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Variable magnetic-field Hall and transient photoconductance-lifetime mea-
surements were performed on a series of undoped, In-doped, and As-doped
HgCdTe samples grown by molecular beam epitaxy (MBE). Use of quantitative
mobility-spectrum analysis (QMSA) combined with multiple carrier-fitting
(MCF) techniques indicates that the majority of samples contain an interfacial
n-type layer that significantly influences the interpretation of the electrical
measurements. This n-type layer completely masks the high-quality electrical
properties of undoped or low n-type In-doped HgCdTe, as well as complicating
the interpretation of activation in As-doped p-type HgCdTe. Introduction of an
intentional n-type background, typically created through doping with In to “re-
cover” high mobility, is actually shown to increase the “bulk” layer conductivity
to a level comparable to the interface layer conductivity. Photoconductance-
lifetime measurements suggest that In-doping may introduce Shockley-Read-
Hall (SRH) recombination centers. Variable-field Hall analysis is shown to
be essential for characterizing p-type material. Photoconductance-lifetime
measurements suggest that trapping states may be introduced during the in-
corporation and activation of As. Two distinctly different types of temperature
dependencies were observed for the lifetimes of As-doped samples.
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INTRODUCTION

While n-type doping of HgCdTe grown by molecu-
lar beam epitaxy (MBE) using indium is straightfor-
ward, extrinsic p-type doping remains difficult.
Current technology relies on p-type doping typically
achieved using As. However, incorporation mecha-
nisms during MBE growth cause most of the As
atoms to occupy either the Hg sublattice or intersti-
tial sites and act as donors or neutral complexes,
respectively. High-temperature anneals under Hg

overpressure (or possibly lower temperature an-
neals without Hg) are then necessary to induce a
site transfer to the Te sublattice. The process re-
mains poorly understood, however, from both the
technological and theoretical views. In addition, As4
suffers from having a low sticking coefficient at the
typical MBE-growth temperatures where the qual-
ity is highest (lowest dislocation density). This gen-
erally means that either the growth temperature
must be lowered (possibly compromising material
quality by increasing the dislocation density), or
very high As fluxes must be used. An alternative is
to use As2 from a cracker source to increase the
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sticking coefficient and possibly alter the incorpora-
tion mechanisms.1

Electrical characterization using Hall measure-
ments is one of the cornerstone techniques for evalu-
ating the quality and reproducibility of HgCdTe
materials. It is particularly critical for studies
of dopant activation such as that reported here.
Mixed conduction effects can have a strong influence
on magneto transport in HgCdTe, complicating
interpretation of the Hall measurements. This is
particularly true for epilayers, as conduction at sub-
strate/epilayer interfaces and surfaces can dominate
the transport. Variable magnetic-field Hall measure-
ments can be used to determine, in principle, the
influence of the various carriers and as such is a
powerful characterization tool.2 On the other hand,
variable-field measurements add a significant de-
gree of complexity to the process of sample charac-
terization, which directly translates into increased
time and characterization costs. Thus, each situation
should be evaluated on a case-by-case basis to deter-
mine whether the added complexity is justified. For
example, standard single-field Hall measurements
are often adequate as a process control when many
identical layers (or even structures) are grown and
what is desired is a measure of reproducibility.
However, to determine the interpretation of the
process parameter measured by standard Hall data
or to derive absolute values for mobility or carrier
concentrations, variable-field measurements become
necessary. The results of the present study indicate
that variable-field Hall techniques are essential for
evaluating multiple carrier transport in undoped,
lightly In-doped, and As-doped HgCdTe. In addition,
we report photoconductivity lifetime measurements
that indicate high quality in the undoped and n-type
material. The results obtained for As-doped samples
are more ambiguous, with some measurements sug-
gesting that heavy As doping may lead to trapping
effects.

EXPERIMENTAL

A series of undoped, low In-doped, and As-doped
HgCdTe layers with various compositions were
grown at Rockwell Scientific Company (Thousand
Oaks, CA) using MBE. The HgCdTe layer growth
is detailed in a separate paper.3 The undoped and
In-doped samples have undergone standard n-type
conversion (10 h at 245ºC) or an As-activation anneal
at 430°C, followed by the n-type conversion anneal.
Arsenic doping was accomplished with both conven-
tional and cracker sources. Various anneals for
various times at 370ºC and 430ºC resulted in differ-
ent levels of activation in the As-doped layers. With
an As-cracker cell, doping levels as high as mid-1020

cm�3 were obtained at low As-reservoir tempera-
tures, although most of this As could not be acti-
vated. On the other hand, the activation efficiency
could be as high as 100% for doping levels lower than
�1 � 1018 cm�3, depending on the annealing condi-
tions. Thus, the full sample set contains As-doped

layers that are unactivated, partially activated, fully
activated, and heavily compensated.

Resistivity and Hall measurements were made at
West Virginia University (WVU, Morgantown, WV)
as a function of temperature and magnetic field up
to 4.5 T. The van der Pauw technique4 was used on
samples averaging 5 mm � 5 mm in size, with
soldered In contacts, though, for compositions above
x � 0.43, the use of an Hg-In eutectic was necessary
to obtain ohmic contacts. Measurements were taken
in a Janis (Wilmington, MA) SuperOptiMag System
powered by a Cryomagnetics (Oak Ridge, TN) IPS-
100 supply. At a given temperature, a total of 22
measurements were made with logarithmically
spaced values of the magnetic field. All contact
configurations and both current directions were
measured using a Keithley 7001 switching unit
(Cleveland, OH) with a 220 current source and 197A
voltmeter. Quantitative mobility-spectrum analysis
(QMSA) and multiple carrier fitting (MCF) were
performed using standard techniques.2,5

For the temperature-dependent photoconductance-
lifetime measurement, each sample was placed in
a continuous-flow dewar in series with a variable
direct-current source and a 50-Ω resistance. Optical
excitation was performed with an Edmond Scientific
5-mW, 635-nm modulated laser diode driven by an
Avtech (Ogdensburg, NY) 1002-C pulse generator.
This excitation system had a fall time of about 40 ns.
Changes in conductance were measured using a fast
preamplifier to detect transient voltages across the
50-Ω resistance and recorded by a Tektronix TDS
684A digitizing oscilloscope. The background signal
pickup from the pulse generator was reduced by first
recording a trace with the laser blocked and then sub-
tracting this from the measurements. An exponential
least-squares fit was applied to the resulting tran-
sients to obtain photoconductance-decay lifetimes.

The Naval Research Laboratory (Washington, DC)
provided assistance in implementing and interpret-
ing the Hall and lifetime measurements. SRI Inter-
national (Menlo Park, CA) provided interpretation
to correlate detailed microscopic-material modeling
studies with the experimental results.

VARIABLE MAGNETIC-FIELD HALL
MEASUREMENTS

As a baseline for analyzing As-doped layers, we
investigated whether the activation anneal itself
significantly altered the fundamental properties of
the HgCdTe layers. This part of the study turned out
to be quite interesting in itself. Figure 1 shows MCF
analysis results for two pieces of an undoped
HgCdTe layer that went through either an n-type
anneal or an activation-type anneal at 430ºC. The
results are essentially identical to what was ob-
tained using QMSA. The electrical properties of
both samples were dominated by two electrons: one
that is similar to the previously reported surface or
interface electron6 and the other with properties
characteristic of the bulk of the sample. The results
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indicate high quality and very low doping. In partic-
ular, the n-type annealed sample had excellent
mobility, and the measured carrier concentration
closely tracked the predicted intrinsic dependence,7
ni, down to approximately 2–3 � 1013 cm�3, followed
by an essentially constant value below 80 K. The
curve corresponding to the ni calculation used the
x value determined at Rockwell, with no other ad-
justable parameters. Mobility values for the “bulk”
of the sample undergoing the 430ºC anneal were
lower, suggesting that the anneal may have intro-
duced defects that acted as scattering centers.

Figure 2 compares the results of single-field Hall
measurements for the same sample with those ob-
tained by MCF. This illustrates a very crucial point.
The single-field result suggests a low mobility for
this x value and a low-temperature carrier concen-
tration over an order of magnitude larger than the
MCF value. Many researchers have observed simi-
lar behavior in nominally undoped samples and
attributed these properties to problems with the lay-
ers, such as mixed bulk conduction. The solution has
been to add In as an n-type dopant, which effectively
recovered the expected higher mobility but may
have been unnecessary. Electrical measurements
made on such a sample after a vacancy-removing
anneal are shown in Fig. 3. While the single-field
Hall results do indicate a higher mobility for this
sample, additional insight is provided by the MCF
analysis. In particular, two electrons are again pre-
sent in the sample, with one again being tentatively
assigned as belonging to an interfacial layer and the
other to the HgCdTe layer itself. The significant dif-
ference is that now the conductivity of the epilayer
dominates that of the interfacial layer, the reverse
of the situation for the undoped sample. Note that
Fig. 3 shows little difference between the mobilities

of the undoped and In-doped layers when both are
properly analyzed as multiple layer structures. Fi-
nally, the carrier concentration again closely tracks
the predicted dependence of ni on temperature using
the x value determined from Rockwell, while the
single-field results imply a concentration that is too
large by about a factor of 3.

As an interesting side note, several of the low-
doped n-type samples exhibited unexpected conduc-
tivity anisotropies in the van der Pauw voltages that
were not at all consistent with the sample geometry.
Some samples had anisotropy ratios as large as 50.
We speculated that this was because of edge damage
caused by cleaving and wondered if it could be the
source of the “interfacial” electron. To test the

Fig. 1. Two-carrier MCF of the variable-field Hall data for two samples from the same undoped x � 0.232 wafer that were treated by either an
“n-type” (N) or an “activation” (A) anneal at 430°C.

Fig. 2. Comparison of the results of single-carrier, single magnetic-
field Hall measurements to those obtained from a multiple-carrier fit
to the variable-field measurements. The closed symbols represent
mobility, and the open symbols represent carrier concentration.
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hypothesis, several samples exhibiting large conduc-
tivity anisotropy were etched into a cloverleaf pat-
tern. This removed the conductivity anisotropy, but
interestingly, did not significantly change the MCF
Hall results. That is, two conduction electrons with
the same values were measured for both sample
configurations.

Figure 4 shows the QMSA spectrum obtained at
75 K from an As-doped HgCdTe (x � 0.31) sample
annealed at 430ºC. Similar results were obtained for
both an unpassivated sample and a sample that was
passivated with ZnS in an attempt to minimize sur-

face effects. Both samples exhibited only light and
heavy-hole conduction up to 250 K, where the intrin-
sic electron began to appear. The QMSA gave a total
heavy-hole concentration (essentially equal to the
total hole concentration) of about 5.4 � 1017 cm�3

with an average mobility of 158 cm2/Vs, which is
reasonably consistent with the single-field, single-
carrier analysis result of p � 5.2 � 1017 cm�3 and µp
� 170 cm2/Vs. For p-type samples dominated by a
low-mobility carrier, we find that the best approach
is to use QMSA (which needs no a priori assump-
tions) to determine the number and types of carri-
ers. This information can then be used in the MCF,
which requires a priori assumptions but tends to
be more robust for analyzing samples dominated
by lower mobility carriers as long as there is not a
significant mobility spread.6

The MCF analysis allowed us to quantitatively
determine both the light and heavy-hole mobilities
and carrier concentrations in this heavily p-type
sample. The temperature variations of these quanti-
ties are shown in Fig. 5. The MCF analysis indicates
a slight increase in the heavy-hole concentration as
compared to the single-field result, with a decrease
in the 80-K mobility to 113 cm2/Vs. Other studies
have indicated similar results:8–11 the light hole con-
tributes at most between 1–5% of the total p-type
conduction for layers with x ranging from 0.2 to 0.3,
resulting in differences ranging between 20% and
60% for hole concentrations ranging from 1015 cm�3

to high 1017 cm�3. If the light hole were the only con-
sideration, the added complexity and cost of variable
magnetic-field studies would probably not be justi-
fied as part of an As-activation study. While the light
hole properties are important for understanding the
fundamental physics of HgCdTe, as well as some

Fig. 3. Comparison of the results from single-carrier, single magnetic-field Hall measurements to those obtained from a multiple-carrier fit for an
In-doped sample that was only annealed to remove Hg vacancies. The bulk mobility is similar to that in the equivalent undoped sample.

Fig. 4. The QMSA spectrum for a heavily p-doped sample (x � 0.31)
measured at 75 K.
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transport phenomena, the 40% apparent difference
does not have a significant effect on the activation
determined particularly if the contribution is consis-
tent from sample to sample.

However, HgCdTe epilayers often exhibit n-type
conductivity that is related to conduction at either a
surface or an interface in the structure. This n-type
conductivity can significantly affect the measure-
ments in p-type layers, leading to anomalous re-
sults. This is illustrated by the results obtained from
a second As-doped HgCdTe (x � 0.31) sample, also
annealed at 430ºC. While originally measured as p-
type at Rockwell, with an 80-K hole concentration of
�1 � 1017 cm�3, identical single-field measurements
at WVU indicated that the sample was n-type with
an electron concentration of 2 � 1016 cm�3. Rockwell
used front-surface, wire-bonded contacts, whereas
soldered In contacts were used at WVU. The QMSA
analysis, however, indicated that the conduction was
due to the presence of both electrons and holes, with
the higher mobility electrons dominating. Figure 6
shows the temperature variation of the results of
variable magnetic-field Hall, as analyzed using the
MCF technique assuming one electron and one hole
based on the QMSA result. Clearly, the sample is
strongly p-type over the entire temperature range
investigated with a hole concentration of �1 � 1017

cm�3 and an electron concentration of 2 � 1016 cm�3

at 80 K. Similar results were obtained for the elec-
tron concentration in the ZnS-passivated sample,
although the hole concentration was affected at
low temperatures. Subsequently, WVU was able to
obtain p-type conduction on a companion piece
by using lightly pressed front-surface In contacts.
These results demonstrate that the front-surface
condition does not significantly influence the proper-
ties of the electron species, which likely resides at
the substrate/epilayer interface. The results also in-
dicate a high degree of electrical isolation between
the n- and p-type regions. Similar n-type layers were
inferred previously to explain Hall data for low-
concentration As-doped HgCdTe grown by MBE.12

Tables I and II list 80-K MCF results for various
n- and p-type samples. It can be seen that the inter-
facial layer significantly affects the electrical proper-
ties and sometimes has the larger conductivity. This
underscores the necessity of employing variable-field

Fig. 5. Comparison of the MCF analysis to single-field Hall results
for the heavily p-doped sample.

Fig. 6. The MCF analysis of this sample reveals a large p-type
carrier concentration in addition to significant conduction from an
n-type layer.
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Hall analysis in As anneal and activation studies, as
well as for studying the properties of lightly doped or
undoped n-type material.

PHOTOCONDUCTANCE-LIFETIME
MEASUREMENTS

The initial photoconductive-lifetime measure-
ments were made on undoped and low In-doped
HgCdTe. A comparison of the two for nominal x �
0.22 material is shown in Fig. 7. The very significant

difference and, in particular, the very long lifetime
in the undoped layer were not easily understood on
the basis of the single-field Hall measurements.
However, the results for the undoped layer can be
explained in terms of Auger and Shockley-Read-
Hall (SRH) recombination when viewed in light of
the MCF shown in Fig. 1. The large lifetime differ-
ence clearly reflects the finding that the bulk elec-
tron concentration in the undoped sample is more
than an order of magnitude lower than that in
the doped sample. That the lifetime is as high as
20 µs following the higher temperature anneal con-
firms the quality of the layer growth and indicates
that the As-activation anneal does not degrade the
basic material quality. In fact, it may enhance the
lifetime.

The high-temperature dependence of lifetimes for
both layers can be explained by the Auger process.
As the temperature is increased, the intrinsic car-
rier density also increases and the Auger rate, which
varies as the inverse square of the carrier density,
thus decreases as seen in the experiment. The
nearly temperature-independent behavior of the
lifetimes at low temperatures can be due to either
Auger and/or SRH scattering. However, if it is due
to Auger, the lifetime can only be nearly flat or mo-
notonically decrease in going to higher temperature.
Thus, the observed peak near 100 K cannot be ex-
plained with Auger processes alone. We hypothesize
that SRH centers and the movement of Fermi level
(FL) with reference to those centers are responsible
for the apparent increase in the lifetimes for the
mid-temperature region. At low temperature, the
SRH centers are assumed to coincide with the FL,
which is near mid-gap. This is shown schematically

Table I. MCF Results at 80 K for n-Type Samples Receiving Only a 245ºC n-Conversion Anneal

µµB µµI nB nI σσB “σσI”
x (cm2/Vs) (cm2/Vs) (1014 cm�3) (1011 cm�2) (ΩΩ cm)�1 (ΩΩ cm)�1

0.232 156,000 32,000 0.17 3.9 0.4 2.1
0.224 152,000 28,000 5.5 12 13 3.4
0.28 104,000 35,000 3.2 1.2 5.3 0.8
0.31 65,000 18,000 4.2 2.3 4.3 0.7
0.385 30,000 15,000 1.5 1.8 0.7 0.9
0.41 66,000 18,000 9.4 6.4 10 3.1

The x � 0.232 sample was undoped. All other samples listed were doped with In. Note the interfacial carrier concentration is given as a
sheet value, but the interfacial “conductivity” is given as an equivalent conductivity for ease of comparison.

Table II. QMSA Results at 80 K for As-Doped Samples Receiving a 370ºC Activation Anneal

µµhh µµI pB nI “σσI” σσlh σσhh
x (cm2/Vs) (cm2/Vs) (1016 cm�3) (1010 cm�2) (ΩΩ cm)�1 (ΩΩ cm)�1 (ΩΩ cm)�1

0.28 220 1,880 2.8 4.7 0.03 0.02 0.97
0.31 164 2,950 1.14 63 0.43 0.08 0.28
0.31 160 4,710 13 0.67 0.01 0.11 3.33

Note that interfacial conductivity can be more significant than light hole effects, especially for low-doped samples. Note the interfacial
carrier concentration is given as a sheet value, but the interfacial “conductivity” is given as an equivalent conductivity for ease of
comparison.

Fig. 7. Photoconductance-lifetime results for two n-type, x � 0.22
layers undergoing either a vacancy-removing anneal (245ºC) or an
As-activation-type annealing schedule (430ºC).
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in Fig. 8. The defect state density can be chosen to
obtain the observed lifetime of 1 µs. As the tempera-
ture is increased, the SRH level is then assumed to
follow the valance band. The new FL is obtained
using full band-structure calculations. Because of
the difference in electron and hole masses, the FL
moves toward the conduction band and away from
the SRH centers. Consequently, the SRH rate de-
creases.13 We found that the predicted lifetime
would increase by a factor of 3.5 based on this model
when the temperature is varied from 25 K to 100 K,
consistent with observed trends. We observed simi-
lar temperature-dependent lifetimes for In-doped
HgCdTe with x � 0.3. A quantitatively more de-
tailed analysis of these results is underway and will
be published elsewhere.

Figure 7 strongly suggests that the In-doping
process introduces SRH centers that were not
present in the undoped HgCdTe. Moreover, the low-

temperature photoconductance lifetime is always
slightly longer following an As-activation anneal,
whether or not the material is In-doped, indicating
that such annealing may indeed reduce the concen-
tration of SRH centers.

The lifetime analysis for the As-doped p-type
material proved to be more complicated. In particu-

lar, two distinct types of behavior were observed.
Figure 9a illustrates temperature-dependent photo-
conductance lifetimes measured for several As-
doped, x � 0.3 HgCdTe samples. The single-field
hole concentration for one of these samples is show
in Fig. 9b. That the rapid decrease at high tempera-
tures is due to Auger recombination is confirmed by
the close correlation with an 1/ni

2 dependence. In a
similar fashion, the rapid increase in the lifetime at
the lowest temperatures appears to correlate well
with the measured hole concentration, exhibiting
carrier freeze out, scaling as 1/p2. This latter behav-
ior strongly supports extrinsic Auger recombination
as the dominant mechanism in that regime. This in-
terpretation further implies that the flat portion of
the lifetime curve at intermediate temperatures is
consistent with Auger recombination continuing to
dominate in the region where the measured carrier
concentration is relatively constant. Recent calcula-
tions predict a region of constant lifetime for these
temperatures and carrier concentrations.14 On the
other hand, dominance by the SRH process would be
inconsistent with the sharp increase of the lifetime
that is observed in the carrier freeze-out regime.

The true picture may be more complex. Many
of the lifetimes reported for As-doped HgCdTe
around 80 K appear too long, including several of
the samples from this study. Figure 10 contains
a compendium of 80-K photoconductance-lifetime
results15–21 for As-doped, x � 0.3 HgCdTe. Also

Fig. 8. If the dominant SRH centers track the valence (conduction)
band, SRH recombination will exhibit a significant temperature
variation, increasing at lower temperatures.

Fig. 9. Lifetime and single-field Hall results for a p-type sample (x � 0.31) that underwent a low-temperature (370ºC) activation anneal.

a b
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shown are the older calculations for radiative and
Auger 7 recombination that are often compared to
such data,22 along with a newer treatment of Auger
7 recombination that is based on a full band-struc-
ture calculation.14 Most of the measured values are
in better agreement with the newer calculation,
which serves as a reasonable upper bound. However,
there remain a finite but significant number of sam-
ples that exhibit photoconductance lifetimes that
are one or more orders of magnitude longer than
predicted. Carrier trapping is one possible explana-
tion for the observation of such long photoconduc-
tance lifetimes, particularly in the heaviest doped
samples. Such a trapping effect has been reported
for other p-type layers.23

Trapping is also strongly suggested by the photo-
conductance transients measured for several of the
layers that exhibit temperature dependencies simi-
lar to those in Fig. 9. An example of such a transient
is shown in Fig. 11. For certain temperatures, volt-
ages, and pulse illumination levels, a “delayed”
decay, which apparently indicates a long lifetime,
can be seen. In addition, a slight rise in the photo-
conductance signal follows the initial rapid decay
after the laser pulse is terminated. This rise is
possibly due to emission by minority-carrier trap-
ping centers. Similar behavior has been reported
previously in HgCdTe and interpreted in terms of
trapping effects on the recombination kinetics.24

The As dopants introduced during the MBE
growth tend to occupy the Hg sublattice, to form
AsHg. An activation anneal shifts most of the As to
the desired Te sublattice, AsTe, although the reaction
also creates such byproducts as TeI, TeHg, TeHg-VHg
complexes, and As-related defects. While interactions
with Hg during the activation and/or vacancy anni-
hilation anneals should in principle eliminate many
of these defects, the rates may be kinetically limited
for heavy doping. All of these byproducts are candi-
date trap states. If the defect states have anion s-like
symmetry, then conduction-band electrons (in p-type
material, these are primarily photo-excited elec-
trons) will readily transfer to the defect states. And

because the electrons are now in states with s-like
symmetry, the overlap integral with the valence
band is small, and the Auger rate is greatly reduced.
Thus, the recombination is limited primarily to ra-
diative processes that are much slower rates than
Auger, resulting in a long apparent lifetime. At lower
temperatures, the valence holes freeze out, and the
normal Auger rate can again dominate, while at high
temperatures, carriers are thermally excited from
both the valence band and trap states, and the
intrinsic Auger lifetime begins to dominate.

Calculations are underway to investigate which
reaction byproducts exhibit the correct symmetry to
serve as trap states. If the relevant state can be
identified, then alternate annealing schedules may
be possible to minimize that type of defect. We also
plan to look at these samples with other techniques,
such as steady-state photoconductivity and deep-
level transient spectroscopy. It is hoped that this
will lead to a conclusive determination of whether
trapping phenomena actually cause the long life-
times and assist in obtaining an estimate of the
trap-level concentrations.

The second type of p-type photoconductance-life-
time variation with temperature is shown in Fig. 12.
The 80-K lifetime is shorter than that observed for
samples with the behavior shown in Fig. 11 and is
more consistent with predicted Auger 7 and SRH-
limited lifetimes. However, these samples exhibit a
significantly different type of temperature varia-
tion. In general, the lifetime is fairly long at room
temperature, followed by a continuous decrease of
over a factor of 10 with decreasing temperature.
This temperature variation is not predicted by cal-
culations of the Auger 7 recombination and is not
easily explained by the SRH mechanism either. Note
also the sharp increase at the lowest temperatures
that is apparently linked with carrier freeze out.
Our preliminary finding is that this type of lifetime
behavior only occurs for layers grown under As flux
coming from the cracker source, with only one of
seven such pieces exhibiting behavior similar to
that in Fig. 9. All four of the samples grown with the
standard thermal As source and measured at WVU
exhibit behavior such as that found in Fig. 9.

Fig. 10. Comparison of measured p-type photoconductance-decay
lifetimes with calculations of theoretical-limiting mechanisms (A:
Ref. 15; B: Ref. 16; C: Ref. 17; D: Ref. 18; E: Ref. 19; F: Ref. 20; and
R: Ref. 21).

Fig. 11. The behavior of the photoconductance transient suggests
that trapping may significantly influence recombination.

JEM_1076-S39  5/28/04  10:35 AM  Page 735



Swartz, Tompkins, Giles, Myers, Edwall, Ellsworth, Piquette,
736 Arias, Berding, Krishnamurthy, Vurgaftman, and Meyer

Clearly, more work is required before an unam-
biguous interpretation of the photoconductance life-
times in As-doped HgCdTe grown by MBE will be
possible. The significant fraction of samples with
anomalously long, 80-K lifetime values, as shown in
Fig. 10, suggests that similar issues may affect sam-
ples grown by a variety of techniques. In addition,
the common practice of measuring (or reporting)
only 80-K values for p-type material complicates the
understanding of what is occurring in the material
from various groups. We plan to carry out a detailed
study on many additional As-doped samples and
include steady-state photoconductivity and deep-
level transient spectroscopy measurements to better
understand the role of traps in these layers.

SUMMARY OF RESULTS

Variable magnetic-field Hall and transient photo-
conductance-lifetime measurements were performed
on a series of undoped, In-doped, and As-doped
HgCdTe. The use of QMSA combined with MCF tech-
niques indicates that the majority of samples contain
an n-type layer that significantly influences the inter-
pretation of the electrical measurements. This n-type
layer completely masks the high-quality electrical
properties of the undoped or lightly n-type In-doped
HgCdTe, as well as complicating the interpretation of
activation in As-doped p-type HgCdTe. The n-type
background that is typically imposed by In doping
to “recover” high mobility is shown to have the effect
of increasing the layer conductivity so that it is com-
parable to the interface layer conductivity. This may

actually degrade the sample quality because photo-
conductance-lifetime measurements suggest that In
doping can introduce SRH recombination centers.
Variable-field Hall analysis is shown to be essential
for characterizing p-type material. Photoconduc-
tance-lifetime measurements suggest that trapping
states may be introduced during the incorporation
and activation of As. Two distinctly different types of
temperature-dependent lifetimes are observed.
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