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Growth and Characterization of GaSb-Based Type-II InAs/GaSb Superlattice
Photodiodes for Mid-Infrared Detection *
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InAs/GaSb superlattice (SL) midwave infrared photovoltaic detectors are grown by molecular beam epitaxy on

GaSb(001) residual p-type substrates. A thick GaSb layer is grown under the optimized growth condition as a

buffer layer. The detectors containing a 320-period 8ML/8ML InAs/GaSb SL active layer are fabricated with a

series pixel area using anode sulfide passivation. Corresponding to 50% cutoff wavelengths of 5.0𝜇m at 77K, the

peak directivity of the detectors is 1.6× 1010 cm·Hz1/2W−1 at 77K.

PACS: 73. 21. Cd, 78. 20. Bh DOI: 10.1088/0256-307X/27/7/077305

Photodetectors in the mid-infrared wavelength

range (MWIR) (3–5µm) have applications in high-

speed infrared (IR) imaging for medical applications

(diagnosis assistance), industrial applications (pollu-

tion monitoring and process control), teledetection by

satellites (meteorology and urbanism studies) and de-

fense applications (night vision). An alternative to the

HgCdTe and InSb dominated material technologies in

this range could be the InAs/GaSb superlattice (SL).

This system was first proposed by Smith and Mailhiot

for IR detection at the end of the 1980s[1] and has re-

cently emerged as the most promising material system

for third-generation IR detectors. Consequently, dif-

ferent groups today devote increasing efforts to the

study of InAs/GaSb SL for MWIR detection. Several

published results have shown that high quality short

period SL structures with very good spatial uniformity

can be grown on GaSb substrates with the ability to

span cut-off wavelength by varying only the thickness

of the InAs and GaSb layers.[2−5] High resolution focal

plane array cameras operating at 77 K have been fab-

ricated allowing fast and accurate detection of CO2 in

the MWIR domain by using a dual-color detector.[6−8]

In this Letter, we report GaSb-based midwave

wavelength infrared InAs/GaSb SL detectors grown

by molecular beam epitaxy (MBE). The crucial issue

for the growth of InAs/GaSb SLs on GaSb substrates

is to produce a high-quality buffer layer and elabo-

rate perfectly strain-compensated structures to avoid

strain relaxation that will induce a degradation of the

SL optical and electrical properties.[9−10]

Samples were grown by MBE in a VG80-H system

on undoped (100)-GaSb residual p-type substrates

with 2′′ diameter. The system is equipped with group-

III SUMO effusion cells for gallium, aluminum and in-

dium and valved cracker cells for arsenic and anti-

mony. Silicon and GaTe as well as beryllium can be

used for n- and p-type doping.

In this work, a GaSb buffer layer was growth under

an optimized pre-growth preparation and growth con-

dition to decrease the occurrence of bulk defects which

maintain a similar pyramidal structure. Included are

investigations of pre-growth oxide desorption, GaSb

buffer growth temperature, and Sb/Ga ratio during

superlattice growth.[11] Figure 1(a) shows an atomic

force micrograph (AFM) of a typical surface morphol-

ogy of 500 nm GaSb grown on GaSb with clear atomic

steps and a 10 × 10µm2 area with an rms roughness

of 0.163 nm.
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Fig. 1. Surface AFM cartography. (a) A 10× 10µm scan

area of 500 nm GaSb buffer layer. (b) A 10 × 10µm scan

area of the 500 nm GaSb buffer layer and 320 period su-

perlattices.

The detector structure consists of a p-doped GaSb

contact layer (𝑝 ∼ 1 × 1018 cm−3), 320 periods of
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an InAs/GaSb SL built with 8 monolayer (ML) thick

InAs layers and 8ML thick GaSb layers and a 20-nm-

thick n-doped InAs cap layer. The lower part of the

SL is p-type doped (𝑝 ∼ 1×1018 cm−3 Be in the GaSb

layers), followed by an undoped region and an n-type

doped stack on top of the structure (𝑛 ∼ 1×1018 cm−3

with Si in the InAs layers).

The properties of type-II InAs/GaSb superlattices

should be strongly dependent on the interface type.

Interfaces have been proposed as a design tool for

short period InAs/GaSb superlattices for mid-infrared

detectors.[12] Only InSb and GaAs types of interfaces

have been experimentally exploited before, but there

are limitations in applying only InSb or GaAs in-

terfaces. In order to have almost zero lattice mis-

matches (well below 1000 ppm), there exist only a cer-

tain number of thickness combinations of InAs and

GaSb. We use the modified sp3s* empirical tight-

binding method (ETBM) and mixed interfaces (IF)

of Ga𝑥In1−𝑥 type[13] to model the superlattice mate-

rial. At the transition from GaSb to InAs or from

InAs to GaSb layers, both group-III and group-V ele-

ments are changed and the interface compositions de-

pend on the shutter sequence during MBE growth in

our MBE system.[14] Figure 2 shows the ETBM mod-

eled bandgap diagram of the 8 ML InAs/8 ML GaSb

superlattices with the variation of two interface com-

positions. In the almost zero lattice mismatch range

(below 1000 ppm) the band gap of 8 ML InAs/8 ML

GaSb superlattices is in the range of 4.8–5.0µm.
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Fig. 2. Sp3s* ETBM Model of [(AsIn)7-AsGa𝑥1In1−𝑥1-

(SbGa)7-SbGa𝑥2In1−𝑥2]𝑁 : (a) Interface bandgap dia-

gram of 8ML InAs/8ML GaSb superlattices. (b) Super-

lattice mismatch diagram of 8ML InAs/8ML GaSb su-

perlattices.

During the superlattices growth procedure, growth

temperature, V/III ratios and shutter sequences have

been optimized in order to improve material qual-

ity and to establish a manufacturable growth pro-

cess. Growth rates for both GaSb and InAs were

set to 0.513 ML/s and 0.168 ML/s, respectively. InAs

V/III-flux ratio 10 and GaSb V/III-flux ratio 3, forma-

tions of Ga𝑥In1−𝑥 interfaces at the InAs/GaSb and

the GaSb/InAs interfaces were forced by the shut-

ter sequence during epitaxy in order to match the

tensile strain of the InAs.[10] The best morphologi-

cal and optical properties were obtained for a sub-

strate temperature of 420∘C. The growth temperature

was calibrated with the (1 × 3) to (2 × 5) GaSb sur-

face reconstruction transition.[15] Figure 3 shows the

high-resolution x-ray diffraction and dynamical simu-

lation pattern around the (004) reflection of a stan-

dard 30 period mid-IR superlattice structure. The

SL has a periodic width of 50.53 Å±2.30 Å and is un-

der compression strain with a residual strain of 72.9 s

(∆𝑎/𝑎 = 0.063%). The full width at half maximum

(FWHM) of the GaSb buffer and the first order su-

perlattices are 51.71 and 135.2 arcsec. The diffraction

pattern reveals well-resolved satellite peaks up to the

sixth order, demonstrating good morphological qual-

ity. Figure 1(b) shows an atomic force micrograph

(AFM) of 1.6µm thick MWIR superlattices on the

GaSb template; the rms roughness equals 0.280 nm.
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Fig. 3. X-ray diffractometry (004 reflection) of an

InAs/GaSb superlattice diode with a total number of 30

periods and the simulation result.

Single element detectors with areas of

100µm × 100µm, 200µm × 200µm, 400µm × 400µm,

800µm × 800µm were fabricated by standard lithog-

raphy and subsequent etching by tartaric acid solu-

tion. Top and bottom metal contacts were formed

using electron beam deposited Ti/Au. Figure 4(a)

shows that the device leakage current density of these

photosensitive units under anodic sulfide does not in-

crease obviously with the reduction of detector area

at 77 K. This shows that the contribution of surface

leakage current is very low. Figure 4(b) shows that the

differential resistance and 𝑅0𝐴 of PIN diodes achieve

103 A·cm2 in order of magnitude.

Figure 5 shows the positive small bias voltage 𝐼−𝑉

curves. Under uncompleted dark-field, the detector

shows 0.05 V threshold voltage. This is because of

the contribution of photocurrent. Under completed

dark-field, the leakage current decreases five times.

The two subplots in Fig. 5 show the linear fitting of
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the two parts of a detector 𝐼 − 𝑉 curve. We obtain

an ideality factor in the range of 1.5 to 2.1. Thus the

generation-recombination current and temperature-

insensitive defect-related leakage are the dominant

leakage in the depletion region. Reducing the de-

fect density in the depletion region will improve the

detector detectivity.[16]
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Fig. 4. (a). 𝐼 − 𝑉 characteristics of InAs/GaSb superlat-

tice pin photodiodes with different sized areas after anode

sulfide passivation (b). The relation between Rdiff and

voltage in the pin photodiode after anode sulfide passiva-

tion at 77K.
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Fig. 5. ln 𝐼 versus 𝑉 for different sized photodiodes after

anode sulfide passivation.

The spectral response of the devices was mea-

sured with a Fourier transform infrared (FTIR) sys-

tem. The average detectivity of the mid-wavelength

detector based on InAs(8 ML)/GaSb(8 ML) SL was

tested with 1.2 mA current under a blackbody tem-

perature of 500 K.

Figure 6 shows the relative photoresponse spectra

of the detector at 77 K. The cutoff wavelength (de-

fined as the point where the photoresponse drops to

50% of the maximum value) is 5.0µm at 77 K. This

result is matched to the ETBM-calculated possible to

be almost zero lattice mismatches of the superlattice

bandgap. In the devices with anode sulfide passivation

and ZnS passivation, noise is reduced. The blackbody

peak detectivity is 1.6×1010 cm·Hz1/2/W at 77 K, re-

sponsivity 0.06 A/W. This is due to the reduction of

surface leakage current and increase of 𝑅0𝐴.
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Fig. 6. Photoresponse spectra of the 8MLs-InAs/8MLs-

GaSb superlattice photodiode at 77K schematic of the

InAs/GaSb SL photodetector.

In summary, InAs/GaSb SLs with broken gap-

type-II band alignment have been grown by molec-

ular beam epitaxy for the fabrication of mid-IR de-

tection. The p-type GaSb buffer layer and superlat-

tice active region are growth under optimized condi-

tions. The structural and optical properties of type-II

InAs-GaSb SLs have been studied by HRXRD and

AFM. High quality strain-balanced SL structures of

8 MLs-InAs/8 MLs-GaSb have been obtained by for-

mation of Ga𝑥In1−𝑥 type interfaces. The peak de-

tectivity of the photovoltaic detectors at 50% cutoff

wavelength 5.0µm is 1.6× 1010 cm·Hz1/2w−1 at 77 K.

𝐼−𝑉 curves show that generation-recombination cur-

rent and temperature insensitive defect-related leak-

ages are the dominant leakage in the depletion region.

Thus this InAs/GaSb superlattice detector system will

have a much better performance after improving the

growth condition and device structure.
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