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Abstract: The effects of fhermal annealing on the optical properties and maferial~ structures of InGaNIGaN 
quantum wells with silicon doping were studied ta find that the material microstm.ctures alternation was fhe 

Silicon-doped InGaNIGaN quantum wells (QWs) have attracted lots-of interest because of the improved 
photon emission efficiency. The- improvement with silicon doping was attributed to the screening of 
piezoelectric fields. Because high temperahlre growth of a GaN upper cladding layer on top of the QWs is 
needed for fabricating light-emitting devices, a thermal annealing procedure on the QWs is inevitable. Therefore, 
the study of the post-growth thermal annealing effects on InGaN/GaN QWs with silicon doping is very 
important for improving the efficiency of a related light-emitting device. The sample consisted of five QW 
periods with -2.5 nm in well width and -7.5 nm in ,barrier width on top of the un-doped GaN buffer layers with 
thickness 1.52 pm. The barrier doping concentration is 5 x 10'' mi'. The as-grown, thermal annealing at 700 "C 
for 15 min, and 800 "C for 30 min samples were referred to as samples A, B, and C, respectively. Figure 1 shows 
the PL and PLE spectra of the as-grown and post-thermal annealing samples at 10K. One can see that the Stokes 
shifts (SSs) are around 500 meV for the three samples. Figure 2 shows the Arrhenius plots of 
temperature-dependent integrated intensity of the three samples. The solid lines represent the best-fining curves 
by using the equation I(T)=Adl+B~xp(-~A,/kT)+Coexp(-EAz/kT))~'. I(T) is the temperature-dependent 
normalized integrated PL intensity. The two activation energies EA, and EA2 correspond to two different decay 
processes. The notations Bo and CO represent the ratios of the probability of non-radiative to that of radiative 
transitions. The large increase of CO of sample C was obserevd. The values of the activation energies EA2 are 
around 65meV. The formed indium-rich clusters along the QWs can be seen in the as-grown sample A. In 
sample C, the designated QWs become widely dispersed..In CL images, large areas of bright spots can be seen 
in sample A. However, such large bright spots became smaller with annealing at 800 'C for 30 min. The Stokes 
shift and high-tenmeramre-related activation energy Ellare related to the built-in piezoelectric fields and camer 

major reason for the changes. '. . 
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Fig. 2 localization in potential minima. As 
previously reported, piezoelectric fields 
are expected small in barrier-doped 
InGaN/GaN QW structures. The small 
changes in SS and activation energies 
EA2 upon thermal annealing indicate that 
the strains and potential fluctuations are 
not strongly affected by thermal 
annealing under the two annealing 
conditions. From the HRTEM results of 
sample C, the increase of non-radiative 
recombination centers can originate - 
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from the increase of defect density. Also, 
it can be attributed to the weaker camer 
localization due to microstructure 
variation upon thermal annealing. 
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