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Effect of Deposition Temperature on the Characteristics of
Low Dielectric Fluorinated Amorphous Carbon Thin Films
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Abstract Fluorinated amorphous carbon (a-C:F) films were prepared by an electron cyclotron resonance chemical
vapor deposition (ECRCVD) system using a gas mixture of C,Fs and CH. over a range of deposition temperature (room
temperature ~ 300°C). 500A thick DLC films were pre-deposited on Si substrate to improve the strength between
substrate and a-C:F film. The chemical bonding structure, chemical composition, surface roughness and dielectric con-
stant of a-C:F films deposited by varing the deposition temperature were studied with a variety of techniques, such as
Fourier transform infrared spectroscopy(FTIR), X-ray photoelectron spectroscopy{XPS), atomic force microscopy
(AFM) and capacitance- voltage(C- V) measurement. Both deposition rate and fluorine content decreased linearly with
increasing deposition temperature. As the deposition temperature increased from room temperature to 300 °C, the fluo-
rine concentration decreased from 53.9at.% down to 41.0at.%. The dielectric constant increased from 2.45 to 2.71 with
increasing the deposition temperature from room temperature to 300°C. The film shrinkage was reduced with increas-
ing deposition temperature. This results ascribed by the increased crosslinking in the films at the higher deposition
temperature.
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Fig. 1. Deposition rate of the a-C:F films as a function of depo-
sition temperature.
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Fig. 2. FTIR spectra of the a-C:F films as a function of deposi-
tion temperature: (a) room temperature, (b) 100, (c) 2007,
and (d) 300C.
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Fig. 3. (a) XPS survey scan spectra of the a-C:F films at room temperature and (b) XPS C 1s spectra
of the a- C:F films with synthesized Gaussian peaks, as a function of deposition temperature.
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Fig. 4. Raman spectra of the a-C:F films as a function of depo-
sition temperature: (a) room temperature and (b) 300°C.

"“—9-57)- 2‘*7}"{1“11 gz} Aego s 7rgeE o 5 Stk
Fig. 2%z 9 W3l u}g a-C:F upte] 53
a;}ﬂe}],] H31E el FTIR spectras 04%

1250cm™" #ZoA #2=E C-F 234 73 Z=x 4

24 g A 7AxEgE Jehii oy, Fiezrt

100°C oA 300°C & F7igtell wat C-F Age] 9= # =

7b &3] ekaxm g}, ol SELEIt FARTE
ageko] Faste] a-CiF W=ie] C-F Zihol
ldeE & 5 sl
Fig. 3(a) M A2olx 3¢ a-C:F F29 XPS
survey scan spectra® BoiF I gle, o] spectrag &

&to] et o] Co} Fr} 22488 o o ok Fig. 3(b)

£ FHLE Wisto) oE st AHRE olfslr] 93ho

C 1s =9 XPS narrow scang XoJF 2 9r}. o] 2§

oA ghx MaBRE 7] obAl Y oE 3 24 S

AR

A 4 glch A2l A FEAg whube] 79 285.0eV
A vebe #a3e C-C =& C-H,(hydrocarbon) 2%
< etz gl3, 286.7¢VE C-CF,, 288.3eV, 291.3eV
¢} 293.7eV = z+z}t C-F, C-F, 2% C-F; A%< ve}
Wi Yoh' Feert F7bgel @t C-C (285eV) A
2o Al mz wye & wsrt glAw, C-Fs C-F.9
C-F A¥ A ¥z dxe A& #asex, C-
CF,(286.7eV) 2] A == HAe Wse dxslA) Z}
stgich. zelw Fae s}t F7hgel e} C-F, C-F., C-
Fi C-CF, 9] HaEE C-C HA 2R chemical shift7}
HolEg & 7 Ut ol FAEERE C-CF, 2 A
¥-o] crosslinking +Z& HAstd £8F¢ 9%¥¢ =
Aoz Az, ’

ZaAL o] g '] a4 FE2E dolRT] HF A2
I 300 C oA S %k vtate} Raman spectra$ Fig. 49
A B F3 vk A2elM $3% a-C:F wtei=
Raman #=2§ 2+23% & AT, 300CANA F2gt 2
oA 1335 cm' (D-band)® 1590 em™ (G-
band) ol 4 Z+zt sp® Age] thejolE s P29} sp* A
o Fxo FHF F XY WL dge® 7A4H H=
7} vebdch. o] A%t F718FH a-C F et 9]
Eageko] b4, o] wWa) crosslinking +2§ ¥
st B4 Ao 74shy] MR Ao T AzbEic)

Fig. 5= $&4Lx st wE a-C:F 92te] 9 #
A7NE HodF3 ‘3}‘4 E¥H A= L0} Al A
300°CE Z71¢) wat 238A 04 50AR A 72238

£ A% dehia gtk o) kel A 28 a-C:F
o ER AN BLES} ¥E5E FAY Aoz
449¢ ¢ + Uk

Fig. 64 32z Wste] w& a-C:F 229

XPSERE I ¥4 U2 FA8) fA4deo] HsE
BoFn glot. FaLE7 AL A 300CT7A F7Hel
oje} 840 A c}]{z}ﬁ]‘* 53. 9at/oﬂx4 410at/°i 7+



1214

AETYPA A9W A12%

(1999)

RMS =238A
@

RMS = 11.8A
(€)

RMS = 157 A
(b)

RMS ﬂ= 5.0A
(@)

Fig. 5. AFM images and RMS roughness of the a-C:F films as a function of deposition temperature:

(a) ambient temperature, (b) 100°C, (c) 200°C and (d) 300C.
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Fig. 6. XPS surface elemental concentration of fluorine (F) and
the dielectric constant of the a-C:F films as functions of deposi-
tion temperature,
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Fig. 7. Reduction of the thickness of the a~C:F films as a func-
tion of annealing temperature.
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