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Fig. 1 High resolution X-ray diffraction pattern of
GaN on Si substrate Inset is the cross section SEM
photograph of Si/PdIn/GaN.
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Fig.2 Two-theta scan curve of (002) direction for
GaN based LED before and after LLO process
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Fig.3 Cathodoluminescence spectra of GaN based
LED before and after LLO process
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Fig.4 Vertical electrode structure GaN based LED
by LLO Chip size is 300m X 300pm.
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Fig.5 L-I characteristic of LLO vertical electrode
and normal lateral structure LED chips

4 ik

FFIROLR B R AT A R AR AN GaN £

 BMSEEAHEAEAEBE SIHEL. AR

X H&MGS (HRXRD) WM B EH, B ELR
BEEW GaN 2R FH M RUEEHRARE; BRK
K BRFAMNHES GaN ZRFH AR ER
FELEHE BN NABREMTESAHENE
B GaN iZMWEN HBATERFIR. 28 In
HMPAdMEELHBEMBRT GaN M5 Si WHKH
EARE, hEEBREW LED £ T FH#R
HE.BERIHHE TR EEEAREHN
GaN £ LED, 8 REE T 44%.

$%

[1] Nakamura 8. First III-V-nitride-based violet laser diodes. J
Cryst Growth,1997,170.11

[2] Maxwell R. LED or lamp flasher; Minimum parts counting
designed for 3V battery operation. http.//www. ee. wash-
ington. edu/circuit_archive/circuits

[3] Chen C H,Chang § J,Su Y K,et al. Nitride-based cascade
near white light-emitting diodes. IEEE Photonics Technol
Lett,2002,14(7):908

(4] Cao X A, Stokes E B, Sandvik P. Optimization of current
spreading metal layer for GaN/InGaN based light emitting
diodes. Solid-State Electron,2002,46.1253.

5] Tamura T,Setomoto T, Taguchi T. Illumination characteris-
tic of lighting array using 10 candela-class white LEDs under
AC,100V operation. J Lumin,2000,87~89,1180

[6] Kelly M K, Ambacher O, Dimitrov R, et al. Optical process

: for liftoff of group Ill-nitride films. Phys Status Solidi A,
1997,159:R3 .

[7] Wong W S,Sands T,Cheung N W. Damage-free separation
of GaN thin films from sapphire substrates. Appl Phys Lett,
1998,72,599

[8] Wong W S,Sands T,Cheung N W,et al. Fabrication of thin-
film InGaN light-emitting diode membranes by laser lift-
off. Appl Phys Lett,2004,85,2757

{9] WuuDS,HsuS C,Huang S H,et al. GaN/mirror/Si light-e-
mitting diodes for vertical current injection by laser lift-off
and wafer bonding techniques.Jpn J Appl Phys,2004,43(8)
A:5239 - )

[10] Horng R H,Lee C E,Hsu § C,et al. High-power GaN light-
emitting diodes with patterned copper substrates by electro-
plating. Phys Status Solidi A,2004,201(12):2786

[11] Chen Weihua,Kang Xiangning, Xu Ke, et al. TEM study of
GaN-based structures prepared by laser lift-off. Proceeding
of 13th International Conference on Metal Organic Vapor
Phase Epitaxy, Miyazaki,Japan, 2006



7 BETS. BEARSEH GaN RN HRENHH 485

Vertical Electrode Structure GaN Based Light Emitting Diodes”

Kang Xiangning', Bao Kui, Chen Zhizhong, Xu Ke, Zhang Bei,
Yu Tongjun, Nie Ruijuan, and Zhang Guoyi

(National Key Laboratory of Artificial Microstructure and Mesoscopic Physics, Widegap Semiconductor Research Center,
School of Physics, Peking University, Beijing 100871, China)

Abstract; Laser lift-off technique (LLO) and wafer bounding technique were employed to transform GaN based light-emit-
ting diode (LED) membrane from sapphire onto Si substrate. It can be derived from the result of high resolution X-ray dif-
fraction (HRXRD) and cathodoluminescence spectra (CL) that the InGaN MQW structure and optical quality maintain as
grown state. The red shift of the emission peak of GaN and InGaN/GaN MQW originating from the release of stress after
the GaN based film depart from sapphire. In and Pd were used as metal bonding material. And combined with chip by chip
lift-off mode, the integrated and uniform GaN film on Si can be realized. The vertical electrode GaN based LED can be fabri-
cation. L-I characterization results showed sharp device improvements in terms of maximum allowable current and output
_power.
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