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Simulation of Electrical Properties of P-type AIGaN/GaN Superlattices
Student : Yu-Chen Chen Advisors : Dr. Shun-Tung Yen
Institute of Electronics Engineering

National Chiao Tung University

ABSTRACT

In the thesis, we have performed a theoretical investigation of the electrical properties
and current-voltage characteristics of p-type bulk GaN and AlGaN/GaN superlattices. The
calculations are based on the nonlinear Poisson equation, drift diffusion current model, and
thermionic emission current model, with piezoelectric field effect taken into account. We
found that the current-voltage characteristies.of p-type AlGaN/GaN superlattices are better
than those of p-type bulk GaN because the holes in AIGaN/GaN superlattices transport mostly
by thermionic emission mechanism, while'the-holes in bulk GaN transport mostly by drift
diffusion mechanism.

For wurtzite structure, We found that the current-voltage characteristics of AlGaN/GaN
superlattices with different direction of piezoelectric field (Ga-face ~ N-face) is different. We
also found that there is a spike potential on the boundary of superlattices due to the
asymmetry of piezoelectric field. The spike potential will obstruct the holes and may cause
too much joule heat to damage the device which uses the superlattices structure. For this
reason, we used the structure of a gradual change of Al composition to eliminate the
asymmetry of piezoelectric field and the spike potential, in order to improve the electrical

properties of the AlIGaN/GaN superlattices.
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. elementary charge

- dielectric constant

: permittivity in free space
. electrostatic potential

- Fermi-Dirac integral

: concentration of donor

- concentration of acceptor

: concentration of ion donor

- concentration of ion acceptor

: conduction band effective density of state
- valance band effective density of state

: conduction band degeneracy factor

- valance band degeneracy factor

. energy state of donor

. energy state of acceptor

. fermi level

. quasi fermi level of electron

: quasi Fermi level of hole

: mobility of electron

. mobility of hole
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(B 1)Aj.15Gag.ssN/GaN band diagram
without piezoelectric field

L=10A

(] 2)A0.15Gag ssN/GaN charge
distribution without piezoelectric field
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(B 3)Ai0.15Gag ssN/GaN band diagram
with piezoelectric field

L=10A

(B 4)Aj0.15Gag ssN/GaN charge
distribution with piezoelectric field

L=10A
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(B 5)Au0.15Gag ssN/GaN band diagram
without piezoelectric field

L=20A

(] 6)A0.15Gag ssN/GaN charge

distribution without piezoelectric field

(B 7)Au0.15Gag ssN/GaN band diagram
with piezoelectric field
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(B 8)Ay.15Gag ssN/GaN charge
distribution with piezoelectric field
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(B 9)Ai.15Gag.ssN/GaN band diagram
without piezoelectric field

L=30A

(B 10)Aj0.15Gag ssN/GaN charge
distribution without piezoelectric field
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(B 11)Ay0.15Gag gsN/GaN band diagram
with piezoelectric field
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distribution with piezoelectric field
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(B 13)A10.15Gag 3sN/GaN band diagram
without piezoelectric field

L=40A

(B 14)A0.15Gag ssN/GaN charge

distribution without piezoelectric field

(B 15)A10.15Gag 3sN/GaN band diagram
with piezoelectric field

L=40A

(@ 16)A10.15GagssN/GaN charge
distribution with piezoelectric field

L=40A
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(Bl 17)A10.15Gag 3sN/GaN band diagram
without piezoelectric field

L=60A

(B 18)Aj0.15Gag ssN/GaN charge

distribution without piezoelectric field

(B 19)A10.15Gag ssN/GaN band diagram
with piezoelectric field

L=60A

(1 20)Aj0.15Gag gsN/GaN charge
distribution with piezoelectric field

L=60A
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diagram without piezoelectric field
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Current density = 0 A/cm®

(B8] 37)Conventional structure band
diagram with piezoelectric field
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(5] 38)New structure band diagram
without piezoelectric field
L=20A » Ns=40

Current density = 0 A/cm®

(B8] 39)New structure band diagram
with piezoelectric field
L=20A » Ns=40

Current density = 0 A/cm®
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