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The Lasing Action Observed in Aligned ZnO Nanowires
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Abstract; Aligned ZnO nanowires { NW=) were obtained by hvdrothermal method using annealed ZnO film as seed
laver, Besides 810400 ), only ZnO (002 diffraction peak was observed in Xeray diffraction ( XRD) pattern. The
lasing emissions were observed in optically pumped aligned ZnO YW, Malti-mode emission peaks emerged when the
excitation power density exceed the threshold. The integrated intensity of the spectra increases nonlinearly with the
exeitation power density . and the transition point from the spontaneous cmission 1o lasing at about 96 kKW em’ can e

clearly observed.
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1 Introduction

. we could conclude

7n0 i an attractive candidate material for UV

optoelectronies deviees due to its direct band gap of

337 eV oat room temperature and a high exciton
binding energy of 60 meV. ZnO has heen used in
the UV light emitting diodes ( LEDs ), the UV laser
diodes (D<), the UV photodetectors ( PDs) e
and other optoelectronic devices. The cavity of the
200 users could be formed by the parallel surfaces
such asx top and bottom-swrfaces or the lateral

surfaces of the hexagonal shaped ZnO. Besides the

narrowing emission line and the enhanced nonlinear

emission intensity, the clear laser cavity mode s a
definitive  character for lasers.  IFrom the results
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that Zn0) hexagonal structure could form the natural
Fabrv-Perot ( FP ) lasing cavities for the close-
packed Zn0) microcrvstallite thin films or separated
7Zn0 nanorods. As we know, the sidewall of the Zn0O
hexagonal structure could provide lateral confine-
ment * . Herein, we proposed that the cone shaped
end Zn0) NWs surfaces provided laser cavities, with
an oplical fiber placed at 58 relative to the normal
direction of incident laser beam, the lasing action

was observed,
2 Experiments

The 7Zn0) thin film was prepared by radio-

frequency ( REF) magnetron sputtering method using
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a99.999% pure ZnO target under a power of 130
W. After sputtering ZnO thin film on Si substrate,
the rapid annealing process was explored to deal with
the thin film at 1 000 °C for 30 min in air. Then, a
hydrothermal method was explored to grown ZnO
NWs on thin film using Zn( CH,C0O0), - 2H,0 and
C¢H;N, as reactant source.

The morphology of the samples were investiga-
ted by field-emission scanning electron microscopy
( FESEM: Hitachi S4800 microscope } equipped
with energy-dispersive X-ray ( EDX). The crystal
structure of the sample was studied by XRD Bruker
D8GADDS X-ray diffractometer using Cu Ko radia-
tion. A mode-locked femtosecond Ti:sapphire laser
with an optical parametric amplifier ( OPA) were
employed for the stimulated emission measurement of
the ZnO NWs.

3  Results and Discussion

Fig. 1 (a) shows the FESEM image of ZnO
NWs synthesized on the Si (100) substrate by indu-
cing the ZnO-assisted layer. We can see that nearly
all the ZnO NWs grow vertically on the substrate sur-
face. The synthesized ZnO NWs are more than 100
nm in diameter. The XRD pattern of the NWs is dis-
played in Fig. [ (b). The dominant diffraction peak
of the sample can be attributed to wurtzite hexagonal
Zn0. For the NWx, only one (002) diffractive peak
can be observed, which indicates that NWs are of
perfect c-axis orientation. The peak position for NWs
is located at 34. 5°, which equals to that of bulk
7Zn0. The full width at half-maximum ( FWHM) for
NWx is 0. 11°, and the magnified pattern (002)
shown in the inset comprises two peaks, which im-
plies a good crystallinity of ZnO NWs.

The optically pumped emission measurements
were performed using an optical parametric amplifier
(OPA) in an active passive mode-locked femiosecond
Ti: sapphire laser. The excited wavelength of the
outpul laser was 350 nm. Fig.2(a) shows the opti-
callv pumped emission spectra with the laser beam
normal to the sample surface while the emission spec-
tra were detected with an optical [iber placed at 58°

relative to the incident laser beam. As the excitation
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Fig. 1 (a) SEM image of the aligned ZnO nanowires; (h)
XRD pattern of the ZnO nanowires grown on Si sub-

slrate.

densities changing from 20. 8 to 57.6 kW + cm ™,
only a broad spontaneous emission that the main
emission peak shifted from 3.3 eV to 3.2 €V is
observed with the emission intensities increasing lin-
early. When the excited laser power density exceeds
the threshold level of about 96 kW « ¢m ™, two
sharp peaks with less than 0.006 eV emerged on the
broad spontaneous emission band. As the excitation
density increasing 1o 160 kW « ¢m ™7 as shown in
Fig. 2(1y), three obvious sharp peaks were observed
accompanied with further red-shift for the lasing
modes. As the pump power density increases, the
gain becomes larger enough to enable cavity modes
with higher loss o start lasing. As shown in the Fig.2
(c¢), the integrated intensity of the spectra increases
nonlinearly with the excitation power density, and the
transitions from the spontanecus emission to lasing at
about 96 kW + ¢m ™ can be clearly observed.

Due to the easily formed cone shaped morphology
of the Zn0O nanowires during the final growth
process , and the easily change of the direction of the
laser light, with an optical fiber placed at 58° rela-
tive to the incident laser beam, the lasing action was

ohserved.
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Fig. 20 (a,b) The evolution of the RT PL spectra in the ZnO nanowires as the excitation density increases from 20. 8 1o 160 kW/em’
by a mode-locked femtosecond Ti;sapphire laser; (¢) The corresponding integrated intensity of the stimulated emission as
a function of the excitation power density.

spectra confirmed that the lasing action take place in

4 Conclusion _ ) .
the aligned NWs. Based on our experiment, we be-

In conclusion, aligned ZnO NWs was fabricated lieve that direction controlled laser will be realized in
by the low temperature hydrothermal method using the ZnO NW's with perfect structure.

annealed ZnO film. The optical pumped emission
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