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AIN — GaN Heterostructures
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Schematic band structure

Material properties: _

| wide bandgap (3.5-6.2 ¢V)

*Large conduction band-offset (~2eV) /

0.8eV

*AIN defects — barrier leakage

*Large lattice mismatch (~2.5%)

ISB Devices:
*Cover the NIR spectral range

*Strong electron-LO phonon interaction

*Operating at room temperature
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GaN Lateral Detectors
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Extraction of carriers to quasi continuum (Wetting layer)

*Good Responsivity (~10-50mA/W)

*Operates at Room Temperature

*Low Frequency (~KHz).
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Vardi et al. APL 88, 143101 (2006)




GaN Photovoltaic Detectors

NIR PV response NIR absorption
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Photoconductive vs. Photovoltaic QWIPs

Photoconductive QWIPs

* Require external bias — dark current > low operating
temperature.

* Thin barriers required in AIN\GaN system P> barrier
leakage, miniband transport P> responsivity quenching.

* Solutions: thick AlGaN barriers, photovoltaic detectors <=

Barrier

Photovoltaic QWIPs Leakage

* Operate at zero bias P no dark current P high temperature,
long wavelengths.

* NIN structure — high V__ » working with high impedance
amplifier » no terminal current » high £ T l

Quantum Cascade Detectors (Gendron APL (2004))
* Based on electron-LO phonon interaction. — T —

| /

e thin barriers I u

* Relatively easy for optimization — only 2D wave
functions are involved —




Unique QCD design 1n polar nitrides

* Typically, the energy slope in a QCD structure is accomplished by

increasing well width along the stage.

* In order to increase the detection efficiency, the energy levels are
designed to form a phonon ladder.

* In our novel design the well width is constant and the saw-tooth structure
relies on the strong polarization field in the nitride material system in

order to create the phonon ladder.



Internal Field Considerations




Structure Design and Growth

Interface roughness
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Sapphire

The structure consists of 40 periods of a 6-monolayer-thick (6 ML) GaN
quantum well followed by a short period superlattice consisting of 5 periods
of AIN\Al,,s Ga,,sN (4 ML \4 ML)
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Measured at 15K, using Xenon lamp light, dispersed by 0.25m
monochromator. Excitation wavelength: 280nm.



Current[mA]

Device Fabrication

Current-Voltages curves
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I[NA]

Device — Photovoltaic Response

Current-Voltage curves under
illumination of 1.55um Laser
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Temperature dependence of the PV
response at different wavelengths
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Peak Responsivity at Room Temperature ~10mA/W



Device — Photovoltaic Response

Photovoltaic response
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Measured at room temperature, using FTIR and Tungsten-Halogen source
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Device — Photovoltaic Response at UV

Photovoltaic response at UV
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QD embedded structure

No PV response !
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Summary

A novel structure of QCD was
demonstrated

PV operation at RT
High responsivity in optimized structure
High frequency response (soon)...

Thank you for your attention



