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A comparative study of wet etchants for both molecular beam epitaxy (MBE)
and liquid phase epitaxy (LPE) grown n- and p-type samples was performed
using capacitance–voltage (C–V) characteristics and surface recombination
velocity (SRV) extracted from photoconductive decay (PCD) measurements.
Different wet etchants were divided in two categories, (i) where bromine is a
direct reagent in the etching solution and (ii) where bromine is a byproduct
after reaction among different reagents. Negative shift of the flat-band volt-
ages were observed for both n- and p-type samples treated with second cate-
gory of etchants. A decrease in minority carrier lifetimes and an increase in
the surface recombination velocities were also observed for the n-type samples
treated with second category of etchants.

Key words: ZnS, CdTe, stacked passivation, minority carrier lifetime,
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INTRODUCTION

Hg1-xCdxTe (MCT; x ” Cd composition) infrared
detectors offer the possibility to tune the material
cut-off wavelength between 1 lm and 14 lm in
order to adapt the detector detection waveband to the
application need. With proper theoretical designs
different types of emitters and detectors have been
studied and many of them have been fabricated.1–5

During the last few years, there has been tremen-
dous research effort devoted to various aspects of
surface treatments, which results in evolution of
new surface treatments along the years.6,7 While
sophisticated focal plane arrays of sizes as large as
1,024 · 1,024 and more are now well under the
manufacturing phase, there remain many unan-
swered questions about the nature of HgCdTe sur-
face, answers to which would improve the

performance, yield and stability of the focal plane
arrays.

Most of the HgCdTe devices are processed by wet
etching technique. As etching is a surface treat-
ment, different etchants would lead to different
surface conditions. In wider bandgap material, it is
quite reasonable to ignore these changes but in
narrow bandgap material such as HgCdTe, these
surface changes could make a significant difference
and this in turn could affect the device performance.
Therefore, it is quite necessary to study the effect of
etchants on the HgCdTe surface, an effort that has
been made here.

Passivation has been helpful especially for these
narrow bandgap materials to minimize the effects
from the surface states by saturating them. In
HgCdTe, ZnS and CdTe or a stack of both has been
established as potential candidates for passi-
vants,8–10 and there have been a few studies which
have dealt with comparisons among these passi-
vants.11 However, the surfaces are needed to be
freshly etched and properly treated before passiv-
ation, which helps passivant molecules to search for
the lowest energy surfaces resulting in a superior
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quality passivation film. As surface gets affected
differently for different etchants, that can also affect
the passivation quality and hence the device char-
acteristics.

In our study, we have focused on a comparative
study among different wet etchants in HgCdTe
technology. Capacitance–voltage (C–V) characteris-
tics were measured and surface recombination
velocities (SRV) were extracted from photoconduc-
tive decay measurements (PCD) on both liquid
phase epitaxy (LPE) and molecular beam epitaxy
(MBE) grown samples to characterize the surface
after treatment with different etchants.

WET ETCHING IN HgCdTe

HgCdTe is a ternary alloy, composed of two II–VI
compounds HgTe and CdTe. From the previous
literature it becomes evident that both of these
compounds get etched away in the acidic solu-
tion.12,13. The change in the free energy (DF) during
etching is the driving force for any etching reaction,
which determines the rate of etching. The lower the
value of DF, the higher is the etching rate.

CdTeþ 2hþ ! Cdþ2 þ Te0; DF ¼ 3:5 kcal/mol

CdTeþ 6hþ ! Cdþ2 þ Teþ4; DF ¼ 55:8 kcal/mol

HgTeþ 2hþ ! Hgþ2 þ Te0; DF ¼ 46 kcal/mol

HgTeþ 6hþ ! Hgþ2 þ Teþ4; DF ¼ 98:5 kcal/mol

It becomes clear from the energy data table that
to etch one mole of CdTe,13 it is required to have a
minimum DF of 3.5 kcal, while for HgTe the corre-
sponding number is 46 kcal.13 As a result, although
HgTe bond is much weaker than CdTe, CdTe
becomes more unstable in etching solution resulting
in a faster etching rate.12,13 This is the basis of all
HgCdTe wet etching.

CATEGORIES OF WET ETCHANTS

In our comparative study, we have divided dif-
ferent wet etchants in two categories. In the first
one, bromine was considered to be a direct reagent,
and in the second one, bromine is emerged as a
byproduct of a reaction among different reagents.
Bromine–methanol (Br–MeOH), bromine lactic acid,
bromine ethylene glycol etc. are considered as the
examples of the first category of etchants and a
mixture of deionized (DI) water, hydrobromic acid
(HBr), and hydrogen peroxide (H2O2) or a mixture
of ethylene glycol, HBr and H2O2 etc. are the rep-
resentatives of the second category etchants. In the
first category, Br2 is reduced by losing two holes and
is converted to Br-, and the Te-2 is oxidized by
accepting those two holes and is converted to Te0. In

the following steps, Br- dissolves the Cd+2 or Hg+2

cations to form CdBr2 and HgBr2
12 respectively.

Br2 ! 2Br� þ 2h

Te�2 þ 2h! Te0

But in the second category, Br2 is not directly
available in the etching solution and emerges as a
reaction between HBr and H2O2 solution. Once Br2

is available in the solution, HgCdTe is etched by a
similar procedure. But unlike the first category of
etchants, a reversible hydrolysis reaction occurs
between these two byproducts because of the
simultaneous presence of Br2 and water in the same
solution. This results in the formation of HBr and
its oxide counter (HBrO). HBrO reacts again with
Te-2 to leave an excess of tellurium dioxide (TeO2),
HBr and an excess of two electrons.12,13

2HBrþH2O2 ! Br2 þ 2H2O

Br2 þH2O! HBrþHBrO

2HBrOþ Te�2 ! TeO2 þ 2HBrþ 2e

ð1Þ

EXPERIMENT

Samples studied in these experiments were grown
both by LPE as well as MBE. The details of the
compositional structures of these samples are
given in Fig. 1a–d, respectively. The samples were
thoroughly cleaned in warm (40�C) acetone, warm

Fig. 1. Structural schematic diagram of samples (a) MWIR sample
HCT 950322 (x = 0.268), (b) MWIR sample HCT 2228 (x = 0.3),
(c) MWIR HCT 639 (x = 0.23), and (d) HCT 2412 (x = 0.29).
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methanol and DI water, each for 5 min. Then they
were dried with dry N2 purge before treating them
with respective etchants. After etching, samples were
rinsed in the respective solvents and DI water for
5 min each and subsequently purged again with dry
N2 to remove any water droplet before loading it for
ZnS passivation. While etching the samples, careful
attention was paid in order to etch the same thickness
of different pieces from the same wafer. This was
strictly followed to avoid any effect of variation of
thickness for different samples treated with different
etchants. Most of the samples had a top or a cap or
both layers, so during etching it was ensured to etch
through both the top and the cap layers.

The ZnS passivation was done by electron beam
(e-beam) evaporation technique using a Thermionics
chamber. The samples were loaded upside down at
room temperature. The chamber was pumped down
till the pressure reached 1–2 · 10-6 torr. The evap-
oration started with a slow and controlled deposi-
tion rate of less than 0.5 Å/s till 1,000 Å. The e-beam
was kept below 5 mA during this time. Afterwards
the deposition rate was ramped to 1–1.2 Å/s untill
4,000 Å and correspondingly the e-beam current
was increased to 6.5–7 mA.

After passivation, the C–V samples are photo-
shaped for making metal contact on active HgCdTe
layer and on the passivation layer. The metal depo-
sition rate was also kept around 1 Å/s to avoid any
damage of the active layer or the passivation layer
during deposition. Gate metals were circular in shape
with a diameter around 300 lm. C–V characteristics
were also performed to verify the insulating property
of the passivation layer (Fig. 2a). This was carried
out also to ensure that the metal-semiconductor is
ohmic where as the metal-passivation contact is
Schottky. A cross-section of the C–V sample is shown
in Fig. 2b.

In order to conduct the comparative study among
different etchants, C–V analysis was performed and
PCD measurements were taken. In PCD measure-
ments, the sample was excited with a pulsed Al-
GaAs laser (kc = 905 nm) to generate excess
minority carriers leading to a conductivity change.
The bulk lifetime and the surface recombination
parameters were extracted from the decay curves
and were plotted as a function of temperature. All
the C–V measurements were performed at 77 K
temperature and 1 MHz frequency. The voltage was
swept with the help of an Agilent 4156B Semicon-
ductor Measurement Unit and the corresponding
capacitances were stored with the help of an HP
4275A LCR Meter. The C–V and PCD measurement
set-up is shown in Fig. 3a and b.The flat-band
voltage of the C–V data for both n- and p-type
samples were defined as the voltage where depletion
region starts forming in the forward sweep of the
voltage. No additional surface treatment was per-
formed to reduce the hysteresis of the C–V data.
This was avoided seeing the effect of the etchants
only on the C–V graphs.

RESULTS AND DISCUSSIONS

Etching is a surface treatment, so it affects the
surface properties rather than bulk properties.
Because of this, the comparative study among dif-
ferent etchants was carried out with the help of C–V
analysis and SRV extracted from minority carrier
lifetime, which gave a direct insight of the surface.
For this narrow bandgap material, surface plays a
dominant role, especially at low temperatures when
the Auger mechanism is insignificant and the car-
rier concentration is controlled by doping. So all the
C–V measurements were carried out at 77 K and all
the SRVs were extracted from the change in con-
ductivities at 78 K. If any active surface state was
introduced during the respective etching treat-
ments, C–V analysis would result in a relative shift
of the flat band voltage, provided passivation was
carried at the same time. From the nature of the
shift of the flat-band voltage, the polarity of the
surface state was determined.

Two adjacent pieces from the same p-type LPE
grown HCT950322 were selected for the first set
of experiments. The first one was treated with 1%
Br–MeOH for 30 s and the other one was treated
with 50DI + 10HBr + 1H2O2 for 18 s. The respec-
tive etching timings were calibrated to etch around
5,000 Å from the top. A negative shift of the flat-
band voltage in case of 50DI + 10HBr + 1H2O2 was
observed while comparing the C–V data (Fig. 3).

Fig. 2. (a) Current–voltage characteristics of the ZnS passivated
HgCdTe layer. (b) Cross-section of the C–V sample.
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The flat-band voltage for 1%Br–MeOH treated
sample was found at -0.7 V while for the other
etchant it was observed at -4.5 V (Fig. 4). In the
second set, the etching was performed for a little
longer durations, 45 s for 1%Br–MeOH and 24 s
for 50DI + 10HBr + 1H2O2, on two other adjacent
pieces from the same wafer. Approximately 8,000 Å
of HgCdTe was removed from the top. An increase
in the negative shift of the flat-band voltage was
noticed this time (Fig. 5) for 50DI + 10HBr +
1H2O2 treated sample. For 1%Br–MeOH treated
sample the flat band voltage was at the same loca-
tion but for 50DI + 10HBr + 1H2O2 treated sample
the flat band shifted to -6.5 V. Similar experiments
were performed on n-type HCT2228 and for a short
duration etch (30 s for 1%Br–MeOH and 18 s for
50DI + 10HBr + 1H2O2). The flat-band voltages
were at -2 V and -3 V, respectively (Fig. 6). For a
relatively longer duration etch (45 s for 1%
Br–MeOH and 24 s for 50DI + 10HBr + 1H2O2), the
flat-band voltage for 50DI + 10HBr + 1H2O2 trea-
ted sample moved to -4 V, whereas for the 1%
Br–MeOH treated sample the flat-band voltage
remained at the same -2 V (Fig. 7). As discussed
earlier, surface of DI + HBr + H2O2 treated
sample becomes rich of trapped electrons due to the

reversible hydrolysis reaction between water and Br2

(Eq. 1). So in equilibrium, the band bends downward
for both p-type and n-type samples, as shown in
Fig. 8. As a consequence, an excess amount of
negative voltage is applied at the gate in order to
achieve a flat-band condition, which explains the

Fig. 4. C–V characteristics on HCT 950322 after 1% Br–MeOH
treatment for 30 s (�) and 50DI + 10HBr + 1H2O2 treatment for
18 s (n).

Fig. 3. Schematic of the (a) C–V setup and (b) PCD setup.
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negative-shift of the flat-band voltage for 50DI
+ 10HBr + 1H2O2 treated case. An increase in the
etching time followed the increase in the concentra-
tion of trapped electrons resulting in an increase in
the negative shift of the flat-band voltage.

The first set of PCD experiments was conducted
on two adjacent pieces of an annealed LPE grown
n-type sample HCT639. One of them was treated
with 1% Br–MeOH for 2 min 30 s and the second
one was treated with 50DI + 10HBr + 1H2O2 for
2 min to etch around 2 lm from the top. A com-
parison of minority carrier lifetimes as a function
of 1000/T showed a decrease of minority carrier
lifetime of 400 ns for 50DI + 10HBr + 1H2O2

treated sample in the low temperature range
(Fig. 9). Surface recombination velocities were ex-
tracted from the data at 78 K using a similar
procedure as discussed in our last work.11 All the

variables used in Eq. 2 are explained in details in
Ref. 11. The data at 78 K were fitted with a scaled
version of Eq. 2 using Matlab interface. The scaling
factor was decided from the sample resistivity,
geometry and the applied bias.

Fig. 5. C–V characteristics on HCT 950322 after 1% Br–MeOH
treatment for 45 s (�) and 50DI + 10HBr + 1H2O2 treatment for
24 s (n).

Fig. 6. C–V characteristics on HCT 2228 after 1% Br–MeOH treat-
ment for 30 s (�) and 50DI + 10HBr + 1H2O2 treatment for 18 s (n).

Fig. 7. C–V characteristics on HCT 2228 after 1% Br–MeOH treat-
ment for 45 s (�) and 50DI + 10HBr + 1H2O2 treatment for 24 s (n).

Fig. 8. Band bending for both n- and p-type sample, in both case the
flat-band shifts in the negative direction.

Fig. 9. Comparison of minority carrier lifetime of 50DI + 10HBr +
1H2O2 1% Br–MeOH treated HCT639 sample.
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The fitted data showed that for 1% Br-MeOH, the
extracted surface recombination velocity was
1.3 · 103cm/s (Fig. 10) whereas for 50DI + 10HBr
+ 1H2O2 the extracted surface recombination
velocity was 5.43 · 103cm/s (Fig. 11). The effective
minority carrier lifetime for the Br–MeOH treated
sample at 78 K was 1699 nsec whereas for DI
+ HBr + H2O2 treated sample it was 433 ns. So an
increase of the extracted surface recombination
velocity by a factor of 5 and a decrease of minority
carrier lifetime by a factor of 4 was observed in the
50DI + 10HBr + 1H2O2 treated sample. Similar
experiments were carried out for n-type MBE grown
on CdTe/Si wafer HCT2412. The extracted surface
recombination velocity in this case also showed
similar behaviors. In the Br–MeOH treated sample
at 78 K the extracted surface recombination velocity
was 1.3 · 104 cm/s and the effective minority car-
rier lifetime was 942 ns (Fig. 12) and for DI + HBr
+ H2O2 treated sample, the corresponding val-
ues were 2.8 · 104 cm/s and 219 ns, respectively
(Fig. 13). A decrease in the minority carrier lifetime
by a factor of 4.5 and an increase of the surface
recombination velocity by a factor of 2 was observed
in case of DI + HBr + H2O2 treated sample. The
PCD measurement data for both LPE and MBE
grown sample is summarized in Table I. In PCD
measurements, as the laser illumination was turned
on for n-type sample, electron–hole pairs were cre-
ated. The generated minority carrier holes recom-
bine at these electrons trapped at the surface, which

Fig. 10. Extraction of the surface recombination velocity for the 1%
Br–MeOH treated LPE grown HCT639 sample.

Fig. 11. Extraction of the surface recombination velocity for the
50DI + 10HBr + 1H2O2 treated LPE grown HCT639 sample.

Fig. 12. Extraction of the surface recombination velocity for the 1%
Br–MeOH treated MBE grown HCT2412 sample.

Fig. 13. Extraction of the surface recombination velocity for the
50DI + 10HBr + 1H2O2 treated MBE grown HCT2412 sample.
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reduces the effective minority carrier lifetime at low
temperatures.

CONCLUSION

From both C–V analysis and SRV extracted
from photoconductive decay technique, it was
confirmed that a thin layer of negative charge was
present in between the passivation and active
layers for 50DI + 10HBr + 1H2O2 treated sam-
ples. An increase in the etching time results in an
increase of the flat-band voltage in the negative
direction for 50DI + 10HBr + 1H2O2 treated
samples. An increase in minority carrier lifetime
and correspondingly a decrease in SRV extracted
from PCD measurements for both LPE and MBE
grown n-type samples were observed for 1%
Br2–MeOH treated samples. In the near future, a
more systematic comparative study among these
etchants would be performed with the help of
X-ray photoelectron spectroscopy.
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Table I. Measured Data from PCD Experiment for HCT 639 and HCT 2412

At 78 K Bromine-Methanol DI + HBr + H2O2

HCT 639
x = 0.23
Na = 8 · 1014 cm-3

Effective minority carrier lifetime (ns) 1,699 433
Extracted surface recombination velocity (cm/s) 1.3 · 103 6.43 · 103

HCT2412
x = 0.29
Nd = 4.6 · 1014 cm-3

Effective minority carrier lifetime (ns) 942 219
Extracted surface recombination velocity (cm/s) 1.3 · 104 2.8 · 104
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