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Infrared Al0.15InAsSb Digital Alloy
Nbn Photodetectors
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Abstract—AlInAsSb photodetectors with high detectivity at 2
µm and 2.7 µm are reported. For 2-µm photodetection, figure-of-
merit characteristics including specific detectivity, D∗, responsiv-
ity, dark current density, and differential-resistance area product
of two photodetectors employing respectively Al0.15InAsSb and
Al0.3InAsSb absorbers are compared and analyzed from 90 to
300 K. Peak D∗ of 1.1×1012 Jones for 2-µm photodetection was
obtained at −0.1 V bias and 180 K and 4.9×109 Jones for 2.7-µm
photodetection at room temperature was obtained at −0.25 V bias.
Close agreement was observed between dark current density and
D∗ for different mesa diameters, an important consideration for fo-
cal plane arrays. The bias for peak D∗, Vpeak, was considerably re-
duced by using a proper doping concentration in the bottom contact
layer. The measured Vpeak, and the derived absorption coefficient
and minority carrier diffusion length at different temperatures,
provide improved understanding of the AlxInAsSb material for
nBn photodetectors.

Index Terms—III-V semiconductor, photodetectors, res-
ponsivity, specific detectivity.

I. INTRODUCTION

THE n-barrier-n (nBn) photodetectors operate with low
voltage and small depletion in the narrow bandgap ab-

sorber [1], [2]. With their advantages of low Shockley-Read-
Hall (SRH) generation, low tunneling current, and high specific
detectivity (D∗), high performance infrared detectors have been
achieved [3]–[7]. They have become key detectors for imaging
and sensing applications in the 2.0 µm to 5.0 µm spectral region.
The nBn photodetectors have been fabricated from various III-V
semiconductors, including InAs/InAsSb superlattices [3]–[5],
InAs/GaSb superlattices [6], and InGaAsSb bulk alloy [7]. Re-
cently, the AlxIn1-xAsySb1-y (referred to as AlxInAsSb) mate-
rial system has been shown to be a promising material candidate
because its valence band offset is near-zero for varying com-
positions (x ≈ 0 to 0.8) [8]. The initial demonstration with this
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material used an Al0.3InAsSb/Al0.7InAsSb structure employing
an Al0.3InAsSb absorber (the bandgap energy, Eg =∼0.58 eV)
and an Al0.7InAsSb barrier (Eg = ∼1.16 eV) [9]. The cut-off
wavelength of Al0.3InAsSb nBn has been determined to be∼2.1
µm at room temperature by measuring its wavelength-dependent
quantum efficiency [10]. These photodetectors achieved a peak
D∗ of 1.7×1010 Jones under 2-µm illumination at room tempera-
ture. To achieve high D∗ operation, it is desirable to maximize the
responsivity, �, and minimize both the dark current density, Jd,
and 1/(RA) where RA is the differential-resistance area product
[1], [3], [6], [7]. The Jd and 1/(RA) in the SRH/diffusion-
dominated regime can be dramatically reduced by operating
at cryogenic temperatures [1], [3], [5], [7], [11]. However, the
lower temperature may also lead to a smaller � due to a smaller
absorption coefficient,α, of the absorber [12], [13] and a smaller
minority carrier diffusion length, Ldiff [13]. The temperature
dependence of � and D∗ of Al0.3InAsSb nBn photodetectors
was not investigated in the previous work. Also, using a lower
bandgap absorber such as Al0.15InAsSb absorber (Eg = ∼0.42
eV [14]), can provide higher room-temperature � for 2-µm
photodetection, compensate the blueshift of absorption edge
towards 2 µm at lowered temperature, and extend the cutoff to∼3
µm. The Al0.15InAsSb nBn photodetectors operating with high
specific detectivity in the 2-3 µm “eye-safe” wavelength range
are promising for a variety of civilian, military, and scientific
applications. These include detection and ranging (LIDAR) [15],
[16], satellite and terrestrial imaging [17], earth observation [18],
[19], and biological [17] and chemical [20] detection and process
monitoring.

The parameters �, Jd, and 1/RA also depend on applied bias,
which results in the bias dependence of D∗. The peak D∗ of nBn
photodetectors is generally obtained at low bias, Vpeak, where
D∗ reaches the maximum value, D∗

peak [6], [10]. At a bias higher
than Vpeak the increase of � cannot compensate the increase of
Jd and 1/RA, whereas � decreases dramatically at a bias lower
than Vpeak [10]. Therefore, it is beneficial to reduce Vpeak to min-
imize SRH generation and tunneling for higher D∗

peak as well as
to achieve near-zero-bias operation. There have been few reports
on the temperature dependence of Vpeak. In this paper we show
that the temperature dependence of Vpeak changes depending
on whether SRH/diffusion or tunneling mechanisms dominate
Jd and 1/RA [10], [21]. This is important for understanding the
optimum bias range for nBn operation and provides insight to
observations that were not explained in our previous work [10].

In this work, nBn photodetectors employing Al0.15InAsSb
digital alloy absorber are demonstrated with high D∗ at 2-µm
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Fig. 1. (a) Schematic illustration of the PD A and PD B AlxInAsSb/Al0.7InAsSb nBn photodetectors, (b) energy band diagram of PD A at −0.225 V and −0.5
V, and (c) TLM current-voltage results of PD A bottom contact with the doping concentration of 1×1018 cm−3.

and 2.7-µm wavelengths. For 2-µm photodetection, the D∗
peak

of 1.1×1012 Jones was obtained at −0.1 V and 180 K and
2.5×1012 Jones was obtained at −0.15 V bias and 130 K. For
2.7-µm photodetection at room temperature, D∗

peak of 4.9×109

Jones was obtained at −0.25 V bias. For 2-µm photodetection,
the figure-of-merit characteristics including D∗, �, Jd and RA
of two photodetectors employing respectively Al0.15InAsSb and
Al0.3InAsSb absorbers are compared and analyzed in the tem-
perature range T = 90–300 K. Vpeak was considerably reduced
by using a proper doping concentration in contact layer. The
Vpeak, α, and Ldiff at different temperatures were studied to
gain more understanding of the AlxInAsSb material for nBn
photodetectors to help improve device performance. This work
also compares the diameter dependence of Id and D∗, which is
an important consideration for focal plane arrays.

II. EPITAXIAL STRUCTURE AND DEVICE FABRICATION

The nBn photodetectors based on the Al0.15InAsSb absorber
and the Al0.3InAsSb absorber are respectively represented by
PD A and PD B in the following text. Fig. 1(a) illustrate their
layer structure. The nBn structures were grown on n-type GaSb
substrates as digital alloys lattice matched to GaSb by molec-
ular beam epitaxy [14]. Corresponding to each layer shown in
Fig. 1(a), their material, layer thickness, and doping concentra-
tion are summarized in Table I. They were grown with some
common features, such as the 2-µm absorber thickness and the
Al0.7InAsSb barrier.

Both PD A and PD B were fabricated into circular mesa
structures using standard photolithography techniques, acid wet
etching, and SU-8 surface passivation. A citric acid solution was
used for wet etching, and it consisted of 10 g citric acid, 60 ml
DI water, 6 ml H3PO4, and 3 ml H2O2. We note that the etching
rate of Al0.15InAsSb is slower than that of Al0.3InAsSb when
the same citric acid solution is used. The circular mesas were 60,
80, 100, 150, 200, 250 and 350 µm in diameter. Titanium/gold

TABLE I
MATERIAL, LAYER THICKNESS, AND DOPING CONCENTRATION OF PD A AND

PD B DEVICES

aDoping concentration (cm−3).
bAbbreviation for unintentionally doped.

contacts were deposited onto the top and bottom contact layers
of the nBn structures.

Compared to PD B, a lower doping concentration was used
for the PD A bottom contact layer. This can reduce the flattened-
valence-band voltage, Vfvb, which flattens the valence band
(VB) barrier between the bottom contact layer and the unin-
tentionally doped (UID) absorber. Their energy band diagram
and the effects of bottom-contact doping concentration on Vfvb,
D∗

peak and Vpeak of PD A were studied based on the sim-
ulations of Lumerical device suite (ANSYS) including Finite
Difference Time Domain solver [22] for optical generation and
CHARGE solver [23] for charge transport. Multi-coefficient
models are used to describe the properties and processes of
semiconductor layers [24]. The AlxInAsSb material parameters
used for the simulations of the energy band diagram are based
on an approximate formula in which its material parameters
are assumed to be a linear combination of InAs, AlSb, AlAs
and InSb material parameters [25]–[27]. Fig. 1(b) shows the PD
A energy band diagram at 300 K with Vfvb = −0.225 for the
doping concentration of 1×1018 cm−3. The generated holes can

Authorized licensed use limited to: University of Texas at Austin. Downloaded on August 15,2022 at 16:31:46 UTC from IEEE Xplore.  Restrictions apply. 



WANG et al.: INFRARED AL0.15INASSB DIGITAL ALLOY NBN PHOTODETECTORS 3857

transport to the bottom contact layer at both −0.225 V and −0.5
V bias (bias ≥ Vfvb), whereas the holes are impeded by the VB
barrier for bias below Vfvb. Its D∗

peak is obtained at the bias
of Vpeak = −0.25 V for the doping concentration of 1×1018

cm−3. When the PD A bottom-contact doping concentration is
increased to 5×1018 cm−3, the simulation shows that its Vfvb

increases to −0.475 V and its Vpeak increases to −0.5 V. The
simulations shows that D∗

peak is higher for the lower doping
concentration which leads to a lower Vfvb and thus a lower Vpeak.
The PD B bottom-contact doping concentration is 5×1018 cm−3,
and the PD B simulation shows Vfvb = −0.475 V and Vpeak =
−0.5 V.

Transmission line measurements (TLM) were carried out for
the PD A and PD B bottom contacts to measure their spe-
cific contact resistivity, ρc, and sheet resistivity, Rs. Shown in
Fig. 1(c), the TLM results of PD A bottom contact show linear
current-voltage (I-V) characteristics and their slopes depend on
the distance between the metal contacts. The ρc and Rs of the
PD A bottom contact were measured to be 2.0×10−4 Ω

˙

cm2 and
33.5 Ω, respectively. The ρc and Rs of PD B bottom contact with
a higher doping concentration of 5×1018 cm−3 were measured
to be 1.8×10−4 Ω

˙

cm2 and 31.7 Ω, respectively. This indicates
that the decrease of doping concentration in PD A bottom contact
layer does not degrade its contact properties.

III. DEVICE CHARACTERIZATION

Temperature-dependent current-voltage measurements were
carried out in a liquid N2-cooled cryogenic probe station
(LakeShore Cryogenics) at T = 80–300 K with a temperature
controller (LakeShore, 336), and a precision semiconductor
parameter analyzer (Agilent, 4155C). These measurements were
done in the dark and with 2-µm illumination from a laser diode
(Thorlabs, CLD1015). Capacitance-voltage (C-V) characteris-
tics were also measured at T = 80-300 K with a calibrated LCR
meter (HP 4275A). The current-voltage characteristics were also
measured at room temperature with 2.7-µm illumination from
an erbium-doped ZrF4 fiber laser (Thorlabs, LFL2700).

IV. RESULTS AND DISCUSSION

Fig. 2(a) shows current-voltage curves for a 350-µm-diameter
PD A in the dark at T= 80–300 K and the calculated Jd is shown
at the right axis. To gain an understanding of the Id sources,
diameter-dependent current-voltage measurements were carried
out for PD A at 300 K and 80 K and PD B at 300 K and
120 K. Fig. 2(b) summarizes the measured Id of PD A (solid
symbols) at−0.25 V,−0.5 V,−2 V, and−4 V and PD B (hollow
symbols) at −0.5 V. The Id of PD A increases quadratically with
mesa diameter (D) and the PD A data points match well with
fitting curves of Id = D2 × Constant, which suggests that bulk
mechanisms [28] dominate the Id sources of PD A. Different
from PD A, the measured Id data points of PD B deviate from
the curves of Id =D2 ×Constant and the calculated Jd decreases
with D, which suggests the surface defects assume a significant
role for PD B [10]. A quantitative assessment on the bulk and
surface components of Jd and RA of PD B can be found in
our previous work [10]. At −0.5 V and 300 K, Id of PD A

TABLE II
DARK CURRENT DENSITY AND 2-µM RESPONSIVITY OF PD A AT −0.25 V AND

PD B AT −0.5 V, RESISTANCE-AREA PRODUCT, AND PEAK SPECIFIC

DETECTIVITY AND BIAS FOR 2-µM PHOTODETECTION

aThe value 0.01 A/W was obtained by rounding up the measured value.

is around one order of magnitude higher than that of PD B.
The Id difference between PD A and PD B and the difference
between their diameter dependences are mainly attributed to the
significant increase of dark current in PD A bulk region, because
the same device fabrication process was used for PD A and PD
B. For PD A, the percentage of its surface leakage current in
the total dark current is small, compared to its large bulk dark
current.

The 1/kT dependence of Id and RA for a 350-µm-diameter PD
A at different bias is plotted in Fig. 2(c) and (d), respectively. The
regime of T = 190–300 K is diffusion/SRH-dominated, and Id
and 1/RA follow an Arrhenius relation with T. Id and 1/RA versus
1/kT suggest a band-to-band process at low biases and SRH-
dominated process at higher biases, because SRH generation
current increases with bias [10], [29]. Similar plots of Jd and RA
versus 1/kT for PD B can be found in [10]. Id and RA can be fit
using the following relations[1], [2], [10]:

Id ∝ n2
i ∝ T 3 exp (−ΔE/kT ) , (1)

RA ∝ T 1/2/n2
i ∝ T−5/2 exp (ΔE/kT ) (2)

where ni is the intrinsic concentration, ΔE is the activation
energy, and k is the Boltzmann constant. ΔE determines the
slopes of Id and RA versus 1/kT; ΔE of PD A is 0.42 eV at
−0.1V, and it decreases with reverse bias due to the increased
contribution of SRH at higher bias. The regime of T = 80-120 K
is tunneling-dominated [10]. For the 350-µm-diameter devices,
the calculated Jd of PD A at −0.25 V and PD B at −0.5
V, and R0A of PD A and PD B are summarized in Table II.
Taking the background-limited infrared photodetection (BLIP)
condition to be 1/4 of the photocurrent [1], [4], [10], unshielded
measurements at −0.1 V bias revealed a BLIP temperature of
∼186 K for PD A.

Fig. 3(a) and (b) show respectively current-voltage curves and
� versus applied bias for a 350-µm-diameter PD A measured
under 2-µm laser illumination of 1322.1 W/m2 irradiance and at
T= 80–300 K. Shown in Fig. 3(b),� increases with temperature.
The temperature-dependent � of a 350-µm-diameter PD A at
−0.25 V and a PD B at −0.5 V are summarized in Table II.

Based on the measured Id, RA, and � at different temper-
atures, D∗ of 350-µm-diameter PD A and PD B under 2-µm
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Fig. 2. (a) Current-voltage curves of a 350-µm-diameter PD A in the dark at T = 80-300 K. (b) Id versus diameter, D, for PD A at 300 K and 80 K and PD B at
300 K and 120 K. The solid symbols represent Id of PD A measured at −4 V, −2 V, −0.5 V, and −0.25 V, and the hollow symbols represent Id of PD B measured
at −0.5 V. The solid lines Id = D2×Constant show the bulk-dominated Id for PD A. Plots of the 1/kT dependence of (c) Id and (d) RA for −0.1 V to −4.0 V
bias applied to a 350-µm diameter PD A. The top axis shows the corresponding T. The solid lines show the slopes of ideal SRH and diffusion relations [1], [2] for
Eg = 0.42 eV.

laser illumination of 1322.1 W/m2 irradiance are calculated
[3], [6], [7] and shown in Fig. 3(c) and (d), respectively. The
temperature-dependent D∗

peak of a 350-µm-diameter PD A and
PD B are summarized in Table II. The D∗

peak increases from
∼109 Jones at 300 K to∼1012 Jones at 180 K, which is primarily
due to the decrease of both Jd and 1/RA with a factor of ∼5
in the diffusion/SRH-dominated regime shown in the low-bias
data points of Fig. 2(c) and (d). Relatively mild increases in
D∗

peak are observed in the transitional regime at T = 130–180
K. The D∗

peak of PD A at 130 K was measured to be 2.5×1012

Jones at −0.15 V bias. The D∗
peak does not increase in the

tunneling-dominated regime of T ≤ 120 K where Jd and 1/RA
do not depend on the temperature but the measured � decreases
with temperature.

Substantial progress on 2-µm photodetection has been
achieved with other detector technologies, such as HgCdTe
avalanche photodiodes (APD) [30] and InAs APDs [31]. Besides
Al0.3InAsSb digital alloy nBn photodetectors, Al0.3InAsSb p-i-
n APDs [32] and Al0.3InAsSb separate absorption, charge, and

multiplication (SACM) APDs [16] have been developed for ex-
tended short-wavelength infrared photodetection. The 1550-nm
responsivity of a 150-µm-diameter Al0.3InAsSb p-i-n detector
was reported to be 0.425 A/W, corresponding to a thermal noise
equivalent power of 6.15×10−14 W/Hz1/2 [32]. Photodetection
at 2 µm has also been reported for HgCdTe n-on-p detectors [33],
InAs/GaSb/InAsSb/GaSb interband cascade detectors [34], and
fluorographene photoconductive detectors [35]. Their specific
detectivities and other figure-of-merit parameters are shown in
Table III.”

Vpeak of PD A and PD B devices at 300 K were measured
to be respectively −0.25 V and −0.5 V, which nearly equals
the simulated Vfvb. The temperature dependences of Vpeak are
shown along the peak-D∗ dashed lines of Figs. 3(c) and (d) as
well as the summaries of Vpeak in Table II. The temperature
dependence of Vpeak is greatly affected by the temperature
dependence of Jd and 1/RA in different temperature regimes. In
the diffusion/SRH-dominated regime (T = 190–300 K), Jd and
1/RA at a lower bias decreases faster than those at higher bias,
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Fig. 3. (a) Current. (b) � (linear scale). (c) D∗ versus applied bias of a 350-µm-diameter PD A measured under 2-µm illumination and at T = 80-300 K. (d) D∗
of a 350-µm-diameter PD B measured under 2-µm illumination and at T = 90-300 K.

TABLE III
REPORTS ON 2-µM SPECIFIC DETECTIVITY, DARK CURRENT DENSITY, RESPONSIVITY, AND RESISTANCE-AREA PRODUCT

aDrain-source voltage.

because the derived ΔE decreases with the applied bias. As a
result, in the diffusion/SRH-dominated regime, Vpeak decreases
with decreasing temperature, and it reaches the minimum at T
= 180-190 K. In our previous work which used a bias step size
of 0.1 V for current-voltage measurements, Vpeak for PD B was
measured to be−0.5 V at room temperature, however, its highest
BLIP temperature of ∼180 K was obtained at −0.3 V [10]. The
temperature dependence of Vpeak revealed in this work explains

the reasons these two bias values differ. In the transitional regime
(T = 130–180 K), the increases in Vpeak are relatively small,
because Jd and 1/RA at higher bias decrease moderately faster
than those at lower bias as shown in Fig. 2(c) and (d) for PD A
as well as in our previous work for PD B [10].

The diameter dependence of D∗ is primarily determined by
the diameter dependence of Jd and 1/RA. For PD A with mesa
diameters of 100 to 350 µm, the variation of D∗ is within ±4%,
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since the bulk mechanism dominates its Jd and 1/RA. Different
from PD A, the D∗ of PD B increases with diameter, since its
Jd and 1/RA decrease with mesa diameter. The D∗

peak of a 350-
µm-diameter PD B was measured to be around 45% higher than
that for a 100-µm diameter. For 350-µm-diameter devices at 300
K, the PD A D∗

peak is smaller than that of PD B. However, for
T = 130–300 K, larger increases of D∗

peak were measured from
PD A than that of PD B, as shown in Table II. D∗

peak of PD A
is ∼10% higher than that of PD B at 180 K and their difference
increases to 41% at 120 K.

D∗ is also greatly affected by the temperature dependence
of �. The temperature-dependent � largely contributes to the
result that the D∗

peak of PD A is higher at T = 90–200 K
but lower at T = 220–300 K than those of PD B. Quantitative
analyses of the bias-dependent � at different temperatures were
conducted by using a theoretical model developed and used in
the literatures [13], [27], [36]. In this model, the photoexcited
carriers diffuse in the undepleted region and those in the depleted
region are swept into the contact. The total photocurrent includes
the contributions from the undepleted and depleted regions.
This model gives analytical equations that can be expressed as
� = f(w) which is where q is the electronic charge, λ is the
illumination wavelength, h is Planck’s constant, c is the speed of
light, r is the reflection coefficient, t is the top-contact thickness,
Ldiff is the minority carrier diffusion length, H is the thickness of
absorption layer, w is the depletion width, and b = (H-w)/Ldiff

[13], [27], [36].
The bias-dependent w was derived from C-V measurements

by using the equations in Ref. [37]. C-V measurements were
conducted at T = 80–300 K and the PD A results are shown in
Fig. 4(a). The measured capacitance of PD A and PD B increases
with temperature. This observation agrees with the report that
the dielectric constant increases with temperature for compound
semiconductors investigated at T = 100–300 K [38]. Shown
in Fig. 4(a), the 2-µm thick absorber is fully depleted at −7
V bias, considering that the difference between the measured
capacitance at −7 V and that at −6 V is less than 0.4%. The
bias-dependent � was fit with the bias-dependent w by using
f(w) for each temperature. Fig. 4(b) and (c) show respectively
the model fitting for PD A and PD B. Shown in the Fig. 4(d), the
derived α and Ldiff decrease with temperature, which results in
the decrease of � with decreasing temperature. This also reveals
the mechanisms of the decreasing D∗ with decreasing temper-
ature in the tunneling-dominated regime where the decrease of
Id and 1/RA are negligible.

The derived α considerably decreases with temperature,
which agrees with the reported α of InGaAs investigated at
T = 5–301 K [12]. The decrease in α at low temperature can be
attributed to several temperature-dependent factors, including
the blue-shift of absorption edge with increasing bandgap and
changes in the density of states [13]. The cutoff wavelength of

Al0.3InAsSb at room temperature is around 2.1 µm [10]. The
2-µm α of Al0.3InAsSb decreases by ∼97% as the temperature
decreases from 300 to 90 K, which is mainly resulted from
the blueshift of the absorption edge towards 2 µm. The α of
Al0.15InAsSb is significantly higher than that of Al0.3InAsSb at
T = 90-300 K due to the lower bandgap.

As shown in Fig. 4(d), the derived minority carrier diffusion
length, Ldiff, also decreases with temperature, which agrees with
the literature on InAs/InAsSb superlattices detectors [13]. The
Ldiff of PD A is shorter than that of PD B, however, its effect on�
is compensated by the larger α of PD A. A thicker Al0.3InAsSb
absorber (up to ∼3.5 µm) can increase � for PD B at 300 K,
because its Ldiff is approximately 3.5 µm at 300 K, as shown
in Fig. 4(d). In addition, to increase the collection efficiency
of holes at low temperature and thus D∗ at T = 120–180 K,
the Al0.7InAsSb barrier can be moved above the thick absorber.
Shown in Fig. 1(b), the nBn structures operate with a lower bias
applied to the barrier-side contact to facilitate hole transport to
the barrier-side contact layer. With the barrier above the absorber
where the incident photon flux is highest for the top-illuminated
structure, more photogenerated holes can reach the contact at T
= 120–180 K. Furthermore, high purity sources for MBE can
also greatly help to further improve Ldiff and thus AlxInAsSb
nBn device performance.

The smaller bandgap energy of Al0.15InAsSb enables PD
A photodetection at 2.7 µm. The photoluminescence of the
Al0.15InAsSb digital alloy peaks at ∼3.0 µm at room tempera-
ture, which will be published elsewhere. The photodetection per-
formance of PD A under 2.7-µm illumination was also measured
to provide a comparison with that for 2-µm and a reference for
2.7-µm applications. Fig. 5 shows its room-temperature D∗ and
� for 2.7-µm illumination with current-voltage curves shown in
the inset. The D∗

peak for 2.7-µm illumination is 4.9×109 Jones,
which is lower than that for 2-µm illumination. This is primarily
due to lower light absorption at 2.7 µm close to its cutoff. Based
on the measured responsivity of PD A under 2.7-µm illumination
and its C-V result at room temperature, its 2.7-µm absorption
coefficient is derived to be 4533 cm−1. Similarly, the absorption
of Al0.3InAsSb decreases with wavelength in the spectral range
from 1.7 to 2 µm (Ephoton ≈ 0.73 to 0.62 eV) which is close to its
Eg of∼0.58 eV [9]. Such a wavelength dependence of absorption
is well explained by the formulaα ≈ A∗√Ephoton − Eg , where
A∗ is a constant for a specified direct-bandgap semiconductor
and Ephoton is close to Eg.

V. CONCLUSION

This work demonstrates Al0.15InAsSb/Al0.7InAsSb nBn pho-
todetectors with high D∗ at 2-µm and 2.7-µm wavelengths. An
activation energy of ∼0.42 eV, which is equal to the bandgap
energy of the absorber, is derived from the Arrhenius plot for

� =
qλ

hc
(1− r) e−αt

{
αLdiff

α2L2
diff − 1

[
2αLdiff − e−α(H−w)

(
eb − e−b

)
eb + e−b

− αLdiffe
−α(H−w)

]
+ e−α(H−w)

(
1− e−αw

)}
(3)
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Fig. 4. (a) Measured C-V curves of a PD A at T = 80-300 K. Measured and fitted responsivity versus applied bias for (b) PD A (T = 80-300 K) and (c) PD B (T
= 90-300 K) under 2-µm illumination. (d) The derived 2-µm absorption coefficient (left axis) and minority carrier diffusion length (right axis) of PD A (circular
symobls) and PD B (square symobls) at different temperatures. The diameter of the PD A and PD B device is 350 µm.

Fig. 5. D∗ (left axis) and � (right axis) versus applied bias of a 350-µm-
diameter PD A measured under 2.7-µm illumination at room temperature. The
inset shows the current-voltage curves for dark and illumination conditions.

the diffusion-dominated regime. Close agreement was observed
between Jd and D∗ for the Al0.15InAsSb photodetectors with

different mesa diameters, whereas D∗ of Al0.3InAsSb nBn
photodetectors decreases with decreasing diameter due to its
surface-dominated Jd. With the decreasing temperature, the
Vpeak of the two photodetectors decreases to their minimum val-
ues in the diffusion/SRH-dominated regime, increase in the tran-
sitional region, and remain the same in the tunneling-dominated
temperature range. With a lower doping concentration in the
contact layer, Vpeak can be significantly reduced without a
compromise in the contact properties for the Al0.15InAsSb
devices. At T = 220–300 K, higher D∗ was obtained from
the Al0.3InAsSb photodetectors. With decreasing temperature,
a larger D∗ improvement was measured for the Al0.15InAsSb
photodetectors than for Al0.3InAsSb. At T = 90–200 K, the
higher D∗

peak in the range of 0.6–2.5×1012 Jones was achieved
from the Al0.15InAsSb photodetectors. This is primarily due to a
smaller temperature dependence of the Al0.15InAsSb absorption
coefficient at 2 µm and a steep decrease in Jd and 1/RA with
decreasing temperature at T = 180–300 K. With the information
of the measured Vpeak, and the derived α and Ldiff at different
temperatures, this paper presents approaches and methods to
further improve the figure-of-merit performance of AlxInAsSb
nBn photodetectors.
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