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Vertical Cavity Surfaced Light Emitting Devices
Fillgp%e WA LE RRpF LA LR

2,347 8p 2 £ 2004/08/01 ~2005/07/31

PI: S.C. Wang ( 2 # % ) , National Chiao-Tung University, E-mail: scwang@mail.nctu.edu.tw
Co-PI : H.C.Kuo (382 #)

Abstract
We have accomplished the objectives of this project. The main accomplishments include
successfully fabrication of GaN vertical cavity surface emitting laser (VCSEL) structure, the
achievement of lasing action of GaN VCSEL, and the fabrication of GaN-based micro-cavity
device.
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(1) Vertical cavity surface emitting laser (VCSEL) is successfully fabricated.
1. Successfully fabrication of VCSEL structure with high-reflectivity GaN/AIN DBR and
Ta205/Si02 DBR.

The GaN VCSEL structure with high-reflectivity AIN/GaN distributed Bragg
reflector (DBR) and Ta20s/Si0, DBR were realized by metal organic chemical vapor
deposition (MOCVD). The full structure consists of a 25-pairs AIN/GaN DBR, a
380-nm-thick n-type GaN, a ten pairs Ing,GaysN/GaN MQW, a 100-nm-thick p-type,
and a 8-pairs Ta,0s/Si0, DBR.The SEM picture is shown in Fig.1. The highest peak
reflectivity of AIN/GaN DBR is about 94.5% with a stopband width of 18nm at a center
wavelength of 442nm (Fig.2). The eight pairs Ta,Os/S10, dielectric mirror showed
about 97.5% reflectivity was deposited by the e-gun as the top DBR reflector. Fig.3
shows the PL spectrum from the GaN-based VCSEL at the room temperature. A narrow
emission peak with full width at half maximum of 1.4nm corresponds to the cavity
resonant mode at 448nm was observed. It indicates the emission peak was well-aligned
with vertical cavity formed by the high reflectance of AIN/GaN DBR and the
Ta,0s/S10, dielectric mirror. The cavity quality factor estimated from the emission
linewidth of 1.4nm is about 320. This high Q value means the resonant cavity of nitride
VCSEL is successfully fabricated.

w
o
o

—— AIN/GaN DBR

100 Ll -- Ta,0,/SiO2 DBR
2 ~ 250
sof
= 200
S S
> 60 8
E > 150
B oan N @ 1.4
E O g 100 n
JJ] i c
2 v =
20k v
A 50 |-
O C “" 1 1 1 0 L A 1 1 1
350 400 450 500 550 425 430 435 440 445 450 455 460 465
Wavelength (nm) Wavelength (nm)
Fig. 1 SEM picture of nitride VCSEL. Fig. 2 The reclectivity of top and bottom DBRs Fig. 3 The PL emission of VCSEL.



2. The lasing action of niride based vertical cavity surface emitting laser was achieved.

The VCSEL has been successfully optically pumped to achieve lasing action at room
temperature. The optical pumping of the sample was performed using a frequency-tripled
Nd:YVO4 355-nm pulsed laser with a pulse width of ~ 0.5 ns at a repetition rate of 1 kHz.
Fig. 4(a) plots the light emission intensity from the VCSEL as a function of the pumping
energy. The laser action was observed as the pumping energy above the threshold
pumping energy (Egy) of about 1.5uJ corresponding to an energy density of 53mJ/cm’A.
The Fig. 4(b) shows the emission image of GaN VCSEL. With the pumping energy
increasing, the bright laser spot appears, and its size is about 3 ;z m. The laser output also
increased linearly and rapidly with the pumping energy beyond the threshold. Fig 4(c)
shows the variation of emission spectrum with the increasing pumping energy. The
dominant laser emission line is located at 448nm above the threshold pumping energy.
The laser emission spectral linewidth reduces with the pumping energy above the
threshold energy and approaches 0.25nm at the pumping energy of 2.52Eg. These

characteristics strongly suggest the achievement of the lasing action.
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Fig. 4. (a) the threshold characteristic of GaN VCSEL. (b) the emission image of the laser. (c) the emission spectra of GaN
VCSEL below and above the threshold.

2.The GaN-based micro-cavity device with nitride VCSEL structure is fabricated.
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The micro-cavity device using the VCSEL structure has been fabricated. The
emission picture of the device is shown in Fig. 5(a). The device shows strong emission
intensity in the aperture region. The emission spectrum is measured as shown in Fig.
5(b). The emission peak is located at 458.6nm with a narrow linewidth about 6.7nm.
The linewidth narrowing was caused by the resonant cavity effect. The low thermally
induced red-shift effects (0.12 nm/kA/cm?®) were also observed by varying the
injection current density and temperature. These characteristics fully suggest this
device has the performance similar to the VCSEL and could be a basis for the goal of
electrically pumped VCSEL.
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Fig. 5 (a) The emission images of GaN-based micro-cavity device. (b) The EL spectrum of the
micro-cavity device device.
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