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The effect of diluent gases on the growth
behavior of CVD SiC films with temperature
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Silicon carbide films have been grown onto graphite substrates by low pressure chemical
vapor deposition using MTS (CH3SiCl3) as a source precursor and H, or N, as a diluent gas.
The experiments were performed at fixed conditions of a flow rate of 100 sccm for each
MTS and carrier gas, a flow rate of 300 sccm for diluent gas addition, and a total pressure
of 5 torr. The effect of temperature from 900°C to 1350°C and the alteration of diluent gas
species on the growth rate and structure of deposits have been studied. The experimental
results showed that the deposition rate increased with increasing deposition temperature
irrespective of diluent gases and reactant depletion effect increased especially at H, diluent
gas ambient. At MTS-H, system, the deposition mechanism changed from chemical
reaction to mass transfer controlled reaction with temperature. Otherwise, For MTS-H,-N,
system, surface chemical reaction controlled the growth process at whole deposition
temperature ranges. For N, addition, surface morphology of leaf-like structure appeared,
and for H,, faceted structure at 1350°C. The observed features were involved by crystalline
phase of B-SiC and surface composition with different gas ambient. © 2000 Kluwer
Academic Publishers

1. Introduction put gas fraction. On the basis of these studies, several
Silicon Carbide (SiC) by chemical vapor deposition researches have been performed about the variation of
(CVD) has prominent properties such as excellent hardeharacteristics of CVD-SIiC films when argon (Ar) was
ness and chemical resistance at high temperatures. SiSed as a diluent gas precursor and about the compari-
also has wide band gap, high electric mobility and highson of CVD-SiC films using bldiluent gas system with
thermal conductivity. Therefore its application includesthe films using Ar precursor system. Kobayastl.[4]

from structural material to electric devices at elevatedshowed the B, H,+ Ar and Ar diluent gas effect.
temperature [1-3]. The CVD silicon carbide coating onFor all temperature ranges (i.e. 1080 < 1500C),
graphite substrate is an interesting field that has beethey noticed the growth rate of SiC was higher ip H
widely studied for industrial applications such as oxi-than in the presence of Ar. On the contrary, Nordell
dation protector and diffusion barrier at high tempera-et al. [11] reported that the growth rate with pure Ar
ture. Many investigators have studied the relationshipgarrier gas was higher than that for the Agfidixture.
between deposition rate and growth kinetics of CVDKim et al. [6] reported that below 115C, the depo-
B-SIC using methyltrichlorosilane (MTS; GISiCls)  sition rate of SiC films using pas a diluent gas was
[4-9]. Besides MTS, diethyl silane (DES) [10], hex- higher than that of films using Ar, but above 12@)
amethyldisilane (HMDS)[11, 12], ditertiarybutylsilane the opposite result was observed. There were also the
(DTBS) [13], and silane have been used as the CVIOrompositional and morphological changes under dif-
source precursors. Contrary to the variety of sourcderent diluent gas addition. However the effects of the
precursors, most of previously reported studies haather gas species like Nas diluent or carrier gas for
used hydrogen (}) as a carrier and diluent gas which preparing CVD SiC films have not been reported.
delivers the source to the inlet of reaction tube and The aim of this work is to compare the effect of dilu-
which regulates the concentration of mixed gas precurent gases of Hland N>, on the growth of CVD-SIC films
sors. The use of MTS-Hmixture system has showed and their microstructures. According to deposition
many different results according to deposition parameposition change, we determined the growth rate change
ters like deposition temperature, total pressure and inwith temperature. We also investigated the temperature
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and diluent gas effects on morphological and orienta3. Results and discussion

tional changes related to the ambient gas. The reactant depletion effects on growth rate of SiC
as a function of temperature have been investigated for
two different diluent gases of Hand N in Fig. 1a

2. Experimental details and b respectively, Whose slopesfrom Dl toD3indicate

The deposition experiments were performed in a horh€ degree of depletion effect. Fop idiluent system

izontal hot wall LPCVD reactor as previously de- (Fig. 1a, the reactant depletion occurred above 1200

scribed [7]. Three deposition positions in a same batch2nd became larger with temperature increase. For MTS-

each separated by 3.54 cm, were chosen in a gas flolz"N2 system (Fig. 1b), the reactant depletion effect
direction, or denoted as D1, D2, D3. (Hereafter, we re-0ccurs only between D2 and D3. The growth rate of D2

fer to each deposition position as D1, D2, D3 in thisiS nearly equal to that of D1, which indicate the reduced
report.) D2 has maximum temperature in the reactordepletion effect of N diluent gas ambient. When the
but the difference of temperature between D1 and D2
or D2 and D3, was within 1@ for the whole depo-
sition temperatures. The graphite susceptor was tiltec'

at about 10 for the diminution of reactant depletion. ;:Eggg
Silicon carbide was deposited onto isotropic graphite T T 1250
which has similar thermal expansion coefficient to that 05k (a) —— 11200 H

of SiC, using MTS and hydrogen or nitrogen gaseous —e—T1150
mixture. MTS was chosen because it has equivalen —vy—T100 I

ratio of Si to C and shows relatively low thermal de- g 0.4+ A T1050

composition temperature. Hydrogen was used as a ca = I \— —a—T900 I
x\x
N

rier gas, which transfers source precursor through the g
bubbler to the main reactor. Hydrogen or nitrogen was » 03
used as a diluent gas, which regulates the concentre & LT T
tion of the mixture involving MTS vapor and carrier
gas. Diluent gas and carrier gas containing MTS vapol
were mixed each other before introducing to the reactor
The flow rate of MTS vapor was controlled by adjusting °
the bubbler pressure and the flow rate of the carrier ga
(H2) in the condition that the temperature of the bub-
bler containing liqguid MTS was maintained a The 00}
pressure in the reactor was monitored with capacitanci , ,
manometer and controlled with throttle valve located at D1 D2 D3
between the reactor and a mechanical pump. Deposi
tion temperature ranged from 900 to 1360and total
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pressure was 5 torr. The input gas ratio of diluent plus 71350
carrier gas to MTSy = Piuenttcarriery Puts was fixed —%—T1300
at 4 and total flow rate was fixed at 500 sccm. More —x—T1250
details for deposition conditions are shown in Table I. 06 ' ' —+—T1200 [
The crystalline phase and the preferred orientatior - (b) B —e—T1150 J
were characterized by means of an X-ray diffraction ok —m :I:gggg 4
(XRD) technique. In order to analyze the surface mi- I —e—T1000
crostructure of as-deposited films, we used the scanE —m—T900

ning electron microscopy (SEM). The stoichiometry of N§ 0.4

the film is examined by a X-ray photoelectron spec-g L
troscopy (XPS). The deposition rates were obtained by 2 51 B

the weight gain of as-deposited films divided by sub- % *
strate area and time. T X 1
c\c: 0.2 \x 7
Ke] +
TABLE | Deposition conditions of CVD-SiC film § 01 +/ \+
Deposition temperature 900-135D 8 - ‘\;
Deposition time 1hr w L -
Total pressure 5 torr 0.0F 7]
Dilute Gas/MTS ratio 43:1:1) ) ! ;
((H2, N2) : Ho(carrier) : MTS) D1 D2 D3
Total flow rate 500 sccm .. .
Deposition site D1-D3 (each site Depsmon Sites
distance : 3.54 cm) ) o N ) N
Each Distance from R D5 and D1:14.8 cm Figure 1 Variation of deposition rate with deposition temperature
D5 to mulite tube inlet D2:18.3 cm and deposition site showing depletion effects. (a) MTSdystem
D3:21.8 cm (Pt =5 torr, MTS : Hh =1:4) (b) MTS-H-N> system Py, =5 torr,

MTS:Hz:No=1:1:3).
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source gas mixture is injected to the reaction tube, th& ABLE 11 Typica values for various properties of different gases
chemical decomposition of MTS occurs and reactantconditions: Temp.=1000 K, Press. = 1 atm)

is depleted to the direction of gas flow. The degree o
depletion effect along the axis of flow decreases wit
gas velocity increase [14]. According to the Bernoulli

equation, the velocity of a gas increases with the densitg, (JKg-K)

at constant pressure. With the addition of §as that
is more dense thanHTable II) [15], the velocity of

reactant mixture willincrease and the reduced depletion

effect might occur.

h

gases
properties H> N>
14990 1168
k (W/m-K) 0.428 0.0631
o (kg/md) 0.0246 0.342
n (kg/m-9) 2.07 x 107° 4.04 x 10~

The growth rates at each position, D1, D2 and D3
are plotted as a function of the reciprocal temperatureAtlow temperature region, the apparent activation ener-

in Fig. 2, for two different diluent gases. For Hdilu-
ent system (Fig. 2a), up to 1100, the growth rate of

gies are about 45 kcal/mol, which indicate surface reac-
tion controlled region. The apparent activation energy is

SiC changed rapidly with the deposition temperatureswell agreed with other researcher’s results [6, 7, 9—13]
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Figure 2 Arrhenius plots of the deposition rate of SiC at various deposi-
tion sites. (a) MTS-H system Pt =5torr, MTS: Hb =1:4) (b) MTS-
H2-N3 system Pt =5 torr, MTS: H: N2 =1:1:3).

althoughit slightly changes with deposition parameters.
On the other hand, above 1T% it changes slowly
with temperatures indicating mass transfer controls the
deposition process. For,Ndiluent system (Fig. 2b),
the growth rate sharply increases above 2G5 his
means that there is no mass transfer controlled kinet-
ics at the elevated temperature above 2050nder
MTS-H,-N» atmosphere. Though the deposition tem-
perature increases, the growth rate chases surface re-
action process because the boundary layer thickness
is not thick enough when Nis added in substitution
with Ho.

The different growth rates and activation energies
are thought to be due to thickness variation of stagnant
boundary layer through which decomposed gas species
diffuse. As the thickness of boundary layer increases,
the growth kinetics will be governed by mass transport.
Assuming non-tilted susceptor, the theoretical stagnant
boundary layer thickness, with temperature is as fol-
lows [16]:
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Figure 3 The variation of stagnant boundary layer thickness with tem-
perature and ambient gases.
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Figure 4 Surface morphology of SiC films with deposition temperature wherisHused as diluent gas: (a) 10@ (b) 1100C, (c) 1150C,
(d) 1250C, (e) 1300C and (f) 1350C.

where,a andx are proportional constant and distance,larly, the layer thickness increases with temperature for
respectivelyy, the viscosity of the gagy, the density  the both diluent systems. From these resultsjitient

of the gas;v, the linear velocity of the gas. The typi- system is likely to be controlled by mass transport re-
cal values and conditions for calculation are shown ataction mechanism especially at high temperature. The
Table Il. As densities and viscosities of gases are funcdeposition kinetics of Bl diluent system is governed
tion of temperature, we estimated the density of the gaby surface chemical reaction for all temperature re-
by the ideal gas law and viscosity at elsewhere [17]gions. Consequently, owing to the difference of gaseous
Fig. 3 represents the theoretical result of calculatedrelocity and stagnant layer thickness, the reactant de-
boundary layer thickness with temperature. In all tem-pletion effect of the MTS-BN, system might be de-
perature ranges, boundary layer thicknessoflittent  creased and the growth process governed by the surface
system is greater than that of Miluent system. Simi- reaction.
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Figure 5 Surface morphology of SiC films with deposition temperature whenisNused as diluent gas: (a) 10@ (b) 1100C, (c) 1150C,
(d) 1250C, (e) 1300C and (f) 1350C.

For N, diluent system in near by = 1150C, Arrhe- As the deposition temperature increases, for the H
nius plot exhibits the change of slop which has a reladiluent system, surface morphologies changed from
tive minimum of the growth rate. Loumageeéal.[10]  hemispherical angular structure to facet structure. How-
reported the same phenomenon for MTg4ystem, ever for the N diluent system, it changed to leaf-
under conditions ofgep=1100C and 1120C. They like structure. Kuoet al. [18], reporting the correla-
explained the growth rate decreased with inhibition ef-tion between the surface morphologies and the texture
fect of HCI that was produced by MTS decomposi- of deposits, showed the change of surface morpholo-
tion in the gas phase. The inhibition effect of HCI is gies from laminar crystals to leaf-like structures by
caused by the chemical adsorption of chlorine bearingdding CH to MTS-H, system. Linet al. [19] also
gas species. This is the reason why the Arrhenius plateported that the increase ofldg flow rate gave rise to
shows the negative slope. the leaf-like structure. These mean that carbon bearing
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Figure 6 Deconvolution of narrow scan spectra of CVD SiC film for H

diluent. (a) C1s and (b) Si2p.

deconvolution of C and Si peaks with different diluent

gases. At 1350 and D2 position, the ratio of C/Si
intermolecular species affect the structural growth di-was 2.1 for N diluent system, 1.2 for j These results
rection i.e., leaf-like structure. And in both cases, thereveal that carbon rich deposits are present on the film
deposition rates are increased with £Hnd GHg  at N, diluent system. For Hdiluent system, approxi-
flow rate. According to Lespiauat al’'s chemisorption mately stoichiometric deposits were obtained.
model [20], carbon species, mainlyld,, is favored at Table Il shows the thermodynamic yield of con-
low « values and they predicted carbon rich SiC de-densed phases that were calculated by SOLGASMIX-
position at lowe ratios, low total pressure and high PV thermodynamic computer program [22]. For the
temperature. In case of no condensed phase presedgposition conditions of 5 torr and=4, an excess
Chiuet al.[21] had calculated the excess graphite co-carbon content is up to 50% withpMliluent gas ambi-
deposition content under smalbHTS ratios. There- ent, whereas SiC content is above 90% withdduent
fore, when N is substituted for Blat high temperature, gas ambient. According to our calculations of thermo-
the relative value af is low and then there may be abun- dynamic yields, no condenseds;Hi, phase observed
dant in carbon bearing gas species and excess carbabove 1080C. From these results, we can deduce the
deposition, which results in leaf-like structure and theN, inhibits the Si deposition and Si and C bearing inter-
growth rate increase compared to that gfafmnbient. mediate gas species adsorb on the surface respectively.

To compare the quantity of excess carbon for differ-It has been said that SiCand CH, are the important

ent diluent system, the chemical compositions of degas species for CVD SiC film deposition [5, 9, 23]. Ad-
posits were examined by XPS. Fig. 6 and 7 show thesorbed SiGl and CH, would react with H and C}

TABLE Il Thermodynamic yield of SiC and C at various temperatures by SOLGASMIX-PV prod?ge=(5 torr,«, o’ = 4)

Temperature(C)
Diluent gas species Condensed phase 1100 1150 1200 1250 1300 1350
Thermodynamic Yield (%) il SiC 93 93 92 91 89 88
C 7 7 8 9 11 12
N2 Sic 55 53 49 45 41 37
C 45 47 51 55 59 63
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T.C.

T.C.

30 . . . . where, l(hy, lonky, and N are the measured inten-
(a) e 1) sities of the film, the standard integrated intensities
(from JCPDS file) of powdered SiC, and the number
25 (220 of reflections, respectively. As evidenced from Fig. 8a,
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for Hy, diluent gas, the preferred orientation in the
whole temperature rangesis (111) plane. While the pre-
ferred orientation under Ndiluent gas ambient which

is shown in Fig. 8b is (220) plane. By Lee [25], he
proposes that for FCC crystals, lower atom ion concen-
tration results in the development{dfl1} plane. In the
same way, higher atom ion concentration results in the
development 0of110} plane. As mentioned above, for
N, diluent ambient system, stagnant boundary layer
thickness is smaller and deposition rate governed by
surface reaction, which means that there is high atom
concentration adjacent to the deposits and SiC grows
more easily on the activated surface. This is why the
(220) plane is more dominant agNiluent ambient than

H>. Whereas atom concentration is high at the higher
temperature, the (220) texture grows a little bit with
temperature in the purethtmosphere. Otherwise, for
N> diluent system, (111) plane somewhat increases at
1350 C. This result can be explained by the influence
of carbon species. When the leaf-like structure of SiC is
deposited, its crystalline phase has (111) plane.[18, 19].
Consequently, the addition of,Mliluent gases results

in carbon rich gas phase and decreases (220) texture to
a little extent.

4. Conclusion

The reactant depletion that is encountered in a horizon-
tal hot-wall CVD reactor has a large impact on depo-
sition rate of SiC films. For Kdiluent gas system, the
effect of the reactant depletion becomes larger with in-
creasing deposition temperature. However, by substitu-
tion N for Hy, depletion effect can be diminished. For
the condition of MTS-H-N, system, we have calcu-
lated the decrease of stagnant boundary layer thickness,
which results in high growth rate and less depletion ef-
fect. Remarkable phenomenon fos tiluent system is

Figure 8 The variation of texture coefficient with deposition temper-
ature at different diluent gases: (a} diluent ambient (b) N diluent
ambient.

that CVD SiC is not governed by mass transfer kinet-
ics but by surface reaction mechanism. Ferdiluent

gas ambient, excess carbon deposits were obtained at
independently and could form the free surface of Si1350°C. Carbon bearing gas depresses the (220) tex-
and C. ture of CVD SiC and stimulates the growth rate and
its surface morphology changed to leaf like structure.
For MTS-H, system, we noticed that the (111) texture

is dominant and (220) for Ndiluent system. We con-
cluded from this study that the deposition temperature
Reduced H content may result in the increase of rela- and diluent gas Species oﬁ|dr N, are the major factor

tive amount of G in the gas phase. Consequently, N affecting the growth behavior of CVD SiC.
addition could lead to the lack of reactive idas and
to the excess carbon deposition.

Fig. 8 represents the variation of a texture CoeﬁiCiemAcknowled ements
(T.C.) with different diluent gas species and deposi-Authors ack?wowled o the subport of Korea Atomic
tion temperature. The T.C. that is obtained by HarrisE R h 9e PP
method [24] for observing the relative degree of pre- nergy Research Institute.

ferred orientation among planes is as follows;

SiCly + H, — Sit 4+ 2HCI
CHg 4+ Cl, — C* 4+ 2HCI
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