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The effects of pressure from 5 torr to 40 torr 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 total pressure
for a H, diluent system and decreased for N The reactant depletion effect increased especially with an ambient, Hiluent

gas. As the diluent gas was added, the deposition rate decreased parabolically, especially foraimbient. The theoretical
relation between deposition rate and partial pressures of methyltrichlorosilane (MTS) and Hvas in a good accordance with
experimental results.
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Introduction noticed the growth rate of SiC was higher intkan in
the presence of Ar. By contrast, Nordell al. [10]

Silicon Carbide (SiC) made by chemical vapor de- reported that the growth rate with pure Ar carrier gas
position (CVD) has good properties such as excellentwas higher than that for the Ar/Hnixture. Kim and
hardness and chemical resistance at high temperaturesChoi [5] reported that below 11%D, the deposition
The properties of SiC coatings are affected by the rate of SiC films using Has a diluent gas was higher
many kinds of deposition parameters such as temperthan that of films using Ar, but above 1200 the
ature, pressure, diluent gases and system geometry [lepposite result was observed. However, the effects of
2]. Temperature has been widely investigated as aother gas species such ag & diluent or carrier gas
parameter which affects the kinetics of deposition and for preparing CVD SiC films have not been reported.
morphology of SiC deposits. At high temperatures, the The aim of the present study is to compare the effect
deposition kinetics is controlled by a mass transfer of diluent gases Hand N on the growth of CVD-SiC
reaction and at low temperatures, the kinetics arefilms. According to deposition position, we determined
controlled by a surface reaction. The effect of diluent the growth rate change with pressure and input gas
gas input ratio on growth behavior also had been composition. We also investigated the partial pressure
studied widely. effects of hydrogen and MTS on the deposition rate

Many investigators have studied the relationships theoretically and experimentally.
between deposition rate and growth kinetics of (3D
SiC using MTS (methyltrichlorosilane GSiCls) [3-9]. Experimental Detalils
Most of the previously reported studies have used
hydrogen (H) as a carrier and diluent gas. The use of a The deposition experiments were performed in a
MTS-H, mixture system has given many different horizontal hot wall low pressure chemical vapor de-
results according to deposition parameters. On the basigosition (LPCVD) reactor as previously described [6].
of these studies, several researches have been perfornFhree deposition positions in the same batch, each
ed concerning the variation of the characteristics of separated by 3.54 cm, were chosen in the gas flow
CVD-SIC films when argon (Ar) was used as a diluent direction, and denoted as D1, D2, and D3. (Hereatfter,
gas precursor and about the comparison of CVD-SiC we refer to each deposition position as D1, D2, and D3
films using H as the diluent gas system with the films in this report.) D2 had the maximum temperature in the
using the Ar precursor system. Kobayashial [4] reactor, but the difference of temperature between D1
showed the k] Hy+Ar and Ar diluent gas effect. For all and D2 or D2 and D3, was within @ for the whole
temperature ranges (i.e. 1080 < 1500C), they range of deposition temperatures. The graphite susceptor

was tilted at about 20for the diminution of reactant

- : depletion. Silicon carbide was deposited onto isotropic
(%g{refg’zogd'znl%guztggrz graphite that had similar thermal expansion coefficient
Fax: +82-2-365-5882 to that of SiC using MTS, and a hydrogen or nitrogen
E-mail: dori@yonsei.ac.kr gaseous mixture. MTS was chosen because it has the
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equivalent ratio of Si to C and gives a relatively low 0.8 r T T
thermal decomposition temperature. Hydrogen was used I

as the carrier gas, this transfers source precursot 07k —a— Storr | |
through the bubbler to the main reactor. Hydrogen or —o— 10torr
nitrogen was used as the diluent gas, this regulates th +4218 :°"
concentration of the mixture involving the MTS vapor 06 —_ ]

and carrier gas. Diluent gas and carrier gas containing

MTS vapor were mixed with each other before being 05} .
introduced into the reactor. The flow rate of MTS vapor
was fixed at 100 sccm by adjusting the bubbler 04L 4

pressure and the flow rate of the carrier gag (ihs
adjusted so that the temperature of the bubbler contain-
ing liguid MTS was maintained at®. The pressure in
the reactor was monitored with a capacitance mano-

Deposition Rate (mg/cm*/min)

L — |
03 / ]

meter and controlled with a throttle valve located 02} .
between the reactor and the mechanical pump. The : 1
deposition pressure ranged from 5 torr to 40 torr and 0.1 } -r f

the deposition temperature was fixed at 2@00The D1 D2 D3
input gas ratio of diluent plus carrier gas to MTS, Deposition Site

a=Py; edPurs Was varied from 1 to 10 and the
(d"uenmame"‘ "o Fig. 2. The variation of deposition rate of SiC films with depositio

total pressure was fixed at 10 torr. e . ,
The deposition rates were obtained by the weight E’égfris:rrf,\&z;ﬁﬂg)i%?ﬂ?n site.adF1300C, MTS(source)

gain of as-deposited films divided by the substrate area
and time.
while there is no dependence of the depletion effect on
Results and Discussion the pressure because of the same slopes of the growth
rate. For the Bldiluent system, the reactant depletion
The reactant depletion effects on the growth rate of effect has been lessened. This is especially true in the
SiC as a function of pressure have been investigated forcase of a pressure of 40 torr, where the growth rate
two different diluent gases,tdnd N are shown in Fig. increase occurred at D2 position that is in the relatively
1 and 2 respectively, whose slopes from D1 to D3 hot-zone of the horizontal system.
indicate the degree of the depletion effect. In the pure The growth rates that are sum of each position, D1,
H, atmosphere, the reactant depletion effect occurred,D2 and D3 are plotted as a function of total pressure, in
Fig. 3, for two the different diluent gases. The growth
rate increased with pressure for thgdiuent system,
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Fig. 1. The variation of deposition rate of SiC films with depositio
pressure and deposition site. 4 {F1300C, MTS(source):Hl Fig. 3. Growth rate comparison with different diluent gased an
(carrier):Hy(dilute)=1:1:3). deposition pressure. {§1300C, 1 hr, source:dilute=1:4).
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Fig. 4. The variation of deposition rate of CVD SiC with dilten
gas addition and deposition sitegF1300C, R,=10 torr, B
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Fig. 5. The variation of deposition rate of CVD SiC with dilten
gas addition and deposition sites,F1300C, R,=10 torr, N

diluent gas system).

otherwise for N diluent system the growth rate de-

creased with pressure.
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Fig. 6. Growth rate comparison with different diluent gased an
diluent gas additions: (f7=1300C, R,=10 torr).

deposition kinetics that was established in a previous
report [9]. For the K diluent system, we showed the
deposition condition at 1300 was a mass transfer
governed region and the,Nliluent system, was a
surface reaction controlled region. When the surface
reaction governs the deposition kinetics the deposition
rate is controlled by the degree of surface activation.
Since the D2 position is relatively hot compared with
D1 and D3, so the growth rate is higher at the D2
position.

The sum of the growth rates of each position with the
different diluent systems are compared in Fig. 6 as a
function of the initial gas composition. The Hiluent
system showed a lower degree of decrement in growth
rate compared to the ,Ndiluent system. For the ,H
diluent system, the growth rates decreased from 0 to
200 sccm and remained nearly constant up to 800 sccm.
For the N diluent system, the growth rate drastically
decreased from 0 to 400 sccm.

A total pressure increment makes the gas mixtures
reside longer in the reaction tube and this causes the
same effect of total flow increase by addition of diluent
gases. According to the boundary layer theory [11], the

The reactant depletion effects on the growth rate of thickness of the boundary layer decreases with increas-
SiC as a function of diluent gas addition have beening total pressure. This is the reason why surface

investigated for two different diluent gases &hd N

reaction kinetics overwhelmed the process at elevated

and are shown in Fig. 4 and 5 respectively. For both pressures. Accordingly, for both diluent gas systems,

cases, the depletion effect occurred. For theliNient

growth kinetics can be governed by a surface reaction

system, the depletion effect decreased with an incre-at higher pressures.

ment of diluent gas addition. The reactant depletion is From a comparison of the effects of different types of
not only related to the pre-deposition on the wall of the diluent gases on growth rates, hydrogen may partici-
tube and the front side of susceptor but also to thepate in the MTS decomposition and SiC formation.
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CVD SiCs are formed by intermediate gases that are
made from decomposed MTS. Two major intermediate
gas species are carbon-bearing species and silicon-
bearing species [4, 12-14]. Carbon-bearing intermediates
are known to be CH GCH,. Silicon-bearing inter-
mediates are known to be SiCBiCl;, SiCl,. Here, we eCH4_k, * 1P —K 0 —K'B P
assumed that the main gas species wergadid SiC) at ¥ [ slPon~Ka'Bcn, 2 Oc P,
for SiC deposition from MTS. Also we assumed steady
state, the adsorbed intermediate gases are in a steady
state and thus the overall reaction is:

SiCl,__
d'; - 1[*c] PSiCIZ_k—leSiCIz_kzeSiCIZPHZ

+k—295ipi|0|:0 (7a)

+K 5 0cPAc=0 (7b)

where [%], [*c]: the density of free surface site in

CHsSiCl;+H,=SiCL+CH,+HCI @ equation (3), the terms ok, anil_,’ can be
. . . neglected since the forward reaction is dominant.
Each intermediate species adsorbs on surface freeE ;
sites quations (6) and (7) become
. . Ky oy _kzesmzPH2
ctSiCl, == SiCl (2a) GSi—T (8a)
1 3' CH,
* L * _ k2'90H4PC|2
stCH, <= CH, (2b) Gc—m (8b)
1 1ChL
where, * : free surface site K,[* I Pscy
ky, ky: reaction constant for adsorption and desorption ~ ~SIc.™ K +KoPyy, (%)
SiCl,", CH,": adsorbed species KT P
adsorbed SiGl and CH react with hydrogen and esmfﬁl (9b)
chlorine gases. -1 T2 T Cl
ko [*s] and [*;] can be written
SiCl,'+H, T Cl,’+2HCI 3a
2 5 2 (32) [*c]=ng=6sicy,—Os; (10a)
. kz . [*sil=Ng=Bcn,~Bc (10b)
CH, +Cl, 5 C+2HCl (3b) wheren,: total number of sites
adsorbed Siand C react with CH and SiC}, respec- (1I(-)|)e Lee’ rzuﬁigﬁcgs >8s andc, By, equation
tively and form silicon carbide.
) Ks ' [*c] Ong=6sicy, (11a)
Si+CH, —— SiC+2H, (4a)
" [*sl O Ng=Bcp, (11b)
C'+SiCl, — SiC+C}, (4b) K is equilibrium reaction constant in equation (2)

From the equations (4a) and (4b), the equation of the

growth rate is
R1=KsOsPcry, (5a)
Ro=k3 6.Psicp, (5b)
where R, R;: growth rate

6, 6. the fraction of Si and C free surface sites
Pchg Psico: partial pressure of GHand SiC)

From the steady state assumption, if the concentrations [*.]=
of Si, C, SiC} and CH are not changed with time, the

expression will be

dog; P2

d'[S =K:Bsic1,Pr,~K 205iPhici—KePci, =0 (6a)
de

dtC:kz'ecumz_klz OcPiiciks' Psic,=0 (6b)

k Bsicy
—_——— 2 K 12a
G P dPeg (122)
0
K e i (12b)

Ky sl Pop,

equation (12) is added to (11) and the following

relation is obtained:

n,
-0 (13a)
1+K; Pgicy,
n
° (13b)

Msl=r=s—
1+Ky Pey,

_:KlkzPSiC|2|—| Py, Gec)
5" KsPey, |]<—1+k2PH2|j
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_Nokikorp P, KiPsic, (142) 1.0 —
k3PCH4|:Ik—1+k2PH2D]1+K1PSiCI2|:|
:Kl'kz'PcH4|—| PCI2 g* ] = 05 4
Ky'Psici, k' +Ky'Pey, . NE
:nokl'k2'|_| PC|2 |_"_| K1'PCH4 |:| (14b) (\é) 00}k i
KsPsicy, Ky +K;'Pey L +K, Py U o
S
Overall SiC deposition reaction can be obtained by °é 05k ]
the sum of reactions (4a) and (4b) 2
[7]
k x - k . o
Si+CH+C +SiCl, ——_2SiC+2HCI+H  (15) &
2 1or T=1300°C ]
" p
The overall deposition rate thus becomes g P _=45torr
R=k "«/esﬁcpgli sicl, (16) -1.5 : L : L . 1 . i
-1.0 05 0.0 0.5 1.0
The relation of the overall deposition rate (16) can be - LnP, (torr)

rewritten by adding (14)
Fig. 7. Growth rate variation with initial MTS partial pressure

P. OK.P2 10 (Purs). (T=1300C, Pjjen=4.5 torr).
R:no(k2k21)1/2 H, %- 1" SiCl, 0
1+aP, A+K:Psic,0 80 ——
/2 I T 1 v T
PCI O K]_PéH | [
. 0 (17) 70} | m H, 1300°C .
1+bPg, [ +K; P 2
o CF P o [ | a n1s0%
where aki,/k N 60 i T
b: k,'/k ' 2 gl 1
If intermediate species of SiChnd CH are not g -
easily adsorbed, that is to say, if the reaction conktant g 40} .
and k;" is too small, the relations Pge, <<land O
K,' PéH <<1 are established. The content of, @ g 30r .
smaller than K since C} is produced only by 2 I
decomposition of the source. The simplified growth & 20f .
rate relation becomes £ [
Ky 10F g
R=Ko\Psie: Pes P (18) of
VIsicl, CH, 1+aPH2 S 4
P 0 4 8 12 16 20
where ko=, (K,k r)l/ZEI;'ZD Partial Pressure of Diluent Gas (P, torr)

[A+bPg, U
Fig. 8. Effect of partial pressure of sHon th/R2 (Tge=1300,
Since Pgic, andP,, are proportional to the partial 1150C, Rirs=1.67 torr).
pressure of ‘MTS, the above relation becomes

P relation of the growth rate to the partial pressure of H
R=ko KKP, Hy (19) at 1300C and 1158C. For easy comparison, equation
V MTS 1+aP
H, (19) can be rewritten as:

wherek andk’ : MTS decomposition rate P,
Relation (19) is the theoretical growth rate equation —22:A+BPHz (20)
that shows the effects of source and diluent gas on
deposition. Fig. 7 shows the relation of the growth rate
to the partial pressure of MTS. The growth rate is where A :1/KyKKPyrs
linearly proportional to the partial pressure of MTS B : alkokKP
irrespective of diluent gas species. Fig. 8 shows the : MTS
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