NUSOD 2010

Influence of polar face on optical properties

of staggered 440 nm InGaN/InGaN/GaN quantum-
well light-emitting diodes

S.-H. Park!, B.-H. Kim'!, D. Ahn’, and Y.-T. Lee’

" Department of Electronics Engineering, Catholic University of Daegu, Hayang, Kyongbuk 712-702, Republic of Korea
? Department of Electrical and Computer Engineering, University of Seoul, Seoul 130-743, Republic of Korea
3 Department of Information and Communications, Gwangju Institute of Science and Technology, 1 Oryong-dong, Buk-gu,
Gwangju, 500-712, Republic of Korea

Abstract -- The influence of the polar plane on optical
properties of staggered InGaN/InGaN/GaN quantum well (QW)
light-emitting diodes was investigated using the multiband effective
mass theory. The N-face staggered InGaN/InGaN/GaN QW
structure has a greater spontaneous emission peak than the Ga-
face staggered InGaN/InGaN/GaN QW structure because the
before has a larger matrix element than the latter. On the other
hand, the heavy-hole effective mass around the topmost valence
band is not affected nearly by the polarity. We expect that the N-
face staggered InGaN/InGaN/GaN QW structure has an improved
characteristics  compared to  the Ga-face  staggered
InGaN/InGaN/GaN QW structure.

I. INTRODUCTION

III-Nitride diode lasers and light emitting diodes (LEDs)
emitting in the 420-500nm region play important roles for
medical, optical storage, and solid state lighting. One of major
challenges preventing high performance conventional InGaN
quantum well (QW) is a large internal field due to the strain-
(PZ) (SP)

polarizations.[1,2] As a result, the radiative recombination rate

induced piezoelectric and  spontaneous
and the optical gain of these QW structures are reduced
significantly due to the large spatial separation between the
electron and hole wavefunctions. Several methods have been
proposed in an effort to reduce the effect of the internal field
due to polarizations.[3-5] In addition, an InGaN/InGaN/GaN
QW structure with a
proposed to reduce the internal field effect.[6] It was
demonstrated that the QW structure with the staggered InGaN

well shows significant improvement in output power. The

staggered well has been recently

staggered well offers an extra degree of freedom which may
be employed to tune the emission wavelength. However, many
fundamental properties of GaN-based QW structure with the
staggered well are not yet well understood because studies
based on these structures are in an early developmental stage.
In particular, there has been very little work on the influence
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of the polar plane on optical properties of the staggered
InGaN/InGaN/GaN QW structure. Both types of polarity (N-
and Ga-faces) were found by ion channeling and convergent
beam electron diffraction in GaN (0001) layers grown by
MOCVD on c-plane sapphire.[7]

In this paper, we investigate the influence of the polar plane
on optical properties of staggered InGaN/InGaN/GaN QW
light-emitting diodes. The self-consistent (SC) band structures
and wave functions are obtained by solving the Schrodinger
equation for electrons, the 3x3 Hamiltonian for holes, and

Poisson's equation iteratively.[8,9]

II. RESULT AND DISCUSSIONS

Figure 1 shows the potential profiles and the wave
functions of the first conduction subband (C1) and the first
valence subband (HH1) at zone center for the ground state of
(a) Ga-face staggered and (b) N-face staggered
InGaN/InGaN/GaN QW structures. The internal field F in
layers can be obtained by using the periodic boundary

condition Z 1 F (@) — o, where the sum runs over all the
q

layers, including barrier layers, and / denotes the thickness of
a layer.[10]  The alignment of the piezoelectric and
spontaneous polarizations is antiparallel in the case of
compressively strain for Ga-face. If the polarity flips over
from Ga-face to N-face material, the piezoelectric, as well as

the spontaneous polarization changes its sign. The total

thickness of the left side well (L, ;) and the right side well
(L,,)ina staggered QW structure is selected as the same as

the well width (L, ) in the single QW structure. However, the
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In compositions are selected to give a transition wavelength of
440 nm.
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Fig. 1 Potential profiles and the wave functions of the first
conduction subband (C1) and the first valence subband (HH1) at
zone center for the ground state of (a) Ga-face staggered and (b)
N-face staggered InGaN/InGaN/GaN QW structures.

Both staggered InGaN/InGaN/GaN QW structures show
that a

wavefunctions is reduced with the inclusion of staggered

spatial separation between electron and hole
InGaN layer. Also, we observe that the potential profile and
the a spatial separation between wavefunctions for staggered
QW structures depends on the polar face. On the other hand,
we note that, in the case of the single QW structure, the spatial
separation between electron and hole wavefunctions is

independent of the polar face.

Figure 2 shows (a) optical matrix elements as a function
of the in-plane wave vector and (b) spontaneous emission
spectra for 440 nm (a) Ga-face staggered and (b) N-face
staggered InGaN/InGaN/GaN QW structures. For comparison,

we plotted the result for a conventional QW structure. The SC

solutions are obtained at a sheet carrier density N,, =

10 10" cm . We know that a N-face staggered QW
structure shows larger matrix element than a Ga-face
staggered QW structure. Also, the optical matrix elements of
staggered QW structures are shown to be larger than that of a
conventional QW structure. This is mainly due to the fact that
the internal field effect is reduced with the inclusion of
staggered InGaN layer. The spontaneous emission spectra
have only one peak which corresponds to C1-HH1 transition.
In the case of a conventional QW structure, the peak position
of spontaneous emission spectrum is blueshifted at a high
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carrier density of N,, = 10 x10" ¢m 7, compared to

staggered QW structures. This means that the screening effect
of the internal field is dominant in the conventional QW
structure. Spontaneous emission peaks of both staggered QW
structures are shown to be larger than that of a conventional
QW structure. Also, the N-face staggered InGaN/InGaN/GaN
QW structure shows a greater spontaneous emission peak than
the Ga-face staggered InGaN/InGaN/GaN QW structure. This
can be attributed to the fact that the before has a larger matrix
element than the latter.
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Fig.2 (a) Optical matrix elements as a function of the in-
plane wave vector and (b) spontaneous emission spectra for 440
nm (a) Ga-face staggered and (b) N-face staggered
InGaN/InGaN/GaN QW structures. For comparison, we plotted
the result for a conventional QW structure. The SC solutions are

obtained at a sheet carrier density of NZD =10x1 012 em .

ACKNOWLEDGMENTS

This work was supported by Basic Science Research
Program through the National Research Foundation of Korea
(NRF) funded by the Ministry of Education, Science and
Technology (2009-0071446) and by IT R\&D program of
MIC/IITA (2007-F-045-01).

REFERENCES

[1] G. Martin, A. Botchkarev, A. Rockett, H. Morkoc, Appl. Phys. Lett. 68,
2541 (1996).

[2] F. Bernardini, V. Fiorentini, D. Vanderbilt, Phys. Rev. B 56, 10024
(1997).

[3]S. H. Park, S. L. Chuang, Phys. Rev. B 59, 4725 (1999).

[4] J. Park and Y. Kawakami, Appl. Phys. Lett. 88, 202107 (2006).

[51S.-Y. Kwon, S.-I. Baik, Y.-W. Kim, H.J. Kim, D.-S. Ko, E. Yoon, J.-W.
Yoon, H.Cheong, and Y.-S. Park, Appl. Phys. Lett. 86, 192105 (2005).

[6] R. A Arif, H. Zhao, Y.-K. Ee, and N. Tansu, IEEE J. Quantum Electron.
44,573 (2008).

[7]1 O. Ambacher, J. Smart, J. R. Shealy, N. G. Weimann, K. Chu, M.
Murphy, W. J. Schaff, L. F. Eastman, R. Dimitrov, L. Wittmer,
M.Stutzmann, W. Rieger, and J.Hilsenbeck, J.Appl.Phys. 85, 3222 (1999).

[8] S. L. Chuang and C. S. Chang, Phys. Rev. B 54, 2491 (1996).

[9] S. H. Park and S.L.Chuang, Appl. Phys. Lett. 72, 3103 (1998).

[10] U. M. E. Christmas, A. D. Andreev, and D. A. Faux, J. Appl. Phys. 98,
073522 (2005).





