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Abstract

The organometallic vapor phase epitaxy (OMVPE) of CdTe and ZnTe has been examined in a hot-wall, laminar-flow
reactor. It was found that cadmium and zinc are produced in excess on the film surface during OMVPE. The excess group II
elements sublime off the surface and are deposited downstream on the cold reactor walls. Based on these and other results, a
kinetic model has been derived for CdZnTe OMVPE. The elementary reactions included in this model are the adsorption of
the organometallic precursors, the desorption of the alkyl ligands, film growth, and the desorption of Zn and Cd metal. The
predictions of the model have been compared to the Zn segregation data reported in the literature. This analysis reveals that
the distribution of the group II elements between phases is relatively insensitive to the process conditions, i.e. temperature
and VI/II ratio. However, it is strongly influenced by the intrinsic kinetic parameters, i.e. the difference in the Zn and Cd

sublimation energies and the relative sticking probabilities of the organometallic precursors.

1. Introduction

The growth of II-VI semiconductor alloy films
on Si(001), GaAs(001) or Al,0,(0001) substrates is
an important step in the manufacture of large-area
infrared focal-plane arrays (IRFPAs) [1-7]. Epitaxial
CdZnTe films have been deposited on a number of
different substrates by liquid-phase epitaxy (LPE)
[8.9], molecular beam epitaxy (MBE) [10-14] and
organometallic vapor phase epitaxy (OMVPE) [15-
18]. The latter technique has been shown to be
successful for the reproducible growth of high-qual-
ity layers [17,18]. Thin films of CdZnTe grown by
OMVPE are used as buffer layers prior to the growth
of HgCdTe photodiodes. Widely used are infrared
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detectors with a spectral cut-off at 10 wm, consisting
of Hg,_ Cd Te with x=0.215. Because the quality
of the HgCdTe is strongly affected by lattice mis-
match with the underlying substrate, the zinc mole
fraction in the CdZnTe film must be held at 4.0 +
0.1%. Therefore, composition control is a critical
issue in growing CdZnTe alloys by OMVPE.

The composition diagram for the solid versus the
vapor in the OMVPE of CdZnTe was determined
experimentally- at 714 K by Ahlgren et al. [16]. 1t
was reported that the incorporation of zinc is strongly
favored over cadmium, The steepness of the compo-
sition diagram at low Zn mole fractions makes it
difficult to achieve the desired alloy composition
uniformly throughout the CdZnTe buffer layer. A
thermodynamic equilibrium analysis failed to explain
the segregation behaviour of the group II elements.

We and other researchers have found that surface
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reactions play an important role during the OMVPE
of II-VI compound semiconductors [19-27]. The
observed activation energies for film growth below
673 K are between 25 and 30 kcal/mol, which are
less than half the energies required to pyrolyze the
organometallic molecules in the gas [28-30]. The
decompositions rates of the organotelluride com-
pounds are greatly accelerated when the reaction is
carried out in the presence of a growing CdTe film
[21,22]. Moreover, the hydrocarbon products formed
during OMVPE, and their dependence on the growth
conditions, can only be explained by surface reac-
tions of the adsorbed alkyl ligands [24].

The composition of CdZnTe thin films is also
determined by surface reactions during growth. Un-
der steady-state deposition conditions, the Zn mole
fraction in the bulk must equal the Zn coverage on
the surface. The Zn coverage is in turn governed by
the relative rates of adsorption and desorption of the
species containing zinc and cadmium. In this paper,
we identify the elementary surface processes that are
involved in the growth of CdZnTe by OMVPE. A
kinetic model is derived from this information, and
the predictions of the model are compared to the Zn
segregation data obtained by Ahlgren et al. [16]. The
analysis reveals that the group II composition in the
solid versus the vapor is very sensitive to the intrin-
sic kinetics, but is relatively insensitive to the pro-
cess conditions (temperature and VI /II ratio). Below
we discuss the implications of these findings with
regard to controlling the Zn concentration in
OMVPE-grown CdZnTe.

2. Experimental methods

Deposition of polycrystalline CdTe was carried
out in an atmospheric-pressure, horizontal-flow reac-
tor [24]. The reactor consisted of a glass tube, 20 cm
long, with a heated section in the middle of the tube,
5 cm long by 0.2 cm in diameter. The reaction
temperature was maintained to within 2 K over 3 cm
of the heated zone by a resistively heated, stainless-
steel block that surrounded the glass tube. Heat
exchangers were mounted on both sides of the stain-
less-steel block, and they quickly cooled the glass
down to 300 K. Electronic-grade dimethylcadmium
'(DMCd), diethylzinc (DEZn), dimethyltelluride

(DMTe) and diisopropyltelluride (DIPTe) were con-
tained in stainless-steel bubblers submerged in ther-
mostatic baths. The organometallic precursors were
vaporized into a flow of helium, then diluted to 200
ml/min with hydrogen and fed to the reactor. The
H, and He (99.995%) were purified by passing them
through deoxygenation traps and 13X molecular
sieves held at 195 K. Prior to each experiment, a
passivating layer of CdTe or ZnTe was deposited at
653 K in hydrogen on the clean glass tube. The
OMVPE reactions were carried out at 106 cm/s
inlet gas velocity (STP), 1 atm total pressure, 653~
673 K, (1-30)X 10™* atm of DMCd, DEZn and
DMTe or DIPTe, and H, carrier gas.

The OMVPE reactor was interfaced to an HP
5890A gas chromatograph, equipped with a Restek
Rt -1 megabore capillary column, 30 m long, and a
flame-ionization detector. The reactor inlet and outlet
streams were directly injected onto the column. The
consumption rates of the organometallic compounds
were determined from the changes in the integrated
GC signals from the inlet to the outlet of the reactor.
These consumption rates agreed to within 10% of the
mass of the film deposited as measured by the
increase in weight of the tube. After growth, the
films deposited in the tubes were analysed by X-ray
diffraction.

3. Experimental results

The decomposition rate of the organometallic pre-
cursors varies with the partial pressure of the sources.
Fig. 1 shows the dependence of the DMCd and
DMTe consumption rates on their partial pressures
during CdTe film growth at 653 K. The consumption
rate of DMCd increases three times as its amount in
the feed increases from 8.0 X 107 to 2.0 1073
atm. At the same time, the decomposition rate of
DMTe is unchanged. On the other hand, as the
partial pressure of DMTe increases from 8.0 X 1073
to 2.0X 1073 atm, its consumption rate increases
three times, while the consumption rate of DMCd
remains constant. Regardless of which precursor par-
tial pressure is changed, the curves show that when-
ever the VI/II ratio falls below 2, the DMCd is
consumed faster than the DMTe.

In order to determine what happens to the excess
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cadmium produced in the OMVPE reactor, the films
deposited on the glass have been analyzed by X-ray
diffraction after the experiment. Inside the heated
region, polycrystalline cadmium telluride is de-
posited as evidenced by three sharp peaks at 26
equal to 23.7, 39.2 and 46.4°. Whereas just down-
stream of the hot zone, cadmium metal is deposited,
yielding diffraction peaks at 26 equal to 31.6, 34.5
and 38.1°. These data reveal that the excess cad-
mium, liberated from the heterogeneous decomposi-
tion of DMCd, sublimes off the film surface and is
transported out of the reactor where it plates out on
the cold walls of the tube.

The same experiment has been performed for
ZnTe OMVPE using DEZn and DIPTe, and analo-
gous results were obtained. The reaction was carried
out at 673 K, 5.0 X 10”* atm DIPTe, and a VI/II
ratio of 1.0. Inside the hot tube, ZnTe is deposited
preferentially in the (111) orientation, yielding a
single sharp peak at 26 equal to 25.2°, By contrast,
downstream of the reactor three peaks at 36.1, 38.9

and 43.1° are recorded that are characteristic of zinc
metal. In conclusion, sublimation of the group II
elements occurs during the OMVPE of II-VI materi-
als. We anticipate that this process should have a
major impact on the composition of I-VI alloy
films.

4, Kinetic model

Based on our previous work [24,25] and the re-
sults presented above, a heterogeneous reaction
mechanism may be proposed for CdZnTe OMVPE.,
This mechanism is presented in Table 1.

The organometallic precursors adsorb onto empty
surface sites, represented as ‘‘ *’* in Reactions (1)-
(3). Once adsorbed, they dissociate via the transfer
of the alkyl groups to adjacent sites, Steps (4) to (6).
The ZnR*, CdR#* and TeR* species formed after
breaking the first alkyl-metal bonds are distinguish-
able from R* species in that the former alkyls are
bonded to adsorbed metal atoms, whereas the latter
alkyls are bonded to atoms that are part of the
crystal. The adsorbed metal atoms become part of
the crystal surface in the film growth Reactions (11)
and (12). However before this can occur, the alkyl

Table 1
Surface reaction mechanism for CdZnTe film growth by OMVPE
Reaction Number
Adsorption DEZn+ * — DEZn )
DMCd + x — DMCd* )
DETe+ % — DETex 3)
Dissociation DEZn* + % — RZn* +Rx* Y]
DMCdx + % - RCd* +Rx  (5)
DETe* + * — RTex* +Rx 6)
Alkyl desorption  RZn* — R +Znx* ¥
RCd* - R +Cd* ®
RTe* = R- +Tex 9)
R# =R+ * (10)
Film growth Zn* +Tex = ZnTe, + 2% 11
Cd* +Tex = CdTe, +2x (12)
Metal desorption ~ Cd* — Cd + * 13)
Zn* = Zn+ * (14)

Here * =(empty) surface site; R=CH; or C,Hy; * =radical;
b= bulk.
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groups must desorb off the surface. In our model,
alkyl desorption is represented as a first-order pro-
cess in which hydrocarbon radicals are released into
the gas, Steps (7)-(10). Desorption of the alkyl
groups from Zn and Cd sites is assumed to occur
faster than that from Te sites. In other words, break-
ing the second alkyl-tellurium bond, Reaction (9), is
the rate-limiting step in film growth [23,24]. The
faster rate of alkyl desorption from Zn and Cd causes
these elements to be in excess on the surface. The
excess group I elements desorb as shown in Reac-
tions (13) and (14).

Recently, we identified the hydrocarbons pro-
duced from CdTe OMVPE with dimethylcadmium,
dimethyltelluride, and diisopropyltelluride [24]. The
different types of hydrocarbons formed, and their
dependence on the hydrogen pressure in the reactor,
led us to conclude that the alkyl groups undergo
several reactions on the film surface, including radi-
cal desorption, recombination, hydrogenation and
disproportionation. Nevertheless, in all cases the
rate-limiting process appeared to be the breaking of
the second Te-alkyl bond. This was consistent with
the observation that the apparent activation energy
for film growth was independent of the Te source
used and the H, pressure. Therefore, for the purpose
of predicting the film growth rate and composition it
is not necessary to account for all the pathways by
which hydrocarbons are formed in this reaction.
Instead these reactions may be lumped into a single
alkyl-radical desorption step as is done in Table 1.

During the OMVPE of Cd,_,Zn,Te, the mole
fraction of zinc (y) and cadmium (1 — y) in the film
is equal to the mole fraction of these species on the
surface of the film:

HZn
=———'—-, 15
YT G, F oy (15)
0Cd
|—y=— 16
Y e, + b (16)

Here, 6,, and 6, are the fractional coverages of Zn
and Cd on the surface. Under steady-state growth
conditions, these coverages are constant. Their val-
ues are determined by the relative rates of adsorption
of the organometallic molecules, desorption of the
alkyl groups, and desorption of Zn and Cd metal.

The adsorption rates of the organometallic
molecules are assumed to be given by [24]:

Taom = 00mSomCom by » (17)
where U, Soy and Coy are the mean molecular
speed (cm/s), the initial sticking probability and the
concentration of the organometallic molecules
(mol/cm®), and 6, is the fraction of vacant adsorp-
tion sites. The sticking coefficient of the different
molecules is believed to vary from 1X 1073 to
11077 [20,24,31].

No distinction is made for the desorption of the
alkyl groups from adsorbed Zn and Cd atoms, or
from the crystal surface (*) (Reactions (7), (8) and
(10)). These are assumed to be first-order reactions
with the same activation energy:

n
T4 zoR = NAde(_Ed/RT)GZnR’ (18)
n (—Ey/RT),
Tq,caR = 'NAde ¢ Bear (19)
n
Tar= ﬁAde('Ed/ R0, (20)

where n is the number of adsorption sites per unit
area of surface (cm~2), N is Avogadro’s number,
and A, and E, are the frequency factor (s™') and
the activation energy (kcal/mol) for the desorption
of the alkyl radicals. The number of adsorption sites
is set equal to 2 per (6.29 R)?, where 6.29 A is the
average lattice constant for CdZnTe. The pre-ex-
ponential factor, A4, and the activation energy, Ej,
are assumed to equal 1 X 10'® s™! and 32 kcal /mol,
respectively [20,23]. The desorption energies of R
from Cd and Zn sites are assumed equal in order to
avoid unnecessary complexity in the model. Equal
values are also justified given that the average bond
dissociation energies of DMCd and DEZn are the
same [32].

Below 673 K, the rate-limiting step in film growth
is the breaking of the second alkyl-Te bond (Reac-
tion (9)) [24]. This process is also assumed to be
first-order in the adsorbed species:

n
— — -E T
Tarer =I5 = ﬁAge( s/ )BTeR? (21)

where A, and E, are the frequency factor (s~!) and
the actlvatlon energy (kcal /mol) for this reaction. In
general, E, is greater than E,.
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The sublimation of Zn and Cd from the crystal
surface is represented by the following equations:

n - Zn
Tazn = NAde( AHL/RTY, (22)

n
Taca = "A“,Ade(_AH“c‘%/RT)GCd- (23)

Here AHZ) and AHSY are the heats of sublimation
of the metals, which are reported to be 29.5 and 25.9
kcal /mol [33]. Note that the value for Zn is the same
within experimental error of the desorption energy of
Zn from GaAs(100) [34,35]. All else being equal, a
higher heat of sublimation for zinc relative to cad-
mium should yield 6, > 6.

The steady-state coverages of the different alkyl

species may be determined from their mass balances:
do,.»
T =TrapEzn ~ Tazr = 0, (24)

dbcqr
P =Ty,omcd ™ Ta,cr = 0, (25)

d: =T4,pETe ~ Ta,1er = 05 (26)

ar = TapEzn T Ta,pmcd T TapETe — Tar = 0. (27)

In these expressions, it is assumed that the hydrocar-
bon radicals do not readsorb onto the film after
desorption. The steady-state coverage of Zn and Cd
atoms may be determined from their mass-balances
as well:

dé,,
_c?=rd.2nR_yrg_rd,Zn=0’ (28)
_dt“=rd,CdR_(1—)’)rg‘rd,Cd=0' (29)

The above equations can be solved when the
following site balance is assumed:

Oz, + Ocq + 075 + Ocgr + 7 + 05 +6,=1.
(30)
With seven unknown parameters and seven Egs.
(24)-(30), the coverages of Zn and Cd can be calcu-
lated for a given set of OMVPE reaction conditions.
Then the alloy composition can be determined from

the Zn and Cd coverages using Egs. (15) and (16).
However, since Eqgs. (28) and (29) are implicit in 8,

and 6, the set of nine equations must be rearranged
to yield a quadratic expression for the Zn mole
fraction, y:

—Kpere( Ko = 1) ¥* + [ Kpmea + Kpeze Kous
K pere( Koo — 1)]y_KDEZnKsub=O’ (31)

where
K pez0 = UppzaSpeza X
with

_ Ppgza

" Poeza+Poycs |
Kpmca = UpmeaSpmea(1 — %),
K pete = UpereSpere( VI/ID),
with
VI/I = Ppere '
Ppeza t Ppycea
K, = el(AHR-8HG)/RT],
With the discriminant b* — 4ac > 0, the quadratic
equation can be solved for the one solution of y

which holds for 0 <y < 1. From Eq. (31) it follows
that:

y= Kpmed +KDE2nKsub +KDETc( Ksub— 1)
2KDETe(Ksub_ 1)

Komea *+ Kpeza Ko + Kpere( Koy — 1)
2KDETe( Ksub - 1)

2

1/2

KDEZn Ksub (32)

KDETe( Ksub - 1)

or
— A+Ksub+B(Ksub_ 1)
2B(Ksub_ 1)

y

2
A+Ksub+B(Ksub_ 1) )
2B(Kgp—1)

1/2
Ku
e _sub , (33)
B(Ksub - 1)
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where the constants A and B are defined as:

172
A= Kopmcd =(MDEZn ) " Spaee (1= %)

E

Kpezn M DMCd SpEzn X
(34)
and
K M 2g VI/I
B = DETe _ ( DEZn) pere (VI/ID) (35)
K pEzn Mpgr, SbEzn x

where M, is the molecular weight (g/mol) of the
organometallic compound.

Inspection of Egs. (31)-(35) reveals that the com-
position of the Cd,_,Zn Te film depends on three
process variables: the mole fraction of zinc in the
inlet gas (x), the VI/II ratio, and the substrate
temperature. The film composition is also dependent
on three kinetic parameters: the ratio of the sticking
probabilities of DMCd over DEZn, the ratio of the
sticking probabilities of DETe over DEZn, and the
difference in the heats of sublimation of Zn and Cd.
It follows then that the observed preference for zinc
incorporation is due to the preferential adsorption of
DEZn over DMCd, and/or to the higher heat of
sublimation of Zn relative to that of Cd. Absent from
Eq. (33) are the desorption energies of the alkyl
groups from the Cd, Zn and Te sites. This means that
the alloy composition is independent of the growth
rate. The effect of the intrinsic kinetic parameters
and the process variables on the composition of the
alloy film is examined next.

5. Comparison of theory and experiment

Literature data on CdZnTe films grown over a
broad range of alloy compositions are very limited
[15,16]. However, valuable information can be ob-
tained from a paper by Ahlgren et al. [16] in which
OMVPE of CdZnTe on GaAs substrates is described
for all alloy compositions, 0 <y < 1. Deposition ex-
periments were carried out using dimethylcadmium,
diethylzinc and diethyltelluride in a horizontal, cold-
wall reactor with the substrate temperature at 714 K,
a VI/II ratio of one and a DETe partial pressure of
about 3 X 10™* atm at the reactor inlet. Strong tem-
perature-dependent film growth was observed below

673 K, while the deposition rate remained constant
in the temperature range between 673 and 714 K. It
was suggested that the growth rate at high tempera-
tures was limited by mass transport of the
organometallic compounds to the substrate surface.
In a number of studies it has been found that growth
rates of thin semiconductor films remain constant or
even decrease in the high temperature regime, and
this has been ascribed to mass-transport limitations
[16,19,32,36]. However, in a horizontal-flow reactor
with an inlet pressure of the organometallic com-
pounds above 1X 10™* atm, the growth rate in the
mass-transport limit should exceed 20 wm/h [23,36].
In Ahlgren’s study, the maximum growth rate
achieved was 7 um/h. Thus, the leveling off of the
growth rate observed by these authors above 673 K
is not due to mass-transport limitations. Instead it
may be due to a low sticking probability of the
organometallic compounds [20,26], or to the growth
rate being limited by the feed rate of the
organometallic compounds. We believe it is this
latter case that applies to the experiments conducted
by Ahlgren and coworkers. This conclusion is also
consistent with the observation of a significant varia-
tion in growth rate and alloy film composition with
position on the susceptor. Even though Ahlgren’s
data were taken under feed-rate-limited conditions,
the adsorption rates of the organometallic com-
pounds and the sublimation rates of Zn and Cd
should still determine the film composition. There-
fore, a meaningful comparison of our model to the
data is possible, provided the average value of x in
the reactor is compared to the average value of y in
the film.

We have evaluated the parameters in Eq. (33) by
fitting this function to the composition diagram of
the solid versus the vapor as measured by Ahlgren et
al. [16]. Shown in Fig. 2 is the effect of the relative
sticking probabilities of DMCd and DEZn on the
solid/vapor composition diagram. An excellent fit
with Ahlgren’s data is achieved for Spyce/Speza =
2.2, Sppre/Spezs =027, and AHZ — AHSE =3.6
kcal /mol. The adsorption rate of DEZn is enhanced
with respect to that of DMCd by decreasing the
Spmca/ Speza Tatio. This results in a surface enrich-
ment of zinc-containing species. The high sensitivity
of the alloy composition to the Spycq/Spez, Tatio
illustrates that the composition is a strong function of
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the relative adsorption rates of the group II
organometallic compounds.

The sensitivity of y for the adsorption rate of
DETe was investigated next. Shown in Fig. 3 is the
effect of the relative sticking probabilities of DETe
and DEZn on the solid /vapor composition diagram.,
This figure illustrates that Zn segregation only weakly
depends on the DETe sticking coefficient upon de-
creasing Spgre/Spez, from 0.27 to 0.01. However,
the effect is significant for values above 0.3. This
high sensitivity is unexpected since any change in
Spete should change the surface coverage of Zn and
Cd containing species equally. Apparently, the rela-
tively high sticking coefficient of DMCd compen-
sates for the higher heat of sublimation of zinc as the
ratio Spgr./Spez, approaches unity. In other words,
the higher desorption rate of cadmium is counterbal-
anced by the higher adsorption rate of DMCd, when
the rate of adsorption of DEZn equals that of DETe.

Fig. 4 shows the effect of the Zn and Cd sublima-
tion energies on y. For the given sticking probabili-
ties of the organometallic sources, it is clear from the
graph that a small change in the difference in the
heats of sublimation strongly affects the alloy com-
position. These changes can be related to the value
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of K, in Eq. (33), which increases an order of
magnitude for every curve on the graph. A difference
of 3.6 kcal/mol is what one calculates from the
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heats of sublimation of Zn and Cd reported in the
literature [26].

When we assume no discrimination between Zn
or Cd sublimation, the alloy composition is exclu-
sively determined by the relative adsorption rates of
DEZn and DMCd. This effect is illustrated in Fig. 5.
The straight line in the figure for Spycq/Spgzy = 1.0
shows that when the adsorption and desorption rates
are the same, there is no segregation between the
solid and the gas phase. This result is evident from
inspection of Eq. (31). When K, =1, i.e. AHZ =
AHS, this equation simplifies to:

sub?

KDEZn - 1 (36)
KDMCd + KDEZn A+l

Since the molecular weights of DMCd and DEZn are
nearly equal, Eq. (36) reduces to y=ux for
Somca/ Spezn = 1.0. Also note that the sticking prob-
ability of DETe is not included in Eq. (36). The
relative adsorption rate of the group VI compound
only matters when the heats of sublimation of Zn
and Cd are significantly different.

It is clear from the above discussion that the
extent of zinc segregation depends on the choice of
the kinetic parameters. Therefore, it is important to

y=

determine their true values. Sublimation energies for
Zn and Cd atoms from semiconductor surfaces can
be readily obtained by temperature-programmed des-
orption [34,35]. Sticking probabilities of
organometallic compounds on semiconductors have
been successfully measured in several laboratories
[31,37-39]. Stinespring and Freedman [31] studied
the adsorption of DMCd and DMTe on a number of
different substrates, including GaAs(100). It was
found that at ~ 300 K the initial (reactive) sticking
coefficients of DMCd and DMTe on GaAs(100)
differed by two orders of magnitude, ie. 7 X 1072
and 3 X 107°, respectively. Adopting these values
for our model and assuming Spyca/Spez. = 1.0, @
good fit to Ahlgren’s data is obtained with AHZ —
AHS! = 1.8 keal/mol. The energy difference for
zinc and cadmium desorption may be this small, and
so it is essential that accurate measurements be
made. We hope to measure the kinetics of DEZn,
DMCd, DMTe and DIPTe decomposition on
CdZnTe(111) in the near future.

Lastly, we consider the effects of the OMVPE
process variables on the zinc segregation behavior.
Shown in Fig. 6 is the dependence of the solid /vapor
composition diagram on the VI/II ratio. Using the
best-fit parameters from Figs. 2-4, the VI/II ratio is
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c
N
T 04F
N
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0.2 SomcdSpeze= 2.2
' Spere/Speza= 027
®  Ahigren et al [16]
0.0 4 2 | A 1 . 1 .
00 02 04 06 08 10
Zn/(Zn+Cd)
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Fig. 6. The effect of varying the VI/II ratio on the solid versus
the vapor composition diagram for Cd, _ ,Zn ;Te OMVPE: (lines)
kinetic model, and (@) experimental data.
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Fig. 7. The effect of varying the substrate temperature on the solid
versus the vapor composition diagram for Cd,_,Zn,Te OMVPE:
(lines) kinetic model, and (@) experimental data,

seen to have a small effect on the alloy composition.
Nevertheless, zinc segregation is less pronounced at
VI/1I ratios greater than 2.0. Refering back to Fig.
1, this is the condition where the group I com-
pounds are no longer decomposing in excess of the
group VI compound. In other words, sublimation of
Zn and Cd is insignificant. This trend suggests that
better control of the zinc content in the film may be
achieved at high VI/II ratios. However, if the true
difference in heats of sublimation is ~ 0.0 instead of
3.6 kcal/mol, then the VI/II ratio will have no
effect on the solid /vapor composition diagram.

In Fig. 7, the effect of the substrate temperature
on the film composition is presented. The segrega-
tion curve is hardly affected by a 100 K change in
temperature. This is a result of the small difference
in heats of sublimation of Zn and Cd. If this differ-
ence is zero (K, = 1), then the curve is completely
independent of temperature. Assuming our model is
correct, the observation of nonuniform zinc incorpo-
ration in the film may be blamed on variations in the
partial pressures of DEZn and DMCd above the
substrate surface, not on variations in the wafer
temperature.

Our model implies that zinc segregation is rela-
tively unaffected by the process variables, but is

highly dependent upon the intrinsic reaction kinetics.
The heats of sublimation of Zn and Cd and the
sticking coefficients of the organometallic precursors
play a paramount role in this process. Since the heat
of sublimation decreases in the order Zn > Cd > Hg,
it may be assumed that segregation always favors the
lighter elements. The much lower heat of sublima-
tion of Hg relative to that of Cd explains why such
high partial pressures of mercury must be used dur-
ing HgCdTe OMVPE [23]. Although one has no way
to influence the sublimation rates of the group II
elements, one might be able to change the relative
rates of adsorption of the organometallic precursors.
The sticking probability of an organometallic com-
pound partly depends on the strength of its metal-
carbon bond. The weaker the metal-carbon bond,
the easier the precursor dissociates on the surface
and the higher its sticking probability. It is found that
the metal-carbon bond strength decreases as the
number of carbons bonded to the central carbon
atom increases [32]. For example, for most com-
pounds the M~C bond dissociation energy falls in
the following order: CH,> C,H;>i-C,H, > r-
C4H,. Thus, DMZn has a higher bond dissociation
energy than DEZn, and it should therefore have a
lower sticking probability. Likewise, the sticking
probability of DECd should be higher than that of
DMCd. This would suggest that the use of DMZn
and DECd instead of DEZn and DMCd in CdZnTe
OMVPE may diminish the effect of zinc segregation,
making it easier to grow films with the desired 4.0%
Zn content. Whether or not the OMVPE process can
be improved by a more judicious choice of precur-
sors will have to await further experimentation.

6. Conclusions

This study reveals that during CdTe and ZnTe
OMVEE, the decomposition of the group II precur-
sors exceeds that of the telluride source, and leads to
the sublimation of excess Zn and Cd atoms from the
surface. This is similar to what is observed for the
OMVPE of III-V compounds, where the group V
elements are in excess and sublime off the surface as
As, and P,. Our kinetic model shows that the com-
position of the CdZnTe film is determined by the
difference in the heats of sublimation of zinc and
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cadmium and by the ratios of the sticking probabili-
ties of DMCd over DEZn and DETe over DEZn.
Segregation favors the lighter element with the higher
heat of sublimation. However, it maybe possible to
counteract this effect by using organometallic pre-
cursors that provide a higher sticking probability for
the molecule containing the heavier element. The
model predicts that except for the partial pressures of
the Zn and Cd precursors in the gas, the process
conditions have very little impact on the zinc content
in the alloy film.
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