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Abstract

Abstract

As the third generation semiconductor material, GaN, AIN and InN have become
a hot research field internationally. They have many advantages such as high
absorption coefficient, high carrier mobility, high saturation velocity, and superior
radiation resistance, which make them the good PV material. The InGaN alloy has
tunable bandgap, which make it the ideal material for realizing full spectrum solar
cells for high efficiency solar cells. Vertical structure technique for InGaN/GaN MQW
solar cells allows to grow a bottom reflector to increase the light absorption and make
the current smooth. That makes vertical structure solar cells cause a lot of attention.
In the present work, the fabrication. characterization and simulation of vertical
structure InGaN/GaN MQW solar cells were studied in details. The main contents are
summarized as the follows:

(1) The ITO film with low resistivity and high transmittance was fabricated as
InGaN solar cells p-type electrode using Magnetron Sputtering. We analysis the effect
of sample temperature. Ar pressure. sputtering power. DC voltage. annealing
temperature and annealing time on ITO film resistivity. The ITO film with
resistivity 2x10*Q* cm and transmittance 98.9% was obtained as p-type contact
layer and current extension layer for solar cells.

(2) A metallization scheme of Ni/Ag/Ni/Au has been developed for obtaining
high reflectivity as vertical-type InGaN solar cells. We studied the effect of Ni
thickness and Ag thickness on its reflectivity using AFM and SEM. We improved the
reflectivity up to 94% (470nm).

(3) We systematically studied the effect of RCE structure on the quantum
efficiency of InGaN/GaN MQW solar cells. We also estimate the best parameters of
the RCE structure, which include the thickness of layers, the reflectivity of top mirror
and bottom mirror. The RCE InGaN/GaN MQW solar cells show an enhancement in

short circuit current density by 2.17 times and conversion efficiency by 2.16 times,
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Abstract

compared to that of a conventional InGaN/GaN MQW solar cell.

(4) The vertical structure solar cells has been achieved by using wafer bonding.
Photosensitive glue as binder makes the process simple and would not affect the
device performance. We make process smoothly by using the polishing technology to
make the RMS of sample decreased from 17.28 nm to 2 nm. The short circuit current
density of the vertical structure solar cells improve from 0.55mA/cm® to 0.74
mA/cm” and conversion efficiency improve from 0.64% to 0.92%, compared to that
of a conventional InGaN/GaN MQW solar cell. We also improve the conversion

efficiency to 1.165% by enhancing the absorbable spectral range.

Keywords: RCE; Quantum efficiency; MQWs; Vertical structure;
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