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Dislocation Profiles in HgCdTe(100) on GaAs(100)
by Metalorganic ChemicalVapor Deposition
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We s t u d i e d dislocation etch pit d e n s i t y (EPD) profiles in HgCdTe(100) layers
g r o w n on GaAs(100) by metalorganic chemical v a p o r deposition. Dislocation
profiles in H g C d T e ( l l l ) B and HgCdTe(100) layers differ as follows: M i s f i t
dislocations in H g C d T e ( l l l ) B layers are concentrated near the HgCdTe/CdTe
interfaces because of slip planes parallel to the interfaces. Away from the
HgCdTe/CdTe interface, the HgCdTe(111)B dislocation d e n s i t yr e m a i n sa l m o s t
constant. In HgCdTe(100) layers, however, the dislocations propagate mono-
tonically to the surface and the dislocation density decreases gradually as
dislocations are incorporated with increasing HgCdTe(100) l a y e r thicknesses.
The dislocation reduction was s m a l l in HgCdTe(100) layers more t h a n 10 ~m
from the HgCdTe/CdTe interface. The CdTe(100) buffer thickness and disloca-
tion d e n s i t y were similarly related. Since dislocations g l i d e to accommodate the
lattice distortion and this movement increases the probability of dislocation
incorporation, incorporation proceeds in limited regions from each interface
w h e r e the lattice distortion and s t r a i n are sufficient. We obtained the m i n i m u m
EPD in HgCdTe(100) of 1 to 3 x 106 cm-2 by g r o w i n g both the epitaxial layers more
than 8 ~m thick.
K e y w o r d s : CdTe buffer, dislocation, e tch pit d e n s i t y (EPD), HgCdTe,

incorporation of dislocations, lattice mismatch s t r a i n ,
metalorganic chemical v a p o r deposition (MOCVD), slip p l a n e

I N T R O D U C T I O N

Heteroepitaxial g r o w t h of CdTe or HgCdTe on GaAs
has been studied tor use in fabricating large-area
i n f r a r e d focal p l a n e arrays. Metalorganic chemical
v a p o r deposition (MOCVD) is one of the most promis-
ing techniques for growing HgCdTe, because of its
high t h r o u g h p u t and suitability for large-area sub-
strates.

Direct alloy g r o w t h (DAG)1,2 and the interdiffused
multilayer process (IMP)s,4 were developed to prepare
HgCdTe layers by MOCVD. In DAG, a n epitaxial
l a y e rof the a l l o yis g r o w n by s u p p l y i n gall the sources
simultaneously. In IMP, thin epitaxial layers of CdTe
and HgTe are g r o w n alternately and interdiffused
completely to form the alloy by annealing. Direct alloy
g r o w t h produces a poorer compositional uniformity
than IMP~,6 because of the very different formation
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energies of CdTe and HgTe. B u t recent advances such
as u s i n g a multinozzle injector7 or a wide reaction cells
c a n solve this problem. Historically, DAG has been
expected to produce a l o w e r dislocation d e n s i t y than
IMP s because the IMP layers contain many interfaces
with g r o w t h interruptions w h i c h increase m i s f i t dis-
locations.

Metalorganic chemicalv a p o r deposition forms both
HgCdTe(100) 2,9 and H g C d T e ( l l l ) B10,11 epitaxial lay-
ers on GaAs(100) substrates because of the l a r g e
lattice mismatch (14.6%) between GaAs and CdTe
buffer layers. HgCdTe(100) layers have a h i g h e r ar-
senic d o p i n g efficiency t h a n H g C d T e ( l l l ) B layers. 12
Since arsenic is a commonly used acceptor w h i c h
diffuses slowly in HgCdTe13 and d o n o r d o p i n g is easy
for both orientations, 14,15 HgCdTe(100) is a n attrac-
tive p l a n e for constructing a b r u p t pn junctions for
infrared photodiodes.

High-quality long-wavelength infrared detectors
require HgCdTe(100) layers with a low dislocation
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Fig. 1. Etch pit dens i ty thickness profiles in HgCdTe(111 )B and
HgCdTe(100) layersC d T ebuf fe r thickness fo r both layers is 4 t o 5 ~m.
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Fig. 2. Propagat ion of misfit dislocations in HgCdTe/CdTe/GaAs(100)
with two epitaxial orientations ( 1 1 1 ) B and (100). Dislocations are
genera ted at each interface and propaga tealong {111} slip planes.

density, TM b u t the dislocation d e n s i t y in H g C d T e lay-
ers g r o w n on GaAs substrates is high because of the
l a r g e lattice mismatch. Dislocations in HgCdTe(1 l l ) B
on CdZnTe(111 )B g r o w nby l i q u i dp h a s e epitaxy (LPE)
have been well s t u d i e d~7,~8 but, to our knowledge a
s t u d y of MOCVD-grown HgCdTe layers has not been
published. We s t u d i e d the dislocation profiles in
HgCdTe(100) on GaAs(100) g r o w n by M O C V D(DAG).
We considered the dependence of the dislocation den-
sity on the thickness of both the HgCdTe and CdTe
buffer layers and the dislocation reduction mecha-
nism in t h e s e layers.

E X P E R I M E N T A L

We did the epitaxial g r o w t h in a horizontal reactor
with m u l t i p l e nozzles and a r o t a t i i n g g r a p h i t e
susceptor h e a t e d by r a d i o frequency induction. 19We
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Fig. 3. Etch pit dens i ty thickness profiles in HgCdTe(100) layers grown
on different th ickCdTe(100) bu f fe r layers.

used 3 inch GaAs substrates (100) misoriented 2°
t o w a r d the nearest (110). T o improve the composi-
t i o n a l uniformity, we simultaneously injected the
t h r e e precursors, dimethylcadmium (DMCd), diiso-
propyltelluride (DIPTe), and elemental mercury (Hg)
into the reactor from different nozzles.

We preheated the GaAs substrates a t 6 0 0 ° C for 20
min and grew the CdTe buffer layers a t 410°C u n d e r
low pressure (150 Torr) to improve thickness unifor-
m i t y . Since we grew both (100) and ( l l l ) B oriented
layers to compare dislocation profiles, before buffer
growth, we t r e a t e d the substrates as follows. T o
o b t a i n the C d T e ( l l l ) B layer, we f i r s t introduced
D I P T e into the reactor a t 410°C, w h i c h formed a
relatively Te-poor Ga-As-Te interfacial p h a s e and
caused ( l l l ) B g r o w t h .2°,21 T o form the CdTe(100)
layer, we supplied DMCd and D I P T e simultaneously.
We also deposited the CdTe b u f f e r layers for each
orientation u n d e r different V I / I I source gas r a t i o s and
g r o w t h r a t e s a relatively high VI/II r a t i o22 and a
g r o w t h rate of 2 ~tm/h for the ( l l l ) B l a y e r and a
relatively low V I / I I r a t i o23 and a g r o w t h rate of 3 ~m/
h for the (100) layer.

We grew the HgCdTe layers a t 360°C u n d e r at-
mospheric pressure. A f t e r g r o w i n g the CdTe(100)
buffers, we cleaved the substrates into s m a l l pieces
and loaded several samples with different buffer
thicknesses (4 to 18 pm) t o g e t h e rinto the reactor. We
deposited HgCdTe(100) layers on the substrates a t
the same time to p r e v e n tu n i n t e n t i o n a ldifferences in
the r u n affecting the dislocation profiles. We grew the
H g C d T e ( l l l ) B layers on full 3 inch substrates in
a n o t h e r g r o w t h r u n because the o p t i m u m g r o w t h
conditions, such as Hg p a r t i a l pressure, differ from
t h o s e for HgCdTe(100) growth. The H g C d T e g r o w t h
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rate was 2.5 ~tm/h.
We evaluated the H g C d T e layers dislocation den-

sity from the defect etch-pit d e n s i t y (EPD)17 by step-
etching the samples. We determined the HgCdTe
layers thicknesses by controlling the step-etching
rate with a b r o m i n e (Br) m e t h a n o l solution. The
Hg~_ CdxTe l a y e r composition (x-value) w h i c h we de-
t e r m i n e d by room-temperature infrared transmis-
sion was x = 0.20 to 0.25.

R E S U L T S

E P D P r o f i l e s i n H g C d T e ( 1 0 0 ) a n d ( l l l ) B

The H g C d T e ( l l l ) B layer's EPD remained a l m o s t
c o n s t a n t except near the HgCdTe/CdTe interface
w h e r e misfit dislocations were generated (Fig. 1).
This profile is s i m i l a rto t h a t in HgCdTe(111)B layers
g r o w n by LPE17 b u t the EPD values are h i g h e r due to
the l a r g e lattice m i s m a t c h a t the CdTe/GaAs i n t e r -
face . I n c o n t r a s t , dislocations s p r e a d into the
HgCdTe(100) l a y e rand the EPD gradually decreases.
The EPD values in the HgCdTe(100) l a y e rwere h i g h e r
t h a n t h o s e in the HgCdTe(1 l l ) B l a y e rwhen the CdTe
b u f f e r thicknesses were the same (4 to 5 ~tm). The
dislocation profiles in the CdTe buffer layers are
probably similar to t h o s e in the HgCdTe layers for
both (100) and ( l l l ) B orientations.

The difference in the EPD profiles is due to the
different angles between the intertaces and the slip
p l a n e sw h e r e dislocation l i n e s are most easily gener-
a ted (Fig. 2). In CdTe and HgCdTe, the {111} p l a n e s
are the slip planes. The interfaces in (111)B layers are
parallel to the (111) slip p l a n e s and most m i s f i t
dislocations from the interfaces propagate a l o n g the
slip p l a n e t h r o u g h the epitaxial layers. Since disloca-
tion l i n e s terminate a t the side ofepitaxial layers, the
high EPD values in ( l l l ) B layers near the interfaces
decrease rapidly. In contrast, m i s f i t dislocations gen-
e r a t e d a t the interfaces in (100) layers propagate
monotonically to the g r o w t h surface because the ( 111}
slip planes are not parallel to the (100) interfaces. The
dislocation d e n s i t y in (100) layers decreaes gradually
as dislocation lines approach each o t h e r and make
dislocation loops t h a t incorporate dislocations.

D e p e n d e n c e o f E P D o n ( 1 0 0 ) L a y e r T h i c k n e s s

We measured the EPD profiles in the HgCdTe(100)
layers with t h r e e different b u f f e r thicknesses (Fig. 3).
Each HgCdTe(100) layer's EPD decreased as the
H g C d T el a y e r thickiness increased, a l t h o u g h the rate
of decrease was very slow in the region more than 10
~m from the HgCdTe/CdTe interface. The m i n i m u m
EPD value, obtained by increasing the HgCdTe l a y e r
thickness, was governed by the CdTe buffer l a y e r
thickness. A l t h o u g h the EPD in HgCdTe with a 4 pm
buffer reached 3 to 5 × 106 cm-2, we obtained a n EPD
below 2 x 106 cm-~ for a n 8 ~m buffer. Most residual
dislocations in the HgCdTe(100) layers were , there-
fore, t h r e a d i n g dislocations from the b u t f e r layers.
Misfit dislocations generated a t the HgCdTe/CdTe
interface did not significantly affect the dislocation

d e n s i t y away from the interface.
We p l o t t e d the dependence of the HgCdTe(100)

layer's EPD on the thickness of the CdTe(100) buffer
layers (Fig. 4). The H g C d T e layer's EPD decreased
with increasing CdTe buffer thickness; however, the
EPD of the layers with 8 ~m and with 18 ~m t h i c k
buffers were a l m o s t the same . This suggests t h a t the
dislocation d e n s i t y in the CdTe(100) buffer layers did
not decrease in the r e g i o n more t h a n 8 pm from the
CdTe/GaAs interface. This is similar to the relation-
ship between the EPD and the HgCdTe(100) thick-
ness.

By g r o w i n g both H g C d T e and CdTe layers more
than 8 ~m thick, we obtained a reproducible EPD
v a l u e of i to 3 x 106 cm-2 (Table I). This is comparable
to the dislocation reduction w h i c h Shin e t al. achieved
i n MOCVD-grown HgCdTe(100) layers u s i n g t h e r m a l
cycle annealing. 24T o our knowledge, our best v a l u e of
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Fig. 4. Dependence of EPD atseveral depths in HgCdTe(lO0) layers
on CdTe(lO0) buffer layers.

T a b l e I. Reproducibility of Low-EPD HgCdTe(100)
Layers with HgCdTe and CdTe Buffer

Thicknesses Greater t h a n 8 ~tm

Thickness (~tm) EPD x 10~
L a y e r I n d e x CdTe HgCdTe (cm-2)

101 9 10 2.1
102 8 8 3.4

103A 9 12 1.7
103B 18 12 1.5
104A 8 16 0.9
104B 18 16 0.9
201 8 12 3.0
305 8 13 2.4
307 8 13 2.2

Note: Weprepared layers 103A,B and 104A,B in the same HgCdTe
growth runs. We grew layers 201 and 307 on full 3 inch wafers.
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Fig. 5. Dislocation gliding in epitaxial layers.
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Fig. 6. CdTe lattice parameter calculated for CdTe(lO0)/GaAs(100).
Lattice parameter is determined in the <100> direction, perpendicu lar
to interface, and decreases with increasing C d T e thickness.

9.2 x 105 cm-2 is the lowest EPD reported to date for as-
g r o w n H g C d T e layers on GaAs substrates.

D I S C U S S I O N

We t h i n k that dislocation l i n e s on slip planes glide
a l o n g the [011] direction in the epitaxial l a y e r s (Fig.
5), because the residual s t r a i n caused by the lattice
mismatch a t each interface acts as the dislocation
motive force. This gliding increases the probability of
the dislocation incorporation.

T o explain the saturation of the EPD reduction with
increasing l a y e r thickness, we estimated the lattice
distortion and m i s m a t c h strain. We p l o t t e d the de-
pendence of the lattice p a r a m e t e r calculated25,26 for
CdTe(100)/GaAs(100) on the CdTe l a y e r thickness
(Fig. 6). The lattice parameter is defined as a v a l u e
perpendicular to the interface. For the calculation, we
a s s u m e d t h a t the difference in l e n g t h between the

seven lattices of CdTe and the e i g h t lattices of GaAs
caused the compressive s t r a i n . The lattice mismatch
s t r a i n is proportional to the difference between the
calculated and measured bulk lattice parameters and
the large s t r a i n (3 x 10-~ dyn) near the interface
decreases to a steady v a l u e (4 x 10 4 dyn) away from
the interface.

T o accommodate CdTe lattice distortion, dislocations
move and are incorporated more frequently near the
interface w h e r e the lattice parameter 's rate of change
is fast. The speed of movement depends on the change
in strain. Fa r from the interface, however, the prob-
ability of incorporation is s m a l l because dislocations
do not move when the lattice distortion and s t r a i n are
a l m o s t uniform. The dislocation reduction, therefore,
saturates with increasing l a y e r thickness.

C O N C L U S I O N

We s t u d i e d the EPD profiles in HgCdTe(100) layers
g r o w n by M O C V D (DAG) on GaAs(100) substrates.
We compared the profiles to t h o s e in H g C d T e ( l l l ) B
layers, and measured the profiles' dependence on the
HgCdTe(100) and CdTe(100) b u f f e r thicknesses. Un-
like dislocations in (111)B layers, dislocations in (100)
layers propagate in the g r o w t h direction due to the
difference in the angles between the interfaces and
slip planes. The EPD in HgCdTe(100) decreases gradu-
ally as the thicknesses of the H g C d T e and the CdTe
buffer layers increase; however, the EPD reduction
proceeds only in a limited area w i t h i n 10 ~tm of each
interface. The dislocation reduction mechanism we
propose is t h a t the lattice m i s m a t c h s t r a i n a t each
interface enhances the incorporation of dislocations.
U s i n g this model, we c a n e x p l a i n the s a t u r a t i o n of
EPD reduction by considering the lattice distortion
and mismatch s t r a i n . We o b t a i n e d a n EPD of 1 to 3 x
106 cm-2, w h i c h is the lowest r e p o r t e d v a l u e for
HgCdTe(100) on GaAs(100) to our knowledge.

It is possible to grow low-EPD HgCdTe(100) layers
on large-area substrates. This will contribute to the
development of large-scale long-wavelength infrared
focal p l a n e arrays.
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