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GaInAsSb/GaSb/GaAlAsSb double heterostructures are attractive for optoelectronic devices working in the
1.5�4.8 µm wavelength region. In this paper, the current mechanisms of liquid phase epitaxy grown GaInAsSb
based double heterostructures with 100 µm diameter were investigated in the temperature range 77�350 K. It was
found that di�usion current dominates at the high temperature (> 240 K) and small forward bias region, while
generation-recombination current dominates at intermediate temperatures (242�171 K). At low temperature region
(< 171 K), the tunneling mechanism of the current �ow dominates in both forward and reverse biases.

DOI: 10.12693/APhysPolA.125.411

PACS: 73.40.−c, 78.66.−w, 85.60.Dw

1. Introduction

GaInAsSb/GaSb/GaAlAsSb heterostructures are of
interest due to their importance for promising optoelec-
tronic devices working in the wavelength region 1.5�
4.8 µm. Both e�cient light-emitting devices and high-
-speed detectors have been prepared and may be used for
gas pollution monitoring, as well as for optical communi-
cations in the new generation of �bers [1�5]. GaSb-based
materials are widely used narrow band gap semiconduc-
tors for infrared detection in 0.9�2.55 µm spectral range.
This class of materials has become the subject of exten-
sive investigations because of the progress in developing
infrared lasers, light emitting diodes, photodiodes, so-
lar cells, thermophotovoltaic devices for mid-IR spectral
range [6�9].
In addition, thermophotovoltaic (TPV) devices based

on III�V semiconductor alloys with bandgap energies cor-
responding to the mid-infrared wavelength range 2.2 to
2.5 µm (0.5 to 0.56 eV) are being developed. To date, the
highest performing TPV devices in this wavelength range
have been achieved for devices based on GaInAsSb and
AlGaAsSb alloys lattice matched to GaSb substrates [10].
In this report, dark current�voltage characteristics of

GaInAsSb/GaSb/GaAlAsSb heterostructure with an ac-
tive area 100 µm in diameter, are examined. The results
obtained will be useful both for improving the material
synthesis technology and for developing optoelectronic
devices.

2. Experimental

Epitaxial layers of the GaAlAsSb, GaInAsSb solid so-
lutions and the photodiode heterostructures were grown
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by liquid phase epitaxy (LPE) at Io�e Physical-Technical
Institute RAS. High-quality Ga0.78In0.22As0.18Sb0.82
solid solutions with composition near the miscibility
gap boundary were grown at T = 600 ◦C on Te-doped
GaSb(100) substrates. The lattice mismatch between the
GaInAsSb epitaxial layer and substrate which was deter-
mined by X-ray di�ractometry (XRD) was found to be
∆a/a = (2�5) × 10−4 at room temperature [11]. The
epitaxial layers have shown a good surface morphology
and straight interface lines for investigated structures.
Mesa samples with a working area 100 µm in diame-
ter were fabricated from these structures by photolitho-
graphy. Thermal evaporated AuGe/Ni/Au and Cr/Au/
Ni/Au ohmic contacts with annealing at 300 ◦C for 30 s
in H2 atmosphere were applied to the p-GaAlAsSb top of
each mesa and to the back of n-GaSb substrate, respec-
tively.
Fabricated devices were mounted into a glass dewar

with a cold shield for detailed electrical measurements
at variable temperatures. I�V characteristics were per-
formed using a Keithley 6517A electrometer and C�V
measurements were carried out at room temperature with
Keithley 590 C�V analyzer. All measurements were con-
trolled by a computer via an IEEE-488 standard inter-
face so that the data collecting, processing and plotting
could be accomplished automatically. Photovoltaic mea-
surements were employed using a 50 W halogen lamp
and THORLABS FES1000 infrared �lter. The inten-
sity of halogen lamp radiation was varied by changing
the current through it. The intensity of the incident
light was measured by THORLABS photodiode ampli-
�er PDA200C with BPW41N silicon PIN photodiode.

3. Results and discussion

High level of dark current is one of the basic prob-
lems of photodiodes [12]. It is important to understand
the nature of dark current mechanisms of the structure.
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Figure 1 shows current�voltage (I�V ) characteristics of
the GaInAsSb/GaSb/GaAlAsSb structure with an active
area 100 µm in diameter.

Fig. 1. Forward I�V characteristics of the structure at
several temperatures, in the inset ideality factor values.

The dependence of forward current on voltage can be
described by this empirical expression [13]:

I = I0

[
exp

(
qV

nkT

)
− 1

]
, (1)

where n is the ideality factor which was calculated from
slope of the linear region of the forward bias ln I�V (in
semi-log scale) plot and can be written as

n =
q

kT

(
dV

d (ln I)

)
. (2)

It is seen from the inset of Fig. 1 that the n value in-
creases with decreasing temperature from n = 1.12±0.03
at the temperature of 350 K to n = 10.3 at T = 77 K.
At high temperatures (T ≥ 293 K) and temperatures
between 242 K and 212 K the forward current was de-
termined by two di�erent mechanisms of the �ow of the
current, by di�usion and recombination mechanisms, re-
spectively. At the low temperatures (T ≤ 200 K) the
contribution of tunneling component was carried in es-
sential to the mechanism of the �ow of the current. This
was proved by the weak dependence of the forward cur-
rent on temperature at this temperature region.
Under forward bias the �ow of holes from the p-region

reaches the negative contact unimpeded, but electrons
encounter a high barrier at the heterointerface and �nd
themselves in a deep potential well. Some electrons and
holes with high energy pass over the barriers at the
heterointerface. However, the carrier recombination at
the heterointerface, with subsequent tunneling of carriers
through it, makes a substantial contribution to the total
current. At low temperatures, the tunneling processes
become dominant, since passing over barriers becomes
improbable. This is con�rmed by the n values obtained
(n ≥ 2) for low temperature region.
Figure 2 shows dependences of the dark current on

reverse bias at several temperatures. It is seen that, at
room temperature, a quadratic dependence of the current

on the bias is observed for small biases (V ≤ 0.4 V) that
indicates the predominance of the generative character of
the current.

Fig. 2. Reverse current�voltage characteristics of the
structure at several temperatures.

Figure 3 shows the reverse current versus 103/T as a
function of reverse bias. The experimental data agree
with the dependence for the generation-recombination
(GR) current. This kind of current has a temperature
dependence of the form I ∝ T 3/2 exp(−Eg/2kT ). The
activation energy, determined by this dependence at the
temperatures over the range from 293 K to 350 K is
Ea = 0.29 eV which is close to half band gap value of
narrow gap structure. The deviation from the calculated
dependence for the GR current is due to tunneling over
whole reverse bias range at low temperatures.

Fig. 3. Reverse current as a function of reciprocal tem-
perature at di�erent reverse biases. In the inset, reverse
biased dark current dependence on maximum electric
�eld at several temperatures.

To further test the tunneling model, the I�V charac-
teristics of the investigated samples were used to obtain
the dependence of current on 1/Em at �xed Eg, as shown
in Fig. 3. Let us note that the tunneling current for di-
rect gap semiconductors is strongly dependent on the ra-

tio E
3/2
g /Em, therefore, this mechanism can account for
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the nearly exponential dependence of dark current on ap-
plied voltage. The maximum junction electric �eld can
be found experimentally by Em = [2qNd(Vbi−V )/ε2]1/2.
The data show considerable curvature at low electric
�elds, with the curvature more pronounced at higher
temperatures. This behavior indicates that tunneling
becomes the dominant source of leakage with increasing
�eld and decreasing temperature.

Fig. 4. Dependence of short-circuit current on the light
intensity.

In the photovoltaic regime energy characteristics are
the dependences either of short-circuit current or open
circuit voltage on the intensity of incident light. Figure 4
shows variation of the short-circuit current with light in-
tensity for the photodiode. As seen from them, with the
high intensity of the incident light the law of variation in
these dependences substantially di�ers from linear. For
short-circuit current, the appearance of this nonlinearity
is connected with the increase a voltage drop across the
serial resistance of the base.

4. Conclusion

In this paper we have presented the dark current char-
acteristics of GaInAsSb/GaSb/GaAlAsSb heterostruc-
ture with low diameter active area in the temperature
range of 77 K to 350 K. The investigation of the nature of
dark current has shown that di�usion current dominates
at high temperatures in small forward bias region. On the
other hand, reverse dark current consists of generation-
-recombination and tunneling components. Studies of

these heterojunctions provided the physical basis for the
fabrication of the photodetectors operating in the wave-
length range 1.6�2.2 µm, important for third-generation
infrared �ber-optic communication systems and suitable
for tasks involving ecology and protection of the environ-
ment.
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