1 IMPROVED METHOD FOR FORMING METAL CONTACTS  This application claims the benefit of
priority under 35 U.S.C. 119(e) to U.S. Provisional Application No. 61/393,295, filed October 14, 2010,
the entire contents of which application are incorporated herein by reference.  The United States
Government has rights in this invention under Contract No. DE-AC36- 08G028308 between the United
States Department of Energy and the Alliance for Sustainable Energy, LLC as contract operator of the
National Renewable Energy Laboratory. Background  Metal based contacts of semiconductors,
such as in photovoltajc devices, involves the formation of electrically canductive contacts on the front
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Cross sec Numerous processes w eet the above requirements exist for metal coating the

back side of solghcelisitdiPseatanal6venFERE FuETHYIRKE GRS IGTPDANEHOR Al He RaCloside-absolar
cells, p-doi%%g dlrectl%@lé?\/der the back side is increased. Usually aluminum is used for this purpose.
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being driggerigyoLIresReetvaiNcBdp¥rIdn ofthe NBRIpARRREDR: thadrgpi siesrilluminated sides, the
objective is to achieve the least amount of shading of the active semiconductor surface in order to use

as much of the surface as possible for capturirgppkgtonsd The method used commercially to form
the front side contacts in solar cells is the application of a metallic paste by screen printing. The paste
contains metal petédibasegoicritncibvel s eieoniticcaimsitiésalnconoioviliaic deviedsainyivesitinerheology
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typically fired in a belt furnaceat temperatures ranging from about 600-1000 C. Upon firing,

frit will re&BicRith Ity uggides katiiranddherbasleny thprdmvdiicoisMgideypnatedidnt side
incident light. The metal coating establishes Qhaaintact with the semiconductor so that
charge carriers emerge from the semiconductortir@@lectrically conductive contacts without
losses and with long lifetimes. In order to avoigirent loss, metalized contact grids have
adequate current conductivities, e.g., a high cotdty or a sufficiently high conductor track

Cross section.

Numerous processes which meet the alBapuerements exist for metal coating the back
side of solar cells. For example, in order to iovyar current conduction at the back side of solar
cells, p-doping directly under the back side is@ased. Usually aluminum is used for this
purpose. The aluminum is applied, for exampleydgyor deposition or by being printed onto
the back side and being driven in or, respectiva@lpyed in. When metal coating the front sides
or illuminated sides, the objective is to achidwe feast amount of shading of the active

semiconductor surface in order to use as mucheo$tinface as possible for capturing photons.

The method used commercially to form the front sidietacts in solar cells is the
application of a metallic paste by screen printifide paste contains metal particles (typically
silver) to provide electrical conductivity, as wal glass frit, rheology modifiers, and a high
boiling solvent, such as terpineol. After printitige cell is dried, and then typically fired in a
belt furnace at temperatures ranging from about B °C. Upon firing, the glass frit will

react with, or “burn-through”, an antireflectionatmg (typically silicon nitride) on the front side



2 and helps provide adhesion to the cell. Use of a screen printed paste is the industry standard but has
disadvantages. Screen printing is a contact method of printing, requiring significant handling of fragile
silicon solar cells, resulting in a significant amount of accidental breakage. It also generates chemical
waste, municipal waste, and an added expense in the form of broken screens. Finally, the smallest line
widths that can be generated in production are phygically limited by screen technology to be in the
range of about 80-100 microns. Smaller line widths by screen printing may be physically possible in

the laboratory, but ifficult t hi ' ducti t th time.
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Alternatively, current tracks may be metalized using a’light induced plating process. This metallization
process RIPENELOfy 3t FREtRIIRRIEIHESack side of the solar cell using conventional methods of printing
and sintering an electricalli/ conductive paste in an inert gas atmosphere. Such pastes may include
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costly and in general less costly methods are preferred in the industry. Ink which contains metal

nanoparfEREHWHE AR l8yabelitnenshve 1oRhasTiemiiealinthe exposed semiconductor
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Such pastes may include silver, aluminum and fitih wrganic binders. Other metals such as
nickel, palladium, copper, zinc and tin also mayhened in the paste. The front side of the
solar cell is coated with a passivation or antietion layer of silicon oxide or silicon nitride.
Trenches for current tracks are formed in the afiéiction layer which extends into the
semiconductor. Trenches may be formed using pittedgraphy, laser writing or mechanical
erosion. The current tracks of the front sidethem plated with nickel by light induced plating.
The solar cell is placed in a nickel plating batkl #ight is applied to the solar cell and a nickel
layer is generated on the semiconductor materiet approximately 1-2 minutes. A further
metal layer, such as copper, may be directly g¢eemver this nickel layer for reinforcement.

The copper layer may be protected from oxidatiomyylying a thin layer of silver or tin over



Summary  An example of a method includes providing a burn-through metal ink; selectively applying
the burn-through metal ink to an anti-reflective coating on a semiconductor substrate; firing the
semiconductor substrate with the anti-reflective-coating and the burn-through metal ink to provide
Ohmic contact between the metal from the burn-through metal ink and the semiconductor substrate;
and depositing one or more layers of a metal on thegmetal from the burn-through metal ink by light
induced plating.  The bum-through metal inks include one or more sources of metal and one or
more agents that byrn-through the anti-reflective coating upon firing to enable the metals of the ink to
form ohrﬁ?@&?ﬁ&%ﬁ R the underlying semiconductor. Additives such as solvents, surfactants,
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Ohmic contact between the metal layers and the semiconductor surface in contrast to many

conventidEPESTANEAHITLRE it BIBrRs WIS APHEATERKSIRARGECU RGO ilustrates a short
circuit current of, a crystalline silicon semicaonductor. wafer with silver metal contacts prepared wijth a
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contacts nregdoe cdnvithpeicired mleibo ¢ io Bitadd noktadt n diettal diviotaak $i gint $Seduiceddqulateds silver layer
according to an example;  Figure 2 illustrates the efficiency of a crystalline silicon semiconductor
wafer with silver contacts prepared with a fired QEB¥ITAbSiIver ink versus the efficiency of a crystalline
silicon semiconductor wafer with silver contacts prepared with a fired glass frit silver ink with an

additional light MAGEMPISEHZMEBINaYr ALesRIE HERUERARBIEmAetal Ink; selectively

applying the burn-through metal ink to an antiefive coating on a semiconductor substrate;

firing the semiconductor substrate with the antiiective-coating and the burn-through metal ink
to provide Ohmic contact between the metal frombilna-through metal ink and the
semiconductor substrate; and depositing one or tagegs of a metal on the metal from the
burn-through metal ink by light induced plating.

The burn-through metal inks include onenore sources of metal and one or more agents
that burn-through the anti-reflective coating ufioing to enable the metals of the ink to form
ohmic contact with the underlying semiconductoddaives such as solvents, surfactants,
dispersants, binders, complexing agents, reduaegta,rheology modifiers and chelating

agents may also be included in the burn-througlahnats.

The metal contacts made according tortbthod increase performance of semiconductor
devices and thus provide increased power outpcimparison to many conventional
semiconductor devices of comparable size and ved. aThe method enables the formation of
fine line metal contacts which reduce shadowingiarmgrove incident light absorption. The
burn-through process reduces the number of stefhe imanufacture of semiconductor articles

by eliminating such steps as photolithography aser writing in formation of the metal



Figure 3 illustrates the contact resistance of current lines in mOhm-cm2 of metal contacts made by
burn-through followed by light induced plating of silver versus contacts using burn-through pastes
without light induced plating according to an example. Detailed Description  As used throughout this
specification, the terms "depositing" and "plating” are used interchangeably. The terms "current
tracks", "current lines" and "metal contacts" are usetl interchangeably. The terms "composition” and
"bath" are used interchangeably. The indefinite articles "a" and "an" are intended to include both the
singular and the pIu |. The teym "front So?e means he illuminated side of the semiconductor wafer or
tho side TS B HBLEREF R BRI O RATETS SO BRI Al G AL e of the
semicondaniconddietwrdbecide thatddition eomwlsemttgfnpldmeshgisﬂf&h&rtgranﬁe&ibséedljagiepositing"
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device such that the current-voltage curve of the device is non-linear and asymmetric. Full cell

efficiency is represented by the followsingr ez &tiffachAf WRaKRHvilyghaximum power point, E is input
light irradiance in Watts per meter squared and Ac is surface area of the solar cell in meters squared.
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ping. Figure 3 illustrates the contact resiséaof current lines in mOhm-érof metal contacts

made by burn-through followed by light induced pigtof silver versus contacts using burn-

through pastes without light induced plating acaaydo an example.
Detailed Description

As used throughout this specification, the termeptkiting” and “plating” are used

LTS

interchangeably. The terms “current tracks”, “eatrlines” and “metal contacts” are used
interchangeably. The terms “composition” and “Batte used interchangeably. The indefinite
articles “a” and “an” are intended to include btitk singular and the plural. The term “front
side” means the illuminated side of the semicormmlueifer or the side that is exposed to
incident light. The term “back side” means the +ilarminated side of the semiconductor wafer
or the side that is not exposed to incident lighthe term “selectively depositing” means that
metal deposition occurs in specific desired areea substrate. The term “unit area” and
“surface area” are used interchangeably througtmsispecification. The term “Ohmic contact”
is a region on a semiconductor device that has pesgared such that the current-voltage (I-V)

curve of the device is linear and symmetric. Tdrent“Schottky contact” is a region on a



The semiconductor wafers may have a wide variety of dimensions and surface resistivities. Such wafer
dimensions include, but are not limited to, circular, square or rectangular in shape or may be any other
suitable shape. Such wafers also may have interdigitated metal contacts on their non-illuminated
sides.  In general, the back side of a wafer is metalized to provide a low resistance wafer. The
surface resistance, also known as sheet resistancesof the semiconductor wafer may range from 40 to
90 ohms/square, or such as from 40 ohms/square to 60 ohms/square, or such as from 60
ohms/square to 80 ohms/square. . Substantially the entire back sige may. be metal coated or a
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providedasyravatiedy elitrcbinisfiemrydsnayroectoaainyiiiowing metalljzsion ofitbe i side of the
wafer. In one 6 embodiment, a metal coating is applied to the back side in the form of an_electrically
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the silicon and burn away the organic binder. Prior to #iring, a drying step at lower temperature may
optionalliNBiciepRIPeIVIAtierCacoRE(REN & pigtis; ANy 2 mitiiem issudes, Ave anpsiFRFn partially
diffuses igio the. backiside ATIhe wafRRePr f s il 3R RIRMSORRILIAG RifYRiRay Loy with
the silver. Use of such aluminum-containing paste may improve the resistive contact and provide a
"p+"-dopeentigitse. HERiejstopdd prscalrecegibyi A phRevisUK Pl dkahsitar dMiRmiRiest IBoron with
subsequenhipirsHifNgIar MayRisaRtERAYeFOniR88Esp@bodiment, an aluminum-containing paste

may be applied and fired before the application of the non-illuminated side metal coating. The residue

from the fired ajunpBEEBrEQHéIRING RATIS Aray P RigHial et ead diciaietp the afisaties of the
metal coating..In anglltern te emhodiment, a seed Ia@r may be &e?ositg‘d on the back side of the
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The frontsitgrafribe wafed mayoopdionally be subjected to crystal-oriented texture etching to impart to
the surface an improved light incidence geometry which reduces reflections. To produce the
semiconductor Rinstivn|tpicodprioessadiffasian aalin maydiartatgoskes miatmivecthe front side of the

wafer to m&%@%}s‘?ﬁlIﬁigfg%&rc(@gt%ﬂi%@rr&mf? ﬁ‘HGs%%%%éBﬁd’M@LSF WA PWAIcHRD- The

n-doped region may be ed to as the emitter layer. An anti-reflective coating (ARC) or layer is

added tod@RETRIRR RGN ity egeidorthdicearse MidaatTvraiaes apthes fedalie spaniseageeivl as a
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Si0", silicon nitride layers such as Si3N4, or a combination of silicon oxide and silicon nitride layers.
Typically?5fcbf Hiide WheraliePthwaiReysifg rRath dBgallid ave surniyee &asg geriRgoms. Typically x

is the integer 2._Such anti-reflective layers may be depaqsited hy a number of technigues, such as b
various vapor B SRBICRNAHGEL el S edRaN i G  SIBISSISIREI 206 SHYGESl vapor

depositiassistivities. Such wafer dimensions include, dmet not limited to, circular, square or
rectangular in shape or may be any other suitdf@dpes Such wafers also may have

interdigitated metal contacts on their non-illumathsides.

In general, the back side of a wafer is metalizegrovide a low resistance wafer. The
surface resistance, also known as sheet resistainites semiconductor wafer may range from
40 to 90 ohms/square, or such as from 40 ohms/sgo&0 ohms/square, or such as from 60

ohms/square to 80 ohms/square.

Substantially the entire back side may be metalecbar a portion of the back side may
be metal coated, such as to form a grid. Suchlizetson may be provided by a variety of

techniques, and may be done prior to the metabizaif the front side of the wafer. In one



7 The front side of a wafer contains a metalized pattern. Such metalized patterns are typically
current collecting lines and current bus bars; however, they may also include, but are not limited to,
ionized etched spiral contacts. In general, current collecting lines are typically transverse to the
busbars and typically have a relatively fine-structure, e.g., dimensions relative to current bus bars.

The metalized pattern is formed using burn-througtémetal inks selectively applied to the coating or
anti-reflective layer using a conventional inkjet or aerosol apparatus followed by firing and light induced

plating of additjonal metal layers to camplete the current tracks. The firing or burn-through step results
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wafer to increase output current. Current tracks may be less than or equal to about 75 pm wide, and in

another EARRIRHER MEYOPHET8H 588 TPIYSHSD & GROdUCHVE iRasH FRIHBINPEAHENRUBSE than or
equal to ghaytiR@ Bdidam padRdly difflteinides BrinbEsasthed vasy e af cRRINHP LSRRGS or

a drop-on-demand method. The continuous method is a printing method where the direction of the

metal iniCREIIBEH K5 cRRGRI MW EiFoPHYE HERRHBNAME KB IHRSURID RARRS théAbtal ink

using a puipevERRdIrepaIvelesraact is peitidd whishhdispagieas theavigtaldpkdryuiyps needed on
an electronicii%#al. Drop-on-demand mzt thod wher

y be divided into a piezoelectric ink 'eé. e
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0.04 per pass of the printer. The higher the aspect ratio ger pass the more efficient is the method.
The front side of the'wafer may optionally be sotgd to crystal-oriented texture etching

to impart to the surface an improved light incidegeometry which reduces reflections. To
produce the semiconductor junction, phosphorusisidh or ion implantation takes place on the
front side of the wafer to produce an n-doped (nret) region and provides the wafer with a

PN junction. The n-doped region may be referreastthe emitter layer.

An anti-reflective coating (ARC) or layer is addedhe front side or emitter layer of the
wafer. In addition the anti-reflective layer mange as a passivation layer. Suitable anti-
reflective layers include, without limitation, siin oxide layers such as SiGilicon nitride
layers such as $,4, or a combination of silicon oxide and silicorriié layers. Typically
silicon nitride is used. In the foregoing formulaas the number of oxygen atoms. Typically x
is the integer 2. Such anti-reflective layers rhaydeposited by a number of techniques, such as
by various vapor deposition methods, for examgienacal vapor deposition and physical vapor

deposition.



In one embodiment the bum-through metal inks are selectively inkjet printed in air or inert environment
(e.g., nitrogen or argon) onto a SiO" or silicon nitride antireflective layer at room temperature. A drop
generation rate of 100 Hz to 20000 Hz may be used resulting in a deposition rate of about 0.02 m to
10 m per pass. Thicker deposits may be obtained by inkjet printing multiple layers.  The
bum-through metal inks include one or more of metal, metal precursors, metal organic precursors,
metal complexes, or metal salts to supply the conductive materials. The metal inks also include one or
more of glass frit, ball-milled or. otherwise ground glass frit, metal organic precursors, or metal salts as
the burntougl BgRTRL SRRy 8T AR & TEIEIEESRY T DR AT CR AL & in partiole
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over particiasvefrgedattradimepaio s bdypicad e se tisretpdirea arainie nreags tioreasienasatatmpared to
larger bl.{l(l)( Jléﬁr&?ﬁnga%esents a different physiochemical characteristic from the particles of larger
diameter. Typically, the metal nanoparticles range in diameter from about 1000 nm or less, preferably
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100 nm to 400 nm. Metals include, but are not limited to, silver, copper, nickel, gold, palladium and
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medium, where the metal is in its metallic state is used. Silver salts include, but are not limited to,
silver nitf4{89 SRS UENSRIRR FRRHIES IR IUPMITA SRAT S OXMPEVRF L IMEInSte! Lpathe
oxalate, bilvesnthifugroageiatetisil gendcetotacataieaigydiyeidandasdliectdily ¢ yriirala, siligdlactate,
silver cyclohexane butyrate, silver tetrafluoroborate, silver pentafluoropropionate, silver

oo ione LU D BRI HS e DA G e e o a9 ke
amidinatmetaticed aedtpsareiadtitionakiayacetepesiaidgiicachaeate)atiokel citrate, nickel
cyclohexanebutyrate, nickel tartrate, nickel oxide, nickel tartrate, nickel formate. Copper salts include,

but are not limi®aRicasEper e inattreoppenesahiaks, o e aeess pp éryeiohrtash sieityedte,
copper %EHMHsﬁﬁﬁpﬁlﬁn%ﬂﬂfgﬁ@ﬁ?ﬁt’éﬁﬁ%%snQ&W&P@&%‘Eﬁ@& J&W&@Hﬁh@ﬁ@éﬂé&%ﬁﬂﬁ@c'es

are included in the burn-through metal inks in amounts of about 0.1wt% to |Owt%, and in another

embodinfEMeiINSABLINTESRIICRN SRR Waleadd hkEHIERRRIII Y WAl damasrR Itdaneiitsus
oxides, SR @t @ ecBs3 ApRb DT PrRAZ Bty RSP RIS Erherank;éitsraterbayrally

kept proprietary but are known to include one or more of the various oxides. In general, the glass for
the frits i2/iOHR LRI TORIOR § LAY I OB EFRE R R LRSS B RGaMO G ARE IR ARG ReE88 Yy
above ahight 4666rbanaadtiaen gindingaiichendlinglof thenglassdekpnodystophass Ghpawder that is
provided in commercial pastes. The glass frits ma¥ be b I-milleig usinyq cogaver}%onal baII-mIiIIing
brocedurE S OB MR B P R ARG H B TR B Kb BLA UF i BR 1L SaHAI 19 another
embodinadyoiufy @Guabeides @minri@aothanenitiediméug e g akarirdadguiieosy B as watb t@be im the

nanometer range by synthetjc technigues, such as afﬁp ray.process. Typically, nanoparticles
of glass ﬁ{]sog}gq iﬁ&}égémﬁ r’EAeI Sl?rm%]rgﬂéaﬁlrjr?l al ?%}léy in an”lﬁc?lsﬁnt]se%ggbout 0.05 wt% to 20 wt%, and

in another embaglgaRIIOR ARG HORIH P S i A PIOBKHEMGBE 2Ll O iRk eganic

(MO) precursor may be used in‘place of glass frit or nanosized glass frit. This alternative burn through

agent mayetog mEtgl centiBm preibedst adrtalinagnstiedrihsidisctionmf B, Beml Bk iixtures of
these or 4, ShéuasptthangRG 2R TTBEIRd RRAYREROTRAIR RIS thre @ & nfBedF it Ul-‘i‘n%la
y

bum-through agents in one or more solvents to form a liquid suspension of particles, prefera

nanoparftiEY)- sliRGHER ORIt AIN st YHRRHTEE BIRtHIo gl MER PRIEE fiban

pastes opgelsdpiit aigntifluidFopr ShisReNSHNG Y MdielRtadielgiebbenainpailmistneonénore
solvents at room temperature as well as at inkjet ter%’zgratures. 'I%/ ical \_/is?%?iities measured for such
€

inks are MTERRYEIBREIBEE PYEH PR BEIECTIG PRISING R RIBVAGEBE Bhout 5
to 75 cP a5 thefiabldnksignchelrobuising prisinitenitbelpsasratbyl hgataieqldebiptast ldhieds,

produced by heat.

In contrast to the inkjet printing metli¢he aerosol method first forms an aerosol of the



10 such as ethanol, methanol, isopropanol, ethylene glycol, diethylene glycol, propylene glycol
monomethyl ether, propylene glycol monomethyl ether acetate, temineol, triethylene glycol, propylene
glycol, dipropylene glycol, hexylene glycol or glycerine, polyethers, such as diglymes, triglymes,
tetraglymes, ethylene glycol mono- and his alkyl ethers, or mixtures thereof. Solvents may be included
in the burn-through metal inks as the balance of thesburn-through metal ink or added to provide about
100wt%.  Alternatively, the metal inks may include metal organic precursors (MO) and reducing
agents as eijther the_source of conductive m tal or the source of the burn-throu ent. One ore
ohvents REaP ol ASL0Rh R HETLIAAEE B PR LR H B A RS AR iy of
MO precpressarnmay bezu@démqonmlmm@ tousirptimchi@idimeialsokis Mhe¥Withradotssiagngdsdenohetal
ions (M) th?t are 5?,[% o t% threlr mFtaI cn%tza ﬁ% a %%tﬁgtlal p]%smve of t 18 Lrjglolnuctlon iy éentlar% Sog the
reducing agean'Pe g, B5637'16r foriate , orupon heatlng in the. presencg g3 1o ng-agent.
Metal |onbe)ﬁ1he®eisqesIMpltmhxadmhty\oﬂ|dn@ng tbﬁmzcampalsmmmmeg‘omﬂmmmﬂmand
platinume, o[y 429UCing BHRY'BRYPIAMAP ARCHIRGLEIBELPAR orFRBCIGRHRhe MO precursor.

At room temperature, the’re ucmg agent does not rea precursor Accordmgly, the MO

precursotheightietdiin eolneleusant Backsiery rﬁng@ﬁmmtmﬁpﬁlsmtatﬂecrbswk]asmmm@bﬂéducmg
agents ingyge YL RRILaH, JBBU?‘%@Q‘!Q%M%% BRtiSe HGARRISTRIC GRS SHRCES; @/lle%t

ethylene glycol, ethylene glycol diformate, benzalde gyde acetaldehyde or mixtures thereof.
precursdr%“ﬁ]ﬁ?'ﬂéa%mh@éﬂc?ﬁetﬁg'ﬁlﬂw—tﬁrﬂﬂﬁdﬁ% | inks in amounts of about 0.1wt% to 70 wt%, or
such as from about 15 wt% to 50 wt%.  In addition to solvents, the burn- throu?h metal inks may

include other adiA0ESBReA DR HE UL G el alerselarivebr BKIRLRKAPHAR AL SN,
resolutiomen@ adhasinene{ehg m&tabmksnt@tgergmmﬂapbr/euIr@mrmtﬁdamméf@‘cnommﬁémaﬂy
available dispersants e th DISPERBY SPE K180, "ERBYK181,
ISP ER VR AT L EP ArERA R AT PR S A IS BPR D04 R 306,

and BY KBt ditith eamnarmmm Bk (G Hépne péfadiasgiontiCKE), dmnbmts W@tﬁbtemgammmnts, such
as TAM h&%ﬁﬁmﬁ é%gdg TAMOL 1254, TAMOL 165A, and TAMOL 2002 Dispersants (available

from Th ompany, Midland, MI). Dispersants may be used in the range from 0.01 wt%

up 0 10 we. Cammercialy B4alPBIa SHESRIERISInGIUlS i AR Jon LB ed gy TERGOLTm

TMN-10 Surfactant, TERGITOL 15-5-9, TERGITOL TMN-6, TERGITOL 15-5-30, PLURONIC 31R1,
PLURONIGA(U3 PE#RH AR ORI quP@éﬁﬁn@FélﬁF@'aWﬂWﬂhﬁié%‘ﬂ#@Uﬂ%,Wﬁﬁésno'ﬂﬂ%ned to,

MORCR e3P QBCRA LA R MBbE YR BMIERM or otherwise ground glass frit, metal

organic precursors, or metal salts as the burnitfir@gents. Typically the conductive materials

and the burn-through agents are in particle foRreferably, the burn-through metal inks include

metal particles and particles of glass frit.

The particles may range in size fromutltiqum or less, or such as from about (r to
1 um. Preferably, the particles are nanometer-sizetigies. Nanometer-sized particles have
improved performance over particles of greater dsiens because the surface area per unit
mass increases as compared to larger bulk partioi@presents a different physiochemical
characteristic from the particles of larger diametBypically, the metal nanoparticles range in
diameter from about 1000 nm or less, preferablyntleéal nanoparticles range from about 25 nm
to 800 nm, and in another embodiment, from aboQtri@ to 400 nm. Metals include, but are
not limited to, silver, copper, nickel, gold, paiam and salts and complexes thereof. Typically,
silver, copper, and nickel are used. Commercealgilable sources of metals may be used or
may be made. Typically, metal particles dispeiiseslsolvent medium, where the metal is in its
metallic state is used. Silver salts include,dvetnot limited to, silver nitrate, silver oxide,



Burn-through may be done at temperatures of at least about 400 C, and in another embodiment, about
400 C to 1000 C, and in another embodiment from about 650 C to 1000 C. The bum-through process
may be done in conventional ovens or in an infrared (IR) belt furnace. The process of burn-through
reduces or altogether eliminates the need for conventional imaging, photolithography, laser writing or
etching methods which selectively remove portions®f the antireflective layer prior to metallization.
Reduction or elimination of such steps improves the efficiency of the manufacturing method by
reducing processing time as well gs the cost of manufacture by foregoing the materials used in
conventIIa  UEseIVET SHB A VELa e BRI REE B L B HAR GH 1Rbthod ranges from
about 0. triftudoetetatts sihsircicamirgnaconhte 28ilherzbawcriner Thete ailvay&idsatbesilbailt-up with
at least on apkdltions) mets) lever by Ity ndcer plaina (HIR), Additonal meta)ayers may include,
but are notIIMITe to, MRS sGCH As Silver, copper, nickel, go'l , pﬁ[a iam or’aatlnLPm. The additional
metal maglbensibrdiomaiepsi\ericked mmethkkesuifdmalsket daitating uslelome angiin@ntistdethiokness of

the plaeflPaRlahisast iRl einn stk ekt s RS B BIO ARRUPARR. oLy oo

about 10 to 15 microns. troless and’ electrolytic metal plating baths can be used to deposit

the addittyGihnsealabybrate| sitksbias ttaie diled rgieketdppraiegnieitesiaimatse (sernef s@tmetal is
silver, a gyayyfle H&%%é‘f?dt%‘ﬁﬁﬁéﬂﬁlﬁ}tmpéﬂ‘amﬁwﬁaﬁyﬁﬁﬁfdwﬁeﬁ%ﬁﬁe‘?féﬁeé‘,‘@&!dérﬁ” electroless

bath, plating is done without application of extemal current. If the source of the metal is from an

electroly Sy Qe XaneaN YR SRR 2resiBeRangsife BTy SeriRtAauaRS GRIBRLABSIRSe.
Current depsitifiy, xRNSR EAMAROHEOAREER i AlBIR ARG A AnathersBRedIBRRClioM

about 0.5 A/dm2 to 2 A/dm2. The current requirement is dependent upon the size of the

semiconJudBraarLP\1E&q 2 dNigRPIASY HBRAAMSAIY fOBLAR4E %riR ¥ iconductor is immersed in
brocess include S Ao n gt S HRER e e e T R AT DR S e e
include, BuyrBu@y [Bniedrid AbCandsnemt rcial piadig fititsrartdi ngpid allgi kdpt (LiepiridhusatR lamps,
uorescqn o DRSS BB AR IPRR o S FIBIR SSL = AL YED AP HET AR e

chemically inert with respect to the me Ing baths and-typically a minimum light transmittance
of about mreﬂ%.iwténddnmygmmfme:ani@@ pustiteat oh Zempdyaiites (@I&i_ngtmemut
llluminate@ dtpres ALOYE B GUARIFRSSE SRR Gr thd §%&%FBHJ&V6|§§A%%BWEWHHH@ Jided

transmittance. ° By illuminating the front side or emitter layer of the semiconductor wafer with light

energy, PlEPIGOEEEA BASies etfiecd|psrelrist fRalsbaidbd ysivo\caraentipnahbigiidingnt energy

generatgs; SceuiiRsY i Hrﬁa‘:?ﬁ@é&ﬁ@fé@qﬁaowef&i%@@f@&%%_wa@@&h@é@ﬁm%m@@ymrrpl'able
by the applied current from a current source, typlca(l}lvé)a rectifier. Adjusting the light intensity, bath

temperafteNeERIRgHTER HA50iRP LthrM G 4er QU BRI RIBi AR ST AN OF £y iRt zed to
parametesimmealaaatietthenp@bydsiaitetic techniguesh as by a flame spray process. Typically,

nanopatrticles of glass frits are included in thenkithrough metal inks in amounts of about 0.05

wt% to 20 wt%, and in another embodiment from al@obhtwi% to 5.5 wt%. Alternatively, a
metal salt or metal organic (MO) precursor may sedun place of glass frit or nanosized glass
frit. This alternative burn through agent may beetal salt or MO precursor containing either
Pb, Si, B, Zn, Bi, Sn, or Al, or mixtures of thesdike materials.

One or more sources of metal are mix#kd @ne or more of the burn-through agents in
one or more solvents to form a liquid suspensiopasficles, preferably nanoparticles, suitable
for inkjet printing or aerosol printing. The buttmcough metal inks are not pastes or gels but are
liquids or suspensions of articles, preferably meamticles, in one or more solvents at room
temperature as well as at inkjet temperatures.ic@ypiscosities measured for such inks are in
the range of about 1 to 100 cP at 25 °C, and ithenembodiment in the range of about 5 to 75

cP at 25 °C. Solvents include, but are not limitedvater, ethyl lactate, aldehydes, alcohols,



The metal contacts made according to the method increase the efficiency of semiconductor devices
thus providing increased power output compared to many conventional semiconductor devices of
comparable size and unit area. Parameters such as open circuit current (Isc), fill factor (1-1-,) and full
cell efficiency are higher for semiconductors made according to the burnt-through and light induced
plating method than many conventional processes1or manufacturing semiconductor devices. 1-1-, is a
defining term for the overall behavior of a semiconductor device. The higher the 1-1-, the greater is the
resulting efficiency, The It of the semiconductor devices of the burn-through and L]P method has a
rgher S AP OGRS SRV O COTH A S E SN AL CRYISERIG Vbt
parametensraymatiegsetestiprityeyladesilycos mgappathyl e kiastaie ae ol diiecthidtors . gixahples of
such simulgiofs are QUIPkEUR0 120010, S40hA 518 ey 00 e solarsimlators phtainaple from
Endeas By,plé[spoo(;;l and”'Sed ap§a¥a us are’ used ;5(%(9 dRarRCteR2dton ot both crystafline and
thin film plgiyoveddietmogouts, ethYlreergiicot ratywe aadikyihetiermationixiuiies thesenfrr&ulventks
wihich refluegh SHRAMURGARE MAravES nRiteaLl A ARSRIiRG JRHIRRRYGE ARdlighiuaguced
plating process reduces the number of steps in the manufacture of semiconductor-articles by
eliminating 4R tospepyie akeriakMviiethods as photolithography and laser writing and reduces
breakage of materials thus reducingg the overall cost of manufacturing semiconductor devices. In
addition, the buf&RP8HYR ARSI RId0KE MMatERE El Y GRBIR U GHSRSS LY BhAie EBRsHg
betweenadgrikgsnantfldayesoanrtbtbe ERiNikINSUGER U fRRdoF ORE B8k OGNy HC R ANTIORR or

semiconductor devices. Also, the methods result in less metal agﬁlied to the cell resulti_n(f in lower cell

e torial GRS SOENS AS RO ECH AR T B B SHEBaE S R ePORAE GRS R-cr
metq(ljlayﬁm vﬁadt@it?jmm?mmﬁ@hmyﬁe@febum-ﬂmmgi}J'rntktw'rbhfgilglnhémlt#aheé. p}mm_moan

e throu ut o arer I.secC r peter on.a manulra rn ne. e 1oljowin
D o Br SRS D e IR SR N e R R Sl ot b LS oot
A burn-thiheuglducttal pikentisl et eedogimpayg 20i@iio o @er sdfsiléemmasti npoajeedtiesin

e TR S U N MR R S0

J. Yoon, gers, an mnidirectional Printing of FleXible,
SpanningPRRnerSesttibke!Sgot, MitladilgotanibplaBuience, 323, 1590-93 (2009), 5wt% nanoparticles
of a commercially available proprietary Pb0O paste containing glass frit and ethylene glycol solvent in
sufficient amouhhRBHHERIAIRAAMAY SEAVIELRIGRIFBOCHADS Apid EREHA WiHbERE UShRIRGHFFBF-

nanopariiglgsorhhediheraiAe ORI HEiR iNRCaaR MVEsRS Bt aBNeI e d ANORHPE SR ot> hRBb AN e the
nanoparticles of the Pb0 glass frit paste had an average diameter range of 50-150 nm. The PbO0 glass

frit paste\\ALHEHRY WRY LAMRRROHPED\Gdh AR AHAGIOMI AN N ablREHIRRE S BWRIPURImM
suspensRaddtirgHeRARSIABIVGRS Bigakatidnillaidetadkdiounalitringitde Gditd, mIrpabEaHRIRadssn

th f iall ilahle TAMOL T 681 Di t id ized ticles.
Sixty copEt BBy B AL S S RS e B A B GBI BR their
front sidehandoiviM@ stetacsoesanayf 24 hcudesaretipedviniedh(cagiaticiallin avadahte doabdiafernet,

San Jos ,ng ach doped silican wafer had a daped zone on the front side of the wafer forming
an emitt((aar' a\{\f}e/?.%gac V@é?e?rh%u a %%-jrl?rﬁrc]:t?ogﬁ) g}e?cgw\’\f%%ﬁgﬁ{f%r layer. The front side of each wafer

was coated Wit%@%ﬁ%Y%oé‘oWe%@fﬂ%%Yﬁ-Wﬁﬁﬁé{ﬁlF?F_?|§§%99%%@65&?%?%%983‘?28%'h&’afer

was p+ doped and coated with a screen printed, commercially available aluminum solar paste

(commerRRAG BV EiRASIESHRih FE GroRGERTE (CassyRasRRgIAY depelidng, )adhesion of the

metal inks to the antireflective layerExamples of commercially available dispersantdiaze
DISPERBYK dispersants, such as DISPERBYK180, DISB¥R181, DISPERBYK182, and
DISPERBYK183, the BYK dispersants, such as BYKIYK302, BYK306, and BYK320
(both available from Byk Chemie, Wallingford, C&nhd the TAMOL™ Dispersants, such as
TAMOL 681, TAMOL 1124, TAMOL 1254, TAMOL 165A, an@AMOL 2002 Dispersants
(available from The Dow Chemical Company, Midlakt). Dispersants may be used in the
range from 0.01 wt% up to 10 wt%. Commerciallyitlde surfactants include, but are not



The silver ink was placed in the reservoir of a DirectMaskTm DoD 65 inkjet printing 14 apparatus
(commercially available from SCMID GmbH and Co., Freudenstadt, Germany). Twenty of the
monocrystalline doped wafers were placed on the application plate of the inkjet apparatus one at a
time and the silver ink was selectively deposited on the Si3N4 antireflective layer to form a plurality of
parallel current tracks. The inkjet nozzles passed aver each deposition site five times to form current
tracks. The temperature of the printhead was 35 C, and the width of material deposited was 80

microns. The drop frequency of the printhead was 5 kHz. The platen (stage) was heated to 70 C. The
pattern dHﬂ'tt&g &’mlﬁ%% e Mﬁr&é’ﬁdfﬂ?‘%@&ﬁ%‘i? H%\%lgeﬁ%ﬁgﬂwmwgf the current
lines as MR VG BD :1800PE. URENED @ iR1ipR 10 REe kR d 03y epiceivD Migfdr2aaTaimdt@diaihg then
fired in an | It furnace (commeycially available f ' T. , ill ), .Lhe wafers
were e B a0 A e R e T S e e

burn-thrdudfB1thieNsT304 antireflective coating and form Ohmic contact with the underlying emitter layer
of the semiconductor wafer. The wafers were then removed from the oven and allowed to cool to room

temperature. BEBECHWRafah Wiy thefer@atitRans/ Aafatiesst 8Bou ittty anttiroangfidedscope
(SEM) commsdriht axsdabion dmmone; BrdiPthddintifaiRiios hisdueiehh aedyvidiboef the

silver seed Ia%er of each current track. The average height was determined to be 0.5 microns and the

average widlh&/BY ASHOHIR BTRFBESID RN ER ASNE InTRIMaHRYE BRI APRHARGLUREREtFacks was

repeatech@ndbe.ramaipregexaler uhnairbliyRieguecebRraHendinspascaf hibvae dakianedinmionalers
received. twenty passes, of silver ink to form 69 current tracks on each wafer. The wafers that

underweMaY Fh L GHHAKERI R S5 R G R SECHRR KIS WA P S RA A RITIYE 8 10 ons

The wafeyfstiiecdntirdéiaseve RY/pasaes of mettaliizdtivMeayet chrocsimiatiorestsuitth siepyarggeweilth
of 80 mi¢rons..The wafers were heated.to 850 C for 5 seconds to drive, off solvent from the silver ink
0 SRS 94 ] e

and hav&Thé TP MAGINRANIHKIEUNR W99y [BHRGIecasE ARG FRE R AP ittt Sthtact
with the oradedgotgrernittir égen g thleensaeieds)dsetbinveatiyn ahe ocafesssvere placed in the convection
oven and heated for 10 minutes at 800 C to 825 C to drive off solvent from the silver ink and to allow
the silver metal tb&nataharashlayersispasied ingtandiunoantneeshod r fioge sHeomiateotdrth I0RrME

contact wiB i ‘?JF‘EH%rh'%&%&Wﬁﬁdfé’ﬁ?ES%%%‘E%V&E%@B%?QJ@(H&H%GW@HﬂPWSQtFO

cool to room temperature. 15  Each wafer was then examined using the same SEM to determine

the heigiNerRofitRRIaaE yeeRy tiabkindvuced dlagbtRdighe eitional naataklaveinmay inoludeses of

ink was gigfiesraingd ifmsalienicianiand chad wirgedispiemrsydriepringsia bestammigronsad he

wafers which received 20 passes of ink had an averagie height of 2 microns and an average width of

80 microfdditional metal may be silver, copper or nicketra like. Light induced plating is doné until a
metal thickness of the plated layer of at leasualiamicron is achieved, or such as about 5 to 20

microns, or such as about 10 to 15 microns.

Both electroless and electrolytic melating baths can be used to deposit the additional
metal layers. Electroless and electrolytic melatipg baths may be used. If the metal is silver,
a cyanide free silver electroplating bath may bedudf the source of the metal is an electroless
bath, plating is done without application of exedrourrent. If the source of the metal is from an
electrolytic bath, a rear side potential (rectifisrapplied to the semiconductor wafer substrate.
Current densities may range from about 0.1 A/tbrnl0 A/dnf, and in another embodiment,
from about 0.5 A/drhto 2 A/dnf. The current requirement is dependent upon #eedfithe
semiconductor wafer used. The light may be cowtiiswor pulsed. The semiconductor is
immersed in the metal plating bath and light isligpoipto the semiconductor. Light which may
be used in the plating process includes, but idimated to, visible light, IR, ultraviolet (UV)
and X-rays. Light sources include, but are nottéohto, incandescent lamps, light emitting



The current tracks of half of the wafers were then plated by light induced plating with a 10 micron layer
of silver metal using an aqueous cyanide free silver metal electroplating bath as disclosed in the table
below. COMPONENT AMOUNT Silver as silver methane sulfonate 9 g/L Methane sulfonic acid
solution (70% neutralized with potassium hydroxide solution) 15 g/L Glycine

12

diode (LED) lights, IR lamps, fluorescent lampslogen lamps and lasers.

The plating cell is of such a material as to bawlbally inert with respect to the metal
plating baths and typically has a minimum lightsmittance of about 40-60%. Alternatively,
the wafer can be positioned horizontally in theiptacell and illuminated from above, in which

case the plating cell need not have at least thawmim light transmittance.

By illuminating the front side or emitter layer thie semiconductor wafer with light
energy, plating occurs on the emitter layer ofgamiconductor wafer. The impinging light
energy generates a current in the semiconductarwdie rate of plating on the front is mainly
controllable by the applied current from a curremdirce, typically a rectifier. Adjusting the light
intensity, bath temperature, reducing agent agtigiiarting wafer conditions, doping level as
well as other parameters may also affect the atite.

The metal contacts made according tortethod increase the efficiency of
semiconductor devices thus providing increased powgput compared to many conventional
semiconductor devices of comparable size and ueét. aParameters such as open circuit current
(Isg), fill factor (FF) and full cell efficiency are ¢iher for semiconductors made according to the
burnt-through and light induced plating method thaamy conventional processes for
manufacturing semiconductor devices. FF is a dejiterm for the overall behavior of a
semiconductor device. The higher the FF the gréstae resulting efficiency. The FF of the
semiconductor devices of the burn-through and L&hwod has a higher FF than many
conventional devices of comparable size and ue#.ail ypically, such parameters are measured
in the industry using apparatus known as solar lsitots. Examples of such simulators are
QuickSur® 120CA , 540LA and the 700A cell solar simulatobpsainable from Endeas Oy,
Espoo, Finland. Such apparatus are used in thraatlsazation of both crystalline and thin film

photovoltaic products.

The method also enables the formatidimefline current tracks which reduces
shadowing and improves incident light absorptighe burn-through and light induced plating
process reduces the number of steps in the manugaat semiconductor articles by eliminating
such steps in alternative methods as photolithdyrapd laser writing and reduces breakage of
materials thus reducing the overall cost of martufamy semiconductor devices. In addition,

the burn-through and light induced plating progassides improved Ohmic contact between



10 g/L Borax 25 g/1 4-nitrophthalic acid 4 g/L Nicotinic acid amide 15 g/1
1,3-didecy1-2-methylimidazolium chloride (1% aqueous solution)

13

the metal layers and the semiconductor surfaceritrast to many conventional semiconductor
devices. Also, the methods result in less metpliag to the cell resulting in lower cell material
costs. This is especially desirable when usingipus metals for seed layers or build-up metal
layers. In addition, the method of printing a btinrough ink with light induced plating can

provide throughput of a wafer per second or bettea manufacturing line.

The following examples are included for purposeslagtration but are not intended to

be limiting in scope.

Example 1

A burn-through metal ink was preparedibying 20wt% powdered silver metal
nanopatrticles prepared by the method disclosedYn &Bhn, E.B. Duoss, M.J. Motala, X. Guo,
S.-I. Park, Y. Xiong, J. Yoon, J. Yoon, R.G. Nuz2d\. Rogers, and J.A. Lewis,
"Omnidirectional Printing of Flexible, Spanning,daBtretchable Silver Microelectrodes,"
Science, 323, 1590-93 (2009), 5wt% nanoparticles of a cenaimally available proprietary PbO
paste containing glass frit and ethylene glycoveot in sufficient amount to bring the metal ink
composition to 100wt% and form a uniform suspensibnanoparticles. The silver
nanoparticles had an average diameter range 08260vm and the nanoparticles of the PbO
glass frit paste had an average diameter range-@66 nm. The PbO glass frit paste was
blended with a mixture of 60wt% ethylene glycol &tvt% water to form a uniform
suspension. The suspension was then ball mille@4dours using 1 to 0.1-5 mm zirconia
beads in the presence of commercially available AW 681 Dispersant to provide nanosized

particles.

Sixty doped monocrystalline and multgtalline silicon wafers having pyramidal
elevations on their front side and with a surfasaaf 243 crhwere providedcommercially
available from Wafernet, San Jose, CA). Each dgdexn wafer had an n+ doped zone on the
front side of the wafer forming an emitter lay&ach wafer had a pn-junction below the emitter
layer. The front side of each wafer was coatetl wipassivation or antireflective layer
composed of SN4. The back side of each wafer was p+ doped angdagth a screen printed,
commercially available aluminum solar paste (conumadly available from Electroscience
Laboratories, King of Prussia, PA).

The silver ink was placed in the reseref a DirectMask™ DoD 65 inkjet printing



5 mL/L Sufficient volume of the silver electroplating bath was placed in a plurality of plating cells to
fill the cells. The pH of the bath ranged from 9.5 to 10.5. The bath temperature was maintained at 25 C
to 35 C during plating. The plating cells were equipped with a 250 Watt lamp and a silver anode. Half
the wafers were immersed in the plating cells with the bath. A conventional rectifier provided the
source of electrical current. The bath, wafers, silver4anode and rectifier were in electrical
communication with each other. Current density of 1-5 A/dm2 was applied along with irradiation from

the lamp. Plating was done for 15 minutes to depasit a layer of 10 microns of electroplated silver over
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bath described in Example 1 at’a current density of 1 he average values were graphically
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average Isc values of around 8 amps. The addition of the light induced plating silver Ia%/er to the seed

layer imd%@@ﬁﬁ%&@ﬁémﬂ frofrenierra Therm, WatsdieyICA). The wafers'were heated to 850°

C for 5 seconds to drive off solvent from the silirk and have the silver metal ink burn-
through the SN, antireflective coating and form Ohmic contact witle underlying emitter
layer of the semiconductor wafer. The wafers wies removed from the oven and allowed to

cool to room temperature.

Each wafer was then examined by an Ard&80 scanning electron microscope (SEM)
commercially available from Amray Inc., Bedford, M&determine the height and width of the
silver seed layer of each current track. The ageeheeight was determined to be 0.5 microns and

the average width was determined to be 80 microns.

The method of inkjet printing currerddks was repeated on the remaining wafers.
Twenty wafers received ten passes of silver inktarehty wafers received twenty passes of
silver ink to form 69 current tracks on each waf€he wafers that underwent 10 passes of
material averaged 1 micron thickness with an averedgth of 80 microns The wafers that
underwent 20 passes of material averaged 2 mibirokntess with an average width of 80
microns. The wafers were heated to 850° C forchrses to drive off solvent from the silver ink
and have the silver metal ink burn-through thégantireflective coating and form Ohmic
contact with the underlying emitter layer of thensonductor waferThe wafers were placed in
the convection oven and heated for 10 minutes @t 80to 825° C to drive off solvent from the
silver ink and to allow the silver metal to burmebgh the SN, coating and allow the silver
from the ink to form Ohmic contact with the emittayer of the wafer. The wafers were

removed from the oven and allowed to cool to roemgerature.



Example 3

The cell efficiency (CE) of each wafer discussed in Example 2 was determined using the

QuickSun0 120CA cell solar simulator with the irradiance decay cell analysis method (IDCAM). The
CE of each wafer was measured in percent. The average values were graphically compared as
illustrated in Figure 2. The wafers which were both fired and light induced plated had the highest
average percent efficiency values. The wafers withiseed layer thickness of 1 to 2 microns after inkjet
printing showed the highest average percent efficiency values of around 12%. The combination of the
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Sufficient volume of the silver electlafing bath was placed in a plurality of platinglse

to fill the cells. The pH of the bath ranged frOrb to 10.5. The bath temperature was

maintained at 25° C to 35° C during plating.

Thetipg cells were equipped with a 250 Watt

lamp and a silver anode. Half the wafers were inseekin the plating cells with the bath. A
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The electroplated silver was then evaldidor adhesion using the tape test method: IPC-
TM-650 2.4.1. A strip of 1.27 cm wide 3M 600 Brataghe (commercially available from 3M



18 What is claimed is: 1. A method comprising: a) providing a burn-through metal ink; b)
selectively applying the burn-through metal ink to an antireflective coating on a semiconductor
substrate; c) firing the semiconductor substrate with the antireflective coating and the
bum-through metal ink to provide Ohmic contact between metal from the bum-through metal ink and
the semiconductor substrate; and d) depositingsone or more layers of a metal on the metal from
the burn-through metal ink by light induced plating. 2. The method of claim 1, wherein the bum-through
metal ink_comprises metal in the form gf metal powder, metal salts, metal organic compounds, metal
PR rbo AL A ranpsdal

complexgé) HiNeurds tﬂgl’ew\' WARS )é‘?ﬁot(? %Eﬁ"r‘ﬂ’ h&raAiRE AbtS Vépﬂ?g &H ving

diametersdbicgipgUiol G263 mnauotlesiaute, the tape was rechbviskly at a 90 degree angle to the surface

of the wafer. No silver was observed to be remduauh the wafer after the tape test.

Example 2

Thedc of each wafer was then determined using commér@ahilable QuickSu®
120CA cell solar simulator with the irradiance decall analysis method (IDCAM). Samples
with seed layer thicknesses of 0.5 microns, 1 micamd 2 microns were fired at 850 C for 5
seconds The k¢ of each wafer was measured in amperes. The sample then electroplated
by light induced plating in the bath described kaiple 1 at a current density of 1.5 ASD. The
average values were graphically compared as @testrin Figure 1. The wafers which were
both fired and light induced plating plated had highest averaged values. Wafers which had
1 or 2 micron seed layers showed the highest agdgagalues of around 8 amps. The addition
of the light induced plating silver layer to theeddayer improved photogenerated current.

Example 3

The cell efficiency (CE) of each wafésalissed in Example 2 was determined using the
QuickSur® 120CA cell solar simulator with the irradiance agcell analysis method
(IDCAM). The CE of each wafer was measured in @etrc The average values were
graphically compared as illustrated in Figure Ze Wafers which were both fired and light
induced plated had the highest average percestezflly values. The wafers with seed layer
thickness of 1 to 2 microns after inkjet printing®ed the highest average percent efficiency
values of around 12%. The combination of the khrough and the light induced plating silver

layer improved semiconductor efficiency.

Example 4

The ink in Example 1 was charged in®rservoir of an Optomec brand single nozzle
R&D gradeaerosol printer (commercially available from Optam®t. Paul, MN). Using the
printer, a pattern with 69 current lines and tws bars was printed onto the surface of 5 solar
cell wafers of the same type as in Example 1. grivger passed over each wafer fifty times to
deposit the pattern. The printed line widths ageda50 microns in width and 10 microns in

height after printing. The wafers were fired untter same conditions as in Example 1, and the



4. The method of claim 2, wherein the metal is chosen from silver, gold, palladium, platinum, copper,
tin, nickel, cobalt, iron and lead. 5. The method of claim 1, wherein the bum-through metal ink
comprises one or more of glass frits, metal salts, metal complexes and metal organic compounds. 6.
The method of claim 5, wherein the glass frit are particles having diameters of about 2000 nm or less.
7. The method of claim 1, wherein heating is done & temperatures of at least about 400 C. 8. The
method of claim 1, wherein the metal layers deposited by light induced plating is chosen from silver,

the merehHIgeRE BB BTG AAGLLLF AR O T T BDUIRRSHE Eak. 10. The
method @&xeaipiell wherein the burn-through metal ink is applied by inkjet or aerosol.

In addition, containing commercial pasaenples A, B and C were screen printed to form
69 current lines 80 microns wide with 2 bus Baram wideonto wafers of the same type used
in Example 1. These commercial pastes were typictdie industry, consisting of large 3-5
micron silver flake particles with glass frit comtimmg PbO. The average line widths of the paste
samples were between 80-100 microns wide and 8i&@ns thick. The cells were then fired
and electroplated under the same conditions asdllein Example 1. After plating, 2.3 cm
wide strips of these cells were carefully removeith\a wafer cutter. Similar 2.3 cm wide strips
were removed from the cells with the seed layeodigd by the aerosol printer. These 2.3 cm
wide strips from each cell in each case were catparallel direction to the bus bars, and
consisted of a series of electrically isolated@Blong parallel lines. From such a series of
lines, the contact resistance can be measurecdehyahsfer line method. Using a four point
probe measurements with a source meter (commerenadiilable from Keithley Series A 2600A
SourceMeter, Cleveland, OH) and the transfer lie¢hiomd the contact resistance for each of the
samples was calculated, and plotted in Figurel@ &erosol printed cells showed the lowest
average contact resistance of all the samples.a&hwsol printed cells with silver light induced
plating have an improved contact resistance cordparéhe cells that were screen printed with
silver light induced plating. The average contasistance for the aerosol printed seed layer
sample was on the order of 3 m-ohm?crithe boxes represent the range of values fodaies
and the center line of the box represents the geera lower contact resistance showed that

there was a decrease in overall resistance ofeideading to higher efficiencies.
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What is claimed is:

1. A method comprising:
a) providing a burn-through mete;i

b) selectively applying the burmetlhgh metal ink to an antireflective coating on a

semiconductor substrate;

c) firing the semiconductor subnaith the antireflective coating and the burn-
through metal ink to provide Ohmic contact betweetal from the burn-through metal ink and
the semiconductor substrate; and

d) depositing one or more layers afetal on the metal from the burn-through metal
ink by light induced plating.

2. The method of claim 1, wherein the burn-throog#tal ink comprises metal in the form of
metal powder, metal saltsietal organic compounds, metal complexes or misttirereof.

3. The method of claim 2, wherein the metal artigdas having diameters of about 1000 nm or
less.

4. The method of claim 2, wherein the metal issgimofrom silver, gold, palladium, platinum,

copper, tin, nickel, cobalt, iron and lead.

5. The method of claim 1, wherein the burn-throogtal ink comprises one or more of glass

frits, metal salts, metal complexes and metal organic commgts.

6. The method of claim 5, wherein the glass fiét garticles having diameters of about 1000 nm
or less.

7. The method of claim 1, wherein heating is dantmperatures of at least about 400° C.

8. The method of claim 1, wherein the metal layksosited by light induced plating is chosen

from silver, gold, palladium, platinum, copper,,tinckel, cobalt, iron and lead.

9. The method of claiml, wherein the metal layknsosited by light induced plating are about 5
microns to 20 microns thick.

10. The method of claim 1, wherein the burn-thtoogetal ink is applied by inkjet or aerosol.



