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Abstract.Thesi1icon-based alloys have been fabricated bymeansofanexcimer laser(XeC1; 
308 nm) ablation in a pure hydrogen atmosphere for the first time, and their crystallographic 
structure has been investigated by anx-ray diffraction method,asa function ofhydrogen gas 
pressure PH2 (0.1-3.0Torr) during the deposition. As a result, it is found that the alloys 
prepared at both about 100 and 300 K contain silicon microcrystals, and their size becomes 
a minimum at P,: =0.5 Torr. On the other hand, the lattice constant increases mono- 
tonically with increasing hydrogen gas pressure in the range of 0.1 Torr s P,, s 3.0Torr. 
The resuls are discussed in relation to the growth mechanism. 

Silicon-based alloys have been used for various devices, such as solar cells [l], thin-film 
transistors [2] and imaging sensors [3]. Among those alloys, hydrogenated micro- 
crystalline silicon ( p s i  : H) has a relatively large carrier mobility, and its optical proper- 
ties are also expected to be controlled by changing the size and the distribution of the 
microcrystals. It has been reported that such microcrystalline materialscan be fabricated 
by reactive sputtering in an Ar-H2 gas mixture [4], by chemical vapour deposition (CVD) 
[5-71 and by glow discharge of SiH4 diluted with AI and H2 gas [SI. In these methods 
the size and the content of microcrystals can be controlled by changing the substrate 
temperature, the gas dilution ratio and the input electric power during the deposition. 

In recent years, a laser ablation method and a laser CVD method have been used for 
preparing semiconductor and superconductor thin films [9, lo]. Hanabusa etal[ll] tried 
to fabricate amorphous silicon (a-Si) films by the laser ablation method. They used a 
Nd :YAG laser in order to generate the pulsed atomic silicon beams. The vaporization 
was mainly induced by a 530 nm radiation (the fundamental wavelength was 1060 nm), 
because a high absorption coefficient could be obtained. Furthermore, they tried to 
introduce hydrogen gas during the growth and fabricated hydrogenated amorphous 
silicon (a-Si: H) films using the same instrument [12]. In the case of their experiment, 
the substrate temperature was kept constant at about 300 K. It has also been reported 
that a single-crystal silicon film could be obtained at about 970 K by KrF excimer laser 
ablation [13]. 

In this paper, the silicon-based alloys have been fabricated onto a low-temperature 
substrate by means of an excimer laser (XeCI; 308 nm) ablation in a pure hydrogen 
atmosphere for the first time. The crystallographic structure of the materials obtained 
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Figure 1. Schematicdiagram olthe present growth system forexcimer laser ablation 

are examined by an x-ray diffraction method. As a result, it is found that the alloys 
prepared at both about 100 and 300 K contain silicon microcrystals, and their size 
becomes a minimum at a hydrogen gas pressure P H2 of nearly 0.5 Torr. It  is also found 
that the lattice constant increases monotonically with increasing hydrogen gas pressure 
in the range of 0.1 Torr S P H2 6 3.0 Torr. These experimental results are discussed in 
relation to the growth mechanism. 

Figure 1 shows the schematic diagramof the present growth system. An XeCl excimer 
laser (308 nm) was used for an ablation with a repetition rate of 60 Hz and a duration of 
26 ns. The laser beam was focusedonto an area of 1 mm x 3 mmof the target surface in 
the vacuum chamber through a fused silica window.. The fluence of the laser beam was 
approximately'l-10 Jcm-Z.Thetarget wasa 10 mm X 20 mm X 2 mmnon-dopedsingle- 
crystal silicon plate. In order to obtain aconstant-ablationcondition, the beam position 
on the target surface wascontinously changed. A non-doped single-crystal Si(100) wafer 
was used as a substrate. The deposition was performed at two substrate temperatures. 
One was about 100 K, and the other was 300 K. In the former case, the substrates were 
cooled using liquid nitrogen. The distance between the substrate and the target was 
about 1.5 cm. Afterthe evacuation, the pure hydrogengas(99.999 99%) wasintroduced 
through a stainless steel nozzle towards the target. The deposition was carried out at a 
hydrogen gas pressure of 0.1 Torr < PH2 6 3.0 Torr, which corresponded to a hydrogen 
gas flow rate of 5-150 sccm. After the laser deposition, the films prepared at about 100 K 
were heated to room temperature at PH2 = 30Torr. The materialsobtained wereexam- 
ined by an x-ray diffraction method. The diffraction from the single-crystal Si(100) 
substrate does not occur in the present range of diffraction angles. 

Figures 2(a) and 2(b) show the Si(ll1) Bragg reflections from the films prepared at 
substrate temperatures of about 100 K and 300 K, respectively. The Si(220) and Si(311) 
Bragg reflections were also observed for all the obtained films. From figures 2(a) and 
2(b). it is clear that the crystalline materials are obtained at a very low substrate 
temperatureofabout 100K. Itisalsoclearthat theSi(ll1)diffractionpeakslightlyshifts 
towards small angles with increasing P Hi during the deposition. This indicates that the 
lattice constant of the silicon-based alloys increases on increase in PH2. It should be 
noted, however, that the diffraction angle, i.e. the lattice constant, is hardlychanged by 
the change in the substrate temperature (about 10&300 K) during the deposition (see 
both figure 2(a) and figure 2(b)). 

Figure 3 shows the relation between P H I  and the lattice constant of the deposited 
alloys. The lattice constant was deduced from the Si(ll1) diffraction peak. From figure 
3, it is found that the lattice constant increases on increasein P H ~ .  
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Figure 2. X-ray diffraction patterns (28 versus scattered x-ray intensity, where 0 is the 
diffraction angle) for the alloys prepared at hydrogen gas pressures of 0.1-3.0 Torr. The 
substrate temperatures are ( a )  about 100 K and (b) 300 K, respectively. 
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Figure 3. Relation between the hydrogen gas 
pressure and the lattice constant of the alloys 
deposited at substrate temperaturesof both about 
100 K (e) and 300 K (0). 

Figure 4. Relation between the hydrogen gas 
pressure and the sue of the miCrOCIySPdk. for the 
alloysprepared at substrate temperaturesofboth 
about 100 K (e) and 300 K (0). 

Figure 4 shows the relation between PHz and the size of the microcrystals. The size 
was calculated from the full width at half-maximum (FWHM) of the Si(] 11) reflections in 
figures 2(a) and 2(b) using Schemer’s formula [14]. It is observed that the size becomes 
a minimum at PH2 = 0.5 Torr. The microcrystal size is about 50 nm at PHz = 0.5 Torr 
and is smaller by about 20% than that at 0.1 Torr. 

Fromfigures3 and4, it issuggested that the effect of the hydrogen gason the material 
growth changes at PH2 = 0.5 Torr. In the range of PHz < 0.5 Torr, the lattice constant 
and the microcrystal size become increased and decreased, respectively, on increase in 
PH2. Silicon atoms and/or clusters are ablated from the target with a high kinetic energy 
by both a multi-photon and a thermal excitation effect. The fluence of the laser beam is 
kept constant in this study, so that the number of ablated silicon species is considered to 
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be constant and do  not depend on P H 2 .  The hydrogen gas around the target surface is 
also excited to high-energy states, such as hydrogen radicals, by the laser irradiation. 
Therefore, it is expected that such hydrogen radicals activate the silicon atoms and/or 
clusters ablated from the target. When P is low, a small amount of excited hydrogen 
species exists, so that the ablated silicon atoms and/or clusters do not react very much 
with the hydrogen species. The number of hydrogen species reacting with silicon species 
is considered to be increased on increase in P H 2 .  The increase in the lattice constant at 
PH2 < 0.5Torr is, therefore, explained by the increase in the hydrogen content in the 
deposited films. In fact, theinfraredabsorption measurementsshowed that the hydrogen 
content (up to 2a t .%)  in the films was almost proportional to PHl (in the range 
0.1 Torr S P HZ < 0.5 Torr). From figure 4, it is acknowledged that the microcrystal size 
negativelycorrelateswiththelatticeconstant intherangeof PH2 < 0.5Torr.Concerning 
this result, it has been reported that the microcrystal sue decreases with increasing 
hydrogen content in the silicon-based alloys [15], so that the result in figure 4 (in the 
range of 0.1 T o r r s  PH2 5 0.5 Torr) is also explained by the increase in the hydrogen 
content. 

On the other hand, the effects of hydrogen gas on the crystallographic structure 
changes in the range P,, > 0.5 Torr. In the present experiment, the size of the plume 
in front of the target became small in the case of high PHl, and the emission intensity of 
the plume becamestrong on increasein PHI .  It is, therefore,considered that the ablated 
silicon species collide with hydrogen gas in the vicinity of the target surface for high 
P H 2 ,  because of the shortening of the mean free path. In such a case, the hydrogen 
content of the deposited films may be almost saturated. From figure 4, the microcrystal 
size increases on increase in P H2 for PH2 > 0.5 Torr. Similar results have been reported 
on the previous work concerning the gas evaporation method [16]. In that method. the 
microcrystal size increased with increasing ambient inert gas (i.e. Ar or He) pressure. 
Such a phenomenon has been explained by the reduction in the kinetic energy of the 
evaporated species due to the collison with the inert gas. The present result is also 
explained by a similar effect of the hydrogen gas. In our case, the microcrystals are 
formed by the silicon species, whose kinetic energy is reduced by collision with the 
hydrogen species. This may cause the increase in the lattice constant for PH2 > 0.5 Torr, 
as shown in figure 3. 

In conclusion. we have fabricated the SikOn-based alloys by means of an excimer 
laser (XeCI; 308 nm) ablation in apure hydrogen atmosphere for the first time, and their 
crystallographic structure has been investigated by an x-ray diffraction method, as a 
function of P during the deposition. Significant results obtained in this paper are as 
follows. 

(1) The silicon-based alloys, which contain silicon microcrystals, have been obtained 
at substrate temperatures of both about 100 K and 300 K. 

(2) The microcrystal size of the alloys becomes a minimum at PHl =0.5Torr, 
whereas the lattice constant increases monotonically with increasing P H ~ .  

The present method has the advantage of fabrication of microcrystals at a IOW 
substrate temperature and is expected to be used for preparing various crystalline 
materials. 

H Fujishiro and S Furukawa 
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