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Abstract. Single-crystalline zinc oxide (ZnO) whiskers were successfu lly 
synthesized on  the  Si/Si02 substrates by therm ally evaporating metal z inc 
pow ders a t tem peratures o f 600 and 650 ° c .  ED S m icroanalysis and XR D  
m easurem ent show ed that the product w as s ing le-crystalline ZnO w ith a 
hexagonal w urtz ite  structure. SEM  analysis revealed that th e  synthesized ZnO 
w hiskers have an average diameter o f 200 nm  and typical lengths o f up to  1 àm.
The P L spectrum  o f th e  synthesized sam ple excited a t a wave length o f 325 nm 
consisted o f a u ltra-vio let em ission at about 378 nm  and a m uch broader green 
em ission band centered at about 495 nm. They w ere attributed to  the NBE and 
th e  deep-level em issions, respectively.

1. In t ro d u c t io n

H ig h ly  o rien ted and w e ll patterned arrays o f z inc oxide (ZnO) nanostructures 

have been dem onstrated to have potentia l app lica tions in  nanoscale lasers [1], fie ld  

effect trans is to rs  [2], The re  are various techniques tha t have been successfully 

employed to synthesize w e ll a ligned ZnO  nanorods on so lid  substrates. Am ong them, 

the s im p le  therm al evaporation technique has been w ide ly  used due to its  s im p lic ity 
and re la tive ly  h igh -qua lity  products. In th is  report, we dem onstrate a sim p le route of 

fab rica ting  fa ừ ly  a ligned  ZnO  w h iskers in  aữ  a t re la tive ly  low  tem perature w ithou t the 

presence o f e ith er ca rr ie r gas or m eta llic  catalyst. T h e  c rys ta l s tructure  and morphology 

as w e ll as optica l properties o f the synthesized samples were investigated.

2. E x p e r im e n ts

Th e  synthesis o f ZnO wh iskers was carried  out in  a horizonta l tube furnace. 

S trip s  o f polished and unpo lished (100) S i were used as substrates. They  were faced 

downward on the  top o f an a lum ina boat loaded w ith  m etal z inc powders at a vertica l 

d istance o f about 5 mm. Therm al evaporation o f the zinc powder source was then 

carried  out at 600 and 650 °c for 45 m inutes in  aứ. A fte r coo ling down, a w h ite  layer of 

m ateria ls was found over the  S i substrate. The  crysta l s tructure  and morphology o f the 

synthesized sam ples were characterized  by a S iem ens D5005 X R D  d iffractom eter and a 

JE O L - JS M 5 4 1 0 LV  scann ing electron m icroscopy (SEM), respectively. The  S EM  

equipped w ith  the  O X FO R D -IS IS  300 energy d ispersive X -ray spectrometer (EDS) was 

also employed to conduct the E D S  spectroscopy and element mapping. 

Photo lum inescence (PL) spectra were measured at room tem perature using  a Fluoro log 

FL3-22  Spectrofluorom eter w ith  a Xenon lam p o f 450 w  as an excitation source.
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Figure 1. XRD  pattern of ZnO whiskers.
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Figure 2. EDS spectrum o f ZnO whiskers.

Figure 3. S EM  image of ZnO whiskers grown Figure 4. S EM  image of ZnO whiskers grown 
at 600 °c on rough Si substrate. at 650 °c on polished Si substrate.

3. R e su lts  a n d  d is cu ss io n

F igure  1 shows a typ ica l X R D  pattern o f the synthesized sample. A l l  the 

d iffraction  peaks can be w e ll indexed to a hexagonal w u rtz ite  s tructu re  o f ZnO. No 

other phases such as Zn are detected. A  strongest and sharpest (002) peak in  the 

spectrum indicates tha t the ZnO  whiskers grew pre feren tia lly  a long the  c-axis (<0001 > 

direction) oriented norm al to the S i substrate. It should, however, be noticed the 

presence o f the re la tive ly  strong (101) and (103) d iffraction  peaks w h ich  im p lies  that 

there is  a certa in  degree o f isotropic and random  orienta tion  in  the  sample. The  EDS  

spectrum is  depicted in  F ig . 2. I t  is c lear that, beside the trace o f S i substrate, a l l the 

E D S  peaks are a ttribu ted  to the b ind ing  energy o f the Zn and 0  elements.

F igures 3 and 4 show S E M  images o f the ZnO sam ples synthesized a t 600 °c on 

unpolished s ide and a t 650 ° c  on we ll polished s ide  o f S i substrates. In  both cases, high 

density array o f fa ir ly  we ll-a ligned ZnO  w h iskers is  observed. T h e  wh iskers are 

oriented nearly  perpend icu lar to the substr'ate surface. H igh  m agn ifica tion  S E M  images 
shown as in sets in  these figu res reveal that the wh iskers are stra igh t and about 1 pm in 

length. The  hexagonal facets on the tips can be c lea rly  id en tified  con firm ing  tha t the 

w h iskers actua lly  grew along the <0001> direction. The  average diam eters o f ZnO 

w h iskers grown at 600 “C  and 650 °c are about 150 nm and 200 nm, respectively. 

H igher grown tem perature resu lts  in the form ation o f la rge r d iam eter w hiskers.
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Figure 5. Room temperature P L  spectrum of the ZnO whiskers synthesized at 600 °c.

T h e  P L  spectrum  o f the synthesized ZnO  whiskers, excited at a wavelength o f 325 
nm, consists o f a u ltra-v io le t (ƯV) em ission at about 378 nm (3.28 eV) and a much 
b roader green em ission band centered at about 495 nm  (2.5 eV) as shown in  Fig. 5. The 
u v  em ission band can be a ttribu ted  to the near band-edge (N B E ) trans ition , namely, 
the recom bination  o f free excitons through an exciton-exciton co llis ion  process [3]. The  
green em ission band resu lts  from  the rad ia l recom bination o f electrons w ith  holes 
trapped in  s ing ly  ionized oxygen vacancies (4] and it  is  commonly seen in  ZnO  materials 
synthesized under oxygen-deficient conditions. The  stronger green em ission in 
com parison to the N B E  em ission ind icates tha t the synthesized ZnO  w h iskers are rich 
in  atom ic defects.

4. C o n c lu s io n s

A rrays  o f fa ừ ly  a ligned ZnO w h iskers were successfully synthesized on the 
S i/S i0 2 substrates v ia  s im p le  therm al evaporation method. The  w h iskers grew 
p re feren tia lly  a long the c-axis (<0001> direction) oriented norm al to the S i substrate. 
The  average d iam eter is  in  the range o f 150 nm to 200 nm depending on the grown 
tem perature. The  P L  spectrum  is dom inated by a strong green emission, although u v  
em ission is also observed.
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