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Abstract

Abstract

GaN-based wide-band gap semiconductors belong to the third generation of
semiconductor materials, which are the ideal materials of emitting devices and
photovoltaic devices because of their excellent physical and chemical properties. In
the field of information display, GaN-based high-brightness blue and green light
emitting diodes (LEDs) can be used in outdoor large screen display and traffic lights.
In the field of lighting, GaN-based white LEDs can be used for backlights, landscape
lighting and general lighting, and so on. Although great progresses have been made,
there are still several problems toward further development and improvement of
GaN-based LEDs. The p-type Omic contact is one of the maindifficulties. There are
two reasons accounting for the high resistance of p-type Omic contact. On the one
hand, it is difficult to grow high hole concentration of p-GaN. On the other hand,
there are no proper metal to make high quality Omic contact. Currently, thermal
annealing, laser-induced doping , ion implantation process, and so on, have been used
to improve the hole concentration of p-GaN. In this paper, the electrical property of
p-GaN layer was improved by depositing a layer of ITO on the p-GaN surface
followed by ICP etching, which made the diffusion of In atoms into p-GaN. As a
result, the incorporation of In atoms reduces the activation energy of acceptors and
then improves the hole concentration and Ohmic contact. In addition, the electrical
and optical properties of LEDs with and without In-doping were studied as the
following:

1. The In-doped p-GaN showed a better I-V characteristic than the sample
without doing. The Omic contact resistance was 4.35x10° Q for In-doped sample,
which was lower than that, 7.09x10° Q, for the sample without doping.

2. The content of the elements on p-GaN surface was measured by X-ray photon
spectrometer (XPS) and the mechanism of the improvement of Omic contact was
discussed. It was indicated that the diffusion of In atoms was beneficial to improve
hole concentration of p-GaN.

3. The optical property of InGaN/GaN MQWs was measured by low-temperature
ptotoluminescence (PL). We tentatively propose a model of lattice expansion for the
In-doped p-GaN and the lattice beneath of InGaN/GaN MQWs.

4. We changed the process conditions of ICP process to etch GaN material. The
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Abstract

etching thicknesses were measured by step measuring instrument and the morphology
of GaN surface was measured by AFM measurement. Finally, the relationship among
etching rate under different conditons, surface morphology and parameters was

analyzed.
5. GaN-based blue LED devices were made and the I-V, P-I characteristics of

In-doping LED and as-grown LED were measured and compared.

Keywords: p-GaN; ICP; LED; Omic contact
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1.2 GaN & LED & RINIK

FLIE 1971 4F, SRk [ 3£ E W MR 221 Pankove #3255 AW H T 2
R A GaN JE W6 LED, (B2 M1 4 GaN p B35 44 ] E 1215 21 A ok i R
FIMIS 454, SRR ICHREAR, HA 0. 03%~0. 1%, 1983 4, Yoshida
NN — 2 AINVERIE I A AR AR, 15 GaN 1210 451 LA b i
JREAR] RS 20 T\ HFEAUR, RE HAL SRR Hiroshi
Amano #7545 NFI K A 7 AR SHE XS Mg GaN MR TAbEE, JCRFFE T
GaN HIFHZ, M 10° Q «cm [EF] 35 Q «cm, TMZ/GRERES 2X10° cn”,
H S % T B S RS — A GaN & p—n &5 LED, AOBRCR AR 2] T B4R 5
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