond 7%= a-CF uto] JAHAHS & F Uk

Fig. 62 Fig. 49} 59| Aol wa} CHy/CFs F#3HE 10/30 (scem)o 2 F
W FA4E a-CF gehe] dxg] %o w2 bonding 735 YERH FTIR £
oltl, UElY T4 ~#HEHLS A3z 2% #AAG ] C-F deformation (732 cm ),
C-F stretch (1108 ecm '), C-C (1148 c¢m '), C-F, asymmetric stretch (1220 cm ),
C-F; (1305 cm '), C-H bend (1451 ecm ), C=CF, (1723 em ') 7183 CF=CF; (1783
cm') bond®] ¥o]=7} yEbytth o] AL Aol FAE a-CF 2k nsd
bonding 7% & ©°]Fi1 USS ¢ F AUtk 300Co|st= g d Hure] ~HAE
A Ws7E led, 400C 2 A3 AR = dAA e dola A77F A
gk aL, C=Ce¢t CF=CF; bond®] deolax= #F5A] kskrh. 12]a C-F29 C-F3 bond
o] ¥ola 9+t 300CE AALYF AzRT o 35 cm 9 10 eom ! AR ¥
wavenumber @ o2 o Fstt o] A= A 2=Vt &5 5 a-CF HH

A B Frgel gaste] crosslink TE7 B AwAo Ba AR i

r
1:
tlo

U

_lé

E

o

[

o
o
rlo
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ot
oX
i
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f
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o

+ polymer A2l AfFAB4ES “bond termination” & 3= HHY
AYdE 2= C-Fx bonde feluAlel oJstel Aol HA 7olx] &4 dA7t o
Ho]7dS & & vt wEkA FTIR &5 29 EZ dola Al7|E 74y, C-F.9
C-F3 bondE %8 wavenumber GG o2 o]5aA HH, B4 P49 Fxo BAY
v FAdTFs S g 400TE
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Fig. 6. FTIR spectra of the annealed film with gas flow rate ratio of
CH/CF4=10/30 (sccm).
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Fig. 7(a)¢} Fig. 7(b)= Fig. 622 5F <dojxl A5 Evie dAg 2kdd wE
C-F, C-Fy, C-F3 bond *+x& 4 WAH 2 doja A7|= Yepd Blo|th Fig. 7
9] (a)ol A YEld A3} 2ol C-F bondel Ati# W8 C-F¢k C-F3 bond H.r}
E=ow dAg L%7F 300C7HAE= o 38% % A9 dATF o 400C = DA 3
Aol e ok 63%= Fol AT C-F» bonds 200TCoA oF 35% = 748kl et 30
0Tl M= ¢k 38% =2 S7Fst itk C-F3 bondE 200°C oA 28% = F7hak¢l ot} 300C
oM oF 24% =2 Hastdnh 23y 400CE dA889S H$ C-F.¢k C-F3 bond
T 20% 2 Atk FHol=e] Al7lel digk a4 W= Fig. 79 (b)¢F 2tk C-F
bondE @A &xo] @Al oF 60% = AAsA, C-Fo2t C-F3 bondE 300°C 7+
A oF 20% = dASA FASIF oY 400CAAE oF 15% =2 78tk Fig. 6%
Fig. 79 A3 25H C-F¢F @ ¥ bonde s%=7F 300Co]stoll A W37t gles A
Agraharam(2000)2] A2 ¥ e} Fdatt) o)A a-CF ¥uto] o]gdt &% o]
ol A Ba 7t dojupx] RSS9 dth 400C o4 dAg oA a-CF whahe 129
Mo v YAl 2709 B4 9AR AAH I C-Fy 99722 FAHH olek 2

2 722 2% aCF BE 488 4% C-C bonde 43 Aoz Ao]=x]%]
@3 C-Fx bond® &4 H¥AE2 whxuzte] wel HA 7Aold C-F. £ C-F
bondE= ZFAEHYokomichi 5 1998).
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Fig. 7. The relative (a) peak area and (b) intensity ratio of
C-F, C-F; and C-F3 bonds of the same sample with
the Fig. 6.
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a-CF urete] ZAno] wpel C 1s9 F 1s A= dxte] Agdert g2 Jehge
2 XPS ~HEHoZRY AJFTZRE & 4 A Fig. 82 CHy/CFy #3491 E 10/30
(sccm), 20/20 (scem) ]2 30/10 (scem) & 3lo] Ao 2% a-C:F vt
sk XPS survey scan ~HEg o[t} o] AHER A YEhE Fo]A= C 1s, O 1s
o} F 1s2ZM 287 eV, 534 eV 123 689 eV FHoA #=FHATh C 1s9 F 1s 1 9]
A v o] EAlete ©A(C0)¢F EAF) A o8] vehd Zela, O 1s ¥oj=
= o] ¥7] Foll =EHAS W 7] F AbAVE ubeke] o
Azt etk (Yang, 2000). CHy/CF4o] &1 7F S7FeE5 C 1s go]=29 A7= F7Fst
R, F 1s Folae M7= #Aastat. o3 CHy/CF4o f#1]7F 10/30 (scem)$l
e BA wx7l Fhsle]l AU er ©ie FEE ASA Ha, 387}
30/10 (scem)Ql A9 ®AC] w27t B4 wRHUY WSS YehdTth

Fig. 9 Fig. 89 23X CHy/CFy frgHlol uh& C 1sst F 1s9] i3 vjoja
A7 258 E49k ghad gk A4 wx=vE dEbd Aotk CHY/CFo 3]
7} 30/10 (scem)?] a-C:F ¥hahe] g B0 A4 FEd]E oF 94%9F 6%°] %
aL, 20/20 (scem)Ql Hhehe] Aok Bao] A4 F=
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Fig 8 The XPS survey scan spectra of the as—deposited film

as a function of CHy/CF; gas flow rate ratio.
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Fig. 10(a). The XPS C 1s narrow spectra of the as—deposited film with gas flow
rate ratio of CHy/CF4=30/10 (sccm).
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Fig. 10(b). The XPS C 1s narrow spectra of the as—deposited film with gas flow
rate ratio of CHy/CF4=20/20 (sccm).
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Fig. 10(c). The XPS C 1s narrow spectra of the as—deposited film with gas flow
rate ratio of CHy/CF4=10/30 (sccm).
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Fig. 11. The XPS survey scan spectra of the annealed film with
gas flow rate ratio of CHy/CF4=10/30 sccm.
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Fig. 13. The XPS C 1s orbital spectra of the annealed film with gas flow
rate ratio of CH,/CF4=10/30 (sccm).
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Fig. 14. The dielectric constant of the as—deposited film as a
function of CH4/CF4 gas flow rate ratio.
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Fig. 15. The dielectric constant of the a-CF film as a
function of the annealing temperature with gas flow
rate ratio of CH4/CF4=10/30 (sccm).
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