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The paper reports 1/f noise properties of InAs/GaSb superlattice as a function of voltage bias and
temperature. Noise measurements were compared with standard transport characteristics: mobility
and carrier concentration. Interestingly, while these standard characteristics of the two samples are
comparable, the 1/f noise is substantially different. The results suggest that low-frequency noise is
a more sensitive electronic transport characterization tool than standard techniques based on average
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current/voltage analysis.
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1. Introduction

In infrared (IR) detectors, noise has a significant
practical meaning because it influences detectiv-
ity [1]. The 1/f noise is a common phenomenon
in IR devices [2-5], which reduces detectivity in the
low frequency range. The 1/ f noise reduction is be-
coming an important goal in the development of
better and better devices. One of the first steps in
this optimization process is to determine the origin
of 1/f noise in the constituent layers of IR detec-
tors. Among the new materials for infrared detec-
tors, superlattice (SL) materials have promising pa-
rameters that allow them to compete with HgCdTe.

This article investigates the correlation between
1/f noise and the basic characteristics of electronic
transport (mobility and carrier concentration) for
InAs/GaSb SL.

2. Samples and measurements

In this work, two samples made from 1119 and
1120 wafers were investigated. The SLs have been
grown on GaAs:Un (100) £0.5° substrates using
a solid-source Riber Compact 21T (III-V) dual-
zone molecular beam epitaxy system, equipped
with valved arsenic and antimonic cracker, i.e.,
VAC 500 and VCOR 300, respectively. An arsenic
pyrometer was used to measure the temperature of
the substrate. The substrate rotation speed during
growth was set to 10 rpm. The substrate temper-
ature ramp rate was 10°C/min during the heat-up
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and 20°C/min during the cool-down processes. Af-
ter the deoxidation of GaAs, approximately 500 nm
of GaAs was applied at a temperature of 585°C to
refresh the surface of the substrate. The 300 repeti-
tions of non-intentionally doped InAs (3 nm)/GaSbh
(3 nm) were made. After applying the InAs layer,
the surface was wetted with antimony for 4 s, while
after applying the GaSb layer, the surface was wet-
ted with arsenic for 2 s. The samples were cooled in
an antimony atmosphere to 250°C. Figure 1 shows
the 20/w curves measured for InAs/GaSb SL by
high-resolution X-ray diffraction (HRXRD) with
the Malvern Panalytical diffractometer with Cu K
(a_1) radiation (A = 1.540598 A).

The 260/w scan was performed around the GaAs
(004) reflex. For both samples, the highest inten-
sity and narrowest peak are from the GaAs sub-
strate. In addition, for the measured 26/w curve of
the analyzed structure, peaks of SL up to —3 and
+3 of the order were observed. This proves that the
SL crystals are of good quality. It also confirms the
constancy of period thickness during growth.

In Fig. 1, the mean SL period of the 1119 and
1120 samples is 6.44 nm and 6.45 nm, respectively.
Furthermore, the thicknesses of the individual SL
layers in both samples were estimated and are listed
in Table I.

Perpendicular lattice mismatch (Aa/a)l be-
tween the buffer layer and the zero-order satellite
peak of —5602 and —5322 ppm occurs for 1119 and
1120 samples.
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The 20/w curve measured for InAs/GaSb

SLs (1119 and I120) by high-resolution X-ray

diffraction.

TABLE I

The average thickness of the individual superlattice

layers in the period.

1119 1120
GaSb 2.95 nm 2.95 nm
InSh-like 0.34 nm 0.35 nm
InAs 2.90 nm 2.95 nm
GaAs-like 0.26 nm 0.25 nm

The Ecopia HMS-5000 Hall Measurement Sys-
tem was used to determine the concentration
and horizontal mobility of carriers as a function
of temperature in the investigated samples with
the van der Pauw method. The samples were
square/rectangular shapes with sizes 6.5 x 6.0 mm?
and 6.2 x 6.2 mm? for samples 1119 and 1120, respec-
tively. Indium electrical contacts were made at each
corner of the samples by iron soldering. Before ap-
plying indium at the contact points, scratches were
made with a scalpel on the sample surface. The con-
tacts were soldered with a tip temperature of 200°C
for 15-20 s for each contact. Additional smooth-
ing of the tip contact surface for samples 1119 and
1120 was performed, with, respectively, the temper-
ature of 156 °C and 158°C and the time of 5 s and
30 s. The samples were mounted on the cold finger
of a sample holder and connected to the measure-
ment setup using gold-plated spring probes. Mea-
surements were made as a function of temperature
from 80 to 300 K with an increment of 10 K at
an excitation current of 50 pA.

The low frequency noise was measured with the
setup presented in Fig. 2 for the same samples
that were used for mobility and carrier concentra-
tion measurements. The structures were biased with
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Fig. 2. Four-point probe noise measurements
setup.

the constant current I from a quasi-current source
containing a low-noise voltage source and the resis-
tance Rp, which is significantly larger (Rp > R)
than the resistance R measured at the same con-
tacts. The structure resistance is obtained indirectly
from the measured source voltage Ug and the bias
voltage Ug as R = Ug/I = Ug/((Us — Ug)/RB).
The bias current is fed to one pair of terminals (Vp
and Vps) called driving contacts, while at another
pair of contacts (Vg1 and Vss), voltage fluctuations
with a differential amplifier (Vg2 — V1) are mea-
sured. This signal path is parallelized (not shown
in Fig. 2) to benefit from the cross-correlation
method [6], which reduces the power spectral den-
sity of the uncorrelated voltage noise of the two am-
plifiers to approximately 10~® V2/Hz. This four-
point measurement configuration reduces the influ-
ence of contact noise because the bias current does
not flow into the high-impedance input (100 MQ)
of the differential amplifier. It should be noted that
voltage fluctuations occurring at driving contacts
are suppressed because they are common compo-
nents of the signals Vgo and Vg; provided to the
differential amplifier. Consequently, measured 1/f
noise should be related to the SL properties, not
electrical contacts’ properties.

3. Results

Figure 3 shows the carrier concentration and hori-
zontal mobility measured for the 1119 and 1120 sam-
ples as a function of temperature.

In the low-temperature region (T < 230 K), the
carrier (electron) concentrations are about 2.1 X
1016 cm~3 and 2.5 x 106 cm ™2 for 1119 and 1120,
respectively. In the high-temperature region, both
concentrations increase, probably due to an increase
in intrinsic carrier concentration. Sample 1120, with
higher non-intentional doping, has slightly lower
carrier mobility, which is expected when mobility
is limited by ionized impurity scattering [7]. More-
over, both mobilities increase with temperature.
This trend is also a sign of the impurity scattering
mechanism. However, the T-dependence observed in
the mobility (1 oc 7°-2%) is far from p oc 715 depen-
dence expected for the mobility of carriers in bulk
semiconductors limited by this scattering mecha-
nism [7]. The sheet resistance for both samples at
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Fig. 3. Carrier concentration and horizontal mo-

bility measured as a function of temperature for
1119 and 1120.

room temperature is 132 Q/sq. At T' = 80 K, the
sheet resistance is 266 /sq and 308 Q/sq for 1120
and 1119, respectively.

In Fig. 4, the power spectral densities, Sy, mea-
sured at room temperature for both SL structures
biased with current I = 2 mA, are shown. In this ex-
periment, two measurements were made at the diag-
onal contacts, AC and BD, for each sample. Chang-
ing the contacts’ role from driving to sensing should
not change the measured noise magnitude if noise
originated from resistance fluctuations [8-10]. This
so-called reciprocity rule holds for both SL struc-
tures, which means that: (i) contact noise does not
contribute to the total measured noise, (ii) fluctu-
ations originate from mobility or carrier concentra-
tion. The 1/f noise magnitude as a function of volt-
age bias is shown in the inset in Fig. 4. For both
structures, 1/f noise magnitude exhibits Sy oc U?
dependence, which is typical for ohmic samples. The
relative 1/ f noise, Cy/y = Sy /U?, is higher for 1120.

In Fig. 5, 1/ f noise magnitudes (Sy at f = 1 Hz)
are shown as a function of temperature for both con-
sidered SL samples. Because the same bias current
I = 1.5 mA was applied, and the samples have com-
parable sheet resistances, Sy can be used for noise
properties comparison without further normaliza-
tion of the results.

As can be seen, SL 1120 has significantly
higher 1/f noise than SL 1119, especially in the
low-temperature range. For SL 1120, the noise
magnitude decreases with increasing temperature,
whereas for SL 1119, it is almost temperature-
independent.

The most interesting observation is that the dif-
ference in 1/f noise magnitude of both samples is
much more substantial than a difference in mobil-
ity or carrier concentration. The difference between
the electron mobility of 1119 and 1120 SL is only
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temperature for samples biased with current I =
2 mA. Power spectral densities were measured at
different sensing contacts (AC and BD) for each
sample. In the inset, the 1/f magnitude at f = 1 Hz
is shown as a function of the voltage bias.
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Fig. 5. Power spectral density Sy at 1 Hz as

a function of temperature for samples SL 1119 and
SL 1120.

a few percent. The difference in carrier concentra-
tions is about 25% (at a low temperature). In the
low-temperature region, the difference between the
1/ f noise magnitudes of samples is more substantial
and exceeds one order of magnitude. On this basis,
it can be claimed that the noise measurement is
more sensitive to local effects [9] (i.e., high local in-
homogeneous current) than average quantities such
as sheet resistance, which is comparable for both
samples. More studies are needed, including a batch
of samples with different doping and mobility, to re-
veal the origin of the fluctuations.
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4. Conclusions

InAs/GaSb SL samples with similar sheet re-
sistance, mobility, and carrier concentration have
substantially different 1/f noise properties, espe-
cially in the low-temperature region. The measured
1/f noise is attributed to resistance fluctuations of
the SL structure, not the metal-SL interface, be-
cause differential noise measurements with the four-
point probe were used, which suppressed contact
noise.
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