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Superlattice Photodiodes 
on a 3″ Substrate

by Binh-Minh Nguyen

Type II InAs/GaSb superlattice1 has 
recently gained a lot of interest and 
is considered as a viable alternative 

to the HgCdTe technology in the long 
wavelength infrared (LWIR) detection.2 
The material system is now entering a 
new development phase where the mass 
production and cost-effectiveness have 
become an important consideration. 
One immediate requirement is to achieve 
the high quality material on large size 
substrates, which can economize the 
material growth, reduce the fabrication 
cost, and especially allow the realization 
of large format imagers.

The 2010 Edward G. Weston Summer Research Fellowship — Summary Report

Fig. 1. Three inch wafer layout (a) and test locations for uniformity characterization; (b) X-ray FWHM of the p-region peak; (c) average R0A of tested diodes 
in each die; and (d) full and 50% cut-off wavelength of optical diodes in each die. In (c) and (d), the data points are put in the center of the dies, but represent 
the whole die area of 6 mm x 6 mm.

In this work, we demonstrate that 
high performance Type II superlattice 
photodiodes are achieved with excellent 
uniformity across a 3″ in diameter GaSb 
substrate, which is the largest size of 
commercially available GaSb wafers.

The material in this work was grown 
with a Gen II molecular beam epitaxy 
system capable of holding a 3″ wafer. 
We used a 3″ in diameter n-type GaSb 
substrate with a tellurium n-type dopant 
concentration of 1017 cm-3 from Wafer 
Technology Ltd. The growth started with 
a 0.1 mm thick GaSb buffer layer, then 
a 1.5 mm thick silicon doped n-type 
InAsSb (n = 1018 cm-3), followed by a 5.5 
mm thick n-M-p-p superlattice device 
architecture3 and terminated with 0.2 
mm thick p-doped GaSb (p = 1018 cm-3) 
capping layer.

Uniformity investigation was 
performed along one radius as illustrated 
in Fig.1. Atomic Force Microscopy (AFM) 
and high resolution X-ray diffraction 
(HRXD) were scanned on eight locations, 

denoted (a) to (h), 5 mm apart from 
each other, while optical and electrical 
characterization was performed on four 
processed dies labeled D1 to D4. The 
summary of the study is presented in 
Fig. 1b, c, and d.

The average quantum efficiency of 
optical diodes in each die is shown in Fig. 
2a. All diodes exhibit the same cut-off 
wavelength, the optical spectra line up 
within the tolerance of the measurement 
and alignment. Across the wafer, the 
50% cut-off wavelength is 10.91 ± 0.04 
µm, and the full cut-off wavelength 
is 12.01 ± 0.04 µm (Fig. 1c). At peak 
responsivity (~10 µm), the quantum 
efficiency attains 45% at 50 mV reverse 
bias. The resulting specific detectivity of 
6 x 1011 cm Hz1/2/W at 10µm (Fig. 2b) 
ensures a background limited operation 
(BLIP) with a 300K background under a 
2p field of view as the BLIP detectivity 
at this wavelength is 4 x 1010 cm Hz1/2/W. 

(continued on next page)
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The demonstration of high performance 
LWIR Type II superlattice photodiodes 
with excellent structural, optical, and 
electrical uniformity across a 3″ wafer 
proves that Type II superlattice is a 
promising materials system, viable for 
the cost reduction and size expansion of 
infrared imagers in the third generation.
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Fig. 1. Quantum efficiency (a) and detectivity (b) at 50 mV reverse bias of four dies across the wafer.
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ECS is an international, educational organization with more than 8,000 scientists and engineers in over 70 countries, engaged in a broad 
range of technical interests including: Batteries, Corrosion, Dielectric Science & Technology, Electrodeposition, Electronics & Photonics, 
Energy Technology, Fullerenes, Nanotubes, and Carbon Nanostructures, High Temperature Materials, Industrial Electrochemistry 
& Electrochemical Engineering, Luminescence & Display Materials, Organic & Biological Electrochemistry, Physical and Analytical 
Electrochemistry, and Sensors.
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