WO 2009/067005PCT/NL2008/050732 Method of fabrication of a back-contacted photovoltaic cell,
and back-contacted photovoltaic cell made by such a method. The present invention relates to a
method of fabrication of a back contacted 5photovoltaic cell. Moreover, the present invention relates to
a back cont®&e8%iietoltaic cell. A back-contacted photovoltaic cell dtCSEtEr28e8163838%d on either a
monocrystalline or polycrystalline silicon wafer, comprises a metallization scheme in which contacting
electrodes of positive and negative polarity are each arranged on a back side of the 10solar cell. Such
a metallization scheme applies either metallization wrap through (MWT) or emitter wrap through
(EWT) to bring the contacting electrodes to the back side so as to have a maximal area available for
photovoltaic conversion on a front side of the solar cell that in use faces a radiation source (e.g., the

sun). The top layeMyttiedsaffabaiictfiasef harbrteniacsdaotpapitainieeth andbackside of the

cell by 15 means qf gne.or mqre.metal plugs in Koles (also known as "yias") that extend through the
wafer. The S%gﬁ?%gﬁétc%%@gﬁgﬁggﬁgﬁg Sﬁorrgr? s%t?@}rg biits aarPéi\é \ Iy poor efficiency for a
number .of reasons. It is known that in conventional MWT or EWT technology the conductance

20through the vias can be relatively small, The metallization of the vias is typically obtained by means
of a screen printingHriEeY KRS et ey asetione! tbukismvidcompletely filled

with metakby thistanethaddsidifiaelyAstaerprulipitbenlow eandyetanasthemaffigigncy of the solar cell
is therefore red%ced. romewternational Application W05076960 it is known to improve the 25
|

conductance WitRIR ‘S ViE Y doping the via walls using a diffusion process preceding the screen

printing process. Pheadiffusicntpigbessvoitst baiaranigecd:th bbiainm aibavaoibchighikieopant
concentration than imum.(low) dapant concentration. of the front side layer of the. solar cell.
Such diffusion%iﬁ%&%@%@rﬂ% éle‘%}i‘é‘g.)? %5%%?8%“ Ré%gi? F‘éa{g#’ezé‘é‘ﬁld?ﬁg%’gf 6‘?8"’@% 6’%%‘?8%’%% which may
also adversely® Fe e [$/5] AL A apa iearétatively hig

I d lyeipedifese Wihsibiee30fbneewion Dolemf siticateapgrd hicllsidezofétatively high

dopant cofceniialioBi@ki2h a metallization scheme applies either metallization wrap through
(MWT) or emitter wrap through (EWT) to bring the contacting electrodes to the back
side so as to have a maximal area available for photovoltaic conversion on a front side
of the solar cell that in use faces a radiation source (e.g., the sun). The top layer of the
solar cell connects to a front side contacting electrode on the backside of the cell by
15 means of one or more metal plugs in holes (also known as “vias”) that extend through
the wafer.
The back-contacted solar cell of the prior art suffers from a relatively poor
- efficiency for a number of reasons.
It 1s known that in conventional MWT or EWT technology the conductance
20 through the vias can be relatively small. The metallization of the vias is typically
obtained by means of a screen printing process which presses metal paste into ihe vias,
To obtain vias completely filled with metal by this method is difficult. As a result of the
low conductance the efficiency of the solar cell is therefore reduced.
From International Application WO5076960 it 1s known to improve the
25 conductance within 2 via by doping the via walls using a diffusion process preceding
the screen printing process. The diffusion process must be arranged to obtain a via wall
with higher dopant concentration than the optimum (low) dopant concentration of the
front side layer of the solar cell. Such diffusion process for the via is complex since it
requires additional production steps, which may also adversely interfere with the

30 formation of the front side layer. In particular, a relatively high dopant concentration at



the front side layer of the wafer due to the doping of the via walls may enhance the recombination of
minority charge carriers in the front side layer. Also, it is known to use electroplating for metallisation
of the vias in the wafer. However, this technology is latively costly compared to screen printing. An
embodiment of the present invention seeks to remove or at least reduce the above disadvantages.

According tharitaspsideorirs pfebent #vefivie therdiripeoofdds Ximatbumrmeidnitding a

photovoltaiccall,camprisitgnnmbreyiding.a serisonductatsubaiatesf a first conductivity type;
creating at least one via, being a hole, that extends between a front side and a back side of the

semiconductor Alisstihis: kappRyigish secbariaing Hrramtaiiertontabihy instar SBe W ¥eer the at

least one vigthe fonh side coniastingdnetalpaste seampising i firleqnaatipy metal; - annealing the
semiconductor substrate so as to melt the first contacting metal, and during annealing, creating at

least on the wafld cTabedineniseb e\ PACSFPAIIBY BRI Tt T E58IRG bl Kt tdSeidnductor
substrate n@g{;@gisad%g;@%@geously, the method provides an enhancement for filling of the at least
one via, due to a flow of molten first contacting metal caused by wetting and/or capillary action, which
is assisted by tHE$SFHBEOR GPatFRey At fe RUEIRS bIKENEOR AeEh &5\ PR VidRd h iarthdiiplent, the

method proyidgsdibaling firssonaatingemetahphithgfront side contacting metal paste is a dopant
element for the semiconductor substrate, the dopant element causing a second conductivity type, the

second conuPRAKINIE/BETEIRRT SHesREPE #RoA TEH IR BydePe: Advantageously, in this
embodiment the, methed.aliows that thenyalls At the.akleasiopavidsanhavaRcanducyity type

different from the conductivity type of the substrate material.  In another embodiment, the method
provides thatdnelitbaesmiccshiciensgPsietsl paste comprises at least one first dopant element causing

a second CQ%@H‘H&K&M% hrisesondreandustivdhdvpenaing geresitederhe: fisskcondvtivity type.
,Int

Advantageousl| is embodiment the method allows that the walls of the at least one via can have

a conductiviiedipat FfseMminSIEmE b Ratie GRS oSt Hetemdirsieeia®hial.  According to

another aspegh Qf hePIRSSRLINENIADy tpkeisriavidad MBRAIRYPaiGCRhaMBRNISIAY k- a silicon
semiconductor substrate of a first conductivity ;ﬁ}pe; - at least one via, being a hole, that extends from a

front side tCHTHHEREIGR BEHESERCHNGASP i siralls.of the at least one Via an alloy of the

first contacting metal and the semiconductor substrate material.

Advantageously, the method provides an enhancement for filling of the at least one
via, due to a flow of molten first contacting metal caused by wetting and/or capillary
action, which is assisted by the formation of an alloy at the walls of the at least one via.

In an embodiment, the method provides that the first contacting metal of the front
side contacting metal péste is a dopant element for the semiconductor substrate, the
dopant element causing a second conductivity type, the second conductivity type being
opposite to the first conductivity type.

Advantageously, in this embodiment the method allows that the walls of the at least
one via can have a conductivity type different from the conductivity type of the
substrate material.

In another embodiment, the method provides that the front side contacting metal
paste comprises at least one first dopant element causing a second conductivity type,
the second conductivity type being opposite to the first cohductivity type.
Advantageously, in this embodiment the method allows that the walls of the at least one
via can have a conductivity type different from the conductivity type of the substrate
material.

According to another aspect of the present invention, there is provided a

photovoltaic cell comprising:



- on the backside a front side contacting metal pattern over the at least one via, the front side
contacting metal pattern comprising a first contacting metal; the at least one via comprising at least on
the walls a layer of an alloy of the first contacting mefal and the silicon semiconductor substrate
material. Advantageous embodiments are further defined by the dependent claims. Below, the

invention wilRiséliexplstmaerniticiercrbagateEameiaralfinglsy iwHitbtare intended for illustration |
purposes only, 3pg NGk o Hmit, 13e, SE ARG OhROLGEIAN aRAEINeEIN Hag ACCORRRNYIRIHaHS. Figure 1

shows schematically a cross-section of a back-contacted photovoltaic cell in accordance with an
embodimerfesfithadnesefthsiaifiion during an initial stage; Figure 2 shows schematically a

cross-section,pf ihe hackcanianiedarneinyaiaic.caliainena pexihstaor, figrEs 3, 5h0Wont

schematically a cross-section of the back-contacted photovoltaic cell during a subsequent stage;
Figure 4 sheMie eseiesringcaniplparsss SEBRERBE i HaraatEsHLIR Photovoltaic cell during yet a next

stage; Figuig 5 shews sehematicaliaisosstssstion ok thepackisantasted ahejoypliaic sall during a
further stage; Figure 6 shows schematically a cross-section of the back-contacted photovoltaic cell
during yet astrelingpssduadt baglcmgemiroaRBwer shertirmisikross-section of the

back-contacted gRataygliaic ceb bt smhslimenband o fishousadlock diagram of a

process in accordance with the present invention. F;&ure I shows schematically a cross-section of a
back-contactedBshotovbrary eeiioniv HEbsraatieasditiEnrelfiss it Bt the skt iirke#ffon during

an initial stage,, 1 3R RIRIBhSIRES.ENS ARt O REACERS sBopRNYEQREIEISUbstrate 101

of a first conductivity type is provided.” The substrate can be either a monocrystalline wafer or a
polycrystalldrdinesfép &i;%@ﬁ@@mp@wng claims.

Figure 1 shows schematically a cross-section of a back-contacted photovoltaic cell in
accordance with an embodiment of the present invention during an initial stage;
Figure 2 shows schematically a cross-section of the back-contacted photovoltaic cell
during a next stage;
Figure 3 shows schematically a cross-section of the back-contacted photovoltaic cell
during a subsequent stage;
Figure 4 shows schematically a cross-section of the back-contacted photovoltaic cell
during yet a next stage;
Figure 5 shows schematically a cross-section of the back-contacted photovoltaic cell
during a further stage;
Figure 6 shows schematically a cross-section of the back-contacted photovoltaic cell
during yet another subsequent stage;
Figure 7 shows schematically a cross-section of the back-contacted photovoltaic cell in
a further embodiment, and
Figure 8 shows a block diagram of a process in accordance with the present invention.
Figure 1 shows schematically a cross-section of a back-contacted photovoltaic cell
I in accordance with an embodiment of the present invention during an initial stage.
During an initial stage of the manufacturing process, a semiconductor substrate 101
of a first conductivity type is provided.
The substrate can be either a monocrystalline wafer or a polycrystalline wafer of

silicon.



The first conductivity type can be either p-type (acceptor type) or n-type (donor type). In a preferred
embodiment, the first conductivity type is n-type. In the substrate 101, one or more vias 102 are
created that run from a front side 10la to a back side 101b of the substrate. Vias can be created by
laser hole difithef$¥8eHidlogy.  After creating the vias 102, a top layer POB/N.268ffdd8h the front
side of the substrate 101 and on the walls 102a, 102b of the vias 102, and optional on part of the back
side of the substrate. The top layer 103 has a second g¢onductivity type that is opposite to the first
conductivity type of the substrate 101. 10In a preferred embodiment, the substrate has n-type
conductivity and the top layer 103 has p-type conductivity. The p-type top layer 103 can be formed by
diffusion of boron (B du firstwidipant whe rrerheofifhdy payidtemative lyptherfinstydo fdmtoelement may

comprise Al, Ga,@y kfﬂ'aTﬂ?@féﬁ%H%ﬂ%’aﬁrﬁ@x@%tI’I?@é&%&g{m_?ftm 3.Yapor source or a coating

source. 15 The coating source may be a paste or a liquid that contains the dopant. This paste or liquid
can be screen prinfedespRREdaEY ofsaysEcoith 3arresat e st tiereedirrsiss can be diffused

in at high tempeyaiuee, bakigate B shenssahamationlly é‘aﬁrﬁ’@&é&g&i%? pkdhedragkispptacted
photovoltaic cell dﬁ%} a next stage. 20Next, base contact regions 104 for contacting the substrate

101 are criatelf ack side 101b. A mask (not shown) is used to define the regions where the
base contacts 104/dfterterda@ifgniedadn e2prefertedenbaodinert in whighthasuistiate has n-type

conductivity, the base. ontact regions 104 are created by a diffusion of a second dopant element of
n-type The sec%lr?a ocp%a%r?tdecgr%netn rhvérﬁ};]eg ‘b‘i‘lé@éﬁ&éﬁ%‘fﬁiﬁ%@a&eg Ffan&oﬁ%ﬁ? %Icgr%%nt may be
formed from a Vaghoridooi des onksicaatifesopitercrAfid hdefinirgror cretmtitigitheypageidentact regions

104, the mask is, removehAlfernatikeiyihe,3eeand.dapanygigment may be applied locally on the
base
10 In a preferred embodiment, the substrate has n-type conductivity and the fop layer

103 has p-type conductivity. The p-type top layer 103 can be formed by diffusion of
boron (B) as a first dopant element of p-type.
Alternatively, the first dopant element may comprise Al, Ga, or In.
The first dopant element may be formed from a vapor source or a coating source,
15 The coating source may be a paste or a liguid that contains the dopant. This paste
or liquid can be screen printed, spin-coated or sprayed on the surface of the substrate
and then can be diffused in at high temperature.
Figure 2 shows schematically a cross-section of the back-contacted photovoltaic
cell 1 during a next stage.
20 Next, base contact regions 104 for contacting the substrate 101 are created on the
back side 1G1b,
A mask (not shown} is used to define the regions where the base contacts 104 are
to be formed.
In a preferred embodiment, in which the substrate has n-type conductivity, the base
25 contact regions 104 are created by a diffusion of a second dopant clement of n-type.
The second dopant element may be phosphorous (P). The second dopant element may
be formed from a vapor source or a coating source.
After defining or creating the base contact regions 104, the mask is removed.
Alternatively, the second dopant element may be applied locally on the base
30 conlact regions 104 by means of a dopant containing paste comprising n-type dopant.
Figure 3 shows schematically a cross-section of the back-contacted photovoltaic

cell 1 during a subsequent stage.



30 contact regions 104 by means of a dopant containing paste comprising n-type dopant. Figure 3
shows schematically a cross-section of the back-contacted photovoltaic cell 1 during a subsequent
stage. 5 Subsequently, a first dielectric layer 1 05 is formed on the front side of the substrate to
cover the topVRyEPPOETypically, the first dielectric layer 105 is a siliconRifFiNE2PEEHRIch can be
created by a plasma enhanced chemical vapor deposition process (PECVD). Alternatively, the
dielectric layer may be formed by a sputter- 5depositiadh process or a low pressure CVD (LPCVD)
process or any further process as known in the art. Next, a second dielectric layer 106 is formed on
the back side of the substrate. Typically, the second dielectric layer 106 which may have a different
composition than thebfegrefidlectficsialeledtos layarsilitton fitridd tayée Whighidantkealso created by a

10 plasma enhgngedichemicalyany 1denqgition BragesTE G URkcIgEe fshows sefiematically a

cross-section of the back-contacted photovoltaiC cell 1 during yet a next stage. During this stage, a

back side metdIHF4GAR prattlieh £877 18 eiirddon Reseepiisd amicrhyspatdrobEeR side of the
substrate. The hasksigemetsllizationRaticin-1hdesis avangad substantialy eygrdhe base contact

regions 104. ically, the back side metallization pattern 107 is created by screen printing of a back
side contacting FAStA! R AR STHE Batk Sidé Metdiostss T LM PIE S0 be created
by an other technelagy tistigh,. as stencil printing, inkjet printing, dispensing, decal transfer,

electroplating, elecigless plefing,(WLNG!Iited thereto) 20Fhe back side,metal pagte of the back
side metallization pattérn (C)Oflmay comprise silver ,(lig as Second contacting metal - Figure 5 shows
schematically d gpossbsdbtiorrofthiclatic daratiédvplibtovgitaicecedli ffaderingrapssisegtent stage.
the first dielectric layer 105 is a silicon nitride layer which can be also created by a
164 plasma enhanced chemical vapor deposition process (PECVD).
Figure 4 shows schematically a cross-section of the back-contacted photovoltaic
cell I during yet a next stage.
During this stage, a back side metallization pattern 107 is created on the second
diclectric layer at the back side of the substrate. The back side mctallization pattern
15 107 is arranged substantially over the base contact regions 104,
Typically, the back side metallization pattern 107 is created by screen printing of a
back side contacting metal paste. Alternatively, the back side metallization pattern 107
may also be created by an other technology, such as stencil printing, inkjet printing,
dispensing, decal {ransfer, electroplating, electroless plating (but not limited thereto).
20 The back side metal paste of the back side metallization patiern 107 may comprise
silver (Ag) as second contacting metal,
Figure 5 shows schematically a cross-section of the back-contacted photovoltaic
cell 1 during a subsequent stage.
During this stage, a front side contacting metallization pattern 108 is created at the
25 back side of the substrate. The front side contacting metallization pattern is formed
over the back side via openings in such a way that the vias 102 are at least partially
filled with first contacting metal,
The front side contacting metallization patiern may be created by a second screen
printing process of a contacting metal paste, or by other technigues such as those
30 mentioned above with reference fo the fabrication of the back side metallisation pattern.
In a preferred embodiment, the contacting metal paste of the front side contacting

metallization pattern 108 comprises aluminium (Al) as first contacting metal,



During this stage, a front side contacting metallization pattern 108 is created at the 25 back side of the
substrate. The front side contacting metallization pattern is formed over the back side via openings in
such a way that the vias 102 are at least partially filled with first contacting metal. The front side
contacting nYegahegPipattern may be created by a second screen printfied/Plcoeks$T3a contacting
metal paste, or by other techniques such as those 30mentioned above with reference to the fabrication
of the back side metallisation pattern. In a preferred @mbodiment, the contacting metal paste of the
front side contacting metallization pattern 108 comprises aluminium (Al) as first contacting metal. WO
2009/067005PCT/NL2008/050732 6 In the case of MWT (metallisation wrap through) an additional
metallisation pattcin {rrotash oM Werénigadiset mpplieg Snohehfrontdideviitheglibstrate.  Figure 6

shows schemalically & grassaaRion oLl haRkrconRYiBdRNRIG il during vet another

subsequent stage. 5During this stage, the back-contacted photovoltaic cell is heated at an elevated
annealing temperdtighée TrBosHrshfmg tetb eraitiesreiaiciBy backcartansd rhegspimtion of a

conductive conjactibetweanthe.seqore sentasting metal of the back side contacting metallization
pattern 107 and the base contact regions 104, and to cause melting of at least the first contacting

metal in the contadtifiHBaF B oPRGE-fottt el R esntasing Hdtetichtin siaelf108.  The
melting of the fxpiniaticleieapéaating Thetalpatte advpntagedusty-altaws fillingifth@evias, due to a flow

f molien oo B85 DT S5 TR and s Rl e MR e arneain
contacting metallization pattern 107 and the base contact regions 104, and to cause
melting of at least the first contacting metal n the contacting metal paste of the front

10 side contacting metallization pattern 108,

The melting of the front side contacting metal paste advantageously allows filling
of the vias, due to a flow of molten contacting paste material caused by wetting and/or
capillary action.

Morcover, the annealing temperature may be chosen so as to have a reaction of the

15 first contacting metal of the front side contacting metallization pattern 108 with the

walls 102a, 102b of the via to form an intermetallic compound 109 {e.g., a eutectic
alloy).

The via may comprise a plug of a single metal body, in case no reaction occurs
with the walls. If a reaction occurs with the walls, then the via may comprise a plug that

20 partially or fully consists of the intermetailic compound 109,

In an embodiment m which the first contacting metal paste comprises aluminium
and the semiconductor substrate comprises silicon, the intermetallic compound 109
may comprise the Al-Si eutectoid, Due to the formation of a cutectic alloy at relative
low liquidus temperature (about 600 °C) in the Al-S1 composition system {or Al-Si

25  phase diagram), an excellent filling of vias can be achieved, in particular due to the

relative low viscosity of the eutectic liquid.

Also, it is noted that aluminium can act as a p-type dopant of silicon. As a result,
the junction isolation (the isolation of the via metal from the n-type substrate 101} and
the conductivity within the via wall is enhanced, which results in further improvement

30 of'the efficiency of the back-contacted photovoltaic cell 1.

In an embodiment in which the back side contacting metal paste comprises silver

and the front side contacting metal paste comprises aluminium, an annealing



15 first contacting metal of the front side contacting metallization pattern 108 with the walls 102a, 102b
of the via to form an intennetallic compound 109 (e.qg., a eutectic alloy). The via may comprise a
plug of a single metal body, in case no reaction occurs with the walls. If a reaction occurs with the
walls, then th&MaIPEomprise a plug that 20partially or filly consists ofHEREs#HERIEE compound
109, In an embodiment in which the first contacting metal paste comprises aluminium and the
semiconductor substrate comprises silicon, the intennétallic compound 109 may comprise the Al-Si
eutectoid. Due to the folulation of a eutectic alloy at relative low liquidus temperature (about 600 C) in
the Al-Si composition system (or Al-Si 25phase diagram), an excellent filling of vias can be achieved,
in particular duenperature letivecichesris betitscoftihensliteg tienticpridure Alsbyritiigunoted thetedluminium can

act as a p-typesopapt gfsilican. ARA HESHLIRIMAGtICRHSAlAleR.dRe dsolatian of the yig metal from

the n-type substrate 101) and the conductivity within the via wall is enhanced, which results in further
improvement 30BY s BiGsHISPHRHE b ERICEER o ptidhsvetaiccrtirts 10 an embodiment in which

the back side contagting:faetal Qaﬁﬁm@&m%mw%@ﬂ,dtﬁe%m@t&i%&%@w metal paste
comprises aluminium, ??%3% aling. WO 20091067005PCT/NL2008/050732 7 temperature can be
i

chosen betwed TRy AT SR R GE RS RIS tHAP SR s crietien Ycagk Pailoying of
aluminium withdsilicpreedingcetite widen sitetpastehofityroprias thaaiigandnitridedaysr 46 to contact
the base contagts 104. It is noted that.in.an alternative embaodiment, the back side contacting (by 5
annealing) of 3%90 glégcig%ifgrg %Ic})fr}]et%ct[t(l}r?é} ir?%tﬂdﬁa“éqg %:70 o ltaf%u %Egg%lomacts 104 may be done
preceding to the séiventpriatinglofethenfrontsid® cortabtinguiwetal peste 408 aindothe stdasequent
anneal to till the, vigsiththe Gontaciingmetal. pack 365106 annealing e mAeraiule 1o pelt aluminium
(or Al-Si alloy) is [owelr g}an ePhe melting terﬁpe?aﬁfre of siiver, tﬁg baéL si%e s?é/%r g%rntg?:{%ls? 107 are
stable du?i‘ﬁg tﬁ’éh}.léfﬂﬁrq& Of¥he vias. Itis noted that in a further embodiment, the metallic plug in the

via may comprise g ¥Qigiia incaniterdtkaliersatham utmay Sxbibite (G4asky) dwhal.shape.
void m its centre. In that case, the plug may exhibit a (quasi-) tubular shape.

Due to annealing, the front side contacting metal paste solidifies into a front side
coniacting metal composition comprising the first contacting metal, the back side

15 contacting metal paste solidifies into a back side contacting metal composition
comprising the second contacting metal.

Figure 7 shows schematically a cross-section of the back-contacted photovoltaic
cell i a further embodiment,

In Figure 7 entities with the same reference number as shown in the preceding

20 figures refer to the corresponding entities,

In this embodiment, the front side contacting metal paste 108 comprises a first
contacting metat and a dopant element. During an annealing procedure, both a diffusion
reaction of the dopant element diffusing into the substrate material and an alloying
reaction of the first contacting metal with the semiconductor substrate material can

25 occur.

Depending on the reaction kinetics of each of these reactions, the plug in the via
may comprise a doped layer 111, an intermetallic compound layer 112 and a metal
body 110. The ratio of the widths will depend on the reaction kinetics at the selected
annealing temperature, as will be known to the skilled person.

30 In an embodiment, the substrate 101 comprises n-type silicon and the front side

contacting metal paste comprises aluminium and boron,



Due to annealing, the front side contacting metal paste solidifies into a front side contacting metal
composition comprising the first contacting metal, the back side 15contacting metal paste solidifies into
a back side contacting metal composition comprising the second contacting metal. Figure 7 shows
schematical}y&%6A84878&xtion of the back-contacted photovoltaic cell in aPfaFNeERROHent. In
Figure 7 entities with the same reference number as shown in the preceding 20figures refer to the
corresponding entities. In this embodiment, the front sigle contacting metal paste 108 comprises a first
contacting metal and a dopant element. During an annealing procedure, both a diffusion reaction of
the dopant element diffusing into the substrate material and an alloying reaction of the first contacting
metal with the senficne §ctorsubbleakeaiimeanial eana2BBcoame Degsendifigrorrthuireectioh kinetics of

each of these rgaglignsibs plug.nthe,viamay,gomprise a doped layer 111, an intefinetallic
compound layer 112 and a metal. body 110. The ratio of the widths will depend on the reaction kinetics

at the selected anA@&InifteriperEareces fit peadrstiniabitre SRIReNpErOF BbRT&IRSehbodiment, the

substrate 101 gerdprgrsin-Wiesiicopanddhedipatside senasinthmeiatnasiensomprises aluminium
and boron_ WO 2009/067005PCT/NL2008/050732 8 Figure 8 shows a block diagram of a

manufactuting PrESSEE 80D TP LRSI With an embodiment of the present invention.

In next action 802, holes (vias} for p-type contacts are drilled in the wafer by laser
drilling.
Then, in action 803, on the front side of the wafer a top layer with p-type
conductivity is formed by boron (p') diffusion. This diffusion process may be carried
10 out at elevated temperature using gaseous boron pre-cursor. At the same time, the walls
of the vias are covered with a layer of p-type conductivity.
In action 804, contact regions are created on the back side 101b of the wafer by a
diffusion of n-type dopant. The n-type dopant may be phosphorous (P).
In subsequent action 803, a first dielectric layer 103 is formed as passivation and
15 anti-reflection layer to cover the top layer 103. This first dieleciric layer 1053 may be a
silicon nitride layer which can be created by a plasma enhanced chemical vapor
deposition process (PECVD).
In next action 806, a second dielectric layer 106 1s formed as passivation and
internal-reflection layer on the back side of the wafer. The second silicon nitride layer
20 can be created by a plasma enhanced chemical vapor deposition process (PECVD)
In action 807, a back side (base) contacting metallization pattern 107 for contacting
the back side base contacts 1s created on the back side of the wafer by screen printing of
a back side contacting metal paste comprising silver (Ag).
Then, in action 808, a front side {emitter) contacting metallization pattern 108 is
25 created at the back side of the wafer by screen printing of a contacting metal paste
comprising aluminium as first contacting metal. The front side contacting metallization
pattern is formed over the back side via openings in such a way that the vias 102 are at
lcast partially filled with front side contacting metal paste.
Next in action 809, the wafer is annealed at an elevated annealing temperature.
36 During annealing a conductive contact between the back side silver metallization
pattern 107 and the base contact regitons 104 is formed. At the same time, the

contacting metal paste melts and fills the vias, due to a flow of the molten contacting



The manufacturing process 800 of a back-contacted photovoltaic cell 1 begins at action 801, in which
a n-type silicon substrate is provided. The wafer is either Smonocrystalline or polycrystalline. In next
action 802, holes (vias) for p-type contacts are drilled in the wafer by laser drilling. Then, in action
803, on the YYO"&4E8Phe wafer a top layer with p-type conductivity is fB?PHEJ&Bt?Wé?ES?? (p+) diffusion.
This diffusion process may be carried 10out at elevated temperature using gaseous boron pre-cursor.
At the same time, the walls of the vias are covered with a layer of p-type conductivity. In action 804,
contact regions are created on the back side 101b of the wafer by a diffusion of n-type dopant. The
n-type dopant may be phosphorous (P). In subsequent action 805, a first dielectric layer 105 is formed
as passivation 87! PSR TRFETGHRY/BY TEtBetwaneityer a0 sn THiS tiur tisrd@fitfayer 105 may
be a silicon nitrde:lsyecwhichands sieateddy wifplasgnaenhansed.ehemieabyaper deposition
process (PECVD). In p?,xt action 8&)% a second dielectric layer 106 is formed as passivation and
internal-reflectiBHTATED B HEASARE Le BreN AR ThiSalbRASHREM A AJEYB) can be
created by a plagma énkihoedtthamicahvagdandepaesitionqrace ss: (FEEMB) of the action 807, a back
side (baseicon}%%tin meta Hizgitli,gnr gv%gern 107 for contacting the back side base contacts is created
on the back side of the water Y SEreen printing of a back side contacting metal paste comprising silver
(Ag). Then, in actitm808rwifreatiside’ (Ertlittenicoistacting detalirhtiongsatcnthogis@Btreated at the
back side of th?ﬁﬂ@f@&ﬁ%iﬁ‘i@?n printing of a contacting metal paste comprising aluminium as first
contacting metal. The front side contacting metallization
It is noted that in the above description, several intermediate process steps may be
present, in particular wet- or dry chemical steps, for example for etching and cleaning.
10 For reason of clarity these intermediate steps which are apparent to the skilled person
are not discussed here,
It will be apparent to the person skilled in the art that other embodiments of the
invention can be concetved and reduced to practice without departing form the true
spirit of the invention, the scope of the invention being limited only by the appended

15 claims as finally granted. The description is not intended to limit the invention.



pattern is folwed over the back side via openings in such a way that the vias 102 are at least partially
filled with front side contacting metal paste. Next in action 809, the wafer is annealed at an elevated
annealing temperature. 30During annealing a conductive contact between the back side silver
metallization pattern 107 and the base contact regions 104 is formed. At the same time, the contacting
metal paste melts and fills the vias, due to a flow of the énolten contacting 9 metal paste material
caused by wettingand/or capillary action. The aluminium of the front side contacting metal paste reacts
with the silicon of the wafer and forms an intermetallic compound that covers the walls of the via. Since
aluminium is a p-type dopant for silicon, the junction isolation is enhanced and the efficiency of the
5photovoltaic cell is Mzwb% In a following action 810 the wafer is cooled down and processed
further to creafe a pho&gl\éa%ag% gell. t iﬁ noted tgat in the abgve description, several intermediate
process steps may be present. in panicuTar wet o P BAENRLISHSRE B¢ example for etching and
cleaning. 10For reasgmofidiadty theseintermediate siepSanhich aigurppatenhto the skilled person are
not discussed here. _ It will be apparent to t%e. erspn s illed in tg?ﬁf rt that otger embodiments of the
invention can be conceived and reéduced 1o practice WithBii G&fs: RBRTR S i SpiRt bR the
invention; the scopetekthe davwdiitiondnaing dmitedhailydey: the appended 15claims as finally granted.
The description is thggﬁ?ﬁgg%ﬁc{ﬂ%géEng\f 1'(t)|r?tns]ide contacting metal paste over the at least

one via, the front side contacting metal paste comprising a first contacting

metal;

- annealing the semiconductor substrate so as to melt the first contécting metal,
10 and

during annealing, creating at least on the walls of the at least one via an alloy of

the first contacting metal and the semiconductor substrate material.

[se

Method according to claim 1, wherein
15 - after the creation of the at least one via, a layer of a second conductivity type
15 formed on at least the front side of the semiconductor substrate and on walls

of the at least one via;

the second conductivity type being opposite to the first conductivity type.

20 3. Method according to any one of preceding claims 1 — 2, wherein the first
contacting metal of the front side contacting metal paste is a dopant element for
the semiconductor substrate, the dopant element causing a second conductivity

type, the second conductivity type being opposite to the first conductivity type.

4. Method according to any one of preceding claims 1 — 3 , wherein the front -
25 side contacting metal paste comprises at least one first dopant element causing a
second conductivity type, the second conductivity type being opposite to the

first conductivity type.



10 CLAIMS 1.Method of manufacturing a photovoltaic cell, comprising: - providing a semiconductor
substrate of a first conductivity type; - creating at least one via, being a hole, that extends
between a front side and a 5back side of the semiconductor substrate; - applying on the backside a
front side contacting metal paste over the at least one via, the front side contacting metal paste
comprising a first contacting metal; - annealing the semiconductor substrate so as to melt the
first contacting metal, 10and during annealing, creating at least on the walls of the at least one via an
alloy of the first contacting metal and the semiconductor substrate material. Method according to claim

1, wherein 15- after thdereediaecording & Rase snehgeeia, lyetdsfendedbadasardostivifitype is formed
on at least the front ﬁig& g%%g&g@%ﬂgggy t?f)@?{fétﬁl@tﬂgc?&ﬁﬁ%y%&t the at least one via; the

second conductivity type being opposite to the first conductivity type. 203.Method according to any one
of preceding claims “1fzmiigchass eqaifiesregintactinberpatkistiaine thenesiverbivlacaabSHdtal paste is a

dopant element for the SRMICANIUCALi SHOBERAIE, - RN RIGME L ¢aHsing a second conductivity

type. the second conductivity type being opposite to the first conductivity type.

5 6. Method according to claim 2, wherein after the formation of the layer of
second conductivity type, the method comprises:

- forming a first dieleciric layer to cover the layer of the second conductivity

type.

7. Method according to claim 5, wherein after the formation of the base contact
10 regions at the back side of the semiconductor substrate, the method comprises:
- forming a second dielectric layer to cover the back side of the semiconductor

substrate.

8.  Method according to claim 7, wherein after the formation of the second
dielectric layer, the method comprises:
5 - applying back side contacting metal paste on the base contact regions; the

back side contacting metal paste comprising a second contacting metal.

9. Method according to claim 1, wherein the annealing of the semiconductor
substrate being done at a temperature above at least a melting temperature of the

first contacting metal.

20 10, Method according to claim 1, wherein the annealing of the semiconductor
substrate being done at a temperature above at least a eutectic temperature of a
composition system of the first contacting metal and the semiconductor

substrate material.



4.Method according to any one of preceding claims 1 -3 , wherein the front 25side contacting metal
paste comprises at least one first dopant element causing a second conductivity type, the second
conductivity type being opposite to the first conductivity type. S.Method according to claim 2, wherein,
in addition to the formation of the layer of second conductivity type, the method comprises: - forming
base contact regions at the back side of the semicondiiétor substrate, the base contact regions being
of the first conductivity type. 56.Method according to claim 2, wherein after the formation of the layer of
second conductivity type, the method comprises: - forming a first dielectric layer to cover the layer of
the second condudtivitylgiped Zcodetingdackorthor ttdclaimrsinvthefei afteathiegfaroation of the base

contact 10 regions a&@a&aﬁ&gﬁg&f&h& gee%gg&#g%%ﬁ&g%?@%s Qea%%t%% %{(})]egl ﬁg%ergfe_ forming a

second dielectric layer to cover the back side of t iconductor substrate. according to
claim 7, wherein aftenatitds o theh iheekingridrdieketine dyer sttemiethoabtopwpksas: 15- applying
back side contacting metal paste on the base contact regions; the back side contacting metal paste
comprising a second contacting metal. 9. Method according to claim 1, wherein the annealing of the

semiconductor sy strg;[;%ﬁjeicri\g don a}tta t(img1 ratyre abcgveﬁat least a melting temperature of the first
contacting metal. 2010 Metic REeBHiSS 10 it 1 s AR SRAEARE SFRA&SIERRonductor

5 13.  Method according to claim 9 or 10, wherein
the front side contacting metal paste comprises aluminium as first contacting
metal,
the back side contacting metal paste comprises silver as second contacting
metal, and

10 the semiconductor substrate comprises silicon.

14, Method according to claim 4, wherein the at least one first dopant element is

selected from at least one of a group of boron, aluminium, gallium and indium.

15, Method according to claim 5, wherein forming base contact regions at the
back side of the semiconductor substrate is done by diffusion of a second
15 dopant element of the first conductivity type; the second dopant element being

selected from at least one of a group of phosphorous, arsenic and antimony.

16. Photovoltaic cell comprising:
- a silicon semiconductor substrate of a first conductivity type;
- at least one via, being a hole, that extends from a front side to a back side of
20 the semiconductor substrate;
- on the backside é front side contacting metal pattern over the at least one via,
the front side contacting metal pattern comprising a first contacting metal;
the at least one via comprising at least on the walls a layer of an alloy of the first

contacting metal and the silicon semiconductor substrate material.



substrate being done at a temperature above at least a eutectic temperature of a composition system
of the first contacting metal and the semiconductor substrate material. 12 11. Method according to
claim 9 or 10, wherein the first contacting metal has a melting temperature, or a eutectic temperature
in association with the substrate material, lower than a melting temperature of the second contacting
metal. 12. Method according to claim 1 wherein the firdfconductivity type is n-type. 513. Method
according to claim 9 or 10, wherein the front side contacting metal paste comprises aluminium as first
contacting metal, the back side contacting metal paste comprises silver as second contacting metal,
and 10the semicdAductBheigstiziecedrmprisdasilieshimal Metrye adevrdivig tol@ligiesd, wherein the at

least one first dopant elegmant s selealedianahieaskate gl a giRabbaan alminiu,alium and

indium. 15. Method according to claim 5, wherein forming base contact regions at the back’side of the
semiconductor substratéié @endipyrditimsendicsrs sebithEstaisaiat sldhsarit efstrmingecontluctivity

type; the second dopant, glemept &ING $HRUBL PP AL SRR ANe A 220 . pligsPhorous, arsenic

and antimony. 16. Photovoltaic cell comprising: - a silicon semiconductor substrate of a first

conductivity type; copfyeHEtBAEDdiRBE ngRYHtI& thatBxtenadurErmta fromt side to a back side of
20the semiconductor substrate; on the backside a front side contacting metal pattern over the at least
one via, the front side contacting metal pattern comprising a first contacting metal: the at least one via

comprising at 'eafé.on e el ailaver oL 3oy 2 dhg festaniactino el andie sig
semiconductor substrate material.
the front side contacting metal pattern is a dopant element for the silicon
semiconductor of the first conductivity type, the dopant element causing a
second conductivity type, the second conductivity type being opposite to the

10 first conductivity type.

19.  Photovoltaic cell according to any one of claims 16 or 18, wherein the front
side contacting metal pattern comprises at least one dopant element causing
the second conductivity type, the second conductivity type being opposite to

the first conductivity type.

15 20.  Photovoltaic cell according to claim 19, wherein the first contacting metal
has a melting temperature, or a eutectic temperature in association with the
substrate material, lower than a melting temperature of the second

contacting metal.

21.  Photovoltaic cell according to any one of claims 16 — 20, wherein
20 the front side contacting metal pattern comprises aluminum as first
contacting metal,
the back side contacting metal pattern comprises silver as second contacting

metal, and the semiconductor subsirate comprises silicon.



13 17. Photovoltaic cell according to claim 16, wherein the photovoltaic cell comprises a layer of a
second conductivity in between the layer of the alloy and the silicon semiconductor substrate material
in the at least one via, and on the front side of the silicon semiconductor substrate; the second
5conductivity type being opposite to the first conductivity type. 18. Photovoltaic cell according to claim
16, wherein the first contacting metal of the front side ddntacting metal pattern is a dopant element for
the silicon semiconductor of the first conductivity type, the dopant element causing a second
conductivity type, the second conductivity type being opposite to the 10first conductivity type. 19.
Photovoltaic cell &&cordiityterahigiopeiiceriidhinete ders wherdintherfiorbsidd wentaetingtmetal
pattern comprises at leag}ne AgRant eI e ReCRNSING e 36! %Oé}dal%g GHRY P, u&@%@ﬁcond
conductivity type being opposite to the first conductivity type. 1520 voltaic cé accor ng to claim
19, wherein the first corité ﬂﬁ’g #étadHEs-a melting temperature, or a eutectic temperature in
association with the substrate material, lower than a melting temperature of the second contacting
metal. 21.Photovoltaic cell according to any one of claims 16 - 20, wherein 20the front side contacting
metal pattern comprises aluminum as first contacting metal, the back side contacting metal pattern
comprises silver as second contacting metal, and the semiconductor substrate comprises silicon. 14
22.Photovoltaic cell according to claim 16 or 21, wherein the at least one first dopant element is
selected from at least one of a group of boron, aluminum, gallium and indium.



