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Abstract 

Enhanced responsivity and detectivity values are 
observed for a short 30-period InAs/GaSb type-II su-
perlattice infrared photodetector with reduced device 
areas. With cut-off wavelength at 4 µm, the device with 
the smallest device area exhibits the 10 K responsivity 
value of 15 mA/W and the corresponding detectivity 
value of 1.7×1012 cm•Hz1/2/W at 3.6 µm. The thermal 
images obtained by using a single-detector raster scan 
system have demonstrated the potential of the device for 
this application. 
 
1. Introduction 

The requirements for the next-generation infrared pho-
todetector would be (a) high operation temperatures, (b) 
insensitivity to incident light polarizations, (c) uniform wa-
fer uniformity and (d) tunable detection wavelengths. 
Among all the candidates, the most promising device 
would be InAs/GaSb type-II superlattice infrared photode-
tectors (T2SL). The first T2SL infrared photodetector was 
demonstrated by Mailhot and Smith at the year 1987 [1]. 
By controlling the individual layer thickness and composi-
tion of the superlattice structures, different detection wave-
lengths can be obtained by using the T2SL structures [2]. 
With the photo-voltaic operation mode of the InAs/GaSb 
T2SL infrared photodetector, high operation temperature is 
expected for the device [3].  

However, compared the matured growth technique of 
GaAs/(AlGa)As hetero-structures for QWIPs, the major 
challenges for the development of InAs/GaSb T2SLs lies 
on (a) As/Sb interface treatment for wafer preparation and 
(b) dark current depression for the small-bandgap devices. 
On the other hand, hundreds of superlattice periods are 
usually required for the T2SL infrared photodetectors due 
to its low quantum efficiency, which would further increase 
the difficulty for epitaxy growth. In this report, we have 
demonstrated improved responsivity and detectivity values 
of short 30-period InAs/GaSb T2SL infrared photodetectors 
with reduced device area. The thermal images obtained by 

using the single-detector raster scanning system are also 
demonstrated. 
 
2. Results and Discussions 

All Samples presented in this report are grown by using 
RIBER C21 solid-state Molecular Beam Epitaxy system 
(MBE) on 2 inch n-type (100) GaSb substrates (n = 
5~10×1017 cm-3, Te-doped). The structures are shown in 
Table I., the SLs photodiode structure consists of the active 
region 30-periods InAs (5 MLs) / GaSb (5 MLs) SLs with 
InSb (1 MLs) strain compensator inserted between 
GaSb-to-InAs interfaces embedded in the undoped 700 nm 
GaSb layer. 200 nm p-type GaSb (p = 3 × 1019 cm-3, 
Be-doped) is grown on top of the SL structure as the con-
tact layer. The growth temperature for the SL structure is 
400 oC and the V/III ratios for InAs and GaSb are 10 and 5, 
respectively. After growth, the device fabrication was per-
formed by using standard photolithography techniques. The 
mesa formation was achieved by using CH3COOH / HNO3 
/ HF etching solution. Devices with different mesa sizes 
300 × 300, 200 × 200 and 100 × 100 μm2 are fabricated for 
comparison. After mesa formation, the samples were pas-
sivated by soaking in the (NH4)2S aqueous solution. To 
protect the passivated surfaces, the photo-resist SU-8 was 
spin coated on the sample and then hard baked at 200 oC 
with 30 minutes as the passivation protection layer. After 
Ti (20 nm) / Au (200 nm) metal deposition, the sample is 
annealed at 350 oC for Ohmic contact formation. The win-
dow openings for light detection of the devices with 300 × 
300, 200 × 200 and 100 × 100 μm2 mesas are 200 × 200, 
120 × 120 and 40 × 40 μm2, which are referred as Devices 
A, B and C, respectively. 

Table I. The Wafer Structure of the T2SL sample. 

p-GaSb 200 nm (p = 3×10
19

 cm
-3

, Be-doped) 
i-GaSb 350 nm 

30 × ( 1MLs InSb / 5MLs InAs / 5MLs GaSb ) 
i-GaSb 350 nm 

n-GaSb Sub 500 μm(n = 5~10×10
17

 cm
-3

, Te-doped) 
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The X-ray diffraction curve of the sample measured by 
using the double crystal X-ray diffraction system is shown 
in Fig. 1. Since InAs is -0.62 % mismatched to GaSb, the 
additional tensile stress may result in increasing defect 
formation in the SL structure. Therefore, with additional 1 
ML InSb strain compensator layers inserted between each 
InAs-on-GaSb interface, the m = 0 satellite peak would 
almost coincide with the GaSb substrate peak. The enlarged 
curve shown as an inset reveals that only minor compres-
sive strain with 0.019 % lattice mismatch is obtained for 
the sample. The InSb layers also act as an effective scari-
fying layer for the commonly observed As-for-Sb exchange 
at the As/Sb interfaces. The abrupt As/Sb interfaces would 
lead to clear satellite peaks observed in the figure. 

The 10 K spectral responses of the three devices meas-
ured at V = 0 V are shown in Fig. 2 (a). As shown in the 
figure, the responsivity values at 3.6 µm would increase 
from 0.12, 0.5 to 15 mA/W for Devices A, B and C, re-
spectively. Since no external biases are applied to the de-
vices, the photo-excited electron-hole pairs are separated by 
the build-in electric field of the P-N junction. Holes should 
transport directly to the metal contact rims instead of verti-
cally flowing to the p-GaSb layer and then collected by the 
metal electrode. The increasing device areas would also 
increase the carrier transporting length in the SL structure 
such that higher carrier recombination rate is observed for 
the device with larger device areas. The results suggest that 
besides increasing the SL period number, the other ap-
proach to increase the responsivity values of the T2SL 
infrared photodetector is to shrink its device areas. With the 
increasing responsivity values with decreasing device areas, 
the 10 K detectivity values at 3.6 µm of Devices A, B and 
C would increase from 2.4×1010, 3.6×1011 to 1.7×1012 
cm•Hz1/2/W, respectively.  

The main application of the device is in thermal imag-

ing. We have established a single-detector raster scanning 
system to demonstrate this possibility. The system set is 
shown in Fig. 3 (a). By using an L-N2 cooled Dewar flask 
mounted with a reflective objective lens, the three devices 
are cooled down to 77 K for thermal image scanning by 
using a computer-controlled X-Y stage. Since the reflective 
objective lens is mounted to the Dewar flask, the magnifi-
cation of the thermal image is 1× and the resolution of the 
thermal images is limited by the window sizes of the de-
vices. The thermal images of the hot solder head tip with 
different resolutions 200 × 200, 120 × 120 and 40 × 40 μm2 
for Devices A, B and C, respectively, are shown in Fig. 3 
(b). The results suggest that besides improved responsivity 
and detectivity values, better thermal resolution can be ob-
tained with reduced device areas. 
 
3. Conclusions 
   We have demonstrated enhanced responsivity and de-
tectivity values for 30-period InAs/GaSb T2SL infrared 
photodetectors with reduced device areas. With longer 
transporting lengths, high carrier recombination probability 
would take place in the SL structure. The demonstration of 
thermal images obtained by using a single-detector raster 
scanning system has revealed the potential of the T2SL 
infrared photodetector for this application. 
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Fig. 1 The X-ray diffraction curve of the T2SL sample. The en-
larged curve near the substrate peak is shown as an inset figure. 

2 3 4 5
0.00

0.01

0.02

x10

 

 

Re
sp

on
siv

ity
 (A

/W
)

Wavelength (µm)

VBIAS= 0 mV
T = 10 K

 Device A
 Device B
 Device C

x100

  
Fig. 2 The 10 K spectral responses of Devices A, B and C meas-
ured at V = 0 V. 
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(b) 
Fig. 3 (a) The single-detector raster scanning system and (b) the 
thermal images of a hot solder head tip obtained by using Devices 
A, B and C. 
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