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We brie y report on the temperature dependence of the cuto energy obtained from the midinfrared (MIR) photoresponse spectrum of an InAs/GaSb type-II superlattice photodetector. Distinctive absorption bandedges have been clearly detected in a series of MIR spectral responses
taken in the temperature range of 30 280 K, with two levels being attributed to transitions
from the heavy-hole (HH1) and the light-hole (LH1) subbands to the electron (E1) subband. The
MIR cuto energy reveals that the temperature dependence follows the Varshni empirical equation,
ET = Eo [ T 2 =(T + )]. The parametric value obtained from the InAs/GaSb type-II strained
superlattice has a linear relationship with those of the binary constituents of GaSb and InAs as a
function of Eo while the value of is a function of the reciprocal of Eo .
PACS numbers: 07.57.Kp, 85.60.Gz, 78.67.Pt
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superlattice (SLS) founded on the intersubband transition has emerged as an alternative structure to achieve
room-temperature detection at mid-infrared (MIR) and
far-infrared (FIR) [7{11]. The SLS detector has many
advantages compared to the existing ones utilizing the
interband or the intraband transition; low thermalized
current due to indirect intersubband absorption originating from the type-II band alignment, reduced tunneling
current attributed to the large e ective mass and suppression of the Auger recombination due to the strain
in a SLS with large splitting between heavy-hole and
light-hole subbands. In addition, the n-barrier-n (n-Bn) design with a current blocking barrier [12] proposed
for reducing the dark current has been applied to MIRFIR dual-band detectors, in which the ow of majority
carriers is blocked while the ow of minority carriers is
allowed [10,13]. The InAs/GaSb type-II superlattice infrared photodetector (SLIP) has already shown a promising device performance near room temperature at FIR
wavelengths up to 8 m and, very recently, thermographic image was demonstrated at a MIR wavelength
of 4 m and a detector temperature of 77 K by using the [320  256] focal-plane array (FPA) InAs/GaSb
SLIP in which an n-B-n design was introduced [11].
In this brief report, we discuss the temperature dependence of the cuto energy analyzed from the MIR

Remarkable progress has been in the development
of quantum-structure infrared photodetectors based on
the intraband transition as new concept detectors
next to those of narrow-bandgap bulk semiconductors
such as mercury cadmium telluride (MCT) and indium antimonide (InSb) using the interband transition [1]. In these, quantum-dot infrared photodetectors
(QDIPs) have recently received considerable attention as
strong candidates to overcome the limitations of roomtemperature operation that conventional detectors inherently have. They showed excellent functions at high
temperatures up to 250 K and have already achieved
not only high-resolution thermographic imaging with a
focal-plane array (FPA) detector with a detectivity as
high as 1011 cm.Hz1=2/W (77 K) but also dual-band
detection p  4/7 m with the introduction of dotin-a-well (DWELL) structures, which are comparable to
or higher than those of existing devices [2{6]. However,
though the detector demonstrates good characteristics
up to 250 K, the device performance is still not enough
for room-temperature operating image detectors.
Very recently, the InAs/GaSb type-II strained-layer
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Fig. 1. HR-XRD pattern taken from the InAs/GaSb dualband SLIP wafer under study, which shows a series of twin
satellite peaks attributed to two SLS stacks for MIR and FIR
detection. In the gure, M and F stand for MIR and FIR,
respectively.

spectral response of an InAs/GaSb SLIP. A series of photoresponse spectra were taken at six di erent temperatures and the cuto energies obtained were t by using
the Varshni empirical equation expressing the temperature dependence of the bandgap energy. We report that
the temperature parameters experimentally determined
from the functional t are strongly related with those of
the binary species constituting the InAs/GaSb system.
Discrete photodetectors were fabricated, by using a
standard device process, on an InAs/GaSb n-B-n SLIP
wafer grown by using the molecular beam epitaxy technique. A 300-period 8/8-monolayer (ML) InAs/GaSb
SLS designed for MIR response and a 240-period 13/7ML InAs/GaSb SLS designed for FIR detection were
stacked in series on an n-type GaSb:Te substrate. A 20nm-thick GaSb interlayer and a 100-nm-thick AlGaSb
barrier were inserted between the two SLS stacks and
the top and the bottom Ohmic contacts were formed by
using Si-doped SLS's on the MIR SLS and underneath
the FIR SLS, respectively. (Actually, for the device process, the sample has a 100-nm-thick AlGaSb etch-stop
layer between the bottom contact and the GaSb substrate.) Each photodetector has a circular aperture of
300 m in diameter on the surface of the MIR detector
and the mesa isolation (410  410 m2 ) was de ned by
shallow etching in order to reduce the surface-channel
leakage current. The spectral response measurements
were performed at temperatures ranging from 30 K to
280 K in the spectral range of 2 12 m (0.1
0.6 eV) by using a Fourier transform infrared (FTIR)
spectrometer (Nicholet 6700) and a preampli er (Keithley 428). We con rmed that the photodetector showed
a MIR/FIR (2 5/3 10 m) dual-band response

et al.
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Fig. 2. PL emission spectra at 77 K (0.268 eV) and 300 K
(0.225 eV) taken from a 100-period SLS sample. The inset is
TEM image of the sample used in the PL measurements.

by changing the bias polarity. Figure 1 is the highresolution X-ray di raction (HR-XRD) pattern taken
from the InAs/GaSb dual-band SLIP wafer under study,
which clearly shows a series of twin satellite peaks attributed to the two SLS stacks for MIR and FIR detection. (In Figure 1, M stands for MIR and F for FIR.)
In this study, we focus on the MIR response spectra
that show abrupt absorption bandedges at temperatures
up to near-room temperature (280 K). All the MIR response curves were obtained under a reverse bias of 1.0
V, but only the 280-K spectrum was taken at a low bias
voltage of 0.18 V because the device's resistance was
reduced at high temperatures. By utilizing the same
FTIR system, we measured the photoluminescence (PL)
for a structure of a 100-period 8/8-ML InAs/GaSb SLS,
which is basically identical to the MIR active medium
of the SLIP sample under study. Figure 2 and its inset show the PL emission spectra at 77 K and 300 K
and the transmission electron microscope (TEM) image
of the SLS sample, respectively.
Figure 3 presents a series of spectral response curves
obtained from the InAs/GaSb SLIP at temperatures of
30 280 K. Abrupt increases in the photoresponse signals are detected in the energy (wavelength) range of
0.2 0.3 eV (4 6 m) and the absorption edges
gradually shift to lower energies with increasing temperature. Two transitions from the rst heavy-hole (HH1)
and the rst light-hole (LH1) subbands to the rst electron (E1) subband are observed at 0.326 eV and 0.459
eV (30 K), respectively, as denoted in Figure 3 [14{16].
(Not shown here, the transitions are detected at the highenergy region of the FIR response spectra taken under a
forward bias.) Figure 4(a) shows the temperature dependence of the cuto energies (solid squares), which are dened as the value at half maximum of the HH1-E1 tran-
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Fig. 3. A series of spectral response curves of the
InAs/GaSb SLIP taken at temperatures of 30 280 K. The
spectra show two transitions from the HH1 and the LH1 subbands to the E1 subband.

sition. The graph also shows that the absorption edges
(solid circles) are a little smaller than the PL emission
energies (open triangles), which re ects that the absorption process begins to occur at an energy region lower
than the PL emission resulting from the transition between the minimum edge of E1 and the maximum edge
of HH1, which may be due to phonons involved in the
indirect transitions.
As drawn on Figure 4(a), it is very interesting that
the temperature dependence of the MIR cuto energies follows the Varshni empirical equation, ET = Eo
[ T 2 =(T + )], which expresses the temperature variation of the bandgap energy, normally in elemental or
binary semiconductor systems [17]. Here, ET and Eo
are the bandgap energies at an absolute temperature of
T and T = 0 K, respectively and ( ; ) is a pair of
material-dependent temperature parameters. The best
parameters for the MIR InAs/GaSb SLS, determined by
using the functional t, are Eo = 0.301 eV, = 2.40
 10 4 eV/K and = 151 K. The temperature parameters are plotted in Figure 4(b), together with the
tabulated values for GaSb and InAs [18], which are the
binary species constituting the InAs/GaSb SLS system.

Fig. 4. (a) Temperature dependence of the cuto energies (solid squares) de ned as the value at half maximum of
the HH1-E1 transition, which follows the Varshni empirical
equation. (b) Graph for
Eo (squares, bottom and left
axes) and
Eo 1 (circles, top and right axes) plotted by using the Varshni parameters experimentally determined from
the InAs/GaSb SLS sample and the tabulated values of the
binary constituents.

The graph shows that the parameter for the cuto energy has approximately a linear relationship with those
of the constituents of GaSb and InAs as a function of Eo
(bottom and left axes). The graph also shows the parameter as a function of reciprocal Eo , Eo 1 (top and
right axes). This suggests that the Varshni parameters
(Eo ; ; ) characterizing the temperature variation of the
InAs/GaSb SLS are strongly correlated with those of the
binary constituents. If one can experimentally determine
the Eo value of an InAs/GaSb SLS system to be tested
at a low temperature around 0 K, the parameters ( ;
can be estimated by using the linear relationships plotted in Figure 4(b) and the temperature variation of the
cuto energy can be roughly predicted from the Varshni
equation speci ed by using the estimated value of ( ; ).
At the present stage, it is quite dicult to discuss the
relationship in detail owing to lack of data. Considering
the insuciency of exact information on the subbands,
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especially for the type-II SLS systems, it may be helpful
in roughly predicting the cuto energy of SLIP.
In summary, the temperature dependence of the MIR
photoresponse of a 300-period 8/8-ML InAs/GaSb SLIP
was analyzed in the range of 30 280 K. A series of response spectra showed distinctive absorption edges and
two subband transitions of HH1-E1 and LH1-E1. The
temperature dependence of the MIR cuto energy followed the Varshni empirical equation and the parametric
value had a linear relationship with those of the binary
species of GaSb and InAs as a function of Eo while the
value of was a function of Eo 1 . This revealed that the
Varshni parameters (Eo ; ; ) characterizing the temperature variation of the InAs/GaSb SLS were strongly correlated with those of the binaries constituting the system.
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