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Dynamical study of the radiative recombination processes in GaN/AIGaN QWs

M. Sabooni', M. Esmaeili', F. Tabasi', H. Haratizadeh’ 2, B. Monemarz, H. Amano’
Y Department of Physics, Shahrood Universit of Technology, Shahrood, Iran
%) Department of Physics and Measurements Technology, Linkoping University,
S-581 83 Linkoping, Sweden
Y Department of Electrical and Electronic Engineering, Meijo University, 1-501
Shiogamaguchi, Tempaku-ku, Nagoya 468, Japan

PACS 78.47.+p, 78.55.Cr, 78.67.De

The effects of the Si doping level on the recombination dynamics and carrier (exciton)
localization in modulation-doped GaN/Aly¢;Gago;N multiple-quantum well (MQW)
structures were studied by means of photoluminescence (PL) and time-resolved PL
measurements. All samples with different doping levels show a QW emission which is
blue shifted with respect to the 3.48 eV PL peak from the GaN buffer layer. The decay
time at the peak position remains nearly constant in the range of 320-420 ps at 2 K for
all doping levels. For the undoped and lowdoped samples (3x10'® ¢m-3), which have
less free electrons in the QWs, a non-exponential PL decay behaviour at 2 K is
attributed to localized exciton recombination. The more highly doped samples
(5%10" cm-3 to 10*° em-3) show almost exponential decay curves at 2 K, suggesting
the recombination of free electrons and localized holes. The internal polarization-
induced fields of the medium and highly-doped samples are partly screened by the
electrons originating from the doping in the barriers. The emission peaks in time
delayed PL spectra of these samples exhibit

almost no shift as time evolves. Only the PL peak of the undoped and low-doped
samples shows a redshift with time delay, related to the photogenerated carriers [1].
The decay time for the undoped sample shows non-exponential behaviour typical for
localized excitons in III-N QWSs. The same behaviour of decay time as a function of

emission energy has been reported for InGaN QWs [2].

[1] H. Haratizadeh, B. Monemar, P. P. Paskov, P. O. Holtz, G. Pozina, S. Kamiyama,
M. Iwaya, H. Amano, and [. Akasaki; Phys. Status Solidi B 241, 1124 (2004).

[2] C. K. Choi, Y. H. Kwon, B. D. Little, G. H. Gainey and J. J. Song, Y. C. Chang, S.
Keller, U. K. Mishra, and S. P. DenBaars, Phys. Rev. B 64, 245339 (2001).
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Effect of Si-doping position on optical properties of nitride quantum well

H. Haratizadeh"?; F.S. Tabasi '; P.O. Holtz’
lDepartment of Physics , Shahrood University, Shahrood,
’Departinent of Physics and Measurement Technology, Linkoping University , Linkoping, Sweden

Abstract
The effects of Si doping on the emission energy in a set of GalN/AlGaN multiple quantum well (MOW) samples
with different position of the dopant layer were studied by means of photoluminescence (PL) measurements.
When the doping is in the barrier and in both barrier and well, the MOW emission appears above the GaN band
gap, while the sample doped in the well shows a redshifted emission. The redshift is attributed to the self-energy
shift of the electron states due to the correlated motion of the electrons exposed to the fluctuating potential of

the donor ions.
PACS No. (78,73)
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Abstract

This thesis is based on the optical studies of the interface roughness of
MOCVD-grown undoped GaN/Algp;GagesN multiple quantum wells (MQWs)
structures by means of photoluminescence (PL), micro-PL and TEM techniques. The
discrete well width variations by one c-lattice parameter (5.2A4), ie. two GaN
monolayers (2ML) are observed via localized excitons in the photoluminescence (PL)
spectra. A doublet peak is observed in low temperature and FWHM varying between
10meV and 25 meV for different well widths (1.5 nm to 4.5 nm). The temperature
dependence of the PL intensity of two peaks also supports the observation of two
localized exciton states corresponding to different well widths.

By mapping the micro-PL measurements across the samples with different excitation
spot size, it is shown that the extension of areas with a constant well width is less than
lum®. TEM pictures obtained for the same samples give evidence of interface
roughness. In addition we observe a long-range variation of the PL peak position

across the sample, interpreted as a fluctuation in Al composition in the barriers.
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