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Design of ZnO Nanowire Laser with Distributed Bragg Reflectors
DBR

Abstract

In this theoretical study, three ZnO nanowire lasers have been designed,
first design is ZnO nanowire laser without distributed Bragg reflected
(DBR) as a standard design for comparison purpose, second design is
ZnO nanowire laser with single DBR, third design is ZnO nanowire laser
with double DBRs.

Design one, it is ZnO nanowire laser without DBR, it is designed to
operate by electrically pumped with single-mode at room temperature in
CW mode. The critical diameter of ZnO nanowire for operating with
single-mode is calculated and it is found to be between 50-128 nm.
Number of nanowires is calculated through the area’s dimensions of
(21.25 x 21.25) pum. These ZnO nanowires work as Fabry-Perot (F-P)
cavity, which they act as two mirrors. Single-mode rate equations have
been applied on this design. Numerical simulation results show that
threshold current is around 53 mA and the output power is around 30 mW
at bias current of 70 mA, the number of photon is around 750 and quality
factor is 199.

Design two, it is included of DBR on the design one, where DBR is
included as pairs of SiNy and SiO, and acting as rear mirror, these pairs
assume to be ranged from 1 to 16 pairs. It is found that the reflectivity of
the rear mirror is gradually increased from 0.04 to 0.99 depending on the
DBR pair numbers, which has a potential influence on the threshold
current of laser diode where threshold current is a function of DBR pairs
and is reduced as DBR pairs increased. Numerical simulation result for
16 DBR pairs shows that threshold current is around 46.5 mA and laser
output power is around 42 mW at bias current of 70 mA, the number of
photon also increase to 2.43x103, quality factor also increases from 199 to
262.2, where these results as comparison to the NWL design without
DBR (design one).

Design three, it is by including double DBRs on design one, where DBRs
acts as front and rear mirrors, as pairs are ranged from 1 to 16 show
extreme influences on the laser diode properties. Threshold current of
laser diode with 16 pairs is reduced to 37.5 mA while the output power
increase to 57.8 mW at the bias current of 70 mA, the number of photon
also increase to more than 5.48 x107, quality factor also increases from
199 to 1.26 x10° where these results as comparison to the laser design
without DBR (design one).



These results have been obtained by using Matlab program version
2015a, While the designs have been achieved by using 3D Max program.

Fainlly , The numerical simulation results are compared to the related
experimental works and good agreement is found.
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