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The effect of input gas ratio on the growth
behavior of chemical vapor deposited SiC films
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In an effort to protect a RBSC (reaction-bonded silicon carbide) reaction tube, SiC films
were chemically vapor deposited on RBSC substrates. SiC films were prepared to
investigate the effect of the input gas ratios (dilute ratio, o = P42/ Puts = Qu2/Qmts) on the
growth behavior using MTS (metyltrichlorosilane, CH3SiCl3) as a source in hydrogen
atmosphere. The growth rate of SiC films increased and then decreased with the decrease
of the input gas ratio at the deposition temperature of 1250°C. The microstructure and
preferred orientation of SiC films were changed with the input gas ratio; Granular type
grain structure exhibited the preferred orientation of (111) plane in the high input gas ratio
region (o« =3-10). Faceted columnar grain structure showed the preferred orientation of
(220) plane at the low input gas ratios (e = 1-2). The growth behavior of CVD SiC films with
the input gas ratio was correlated with the change of the deposition mechanism from
surface kinetics to mass transfer. © 2001 Kluwer Academic Publishers

1. Introduction Si[1, 5]. The other is that high purity condition of the
Quartz glass tube has been commercially used in the irfurnace is hampered by the diffusion of impurities in
tegrated circuit (IC) industry for the furnace componentRBSC. To solve these problems, SiC film having high
[1]. SiO,, SisN4 and polycrystalline silicon films are purity is coated on the inside wall of RBSC tube for pro-
deposited not only on the silicon wafers but also on theective and diffusion barrier layer. SiC films from CVD
inside wall of reaction tube in the IC fabrication. As the (chemical vapor deposition) have advantages of good
deposits thicken, the difference of thermal expansioruniformity [6, 7], high purity, and stoichiometric com-
coefficients between the deposits and quartz glass tulygsition. CVD SiC films with different microstructure
caused the crack and flake of the deposits. The clearin multi layer make diffusion of impurities difficult by
ing process for removing flake leads to inventory costsincreasing diffusion pass of impurities. The microstruc-
From the last several years, SiC tube has been proposéare of CVD SiC films has relationship with deposition
as a replacement for quartz glass tube. SiC tube can rgarameters such as the deposition temperature, total
duce the crack and flake of the films on the inside wallpressure, and the input gas ratio [4, 8-12]. In order to
of reaction tube by the compressive thermal stress ofabricate multi layer with different microstructure, to
the deposits on SiC due to a significantly higher thermatontrol total pressure or the input gas ratio as a de-
expansion coefficient of SiC (44107°) than quartz  position parameter offers more productivity and cost
glass (5.0« 1077). SiC has also an excellent property advantages than deposition temperature [13]. Most of
in chemical behavior such as oxidation, corrosion andesearches on the microstructure [3, 4, 8-12, 14-16]
creep resistance at high temperatures as well as in méave been focused on the effect of deposition temper-
chanical behavior [2-4]. ature, not on the impact of total pressure and the input
RBSC (reaction-bonded silicon carbide) by the infil- gas ratio.
tration of the Si melt has been applied to reaction tube In the present work, SiC films grown on RBSC sub-
since it has little shrinkage after sintering. RBSC as astrates using MTS (metyltrichlorosilane) and hydrogen
reaction tube has two problems at elevated temperaare investigated. The purpose of this work is to explain
tures. One is that residual Si on the surface of RBSGhe influence of input gas ratio on the growth behavior
makes a reaction with the deposits because RBSC is aas well as on the microstructure of SiC films. A second
tually composed of roughly 85% SiC and 15% residualgoal is to find the optimum condition for multi layer
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2. Experimental details
The experiments were performed in a horizontal hot
wall reactor with a concentric double-tube structure, 06 L

which are composed of an alumina tube on the outside

and a mullite tube on the inside. The deposition appara--
tus was reported in a previous work [13]. MTS was cho- &= -09
senasasource precursor and hydrogenwas used as bo s
carrier and dilute gas. RBSC was used as a substrateg’

)
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which was fabricated by a continuous reaction sinter- g -2 [
ing process withw-SiC/graphite preform. The molten
Si supplied from molten Si pool was infiltrated into sl

a-SiC/graphite preform and dissolved graphite. Shortly
after molten Siinfiltrationg-SiC formed on the surface

n depositionrate

of graphite. The details of the RBSC fabrication process g .15 H N

were reported in Parkt al’s work [5]. The deposits A:t“’a“_c;”_i%ergy

were prepared under the following conditions; Input 2;4;35

gas ratios (dilute ratiog = Py2/ Puts = Qu2/ Qmrts) 21H ¢ 4=8:55

ranged from 1 to 10 at the deposition temperature of I (Kealf mol)

1250 C. Deposition temperatures ranged from 1050 —

to 1300C at the input gas ratios of 1, 4, and 8, '2‘46,2 64 66 68 70 72 74 76
respectively. Total pressure, MTS flow, and depo- AT (X10* 1/K)

sition time were fixed at 10 torr, 100 sccm, and

1 hour each. Figure 2 Arrhenius plots of CVD SiC films at various input gas ratios

The growth rate of SiC films was estimated by 24P =10t

measuring the weight gain during deposition. The

microstructure of SiC films was observed by SEM{[17, 18] because the MTS concentration increases with
(scanning electron microscopy) and TEM (transmisthe decrease of the input gas ratio. But in case of the
sion electron microscopy). The crystal structure wasoy input gas ratios, the tendency of the growth rate is
characterized by X-ray diffractometer. different from that in the higher input gas ratio region.
To interpret this discrepancy, we investigated the depo-
3. Results and discussion sition mechanism of both the higher and low input gas
Fig. 1 shows the variation of the growth rate as a functatios. Fig. 2 shows the Arrhenius plots of CVD SiC
tion of the input gas ratio at the deposition temperaturdilms at various input gas ratios. The variation of the
of 1250°C. As shown in Fig. 1, the growth rate is di- growth rate depends on the deposition temperature and
vided into two linear regions. In the higher input gasthe input gas ratio. The growth rate rapidly increased
ratio region § = 3-10), the growth rate increased with with the deposition temperature in the low temperature
the decrease of the input gas ratio. Going to the low€gion and saturated in the higher temperature region.
input gas ratiosd = 1-2), the growth rate decreased The deposition mechanism is controlled by the surface
with the input gas ratio. In general, the growth ratekinetics in the low temperature region, whereas that is
is directly proportional to the MTS concentration [17, controlled by the mass transfer in the higher tempera-
18]. The result of the growth rate in the higher inputture region [19, 20]. The transition temperature of the

gas ratio region is in good agreement with literaturesd€position mechanism changed with the input gas ratio
from about 1150C fora = 1 to about 1250C fora = 4.

At « =8, the transition temperature of the deposition
0.90 mechanism was estimated over 1300At the deposi-
tion temperature of 125C, the deposition mechanism
075 - of « =1 anda = 8 is controlled by mass transfer and
= surface kinetics, respectively.
The change of the deposition mechanism as shown
h in Fig. 2 is correlated with the variation of the growth
@ rate as shown in Fig. 1. The deposition mechanism is
controlled by the surface kinetics in the higher input gas
ratio region & = 3—10). Scet al. [10] reported that the
s L growth rate increases with the MTS concentration in
oy the surface kinetics regime. As the MTS concentration
R st m .y ° " increases, the growth rate increases due to the increase
nput gas ratio («=P,, /P, . . . . .
) of the intermediate reactive species bearing carbon and
Figure 1 The variation of the growth rate as a function of the input gas Silicon from the homogeneous decomposition of MTS.
ratio atT = 1250'C andP = 10 torr. Therefore, the deposition rate is directly proportional
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Figure 3 Plan view SEM image of SiC films as a function of input gas ratid at 1250C and P =10 torr. (a)a =1, (b)a =2, (c)a =3, and
d)a=4.

(a)

(b)

Figure 4 Plan view SEM image of SiC films with the deposition temperature in two series of the input gas ratio ((a), ¢ 1cnd (d), (e),
(f) @ =4) and constant total pressure of 10 torr. (a) TI5(b), (d) 1200C, (c), () 1250C, and (f) 1300C.
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to the MTS concentration. Going to the low input gaswith the decrease of the input gas ratio. The boundary
ratios ¢ = 1-2), or the higher MTS concentrations, the layer thickness has a strong effect on the variation of
deposition mechanism is controlled by the mass transthe growth rate in the mass transfer regime. Therefore,
fer. From the kinetic study of Loumageeal. [20], itis  the growth rate at the low input gas ratios decreases
predicted that the input gas ratio also changes the depty decreasing the input gas ratio because of the in-
sition mechanism at the certain critical temperature andrease of the boundary layer thickness. To confirm the
pressure. Inthe mass transfer regime, the gaseous diffeelationship between the input gas ratio and the depo-
sion of reactive species through a boundary layer is imsition mechanism, we observed the microstructure of
portant [4]. The boundary layer is defined as the regiorSiC films with the input gas ratio and the deposition
near the substrate surface where the gas stream velocitgmperature.

the concentration of the vapor species and the temper- Fig. 3 shows plan view SEM images as a func-
ature are not equal to those in the main gas streantion of the input gas ratio at the deposition temper-
Since the boundary layer thickness increases with thature of 1250C. The microstructure of SiC films was
increase of temperature and the decrease of total preshanged from the hemispherical granular type structure
sure [19], the deposition mechanism with the increasé¢o the faceted columnar structure by decreasing the in-
of temperature is changed from the surface kinetics tgut gas ratio. The surface morphology of SiC films with
the mass transfer. From the change of the depositiothe deposition temperature shown in Fig. 4 was also
mechanism with the input gas ratio, it can be considchanged from the hemispherical granular type struc-
ered that the boundary layer thickness also increasdsire to the faceted columnar structure with the increase

(a)

(b)

Figure 5 Cross-sectional view bright field TEM images of SiC films in two series of the input gas ratio ((a), (R)}=(t)and (d), (e), (flx=4) at
T =1250C andP =10 torr. (a), (d) bottom region, (b), (e) middle region, and (c), (f) top region.

1698



(a)

45pm

)

Al

i y e =
LA AT I
U B P

) |
(i) “m S IS S S S
d i T :
e e o R A

W]

I
I

Figure 6 Schematic illustration of the microstructure from the cross-sectional TEM imafe=et250 C andP = 10 torr. (a)a =1 and (b)x = 4.

of the deposition temperature. The transition tempera- B T.C(111)
ture of the microstructure was slightly higher than that ] T.C 220
of the deposition mechanism in both caseref 1 and 18 | .C (220)

a =4. The microstructure of SiC films by CVD pro-
cess strongly depends on the deposition temperatur
and mechanism [3, 12, 14]. In general, the mass trans 4 5
fer regime shows larger faceted columnar grains and the
surface kinetics produced stratified textures and fine
grain sizes. In the mass transfer regime, the mobility
and the diffusion of reactive species are important [12]. € 2
The faceted columnar grain structure is formed in the%
mass transfer regime because reactive species find sta%
ble growth sites such as re-entrant edges and steps. | o.s
the surface kinetics regime, the microstructure of the o
films have the uniform nucleation and stratified tex- 2
tures due to the small mobility of adsorbed atoms on @
the surface. Therefore, the change of the microstructure
with the input gas ratio is related with the deposition
mechanism.
TEM was used to confirm the microstructure of a 03
faceted structure and a granular type structure. Figs £
and 6 show the cross-sectional TEM images and the
schematic illustration of as-grown SiC films, respec- ¢p
tively. The faceted columnar structure having the twin =1 =2 =3 =4
planes appears at=1 (Fig. 5a, b, and c). The twin Input gas ratio
planes are formed from the stacking fault @4SiC.
The stacking fault occurs when two nuclei coalescedrigure 7 Comparison of texture coefficient with the input gas ratio at
and rotate into precise twin relationship [3]. The spher-T =1250 C andP =10 torr.
ical granular type structure which consists of fine grains
shows the stratification structure near the substrate &lyectively. The variation of the texture coefficient with
« =4 (Fig. 5d). As films thicken, the microstructure of e jnput gas ratio is shown in Fig. 7. The texture of
SiC films is changed from the spherical grain growthiims was the preferred orientation of the (111) plane
(Fig. 5d) to the radial grain growth (Fig. 5f). This vari- i the higher input gas ratio region, whereas the pre-
ation of the growth mode at =4 is not clearly under-  ferreq orientation of the (220) plane increased at1.
stood yet but will be discussed in the further work.  The microstructure of the films affects on the preferred
X-ray diffraction analysis was performed to deter- grientation of the films. Kim [16] reported that the de-
mine the crystalline phase and preferred orientation ofe|opment of a (220) preferred orientation is correlated
films. The diffraction planes gf-SiC, i.e., (111), (220)  yijth the formation of a faceted structure. Such phe-
and (311) planes, were obtained in the films depositeflomenon was also shown in our experiment. Conse-
at the deposition temperature of 1280 Preferred ori- ¢ ently, the variation of the input gas ratio at the certain
entation was estimated by texture coefficieiC(hkl))  temperature as well as the variation of the deposition
using the Harris method [21]: temperature induces the transitions of the microstruc-
ture and the preferred orientation.

0.6

lhity/ T ohkiy

%Z [k /1o ]

where, |k, lonkyy, andN are the measured intensi- 4. Conclusion
ties of the films, the standard intensities (from JCPDSSIC films prepared by changing the input gas ratio
file) of powdered SiC, and the number of reflections, reshowed the variation of the growth behavior that was

TC(hKl) =

(1)
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correlated with the deposition mechanism. As the in- 5.
put gas ratio decreased at 1280the growth rate in-
creased in the higher input gas ratio regier{3-10),
but the growth rate decreased at the lower input gas ra-"
tios (@ = 1-2). In the higher input gas ratio region, the 7.
deposition mechanism is controlled by surface kinetics.
At the lower input gas ratios, mass transfer through the8.
boundary layer affected to the growth rate. The change
of the deposition mechanism from surface kinetics to 4
mass transfer also had an effect on the change of mi-

crostructure and texture from the granular type structureo.
showing the preferred orientation of the (111) plane toll.
the faceted columnar structure showing the texture of?

(220) plane.
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