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ABSTRACT 
 

It has been found that Zinc oxide (ZnO) nanowires have 

great potential in many applications. Currently, the most 

commonly used method to grow ZnO nanowire is the vapor 

transport method. The morphology of the ZnO nanowire is 

related to the substrate temperature gradient and gas flow 

dynamic.  Previously a uniform ZnO nanowire array could 

be obtained only on a small area less than 0.5 inch by 0.5 

inch due to the temperature gradient between the source and 

substrate temperatures. This paper reports a novel growth 

system design that utilized a separated heater to heat up 

ZnO solid source and uses a three zone furnace to get a 

uniform temperature across a large area substrate (2 inches 

by 2 inches). The reacting gas (O2) can be introduced into 

system in different ways allowing more efficient utilization 

of the source material. Here we demonstrated the growth of 

uniform ZnO nanowire array on Si and sapphire substrate 

and ZnO nanowire on graphite flake over large area. The 

ZnO source material and substrate can be well controlled in 

a wide range of temperatures in order to obtain the 

optimum growth conditions. The reacting gas (O2) can be 

introduced into system at different locations to improve 

growth efficiency. 
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1 INTRODUCTION 
 

ZnO nanowire is a one-dimensional, single crystalline 

and self-organized semiconductor [1] [2]. Based on its great 

properties, ZnO nanowire has been reported as a potential 

material for many applications, such as nanoscaled 

electronic, chemical, and photonic devices [3]-[8]. 

Especially, its wide band gap (3.37 eV) and the large 

exciton binding energy [9] [10], make ZnO nanowire a 

promising material for optoelectronic applications [3] [9]-

[11]. Currently, vapor transport is the most common 

method used to grow ZnO nanowire [12] [13]. In this 

method, ZnO vapor is generated by heating up source 

material (ZnO powder) at higher temperature zone and 

transported to lower temperature zone where it reacted with 

reacting gas and condensed on the substrate [3] [11]-[16]. 

Banerjee and his coworker’s research shows that the 

morphology of ZnO nanowire primarily related to the 

process pressure, substrate temperature gradient and gas 

flow [17] [18].
 
Previously, the substrate is placed on a 

furnace zone where temperature drops dramatically, 

uniform ZnO nanowire array could only be obtained over a 

small area less than 0.5 inch by 0.5 inch [16] [17]. 

Obliviously, such a small uniformity area can not meet the 

requirement for scaling up of ZnO nanowire devices to 

higher volume production. 

In this paper, we have demonstrated the growth of 

uniform ZnO nanowire arrays on Si and sapphire substrates 

and ZnO nanowires on graphite flakes over a large area. 

Photoluminescence measurement over 49 points on the 

2inch sapphire substrate also proves the uniformity of ZnO 

nanowire. 

In addition, this method can also be applied to GaN, 

In2O3 and many other nanowire materials as well. It 

provides an inexpensive and robust process for making 

nanowire based devices over large area. 

 

2 EXPERIMENT SETUP 
 

ZnO nanowire was synthesized by a vapor transport 

method on an EasyTube 2000ss CVD system (First 

Nano). The experimental setup is constructed by a solid 

source heater, a three-zone furnace, gas injector, vacuum 

pump, and quartz tube. ZnO powder (Alfa Aesar, 99.99%) 

and graphite powders (Alfa Aesar, 99%) were well mixed 

as the source material with an atomic ratio of 1:4 and 

placed at the higher temperature region inside the quartz 

tube. The source material was placed in a quartz boat 

placed above the solid source heater which can be heated 

up to 1100 C. The collecting materials, Si (100) wafer, 

sapphire wafer or graphite flake (Alfa Aesar, 99.9%) were 

placed at the lower temperature region about 5 inches away 

from the source material to collect ZnO nanowire. The 

carrying gas (Ar) and reacting gas (O2) were introduced 

into the quartz tube without or with various lengths (11, 12, 

and 13 inch) of injectors. All components were placed in 

the same process tube. Figure 1 shows the schematic of 

experimental setup. In order to get a uniform temperature 

across the substrate at the collection area, each zone of the 

furnace has a respective heater which can be controlled 
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Figure 1: Schematic of experimental setup 

 

During the growth, the load zone and the solid source 

heater were set at 975 ℃ (actual temperature measured by 

thermocouple under solid source is around 940 ℃) to 

vaporize the source material and the center and end zone 

temperature were set to control the collection area 

temperature stable between 700  to 830 . The ℃ ℃
substrates, a 2 inch Si (100) wafer, or a 2 inch sapphire 

wafer, or graphite flake on 3 inches by 2 inches quartz boat, 

was placed at deposition area (about 5 inches away from 

the source) where temperature was uniform over a distance 

of 3 inches. Si wafer and sapphire wafer were coated with 

Au film (1, 2, and 3 nm) as the catalyst. Ccarrier gas (Ar) 

and reacting gas (O2) were introduced into the quartz tube 

by a gas injector that was placed at about 2.5, 3.5, and 4.5 

inches away from source with Ar to O2 flow ratio of 10. 

Within 30 to 60 minute growth time, the whole tube was 

maintained at a pressure of 2 or 5 Torr. After the growth 

phase, the entire substrate was covered by ZnO nanowire 

and the color turned into gray. The morphology of the as-

grown samples was studied by scanning electron 

microscopy (SEM) and Photoluminescence (PL). 

 

3 RESULTS AND DISSCUSSION 
 

It has been well studied that the morphology of ZnO 

nanowire is related to the growth temperature. We also 

obtained these results form our previous experiments, 

which indicate the temperature uniformity plays an 

important role in this experiment. Figure 2 shows the 

system temperature profile was measured by a mobile 

thermocouple inside the process tube to obtain the actual 

temperature during growth. By adjusting four individual 

heaters (solid source, load, center, and end), we 

successfully controlled the growth temperature uniformity 

±5℃ at the lower temperature limit (700 to 760 ℃) and 

±1℃ at the higher temperature limit (780 to 820 ℃) over a 

distance of 3 inches at the collection area. 

The source material was vaporized by the below 

reaction at high temperature, and Zn vapor reacted with O2 

to form ZnO vapor and condensed at lower temperature. 

These reactions are listed below. 

 

(1) 

 

)()(2)( 22
s

Condensed

vv
ZnOOZn  →+                                   (2) 

 

When the process gases are introduced into the system 

without an injector, O2 could react with carbon powder or 

carbon monoxide gas and form CO2 at the load zone which 

reduced the amount of O2 available to react with Zn vapor 

and decreased the efficiency of vapor transitive. Moreover, 

some ZnO vapor will condense at center zone while the 

temperature starts dropping, and this situation caused a 

deficiency of ZnO condensing on the stern of substrate. By 

using a gas injector to introduce the process gases into 

system directly we avoided the reaction between O2 and 

carbon powder and CO.  

Although the process pressure range is close to 

medium vacuum, due to the high gas flow speed, a proper 

diffusion distance is needed for better uniformity of 

reactant distribution. However, the injector can not be too 

far away from substrate otherwise the density of ZnO 

nanowires will be lower on the rare area than the front area. 

By adjusting the length of the injector, we have improved 

the uniformity of ZnO nanowire on the substrate and the 

efficiency of vapor transport. 

 

 
Figure 2: Temperature profile during growth 

 

SEM images have been taken on every 2 mm across 

the sample, the morphology of ZnO nanowires do not have 

any sensible change. The cross section SEM images (figure 

3 a and b) indicate the ZnO nanowire array grown on the 

sapphire and Si wafer are vertical aligned to the substrate. 

The ZnO nanowires dimensions are about 5 mµ  in length 

and 50 nm in diameter on all three substrates from 820℃ 

growth temperature for 45 minutes. However, from the 

figure 3 c, we can find that using graphite flake substrate to 

collect material, the density and uniformity of ZnO 

nanowires is lower than other two samples grown on wafer, 
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and that may come from the non-uniform surface of 

graphite flake. 

 

  
 

 
 

 
Figure 3: SEM image of ZnO nanowire a) on sapphire 

wafer, and b) on silicon wafer  c) on graphite flake grown at 

820℃ for 45 minute 

 

PL was measured by Horiba NanoLog system. 

Samples at room temperature (RT) were excited by 325 nm 

light source with 1 nm band pass. The excitation power is 

about 1 µW with an excitation area of 1 x 5 mm
2
, resulting 

in a very weak excitation power density of 20 µW/cm^2. 

To shed light on the origin of the broad peak at 515 nm, PL 

spectra were taken under identical conditions for as-grown 

samples, O2 - 400 C – 1 h and H2 - 400 C – 1 h annealed 

samples on Si substrates. As displayed in Figure 4, the PL 

spectrum from the as-grown sample is almost exactly same 

as that from the O2 annealed sample. This result indicates 

the mid-gap emission around 515 nm may not be from the 

Zn-vacancy related states.  However, the excitonic peak 

from the H2 annealed sample is about 3 times stronger than 

that from the as-grown sample. The PL peak intensity ratio 

between the broad peak and the excitonic peak also 

decreased from 14% to 10% suggesting the H2 annealing 

effectively reduces interface/surface states. 
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Figure 4: PL spectra at room temperature from the ZnO 

nanowires grown on Si (100) substrates 

 

The uniformity of ZnO nanowires is studied by 

scanning PL spectroscopy. Figure 5 shows the excitonic PL 

intensity of ZnO nanowires grown on a 2” sapphire wafer 

(0001). The PL intensity is very uniform except a small 

portion near one of corners. This PL uniformity is expected 

since the ZnO nanowires growth apparatus described in this 

paper insures the growth temperature uniformity and 

optimization reaction gas flow. 
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Figure 5: Spatial distribution of PL intensity from excitonic 

emission of ZnO nanowires grown on a 2” sapphire wafer 

 

4 CONCLUSION 
 

The traditional method can only get a small 

temperature uniform zone on the substrate, which is the 

limit in scaling up ZnO nanowire growth. Therefore, how to 

achieve uniform ZnO nanowires growth over large area 

until now becomes a major challenge for many 

applications. In this work, a solid source heater combined 

with a three zone furnace was used to achieve large 

temperature uniformity area on substrate. We successfully 

controlled the growth temperature uniformity ±5℃ at the 
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lower temperature limit (700 to 760 ℃) and ±1℃ at the 

higher temperature limit (780 to 820 ℃) over a distance of 

3 inches at the collection area, which provide uniform 

environment for ZnO growth. In addition, using a proper 

length of injector to introduce reaction gases into process 

tube increased not only the uniformity of ZnO nanowire on 

the substrate also the efficiency of vapor transport. The 

SEM images and the PL results show the quality and the 

good uniformity of ZnO nanowires grown on substrate.  

 

REFERENCES 
[1] X. Wang, Q. Li, Z. Liu, J. Zhang, Z. Liu, and R. 

Wang, Appl. Phys. Lett. 84, 24 (2004) 

[2] J. H. Park and J.G park, Appl. Phys. A 80, 43 (2005) 

[3] W. Lee, M. C. Jeong, and j. M. Myoung, Nanotech. 

15 (2004) 

[4] P. Yang, H. Yan, S. Mao, R. Russo, J.Johnson, R. 

Saykally, N. Morris, J. Pham, R. He, and H. J. Choi, 

Adv. Funct. Mater.12, 5 (2002)  

[5] M. Law, J. Goldberger, and P. Yang, Annual Reviews 

34, 83 (2004) 

[6] P. C. Chun, Z. Fan, C. J. Chien, D. Stichtenoth, C. 

Ronning, and J. G. Lu, Appl. Phys. Lett. 89, 133113 

(2006) 

[7] J. Song, J. Zhou, and Z. L. Wang, Nano Lett. 6, 8 

(2006) 

[8] Z. L. Wang, and J. Song, Science. 312, 242 (2006) 

[9] Y. J. Xing, Z. H. Xi, X. D. Zhang, J. H. Song, R. M. 

Wang, J. Xu, Z. Q. Xue, and D. P. Yu, Appl. Phys. A. 

80, 1527 (2005) 

[10] J. Bao, M. A. Zimmler, F. Capasso, X. Wang, and Z. 

F. Ren, Nano Lett. 6, 8 (2006) 

[11] B. D. Yao, Y. F. Chan, and N. Wang, Appl. Phys. 

Lett. 81, 4 (2002) 

[12] X. Wang, J. Song, C. J. Summers, J. H. Ryou, P. Li, 

R. D. Dupuis, and Z. L. Wang, J. Phys. Chem. B 110, 

7720 (2006) 

[13] Z. R. Dai, Z. W. Pan, and Z. L. Wang, Adv. Funct. 

Mater.13, 1 (2003) 

[14] M. H. Huang, S. Mao, H. Feick, H, Yan, Y. Wu, H. 

Kind, E. Weber, R. Russo, and P. Yang, Science 292, 

1897 (2001) 

[15] Y. Zhang, H. Jia, and D. Yu, J. Phys. D: Appl. Phys. 

37, 413 (2004) 

[16] Y. X. Chen, M. Lewis, and W. L. Zhou, J. Crystal 

Growth 282, 85 (2005) 

[17] D. Banerjee, J. Y.Lao, D. Z. Wang, J. Y. Huang, D. 

Steeves, B. Kimball, and Z. F. Ren, Nanotech. 15 

(2004) 

 

NSTI-Nanotech 2008, www.nsti.org, ISBN 978-1-4200-8505-1 Vol. 3 129




