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Abstract We systematically investigated the effects of InAs coverage variation, two-step annealing and an
asymmetric InGaAs quantum well (QW) on the structural and optical characteristics of InAs quantum dots
(QDs) by using atomic force microscopy (AFM), transmission electron microscopy (TEM) and photoluminescence
(PL) measurement. The transition of size distribution of InAs QDs from bimodal to multi-modal was noticeably
observed with increasing InAs coverage. By means of two-step annealing, it is found that significant narrowing
of the luminescence linewidth (from 132 to 31 meV) from the InAs QDs occurs together with about 150 meV
blueshift, compared to as-grown InAs QDs. Finally, the InAs QDs emitting at longer wavelength of 1.3 pm with
narrow linewidth were grown by an asymmetric InGaAs QW. The excited-state transition for the InAs QDs
with an asymmetric InGaAs QW was not noticeably observed due to the large energy-level spacing between
the ground states and the first excited states. The InAs QDs with an asymmetric InGaAs QW will be promising
for the device applications such as 1.3 um optical-fiber communication.
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Fig. 1. Schematics of three series of the QD structures.
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Fig. 2. The 1X1 um? AFM image of QD samples with
different InAs coverages of 1.8-3.0 MLs.
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Fig. 3. The cross sectional TEM image of (a) as-grown and (b)
two-step annealing sample.
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Fig. 4. 14 K PL spectra of the as-grown sample and the
sample with two-step annealing.
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Fig. 5. The PL spectra from (a) the QD1, (b) the QD2, (¢)
the QD3 and (d) the QD4 sample measured at 20 K with
an excitation power of 9 mW.
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Table 1. Height, Lateral size, ratio and density for different InAs coverages.

InAs coverage

Lateral size : Traverse

Lateral size :

(ML) Height (A) length (A) Vertical length (A) Ratio (%) Density (cm’z)
8.7+1.2 144£10 242421 0.05
1.8 14.1%1 190+ 6 292+31 99.9 8.4X410"
20.5+3 188+ 15 34615 0.05
14.5+2 218.8+41.2 309.7£15.3 99.06
2.0 1.1x10M
7241182 572.8+37.8 741.5+49.5 0.94
15.1£3.2 212.25+28.25 312431 95.04
25 70.8%20.5 504.31+43.75 716258 3.64 1.05x 10"
112.6+36.8 830.3157.3 1052.3+62.3 1.32
11.1£3 220.2£39 303.2429.2 58.09
444189 45643 540.7+16.7 22.06
3.0 1.36X 10"
78.3%+31.6 590.3+55.3 763%+127.2 13.24
203.5+455 1430.31£467.8 2026.7+675.6 6.62
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