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Ge composition in Si ;_,Ge, films grown from SiH ,Cl,/GeH, precursors
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A simple model for the Ge composition in;Si,Ge, films grown from SiHCl,/GeH, precursors is
developed on the basis of adsorption and desorption kinetics for the intermediate temperature range
(600 °C<T<900 °Q. For this system, the solid phase composition of §Gds related to the gas

phase composition ratio of the two source ga&shy x?/(1—x)=constank G, which contrasts

with the conventional relationship/(1—x)=constank G, that is known for Sikd/GeH, chemical

vapor deposition. The proportionality constant depends not only on temperature but also on
pressure. The model compares well with the experimental data in the literaturB00@®American
Institute of Physicg.S0021-89780)04819-3

I. INTRODUCTION Much less is known when the silicon source gas is
) o ) . _ SiH,Cl,. For this SiHCl,/GeH, system, ltoet al* assumed

Si—,Ge, epitaxial layers have been extensively investi-ih4; the reaction order for Sigl, adsorption is twice that
gated because of their potential application to heterojunctio,: e, adsorption. Their model for the germanium content
bipolar transistors and other heterojunction devices. Muchy, ihe grown film is quite satisfactory but it is not applicable
work has been carried out to clarify the kinetics of the epi-ty other experimental data, as was the case with the

. . . 1_3 . . i)
taxial growth with SiHf and GeH.™™ For this SiH/GeH,  gjy,/GeH, system. For a rather thorough kinetic model with
system, it is well known that i desorption is the rate- gjy c|,/GeH, system, the reader is referred to the work of
limiting step at low temperature but hydride adsorption conieriemannet al®
trol_s the rate process at high temperaﬁﬁé\lthough chlo- When the process temperature is high enough, i.e.,
rosilanes are frequently used fon SjGe, film growth, very 1900 °C| the adsorption is a rate-limiting step and purely
few studies have examined the details of kinetics of th%dsorption—limited growth can be obsenfeh this case, the

. . 4-8 y

growth with SiHCl, and Ger. _ , _ majority of the surface sites are free and deposition is limited
~ One of the major quantities of interest in the depositiony, the sticking coefficient of the arriving molecules. On the
is the composition of Ge in the grown film and its depen-qiher hand, if the temperature is lower than about 600 °C, the
dence on growth conditions. For the GikbeH, system, sev-  ygpqsition is desorption limited. In this case, the desorption
eral authors found that the film composition did not changg,s H, and Cb, and HCI controls the growth rate. In the
with temperaturé:® They attributed this behavior to weak jntermediate temperature range of 600—900 °C, therefore, ad-
temperature dependence of the reactive sticking coefﬂmergorption and desorption steps are equally important and both

ratio of silane to germane that they claim to determine thginetics should be considered to completely describe the
temperature dependence of the germanium content. This "eposition behavior.

tio has been found to be constant over a limited range of the " |, this article. we consider both adsorption and desorp-
germanium contert. A generally accepted relationship be- (o kinetics and present a simple model for the Ge compo-
Fween the germanium fraction and the gas phase compositiaion in Si_,Ge, films for the SiHCI,/GeH, system for the

3
IS intermediate temperature randé00 °C<T<900°Q. The
model is applicable to all chemical vapor deposition systems
X PGe, regardless of the microstructure of the film.
——=m : (o
1-x Psin,

wherePg;y, andPgeyy, are the partial pressures of silane and!l- MODEL AND COMPARISON WITH EXPERIMENTS

germane, respectively, and the constans between 2 and 5 From the gas phase, molecular species of,Sikland
depending on individual experiment. Equatiti) has suc- GeH, can adsorb onto the surface in two ways. The species
cessfully been used to describe various experimental data fean adsorb in its original or in decomposed form, i.e., SiCl
the SiH,/GeH, system. However, the correlation is limited to and GeH. Both cases should be considered to completely
a given set of experiments. Moreover, Ef) is not appro-  describe the film growth. According to computational chem-
priate for the SiHCl,/GeH, system. istry calculation&®** and experiment¥? the most probable
decomposition pathways of SjBl, and GeH are

3Author to whom all correspondence should be addressed; electronic mapiH2Clo—SICh+H, and Ger—>G_e|'b+H27 respectively.
address: honghlee@snu.ac.kr Therefore, we can write the reaction scheme as
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Ka,SiH,Cl, Kg,cl
SiH,Cly(g)+v ——— SiH,Clx(s)+nGe(s) —— Si(s), F ()
(2a) [

625°C,B=3.943

Kd,siH,Cl,

SiH,Cly(g) <— SiCh(g)+H(g)

01f
700°C,B=1.26

Ka,sict, kd.cl

El
SiCly(g) +v —— SiCly(s)+nGegs) —— Si(s) (2b) Sl
e L

800°C,B=0.194

for dichlorosilane and

'y

ka,Gel—L1 Kd.H

, 900°C,B=0.038
GeHy(g)+v ——— GeHy(s) ——— Ge(s) (33

0001 |

Kd,GeH, I s

GeHy(g) <— GeH,(9)+H,(9)

0.0001

0.00 0.02 0.04 0.06 0.0

ka,GeH2 kd,H
GeH,+(g)+v —— GeH,(s) —— Ge9) (3b)

for germane, where is the vacant site on the surface. We
assume in Eqgs(2) and (3) that H, and HCI adsorption is
negligible compared with that for Si and Ge adspecies. There
are two possible ways for an adsorbed Cl atom on a Si atom
to desorb from the surface. One is the direct desorption by
breaking bond with Si and the other is the desorption from a
Ge atom by migrating to the neighboring Ge site due to the
high activation barrier involved in desorbing directly from
the Si atom'3 These are competing processes and the media-
tion of Ge in Cl desorption in reactiorf2a) and(2b) can be
viewed as an additional pathway to direct desorption from
Si. In this light,n may be allowed to take values between 0
and 1, which reflects the extent to which the Cl desorption I
contributes through migrating to neighboring Ge site. S T S

The Ge composition in the film is given by 00 005 o0 G 015 020 028
R(Ge) 10
X~ RS)TRGE’ @ - ©
where R(Si) and R(Ge) are the growth rates of Si and Ge [ B=9.61x10xexp(1.55¢V/KT) *

sites, respectively. Based on the kinetic steps of E2)sand
(3) and the fact that the Ge on the surface mediates the ClI
desorption from the adsorbed R(Si), and R(Ge) can be

derived to give o
=
R(S)= (Ka,sin,c1,Kd,crt MKy sinyci,Ka, sic,Ka, ci/[H2]) ; & = 1.17 10% exp(0.61e V/KT)
X (1~ ¢)Psin,ci,[ Gel", (5 o1
R(GE)= (Ka,gen,Ka, 1T M Ky gen,Ka cerpKa,H/[Hz]) p
X (1= ¢)Pgen, 6)
where 1 ¢ is the total concentration of the vacant sites, 001 oo; . ; . !
and m" (0<m,ni<1) are the fractional contributions of ' ' '1/11-0 oo ooz

decomposition-mediated adsorption for Si and Ge, respec-

tively, and[Ge] is the composition of Ge in films, which is -

he Cl d tion oceurs throuah two path can FIG. 1. Best fitting parameters of and 8 are chosen at each temperature
Ast .e esorpt u ugh two p stfﬁi@l for (a) high (P>200 Torp and (b) low (P<20 Torr deposition pressure
be given by assumingn=1. Arrhenius plots for the activation energies are giveficin
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05 xn+1
L 10 1-x =AG, (10
04 ash whereg is defined as
Kd,Ge I(a,Ge kd,H
[ oSt B= Fh i . (11
& Ka,sin,cl,Ka,siclKd,ci
03 fF Roal . . . . .
? o Some data available in the literature involving St
= I al and GeH%®?'have been analyzed to test E¢®).and(10).
~ The best-fit parameterg and 8 have been chosen at each
B temperature assuming=1 and an Arrhenius plot has been
| made using these values at various temperatures to determine
the activation energy. Physically, anvalue of unity means
01k that one Ge atom is involved for the Cl desorption and every
Cl atom should migrate to the neighboring Ge site to desorb.
- This is quite an overestimation amdnay lie between 0 and
1. It is possible to adjust the value ofto fit the individual
0.0 == O il gyperiment. Figure 1 shows the procedure taken to oltain
0.0001 0.001 0.01 01 and g as a function of temperature and pressure. To find the

G B region where the predominant adspecies is 5ilGlver pres-
FIG. 2. Comparison of Eq(10) (solid curve with the literature data for sure data have been successively added_ in the analysis with
SiH,Cl, high pressure chemical vapor depositian: 625 °C,l: 700 °C.@:  the result that the data for the pressure higher than 200 Torr

800 °C, andA: 900 °C. Data points are from Refs. 1625°Q; 16, 17  can well be represented by
(700-900 °Q; and 18(625-900 °Q. Inset shows the best-fit result of the 9
conventional model. ﬂ: 9.61x10 eXF( 1.55 eV,kT), P>200 Torr. (12)

The calculated values based on E@€) and(12) are com-
pared with the experimental data'®in Fig. 2. Also shown
Ka o= (1= )Kg c(S)+ nky ¢i(Ge), 7) in the inset_ of th_e figure is_ the rep_resentation _by the conven-
tional relationship, for whicm=0, i.e., no Ge involvement
whereky c(Si) is the rate constant for Cl desorption from Si in CI desorption. It is clear from the figure that the conven-
site andky c(Ge) is for Cl desorption from Ge site. tional relationship does not represent the data well. Although
It is cumbersome to use the above rate expressions fahere is some deviation for the lowest temperature data
each set of experiments due to many fitting parameters. InthighestGg), the comparison shows a very good correlation
stead, we investigate two limiting cases for low and highfor n=1.
deposition pressures. The literature data not included in Fig. 2 are those for the

First, in the low pressure regime where the pressure igressure lower than 20 Torr. The same analysis as in the
smaller than about 10 Torr, gas-phase chemistry is insignifigbove gives

cant such that a considerable amount of molecular species of s
SiH,Cl, and GeH adsorb onto the surface without decom- ~ ¢~ 1.17X10°exp(0.61eVkT), P<20Torr. (13

position due to the long mean free path™!#In this casem  The same type of comparison as in Fig. 2 is shown in Fig. 3
andm’ should be close to zero. Therefore, insertion of Eqsfor the low pressure daf2®>*~?'where Eqs(8) and (13)

(5) and(6) into Eq. (4) and rearrangement gives have been used for the calculated values. The comparison is
Y+ also satisfactory although it is not as good for the lowest
T aG, (8)  temperature data.

—X

In the high pressure region where the main adspecies is
where G is the gas phase composition ratio SiCk, the activation energy of the decomposition reaction

(=Pgen./Psin CI2) and « is defined as should largely be responsible for the energeticfThe
s 2 . . . . .
activation energy of dichlorosilane is reported to be 3.33
Ka,Ger,Kd,H eV'%and that of germane is 2.32 éVTherefore, the energy
a= ©) difference due to the decomposition reactions includeg in

Ka sivcrKa
&Sl ¢l is 1.01 eV. Since the adsorption energy difference is about

The value ofe may be different for different reactor geom- 0.1 eV* and the desorption energy different between
etry, source-gas composition, surface condition, and so onky ¢(Ge) andky 4(Ge) is about 0.48 eV the combined

When the pressure is relatively high, i.e., higher thanvalue of 1.59 eV is obtained. This value is very similar to the
about 100 Torr, source gases should decompose by collisioil.55 e\j determined for the high pressure regidy. (12)].
due to very short mean free pafht! In this case, decom- Similarly, the overall activation energy difference of
posed species adsorb on the surface sorthandm’ should (0.61 eV} determined for the low pressure region is very
be close to unity. In this high pressure regime, therefore, welose to 0.58 eV, which is the combined value of adsorption
have energy difference and desorption energy difference.
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0.5 IlI. CONCLUDING REMARK

In summary, we have shown that simple adsorption and
desorption kinetics together with Ge mediation of Cl desorp-
tion from the surface yield a relationship for Ge composition
for SiH,Cl,/GeH, system, covering 600 *€T<900 °C and
full pressure range. The model is very simple and easily
applicable to most experiments.
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