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LARGE GRAINED SEMICONDUCTOR FILMS 

AND DEVICES THEREON 
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patent application Ser. No. 12/774,465 ?led May 5, 2010, 
Which is a continuation of US. patent application Ser. No. 
12/154,802 ?led May 28, 2008 noW abandoned both of Which 
are hereby incorporated by reference in its entirety. 
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FIELD OF THE INVENTION 

The present invention is related to producing large grained 
to single crystal semiconductor ?lms, such as silicon ?lms, 
for producing articles such as photovoltaic and other elec 
tronic devices. 

FEDERAL FUNDING 

None 

BACKGROUND OF THE INVENTION 

It is Widely knoWn that radiation from the sun striking earth 
provides enough energy to supply all of mankind’s needs for 
energy for the inde?nite future. Such a source of energy can 
be clean and environmentally benign. 

It is also Widely knoWn that global Warming is associated 
With the use of fossil fuels, such as coal, oil, and natural gas. 
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2 
It is accepted by the scienti?c community that global Warm 
ing can have severe adverse effects around the planet. There 
are numerous efforts around the World, combined With a 
sense of urgency, to cut doWn emissions from the usage of 
fossil fuels. A dominant factor in favor of the continual use of 
fossil fuels is their cost per unit of available energy. If, for 
example, the cost of producing photovoltaic cells can be 
reduced by a factor of approximately three While maintaining 
ef?ciency of conversion, the photovoltaic technology Would 
become cost competitive With fossil fuels. 
A major cost component in photovoltaic cells is the cost of 

the substrate on Which the semiconductor ?lm capable of 
converting sunlight into electricity is placed. The most Widely 
used substrate is single crystal silicon (Si). These substrates 
developed for the microelectronics industry have been modi 
?ed for application in photovoltaic technology. If a silicon 
?lm could be deposited on an inexpensive substrate, such as 
glass, and With comparable quality as that found in silicon 
single crystals used in the microelectronics industry, the cost 
of photovoltaic technology Would drop signi?cantly. 

Epitaxial groWth of thin ?lms is a very Well established 
process. It has been investigated by hundreds of researchers. 
Epitaxial deposition provides a very viable Way of groWing 
very good quality ?lms. Many single crystal semiconductors 
and insulator surfaces are used to study the epitaxial groWth 
of metallic ?lms; for example, the groWth of silver on silicon, 
sapphire, or a mica surface. Epitaxial metallic ?lms have also 
been groWn on other metallic ?lms, such as gold on silver. In 
contrast to metals, semiconductors, such as silicon, are di?i 
cult to groW epitaxially. For example, heteroepitaxial ?lms of 
silicon have been successfully groWn only on sapphire but at 
temperatures that are relatively high for the applications We 
disclose here, such as the groWth of silicon on glass sub 
strates. 

In order to take advantage of highly textured large grained 
?lms for photovoltaic technology tWo problems need to be 
solved: inexpensive groWth of high quality ?lms and the 
availability of an inexpensive substrate on Which desirable 
properties can be achieved. Here, We disclose a method for 
groWing semiconductor ?lms, such as silicon, satisfying the 
tWo requirements listed above and suitable for photovoltaic 
technology and other electronic applications. 

The thermodynamic stability and formation temperature of 
tWo or more elements is described by a composition versus 
temperature diagram, called a phase diagram. In this inven 
tion We shall make use of phase diagrams. These phase dia 
grams are available in the scienti?c literature (Massalski et 
al). The phase diagram provides information on the behavior 
of different phases, solid or liquid as a function of temperature 
and composition. For example, the liquidus in a simple binary 
eutectic system, such as Au and Si, shoWs hoW the relative 
composition of the liquid and solid, it is in equilibrium With, 
changes With temperature. It is therefore possible to choose 
an average composition, different from the eutectic compo 
sition, and cool the mixture in such a Way as to precipitate out 
one phase or the other. If the composition is chosen to be 
richer in silicon than the eutectic composition then on cooling 
through the liquidus boundary betWeen the single phase liq 
uid and the tWo phase liquid plus solid, silicon Will nucleate 
and form a solid phase. If on the other hand it is gold rich 
relative to the eutectic composition the ?rst solid phase to 
nucleate is gold rather than silicon. 

At and beloW the eutectic temperature the tWo components, 
in this case, Au and Si solidify from the liquid phase to phase 
separate into the tWo components Au and Si. The interface 
energy betWeen the tWo components is generally positive and 
therefore drives the tWo components to aggregate into distinct 
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phases With a minimum of surface area between the tWo 
rather than a ?ne mixture of the tWo. There is, however, the 
energetics of tWo other interfaces to consider also: one With 
the substrate and the other With vacuum or gas. In considering 
energetics it is not only the chemical interaction of the metal 
or Si With the substrate that is important but also its crystal 
lographic orientation, for the surface or interface energy 
depends upon orientation of the grains. Another concern is the 
difference in lattice match betWeen the nucleating ?lm and 
the substrate Which can lead to strain induced energy that is 
minimiZed by either inducing defects or not groWing uni 
formly in thickness across the substrate surface. These factors 
determine if silicon is likely to deposit on the substrate (het 
erogeneous nucleation) or nucleate and forms small crystals 
in the liquid (homogeneous nucleation). 
An advantage of using eutectics compositions is that the 

eutectic temperature is loWer than the melting temperature of 
the constituent elements. For example, the eutectic tempera 
tures ofAu, Al, andAg With Si are 363, 577, and 835 degrees 
Centigrade (° C.), respectively. In contrast the melting tem 
peratures ofthe elements are 1064, 660, and 961° C., respec 
tively. The melting temperature of silicon is 1414° C. The 
eutectics then offer the possibility of nucleating a silicon 
crystal from the liquid far beloW the temperature at Which 
pure liquid silicon crystallizes. By a proper choice of the 
substrate surface exposed to the nucleating silicon, it is pos 
sible to nucleate and groW single crystal or large grained 
silicon ?lms. 
We have discussed silicon eutectics using elements such as 

Au, Ag, andAl. HoWever, it is possible to replace the elements 
by silicon based compounds. For example, the compound 
nickel silicide forms a eutectic With Si. There are numerous 
other examples of silicide compounds forming a eutectic With 
Si (Massalski et al). An advantage of using a silicide is that 
frequently the electrical contact of the silicide With silicon has 
very desirable properties, such as a good ohmic contact or a 
Schottky barrier. Some silicides are also knoWn to have an 
epitaxial relationship With silicon. In this case, by appropri 
ately choosing either a silicide rich or silicon rich melt either 
the silicon can be induced to groW epitaxially on the silicide 
or the silicide on silicon. A disadvantage in this approach is 
the eutectic temperature, Which is generally high. 
LoW temperature solutions can also be formed With some 

elements, For example, gallium (Ga) and Si have a eutectic 
temperature of less than 30° C., very close to that of the 
melting point of Ga. There are other elements, such as indium 
or tin that form loW temperature liquid solutions With silicon. 
Si can be nucleated from these solutions at very loW tempera 
tures relative to pure silicon (Girault et al, Kass et al). These 
temperatures are suf?ciently loW that it opens up the possi 
bility of using organic materials as substrates on Which large 
grained to single crystal ?lms can be groWn. While this is an 
advantage, there is also a serious disadvantage; at these loW 
temperatures, the silicon ?lm can contain defects and hence 
are not very useful as a photovoltaic material. HoWever, these 
very loW temperature deposits can be used to initiate the 
nucleation of a very thin silicon ?lm, Which is subsequently 
thickened by using higher temperature processes to optimiZe 
its photovoltaic properties. 

The choice of a particular system (phase diagram) is not 
only determined by temperature and energetics of the inter 
faces, but also by the solubility of the second element in Si. It 
is desirable to have precise control of the doping of Si in order 
to optimiZe its semiconductor properties for photovoltaic 
applications. It is also important to select the composition of 
the substrate and temperature of proces sing such that there is 
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4 
minimal or no chemical interaction betWeen the silicon ?lm 
and the surface of the substrate on Which it is being deposited. 
From the preceding description, We can extract ?ve com 

mon points Which are relevant to this invention. First, one end 
of the phase diagram alWays has the semiconductor We Wish 
to nucleate and use to produce a ?lm, We have used silicon in 
the preceding examples but it could be germanium or a com 
pound such as gallium arsenide or cadmium selenide. Sec 
ond, the thermodynamically predicted concentration of the 
second element or phase in the semiconductor is minimal. If 
there is solubility then it must be a desirable dopant. For 
example aluminum (Al) in silicon behaves as a p-type dopant 
and experience in the semiconductor industry has shoWn that 
trace amount of Al can be desirable. Third, the liquidus curve 
has the highest temperature on the semiconductor side. In 
other Words, the melting point of the semiconductor is greater 
than the liquidus for all compositions in equilibrium With the 
semiconductor. Fourth, the homogeneous nucleation energy 
of silicon crystal from the melt is greater than that for hetero 
geneous nucleation on the substrate. This latter condition 
promotes heterogeneous nucleation. And, ?fth, the tempera 
ture for epitaxial groWth is loW enough to use inexpensive 
substrates such as glass but high enough to promote a good 
quality silicon ?lm. For example, a groWth temperature above 
approximately 550 degrees Centigrade (550° C.) is desirable 
to make a good quality silicon ?lm. The softening tempera 
ture of ordinary glasses is around 600° C. The softening 
temperature of boro silicate glasses is higher. HoWever it is not 
high enough to use conventional deposition temperature of 
greater than 750 degrees Centigrade for silicon on insulator, 
such as a sapphire substrate. 

In order to take full advantage of the invention disclosed 
here the semiconductor material has to be deposited on a 
substrate material Which is inexpensive, and the surface of 
Which enables heterogeneous nucleation and groWth. In the 
folloWing We shall discuss tWo speci?c methods for produc 
ing substrates suitable for heterogeneous deposition of ?lms 
for photovoltaic technology. Both of these methods have been 
described in the scienti?c literature and We do not claim to 
invent them. We include them here for completeness. 
The use of rolled and textured Ni and Ni-alloy sheets has 

been proposed as substrate material for superconducting 
?lms and, more recently, for ?lms for photovoltaic devices 
(Findikoglu et al). In order to facilitate the groWth of epitaxial 
superconducting ?lms on such substrates, there have been 
tWo approaches described in the scienti?c literature: in one 
the sharp rolling texture produced in a rolled and annealed Ni 
alloy is used as a template on Which various epitaxial buffer 
layers are deposited folloWed ?nally by an epitaxial ?lm of a 
high temperature cuprate superconductors (Goyal et al). In 
the second approach (Findikoglu et al), the nickel ribbon is 
used as a substrate for ion beam assisted deposition of a Wide 
variety of highly textured ceramics, for example, magnesium 
oxide (MgO). The ion beam aligns the groWing MgO ?lm, 
Which provides a template for the subsequent deposition of 
the cuprate superconductor. The latter approach is not limited 
to using metal tapes but can be extended to other inexpensive 
substrates such as glass (Teplin et al). It has been found that 
texture can also be induced in MgO by depositing the ?lm on 
a substrate that is inclined to the normal from the oncoming 
vapor of MgO. 
One limitation of the use of glass as a substrate has been its 

softening temperature, Which is generally loWer than the con 
ventional processing temperatures required for the groWth of 
large grained or single crystal ?lms of silicon. With the 
method of depositing silicon ?lms at loW temperatures, 
described in this invention, the use of buffered glass becomes 
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an option for We can deposit highly textured and large grained 
silicon on MgO at or below the softening temperature of 
glass. Similarly, researchers have groWn crystalline alumi 
num oxide (A1203) on inexpensive substrates (Findikoglu et 
al). We shall use MgO and Al2O3 as illustrative examples. 
However, it is understood to those skilled in the art that a 
variety of other materials can also Work. Both Findikoglu et al 
and Goyal et al describe other buffer layers, including con 
ducting ceramic layers, such as TiN. 

Objects of the Invention 

It is an object of the present invention to provide single 
crystal or highly textured relatively large grained good qual 
ity semiconductor ?lms and, in particular silicon ?lms, for 
photovoltaic technology or other semiconductor devices, 
such as ?eld effect transistors used, for example, in displays. 

It is yet another object of this invention to provide single 
crystal or highly textured relatively large grained good qual 
ity semiconductor ?lms and, in particular silicon ?lms, at loW 
temperatures. For example, if silicon ?lms are used, the 
groWth temperature is betWeen 450 and 750 degrees Centi 
grade. 

It is yet another object of this invention to provide single 
crystal or highly textured relatively large grained good qual 
ity semiconductor ?lms and, in particular silicon ?lms, on 
inexpensive substrates, for example, substrates such as glass 
on Which buffer layers such as MgO and/or Al2O3 have been 
deposited. 

SUMMARY OF THE INVENTION 

In accordance With one aspect of the present invention, the 
forgoing and other objects can be achieved by alloying a 
semiconductor and, in particular silicon, With elements or 
compounds that form an eutectic system, and increasing 
sloWly the concentration of the semiconductor, such as sili 
con, through the liquidus line to reach the tWo phase region in 
Which the semiconductor, in particular silicon, nucleates out 
of the melt and on the surface of a substrate. 

In accordance With another aspect of the present invention, 
the forgoing and other objects can be achieved by alloying a 
semiconductor and, in particular silicon, With elements or 
compounds that form an eutectic system, and increasing 
sloWly the concentration of the semiconductor, such as sili 
con, through the liquidus line to reach the tWo phase region in 
Which the semiconductor, in particular silicon, nucleates on 
the surface of a substrate to produce a highly textured rela 
tively large grained or single crystalline ?lm. 

In accordance With yet another aspect of the present inven 
tion, the forgoing and other objects can be achieved by alloy 
ing a semiconductor and, in particular silicon, With elements 
or compounds that form an eutectic system, and increasing 
sloWly the concentration of the semiconductor, such as sili 
con, through the liquidus line to reach the tWo phase region in 
Which the semiconductor, in particular silicon, nucleates on 
the surface of a substrate made of a buffered tape in Which 
texture is produced by mechanical deformation and the buffer 
layers are epitaxial to the texture of the metal tape. The buffer 
layer exposed to the melt comprises of compounds, such as 
Al2O3 or MgO. 

In accordance With yet another aspect of the present inven 
tion, the forgoing and other objects can be achieved by alloy 
ing a semiconductor and, in particular silicon, With elements 
or compounds that form an eutectic system, and increasing 
sloWly the concentration of the semiconductor, such as sili 
con, through the liquidus line to reach the tWo phase region in 
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6 
Which the semiconductor, in particular silicon, nucleates on 
the surface of a substrate made of a buffered tape, a glass 
substrate, or any other material suitable for inexpensive 
manufacture of photovoltaic cells in Which strong texture is 
produced by ion beam assisted deposition. The ?nal layer, 
Which is exposed to the silicon melt, comprises of com 
pounds, such as Al2O3 or MgO. 

In accordance With still another aspect of the present inven 
tion, the forgoing and other objects can be achieved by using 
a solid phase composition comprising a semiconductor and, 
in particular silicon, With elements or compounds that form 
an eutectic system, and in Which a thin ?lm of the element or 
compound is deposited ?rst folloWed by the semiconductor, 
such as silicon, and depositing at a temperature Where the 
semiconductor atoms diffuse through the element or com 
pound to heterogeneously nucleate on the substrate and 
propagate this crystallinity to the semiconductor ?lm remain 
ing on top of the element or compound. 
The method of manufacture of materials suitable for pho 

tovoltaic technologies described in this invention are much 
less expensive in the conversion of sunlight into electricity 
than those practiced in the prior art. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 shoWs the phase diagram of the eutectic system 
AuiSi, taken from the literature (Massalski et al). The melt 
ing points of the tWo elements Au and Si, as Well as the 
eutectic temperature are shoWn in the FIGURE. The eutectic 
composition is also indicated. The liquidus line, Which 
de?nes the boundary betWeen the liquid gold-silicon alloy 
and solid silicon and a gold-silicon liquid alloy, and on the 
silicon rich side of the phase diagram, is marked. The FIG 
URE also shoWs the change in phases as the composition is 
changed by depositing silicon on a ?lm of gold held at con 
stant temperature. As the silicon is evaporated on to the gold 
?lm, the ?lm comprises of gold solid and a liquid gold-silicon 
alloy Which changes from the point marked by 11 toWards 12. 
Further deposition of silicon results in the ?lm entering the 
liquid phase region betWeen the points marked 12 and 13. As 
the silicon deposition continues beyond the point 13, the 
liquidus boundary, solid silicon nucleates from the liquid 
Which is in equilibrium With a silicon-gold liquid alloy. The 
solid silicon is deposited on a MgO substrate, forming a 
highly textured and relatively large grained heterogeneously 
nucleated ?lm. The thickness of the solid silicon ?lm 
increases till the deposition is stopped. As it cools Si contin 
ues to deposit from the melt While the AuiSi liquid solution 
becomes richer in gold. This process continues till the eutec 
tic temperature is reached, at Which point the liquid solidi?es 
and phase separates into gold and silicon solids. 
We have used the phase diagram of the AuiSi eutectic. 

The AliSi eutectic is very similar. Here We can heteroge 
neously nucleate silicon from the AliSi melt on a single 
crystal sapphire substrate to form a single crystal heteroepi 
taxial silicon ?lm. 

DETAILED DESCRIPTION OF THE INVENTION 

As described above, We have disclosed a method to pro 
duce loW cost single crystal or large grained epitaxially 
aligned good quality semiconductor ?lms, in particular sili 
con, for photovoltaic technology. We have also suggested the 
use of tapes or glass slabs as substrate materials. The tapes 
provide strong texture on Which buffer layers suitable for 
silicon groWth are present. Our method can produce silicon 
epitaxy at substantially loWer temperatures than those com 
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monly practiced, hence not only minimizing interaction With 
the surface of the substrate but also enabling the use of glass 
substrates. 
We shall be using the eutectics of silicon With gold and 

aluminum in describing the details of the invention. It is, 
hoWever, understood that one skilled in the art can extend the 
methodology to other semiconductors such as germanium, 
gallium arsenide, or the cadmium selenide class of photovol 
taic materials. 

FIG. 1 shoWs the phase diagram of the eutectic system 
AuiSi. The eutectic composition is nominally 18.6 atomic 
percent pct Si and the rest being gold. A thin gold ?lm is ?rst 
deposited on the buffered substrate. This is folloWed by sili 
con deposition. As the silicon concentration increases the ?lm 
?rst forms a tWo phase mixture of gold and liquid gold 
silicon. The composition of the latter is determined by the 
choice of the deposition temperature. With further increase of 
silicon, the liquid phase region, marked 12, is reached and the 
remaining gold is dissolved. With still further increase of the 
amount of silicon, the second liquidus phase boundary, 
marked 13, is reached and subsequent deposition of silicon 
atoms results in a solid phase of silicon in equilibrium With 
the silicon-gold liquid. If the substrate surface is suitably 
chosen, for example MgO crystals, the solid silicon nucleates 
hetero geneously onto the surface. The choice of the tempera 
ture of deposition is determined by balancing tWo consider 
ations: quality in terms of defects of the epitaxial ?lm; too loW 
a temperature or too rapid a groWth rate of the ?lm at that 
temperature can introduce defects versus too high a tempera 
ture When chemical interaction or mechanical integrity of the 
substrate limit the usefulness of the material. 
We have started With vapor deposition of the metallic ?lm 

and added silicon to it to traverse the phase diagram from 
point marked 11 in the FIGURE. HoWever, the metallic ele 
ment and silicon can be co evaporated to reach any concen 
tration betWeen the points marked 12 and 13 in the FIGURE 
and subsequently silicon added to reach the desired thickness, 
before cooling to room temperature. 
When the desired thickness of the silicon ?lm is obtained, 

the substrate With the ?lm is cooled to room temperature. 
Even though the amount of gold required to catalyZe a silicon 
?lm is small, it can be further reduced by etching the gold 
aWay, for example, by using iodine etch, available commer 
cially. This gold can be recycled 

EXAMPLES OF THE INVENTION 

The folloWing non-limiting examples are used as illustra 
tions of the various aspects and features of this invention. 

Example 1 

A good high vacuum system With tWo electron beam guns, 
is used to deposit gold and silicon independently. A glass 
substrate coated With ion beam assisted deposited MgO ?lm 
is held at temperatures betWeen 575 and 600° C. These are 
nominal temperatures. It is understood to one skilled in the art 
that loWer or higher temperatures can also be used depending 
upon the softening temperature of the glass substrate or the 
reaction kinetics of either gold or silicon With the metallic 
tape or its buffer layers When used as substrates. A thin gold 
?lm of approximately 10 nm thickness is deposited ?rst. This 
is folloWed by a silicon ?lm deposited at a rate of 2 nm per 
minute on top of the gold ?lm. The ratio of the thickness of the 
gold and silicon ?lms is chosen such that the ?nal composi 
tion ensures that a point, marked 13, in FIG. 1 is reached. This 
point lies at the boundary betWeen the tWo phase region of 
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8 
solid Si and a liquid SiiAu mixture. For example, for a 10 
nm gold ?lm folloWed a 100 nm silicon ?lm satis?es this 
condition. Additional silicon ?lm nucleates heterogeneously 
on the MgO surface to form the desired thin ?lm. The ?lm can 
noW be cooled to room temperature, Where the ?lm noW 
comprises of tWo phases: gold and a relatively large grained 
and highly textured ?lm of silicon on MgO. 
By relatively large grained it is understood to imply a grain 

siZe larger than Would have been achieved if a silicon ?lm had 
been deposited under the same conditions but Without Au. In 
the example discussed above the crystallographic texture is 
strongly [111]. Instead of an insulating substrate such as 
MgO, it is possible to choose stable and electrically conduct 
ing nitrides, such as TiN. 
The gold diffuses to the surface of the silicon ?lm, driven 

by its loWer surface energy relative to the silicon surface. The 
?lm is etched in a solution, such as a commercially available 
iodine based chemical, Which removes the gold from the tWo 
phases, gold and silicon, leaving behind a silicon ?lm. 

This silicon ?lm can noW be used as the surface on Which 
a thicker silicon ?lm appropriately doped to form a p-n junc 
tion, suitable for applications such as photovoltaics, can be 
deposited. Alternatively, the thin silicon ?lm can be used for 
heteroepitaxial deposition of other semiconductors, Which 
might be more ef?cient convertors of sunlight to electricity. 
We have used tWo electron beam guns as an illustrative 

example. It is understood to one skilled in the art that other 
methods such as a single gun With multiple hearths, chemical 
vapor deposition, thermal heating, or sputtering can also be 
used. 

Example 2 

A good high vacuum system With tWo electron beam guns 
is used to deposit aluminum and silicon independently. A 
glass substrate or a Ni based substrate coated With a buffer 
layer of A1203 is held at temperatures betWeen 600 and 615 
degree ° C. These are nominal temperatures. It is understood 
to one skilled in the art that loWer or higher temperatures can 
also be used depending upon the softening temperature of the 
glass substrate or the reaction kinetics of either aluminum or 
silicon With the metallic tape or its buffer layers When used a 
substrates. The eutectic AliSi is used instead of the AuiSi 
example above. A thin Al ?lm 6 nm thick is deposited on the 
A1203 folloWed by a 100 nm thick silicon deposition, and as 
described in example 1, above, the tWo phase region compris 
ing of solid silicon and a liquid SiiAl mixture is reached. 
The deposition is stopped and the sample is sloWly cooled to 
room temperature. Aluminum diffuses through the silicon 
?lm, driven by its loWer surface energy relative to silicon. The 
silicon ?lm is heteroepitaxially aligned by the A1203 surface. 
The aluminum ?lm on the surface can be etched chemically 
by Well knoWn processes to leave behind a silicon ?lm. The 
surface of this ?lm can noW be used for further groWth of 
epitaxial ?lms either for photovoltaic devices or for ?eld 
effect transistors. 
We note, as stated earlier, that silicon can be groWn epi 

taxially on sapphire but at temperatures higher than 750° C. 
This is a Well established commercial process. HoWever, in 
the absence of aluminum, silicon deposition at, say, 6000 C. 
produces a ?ne grained ?lm rather than a heteroepitaxial ?lm, 
as described above. 

Example 3 

We describe in this example hoW different methods of 
deposition can be combined to take advantage of highly tex 
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tured ?lms as described in example 1, above. The Si ?lm 
produced from the deposition of example 1 is etched to 
remove the Au and then placed back into the vacuum chamber 
and p+-Si is deposited on this ?lm. This latter layer serves tWo 
purposes: it provides a conducting layer for a photovoltaic 
device to be subsequently built on it and can be the starting 
point for a variety of differently con?gured photovoltaic 
devices as, for example, a nanoWire photovoltaic device. Here 
a 2-3 nm thick gold ?lm is deposited on the silicon using an 
electron gun. This 2-3 nm thick gold ?lm breaks up into 
nanoparticles and is the starting point used by a number of 
investigators to use chemical vapor deposition to groW 
nanoWires and use these nanoWires for photovoltaic devices. 
The difference is that We shoW hoW an inexpensive buffered 
glass can be used rather than a relatively expensive single 
crystal Si substrate. 
A second possibility is to deposit a Au ?lm of thickness 5 

nm as islands on a MgO buffered glass substrate, using litho 
graphic or other means knoWn in the art. A heavily doped 
silicon (p+ or n“) ?lm is noW deposited on the surface fol 
loWed by a p- or n-type silicon using electron beam deposi 
tion, as described in example 1. The thickness of the heavily 
doped ?lm is in the micron range Whereas the lightly doped 
?lm is of the order of 100 nm. The deposition process is noW 
changed and chemical vapor deposition is used for subse 
quent deposition of suitably doped ?lms of silicon, practiced 
in the art to groW silicon nanoWire photovoltaic devices. The 
heavier doped silicon ?lm serves the purpose of a conducting 
layer. Using gold islands has the advantage of controlling the 
nanoWires diameter and length in order to maximiZe the e?i 
ciency of the photovoltaic cell (Kayes et al). Instead of using 
the insulating MgO buffer layer, a conducting material such 
as TiN can be used. 

Example 4 

We describe hoW different methods of deposition and tem 
perature can be combined to take advantage of ?lms groWn as 
described in Examples 1 and 2, above to produce desirable 
device structures. Instead of depositing the Al and Si ?lms 
described in Example 2 above, by tWo electron beam heated 
sources in a vacuum, We deposit the Si by decomposition of 
silane using a chemical vapor deposition chamber. This is a 
Well knoWn industrial process. As in Example 2, We deposit a 
6 nm thin ?lm of Al on to a sapphire substrate held at 600° C. 
We then introduce silane gas into the chamber. At these tem 
peratures, the silane decomposes to form a Si ?lm Which 
reacts With the Al to produce a eutectic solution and When this 
solution is saturated With Si (the equivalent of point marked 
13 in FIG. 1 for an AuiSi alloy) the Si precipitates to het 
erogeneously nucleate to form an epitaxial ?lm on the surface 
of the sapphire substrate. This ?lm is continuous and can be 
doped by adding borane or phosphene gases to silane to 
obtain p or n type semiconductor behavior. This ?lm can noW 
be used as a basis to construct thin ?lm photovoltaic cells or, 
alternatively, groW nanoWires of Si on top of it by simply 
loWering the temperature of the substrate beloW the eutectic 
temperature ofAliSi (577° C.). For example, if the tempera 
ture of deposition is 500° C., Si nanoWires Will groW on top of 
the Si ?lm. The Al particles that precipitate out of the AliSi 
solution once the temperature of the substrates is beloW the 
eutectic temperature noW catalytically reduce the silane gas to 
form nanoWires, as described in the literature. These nanoW 
ires can be used to build electronic devices, including photo 
voltaic cells. 

While the principles of the invention have been described 
in connection With speci?c embodiments, it should be under 
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10 
stood clearly that the descriptions, along With the examples, 
are made by Way of example and are not intended to limit the 
scope of this invention in any manner. For example, a variety 
of suitable substrates different from the examples given above 
can be utiliZed or a different variety of deposition methods 
and conditions can be employed as Would be understood from 
this invention by one skilled in the art upon reading this 
document. 

The invention claimed is: 
1. A method of producing photovoltaic devices compris 

ing: 
providing a non-single crystal substrate; 
depositing a crystallographically textured template on said 

substrate; 
depositing a thin ?lm on said textured template; and 
introducing a gas phase precursor comprising Si to said 

substrate, said textured template and said thin ?lm 
thereon, said gas phase precursor comprising Si reacting 
With said thin ?lm to produce a eutectic system for 
heteroepitaxy of Si thin ?lms and nanoWires, said 
nanoWires groW on top of said heteroepitaxial Si thin 
?lms. 

2. The method of claim 1, Wherein said gas phase precursor 
comprising Si is introduced using vapor deposition chamber. 

3. The method of claim 1, Wherein said gas phase precursor 
comprising Si is introduced at a constant temperature. 

4. The method of claim 3, Wherein said constant tempera 
ture is beloW the softening temperature of said non-single 
crystal substrate. 

5. The method of claim 3, Wherein constant temperature 
ranges betWeen about 450 and about 750 degrees centigrade. 

6. The method of claim 1, Wherein said nanoWires are 
groWn on said substrate by loWering a temperature of said 
substrate beloW a eutectic temperature of said eutectic sys 
tem. 

7. The method of claim 6, Wherein said thin ?lm comprises 
Al, said Al precipitating out of the eutectic system and cata 
lytically reducing said gas phase precursor comprising Si 
forming nanoWires. 

8. The method of claim 1, Wherein said crystallographi 
cally textured template is selected from the group consisting 
of MgO, A1203, and TiN. 

9. The method of claim 1, Wherein said nanoWires are 
groWn from said template. 

10. The method of claim 1, Wherein said Si thin ?lm groWth 
can be sWitched to nanoWire groWth by loWering a groWth 
temperature beloW a eutectic temperature of said eutectic 
system. 

11. The method of claim 10, Wherein said nanoWires are 
groWn from said Si thin ?lm, Wherein said crystallographic 
orientation of said thin ?lm is 111. 

12. The method of claim 1, Wherein said non-single crystal 
substrate comprises Ni sheet. 

13. The method of claim 1, Wherein said crystallographic 
orientation of said thin ?lm is 111. 

14. A method of producing photovoltaic devices compris 
ing: 

providing a non-single crystal substrate; 
depositing a crystallographically textured template on said 

substrate; 
depositing a thin ?lm on said textured template; and 
introducing a gas phase precursor comprising Si to said 

substrate, said textured template and said thin ?lm 
thereon, said gas phase precursor comprising Si reacting 
With said thin ?lm to produce a eutectic system and form 
a heteroepitaxial Si thin ?lm, 
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wherein Si nanowires are grown from said heteroepitaxial 
Si thin ?lm, and 

wherein said crystallographic orientation of said thin ?lm 
is l l l. 

15. A method of producing photovoltaic devices compris 
ing: 

providing a non-single crystal substrate; 
depositing a crystallographically textured template on said 

substrate; 
depositing a thin ?lm on said textured template; 
introducing a gas phase precursor comprising Si to said 

substrate, said textured template and said thin ?lm 
thereon, said gas phase precursor comprising Si reacting 
with said thin ?lm to produce a eutectic system and form 
a heteroepitaxial Si thin ?lm; and 

growing Si nanowires on said substrate by lowering a 
growth temperature of said substrate below a eutectic 
temperature of said eutectic system, wherein said Si thin 
?lm growth can be switched to nanowire growth. 

16. The method of claim 15, wherein said thin ?lm com 
prises Al, said Al precipitating out of the eutectic system and 
catalytically reducing said gas phase precursor comprising Si 
forming Si nanowires. 

* * * * * 
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