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1. Introduction before the deposition of gm-thick undoped GaN layer.
Group llI-nitride-based material had been widely We grew N pairs of gradient-stage InGaN/GaN MQWs

employed in the optoelectronic devices in recerarsid] structure consisted a set of 3-nm-thick InGaN vejler

However, the wurtzite nitrite material has strong and 7-nm-thick Si-doped GaN barrier layers. Thepabs

piezoelectric and spontaneous polarizations albagtaxis, of InGaN/GaN MQW structure as the active region ever

which results in obvious quantum-confined Starlkeetf{2] deposited with nitrogen at 78T, as shown in Fig. 1.

The nonpolar nitrides, which have the crystal strreewith

c axis lying parallel to the multiple quantum w@gMQWSs), 5 pairs InGaN\GaN
hence attract great interest for their absenceotzrization MQW Active region
; ; ; N pairs InGaN\GaN

field in the past few years.[3] Different groupsdha Gradlent-stage MOW

demonstrated the absence of polarization-relatéerrial
electric fields in nonpolar (Al,Ga,In)N QWs, growlorg
a- and m-directions and also fabricated the nompola Sapphire
a-plane and m-plane light-emitting diodes with
polarization-free MQWSs. However, the nonpolar GaN Fig.1.  The scheme diagram of a-plane InGaN/GaNW4Q
devices have been suffered by the high threadingwith gradient-stage MQWs structure.
dislocation (TDs) problem (& cmi? and rough surface Three samples with N pairs (N=5, 8, and 11)
due to the planar anisotropic nature of growth mode gradient-stage = MQWSs structure were fabricated,
Therefore, the growth of high-quality MQWs as amivec  respectively. To fabricate the gradient-stage MQ\ttig,
region of light-emitting diodes and laser diodesciitical gradient Indium (In) composition were grown by
for the development of nonpolar 11I-N-based optogtmic controlling flow rate of In source. Noted that fitaw of In
devices. To fabricate the green light LED, it islivkmown source was linear increasing during the growth of
that the crystal quality of a-plane InGaN\GaN MQW gradient-stage MQW, as shown in Fig.2. The sample
becameworsewhen increasing the Indium composition in without gradient-stage InGaN\GaN MQW structure (N=0
the active regiofd]. was also arown as the reference sample.

This paper had further improved the crystal quatify TMInfiow
a-plane InGaN\GaN MQW structure by implanting A
gradient-stage MQW structure between undoped-GaN an
active region. This modification can both improvee t X N5 4
crystal quality and enhance the Indium-doping &fficy in
InGaN\GaN MQW active region. The optical propertids -,
a-plane InGaN\GaN MQW with gradient-stage MQW R
consisted of different pairs were investigated egpbrted 1 2 3 4 5%  AdiveRegon Pair
in this paper.
2. Experiment procedure Fig. 2. The illustration of flow rate for contraiy the In

All samples were grown on r-plane sapphire subesdrat composition during the growth of N pairs gradietsige MQW
by metalorganic chemical vapor deposition (MOCVD) structure. (N=5)
system. During the growth, trimethylgallium (TMGa), To know the optical properties of a-plane InGaN\GaN
trimethylindium (TMIn) and ammonia (NH3) were usesl MQW with the gradient-stage MQW structure, we used
the gallium, indium and nitrogen sources, respebtivi he room temperature (RT)u-photoluminescence p{PL)
growth procedures of all samples are describealisfs: measurement (He-Cd Laser at 325nm) and high-résolut
The sapphire substrates were heated at 1T80with X-ray diffraction (HRXRD, Bede D1 System) to verifiye
hydrogen for removing the surface contaminatiomstFia  crystal quality and Indium composition in MQW agtiv
AIN nucleation layer was grown on the substrat&ld0°C region.
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3. Result and discussion

The structure features of InGaN\GaN MQWSs are very
important for device performance of LEDs, for imste,
indium composition and interface. Fig. 3 shows the
omega-2theta scan of XRD spectrum of a-plane
InGaN/GaN MQW with N pairs gradient-stage MQWSs.
When the N increased, the peak shape of a-plane
InGaN/GaN MQWs became more clearly. It shows that t
quality of the interface between InGaN and GaN was
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improved by implanting the gradient-stage MQW. Niote 0.0 JetZ _ i i - i
that indium composition in the inserted gradieaigst e lenmth (o T
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MQW is always smaller than that in the active regimd (b)
larger than that of GaN buffer. Thus, the grad&age
MQWs play an appropriate heterolayers between
undoped-GaN and active region. So, when the N @rsee,
it means the lattice mismatch between buffer |layet the
active region increased smoothly, resulting indyettystal
quality of the interface between InGaN\GaN MQW eeti
region.

Therefore, the XRD measurement was also performed
on the a-plane MQW samples to examine the well twidt N pairs of Gradient-stage MQW
and identify the indium composition. The indium
composition of the QWs was obtained around 18.&#A4, Fig. 4 (a) Room temperaturg-PL spectra of a-plane
the well and barrier thickness was estimated te@dand InGaN/GaN MQWs with N pairs gradient-stage MQWs (b)
143 A, respectively, for the MQWSs active region hwitl Normalized PL peak energy and emission intensiotted as a
pairs gradient-stage MQWSs structure grown on tipaae function of N pairs gradient-stage MQWs.
GaN template.
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on because of the lattice mismatch induced pieztée
field was reduced by implanting the gradient-st&tf@Ws
with gradual change the lattice constant from GaReb to
the active region. To verify the strain relaxatioime
measurement by Raman is underway.
3. Conclusions
In this paper, the crystal quality of a-plane
InGaN\GaN MQWs was further improved by implanting
the gradient-stage MQWSs before the active regiome T
a-palne InGaN\GaN MQWs with N (N=0, 5, 8, and 11)
pairs of gradient-stage MQWSs structure was also
investigated. The omega-2theta scan by XRD shows th
crystal quality was improved when the number ofrpai
Fig. 3. The Omega-2theta scan of HRXRD spectra dhmep  increased. The PL peak energy was red-shift and the
InGaN/GaN MQWs with N pairs gradient-stage MQWSs. intensity increased when the N increased. Thislteeshow
that when the lattice mismatch induced piezoeledteild
Fig. 4(a) shows thepu-PL spectrum of a-plane might be reduced when the lattice constant was ggthn
InGaN/GaN MQWs with N pairs gradient-stage MQWSs at smoothly by implanting the gradient-stage MQWs
300K. When the N increased, it was easy for Indiom  structure.
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