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Abstract—A photodetector with a spectral characteristic of the photoresponse controlled by the bias voltage
is realized on the basis of the Al-n-Cd Hg; _,Te heterostructure with a narrow insulator gap. The features of
the spectral characteristic of the photocurrent are accounted for by the variation in the ratio between the surface
and bulk components of the photocurrent upon varying the bias voltage. The possibility of simultaneous detec-
tion and control over the spectral characteristic of photosensitivity at the fundamental adsorption edge and in

the short-wavelength spectral region is shown.
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1. INTRODUCTION

The spectral characteristic of photosensitivity is an
important characteristic of photodetectors. It is known
that the spectral characteristic of photosensitivity of
photoresistors with a thickness on the order of the dif-
fusion length of minority carriers depends on both bulk
parameters of the semiconductor and on the state of the
surface. For the Cd,Hg, _,Te alloys, which are the base
materials for the fabrication of detectors of IR radia-
tion, the state of the surface substantially affects its
photoelectric properties. By depositing thin layers of
various metals on the Cd Hg,_,Te surface, one can
control the spectral characteristic of photosensitivity in
the fundamental absorption region [1, 2]. However, this
method is of irreversible character since, after deposi-
tion of metal, the spectral characteristic remains the
same. In certain optoelectronic applications, for the
spectral analysis of the incident radiation, the necessity
appears in photodetectors, in which the spectral charac-
teristic of photosensitivity can be varied by applying
the variable external voltage [3]. Such types of photo-
detectors involve the MIS photoresistors, in which an
increase in conductivity of the near-surface layers of
the semiconductor with the corresponding gate poten-
tial is used [4]. In this case, an increase in the spectral
characteristic of photosensitivity is attained in the
short-wavelength spectral region without varying the
boundary of long-wavelength photosensitivity, which is
determined by the fundamental absorption edge. How-
ever, for the structures with the Schottky barrier with
the operational mechanism of intraemission, by varying
the external bias voltage, it is possible to shift only the
long-wavelength boundary of its photosensitivity spec-
trum [5]. In this article, we describe the Cd Hg, _,Te-
based (x = 0.28) experimentally fabricated photodetec-

tor with a semitransparent aluminum layer deposited on
the surfaces, the spectral characteristic of photosensi-
tivity of which can be controlled by the applied voltage
both in the short-wavelength region and in the region of
the long-wavelength boundary.

2. EXPERIMENTAL

For the fabrication of experimental samples, we
used the compensated n-Cd,Hg, _,Te single crystals
with Np — N, = (1-4) x 10" ¢cm™ and p, = (6-8) X
10* cm?/(V s) at 77 K. The wafers were rectangular
with the sizes 2 X 5 X 0.07 mm. The ohmic contacts
were formed by electrochemical deposition of In. The
field’s semitransparent electrode was fabricated by vac-
uum-—thermal evaporation of Al through a mask to pro-
vide an intermediate gap of 0.1 mm between the elec-
trode and ohmic contacts. The insulator gap between Al
and narrow-gap Cd,Hg, _ Te was tunneling—impenetra-
ble for charge carriers and was similar to the MIS struc-
ture with an ultrathin (5-6 nm) insulator layer. We
reported the features of photoconductivity of narrow-
gap Cd,Hg, _,Te with the Al coating in [6], where the
measurement procedure was also reported. To detect
the signal, we used an amplifier with a phase detector.
In this structure, although all dc bias voltage U, applied
to the gate dropped on the insulator gap, at a frequency
of radiation modulation f= 1 kHz, because of the large
capacitance of insulator Cy, the voltage drop of the sig-
nal across the structure of the surface—barrier was con-
siderably smaller than across the load resistor Ry
(1/0oCy < Ry).
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Fig. 1. Spectral distribution of photoconductivity of
n-Cd,Hg, _,Te (/) prior to and (2) after coating with a
semitransparent Al layer and (3) distribution of the photo-
current of the Al-n-Cd,Hg; _ , Te surface—barrier’s structure

at an applied voltage of +1.5 V. Schematics of connections
of electrodes of the structure is shown in the inset.

3. RESULTS AND DISCUSSION

Figures 1 and 2 represent the spectral characteristics
of the photoresponse of the considered photodetector at
various bias voltages and 7 = 80 K. As evident from
Fig. 1, at the positive polarity of the applied voltage for
the mentioned circuit of connection of electrodes, a
substantial increase in photosensitivity in the short-
wavelength spectral region is observed compared with
the photoresistor without the coating. For comparison,
Fig. 1 also represents the spectral characteristic of the
photoresponse at the zero bias, which coincides with
the characteristic of the surface-barrier photoresponse
of the Al-n-Cd Hg, _ Te structure. In contrast, at nega-
tive bias voltages |Uy| = 0.5 V, a photosensitivity drop is
observed in the short-wavelength region, and its peak
falls on the fundamental absorption edge. At low nega-
tive voltages |Uy| < 0.5 V, the spectral characteristic
consists of two regions with different signs of the value
of the photosignal, namely, the long-wavelength por-
tion with the sensitivity maximum at the fundamental
absorption edge A, and short-wavelength portion
peaked at a certain A, < A,. The wavelength value A;, at
which the photosignal’s sign changes, varies with the
bias voltage.

In the structure under consideration, the photocur-
rent forming under illumination consists of the bulk
component, which emerges in a quasi-neutral semicon-
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Fig. 2. Spectral distribution of the photoconductivity pho-
tocurrent for n-Cd,Hg; _ ,Te coated with a semitranspar-
ent Al layer at negative voltages: (/, 1') 0.05, (2, 2") 0.1, and
(3,3") 1.5 V. Curves (1), (2), (3) and (1'), (2') correspond to
photocurrents occurring in the antiphase.

ductor region, and of the surface component of the pho-
tocurrent, which emerges in the near-surface region of
the space charge. At a zero bias voltage, the signal on
the series-connected load resistor R emerges due to the
surface—barrier’s photocurrent (Fig. 1). As the bias volt-
age is supplied, the bulk’s photocurrent due to the pho-
toconductivity also emerges. Depending on the polarity
of the applied voltage, this photocurrent is added to the
surface’s photocurrent or is subtracted from it. Since
the spectral characteristic of each component of the
photocurrent varies differently depending on the radia-
tion’s wavelength, then, varying their ratio by varying
the applied bias voltage, we can control the spectral
characteristic of photosensitivity of the photodetector.

For the quantitative description of the observed fea-
tures of the photocurrent, we can use the relations for
the spectral dependence of the bipolar photoconductiv-
ity taking into account the conductivity of the quasi-
neutral volume and surface region of the spatial charge
[7]. For the photocurrent, under the positive bias, we
can write the simplified expression:

AU -
U\ = erRL%{l—f(uﬁ M) (1—e ™)

—kw —kw —kw
e e e
. [Tef(l T kL) e IS(UO)(l T kL)}'
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Here, P;, A, and k are the incident’s power, wavelength,
and absorption coefficient of radiation; 1 is the quan-
tum efficiency; % is Planck’s constant; e is the elemen-
tary charge; |1, and |, are the electron and hole mobili-
ties; [ and d are the sample’s length and thickness; w is
the width of the space charge region; L is the diffusion
length of minority carriers; T.; and T, are the effective
and volume lifetimes of minority carriers; and I,(U,) is
the dependence of the surface—barrier’s photocurrent
on the applied voltage in relative units.

It is evident from the relation that the spectral
dependence has an increase in the short-wavelength
spectral region both due to the contribution of photo-
conductivity of the near-surface space charge region at
Ter > T, > P/U(1,, + 1) and due to the contribution of the

surface-barrier’s photocurrent at T, T, < /Up(W,, + 1)

For the negative bias, the surface’s photocurrent is
directed oppositely to the bulk’s photocurrent, and we
can write the simplified relation for the photosignal

AU -
U\ = erRL%{l—fmnwp)(l —e)

—kw —kw
e e
x (TV1 n kL) - IX(UO)(] 17 kL)}'

At small negative values of the applied voltage, where
these components are comparable and directed oppo-
sitely, the bulk component is dominant in the absorp-
tion edge region, and in the short-wavelength region, in
the antiphase, the surface component is dominant. As
the bias voltage increases, the surface bending of the
bands decreases, and the effective rate of the surface
recombination increases, which leads to a decrease in
the surface—barrier’s photocurrent, while the bulk com-
ponent of the photocurrent increases proportionally to
the applied voltage. As a result, the wavelength A, at
which the change in the signal’s sign is observed, and
the long-wavelength boundaries of the surface and bulk
components of the photocurrent are shifted to the short-
wavelength region. At the applied bias voltages |U,| >
0.5 V, where the surface bands are almost flat and we
can disregard the surface’s photocurrent, the purely
bulk component of the photocurrent prevails, which is
observed experimentally.

The calculated values of spectral dependences by
these relations agree well with the experimental ones
with the use of actual absorption factors, which appre-
ciably differ from the theoretical ones for the compen-
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sated samples at the fundamental absorption edge. This
is explained by the presence of different microinhomo-
geneities in the compensated sample and by the exist-
ence of the vacancy band [8]. The dependence /(U,)
used in the formula was also obtained from the measure-
ments and was similar to that presented in [6], which is
more gently sloped compared with the ideal calculated
curve because of the effect of the surface states.

If the amplifier with the phase detector is used for
the detection of radiation, we can simultaneously use
both portions of the spectral characteristic varying them
by changing the sign and the value of the applied bias
voltage. This feature makes this photodetector attrac-
tive for the application, for example, in analyzers of the
spectrum of the detected radiation or as the two-band
photodetector for actual ranges of the infrared spectral
region, which correspond to the atmospheric transpar-
ency windows.

Therefore, by the example of the structure Al-n-
Cd,Hg, _.Te, it is shown that based on the uniform
semiconductor with a constant band gap, it is possible
to realize the photodetector, the spectral characteristic
of which can be controlled by the applied bias voltage
both at the edge and in the region of fundamental
absorption.
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