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combination of multiple
amplification would lead to a form of laser
action™?,

formed”, and multiple scattering between the

Effect of Pump Area on Lasing Modes in Two Dimensional
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Abstract; Based on the growth and photoluminescences experiment of Zinc Oxide (ZnO)
nanorods, the structrue model of two-dimensional random media, in which the location and radius
of ZnO nanorods are all disordered, was constructed. Using ZnO gain model, the spectrum
characteristics and spatial distribution of optical field at some resonant peak in ZnO nanorods
random media were simulated numerically by means of the finite difference time domain method,
and the localized mode was found. The effect of pump area on stimulated radiation of the local
mode in ZnO nanorods random media was studied from four aspects: changing the pump
intensity, increasing the pump size every two columns from left to right, only pumping a zone of
localized mode, and increasing the excitation area (the number of the ZnO nanorods) in localized
area and nonlocal area respectively when the pump intensity is fixed. The results show: there
exists a critical pump power; when the pump intensity is smaller than pump intensity at the lasing
threshold, no localized mode can be excited with the size of the pump area; when the pump power
reaches above the critical pump power, in the case of different pump powers, localized modes can
be excited with different critical pump sizes; when the power size is fixed, the relative light
intensity increases with the increasing of the pump intensity and the relative light intensity
increases rapidly when the pump intensity exceeds the lasing threshold.
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Introduction | | |
and extensively studied the lasing process

Letokhov

In 1968, predicted that the

scattering and light

random lasert''%,

J. In random laser the cavity is *“self

Cao's group observed

different forms of ZnO material®' . The size of
the excitation volume also affect the production of
If pump intensity is fixed,
increasing the pump size is benefit for forming

more closed-loop paths. When the excitation area

highly disordered particles keeps the light trapped
long enough for the amplification to form laser.
ZnO is a
semiconductor with a wide-bandgap(FE,=3. 37 eV)

strong scattering and high gain

and a large exciton binding energy of 60 mev?**,

ZnO has attracted attention for its potentional

[4]

applications'* , and many forms of ZnO materials

have been successively fabricated, such as ZnO

[5-7]

semiconductor polycrystalline films®™', powder™,

is reduced to below a critical size, there is no laser
can be found, because the closed-loop paths are too
short, and the amplification can not offset the loss
along closed-loop path. So the pump intensity at
lasing threshold decreases with the increase of the
excitation area. When pump size increases to a
pump
threshold nearly keeps unchanged.

certain value, the intensity at lasing
However,

when pump sizes are the same, the transport mean
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free path decreases, so does the lasing threshold.

Based on  the growth  mechanism  and
photoluminescence experiment of ZnO
nanorods''”, we will further explore the

dependence of random laser actions on pump area

in ZnO nanorods.

1 Structural model and gain model

Based on ZnO nanorods’ growth mechanism,
we have established the structural model of ZnO
nanorods random media whose spatial distribution
shown in Fig. 1. The random media is formed by
ZnO nanorods randomly distributed in uniform
rectangular shape air medium. The size of random
media is 5. 2 pym X 5. 2 um, containing 900 ZnO
nanorods. The location and radius of nanorods are
all disordered, the diameters of nanorods are in the

scope 45~55 nm.

*% a et a® s%0, 2 0t 00" e
Pe® 24 avdnae TSym Pa” 4"
1 N h ) 3 H

-1 0 1
x/um

Fig. 1 Spatial distribution of ZnO nanorods random media
The permittivity of ZnO is expressed as"'®
er () =ex —iex (1) (D
Where the imagine part indicates amplifying by
stimulated emission for ex (1) >>0. €1 (1) can be

expressed by
(2)

2
2w,

0 A=A’
S =qexp [ AR
Where ¢, is a parameter related to pump light

intensity. For active dielectric media, the

refraction index of ZnO is expressed as

Na—at (W) = /7% —iea (1) —i7a (3)
Where v, is the loss coefficient.

2 Numerical simulation

We have calculated the spectrum characteristic
of ZnO random media without no gain and loss (i. e
Ya=7=0, C,=0) in ZnO gain range by means of
finite difference time domain method (FDTD).
Fig. 2 is the transmission spectrum of observation
point (0. 433, 0. 048 6) in ZnO random media. x
axis presents wavelength, y axis presents the
transmission coefficient. Notice that there are four

typical resonant peaks in the wavelength range of

375. 0 nm to 395. 0 nm, their wavelengths are
denoted by A1, A, A; and A, respectively. Here we
take;, = 377.8 nm, A, = 381.8 nm, A; = 387. 6 nm,
Ay =390. 1 nm. Fig. 3 is distribution of emitted
light under 387. 6 nm optical excitation, local
characteristics are found in the distribution of
emitted light.
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Fig. 2 Transmission spectrum of observation point (0. 433,
0. 048 6) in ZnO random media
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Fig.3 Spatial distribution of emitted field in ZnO two-
dimensional random media under 387. 6 nm optical
excitation

The following we will investigate the
dependence of stimulated emission of local mode
corresponding to 387. 6 nm wavelength on pump
area from four aspects. The pump light
corresponding to 387. 6nm wavelength was focused
to a stripe on the surface of the random media in

Fig. 3 with normal incidence, the part of random

media is pumped called pump region, the others is

called non-pump region. We consider the random
media with the gain and loss, in this letter the loss
coefficient of the ZnO nanorods and air is set as
ya= — 0. 005 and 7y = 0 respectively, gain
coefficient of the ZnO nanorods in non-pump region
and air are all set C, =0, gain coefficient of the

ZnO nanorods in pump region is related to the

pump intensity.

Firstly, the gain coefficient of the ZnO

nanorods in pump region is set as C, = 0. 025,

0.035, 0.038, 0.040, 0. 042 separately, increasing

the pump area, every time increasing two columns
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Fig. 4 is the

dependence of relative light intensity’ logarithm on

of nanorods from left to right,

pump area in the random media. As one can see
from Fig. 4, when the pump intensity is smaller
than pump intensity at the lasing threshold, there
is no localized mode can be excited no matter how
much the pump area. For different pump power,
localized modes can be lasing need different critical
pump sizes.
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Fig.4 The dependence of relative light intensity’ Logarithm
on pump area in the random media
Secondly, Fig. 5 is spatial distribution of
emitted field

media under 387. 6 nm optical excitation in xy

in ZnO two-dimensional random
planar projection, bright tiny spots appear in the
image of emitted light distribution in the random
media. Next we study one local region and one

nonlocal region, and labeled them as A region and

EVE]P

|EVE]P

(¢) C,=0.040

B region separately in Fig. 6. Now we pump the
whole A region in Fig. 6, gain coefficient of the

ZnO nanorods in A region is set as C,=0.025,
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Fig.5 Spatial distribution of emitted field in ZnO two-
dimensional random media under 387. 6 nm optical
excitation in xy planar projection
=
=
Fig. 6 The spatial distribution of ZnO nanorods random media

(A one local region, B: one nonlocal region)
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(d) C,;=0.042

Fig. 7 The spatial relative light intensity distribution in the random media, the whole A region in Fig. 6 is the pump area
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0.038, 0.040, 0.042. Fig. 7 is the spatial relative
light intensity distribution in the random media,
(a), (b), (¢), (d) are corresponding to the gain
coefficient 0. 025, 0. 038, 0. 040, 0. 042. As one
can see from Fig. 7, the pump size is fixed, the
relative light intensity increases with a increase of
the pump intensity, when the pump intensity
exceed the lasing threshold, then the relative light
intensity increases rapidly.

Thirdly, we pump the left four columns of A
region in Fig. 6, gain coefficient of the ZnO
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(c) Pump left three columns of ZnO nanorode

nanorods are pumped is set as C, =0. 040. Fig. 8 is
the spatial relative light intensity distribution in
the random media in xy planar projection, (a),
(b), (¢), (d) are corresponding to pump left one,
two, three, four columns of ZnO nanorods. The
Fig. 8 shows, the pump intensity is constant,
pump the local region, with a increase of the pump
size, the position of the localized mode moves
toward the direction of the increasing of pump
area, simultaneously, relative light intensity is

also increased.
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(b) Pump left two columns of ZnO nanorode
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(d) Pump left four columns of ZnO nanorods

Fig. 8 The spatial relative light intensity distribution in the random media, the pump intensity is constant in A region

At last, we pump B region(nonlocal region) in
Fig. 6., increasing the pump area, every time
increasing three columns of nanorods from left to
right, the gain coefficient of ZnO nanorods are
pumped is set as C, =0. 040, Fig. 9 is the spatial

relative light intensity distribution in the random

g 015 ot o
§N 0.10 -
= :
0.05 -
< 1
0
X

(a) Pump left three columns of ZnO nanorode

media. (a), (b), (c¢), (d) are corresponding to
pump left three, six, nine, twelve columns of ZnO
nanorods in B region. Fig. 9 shows, the pump
intensity is fixed, distribution and intensity of
optical field does not vary with the change of the

pump size in nonlocal region.

(b) Pump left six columns of ZnO nanorode
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(c) Pump left nine columns of ZnO nanorode

(d) Pump left twelve columns of ZnO nanorode

Fig. 9 The spatial relative light intensity distribution in the random media, the pump intensity is constant in B region

3 Conclusions
the

dimensional random media in which the center and

Setting up structural model of two-
radius of ZnO nanorods are all disordered and using
a ZnO gain model, we mainly studied the effect of
pump area on lasing modes corresponding to the
resonant peak in ZnO nanorods random media from
four aspects. The results show: When the pump
intensity is smaller than pump intensity at the
lasing threshold, there is no localized mode can be
excited no matter how much the pump area, for
different pump power, localized modes can be
lasing for different critical pump sizes; the pump
size is fixed, the relative light intensity increases
with increase of the pump intensity, when the
pump intensity exceed the lasing threshold, then
the light

pumping the local region with a constant pump

relative intensity increases rapidly;
intensity, let the pump size increase, we found
that the position of the localized mode moves
toward the direction of the increasing of pump
area, simultaneously, relative light intensity is
the pump fixed,

distribution and intensity of optical field does not

also increased; intensity is

vary with the change of the pump size in nonlocal
region.
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