
0 024 057 Single step formation of PN junction in silicon cell and coating
thereon In  the conventional preparation of a photovoltaic solar cell a PN
junction is formed by diffusing either boron or  phosphorus into a silicon
base material. The silicon base material may be obtained pre- dopedso that
it is either P type or N type and the opposite type dopant is used in the
junction formation process These diffusions are generally made from  a
vapor phase in a vacuum or in a non-oxidizing. . atomsphere such as
nitrogen or argon as a carrier gas at temperatures of 850[err] to 1 1
00[err]. In making the solar cells a separate step is needed to apply a
quarter-wave optical thickness anti- reflective film to the surface of the
cell to make it more efficient. The antireflective coating increases the
efficiency of the cell, for example, as much as 50 percent. Such optical
coatings are applied by vacuum . deposition, sputtering, or other
techniques. Recently it was suggested that polymerized titanium dioxide
solutions could be made which would deposit optical coatings of the desired
thickness and index of refraction by liquid application methods. Examples
of the prior art are Patent Abstract of Japan, Vol. 3, No. 106, 7th
September 1979, Page 56E135 and JP-A-5 482 992 which describe a method of
forming an antireflecting coating of TiO2 (Titania)  on a single-crystal
silicon wafer, a P-N junction being formed in the wafer by diffusion of
dopant impurity from the coating during its formation and 15 US-A-4 101 351
in which a doped TiO2 antireflection coating on a silicon substrate is
heated to form a diffused P/N junction. It is the principal object of the
invention to provide an anti-reflective coating to silicon. One aspect of
the invention resides broadly in a method applying an antireflective
coating on silicon comprising the steps of: 20     forming a coating of at
least. 40% titania having dopant properties on said silicon; and heating
the coated silicon above the diffusion temperature of the dopant, wherein
said coating is formed from a clear solution which results from mixing
ingredients comprising: (A) alkoxide having the general formula [err] where
M is selected such that an oxide coating formed 25    from this solution
comprises 40 to 100% by weight [err] and 0 to 20% by weight [err] wherein R
is alkyl from [err] to [err], and n is the valence of M; (B) about 1,7 to
about 8 moles of water per mole of alkoxide; (C) sufficient alcohol to give
a solid coritent of 0,1 to 15% by weight of the solution; (D) a sufficient
amount of a suitable acid to prevent cloudiness; and 30 (E) 1% to 50% by
weight of a P or N dopant, the percentages of the said oxides and the
dopant edding up to 100%. Another aspect of the invention resides broadly
in a silicon chip made according to the above method. 35     If an
anti-reflective coating is doped with a dopant compound, e.g., boron, the
dopant atom will diffuse into the silicon forming. a P/N junction during
the baking of the antireflective coating. Thus, in a single step, the
anti-reflective coating and the P/N junction is simultaneously formed. This
eliminates. the expensive procedures of diffusing the dopant into the
silicon, and numerous other steps related to masking, cleaning, etc. of the
substrate, associated with the present methods of diffusion and junction 40
formation. Quite unexpectedly, we have found that the concentration of the
dopant in the silicon, which is diffused from titania-based optical coating
in our new prcedure, is in the magnitude of 10[err] carriers per cm3, which
is considered to be the ideal concentration for the optimum  results.
(Previous techniques had produced concentrations of about 10[err] or
10[err]). At these higher concentrations the junction depth had to be
limited to only .3 to .4 microns in order to avoid recombination of the
charges 45 before they crossed the juncture. Because the technique of this
invention results in a lower concentration of dopant in the silicon,
control of the junction depth is less critical and juncture depths of one
micron or more can be tolerated. Another advantage of this process is that
extremely uniform dopant diffusion and junction depth can be obtained on
large devices, photovoltaic or otherwise. This is due to the fact that the
diffusion of 50 dopant occurs from an optical film which is homogeneous in
composition at the molecular level and uniform in thickness below the
wavelength of light. Still another advantage is that multidopant
Integration and diffusion on well defined areas of a substrate can be
obtained in a single step without the need to mask the substrate; this is
done by applying solutions only on those areas. An exemplary embodiment of
the invention is described infra. 



55  Figure 1 is a simplified isometric view in section of a certain
presently preferred embodiment of a solar cell according to this invention.
Figures 2 to 8 are graphs which illustrate the results of experiments. In
Figure 1, a silicon wafer 1 is composed of a P layer 2, a P/N junction 3,
and an N layer 4 from which electricity Is drawn by grids 5 and 6 attached
thereto respectively. On the surface of wafer 1 60 which is exposed to
light is the antireflective coating 7 according to this invention, about
1/4 optical wavelength in thickness and having an index of refraction equal
to the square-root of the index of refraction of the substrate. The coating
reduces the reflection of light back to its source and thereby    0 024 057
enhances the efficiency of the solar cell. The captured light causes
electrons to move from the P layer to the N  layerthereby generating an
electric current. -    The silicon starting material used in this invention
is commercially available in the form of strips; i.e  web  silicon, about
one-half to one inch in width, and in form of chips about 2 to about 10 5
centimeters In diameter, though silicon of any dimension can be used. The
silicon is commonly about .125 to about .25 mm (5 to 10 mils) in thickness.
If undoped silicon is used, it is necessary to diffuse a P layer into the
silicon from one surface and an N layer from the opposite surface in order
to form a P/N junction. It is preferable to use a silicon material which
has been pre-doped with a P or an N dopant throughout because diffusion
into this silicon with a dopant of the opposite type forms a P/N junction
in 10 one step. Preferably, silicon which has been doped with phosphorus,
that is, an N type silicon, is used because it has been found that the
method of this invention works best using boron, which is a P type dopant.
The dopant is diffused into the silicon from a solution derived from metal
alkoxides. The precursor solution is a clear titanium oxide based solution,
which is derived from partial hydrolysis and 15  polymerization of-
titanium alkoxides. The preparation of this solution has been presented in
detail in European Patent Specification EP-A-8215, herein incorporated by
reference. Alkoxides useful in preparing the solutions have the general
formula M(OR). In the formula  "M" represents a metal ion. This ion is
preferably titanium as it is commercially the most important but it can
also be tantalum. In this invention at least 40% of the resulting coating
should be titania. The remainder can be up to 25% 20 [err] up to- 15% of
another metal oxide of a metal which forms an alkoxide, or mixtures
thereof. These alkoxides can be included in titania to alter the index of
refraction of the coating as will be apparent to those skilled in the art.
The small "n" In the formula is the valence of the M ion and can vary from
3 to 5. The R group Is alkyl from C[err]. Each R group may be independently
selected if desired though they are usually the same. The R group is
preferably ethyl, isopropyl, or butyl because these alkoxides 25  are
commercially available and inexpensive. Also, the alcohols which are formed
from these alkyl groups mix with water in the range of the Invention. The
alcohol used in preparing the coating solution can be any liquid solvent or
alcohol, so long as it is dry or its water content is low and well defined
and it does not react with alkoxides. Higher alcohols produce thicker
films. The alcohol need not be the same alcohol that is produced by the
hydrolysis of 30 the alkoxide, and in some instances it is desirable that
they be different in order to obtain different- viscosities. The amount of
alcohol used should be sufficient to produce a solution having a solids
content of 0.1 to 15% by weight based on equivalent oxide. A greater solids
content for the same degree of hydrolysis will cause the solution to gel
and a lesser solids content results in undesirably thin coatings. A
preferred solids content is about 2 to about 8% by weight based on
equivalent oxide. Stated 35 another way, the preferred maximum is about 1
mole alkoxide per liter of final solution. Metal alkoxides, in general,
hydrolyze quite vigorously when brought into contact with water, forming
oxides and hydroxides as represented by the reactions. [err] Whether the
oxide or the hydroxide forms during the hydrolysis depends on the nature of
the alkoxide. In either case, however, the resultant material is
particulate, precipitates out, and therefore is not useful for coating. The
alkoxides of titanium and tantalum, particularly, form precipitates even
under insufficient water hydrolysis, and the formation of precipitates
cannot be prevented under normal 



. conditions. However, EP-A-8215 describes a method of preparing soluble
intermediate species from these alkoxides which are capable of polymerizing
into an continuous oxide network. Precipitate formation and
self-condensation which would normally occur during the hydrolysis of these
alkoxides are prevented from occurring by a careful control of molecular
interaction during the hydrolysis where certain amounts of OR groups are
left in the molecular structure. This is done by controlling, first, the
amount of water and dilution of the system, and second, by the presence of
a critical amount of certain acids. 55       Because the water and/or
alkoxide is diluted by the alcohol, the interaction of alkoxide and water
molecules are reduced to a critical minimum where the complete hydrolysis
of an alkoxide molecule cannot take place, occurrence of which would
precipitate [err]. The first reaction produces a partially hydrolyzed
alkoxide which does not precipitate: 60:         -
[err] The partially hydrolyzed alkoxide  molecules include  [err] and [err]
and can then forma polymer with otheralkoxide molecules:    0 024 057 which
can again react with other partially hydrolyzed titanium species. Because
of the alkyl groups in the polymer it remains soluble in the alcohol. To
keep, the polymer soluble, it is necessary that not all the alkoxide bonds
be hydrolyzed. Thus, the amount of water added is absolutely critical.If
the amount is less than 1.7 moles of water per mole of alkoxide the
coatings may be permanently cloudy and if more than 8 moles of water per
mole of alkbxide is used, the solution will gel fairly quickly. Preferably
the amount of water should be 1.8 to 2.2 moles per mole of alkoxide. In
preparing the solution it is important to avoid contacting alkoxide with
water without diluting one or both of them with alcohol first for otherwise
a precipitate will form at the point of contact. Although either or both
the water and alkoxide can be diluted with alcohol first, it is preferable
to dilute 10 the water,  then to mix the water-alcohol mixture with the
alkoxide. There should be a minimum of 600 cc of alcohol used per mole of
alkoxide; the preferable diluting range, however, is 2 to 8 liters of
alcohol per mole of alkoxide. When water and the alkoxide are brought into
contact in an alcohol diluted  system, the system turns cloudy. This
cloudiness, which indicates the condensation of separate particles, can be
avoided by 15  introducing  at least 0.0 14 moles of either [err] or [err]
acids. If the introduction of acid is made into the water-alcohol solution
before  mixing with the aloxide no cloudiness ever occurs, and this is
therefore the preferred method of introducing the acid. Acid can be added
anytime after the mixing occurs and it will cause the cloudy slurry to turn
into a clear solution. However, if more than 0.1 moles of acid are used per
mole of alkoxide, the solubility of the solution is reduced and it will
turn cloudy after several 20  days. So far, no organic acids have been
found which work, and the only inorganic mineral acids which have been
found to work are hydrochloric acid and nitric acid, although not all acids
have been tried. It was also found that in some systems, such as in glycol,
this acid is not required. The dopant compound may be added directly to the
alkoxide solution but preferably a separate solution is prepared which
contains the dopant compound. The dopant compound is a compound of a P 25
or N type dopant. The commonest N and P dopants are phosphorus and boron
and they are preferred as they are the most efficient, but it may be
possible to use other dopants such as aluminum or arsenic. Boron is the
most preferred dopant because it has been found to work the best. A
solution is prepared of a compound of the dopant such as, for example, an
alkoxide or an acid. Alkoxides from C, to C4 are preferred. These
compounds include boron trimethoxide, boron   triethoxide, boron
triisopropoxide, 30 phosphorus penta  butoxide, phosphorus pentaethoxide,
phosphorus pentamethoxide, etc. The three compounds which are particularly
preferred are boron trimethoxide, [err] boric acid, and phosphoric acid.
Whatever dopant compound is used, it must be compatible with the alkoxide
solution. That is  it must go into the  precursor solution either by
reaction with the metal alkoxide or by dissolution, but it must not form a
precipitate. When the alkoxide solution is baked the dopant  atoms, 35
boron or phosphorus, migrate into the silicon to form the P/N junction. If
the dopant is added from an alkoxide it may be partially hydrolyzed with
1.0 to 1.5 moles of water per mole of alkoxide to prevent its 



vaporization. However, this may not be necessary if the base solution
contains enough hydroxyl groups. The remainder of the solution is made up
of alcohol. The alcohol concentration in the total solution controls the
thickness of the film but it is not especially critical In the dopant
solution and the solution 40 of the dopant compound may contain no alcohol
or up to 99% alcohol as is desired. The solution of the dopant compound or
the dopant compound itself is then mixed with the alkoxide solution. This
final solution should contain about 1 0% to about 30% by weight of dopant
compound based on the total weight of the metal alkoxide and the dopant.
More than 30% may be used but there is no additional benefit to using more
than 20% because it does not increase the concentration of the dopant in
the 46 silicon. However, more may be useful in altering the index of
refraction of the coating. Less than 1 0% reduces the dopant concentration
in the silicon but this may be desirable under some circumstances. The
solution, once prepared, should be aged for a few hours to permit the
polymerization to proceed and stabilization of its viscosity. The solution
should be clear at this stage. A clear solution indicates that a single
continuous phase has been made rather than a particulate suspension or a 50
precipitate. To make a coating from the solution, the solution is applied
to a silicon substrate. Application may be by dipping, spraying, printing,
painting, spinning, or other suitable liquid application method, but
dipping and spinning are the preferred methods as they are most easily
adapted to mass production. Extremely uniform coatings on large areas,
e.g., greater than 1 00 square centimeters, are readily 55 obtainable,
unlike the vapor deposition coating. For an anti-reflective coating on a
solar cell, the substrate is silicon either in the form of wafers or as a.
continuous strip. The surface of silicon reflects 35-38% of solar energy;
since the reflected portion is not available for the conversion process,
the overall efficiency is thereby reduced unless an antireflective coating
is applied. Antireflective (AR) coatings must be highly transparent and
stable in 60 the outdoor environment. The refractive index and thickness of
the AR coating must meet optical conditions. described by Fresnel's
equation to be antireflective in the desired wavelength range. Minimum
reflection from a silicon cell can be achieved by using an AR coating that
is of quarter wavelength  optical thickness, about 7500 nm (750 A). with an
index of refraction  of approximately  2.0. Therefore, at the end of the
heat treatment, which provides proper boron diffusion and junction depth 65
within the substrate, the coating must meet these optical requirements.
Since the coating is affected by. 4    0 024 057 this heat-treatment, the
initial composition and thickness must be tailored to give the index of
refraction 2 and thickness about (750 A) (7500 nm) after the heat
treatment. If a boron or phosphorus dopant is used a preferred temperature
range is about 850[err] to about 1 100[err] because at less than 8500C
there is very low diffusion of the boron into the silicon and at more than
1 1 00[err] the silicon 5 begins to deteriorate. A temperature of 900[err]
seems to work the best. The firing should be done in a vacuum or under
nitrogen or argon or another inert gas to prevent the silicon-from
oxidizing. The film resulting after the heat treatment is continuous, has a
uniform thickness within several angstroms, and is tenaciously bounded onto
the substrate. For example, a suitable carrier concentration and junction
depth is produced for photovortaic solar to application by using N-type
silicon (10 to 20 ohms) and diffusing boron from the AR coating at 9000C in
vacuum for about 45 minutes. Figure 2 shows the index of refraction of the
coating at the end of this heat treatment as a function of boron
concentration in the TiO2 based AR precursor solution. As can be seen from
Figure 2, for this heat treatment to produce an index close to 2 over 50%
[err] must be used in the precursor solution. Even though this is
acceptable it is noticed that at high [err] concentration, 15 i.e., over
40%, the coating tends to become cloudy, and chemical and environmental
resistance may drop. Thus, a suitable range of dopant concentration is from
1 to 50%. A preferred method of adjusting the index of the coating to 2 is
to limit the boron addition to less than 30% and to lower the index by the
addition of another constituent of low index such as SiO2. The SiO2
component may also be added from alkoxides or partially hydrolyzed
alkoxides similar to dopant introduction and is described in EP- 20 A-821
5. (The data for Figures 2 to 7 was obtained using procedures described in
Example 1. 



Measurements were done by spreading resistance). The following table,
graphically illustrated in Figure 3, shows the amount of equivalent [err]
required to lower the index of refraction to about 2 as a function of
amount of [err] dopant present in a titania based AR coating subjected to
900[err] vacuum treatment for 45 minutes. 25 B203 (wt %)     SiO2 (wt %)
TiO2 (wt %) 10             25              65 20              15
65 30                         30               10             60 40
5              55 50               3             47 Additional information
on controlling the index of refraction of the metal oxide coating can be 35
found in EP-A-B 215. The amount of carrier concentration, spreading
resistance, and the junction depth in an N-type silicon substrate (10 ohm
resistance) with one hour heat treatment at 9000C in vacuum as a function
of B203 concentration in the AR coating are shown in Figures 4, 5, and 6
which illustrate the following table. 40 Carrier Wt % [err]
concentration    Junction       Spreading in AR coating     per cm3 --
depth ([err])    resistance 45                   10%           1 X 1 x
0.10[err]   .  40          2.6 x 102 20%           3x10[err]          .70
0.8x 1 02 30%            3 x 10[err]        .75          0.8x 1 2 40%
3x10[err]          .75 50%           3x101           .75          0.8x102
50 The significance of these figures are, first, that the boron
concentration above 20% wt does not affect the carrier concentration nor
the junction depth, unlike the boron diffusion done from conventional glass
coatings. Secondly and more importantly, the carrier concentration was
stabilized at a value in the 1 09/cm3 range regardless of the boron present
in the AR coating above 20 wt %. This is 55 significant because this value
represents the optimized balance between two conflicting factors-the
undesirable recombination effect, and the desirable conductivity with
increasing carrier concentration. Due to this property of the coatings of
this invention, deeper junctions can be obtained with stable carrier
concentrations in the method of this invention. The effect of time on the
carrier concentration appears to be linear at 900[err]. Figure 7, which 60
illustrates the data of the following table, shows the effect of bake time
on the carrier concentration and the junction depth in N-type silicon (10
ohm resistance) for a 10% B203 doped AR coating at 900[err] in vacuum. 85 5
0024 057 TABLE A -           Carrier '       concentration  Junction
Surface Time          per cm[err]        depth (u)    resistance 15 min .
7x10[err]          0.23         250x10[err] 30 min.       1.5x10[err]
0.16          10 X 10[err] 45 min.        2.3 x 1 0[err]       0.42 60min.
1.0 x 10[err]           0.45         2.6x102 This shows that the junction
depth can precisely be controlled by heat treatment time. 



Example 1 A 3.5 weight percent equivalent 1102 containing solution was
prepared as follows: 1.5 g H20, and 15 130 mg (4 drops) [err] acid were
added to 90 g of dry ethyl alcohol, [err] Then 10 g of [err] was also added
and mixed. A clear solution resulted. Another clear solution containing
trimethyl borate in a partially hydrolyzed form, and containing 10 weight
percent equivalent boric oxide, was prepared by adding: 2 g water to 23 g
of dry ethyl alcohol. To this 10 g of trimethyl borate, [err] was added and
mixed. (When more than  1.5 moles 20 of H20 is used per mole boron alkoxide
a precipitate results). From these two titania and boron solutions, 10, 20,
30, 40, -and 50 weight percent equivalent [err] containing solutions were
prepared by simply mixing them in proper proportions. These solutions were
coated on 5 cm silicon wafers by spinning at 2000 rpm. These wafers were
then heated at 9000C for 60 minutes in vacuum. The index of refraction of
coatings, carrier 25 concentrations, junction depth, and spreading
resistance were then measured, which are shown in the following table.
Index of refraction        Carrier          Junction Wt. % [err]        of
coating          concentration/cm3     depth ([err]) 30 10
2.47                  1 x10[err]            0.40 20               2.26
3x10[err]            .0.70 30               2.14                  3x10[err]
0.75 40               2.08                  3x1019-            0.75 35
50               2.04                  3x10[err]              0.76 Example
2 The indices of refraction of the optical coatings made in Example 1 at
various amounts of boron dopings can be reduced to 2 to satisfy the Fresnel
condition for antireflectivity on silicon. 40     A 10% of
silica-containing solution was prepared by hydrolyzing tetraethylsilicate,
[err] with 1.8 moles of water in ethanol. Using this solution and the boron
and titania solutions described in Example 1 the following AR coating
solution was prepared: 21 g, 10 wt. % eq [err containing solution and 10.4
g, 10% eq SiO2 containing solutions were added to 150 g dry ethanol. 1.5 g
H20 and 130 mg (4 drops) [err] acid were also introduced. After mixing, 10
g of [err] was added and mixed. 45     This solution contained a total of 5
weight percent equivalent oxide which was made up by 70% TiO2, 20% [err]
and 10% [err] This solution was then spin-coated at 1000 rpm on 1-1/2
inches silicon wafers and heat treated at 900C in vacuum for 45 minutes.
The spectral reflectivity curve measurements were done. Figure 8 shows the
spectral reflectivity of the coating which indicates that an ideal single
layer antireflective film on silicon has been produced that meets the index
of refraction and thickness requirements. When the boron diffusion
measurements were done, it was found that this sample had a carrier
concentration of about 3x 10[err] and a junction depth of about 0.5.
Junction depth and carrier 55 concentration was extremely uniform on the
entire sample. Example 3 Example 2 was repeated with using unhydrolyzed
tetraethyl silicon which reacts with the hydroxyl groups of titania. The
results were similar except the viscosity of the solution was different. It
required 50 an adjustment on the speed of application to obtain quarterwave
optical thickness. Example 4 Example 2 was repeated using unhydrolyzed
B(OCH3)3 which again reacts with the hydroxyl groups of titania. The
results were similar, except that due to the slightly different viscosity
of the-.- 65 solution, the coating application rate needed to be different,
e.g., 800 rpm.         - 6    0 024 057 Example 5 



Example 2 was repeated using titanium  butoxide, [err] and titanium
isopropoxide, [err] Also, various other alcohols were used. The results
were similar. 5 Example 6 A 1 0% e.g. [err] doped titania AR coating
solution was prepared as described in Example 2. This solution was applied
on N-type silicon wafers of .001 ohm per centimeter resistivity at 1000
rpm. The samples were baked at 900[err] in vacuum for various lengths of
time. The effect of time on  carrier concentration, junction depth, and
surface resistance for this composition and  heat treatment is shown 10 in
Table A and Figure 7. Example 7 Example 6 was repeated with 20% boron. The
junction depth was found to be 0.50 after baking for 50 minutes and 0.75
after baking for 60 minutes. 16 Example 8 A 3.5 weight percent TiO2
alkoxide precursor solution was prepared as in Example 1. Phosphoric acid
was added to this solution to obtain 15 weight percent equivalent of [err]
based on TiO2 concentration. The solution was applied to boron doped
silicon wafers having .001 ohm per centimeter 20 resistivity. The wafers
were spun at 1 000 rpm then heat treated at 1 050[err] in nitrogen for one
hour. An excellent anti-reflective coating resulted. Tests on  the product
showed that a suitable phosphorus diffusion took place. Example 9- 25
Example 8 was repeated except 10% phosphorus was introduced from a triethyl
phosphate solution. The junction was formed at 1 0000C and an excellent
antireflective coating with phosphor doping again resulted. Example 10 30
A solution containing 5% total oxide which was in part made with 70% [err]
20% [err] and 1 0% [err] as described In Example 2 was prepared and spin
coated on an N-type 10-12 ohm resistance silicon wafer 100 cm in diameter
at 1 000 rpm. The samples were baked at 900[err], C for 45 minutes and were
divided 1cm2 photovoltaic cells. The results of these unoptimized cells are
shown in the following. table. 35     In the following table, sample number
4  was  faulty in some respect. It is believed that still higher
efficiencies which are listed in the next to the last column will be
obtained under optimal conditions. 40 45 50 55 60 7    0 024 057 Example 5
Example 2 was repeated using titanium  butoxide,  [err] and titanium
isopropoxide, [err] Also, various other alcohols were used. The results
were similar. 5 a Example 6 A  10% e.g. B203 doped titania AR coating
solution was prepared as described in Example 2. This solution was applied
on N-type silicon wafers of .001 ohm per centimeter resistivity at 1000
rpm. The samples were baked at 900[err] in vacuum for various lengths of
time. The effect of time on carrier concentration, junction depth, and
surface resistance for this composition and heat treatment is shown to in
Table A and Figure 7. Example 7 Example 6 was repeated with 20% boron. The
junction depth was found to be 0.50 after baking for 50 minutes and 0.75
after baking for 60 minutes. Example 8 



A 3.5 weight percent TiO2 alkoxide precursor solution was prepared as in
Example 1. Phosphoric acid was added to this solution to obtain. 15 weight
percent equivalent of [err] based on 1102 concentration. The solution was
applied to boron doped silicon wafers having .001 ohm per centimeter 2o
resistivity. The wafers were spun at 1000 rpm then heat treated at 1 0500C
in nitrogen for one hour. An excellent anti-reflective coating resulted.
Tests on the product showed that a suitable phosphorus diffusion took
place. Example9         - 25     Example 8 was repeated except 10%
phosphorus was introduced from a triethyl phosphate solution. The junction
was formed at 1000[err] and an excellent antireflective coating with
phosphor doping again resulted. Example 10 30     A solution containing 5%
total oxide which was In part made with 70% TiO2, 20% [err] and 10% SiO2 as
described in Example 2 was prepared and spin coated on an N-type 10-12 ohm
resistance silicon wafer 1 00 cm in diameter at 1000 rpm. The samples were
baked at 900[err] for 45 minutes and were divided 1 cm2 photovoltaic cells.
The results of these unoptimized cells are shown in the following table. 35
In the following table, sample number 4 was faulty in some respect. It is
believed that still higher efficiencies which are listed in the next to the
last column will be obtained under optimal conditions. 40 46 50 55 50 7
0 024 057 [err]    C   L   M   S Claims 1  A method of applying an
antireflective costing ort silicon comprising the steps of: forming a
coating of at least 40% titania having dopant properties on said silicon;
and 5   - heating-the coated silicon above the diffusion temperature of the
dopant, wherein said coating is formed from a clear solution which results
from mixing ingredients comprising: ' .   . (A) alkoxide having the general
formula M (OR)[err] where M is selected such that an oxide coating formed
from this solution-comprises 40 to 100% by weight[err], and 0 to 25% by
weight SiO2, wherein R to     is alkyl from C[err], and n is the valence of
M; (B) about 1,7 to about 8 moles of water per mole of alkoxide; (C)
sufficient alcohol to give a solid content of 0,1 to 15% by weight of the
solution; (D) a sufficient amount of a suitable acid to prevent cloudiness;
and (E) 1% to 50% by weight of a P or N dopant, the percentages of the said
oxides and the dopant edding up to 100%     - 2. A method according to
claim 1 wherein said dopant is selected from the group consisting of boron
alkoxides, phosphoric alkoxides, phosphoric acid, and boric acid. 3. A
method according to claim 1 or 2 wherein said M ion is only Ti. 20 .   4. A
method according to claim 1, 2 or 3 wherein said dopant is introduced from
an alcohol solution of a boron alkoxide hydrolyzed with up to about 1,5
moles of water per mole of alkoxide, and said alcohol solution, is added to
a titania based solution derived from titanium alkoxides, water and acid.
- 



5  A method according to any of claims 1 to 4 wherein the amount of dopant
used is such that the 25 resulting coating has an index of refraction of
about 2. 6. A method according to any of the preceding claims wherein said
silicon is N-type and said dopant is P-type. 7. A method according to any
of the preceding claims wherein said dopant is boron. 8.-A method according
to any of the preceding claims-wherein said temperature is 850 to 30 1
100[err]. 9. A method according to any of the preceding claims wherein said
dopant is diffused to a depth greater than 1- micron. 10. A coated silicon
chip containing a-P/N junction prepared according to the method of any of
the preceding claims. 35      11. A coated silicon chip according to claim
10 wherein said coating is 600 to 750 A 6000 to. 7500 nm thick. 12 .  A
coated silicon chip according to claim 1 1 wherein said coating
includes[err] or mixtures thereof so as to produce an index of refraction
of 2. Revendications 1  Proced6 d'application d'une couche
antrit6fl6chissante sur du silicium comprenant les stades suivants: 48s   -
formation d'une couche d'au moins 40% d'oxyde de titane douA de propridtes
dopantes sur ledit silicium; eta
-- chauffage du silicium revOtu au-dessus de la temperature de diffusion du
dopant, dans lequel ladite couche est form6e A partir d'une solution claire
provenant du melangeage d'ingrddients comprenant: (A) un alcoolate ayant la
formule g6nerale M{OR)n oO M est choisi de fagon telle qu'une couche
dioxyde .formde A partir de cette solution comprend 40 a 100% en poids de
T1O2, et 0 A 25% en poids de SiO2, o R est un groupe alkyle en C1-Ca, et n
est la valence de M; (B) environ 1,7 A environ 8 moles d'eau par mole
d'alcoolate; 55 (C) une quantit6 suffisante d'alcool pour obtenir une
teneur en produit solide de 0,1 a 15% en poids de Ia solution; -- ID) une
quantit6 suffisante d'un acide appropri6 pour empecher la turbiditA; et.
(E) Y1% a 50% en poids d'un dopant P ou N, les pourcentages desdits oxydes
et du dopant totalisant jusqu'A 100%. 60~ 2. Proc6d6 selon la revendication
1, dans lequel ledit dopant est choisi parmi le groupe constitud par des
alcoolates de bore, des alcoolates phosphoriques, I'acide phosphorique et
r'acide borique. .3. Procd selon les revendications 1 ou 2, dans lequel
ledit ion M est seulement Ti. --t *t -  -4rProc6de selon les revendications
1, 2 ou 3, dans lesquelles ledit dopant est introduit a partir d'une
solution alcoolique d'un alcoolate de bore hydrolys6 avec jusqu'a environ
1,5 mole d'eau par    0024 057 molos d'alcoolate, et que ladite solution
alcoolique est ajoutee A une solution A base d'oxyde de titane provenant
d'alcoolates du titane, d'eau et d'acide. 5. Proc6de selon l'une quelconque
des revendications 1 a 4, dans lequel la quantite de dopant. utilise est
telle qus la couche r6sultante a un indice de r6fraction d'environ 2. B-.
Procede selon l'une quelconque des revendicbtions precedentes, dans lequel
ledit silicium est du type N et ledit dopant est du type P. 7. Procede
selon lune quelconque des revendications pr6c6dentes, dans lequel ledit
dopant est le boreo.         .. 8.. Proc6de s'elon lune quelconque des
revendications pr6cedentes, dans lequel ladite o temperature va de 850 A 1
1 00C. 9. Proc6d6 selon l'une quelconque des revendications pr6c6dentes
dans lequel ledit dopant est diffuse A une profondeur sup6rieure a 1
micron. 



10. Puce de silicium revAtue contenant une jonction P/N pr6par6e selon le
proc6de de lune quelconque des revendications prec6dentes. 15     11. Puce
de silicium revetue selon la revendication 10, dans laquelle ladite couche
a une epaisseur de 600 A 750 A (6000 a 7500 nm). - . . 12. Puce de silicium
revetue selon la revendication 11, dans laquelle ladite couche comprend du
6203. SiO2 OU leurs m6langes afin d'obtenir un indice de r6fraction de 2..
20 PatentansprOche.- 1. Verfahren zum Anbringen sines Antireflexbelags auf
Silizium, dadurch gekennzeichnet, das auf das Silizium sine Schicht aus
mindestens 40% Titandioxid mit Dotierungsmitteleigenschaften aufge- bracht
wird, daB das beschichtete Silizium bis Ober die Diffusionstemperatur des
Dotierungsmittels 25 erhitzt wird, und daB die Schicht aus einer klaren
Losung gebildet wird, die durch Vermischen der folg- enden Bestandteile
entsteht: (A) Alkylat der allgemeinen Formel M(OR)n, worin M so gewihit
wird, daB sine aus dieser Losung ge- 0   bildete Oxidschicht 40 bis 100
Gew.-% TiO2 und 0 bis 25 Gew.-% S102 enthilt, worin ferner R ein 30
Alkyl mit 1 bis 6 Kohlenstoffatomen ist und n die Valenzbindung von M
bedeutet, (B) stwa 1,7 bis etwa 8 Mol Wasserje Mot Alkylat, (C) so viel
Alkohol, daB sich sin Trockensubstanzgehalt von 0,1 bis 1 5 Gew.-% der
Losung ergibt, (D) sine so groae Menge einer geeigneten Saure, daB
Trubungen vermieden werden, und (E) 1 bis 50 Gew.-% sines p- oder
n-Dotierungsmittels, wobei die Anteile der Oxide und des Dotierungs- 36-  .
mittels zusammen 100% ergeben. 2. Verfahren nach Anspruch 1, dadurch
gekennzsichnet, daB das Dotierungsmittel unter folgenden Substanzen
ausgswihit wird: Boralkylate, Phosphoralkylate, Phosphorsiure, Borsadure.
3. Verfahren nach Anspruch I oder 2, dadurch gekennzeichnet, daB das M-lon
ausschlieslich von 40 Ti gebildet wird. 4. Verfahren nach einem der
Ansprflche 1 bis 3, dadurch gekennzeichnet, daB das Dotierungs- mittel aus
einer alkoholischen Losung von Boralkylat, hydrolysiert mit bis zu 1,5 Mot
Wasser je Mot Alkylat, eingefujhrt wird, und daS die alkoholische. Lsung zu
einer auf Titandioxid basierenden Losung gegeben wird, die aus
Titanalkylaten, Wasser und Slure gebildet ist. 45 .   5. Verfahren-nach
einem der AnsprOche 7 bis 4, dadurch gekennzelchnet, daB die Menge des
verwendeten Dotisrungsmittels so groa gewihlt ist, daB der Belag eonen
Brechungskoeffizienten von etwa 2 hat. 6 6. Verfahren nach einem der
vorhergehenden Anspruche% dadurch gekennzeichnet, dam es sich um n-Silizium
und p-Dotierungsmittel handelt. 50     7. Verfahren nach einem der
vorhergehenden Anspruche, dadurch gekennzeichnet, daB es sich bei dem
Dotierungsmittel um Bor handett. 8.. Verfahren nach. einem der
vorhergehenden Anspr'che, dadurch gekennzeichnet, daB die Temperatur
zwischen 850 und 1 100C liegt. 9. Verfahren nach einem der vorhergehenden
AnsprOche, dadurch gekennzeichnet, daB das 55 Dotierungsmittel in sine
Tiefe von mehr als 1 u diffundiert wird. 10. Beschichteter Silizium-Chip
mit einem pn-Obergang, hergestellt nach dem Verfahren gemiS sinem der
vorhergehenden Anspruchen. I . Beschichteter Silizium-Chip nach Anspruch
10, dadurch gekennzeichnet, daB der Belag zwischen 6000 und 7500 nm stark
ist. 60     12. Beschichteter Silizium-Chip nach Anspruch 11, dadurch
gekennzeichnet, da% der Belag 6203, SbO2 oder ein Gemisch beider enthilt,
so dam sich sin Brechungskoeffizient vom Betrage 2 ergibt.    


