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Abstract 

A detailed computer model which predicts etch rates and spatial uniformity for chemical vapor etching of GaAs with 
CH3I in a vertical rotating-disk organometallic vapor phase epitaxy (OMVPE) reactor has been developed. Etch rate 
predictions compare favorably with experiments performed in the vertical reactor at several temperatures ranging from 525 
to 590°C and CH3I mole fractions from 0.005 to 0.050 in an H 2 carrier gas. Agreement between the data and the model 
verifies our earlier assertion that gas phase decomposition of CH3I is the rate-limiting step, and that the etchant species are I 
and to a lesser extent CH 3 radicals. Predictions further show that radial etch rate uniformity improves from a 5% variation 
over 50% of the substrate at low rotation (20-100 rpm) to a 5% variation over 80% of the substrate at 500 rpm. Increasing 
rotation rate also reduces the etch rate, a result that is in contrast to earlier results for OMVPE growth from TMGa and 
AsHy These contrasting results arise because growth is rate limited by gas phase diffusion of TMGa, whereas CH3I vapor 
etching is rate limited by gas phase decomposition of CH3I. 

1. Introduct ion 

Chemical vapor etching of semiconductor materi- 
als is a potentially valuable process for in situ use in 
organometall ic vapor phase epitaxy (OMVPE). With 
a viable in situ etch complementing epitaxial growth, 
OMVPE could be more conveniently applied to the 
fabrication of  nonplanar G a A s / A 1 G a A s  devices for 
which ex situ etching would lead to aluminum oxida- 
tion and a subsequent lowering of  device perfor- 
mance. In our previously reported studies of vapor 
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etching of  GaAs and AlGaAs by CH3I, it was shown 
that (100)GaAs and A1GaAs could be etched 
smoothly at temperatures below 500°C, which is 
lower than for most previously studied vapor etches 
[1]. Furthermore, (100)GaAs surfaces etched by this 
process were suitable for OMVPE growth of  high 
quality GaAs [2]. 

In this paper, a detailed model for CH3I vapor 
etching in a vertical rotating-disk reactor is pre- 
sented. The model is based on a previous one for this 
reactor [3], and has been extended to include 
C H 3 I / H  2 gas phase reaction chemistry and radia- 
tive heat transfer. The reactor has the main advan- 
tage that deposition can be achieved with a high 
degree of  radial uniformity through adjustment of  the 
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disk rotation rate. Favorable comparison between the 
etch rates predicted by this model and those mea- 
sured experimentally validates the model and further 
supports our previous assertion that the etch rate is 
controlled by gas phase decomposition of CH3I [1]. 

2. Model formulation 

A schematic of the vertical rotating-disk reactor 
system is shown in Fig. 1, and the specific details of 
this design have been described elsewhere [4]. The 
main characteristic dimensions are a 10 cm tube 
diameter, a 6.7 cm susceptor diameter, and a 15 cm 
inlet-to-susceptor distance. Details of the numerical 
model formulation [3] are summarized here. The 
model is a finite-element representation of the reac- 
tor in two dimensions assuming axial symmetry, and 
includes the equations for momentum, energy, and 
mass transport. The approach used to perform the 
calculations takes advantage of the fact that the 
reactant (CH3I) is present in only dilute amounts 

(0.005-0.05 mole fraction) with most of the gas 
being H 2. This allows heat of chemical reaction 
effects to be ignored and velocity/temperature cal- 
culations to be decoupled from reaction/mass trans- 
fer computation. In practice, the velocity and temper- 
ature fields are first computed and serve as inputs to 
a separate reaction/mass-transfer model. The current 
developments of this model have incorporated ef- 
fects of radiative heat transfer on the computed 
temperature field and the mass transfer equations 
have been extended to handle multi-component sys- 
tems with gas phase chemical reaction. Surface con- 
sumption rates of etchant species are treated in a 
probabilistic fashion through the use of reactive 
sticking coefficients. 

2. I. Floe' and temperature equations 

The following equations are used to describe the 
flow and temperature fields in the vertical rotating- 
disk reactor. 

Conservation of momentum: 

STAINLESS 
MESH 

GAS L 
,.LET " * /  Y- -  

QUARTZ 
TUBE " ' "~[  

SUBSTRATE 

\ /  
RF C) ~ 0 

0 ° 

EXHAUST ~ EXHAUST 

0-1000 rpm 

Fig. 1. Schematic of vertical rotating-disk reactor. 
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where p is the gas density, v is the velocity vector, 
p is the pressure, /z is the gas viscosity, 4/ is the rate 
of strain tensor, g is the gravitational constant, and 
e. is the unit vector in the z-direction. 

Conservation of mass: 

V. ( p ~ )  = 0. (2) 

Equation of state: 

p = p M / R o T ,  (3) 

where M is the average molecular weight of the gas 
and R C is the gas constant. 

Conservation of energy: 

gas: pCpv.  V T = v .  V p + V . ( k g V T ) ,  (4) 

wall: V. (kwVr,, = 0), (5) 

where Ct, is the gas heat capacity, kg is the gas 
thermal conductivity, k w is the reactor wall thermal 
conductivity, and T,~. is the wall temperature. 
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Boundary conditions: 
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r = R  w , (6) 

aT 
- kw-h r  = H T ( T -  To) + o-ew(T 4 - T(4), r = R. 

(7) 
Eqs. (6) and (7) are the heat transfer boundary 
conditions at the inside and outside of  the reactor 
tube walk respectively. H T is the outer wall heat 
transfer coefficient which is estimated from standard 
correlations for free convection around a vertical 
cylinder, T O is the ambient temperature, and o- is the 
Stefan-Boltzmann constant. Eq. (6) is written for 
each surface element of the reactor wall (k) where 
Ggk is the Gebhart factor between the surface ele- 
ments k and j; T/, T k are the temperatures of  surface 
elements j and k; e i, e k are the diffuse gray body 
emissivities; and A;, A k are the surface areas, The 
N surface elements ( j )  include all of the internal 
reactor surfaces. The last term in each of Eqs. (6) 
and (7) represents heat transfer due to radiation from 
the reactor inner surfaces to the inner wall and from 
the outer wall to the ambient, respectively. For these 
calculations, the quartz tube wall is treated as an 
opaque, diffuse gray body and the gas inside the 
reactor is considered to be transparent to radiation. 
The remaining boundary conditions are the no slip 
velocity condition at all solid surfaces, the ambient 
temperature T O and the uniform velocity field at the 
reactor inlet, v ( r , O , z ) =  (O,O, vi). Finally, the flow 
and temperature fields are assumed to be fully devel- 
oped at the reactor outlet. 

2.2. Multispecies conservation 

For mass transport by convection and diffusion 
and gas phase chemical reactions, the following 
species conservation equation is solved for n compo- 
nents in terms of weight fractions (yi): 

{ av ) 
Pt .--~t + P ( v ' V Y i ) = V ' [ D i P V y i + D T V ( l n T ) ]  

+R,, (8) 

where R i is the net reaction term for species i (i.e., 
the net consumption and production of  species i 
from the full set of gas phase chemical reactions 
considered). D~ is the binary diffusion coefficient 
and D T is the thermal diffusion coefficient for species 
i. The dilute species approximation is implicit in this 
formulation, i.e., the gas density ( p )  is assumed to 
be independent of  y~. 

2.3. Surface reaction boundao' condition 

The expression for describing finite surface reac- 
tion rates R~u r is 

°'i Yi PRG T 

R~ur(i)- V/,27.rmiRG T , (9) 

where o- i is the surface reaction probability (a value 
between 0 and 1) which is multiplied by the surface 
collision frequency for species i, a result derived 
from kinetic theory where mj is the molar mass of  
species i and R s is the ideal gas constant. The 
values for the o- i are unknown and, depending on the 
exact nature of the surface reaction kinetics, may 
have complex dependencies on variables such as 
surface temperature and coverage. In these calcula- 
tions it is usually assumed that o- i = 1 for etchant 
species, resulting in an upper bound prediction for 
etch rates. In addition, the effect of  varying o- i 
between 0 and 1 has been examined. The surface 
boundary condition for each component (i) is ob- 
tained by balancing Eq. (9) to the gas phase supplied 
flux to the reacting surface: 

Oyi a(ln T) 
Di 13 "~.Z. -[- DTi OZ Rsur(1)' (10) 

It is important to note that desorbing products are not 
accounted for in this formulation. In other words, 
adsorbed species are simply considered to disappear 
at the surface according to the kinetics described 
above. Etch rate is computed from the solid density 
of  GaAs and the surface reaction stoichiometry. For 
the present application of this model to describe 
CH3I vapor etching, this approximation will be valid 
since gas phase reactions are expected to be rate 
controlling. A failure of this assumption will be 
evident if the predicted etch rates are substantially 
higher than experimental values. 
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2.4. Computational details 

Eqs. (1)-(10) are solved using standard Galerkin 
finite-element methods. A 20 X 80 computational 
domain is shown in Fig. 2 and consists of rectangular 
elements. The mesh is refined near the reactor inlet 
and at the susceptor boundaries. Above the suscep- 
tor, successive geometric refinements in the z-direc- 
tion are used as this is where the sharpest concentra- 
tion gradients are expected to be encountered. The 
reactor wall is represented by the two outer elements 
in the radial direction. Velocity, temperature, and 
concentration fields are represented by biquadratic 
polynomials and the pressure field by bilinear poly- 
nomials. 

Gas viscosity, heat capacity, and thermal conduc- 
tivity are assumed to be those for pure hydrogen. 
The binary species diffusion coefficients (D i, for 
species i in hydrogen) used in these calculations are 
estimated using standard methods and account for 
temperature and pressure dependences. Values for 
thermal diffusion coefficients and their temperature 
dependences are estimated using the technique re- 
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Fig. 2. Finite-element mesh used for calculations. 

ported by Holstein [5]. Gray body emissivities were 
assumed to be 0.1 for the molybdenum susceptor, 
0.3 for the stainless steel inlet, and 0.8 for the quartz 
walls. The emissivity of the GaAs wafer which was 
present on top of the molybdenum susceptor during 
the etch experiments described in Section 3 has been 
neglected since only small wafers (1 × l cm) were 
used. 

3. Experimental procedure 

Two types of experiments were performed using 
the vertical rotating-disk reactor for purposes of 
comparison with model predictions. The first were 
measurements of the external reactor wall tempera- 
ture under nonreacting conditions in order to inde- 
pendently verify the heat transfer component of the 
model. The second were measurements of etch rates 
of GaAs by C H 3 I / H  2 as a function of temperature 
and CH 31 concentration. 

For measuring external wall temperatures, a 
chromel-alumel thermocouple junction was directly 
contacted with the outer reactor wall and held in 
place by a thin quartz rod. The thermocouple junc- 
tion itself was formed by welding the ends of chromel 
and alumel wire into a bead which was then flattened 
out. With this arrangement, conduction of heat away 
from the junction is not expected to be significant. 
The susceptor temperature was measured by a ther- 
mocouple inserted into the bottom of the molybde- 
num susceptor. Etch/growth temperatures bad been 
previously verified to be accurate by comparison to 
surface optical pyrometer measurements [4], During 
these experiments, a constant flow of hydrogen to 
the reactor was maintained at 10 slpm, the reactor 
pressure was 0.2 atm, and the disk was rotated at 450 
rpm. Wall temperature measurements were taken at 
several different positions above the top of the sus- 
ceptor. The susceptor temperature was varied from 
500 to 800°C. 

The CH3I vapor etching experiments in the verti- 
cal rotating-disk reactor were performed under the 
following conditions. The total hydrogen flow to the 
reactor was l0 slpm, the reactor pressure was 0.2 
atm, and the susceptor was rotated at 20 rpm. These 
operating conditions assure that the flow is laminar 
and free from any convection-driven recirculation 
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[6]. The etch temperature ranged from 525 to 590°C, 
and CH3I concentrations from 0.005 to 0.05 mol 
fraction. The substrates were GaAs epilayers which 
were previously grown by OMVPE over a thin 
A10.4Ga06As marker layer on a GaAs substrate. Etch 
depths were determined by comparing the remaining 
GaAs epilayer thickness to the original value. Epi- 
layer thicknesses were measured with a mechanical 
stylus after removing a portion of the remaining 
GaAs epilayer by masking and selectively etching 
the unmasked GaAs down to the AIGaAs marker. 

4. Verif icat ion of  extended heat transfer mode l  

Since temperature and velocity fields are com- 
puted independently of the mass transfer and chemi- 
cal reactions, temperature field computations were 
experimentally verified. In a previous study in a 
horizontal OMVPE reactor, verification was done 
directly by comparing model predictions to internal 
hydrogen gas temperatures which were measured by 
2-dimensional Raman spectroscopy [7]. However, 
since we lacked the apparatus required to make such 
measurements, a simpler and less direct verification 
of the model was performed. Our approach was to 
compare predicted temperatures of the reactor outer 
wall to those measured with a thermocouple. This 
comparison provides an indirect verification of the 
model predictions of internal gas temperatures since 
the outer wall temperatures and internal gas tempera- 
tures are interdependent quantities. 

Simulations were performed at conditions identi- 
cal to the experiments. The results of the comparison 
between the model and the experimental data are 
shown in Fig. 3. Excellent agreement between the 
data and the model predictions is demonstrated, indi- 
rectly confirming the heat transfer component of the 
model. Further simulations indicate that the wall 
temperature is nearly insensitive to susceptor rotation 
rates of 20 to 500 rpm. 

5. CH3I  vapor  etching 

5.1. Gas phase and surface chemical reactions 

A set of elementary reactions that describe the gas 
decomposition chemistry for CH3I vapor etching is 

based on the assumption that free radicals produced 
during decomposition are the etchant species. The 
reaction set includes details about reactions that both 
produce and consume free radicals, especially I and 
C H  3 . 

The thermal decomposition of CH3I diluted in Ar 
and other noble gases has been studied in a shock 
tube over the temperature range 1050-1500 K [8,9]. 
These are the only known studies to date of the 
thermal decomposition of CH3I. Based on the CH3I 
decomposition reaction sequence proposed in these 
earlier studies, the following elementary reaction 
sequence, which additionally considers reactive ef- 
fects of a hydrogen carrier, was assembled: 

CH3I + M ---) CH 3 + I + M, (R1) 

I + CH3I ~ 12 + CH3, (R2) 

12 + M ~ 2 I +  M, (R3) 

2I + M --* 12 + M, (R4) 

2CH 3 ~ C 2 H  6 , (R5) 

CH 3 + H 2 ~ CH 4 + H, (R6) 

I + H 2 ~ HI + H, (R7)  

2H + M ~ H 2 + M, (RS) 

CH 3 + CH3I ~ CH 4 + CH2I, (R9) 

I + CH3I ~ HI + CH2I, (R10) 

2CH2I ~ C2H4I 2 , (RI 1) 

H + HI ~ H 2 + I, (R12) 

H + CH3I ~ H 2 + CH2I, (R13) 

H + 12 ----) HI + I. (R14) 

The rate parameters for these reactions are re- 
ported in Table 1 and were obtained from several 
references. The rate parameters for reactions (R10) 
and (R13) were unavailable in the literature and were 
estimated by analogy to related hydrogen abstraction 
reactions from ethane. 

A number of calculations were performed using 
this full set of reactions. However, it was determined 
that for predicting etch rates from I and/or  C H  3 

radicals the reduced set of reactions (R1)-(R6) suf- 
ficed. It was verified that this reduced reaction set 
predicted etch rates from I and/or  C H  3 radicals 
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Fig. 3. Wall temperatures predicted by vertical reactor model 
(solid curves) versus measured wall temperatures (symbols). 

reactor wall by Auge r  electron spectroscopy revealed 

two major  deposits,  one which pr imari ly  contained 

Ga and I and the other  which was pr imari ly  e lemen-  

tal As [10]. Gaseous  etch products  were undetectable  

by quadrupole  mass spectroscopic  examinat ion  of  

the exhaust  gas from the reactor. The fo l lowing  

surface reactions are therefore assumed:  

2GaAs~)  + 21(,) ~ 2GaI( , . )+ AS2(v~, ( S I )  

2GaAs(~) + 2CH3(v) ~ 2GaCH3(v) + As2(v). ( $ 2 )  

This surface mechan i sm is consistent  with that estab- 

l ished for CI 2 etching of  GaAs  under high vacuum 

condit ions where for temperatures  in excess  o f  450°C, 

the etch products  are seen to be GaC1 and As 2 [15]. 

5.2. Comparison o f  model  predict ions o f  etch rates 

with experiments and additional studies 

within 1% of  those predicted f rom using the full 

react ion set. 

One goal o f  this mode l ing  work  is to test the 

model  for CH3I  vapor  e tching of  GaAs  that had been 

deduced in an earl ier  study [1], where it had been 

proposed  that free radicals p roduced  by the decom-  

posi t ion of  CH3I  in the gas phase react with solid 

GaAs  to form volat i le  etch products.  Examina t ion  of  

the solid etch products which were  deposi ted on the 

The results of  the exper imental  CH3I  etch studies 

in the vert ical  reactor are shown in Figs. 4a and 4b 

and are compared  to etch rates predicted by the 

model .  General ly ,  for similar  etch temperatures  and 

C H 3 I  mole  fractions,  etch rates in the vertical  reactor 

were 2 0 - 3 0  t imes lower  than for the same mole 

fraction of  C H 3 I  in the horizontal reactor operated at 

a tmospheric  pressure [1]. These  differences can be 

expla ined in the context  of  gas phase decompos i t ion  

Table 1 
Elementary reactions considered for the decomposition of CH3I in H 2 

No. Reactants Products log ~o A E ~ / R  B Ref. 

1 CH31 + M CH 3 + I + M t5.4 21439.36 0 [8] 
2 I + CH3I 12 + CH 3 14 9964.771 0 [8] 
3 12 + M 21 + M 13.99 15299.45 0 [8]* 
4 2 I + M  I2+M 0 
5 2CH 3 C2H 6 14.1 0 -0.4 [13] 
6 CH 3 + H 2 CH 4 + H 11.93 5485.657 0 [13] 
7 1 + H 2 HI + H 12.75 16809.26 0 [14] 
8 2H + M H~_ + M 17 0 -0.6 [13] 
9 CH 3 + CH3I  CH 4 + CH2I 12.5 5083.04 0 [8] 
10 I + CH3I HI + CH2I 13.25 17614.49 0 est. 
11 2CH 21 C2H4I 2 14.1 0 - 0.4 [8] 
12 H + HI H e + I 13.7 352.2899 0 [14] 
13 H + CH3I H 2 + CHd 14.5 6039.255 est. 
14 H + 12 HI + 1 14.6 0 0 [12] 

Constants are for rate expression of the form k = AT%xp(-  E */RT). 
Rate constants for reactions 10 and 13 were estimated by analogy to related H abstraction reactions from methane taken from Ref. [12]. 
Rate of reaction 4 is determined from thermodynamics (reverse of reaction 3). 
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control. The initial decomposition reaction (R1) is 
pressure dependent and therefore decomposition rates 
are expected to be roughly 5 times lower because of 
the lower operating pressure (0.2 atm) of the vertical 
reactor compared to atmospheric pressure operation 
of the horizontal reactor system. The CH3I partial 
pressure is also 5 times lower in the vertical reactor. 
For these calculations, the values assumed for o- l 
and O-cH ' were the largest possible, 1.0, and consid- 
ering the reaction stoichiometries assumed (S1, $2) 
these predictions represent upper bound estimates on 
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etch rates from these free radical species. As can be 
seen in Fig. 4, the quantitative agreement between 
the experimentally measured and predicted etch rates 
is better for the case of  I as the etching species. The 
predictions for etching by CH 3 are significantly lower 
than experimental etch rates, ruling out CH 3 radicals 
as the primary etch species. The error bars shown in 
Fig. 4 represent errors inherent in the Dektak mea- 
surements of etch depth and are relatively° large 
because of the small etched depths ( ~  1000 A total 
material removed) compared to the accuracy of the 
Dektak ( + 200 A). 

The dependence of predicted etch rates on cr l, 
Fig. 5, shows two distinct regimes. For o- I > 0.1, the 
predicted etch rate is independent of o" l, and the rate 
is limited by gas phase kinetics. Since a quantitative 
match between the model predictions and experimen- 
tal data was found by assuming o-, = 1.0, the uncer- 
tainty in surface reaction rates is relatively unimpor- 
tant for the model predictions. At lower values, the 
predicted rate drops linearly with decreasing O-l, 
which indicates a mixed surface/gas phase kinetic 
control regime. These differences are further illus- 
trated in Fig. 6, which shows the structure of  the I 
concentration fields close to the susceptor for two 
values of o-~. For o- l = 1.0, the I concentration con- 
tours are observed to turn back in very close to the 
surface: an internal diffusion boundary layer has 
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formed very close to the surface and a change in 
surface reactivity has very little effect on etch rates. 
At o-~ = 10 5 where etch rate is linearly dependent 
on surface reactivity, the iodine concentration con- 
tours terminate at the surface. In both of these cases, 
gas phase kinetics limit the rate, although at low 
values of o-j surface kinetics are additionally rate 
limiting. For the discussion that follows, results for 
both high and low cr 1 values are presented to illus- 
trate differences between these two conditions. 

The effect of susceptor rotation rate on etch pro- 
files is shown in Fig. 7 for cr~=10 5 or 1.0. For 
both cases, it can be seen that high rotation rates 
(500 rpm) improve etch rate uniformity across the 
susceptor from a 30% variation at 20-100 rpm to 
less than 20% at 500 rpm. The etch rate decreases 
overall, because of a reduction in thermal boundary 
layer thickness at high rotation rates, and subsequent 
reduction in CH3I decomposition. This result is con- 
sistent with previous experimental data for etching in 
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a horizontal reactor, where etch rates decreased with 
increasing flow rate. However, these results are in 
contrast to previously reported results for the effects 
of rotation rate on gas phase diffusion-limited growth 
of GaAs from TMGa and AsH 3 [4], where growth 
rate increases as rotation rate is increased. In both 
growth from TMGa and etching from CH3I, radial 
uniformity is improved as rotation rate is increased. 
The fundamental difference between these two sce- 
narios is that TMGa was nearly completely decom- 
posed in the thermal boundary layer, whereas very 
little CH3I is consumed in the reaction in the thermal 
boundary layer. One would expect the results to be 
more similar if growth experiments were performed 
at lower temperatures with lower TMGa conversion 
or if the etching were done at higher temperatures 
with high conversions of CH3I. 

The sensitivity of etch rate to variations in D~ and 
k~ was also examined. Lennard-Jones parameters for 
determining I diffusion coefficients could not be 
found, so the parameters are those previously used 
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Fig. 8. Sensitivity of predicted etch rates to variations in both k I 
and D~. Etch conditions: T= 525°C, 3'CH,[ = 0.01, 10 slpm H 2, 
0.2 atm, o- I = 1.0 (top), o- I = 10 -5 (bottom). 

The results in Fig. 8, to addition to providing a 
measure of  confidence in the computed solution for 
o-~ = 1.0, provide insight to the general nature of a 
gas phase reaction-limited etching process for condi- 
tions of both slow and fast surface reactions. One 
interesting result is seen for o-] = 10 5, where in- 
creasing D I results in a decrease in the etch rate. 
This counter-intuitive result is due to the fact that I 
atoms are produced within the thermal boundary 
layer which is itself close to the wafer surface. 
Therefore, two diffusion processes are occurring si- 
multaneously, diffusion of I to the surface, which 
leads to etching, and diffusion of I away from the 
surface due to the fact that the I concentration drops 
to zero in that direction. For low surface reactivities, 
the diffusion away from the surface dominates and 
thus raising DI causes a lowering of etch rates. This 
analysis is confirmed by examining the position and 
magnitude of the maximum I concentration above 
the susceptor surface. As is shown in Fig. 6, the 
maximum is very close to the surface and the con- 
centration gradient at the surface is small. As D~ is 
raised, the maximum moves away from the surface 
but decreases in absolute magnitude, resulting in 
lower etch rates. In contrast, at high surface reactivi- 
ties (o- I = 1.0), little dependence of  the solution on 
the assumed value for D l is seen and the two 
competing diffusion processes are in near-perfect 
balance. 

6. C o n c l u s i o n s  

for diffusion of  Ga atoms in H2 [11]. It is therefore 
important to check the sensitivity of  computed solu- 
tions to variations in this diffusivity. The sensitivity 
of k 1 (R1) was also confirmed to correspond exactly 
to similar variations in inlet CH3I concentration. 
Therefore, the etching reaction order is also recon- 
firmed by this analysis. The sensitivity to variations 
in these parameters is illustrated in Fig. 8, which 
shows the etch rate at the susceptor center as a 
function of  the given parameter value (base value = 
1.0) on a l o g - l o g  plot. Sensitivity is checked for 
o-1 = 10 -5 or 1.0, since it is expected that the solu- 
tion structure is different in the two regimes as 
shown in Fig. 5. 

A detailed model, which includes C H 3 I / H  2 mul- 
ticomponent, multireaction gas phase species conser- 
vation with finite surface reactions and radiative heat 
transfer, was presented for CH3I vapor etching of 
GaAs in a vertical rotating-disk reactor. Radiative 
heat transfer effects were verified by comparison of 
calculated reactor wall temperatures with experimen- 
tally measured values. CH3I vapor etching of  GaAs 
in the vertical rotating-disk reactor has been exam- 
ined by considering detailed gas phase reaction 
chemistry. Comparisons between predicted etch rates 
and experimentally measured ones support an etch- 
ing mechanism where I atoms produced by CH3I gas 
phase decomposit ion are the primary etchant species. 
CH 3 radicals cannot solely account for the experi- 
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mental ly  observed  etch rates. In general ,  etch rates in 

the vertical  reactor are much lower  than those previ-  

ously observed  in a horizontal  a tmospher ic  pressure 

reactor system because  o f  reduced gas phase decom-  

posi t ion o f  CH3I  at lower  pressures (0.2 atm versus 

1 atm). Predictions further show that increasing disk 

rotation rates leads to improved  radial uniformity  

etch rates. Finally,  several observat ions  unique to the 

gas phase reaction l imited nature of  this process have 

been made. Increasing disk rotation rate decreases 

etch rates, a result  which is opposi te  to what  has 

been observed  for gas phase diffusion l imited pro- 

cesses. Further, the gas phase reaction l imitat ion acts 

in series with another  l imit ing process,  ei ther surface 

reactions at low surface reactivit ies,  or  gas phase 

diffusion when the surface react ivi ty is high. 
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