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Abstract, Crystal structures of carbon filrs deposited by plasra CVD
technique of propane gas yas investigated. Several kinds of structures,
pseudo-polrer, sraphite, perfectly (001) oriented graphite and pseudo-

dia¡ond, rere forrcd, uhich vere dependent on the deposition terperature

and the plasr¿ CVD technique.

I. Introduction
Ue ¡re at present interested in and investigating on

processing arorphous and crystalline carbon fil¡s bv
reans of the plasr¡ CVD technique of propane gas. Based
on TEI{ and Tl'D studies, it ras found that such phases as
pseudo-polyrer, polycrystal I ine eraph ite, fcc carbon and
pseudo-diamnd are forred in relation to the deposition
terperature and the experirental technique. Sore of these
results vere talked at the San Diego and the Bordeaux

t \ o l
conferences.ttot B! the inductance-type technique, the
pseudo-poly¡er phase is forred at substrate terperatures

of roor to 200t and eraphite phase appears at terpera-
tures betreen 300 and 500t. 0n the other hand, by the
capacitance-type technique, craphite phase appears fro¡
roor terperature to 200t. and the perfectly (001)

oriented eraphite and the pseudo-diatond phases co-exist
at teperatures betveen 300 and 450t.

Such experirental results r i l l  be reported in detai ls

in  the  fo l lo r ine .

II. Experirental Procedures

M apparatus. as seen in

Fig. l ,  rere set up for the synthesis of carbon f ihs bv

using propane gas. One is an inductance-type apparatus and

the other a capacitance-type. The electric pouer source
has a R.F.frequency of 13.561{Hz r i th a raxirur output of
lKU. These reaction charbers rere evacuated to 10{ Torr..
folloved by the introduction of the propane gas. The sub-

strate terperatures for the carbon deposition ranged fror
root terperature to 500t. It is expected that the effici-

ency of supplied porer in obtainine high plasra density

and terperature differs in the inductance- and capacit-
Ence-types. The latter is hopeful for synthesizins a

dia¡ond fih because of a dense electric porer in the

space a¡ong both electrodes. The deposited carbon fihs
rere optically and structurally investigated by reans of

infrared spectroscopy and high resolution electron ¡icro-

scopy.

Figure 1.  Plasma CVD apparatus.

I I I .  Resu l ts

ñiG[* Tirrs obtained have various colors depend-
ins on the substrate terperature and the deposition tech-

nique, Figure 2 shovs the substrate telperature depend-

ence on the types of color. For exarple, in the case of

capacitance-type, color varies fror yel loy to brom by the
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Flgure 2. Classlf icat lon of f i ln colors.

substrate teperatures fro¡ roor to 200-300T, and trans-

parent fihs rere obtained at tetp€ratures hisher than

300-400t. 0n the other hand, in the case of inductance-

type, the order of color variat ion shif ts to the hish

te¡perature side.

The transparent carbon filr forred at roor terperature

by the lnductance-type technique has a hydroeenated aror-

phous carbon structure, ¡üich is nared pseudo-polv*..2)

The transparent filr forred ¡t terperatures higher than

300t by the capacitance-type technique ¡¿s found to have

both structures of fcc carbon and diarond. llre filrc beinc

yellov to dark-brom in color rere found to have both sra-
phite and arorphous carbon structures. In this report, the

results observed in the fil¡s deposited by the capacit-

ance-type technique vi l l  be rainly presented. Figure 3

shors the infrared absorption spectra taken fror the

carbon fils. Absorption at ravelength of 2900cr-1 does

not appear in the filrs deposited bv the capacitance-tvpe

technique, but all the filre lade bv the inductance-tvpe

appEratus shoy absorption peaks at this vavelength, rean-

ine the inclusion of large arounts of hvdrogen ators.

lüsorption at 1600c¡-1 is due to carbon bondines of graph-

ite structure. Pilrs rade bv the capacitance-tvpe tech-

nique lose the absorption spectra at this ravelength as-

the deposition tergerature increases, vhich reans the

forntion of non-graphite carbon fihs.

Structural characteristics of the transparent carbon

fil¡s deposited at terperatures higher than 300t bv the

capacitance-type technique vere studied bv the TEI{ and lED

techniques. As the results, four tvpes of c¿rbon struct-

ures rere revealed: they are arorphous, randorly oriented

graph¡te, uniaxial lv oriented sraphite and pseudo-diarond

structures.

Photo I shors an exarple of a fil{ i¡age and the come-

sponding halo-IED pattern of the a¡orphous carbon fil¡.

Photo 1. TEl,f and TED of anorphous carbon.

In Fic. 4 are shovn an exa¡ple of the'ltD pattern 8nd a

relation of the reflection intensity vs the inverse of

interplaner spacins (l/d) of randorlv oriented polv-

crystal l ine graphite. Sol id l ines shov observed intensi-

t ies and dashed ones are calculated intensit ies. The posi-

tions and intensities of the observed reflections agreed

rel l  r i th a calculated ones.
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In Fis. 5, an exarple of TED pattern and the observed

reflect ion intensity vs l /d are shorn for uniaxial ly

oriented eraphite. The orientation axis vas found to be
(001) of raphite. Sol id l ines (observed intensit ies) and

dashed lines (calculated ones) asreed vell. Ue frequently

observed the uniaxial ly oriented sraphite and the pseudo-

diarond structures co-existing in the sare transparent

carbon filrs deposited by reans of capacitance-type

techn i que.
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Figure 5.  Ref lecclon Lntensi ty verEua
l /d of  <00D or lenced graphl te.

ln Fig. 6 are shorn a TED pattern and a relation of

the ref let ion intensity vs l /d of polycrystal l ine pseudo-

diarond(fcc) carbon. In the f igure, calculated intensit ies
(dashed l ines),rhich rere calculatd by assuring a ZnS

structure rith a carbon ator occupation probab¡lity of

0.2 at 4c sites, agree vel l  vi th the observed ones (sol id

lines). lle often observe single crystal llD patterns of

the pseudo-diarond (fcc) structure. Photo 2 shovs a

typical exarple of the TE-D pattern and the correspond-

ine TEll lrare taken fror a single crystal.

I1|.  Conclusions

E-y tl" in¿r"t*"e-type technique, the pseudo-polyrer

phase ras forued at substrate terperatures fror roo¡ to
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Flgure 6.  Ref lect lon lntensi ty versus
l /d of  oseudo-diamond.

Photo 2. TEM and TED of single crystal fcc carbon.

200t and craphite phase irs recognized at terperstures

betveen 300 and 500t. 0n the other hand, by the capacit-

ance-type technique, randorly oriented polycrystal l ine

sraphite phase appeared betveen roor terperature and

200t, and then perfectly (001) oriented graphite phase

and pseudo-diarond phase rere recognized at terperatures

fror 300 to 450t. lhe arorphous carbon structure is

usually foned at any teperature range independent of

the deposit ion techniques.

l )Y . lch inose e t  a l . ;  18 th  B ienn.  Conf .  (1963,San D ieeo)

2)Y. Ich inose e t  a l . ¡  In t .  Carbon Conf . (1984,Bordeaux)
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