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One-step synthesis route of the aligned and 
non-aligned single crystalline α-Si3N4 nanowires 
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This paper reports the bulk synthesis route of the aligned and non-aligned high-quality α-Si3N4 
nanowires (NWS) which were grown directly from the Si substrate by vapor phase deposition at 1050℃. 
The as-grown products were characterized by employing XRD, SEM, HRTEM and photoluminescence. 
The microscopic results revealed that the products consist of single crystalline aligned and non- 

aligned α-Si3N4 NWs having a same diameter range of 30－100 nm and different lengths of about hun-
dreds of microns. The XRD observation revealed that the products consist of α-phase Si3N4 NWs. The 
room temperature PL spectra indicated that the NWs have good emission property. The non-aligned 
NWs were formed at lower temperature as compared with aligned NWs. Our method is a simple and 
one-step procedure to synthesize the bulk-quantity and high-purity aligned and non-aligned α-Si3N4 
NWs at a relatively low temperature. The possible growth mechanism was also briefly discussed. 

Si3N4 nanowires, aligned, non-aligned, crystalline 

1  Introduction 
One-dimensional (1D) nanostructures of nitride semi- 
conductors have attracted much attention because of  
their improved performance, as compared to the two-  
and three-dimensional semiconductor devices. At pre- 
sent research still makes an effort to develop high-qual- 
ity nitride nonmaterial to obtain high-efficiency devices.  

Among the IV-nitrides, Si3N4 a wide band gap  
(~5.3 eV) semiconductor is most rapidly growing, par-
ticularly in chemical resistance applications, such as 
passive thin film component in various electronic de-
vices[1]. It is one of the outstanding functional materials 
and has been applied in various fields due to good per-
formance in mechanical and electrical properties. Simi-
lar to the group III-V compounds, such as GaN and AlN, 
Si3N4 is also one of the most important technical ceram-
ics owing to its interesting properties, such as high 
strength at high temperature, low density, good resis-
tance to corrosion, wear, thermal shock and oxidation[2,3],  
excellent chemical stability[4] and so forth. In addition, it 

is usually of two types of structural modification, low 
temperature-phase trigonal α-Si3N4

[5] and stable hex-
agonal β-Si3N4

[6]. These properties favor Si3N4 as a 
suitable material for a wide range of engineering appli-
cations. The Si3N4 nanowires were proved to have a 
much higher bending strength than the bulk[7].  

Recently, one-dimensional Si3N4 has attracted exten-
sive attention because of its potential application in nano- 
devices and nanocomposites. To date 1D Si3N4 in the 
shapes of wires, rods and belts has been synthesized by 
employing different routes. Gundiah et al.[8] synthesized 
Si3N4 nanowires (NWs) through the reaction of silica gel  
and multi-walled carbon nanotubes at 1350℃ in the 
presence of Fe catalyst in NH3. Zhang et al.[9,10] reported 
the synthesis of Si3N4 NWs by Si powders or Si/SiO2 

powder mixture in N2 or NH3 atmosphere with or without 
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Fe or Ni powders. Kim et al.[11] synthesized α-Si3N4 
nanowires directly through the reaction of silicon sub-
strate and NH3, using gallium (Ga), gallium nitride 
(GaN) and iron (Fe) nanoparticles as catalyst. Wu et 
al.[12] synthesized Si3N4 nanowires sheathed with silicon 
and silicon oxide through the reaction of silicon oxide 
nanoparticles and active carbon. Han et al.[13] obtained a 
mixture of α- and β-phase silicon nitride nanowires us-
ing carbon nanotubes as a template to react with Si/SiO2 
powder mixture in nitrogen atmosphere. Feng et al.[14] 
reported a sol-gel route for large scale synthesis of Si3N4 
nanowires and nanotubes.  

In spite of these tremendous efforts, the growth of 
aligned and non-aligned Si3N4 NWs has not been dis-
cussed simultaneously. Here we describe a very simple 
and one-step method for the synthesis of aligned and 
non-aligned α-Si3N4 NWs. In this method, source mate-
rial has been heated in the presence of NH3 and synthe-
sized Si3N4 NWs as a product. Although different groups 
already produced Si3N4 NWs but in our method we pro-
duced these products in one step; therefore it is a very 
simple one. The present work may open up new ap-
proaches to prepare aligned and non-aligned α-Si3N4 
NWs and their applications in a simple way. 

2  Experimental 

Si without catalyst coating was used as a substrate. It 
was cleaned ultrasonically in deionized water, acetone 
and ethanol for 10 min each. The substrates were loaded 
into two alumina boats placed inside a quartz tube in a 
horizontal tube furnace as shown in Figure 1. A mixture 
of Ga and Ga2O3 with 4:1 ratio was put in the center of 
alumina crucible. One of Si substrates was put on the top 
of the center boat above the mixture. The distance be-
tween the substrate and the mixture was about 3 mm. 
The other Si substrate with iron rod was placed into the 
downstream alumina crucible where the temperature 
was approximately 100℃ less than the center zone. The 
distance between the two boats was 2 cm. The quartz 

tube was degassed under vacuum and purged with am-
monia. Ammonia was introduced into the quartz tube 
with a flow rate of 200 sccm. The temperature of the 
furnace was increased up to 1050℃ from room tem-
perature and kept for 4 h under a constant flow of am-
monia. After the quartz tube was cooled down to room 
temperature the ammonia flow was turned off. The 
morphology and structure of the as-grown products were 
examined by SEM (S-5500), HRTEM (JEM-2010F), 
XRD and photoluminescence (PL). 

3  Results and discussion 

Figure 1 shows the schematic diagram of the chemical 
vapor deposition (CVD) system used for the synthesis of 
aligned and non-aligned α-Si3N4 NWs. 

The structures of the as-grown products were first 
characterized by using X-ray diffraction. Figure 2 shows 
the XRD spectra of the aligned and non-aligned α-Si3N4 

NWs on Si substrates. It is revealed that all the peaks 
indicated by Miller indices are in good agreement with 
α-phase Si3N4. All the peaks are at the same position as 
that of the reported one (JCPDS card No. 41-0360). The 
presence of the peaks at 45° is due to the iron rod placed 
above the downstream alumina boat which also contrib-
utes to the formation of these NWs. No peak of Ga is 
observed in the spectra. The lattice constants calculated 
from the XRD pattern are 7.6965 Å for a and 5.6133 Å 
for c, which are consistent with those of α-Si3N4 (a = 
7.7541 Å, c = 5.6217 Å). 

The morphology is very important for nanoscale ma-
terials because it determines the physical properties of 
the materials. Figures 3(a)－(d) and 4(a), (b) show the 
SEM images of the light blue color product deposited on 
the Si substrate after 4 h reaction at 1050℃. High density 
NWs were grown on the two Si substrates. The morphol-
ogy of the product obtained from the center boat consists 
of aligned, uniform bundles of NWs (Figures 3(a)－3(d)) 
while the morphology of the product obtained from the 
downstream boat shows non-aligned NWs (Figures 4(a) 

 
Figure 1  Schematic diagram of the synthesis system for the aligned and non-aligned α-Si3N4 NWs. 



 

 Mashkoor AHMAD et al. Sci China Ser E-Tech Sci | Jan. 2009 | vol. 52 | no. 1 | 1-5 3 

 
Figure 2  XRD spectra of the silicon nitride nanowires collected from 
the silicon substrate after reaction. All the diffraction peaks correspond to 
the hexagonal α-phase Si3N4 NWs. 

 
Figure 3  SEM images of high density uniform, bundles and aligned Si3N4 
NWs deposited on a large area of Si substrate placed above the boat con-
taining mixture of Ga and Ga2O3 in the hot zone area of the quartz tube. 

 

Figure 4  SEM images of the non-aligned α-Si3N4 NWs deposited on the 
silicon substrate placed at the downstream alumina boat. 

 

and 4(b)). The diameters of the aligned and non-aligned 
NWs are identical and in the range of 30－100 nm while 
lengths are different and in the range of hundreds of mi-
crons. Figure 5 shows the single aligned and non-aligned 
NWs and their corresponding EDX spectra. It is demon-
strated that they are mainly composed of silicon and  

nitrogen elements. The gallium peak is also observed in 
both spectra which show that Ga and Ga2O3 also play a 
role in the formation of these NWs. In the non-aligned 
NWs the intensity of Ga is less than that of aligned NWs. 
We believe that the presence of Ga in the non-aligned 
NWs is due to the vaporization from one boat to another 
in the direction of gas flow. 

 
Figure 5  Single aligned and non-aligned α-Si3N4 NWs (see inset) and 
their corresponding EDX spectra. 
 

Figures 6 (a) and 6(b) show the TEM and HRTEM 
images of individual non-aligned NWs. It is revealed 
that α-Si3N4 NWs have single crystalline nature with an 
outer edge amorphous layer and grown in the [002] di-
rection. The corresponding selected area ED (SAED) 
pattern is identical over the entire NW. The lattice con-
stants calculated from the SAED are 7.3965 Å for a and 
5.5133 Å for c, which are consistent with those of 
α-Si3N4 (a = 7.7541 Å, c = 5.6217 Å). Figures 6 (c) and 
6(d) show the TEM and HRTEM images of aligned NW 
and the corresponding SAED. The spacing distances 
between the two adjacent fringes in different planes 
were calculated as shown in Figure 6(c). These spacing 
distances are also consistent with the lattice constant of 
bulk α-Si3N4 (JCPDS card No. 41-0360). 

Figure 7 shows a comparison of the room temperature 
PL spectra of α-Si3N4 NWs from two samples. The light 
emission property plays an important role in the under-
standing of the electronic and optical properties of Si3N4 
NWs. The aligned and non-aligned NWs show two dif-
ferent broad emission bands between 500 and 800 nm. 
The non-aligned NWs emission band shows the maxi-
mum peak at 610 nm (2.04 eV) while aligned NWs also  
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Figure 6  (a) TEM image of non-aligned NW and the corresponding SAED (see inset); (b) HRTEM image of non-aligned crystalline α-Si3N4 NWs grown 
in the [002] direction; (c) HRTEM image of aligned NW; (d) SAED of aligned NW. 

 

 

Figure 7  Room temperature PL spectra of the aligned and non-aligned 
α-Si3N4 NWs. 

show the first peak at 610 nm and remain constant, giv-
ing a broad emission band. We believe that the physical 
origin of this interesting behavior can be due to the 
presence of Ga. The presence of Ga-Si-N forms defect 
states and gives rise to levels within the gap between 
conduction and valence band. 

As we observed from the SEM and TEM images that 
no droplet of any catalyst was seen at the top of any NW, 
vapor-solid (VS) mechanism is more possible than the 
vapor-liquid-solid (VLS) one. During the growth proc-
ess of NWs both the chemical and physical processes are 

possible and also the unidirectional motion of reactants 
atoms cloud driven by the carrier gas may play an ex-
cellent role in the growth of NWs. Although gallium 
alone can be used as catalyst but Ga and Ga2O3 mixture 
increases significantly the yields of α-Si3N4 NWs. This 
mixture provides a good environment for the synthesis 
of both kinds of NWs. The non-aligned NWs form at 
lower temperature and Fe may play a role in the forma-
tion of these NWs. The crystalline Si3N4 have been 
grown in several ways[8－14], even below 1200℃[15]. That 
is, the crystallization of the Si3N4 is easier. In our ob-
servation the most closed model is that in the first step 
of the growth process, at higher temperature, ammonia 
is decomposed stepwise to NH2, NH and N and then 
reacts with the Si substrate to form the nucleation of 
Si3N4 NWs as follows: 
 3Si (s) + 4NH3 (g) → Si3N4(s) + 6H2 (g) 

Once the nucleation forms, the growth of Si3N4 NW 
starts and extends in the axial direction. 

4  Conclusion 

In this article we have demonstrated the bulk synthesis 
route of aligned and non-aligned 1D α-Si3N4 NWs by 
using a simple method. The diagnostics of these nano- 
structures show that aligned and non-aligned α-phase 



 

 Mashkoor AHMAD et al. Sci China Ser E-Tech Sci | Jan. 2009 | vol. 52 | no. 1 | 1-5 5 

single crystalline silicon nitride NWs can be produced 
directly from silicon substrate without using any pre-
cursor in the presence of ammonia. The non-aligned 
NWs are formed at lower temperature as compared with 
the aligned NWs. The diameters of the aligned and 
non-aligned NWs are identical and in the range of 30―
100 nm. The length of the non-aligned NWs is larger 
than that of the aligned NWs and is in the range of hun-
dreds of micrometers. Both kinds of NWs have good 
emission property. It was also observed that gallium and 
iron played an excellent role in the formation of the 
aligned and non-aligned Si3N4 NWs. The possible 
growth mechanism is VS. These NWs could be useful in 
the fabrication of optoelectronic nanodevices and nano-
composites. This work may provide a simple approach 
to produce the aligned and non-aligned 1D nitride 
nanostructures. 
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