|  ENHANCED METHOD OF FORM NG NI CKEL SI LI CIDES This application
clainms the benefit of priority under 35 U S.C. 119(e) to U S
Provi si onal Application No. 61/275,085, filed August 25, 2009, the
entire contents of which application are incorporated herein by
reference. The present invention is directed to an enhanced nethod of
form ng nickel silicides. More specifically, the present invention
is directed to an enhanced nethod of florming nickel silicides where
t he nunber of processing steps is reduced. Silicides in general may
be used for a variety of purposes in the sem conductor and advanced
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atmosphere o prevent oxidation of the metal deposits. Both the deposition processes and
annealing in an inert environment or under a vacuum require the use of specially designed and

costly apparatus.

Alter annealing metal layers are typically deposited on the metal silicide to build-up and
form conductive tracks or electrodes. Typically the silicide must be activated prior to depositing
such metal layers. Activation may be done by deposition of catalytic material on the silicide;
however. this requires additional multiple steps to the overall process or use of catalytic colloid
compounds. Catalytic colloid compounds may adhere to dielectric materials selectively coated
onio the silicon and result in undesired, excessive, and non-selective deposition of metal on the
dielectric. Non-selective deposition of metal may lead to surface contamination. unwanted
dilfusion ol conductive materials into dielectric materials, and even device failure [rom short

circuits and other device irregularities. This not only increases the number of processing steps



circuits and other device irregularities. This not only increases the
nunber of processing steps but whenever a activation step is included
prior to nmetallization there is a risk of not properly activating
the netal layer. thus resulting in adhesion failure between netal

| ayers. U.S. 6.787.450 discloses a nethod of formng silicides on

sem conductor devices and wusing electroless netal deposition to form
conductors. The sem conductors nmay be milicon based.
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conductor. Although there are nethods for formng nmetal silicides on
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ammonium peroxide. Other activation methods include contacting the silicide with hydrofluoric
acid (HF) alone or a mixture of HF and palladium chloride. Various surfactants may also be
included in the activation solution. IF cobalt or nickel silicide is formed instead ol titanium
silicide. it is also necessary to activate the silicides prior to electroless build-up to lorm the
conductor, Afller activation, the semiconductor is rinsed and then electrolessly plated with

nickel. nickel alloy. cobalt or cobalt alloy to form the conductor.

Although there are methods for forming metal silicides on semiconductor walers. there is

still a need for enhanced and more efTicient methods of forming siticides.

A method includes providing a silicon containing substrate; depositing a nickel layer onto



A nmet hod includes providing a silicon containing substrate;
depositing a nickel layer onto the silicon containing substrate;
depositing a silver layer onto the nickel l|ayer; and heating the
silicon containing substrate with the nickel and silver layers to a
sufficient tenperature to forma nickel silicide. The silver netal

| ayer coating adjacent the nickel netal |ayer which is adjacent the
silicon containing substrate protects; the nickel netal from damage
clue to the high tenperatures used in silicide formation.
Additionally, the silver layer permts silicide formation in a
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are intended to lnc ude both the singular <mci Lhe ptural. The term “siticide™ means a binary
compound ol silicon and another element. usuaily a metal. The term “selectively depositing™
means that deposition occurs in specific desired areas on a substrate. The term “lux =Ix" is a
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unit of iHumination equal to one lumen/m~; and one lux = .46 milliwatts of radiant
electromagnetic (EM) power at a frequency of 540 tetrahertz.  The following abbreviations have
the following meanings unless the context clearly indicates otherwise: °C = degrees Celsius: g =
arams; ml = miililiter: L = liter; A = amperes; dm = decimeter; cm = centimeter; pLm = microns:
am = nanometers: UV = ultraviolet: and IR = infrared. All percentages and ratios are by weight
unless otherwise indicated. All ranges are inclusive and combinable in any order except where it

is logical that such numerical ranges are constrained to add up to 100%.



is logical that such nunerical ranges are constrained to add up to
100% 4 Photovoltaics and solar cells may be conposed of
nonocrystalline or polycrystalline or anorphous silicon containing
sem conductor wafers. Such wafers typically have a p-type base

dopi ng. The sem conductor wafers may be circul ar, square or
rectangul ar in shape or may be any other suitable shape. Such wafers
may have a wi de variety of dinensions and surface resistivities. For
exanple, circular wafers nmay have a dianmeter of 150 nm 200 nm 300
nm 400 nm or greater. The back side of a wafer is netallized to
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on the |3§.qe.c'£tlllfi~¥se¢{>1§¥l -containing paste. an aluminum-containing paste or a silver and aluminum-
containing paste: however, other suitable pastes known in the art also may be used. Such
conductive pastes typically include conductive particles embedded in a glass matrix and an
organic binder. Conductive pastes may be applied to the wafer by a variety of techniques, such
as screen printing. Afler the paste is applied, it is fired to remove the organic binder. When a
conductive paste containing aluminum is used, the aluminum partially diffuses into the back side
ol the waler. or il used in a paste also containing silver, may alloy with the silver. Use ol such
aluminum-containing paste may improve the resistive contact and provide a “pt+-doped region.
Heavily doped “p+7-type regions by previous application of aluminum or boron with subsequent
interdiffusion may also be produced. n an alternate embodiment, a seed layer may be deposited
ot the back side of the water and a metal coating may be deposited on the seed layer by

clectroless or electrolvtic plating,

The frent side of the waler may optionally be subjected to crystal-oriented texture etching



el ectroless or electrolytic plating. The front side of the wafer may
optionally be subjected to crystal-oriented texture etching 5 in
order to inpart to the surface an inproved |Iight incidence geonetry
whi ch reduces reflections. This nay be clone by contacting the

sem conductor wafer with acid, such as hydrofluoric acid, or alkal
to texture or roughen the surface. To produce the sem conductor
junction, phosphorus diffusion or ion jnplantation takes place on
the front side of the wafer to produce an n-doped (n+ or n++) region
and provides the water with a PN junction. The n-doped regi on may be
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are typically transverse to the busbars and typically have a relatively fine-structure (i.e.

dimensions) relative to current bushars.

The pattern reaches through the antireflective layer to expose the surlace ol the
semiconductor body of the wafer. Alternatively trenches may be formed in the openings to
create a selective emitter. These trenches may be regions of high doping. A variety of processes
may be used to form the pattern, such as, but not limited to, laser ablation. mechanical means,
and lithographic processes, all of which are well known in the art. Such mechanical means
imctude sawing and scratching. Typical photolithographic processes include disposing an
imageable material on the surface of the wafer, patterning the imageable material to form
apenings in the anti-reflective layer, transferring the pattern to the waler, depositing a nickel
Tayer in the openings and removing the imageable material. In one embodiment. the imageable

material is removed belore the step of depositing a nickel layer in the openings. [n another



openings in the anti-reflective |layer, transferring the pattern to

t he wafer, depositing a nickel Ilayer in the openings and renoving
the inmageable nmaterial. In one enbodinent, the i mgeable material is
renoved before the step of depositing a nickel layer in the openings.
In another 6 enbodinent. the imgeable material is renoved after the
step of depositing a nickel layer in the openings. Wen the

i mgeabl e material is present during the nickel deposition step, such
i mgeabl e material typically avoids any dyes, such as contrast dyes,
that absorb in the wavelength of radiation used during the nickel
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the i mageabl e material to actinic radiation through a mask. The
choice of actinic radiation will depend upon the particul ar
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may be renoved using any suitable polymer renover, such as those
sol d by RoWrHseth® NaHas e veagess Baiiekr | aI s (Marl bor ough,

Massachusetts). Such renovers may be al kaline. acidic or essentially
neutr al . The pattern in the imageable matérial is next transferred to the semiconductor wafer

substrate. Pattern transfer may be performed using wet chemical etching techniques or by using
dry etching techniques. Suitable dry etching techniques include, without limitation. plasma
elching such as reactive ion etching. The pattern typically is composed of lines of relatively
narrow cross-sectional dimension which are current collecting lines and lines ol relatively thick
cross-sectional dimension which are busbars. The busbars are transverse to the current collecting

lines.

The imageable material may be removed using any suitable polymer remover, such as
those sold by Rohm and Haas Electronic Materials (Mariborough, Massachusetts). Such

removers may be alkaline. acidic or essentially neutral.

A nickel seed layer is deposited on the front side conductive pattern. The nickel seed
laver may be deposited by any conventional nickel deposition method known in the art.
Typicaily. the nickel seed layer is deposited by light assisted nickel deposition. 1I'the source of

the nickel is an electroless nickel composition, plating is done without application of external



A nickel seed layer is deposited on the front side conductive
pattern. The nickel seed |aver may be deposited by any conventi onal
ni ckel deposition nethod known in the art. Topically. the nickel
seed | ayer is deposited by |ight assisted nickel deposition. If the
source of the nickel is an electroless nickel composition, plating
is done wthout application of external 7 current. | C the source of
the nickel is froman electrolytic nickel conposition, a rear side
potential (rectifier) is applied to the sem conductor wafer
substrate. The light may be continuous or pul sed. Pulsed
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plating cycle may be based on the average of the initial light intensity. Minor experimentation
may be performed to determine a suitable initial light intensity. a suitable initial time period for
applying the initial light intensity. and a light intensity applied for the remainder of the plating

cyele.

In general the initial time period for applying the initial fight intensity is greater than 0
seconds w15 seconds. Typically. the initial light intensity is applied to the semiconductor for
.25 seconds Lo 15 seconds, more typically 2 seconds to 15 seconds. most typically for 5 seconds
1o 10 seconds. In general, the reduced light intensity is 5% to 50% of the initial light intensity.
Typically. the reduced light intensity is from 20% to 50%, or such as from 30% to 40% of the

initial light intensity.
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MA. U S. A Aternatively, electrolytic nickel conpositions may be
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nmor e t ypinpaditions firecdumeQBRAPOSIT™ SMT 88 Electroless Nickel and NIPOSIT™ PM 980 and

P31 988 Flectroless Nickel. All are available from Rohm and Haas Electronic Materials. LLC.

Marlborough. MA, U.S.A.

Alternatively, electrolytic nicket compositions may be used. When an electrolytic
composition is used. an applied rear side potential (rectifier) is used in addition to light to deposit
the nickel. Typical current densities are from 0.1 A/dm” to 2 A/dm?. and more typically from 0.5
AZdm” 1o 1.5 A/dm™. The particular current requirement is dependent upon the particular size of
the waler used. The electroplating processes used are conventional. Suitable electrolytic nickel
plating baths are commercially available as well as many which are disclosed in the literature.
Examples o commercially available electrolytic nickel baths are the NICKEL GLEAM™
Electrolytic Nickel products obtainable from Rohm and Haas Electronic Materials. LLC. Other
examples ol suitable electrolytic nickel plating baths are the Watts-type baths disclosed in U.S.

3.041.255.



Aldm to | .5 AldnR. The particular current requirenment is dependent
upon the particular size of the wafer used. The el ectroplating
processes used are conventional. Suitable electrolytic nickel

pl ati ng baths are commercially available as well as many which are
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acids and bases al so may be used as the el ectrol yte Furt
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m xtur .@ulf?)mcnn?d qrnzlqp&ﬁn@ﬁshgalﬁomc acids such as amido sulfonic acid: sutfamic acid;
mineral acids: carboxylic acids such as formic acid and haloacetic acids; hydrogen halide acids:
and pyrophosphate. Salts ol acids and bases also may be used as the electrolyte. Further, the
clectrolyie may contain a mixture of acids, a mixture of bases or a mixture of one or mere acids
with one or more bases. Such electrolytes are generally commercially available from a variety of

sources. such as Aldrich Chemical Company, Milwaukee. Wisconsin.

Optionally a wide variety of surfactants may be used in the nickel plating compositions.
Any of anionic. cationic. amphoteric and nenionic surfactants may be used as long as it does not
interfere with the performance ol the nickel plating. Surfactants may be included in

conventlional amounts. such is well known in the art.

Optionally. the nickel plating compositions may contain one or more additional

components. Such additional components include, without imitation. brighteners. grain refiners



v ith one or nore bases. Such electrolytes are generally comrercially
available froma variety of sources. such as Al drich Chem ca
Conpany, M | waukee. Wsconsin. Optionally a wi de variety of
surfactants nay be used in the nickel plating conpositions. And of
anionic. cationic, anphoteric and nonionic surfactants may be used as
long as it does not interfere wh the performance of the nickel
plating. Surfactants may be included i conventional anounts, such
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conposi'?¥ BAL 'R Hihi ch case the plating cell need not have at | east

the mninmum|light transmttance.
The plating cell is of such a material as to be chemically inert with respect to the nickel

plating composition and has a minimum fight iransmittance of 40-60%. Alternatively, the wafer
can be positioned horizontally in the plating cell and illuminated from above the nickel plating
composition. in which case the plating cell need not have at least the minimum light

lransmittance.

By illuminating the front of the semiconductor wafer with light energy. plating occurs on
the front. The impinging light energy generates a current in the semiconductor. The rate of
plating on the [rent is controtlable by adjusting the light intensity, bath temperature. reducing
agent activity, starting wafer conditions, doping level as well as other parameters which are
known to workers in the art. 1f the plating bath is an electrolytic bath the rate of plating may also
be adjusted by the rectifier. A nickel layer of 20nm to 300nm thickness, or such as from 30nm to
F30nm is typically desired. with the exact thickness depending on various Factors such as on the

application. size. pattern and geometry.

Nickel plating compositions may have a pl in the range of | to 4. typically from | to



13y illumnating the front of the sem conductor wafer with |ight
energy, plating occurs on the hunt. The inpinging |ight energy
generates a current in the sem conductor. The rate of plating on the
front is controllable by adjusting the light intensity, bath
tenperature. reducing agent activity. starting wafer conditions,
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ions may i ncl uc ation: si
silver smd} ratseyavsid v, \\std)duujnmutulonmslmb]f;ana&:snum d)"ﬁﬁl[]b g;ﬁlumonaﬁte silver sodium
silver anlno ac exe such as. |Iv eln | exes;
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of sil vever aEPAURES BN silver methane sulfonate. Mixtures of silver compounds may be

used. such as a mixture of silver nitrate and silver-cysteine complex. The concentration ol silver
ions in the composition is typically in an amount of 2 g/L to 40 g/i.. Such sitver compounds are
senerally commercially available from a variety of sources. such as Aldrich Chemical Cempany.
Milwaukee. Wisconsin. Examples ol commercially uselul silver plating composttions are
available as ENLIGHT™ Silver Plate 600 and 620 from Rohm and Haas Electronie Materials,

LL.C Mariborough, Massachusetts.

A wide variety of conventional surfactants may be used in the silver plating
compositions. such as anionic, cationic. amphoteric and nonionic surlactants. Surfactants may
be ncluded i conventional amounts. The silver plating compositions may contain one or more

additional conventional components. Such additional components include, without limitation,



used. such as a m xture of silver nitrate and silver-cysteine

conpl ex. The concentration ol'silver ions in the conposition is
typically in an anobunt of2 g/L to 40 g/L. Such silver conpounds are
generally conmercially available froma variety of sources. such as
Al drich Chem cal Conpany, M |Iwaukee. W sconsin. Exanples of
comercially useful silver plating conpositions are available as
ENLI GLIrSilver Plate 600 and 620 from|iRohm and Haas El ectronic
Materials. LLC Marl borough, Massachusets. A wi de variety of
conventional surfactants may be used in the silver plating
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the sn%vm pldung com]}osxtlon wnth SIIVLI ions without the neud to use an external source. A light

source is positioned to illuminate the semiconductor wafer with light energy. The light source
can be. [or exampte. a fluorescent or LED lamp which provides energy within the wavelengths to
which the semiconductor waler is photovoltaically sensitive. A variety ol other fight sources
may be used. such as. but not limited to. incandescent tamps such as a 75 watt and 25¢ watt

famps. mereury lamps. halogen lamps and a 150 watt [R lamp.

The plating cell is of such a material as to be chemically inert with respect to the silver
plating composition and has a minimum light transmittance of 40-60%. Alternatively. the waler
can be positioned horizontally in the plating cell and illuminated from above the silver plating
composition. in which case the plating cell need not have at least the minimum light

transmiilance.



the silver plating conposition with silver ions wthout the need to
use an external source. Alight source is positioned to illumnate
the sem conductor wafer with |ight energy. The |ight source can be,
for exanple, a fluorescent or LED | anp which provides energy wthin
t he wavel engths to vvhich the sem conductor wafer is
photovoltaically sensitive. A variety of other |light sources nay be
used. such as. but not limted to, ingandescent |anps such as a 75
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nont an wax. para I n wax, Soy. vege abl e waxes an an| mal waxes.
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curing agents Lo cure the resist upon exposure o radiation, such UV and visible tight. Curing
agents include. but are not limited to. conventional photoinitiators used in photoresists and other
photosensitive compositions. Such photoinitiators are well known in the art and published in the
fiterature. Such plating resists may be applied by conventional screen printing procedures or by
selective ink jet processes. Alternatively. the semiconductor wafer may be edge isolated with the
antireflective laver. This may be done by depositing the material used to make the antireflective

layer on the edges of the semiconductor layer during formation of the antireflective layer.

Alter the silver metal is deposited onto and adjacent the nickel, the semiconductor is then
sintered 1o form nickel silicide. Sintering is done with the silver deposited onto the nickel
surface o improve adhesion between the silver and nickel. Sintering with the silver plated onto
e nickel increases the window {or sintering. In other words, sintering may be prolonged at a

viven peak temperature over conventional processes to provide improved bonding between the



| i nki ng agents. such as conventional acrylates, diacrylates and
triacrylates. and one or nore curing agents to cure the resist upon
exposure to radiation, such W and visible light. Curing agents

i nclude. but are not limted to. conventional photoinitiators used in
phot oresi sts and ot her photosensitive conpositions. Such
photoinitiators are well known in the art and published in the
literature Such plating resists may begapplied by conventional screen
printing procedures or by selective ink jet processes.
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suitable furnace is a |lanp based Furnace (IR . Since the silver
|ayer phBtwEPEOtHECAl iEREEATF SHTEKicdutss ok QoranAGosPERY Ph§e SEisitér i ng

may be process. In general. sintering is done for at least 3 minutes. or such as from 4 minutes to 10

L¢]

minutes. or such as [rom 5 minutes to & minutes. Line speeds at which the semiconductor passes
through the furnace may vary depending on the furnace used. Minor experimentation may be
done 1o determine the appropriate fine speed. Typically, the line speed is from 330 em/minute to

430 cm/minuie. or such as from 370 cm/minute to 420 cm/minute.

The sintering process has been described with particular reference to silicon
semiconductor walers used in solar cells; however, the sintering method may be used in the
manutacture of components for other articles, such as photovoltaic devices, gate electrodes.
ohmic contacts. interconnection lines, Schottky barrier diode contacts and optoelectronic

COMPONECNES.



done in an oxygen containing environnent as opposed to an inert gas
at nosphere or vacuum Accordin.:ly. the steps and equi pnent required
in sintering in an inert or vacuumenvironnment are elimnated al ong
with the costly apparatus required for such procedures. Also. the
elimnation of special inert gases further reduces the cost and
conplexity of the sintering process. In general. sintering is done
for at least 3 mnutes. or such as Flosn 4 mnutes to 10 mnutes, or
such as from5 mnutes to 8 mnutes. Line speeds at which the

sem conduct or passes through the furnace may vary dependi ng on the
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approprlate | i ne speed. Typlcally the line speed is from 330
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had a pattern for current tracks through the antirellective

whi ch exploged nt hlecsastef ace of the silicon wafers. Each current track
traversed the entire length of the wafer. The current tracks joined a
bus bar atf&hoendlDmﬁaa@hﬁtwaﬁ@hﬁéwdyamﬂt&ekmgdnﬁxhof@ébmummmehyuThe

back si de - | p+ ﬁ)
el ect r oares 109 Lu,ﬁ silic n A cétul ]H@‘] I’SeSI q v\g)g) g{%l 18(@01\}@?y’%g%t&pn(evdnhs]hawd} of
t he edgess ‘otn dlhl@"ﬁﬁmicﬂtlﬁﬁioh ayee hotSﬁcﬂt|bibln100fas:ﬁa@chu®kl|f)|0q1@nb waterghusdritgina
SCHM D DOD 300 |nk ? ?Pgar?tug to prevent shuntlng
wax. 10 parts by weight o lend of 80% soy and 20% palm wax, 10 parts by weight candelilla
wax and [ part by weight fluorescing dye. Each water was then activated with | % agueous
hydrelluoric acid for 60 seconds to remove any surface oxides on the silicon. The wafers were

ten rinsed with water.

Zach doped monancrystalline silicon wafer was immersed into a conventional low
lemperature aqueous electroless nickel plating composition of NIPOSIT™ PM 988 Llectroless
Nickel contamed in a chemically inert plating cell which was transparent to light. Plating
lemperature was 35° C. Artificial light was applied to the wafers through out the plating cycle.
The light source was a fluorescent lamp. The average intensity applied across each wafer was
determined o be 13000 1x. The light was measured using a conventional Fisher Scientific Hight

meter. Nickel plating was done for 30 seconds 1o provide a nickel fayer 200nm thick.
The nickel plated silicon walers were then rinsed with water and immediately plated with
silver o form current tracks on the silicon wafers. No activation step was used to activate the

nickel prior to sitver plating. A chemically inert plating cell which was transparent 1o light



the wafer during netallization. The hot nelt plating resist included
90 parts by weight paraffin yax_ 10 parts by weight of a blend of
80% soy and 20% pal mwax. 10 parts by weight candelilla wax and |
part by weight fluorescing dye. Each wafer was then activated with |
% aqueous hydrofluoric acid for 60 seconds to renove any surface

oxi des on the silicon. The wafers were then rinsed with water. Each
doped nononcrystalline silicon water was imersed into a conventi onal
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Example 2

The method described in Example 1 was repeated with four monocrystalline
semiconductor walers. The wafers were doped and metal plated as described in Example 1. The
metal plated walers were sintered in the Sierra Therm furnace slarting at room temperature and
camping the furnace temperature to 425° C for 10 seconds with a peak setting o 475° C for 10
seconds. After the walers reached room lemperature, a piece of Scotch transparent tape Cat.#
600 was applied to the metal plated surface of each wafer and then the tape was hand pulled from
the wafer. T'wo of the tape samples had minor amounts of silver adhering to their surface. The

remaining two tape samples showed no visible signs that any silver was removed.

Example 3



tenperature of 425 C for a period of 10 seconds. The speed at which
the wal ers passed through the furnace was 150 cnmim nute. After the
wafers cooled to roomtenperature. a piece of Scotch transparent
tape Cat.# 600 was then applied to the netal plated side of each

waf er and then hand pulled fromthe wafer. Pour tape sanples renoved
significant portions of the silver current tracks. |I'he remaining
two sanples included m nor anmounts of |the silver current tracks with
nost of the silver current tracks still adhering to the wafer.
Exanpl e 2 The nethod described in Exanple | was repeated with |’ our
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renalnlng e Ies showed no visible signs that any silver
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repeath“&Mnhmeo nonocrystal |l inc sem conductor wafers. The wafers
wer e doped and netal plated as described in Exanple |I. The netal
plated wafers were sintered in the |Si.gfy@ Therm furnace starting at
roomtenperature and ranping the furnace tenperature to 425 C for 10
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600 was applied o the metal plated surface of each water and then the tape was hand puiled from
the wafer. Both tape samples showed no visible signs that any silver was removed [rom the

current tracks,

Example 3

The method described in Example 1 was repeated with four monocrystalline
semiconductor wafers. The walers were doped and metal plated as described in Example 1. The
metal plated wafers were sintered in the Sierra Therm furnace starting at room temperature and
ramping the furnace temperature 1o 425° C for 10 seconds with a peak setting of 330° C for 10
seconds. Aflter the walers reached room temperature, a piece of Scoteh transparent tape Cat.#
OO0 was applied o the metal plated surface of each wafer and then the tape was hand pulled [rom
the waler. All ol the tape samples showed no visible signs that any silver was removed [rom the

current tracks.
lixample 6

The method described in Example | was repeated with two monocrystaltine



netal plated wafers were sintered in the Sierra Therm furnace
starting at roomtenperature and ranping the furnace tenperature to
425 C for 10 seconds with a peak setting of 525 C for 10 seconds.
After the wafers reached roomtenperature, a piece of Scotch
transparent tape Cat.# 600 v{ as applied to the netal plated surface
of each wafer and then the tape was hand pulled from the wafer. Both
t ape sanpl es showed no visible signs tthat any silver was renoved from
the current tacks. Exanple 5 The nmethod described in Exanple | was
repeated with four nonocrystalline sem conductor v.v ahers. The

waf er s swerendoped adnd et ahleplvad: edb;:&ﬂ ade setal paddian dexaopl @ dxampkhe The
met al Iateg fers were shgtere he Sierra Therm furnace
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Alter the wafers reached roomtenperature, a piece of Scotch

t r anspatent’s- tape teatalgrs reghedeps TaispIPEaH! ¢, ¢ Stcn@hrqa@ﬂmqm aredaslbtlace
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Exanpl%lh was repeated with two nonocystalline Is sem conductor
wwaf er s The wafers were doped and netal plated as described in
Exanple I. The netal plated wafers were sintered in the Sierra Therm
furnace starting at roomtenperature and ranping the furnace
tenperature to 425 C for 10 seconds with a peak setting of 600 C for
10 seconds. After the wafers reached roomtenperature, a Scotch
transparent tape Cat.# 600 was applied to the netal plated surface
of each wafer and then the tape was hand pulled horn tile sealer.
Bot h tape sanples showed no visible signs that any silver was renoved
fromthe current tracks. 19 Wat is clainmed is: |I. A nethod
conpri si ng:



a) providing a silicon containing substrate; h) depositing a nickel

| ayer onto the silicon containing substrate; c) depositing a silver
| ayer onto the nickel layer; and d) heating the silicon containing
substrate with the nickel and silver layers to a sul'llcient
tenperature to forma nickel silicide. 2. The nethod of claiml,
wherein the nickel layer is from20nmto 500nmthick. 3. The nethod
ofclaiml|, wherein the silver layer i$%froml fun to 30mthick. 4.
The nethod of claiml, wherein heating is done with a peak
tenperature of 330 C or greater. S. The nethod of claiml, wherein
t he ni cklelliidaoitbepasi t ed by an el ectrol ess process, a light assisted
process or an electrolytic process. 6. The nethod ofclaimIl, wherein
t he sillvey megodepopiitied by an el ectrolytic process or a |ight

i nduced plating process. 7. The nethod ol'claiml| . wherein the
heati ng step ksprdodengiasil@onexygemecohttaiai ng envi ronment. S. The
met hod of claiml . wherein the silicon containing substrate is a
sol ar cel |, gatepeli@ctyade: layohemie ileailtcastonthintngrscismaect i on | i ne.
Schottky barrier diode contact, photovoltaic device or an

opt oel ect r oni @ deprgponentilver layer onto the nickel layer; and

d} heating the silicon containing substrate with the nickel and silver layers (o a

sulficient temperature to form a nickel silicide.

2. The method of claim [, wherein the nickel fayer is from 50nm to 500nm thick.

L

The methoed ol claim |, wherein the silver layer ts from [um to 30pm thick.

4. The method of claim [. wherein heating is done with a peak temperature of 380° C or greater,

5. The method ol claim 1. wherein the nickel is deposited by an electroless process, a light
assisted process or an electrolylic process.

6. The method of claim 1, wherein the silver is deposited by an electrolytic process or a light
induced plating process.

7. The method of claim 1. wherein the heating step is done in an oxygen containing environment.
3. The method of claim |, wherein the silicon containing substrate is a solar cell. gate electrode,
ohimic contact. interconnection line. Schottky barrier diode contacl, photovoltaic device or an

opteelectronic component.



