
VNU- JOURNAL OF SCIENCE, Mathematics - Physics, T.xx, Nq3AP, 2004

F A B R IC A T IO N  AND C H A R A C TE R IZ A T IO N  O F ZnO NANORODS

N g u y e n  T h a n h  B in h ,  L e  T h i T h a n h  B in h ,  L e  D u y  K h a n h

Department o f  Physics, College o f Science, VNU

A b s tra c t: ZnO  nanorods w ere successfu lly synthesized on Si substrates by the 
therm al evaporation o f z inc  powder a t 1000 o c . The m icrostructure o f sam ples 
w as s tud ied  by X ray diffraction (XRD) and SEM  im age m easurem ents. The as- 
synthesized ZnO  rods have the  d iam eter in  the range o f 8 0 -2 0 0  nm . The 
photo lum inescence (PL) spectra o f the  sam ples w ere investiga ted a t room 
te m perature. For all the sam ples, the lum inescence spectra cons is t o f the  near 
band edge em ission (~ 380 nm ) and a broad green band ( -  500 nm).

1. In t ro d u c t io n

In recent year, one-dim ensional (ID) nanostructures have attracted a great deal of 

attention due to the ir unique properties and potential for future technology. There have 

been many reports on the synthesis of ID  nanostructure, such as: S n0 2 [1], ln 20 3 [2], ZnO [3]... 

These m aterials have applications in constructing nanoscale electronic and optoelectronic 

devices.

Z inc oxide (ZnO), which has a direct band gap o f 3.37 eV and large exciton binding 

energy o f 60 m eV at room temperature, can ensure an efficient exciton u ltraviolet (UV) 

emission a t room temperature under a low excitation energy. Several methods have been 

reported for the synthesis o f one -  dimensional ZnO  nanostructures (nanowires, nanorods, 

nanobelts) such as: arc discharge, laser vaporization, pyrolysis, electro deposition, chemical 

vapor deposition and therm al evaporation...

In th is work, we have used thermal evaporation method for synthesis o f zinc oxide 

(ZnO) nanorods by annealing zinc (Zn) powder in  a ir  at 1000°c.

2. E x p e r im e n t

ZnO  nanorods were prepared by therm ally evaporating zinc powders as source 

materials. Zinc powders were placed at the bottom o f a quartz tube. Several strip  -  like  S i 

wafers were placed inside the tube to act as the substrates for grow ing materials. The 

distance from source materials to the substrates was kept at 2 cm. Th is  quartz tube was 

rapid ly heated to 1000°c from room temperature. Subsequently, the furnace was kept at 

1000°c  for an hour and it  was cooled to room temperature.

The  crystal structures were determined w ith  a Siemens D5005 X  ray diffraction 

(XRD) that used a Cu K a  radiation. The morphologies were observed by using JS M  5410 

L V  scanning electron microscopy (SEM). The photoluminescence spectra were investigated 

at room temperature by spectrofluormeter F L  3 — 22.
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3. R e su lts  and  d is cu ss io n s

Figure 1 shows the X RD  pattern 

o f the synthesized sample. A ll the 

diffraction peaks show good 

agreement w ith those o f the hexagonal 

ZnO with lattice constants a=0.3245nm, 

c = 0.5208 nm. No d iffraction peaks of 

other im purities were found in  any of 

our samples.

A  typical S E M  image for 

tetrapod-like ZnO nanorods is shown 

in  Fig. 2. The crystals consist o f four 

needles—shaped tetrahedral-arranged Fig.l: XRD pattern of tetrapod-like ZnO nanorods 
legs connected at the center, form ing a

tetra pod structure. These rods have the diameter in  the range o f 80-200nm. The  length c 

the legs is in  the range of l-4nm.

Fig. 2: SEM micrograph of tetrapod-like ZnO nanorods on the Si substrate

In general, there exist several mechanisms proposed to account for the growth o f ID 
structure, includ ing vapor-solid  (VS), vapor-liquid-solid (VLS), so lid - liqu id-so lid  (SLS) 

and so on [5, 6], The V LS  mechanism is impossible because no metal cata lvst was used and 

there were no nanoparticle observed on any tips o f the legs in  our samples. The  SLS  

mechanisms could also be impossible because no solution phase was used in  the 

experiment. Therefore, it  is  like ly  that the growth o f tetrapod-like ZnO nanorods is 

governed by the vapor-solid  (VS). Herein, at the h igh temperature, the Zn vapor generated 

from Zn powders combines w ith  oxygen to form ZnO vapor and which deposit on the 

substrate.

Photoluminescence spectrum o f the sample at room tem perature was measured and 

shown in Fig. 3. For a ll the samples, the luminescence spectra consist o f the near band edge 

emission (~ 380 nm) and a broad green band (~ 500 nm). The  P L  in tensity depends on 

preparation conditions. The  peak at ultraviolet (UV) region which is around 3S0nm, is
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observed by other authors- [3, 4, 6, 7], 

T h is  peak can be interpreted as exciton 

recombination [7], In th is  paper, we only 

deal w ith a broad green band centered 

at 496 nm. Th is  green photoluminescent 

emission may be assigned to the 

presence o f oxygen vacancies in  the ZnO 

film  [8], In order to investigate the 

origins o f these peaks, we w ill measure 

the P L  spectra at low temperature and 

report next time in the other work.

4. C o n c lu s io n s

Fig . 3: The P L  spectra at room temperature 
k„ = 300 nm

In summary, tetrapod-like ZnO 

nanorods have been fabricated by 

thermal evaporation o f Zn powder at

1000°c v ia  the v s  growth mechanisms w ith lattice constants a = 0.3245nm, c = 0.5208nm. 
These rods have the d iam eter in the range o f 80 -200nm.

Room temperature P L  spectra o f the samples showed a u v  emission at 380nm and a 

broad green emission at 496 nm, which was assigned to recombination o f exciton and the 

donor-acceptor pairs, respectively.
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