ch Oxicle %anodtructured: ./4”, jclea/idh’c ./4/)f)roaclz lo
&Mord, p /wdpéom and Optoe/éctronicd

HH. S. Bhatti and Atul Gupta
Department of Physics, Punjabi University,
Patiala-147 002, India.

N, K. Verma and Sunil Kumar
School of Physics and Materials Science,

Tﬁapar Institute of Engineering and Te ecﬁno[ogy,
Patiala-147 004, India.

International Congress of Nanotechnology 2005
October 31-November 3, 2005 San Francisco

http://www.nanotechcongress.com



Topicsto be covered

Introduction

Sample preparation

Theoretical Background

Optical and Morphological characterizations
Results and Discussion

Conclusions



| ntroduction

ZnO has wide band-gap (3.2 eV) and large exciton binding
energy (60 meV).

Applications of ZnO as Phosphor and Sensor.
Synthesis of long nanobelts of ZnO.

Nitrogen laser (337.1nm, 10ns) as pulsed excitation source.



Zn0O as Phosphor

ZnO s a wide band gap semiconductor
compound exhibiting the phenomenon of
phosphorescence, which has potential
Industrial applications such as coating
material for fluorescent lamps, vacuum
displays, picture tubes etc.



ZN0O as Sensor

Phosphorescence intensity and decay time both depend strongly on
temperature and hence a good temperature sensor based on this concept can
be made.

ZnO act as a piezoelectric semiconductor because of asymmetries in its
crystalline structure. Put under stress, piezoelectric materials produce an
electric current or respond to an electric field by changing shape. This
allows the ring to function as small scale pressure and force sensors. The
ZnO can be employed as bio sensors in MEMS through some suitable
fabrication techniques.

Zinc oxide nanobelts grown by chemical precipitation technique can act as
gas sensors. The gas adsorption takes place within the nanobelts because of
the presence of so many pores leading to the change in resistance of
nanobelts. Resistance of the ZnO nanostructures can be calculated in the
presence of test gas at different temperatures and concentration of the test
gas.



ZNO as Active Laser Medium

Whenever the semiconductor is irradiated with radiations, there are
trapping levels at different depths within the forbidden gap of the material,
leading to transitions from the various traps. Selective excitation of the
levels can make the ZnO as a best suited laser medium. When the scattering
mean free path becomes equal to or less than the wavelength, light may
return to scatterer from which it was scattered before, and thereby forming
closed loop paths. If amplification in the loop exceeds the loss, laser
oscillation could occur which serves as a laser resonator. Scattering merely
increases path length of light in the gain region, but can not provide
coherent feedback which is essential to laser action. Microcrystalline grain

boundaries can provide optical feedback to promote amplified spontaneous
emission



Sample Preparation

Four different routes have been opted to synthesize nanostructures {nanoparticles and nanobelts)

by using zinc acetate as starting material. Methods are discussed in detail as below:

Eeflux 1 hr, 80 °C

1. Zinc acetate + ethanol + water * Drying.
Feflux 3 hr, 80 °C Add 0 1M LioH
2. Zinc acetate + absolute ethanol » Precursor -
Precipitates of ZnO ———— Centrifugation, Drying.
Add 0 1M LioH
Diistillation 3 hrs 280 °C
3. Zinc acetate + absolute ethanol » Precursor >
Precipitates of ZnQO —— Centrifugation, Drving.
Dristillation 3 hrs 80 %2 Add water
4. Zinc acetate + absolute ethanol » Precursor .

Precipitates of ZnO ——— Centrifugation, Drying.



Theoretical

When samples are exposed to laser radiation, electrons are
raised from valence band to excited states. These electrons may
return to valence band with the emission of characteristic
luminescent radiation. Intensity of phosphorescence radiation
‘I’ attime‘t’ isgiven by

| =lo ePt (i)

A plot of ‘In | vst' will be a straight line in case of single
lifetime. However, in most of the cases, when one comes
across the interaction of radiation with solids, there are trapping
levels a many different depths leading to multiple lifetime
components from nonlinear plot of ‘log |’ verses‘t’.



Scanning Electron Microscope Images

Figure 1 3EM of Zinc oxide nanobelt synthesized by method 1
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Experimental set up for Laser Induced
Photol uminescence decay measurements

Sample
Nitrogen Laser x

Glass slab

A 4
Monochromator

A 4
EHT »  PMT

A 4
Data Analyser . Pre-amplifier




Hyperbolic Decay curve for Zinc oxide
Nanocrystals synthesized by method 1
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Excited state life-time values for Nanocrystals

of Zinc oxide
Sample Lifetime values Emission Relative
SyntheSI zed (| n mi CfO—S@COﬂdS) Wavel ength Intensi ty
by method :
o t, t, t, (in nm)
1 6.8517 10.6383 19.3448 400 12.84%
2 5.1427 11.6869 22.3565 620 51.35%
3 6.2394 10.3859 22.3655 610 100%
4 6.2542 9.8652 19.2641 590 22.97%




Conclusions

Intensity obtained from the ZnO nanostructures, synthesized
by method 3, after excitation by means of nitrogen laser is
very high.

Excited state lifetime is of the order of microseconds.

SEM image of Figure 2 reveals a very long nanobelt of the
order of 2.8 mm of ZnO synthesized by the method 2.

From excited state lifetimes and emission wavelength data,
oscillator strength, dipoleemoment, integrated cross-section,
Einstein’s spontaneous and stimulated coefficients for various
strong and week transitions can be cal cul ated.
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