


PHOTONICS AND NANOTECHNOLOGY (With CD-ROM) - Proceedings of the International Workshop and Conference on ICPN 2007
© World Scientific Publishing Co. Pte. Ltd.
http://www.worldscibooks.com/physics/6685.html

October 8, 2008 15:54 WSPC - Proceedings Trim Size: 11in x 8.5in 01˙Asghar

4

Fig. 4. The variation of C-V characteristics of AlGaN/GaN heterostructures with InN QDs at T = 100 K, ∆E = 110 meV
and for different quantum dot energy. The number of quantum well in super lattice is n = 30 and Al mole fraction is x = 0.3.

high temperatures capacitance. Also with the increasing of the temperature, the peak positions shift toward

the low voltages. This is caused by the dynamical process involving the capture/emission rate of the dots.

The energy dispersion characteristics, ∆E, is 110 meV and EQD is the 80 meV in these calculations.

Figure 3 shows the variation of the capacitance as function of applied voltage at different energy dis-

persion characteristics, in T = 100 K and for dots with EQD is the 80 meV. As evident from the figure,

Fig. 5. The variation of C-V characteristics of AlGaN/GaN heterostructures with InN QDs at T = 100 K, ∆E = 110 meV,
EQD = 80 meV and for different Al mole fraction. The number of quantum well in super lattice is n = 30.
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Fig. 6. The variation of C-V characteristics of AlGaN/GaN heterostructures with InN QDs at T = 100 K, ∆E = 110 meV,
EQD = 80 meV and for different number of quantum well in super lattice, the Al mole fraction is x = 0.3.

the QD capacitance for low energy dispersion characteristic is very small and total capacitance behave as

bulk capacitance. With increasing the energy dispersion characteristic, the QD show a higher negative dif-

ferential capacitance. In this case there is only a small change in the peak positions which shift toward the

high voltages. Also, as shown in Fig. 4, the total capacitance as function of applied voltage at different QD

energy level, in T = 100 K and for the quantum dots with energy dispersion characteristic of 110 meV

is expressed. As evident from the figure, the QD capacitance for dots with high energy level is very small

and total capacitance behaves as same as bulk capacitance. With decreasing the QD energy level, the QD

capacitance shows a higher negative differential capacitance. In this case there is not any change in the peak

positions along the voltage axes. To calculate the C-V characteristic in Figs. 3, 4, and 5, 30 quantum wells

has been taken into account in super lattice and Al mole fraction in the barriers is x = 0.3. The effects of

AlGaN/GaN heterostructures on C-V characteristics have been analyzed too. The variation of Capacitance

as function of applied voltage for the structures with Al mole fraction of 0.1 to 1 in the super lattice barriers

are shown in Fig. 5. As evident from the figure and Eq. (2.2), the capacitance decreases with increasing the

Schottky barrier potential which varies linearly with Al mole fraction. So, for the structures with higher Al

mole fraction, the quantum dots show more negative differential capacitance. Also the calculation has been

done for the structures with different number of quantum well in the superlattice. Figure 6 shows the results

of this calculation for the number of quantum well of n = 5, 10, 20, 30, 40, and 50. It is clearly known that

with increasing the distance between the capacitor plates, the electrical capacitance decreases. So to see the

quantum dot capacitance effect, it’s better to have the structures with low bulk capacitance.

4. Conclusions

In summary, this paper presented a study of the capacitance-voltage characteristics in the InN quantum

dots system embedded in a GaN matrix in AlGaN/GaN heterostructure. The proposed is based on the

analysis of the solution of the Poisson and Schrdinger equations and in the well defined relationship between

capacitance and density of sates. The calculation results shoe that the presence of InN quantum dot will cause

a negative differential capacitance which can evidence the position of quantum dots in the structures. Also,

our calculation results show that the negative differential capacitance is much higher at low temperature and

for quantum dots with low energy and higher size dispersion.
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