WO 2009/092453PCT/EP2008/055173 - 1 - Process for the manufacture of solar cells  The present
invention which claims benefit of US provisional patent application number 61/022958 filed on January
23rd, 2008 the complete content of which is incorporated herein by reference, relates to a process for
the manufactth@ ng?&f%ells. In another aspect of the present invention, & SFRA8HHEH Concerns a
process for the production of flat panels. Solar cells are applied to convert solar light into electric
current. They are usually manufactured from monocrystalline blocks of boron-doped silicon (P-type
doping) or from cast silicon ingots (polycrystalline silicon, P-type doped with boron) by sawing wafers
in desired size out of the bulk material. Then, a 10layer of silicon doped with phosphorous is formed to
provide an N-type doped coating. Fdiresenisethhmangfectomnobeotortdtted with POC13. Contact
electrodes are then applied, e.g. by evaporating metal onto the surface of the cell. Several respective
solar cells are then arranged to form a solar panel. If desired, the cell may also contain other dopants,
e.g. copper, as described by 15US-A 4249957. Cells manufactured in this manner still may have some
drawbacks. For example, the surface ought to be non-reflective because light is then better absorbed.
The wafers may have crieksrfissm theestoning:plockesss Dunéfig fHéS phorsiusdgpiag, a
phosphorus-containpptialassdikevaysrmaysanakichrQis usdesiernlRisiseeseiibgd by J.

Rentsch, D. Deckets i HPIMAN, b EamM K Bahand. B L1eu 2 pagetiled “industria

realization of dry plasma etchin removal an rear side emi er etching”, presented at the 22

European Photovolt4TM @S ey ecdirehe i ien asestipitiBn pesent sapsmiohehsn Milan, Italy. In this

paper, it is describéey thapwerstrhirtgr2SshoEplibeussilictve gfdbs geatlisd "PSG" in the paper) is

characterized by high waigirandschemypabivasiendispasal Bshvaliagdigh sachanigrlimpact. Itis

further mentioned m&&&&&ﬁﬁ?@@&%ﬁbﬁﬂﬁzﬂgaﬁﬁé €f&§9€%’1‘§o‘%8§/-5&5%9 {9t gaw damage removal
' ' ar cel " PSER

as well as oxide etching during so processing. In experiments, PSG were &iched using CF4 (a
perfluorocarbon) afiT BErEEEHEBEE GaddI S tHePBrEmRb Hrantr Ents bicame Ruamrs deberfooned
using SF6. PFCs afittdpealdxensitersfdrs ndesacdeitainuGhi e Dtk preseiat. iMentian provides a
solution to thege ang-atbesincablespsd wifpReBayrous Mfe-fket Aspeciathersris Rravisded a method for

facturi I Ll iSi f ' hgotomask of PERL
(Passivatod Ermitey iR oot LOH DA SOt St i g, o

solar cells, a phosphorus-silica coating, or of etching

the wafer to modify tF"RHF 488 hAR RRANE tfer3 SIS i RS FARTEPAER S Uiier 8h Bectsihg gas
comprising neat ca¥benyl faspertiee vekr fialbsime, thenwittumged todsarof 4lsarnpaarid Hittegeed, mixtures of

fluorine and argon timixéuresyoiifvesineiniiRganRngd g abppixtl asefisatignyl fluoride and oxygen,
mixtures of cagbonyjdluorideand inert gas selected from nitrogen, helium and argon, and mixtures of
carbonyl fluoride, oxyge Szﬁnd inert gas selected from nitrogen, helium and argon. _ In a second

aspect, there is provided & THEMBHFOF R AT RRTRG SES AP ARE WA SRS fAdie solar cells
manufactured by achsehtsd the defase duiho (e tarecassistteibecause dighirs tepdetishere is provided a

P-type doped solasbeltbebitaied bythepracessraseebnethabovBe prdtea fassHhaspect, there is
provided a solar pangl,GamRlisHitha, BRI SRS UR RS A8 RE%IROMSY form which
20 is undesired. This is described by J. Rentsch, D. Decker, M. Hofmann,
H. Schlemm, K. Roth and R. Preu, in a paper titled “Industrial realization of dry

plasma etching for PSG removal and rear side emiiter etching”, presented at the
22" European Photovoltaic Solar Energy Conference and Exhibition,
3 - 7 September in Milan, Italy. In this paper, it is described that wet etching

25 phosphorus silicate glass (called “PSG” in the paper) is characterized by high
water and chemical waste disposal as well as high mechanical impact. It is
further mentioned that PFCs (perfluorocarbons) and SFg are commonly used for
saw damage removal as well as oxide etching during solar cell processing. In
experiments, PSG were etched using CF4 (a perfluorocarbon) and hydrogen

30 were used. Other plasma treatments of the wafer are performed using SFg,.
PFCs and SFg are considered to have a certain GWP,

The present invention provides a solution to these and other problems.



According to the present invention, solar cells are manufactured from a silicon wafer comprising a step
of etching the wafer with an etching gas comprising carbonyl fluoride, fluorine, or nitrogen trifluoride or
mixtures thereof  Carbonyl fluoride and fluorine-sare preferred because they have no impact on the
ozone layer and no GWP. Carbonyl fluoride can be prepared, for example, by photochemical oxidation
of CHF3, by reaction of CO with elemental fluorine or by chlorine-fluorine exchange of COC12 with
fluorinatinkpayrens.  If desired, certain amounts of known etching agents can be added, e.g. SF6,

saturated or ungajufRiedpxer OfleRs 9 RHBONRICOn ek B fSaiaigsLRI-MsaAtlRtesknatfiwprocarbons,
e.g. or . r saturated or unsatura erfluoroethers itio chants are applied,
CF4 1C2F6(1;J turated run t%| z%tﬁd fl thE fg E%ladd't' Pﬁ'ft h‘E t g lied
they are BLIALIEEhSOTAAR AN b iR B I BTk SEARKE 4 FoR et s Equal to or
less than Bepnlscakbidpidtnsgd hrefar tsl thaphemia sEalinr aiydsoiudreichibaiis pefuérocarbons,
perfluorogibdisyoretharfatehanttudiecarapdsedidhich havepuiregative efigctondhpiagons layer, or
which hav, f tha LIS ' referced t ditiopa hant is
contained?%lgg%\g]%%%aﬁic%argﬁgﬁrﬁg%%g#éra%%ﬁ%wg%aﬁnwﬁ@rgﬁ jg%gt%p?e? ﬂ)uéfég %e%%é:cially boron
doped) pOWEGgEtaIfAE ¥ $h oo dhyaiam ndilrtgRm gk turesr il (FRtREN DS P& kR EWention is
preferablypetrdorsned hyteptbshasdssistb dtrerimenkinraspldsmadoasc hnoSderpdasraa peactors are
genera"y4@&&1\@%ﬂﬂnaﬁ%%}mﬁgﬁiﬂﬂyaaa%yg@ﬁeaﬁfgm?}ameé%k%%%{lﬁ}ﬁﬂa!ﬁidacm?géﬁm

Semiconductor E uilpmeg mbH, Aus&%img}ﬁuorine is used as treatment gas, it can be used neat.

For safety Y8A88R TN LPa B &I it&P8-with nitrogen, helium and/or argon. The
mixture can belfoimegtimdnespecicttsroria prixtitedof flueting derd theudertugng o geiseiwdbrmed
before intyagdueingtit-inter theskeasiar: Edhe aasrERie-bareduges dmsHchsadugnaixesformiato the
reactor, a Qom%gee(pous or near-homogenous mixture can be provided throughout the reactor chamber.
In genera?, the fluofine content of the mixture is, for safety reasons, preferably between 1 and 35 % by

volume. For exBiml&iednapiere dfare narehddierbre gadveardsessuppliecaidbnobieisedrizediottles. In
such pressudizechbatifsedaboraogenous mixture forms. It is also possible to introduce the gas

constituents separayely i ng 1aactor 19 dbsdetales explanalion.oen belawife forpamidure’
denotes premixed gas mixtures as well s mixtures created iri the plasnia reactor. ey safety reasons
are of no takcerAcHEed R2O8F-F2 diluted by lower amounts of nitrogen or argon can be applied, e.g.
mixtures comprsitgdiig teo2h&mpbysaalimemfaiiregian oslkrgen dmitirasredniprsingsiliarine and

nitrogen apehniXUies SRMPIIRIRG, PUIGHRES MRAAIGPRAS ﬂ%@@%@@@@ﬁpﬁaﬁg%&&%w
preferably, mix urgf comprising fluorine, nitrogen and arf%;@él._ fIn he following, some mixtures are
presente&lﬂ%'éi?’ ?ﬁﬁﬁgeeé%lg%%eé)r%%(f? CBhRRTSFAGSHRRY These mixtures are technically very
suitable, and aférdivahtigends aspdbiatipdareafetiersdsbernso thenxbaresreomprsingpotily fluorine
and nitroggareiappligdd the coment otduing redeiablyds aguaktpLEdragtekibanl Yoby volume.
The conter}11t0?(1;01‘*1uor'%rég]1 i%ggeft%gbl i/q%ﬁl t%orggé/v 5thgpg[ 'W%RX \é?éuméethil'kfwl%gogten} 2 nitrogen is
preferabl)? equa R lower than 0 y3VO ﬁme. rélfer_ab , LIS equéﬁ1 0 6r greéﬁe? than-75 "A by
volume. |sEgrsspBenieseferres ehtifddimeith foinabageticstHuorine lies in the range of 18 to 22
% by volume. If Hezibediresredamprisingtiustikasand argangareanpliet the saddenteqf asggn preferably
is equal t ter.t %. by referahly, it is to rt %.hy volume.
The contegﬁgf)ﬁég %%&%&eq%g?g?g%%&@@%ﬁc%ﬁ%ér%}gén 1% ’ys\%fugr\é]gg é}:?en?a%tléf%%% equal to or
lower thaRBBUFBFPSRSHffe, (dapBETaRy eI GIOWERITARNBEdPEaaTRers. K ifidures
comprisingiflitanaé ctubmoge aranpphikgb thayeapplidds fle contamtedf ifl uorinedsmreferalalytequal to or

greater thag-l %aRVPUBS-WismraiarahbasgualiQomaes haR by velyma. thegantent of
argon is preferabl 1:equ éo o] reaﬁer than.4 % by voJume. Preferably, the cog ent of argon is equal to
‘i‘ﬁ?é ém@ B

or 25lowettiad 2 ure e HROLR SRSt HIEAPRRSraBRT BURISEIEDS PEafiithan 4 % by
volume. Ieishprdterabbpaguatdovdritbviier tranczBtemivol umeh T heosana s flaorbechidrargon

preferablyisvequa! &F ahdewendharss0 R By espralireprREpesIN Praferaidyietsiakionandower than 45

% by volucrgefall%s 30preferably equal to or higher than 25 % by volume. In the mixtures described
above, the MUBTRE content is comparably low for :



safety reasons. In cases where safety reasons are of no concern, the fluorine content may be higher.
Generally, the fluorine content can be equal to or greater than 25 % by volume, Preferably, it is equal
to or greater than 60 % by volume ; 35more prefesably, it is equal to or greater than 75 % by volume.
The remainder to 100 % by volume may be constituted by nitrogen and especially by argon which, - 4
- as said above, sometimes stabilizes the plasma, especially in apparatus with lower power output. If
desired, even ridwat filiopinevederdsoprefspian. tHigtier sSruvrige Somenttahdsedmedilesiewiet argon

content is,aleq ¥epEBUIbIgJan RS BirRRarAtsINERI g pawRr output. The etching reaction is
faster with Shigfier flugrine conient, £or, example, miuies coniaining 512,28 24 by rolyme of fluorine
and 2 to 15 % by Volume o% argonpprovrde a very fast etc |ngy|5)rocess. EF ony tioride can be
applied a§$feBICELEBtE Clash HaRDEure With RIRyH8 n e dnss inksrt fasedokrasnpnd itéan be
applied tagatheswillyndreganbldnedidmfasa/applgan NMaepiefenakly ap@iedassesataubriance or
admixed gﬁgﬁphg%y@%%}l @B%Eially in apparatus with high power plasma, it is often possible to use
neat carbonyl'fluoride. In plasma apparatus with lower Elasma power, it may be advisable to apply

mixtures of cardoryPHEBRESTHPS AGRAISRtIRRIN GRS RtRShtroGeh SHERAIRS MY dh Kas a
positive effettrzhly. apdiabiliziagntheuptasittanitb@anhbalhffuenidierdilgted Witk nitrdgensdnehiem and/or

- argon alsq,may lloue safefhandling FRE SxampitCarpanyilupgse s £rplaingdinapameunt of
equal to ar mare than 50 % b volumei[iﬁ}r ferablg)%%ual to,or more than 75 %,b%/%\l/flume. The

remaindef¥6°86'88 By oI iRTd @E8hs i éﬂt,r%(?ﬂﬂfﬁa%ﬁ} &AM IARRISFAPGER. M tures
consistinghsf sachonyl flemaiden(preferadiy-hvithog 20uarboxipfiweride coptedadathyiveloabdve) and

a:\gon arerk@a‘iﬁ&c'@l%z‘w itabig. gencthle m@ﬂ%ﬁiﬁ&%@m&mﬂ E%t#@ }ﬁg&ﬂi@lﬂpﬁﬁ @%&%é%ﬁ@h the f
photomas PERL ("passiyate jiter and rear, locally diffused”).splar ¢ uring the texturation o
o emitd T LR o e R S b R e o
rib-like sugfacEehe P RherdIorapirusion el ostdnpinl mestserhhottprusibemegimagsover which
the metalgontastibridgesiaie avangadbla @ thirdatep, thegsurianedathensepatedwithia e diffusion
layer. DEE%p%Sf.e %?ggé'%%%{I&X\é%@%%%%%?%ﬁe@%b%ﬁpw {Mﬂf'd&ay&lﬁwﬁﬁ&éw CARDEG used here

to etch the photomask. The etch ptocess o resent invention can also be used to etch the

parasitic &A%ittEFBches sl 8F tREBBRYcserted in tha PR #5!8he embodiment, the surface of the
wafer used for the solar cell is modified (it is assumed that it is roughened) by the etching process of
the present invention. Roughening of the wafer surface by etching reduces the reflectivity and thus
enhances the effectivity of the solar cell. Reflectivity is 35considered reduced if the total hemispherical
reflectivity (averaged over all wavelengths) expressed by the intensity of incident light divided by
reflected -5 light is smatter for the surface-treated silicon wafer in relation to the untreated silicon
wafer.  The etching treatment is performed for a time which is sufficient to provide the desired
reduction of reflectivity. Preferably, the treatment is performed for 5equal to or more than 1 second.
Preferably, the treatment is perfoimed for equal to or less than 10 minutes, preferably for equal to or
less than 5 minutes. Etching is preferably performed until about equal to or more than 0.1 pm of the
surface are etched away. Preferably, it is performed until equal to or less than 500 m, preferably, until
equal to or less than 100 p.m are etched away from the surface,



10 especially until equal to or less than 20 p.m are etched away. Often, a few pm are etched away, for
example equal to or less than 10 or even equal to or less than 5 urn.  The etching can also be
applied to the rear side of the solar cell to improve adhesion of the electrodes which are applied, as is
described belbQ 2P Btching treatment can also be performed to treat BfiEERAERIE Which have
cracks. Isotropic etching is very advantageous. Often, as a result of cutting the wafers from silicon
blocks, cracks form.. Often, these cracks get larger ard.larger, and thus, wafers become waste
material. A plasma etching treatment of the wafers with COF2 or F2 transforms the sharp-angled crack
into a keyhole- 20 like structure. The broader end of the crack corresponds to the opening of a key
hole taking up the key b, saf§iiergsecsn arp Ay s BreR aeabk 1otEn disskbyiiy s rwmatd whole
which, if it were a keytinleaf ar mechamical dpekicivelddnecerve wripkengOtheoks#yshgft. Such a
keyhole-like structyggoesmotdgnd dpgypand further, and the wafer is suitable for further use. The
transformation of the ZSlEPa{lE)-an%Ied structure of th% crtarckwinto ke%ﬁlole-like structure thus prevents
propagation of the crack. AR STOr treatment o 8?{:10 0 ﬁ%ﬁﬁemés 5?%@5?%51655 in mixture with
oxygen and/ofinerfdides 2k anesyably venlind.andiceesgatly arieddipaganeve, can be used.
Preferably, carbonybfiipeirohe BuapptedsCanienyhfiteride 30can be applied as neat substance, or it
can be applied togetherwith xNg&hd iRASH;RGIN N AAARL AR as dndisated above. The latter

mixtures offer some advag)vtfl es in V@% (())tf ﬁ@f%n@nﬂqlgl% As mentione abq e, in apparatus with lower

. compata W_COn S xtures are fechnjcaiy ve
power output, it may De advantageous to apply carbonyl Huonde admixed with argon, for plasma
stabilization. For tHi&/flg- SRappitdtrrEsausRiRaHELYI0E 41 ¢ WaMINsd like those described above for

surface roughéning. Oxygeiximpsa@vespeioingly-fherind andnatheee mbaegimeltheedetsnare treated

which have a glasgfikguBhasphRGtyH§IIcRAARING: REARARAINGS HRaX RetherHpdssipdresult during
the step of doping w%r?glecon%/g efFHN'EhLP} Osglhlorug %(llnarg?gq/p S t%lﬁ%"e\f% the I;lti/gée doping. This

glasslike coating reduces %ﬁg SIECHE COntact of the Selactrode Which |se'appﬁec foih he surface of the
cell. It was found tRE#f 8% Giassienrelteat eIl BeTdinpvad birtiekime iPrsTarphisitdswith carbonyl
fluoride or fluorine apgh® M dures like:thbsetgdesdrimed Rbovespehiehyqonfairedl sobodimesarbonyl

fluoride together withs exyQan. MitlegaRibelim-aadier, 2180 2bhe pagmasinduced etching treatment is
performed at reduced pressure. 10Pressure ﬁ% iven ir%the followin 1ggl SOIU%Y%'}ES' Preferably, the

. C8 C T1SINE 5] argon are a C con . O
pressure is equal to or higher than 0-F mbar. Preferaby’ f1e Squarto or lower thas 108 hbar.

Especially preferaiefi@ludusfs!sr R?\ﬁéqafﬁaﬁ%@%%awIﬁﬁ’r‘?ﬁ&-p%@fﬁ@lihﬁﬁéé&%ﬁﬁmg treatment,
the wafer heats upoiSopifmbededl *eithevtneavdfee cousthbefdbalade:iispthfeabigfquerteating it exists, or

the 15treatment muatRe intariuRted foamtmedatime. soithatine wafsr&onls: so g gases leaving the

plasma reac% cor\r,\@ﬁ%% uenr%agﬁ?eﬁee&:q§g%r@0@6§i zl ggwg}sgh%?gg fluorides and other reaction
products. They can e'wésﬁ%(f wi \%/a%er, especially al allﬁej(/vater, fo remove any HF, carbonyl

fluoride, SiF4 or fluorine /&M B5eF FOHIKIHBY SHOHBRUMTTORE §BH Paaitiy tARlivhheredftbe

of fluorine is preferably equal to or greater than 1 % by volume. It is preferably
equal to or lower than 25 % by volume. The content of argon is preferably equal
to or greater than 4 % by volume. Preferably, the content of argon is equal to or

25 lower than 25 % by volume. The content of nitrogen is preferably equal to or
greater than 4 % by volume. It is preferably equal to or lower than 75 % by
volume.

The sum of fluorine and argon preferably is equal to or lower than 50 % by
volume, especially preferably equal to or lower than 45 % by volume, It is

30 preferably equal to or higher than 25 % by volume.

In the mixtures described above, the fluorine content is comparably low for
safety reasons. In cases where safety reasons are of no concern, the fluorine
content may be higher. Generally, the fluorine content can be equal to or greater
than 25 % by volume. Preferably, it is equal to or greater than 60 % by volume ;

35 more preferably, it is equal to or greater than 75 % by volume. The remainder to
100 % by volume may be constituted by nitrogen and especially by argon which,



20recovered or passed to the environment The simple removal of HF, carbonyl fluoride and fluorine in
alkaline water or by other well-known methods compared with other etching gases is a further
advantage. _The wafers treated according to the process of the present invention are then further
treated to prodtE'a/EBEYP cell. Especially, contact electrodes are 25applicBCHEBYRR iRt electrodes
are needed to withdraw electric current (usually direct current) from the cell. A preferred way to apply
contact electrodes is evaporating metal onto the wafegas mentioned in US-A 4249957. A contact
electrode from titanium-palladium-silver is very suitable. There are alternative methods which can be
used to apply contact electrodes. For example, 30a paste can be applied which contains conductive
particles, e.g. silvePpiBRYsoSrERsiEGavirdihizsn trrenlpsmesy, ehreiaitsiispettsait conductive
pattern is formed olvthe peaferauhich fifidetiont eseleeirdderiibivalicraagipiécts degheibed in EP-A-0

542148. Another agpgghotiheRresetdnuentionisr-a,3eirtaalRRtans dhy he.aRrrcess of the

present invention. Iqaone embodiment, cells containin alsﬁ/afer which was surface-etched have a very
, the

low degree of refleXiNity- 1T Ahother - I RBE G ‘the’S6 %?P%’élf?%%ﬁfblﬁ LR keyhole-like
form. In a third embidith Suerine SHisre e KavBBBI B fRaTIE Ry EndbAodeydomserns a solar
panel obtained by af$emblinga plorbdity of solancelfohiainediit thespréaesschinhprprasent invention.

"A plurality” denotes at leasidye SlaERlS b SphR-URPEEIikIS Hves: oM Rraticalfeasons.

Preferably, equal t%Xor IeS§nt gpi&e%s%lg%gc Il%xann?r _p{efer%bla/, a}t Iﬁ]%lst tO solqgr cells are assembled
to provide a solar paﬁ_éf & advants eo theé pre%gh i%a\l/len ISP th RGeSl %‘f&%ﬁ’is substituted
by a fast, clean m&ﬁ@ﬂ??ﬁ@%&%gﬁéﬁvﬁﬁ%@é’ aPeHFB saylerbihsHIs i dmbrdevighthat they are
not ozone depletingxave a low greenhouse gas potential, if at all, and can be removed easily from

any vents leaving the repglggially Ihithsiaasiionnd faaleaibany! fuosigs, isdsHitablg etchant for the
manufacture of flat npézal,[nceal?). 151tds kg{)ewn thF\t circuit J)atternsfhafe formed on flat panels displays using

plasma assisted chem_lca{ giching o pat]t% A the thin ?ﬁFHSt‘r’_‘élnsu%%R}%%BatB"é” TR Guid crystal
polarizing eIementé‘}ﬁl%?ﬁP%t?JéB yaprraen afrsenkeuid Eﬂ%’fﬁ? GWW.(mWégwm?ﬂlﬂthieve a
uniform or controllabl norogmijdrrretchdeptizoventheactof the idisplalizhgriexpiayple, as described
in 20US-A 5688,415,:85n9vauying flimdsirarided n adathangl.espeaially largeflay panel display
substrate with a phsgp}iwﬁ%g[gphiﬁorpg%( ngr%i%gI%ﬂeﬂﬂlm nd ha?vir?léé% f%redetegrmin%\(/j pattern of
openings therethro_ugeh. & SHbstrats s then pliacg a jgcgr% 3°Bféalsr%a eﬁ:lh?‘rrﬁ) ¥36Pith a projected

area which is smalfSF#hhomarehass I e st felarat i sty steaireeerein s dbidstanned across
the 25surface of theogubstriite tortrandferdhe(pétterndintia pheotalitited taphiggna skiagerthe film on the

surface thereof Thergafieindhg Mask IvFRmALRM MR siifaas Ao varlying {in;«] he substrate

may be glas§ nd E@%gilm ?.P!;nog%hous or, pol i%ygtglll%? Et%Mcon. In 1processgr'; perf%liréned to manufacture

. onvl fluore content 'ag ol arggn are cgpecially suitable. :
flat panel display, su as the process described above, c§r(bonyl fbHHe SARABE used as etching

gas. Carbonyl The process according to the invention can be used to etch the photomask
' of PERL (“passivated emitter and rear, locally diffused”) solar cells during the
texturation of the emitter. In a PERL cell, two photo mask steps are necessary
an etching step to produce the rib-like surface texture and a local diffusion step
25 toapply the deep n™™ diffusion regions over which the metal contact bridges are
arranged. In a third step, the surface is then coated with a n™ diffusion layer.
Details are described in WO 1997/001189. Carbonyl fluoride, NF3 or fluorine
can be used here to etch the photomask. The etch process of the present
invention can also be used to etch the parasitic emitter on the rear of the solar
36 cell
According to one embodiment, the surface of the wafer used for the solar
cell is modified (it is assumed that it is roughened) by the etching process of the
present invention. Roughening of the wafer surface by etching reduces the
reflectivity and thus enhances the effectivity of the solar cell. Reflectivity is
35  considered reduced if the total hemispherical reflectivity (averaged over all
wavelengths) expressed by the intensity of incident light divided by reflected



fluoride can be applied as neat substance or in admixture with inert gases, for example, it can be
applied together with oxygen, nitrogen, helium and/or argon. It is preferably applied as neat substance.
These gas mixtures can also be used for plasma chamber cleaning. 35Especially in apparatus with
high power pBSY*{P9&4SHen possible to use neat carbonyl fluoride. In pIa%?ﬁéEgﬁﬁgfﬁﬁl?with lower
plasma power, it may be - 8 - advisable to apply mixtures of carbonyl fluoride and argon (optionally
together with nitrogen) because argon has a positive.gffect, e.g. in stabilizing the plasma. Carbonyl
fluoride diluted with oxygen, nitrogen, helium and/or argon also may allow safer handling. For
example, carbonyl fluoride is contained in an amount 5of equal to or more than 50 % by volume,
preferably equal tolhioiaHanioste Bifoetdasatet sdivenismigantreoondpiivsrieried constituted by
oxygen, nitrogen, hedllieem aattfor argon. Mixtures consisting of carbonyl fluoride (preferably with a
carbonyl fluoride contenigs giyen. akengdAndRrapmans optianAlv eXYOSTHAR RSP RGN Suitable.
10The following exam Igsf)%re én'g%ndeq toﬂex lain tpe PV%P“‘%{% ftl:thh[er V\{lthoutfmten({#nég to limit it.
Examples: Genéera 5300 Him E)‘I)élirO} Simcon warers without Structire wWerePstch8§ina microwave

plasma etcher’marfiditigrednsy Séenn Ssaiitofiiste Edbrrsamrt cryiprnedigacaust wafers are
weighed before anthaftérsetohinD) thiendiffepetfembiyiieightihdicatessthieefchhitates | iEabhience of a

water cooled chuck fher, imagwvRAsd esticiRdiie RVl 3t tResH e BIpUIas With Siminutes intervals
for cooling down. Examples 1,a0d & afe compatison xamples. 1, ¢5bi5aulz, Mg o1 A weioh (o]
after flow [sccm] flow P commerﬁ efore after 79 Fin , V

preterably, until equal to or less than 100 um are etched away from the surface,

10 especially until equal fo or less than 20 um are etched away. Often, a few um
are etched away, for example equal to or less than 10 or even equal o or less
than 5 pm.

The etching can also be applied to the rear side of the solar cell to improve
adhesion of the electrodes which are applied, as is described below.

15 The etching treatment can also be performed to treat silicon wafers which
have cracks. Isotropic etching is very advantageous. Often, as a result of cutting
the wafers from silicon blocks, cracks form. Often, these cracks get larger and
larger, and thus, wafers become waste material. A plasma etching treatment of
the wafers with COF7 or Fy transforms the sharp-angled crack into a keyhole-

20 like structure. The broader end of the crack corresponds to the opening of a key
hole taking up the key bit, while the sharp angle of the crack is transformed into
a rounded whole which, if it were a keyhole of a mechanical lock, would receive
or take up the key shaft. Such a keyhole-like structure does not tend to expand
further, and the wafer is suitable for further use. The transformation of the

25  sharp-angled structure of the crack into a keyhole-like structure thus prevents
propagation of the crack,

Also for treatment of cracks, fluorine gas or fluorine gas in mixture with
oxygen and/or inert gases, especially nitrogen, heltum and/or argon, as described
above, can be used. Preferably, carbonyl fluoride is applied. Carbony! fluoride

30 canbe applied as neat substance, or it can be applied together with oxygen,
nitrogen, helium and/or argon as indicated above. The latter mixtures offer some
advantages in view of safe handling. As mentioned above, in apparatus with
lower power output, it may be advantageous to apply carbonyl fluoride admixed
with argon, for plasma stabilization. For this field of application, gas mixtures

35  can be applied like those described above for surface roughening. Oxygen

improves etching.
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In another embodiment, wafers are treated which have a glasslike
phosphorus-silica coating. Such coatings may be the undesired result during the
step of doping the silicon wafer with phosphorus compounds to achicve the
N-type doping. This glasslike coating reduces the electric contact of the
electrode which is applied on the surface of the cell. 1t was found that this glass-
like coating can be remeved by treating it in a plasma with carbonyl fluoride or
fluorine or gas mixtures like those described above which contain fluorine or
carbonyl fluoride together with oxygen, nitrogen, helium and/or argon.

The plasma-induced etching treatment 18 performed at reduced pressure.
Pressure is given in the following in absolute values. Preferably, the pressure is
equal to or higher than 0.1 mbar, Preferably, it is equal to or lower than
100 mbar. Especially preferably, it is equal to or lower than 50 mbar.

During plasma-induced etching treatment, the wafer heats up. So, if
needed, either the wafer must be cooled if a threat of overheating it exists, or the
treatment must be interrupted from time to time so that the wafer cools.

The gases leaving the plasma reactor comprise unreacted etchant, HF,
SiF4, phosphorous fluorides and other reaction products. They can be washed
with water, especially alkaline water, to remove any HF, carbonyl fluoride, SiFy
or fluorime. Any oxygen, nitrogen, helium or argon passing the washer can be
recovered or passed to the environment. The simple removal of HF, carbonyl
fluoride and fluorine in alkaline water or by other well-known methods
compared with other etching gases is a further advantage.

The wafers treated according to the process of the present invention are
then further treated to produce a solar cell. Especially, contact electrodes are
apphied. These contact electrodes arc needed to withdraw electric current
(usually direct current) from the cell. A preferred way to apply contact
clectrodes 1s evaporating metal onto the wafer as mentioned in US-A 4249957,
A contact electrode from titanium-palladium-silver is very suitable. There are
alternative methods which can be used to apply contact electrodes. For example,
a paste can be applied which contains conductive particles, e.g. silver particles,
to form a pattern on the wafer, the wafer is fired, and a conductive pattern is
formed on the wafer which functions as electrode. This alternative is described
in EP-A-{ 542148,

Another aspect of the present invention is a solar cell obtained by the
process of the present invention. In one embodiment, cells containing a wafer

which was surface-ctched have a very low degree of reflexivity. In another
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embodiment, the solar cells contain cracks in keyhole-like form. In a third
embodiment, the solar cells have both properties. The invention also concerns a
solar panel obtained by assembling a plurality of solar cells obtained in the
process of the present invention. “A plurality” denotes at least two solar cells.
The upper limit is given from practical reasons. Preferably, equal to or less than
10 solar celis, more preferably, at least 20 solar cells are assembled to provide a
solar panel.

The advantage of the present invention 1s that aqueous etching is
substituted by a fast, clean method. The additional advantage of carbonyl
fluoride and fluorine is that they are not ozone depleting, have a low greenhouse
gas potential, if at all, and can be removed easily from any vents leaving the
reactor.

It further was found that carbonyl fluoride is a suitable etchant for the
manufacture of flat panels.

It 1s known that circuit patterns are formed on flat panels displays using
plasma assisted chemical etching to pattern the thin film transistors used to
switch the liquid crystal polarizing elements in often used “active matrix liquid
crystal displays™. It is desired to achieve a uniform or controllably non-uniform
ctch depth over the area of the display. For example, as described in
US-A 5688,415, an overlying film is provided on a flat panel, especially large
flat panel display substrate with a photolithographic mask overlying the film and
having a predetermined pattern of openings therethrough. The substrate is then
placed adjacent a plasma etching tool with a projected area which is smaller than
the area of the surface of the substrate. The etching tool is scanned across the
surface of the substrate to transfer the pattern of the photolithographic mask into
the film on the surface thereof. Thereafter, the mask is removed from the surface
of the overlying film. The substrate may be glass and the film amorphous or
polycrystalline silicon.

In processes performed to manufacture flat panel display, such as the
process described above, carbonyl fluoride can be used as etching gas. Carbonyl
fluoride can be applied as neat substance or in admixture with inert gases, for
example, it can be applied together with oxygen, nitrogen, helium and/or argon.
It is preferably applied as neat substance. These gas mixtures can also be used
for plasma chamber cleaning.

Especially in apparatus with high power plasma, it is often possible to use
neat carbonyl fluoride. In plasma apparatus with lower plasma power, it may be
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advisable to apply mixtures of carbonyl fluoride and argon (optionally together
with nitrogen) because argon has a positive effect, e.g. in stabilizing the plasma.
Carbonyl fluoride diluted with oxygen, nitrogen, helium and/or argon also may
allow safer handling. For example, carbonyl fluoride is contained in an amount
5  of equal to or more than 50 % by volume, preferably equal to or more than 75 %

by volume. The remainder to 100 % by volume is constituted by oxygen,
nitrogen, helium and/or argon. Mixtures consisting of carbonyl fluoride
(preferably with a carbonyl fluoride content as given above) and argon and
optionally oxygen are especially suitable,

10 The following examples are intended to explain the invention further
without intending to limit it,
Examples :

General : 200 mm plain silicon wafers without structure were etched in a

microwave plasma etcher manufactured by Secon Semiconductor Equipment

15 GmbH, Austria. The wafers are weighed before and after etching, the difference
in weight indicates the etch rate, In absence of a water cooled chuck, the etch
tfime was restricted to several times 10 minutes with 3 minutes intervals for

cooling down. Examples 1 and 4 are comparison examples.

1. Test results
weight fg] A weight [g] after flow [scom) flow p comment
before | after | 25min | 100 min | SF; | COF; | NoO 1 Ar | [mbar] | min poss p

1 1 4844 | 40,48 7,96 200 0 0 Y 1
2 1 40,48 | 35,94 4,54 0 460 0 Y 1
3 1 3594 | 3435 1,59 3,18 0 400 50 Y 1

(50 min}
4 | 3435 [ 30,39 | 3,96 792 200 0 30 Y 1

{50 min}
5 130,38 [29.06 1,32 5,28 0 840 0 Y 1,1
6 | 29,06 | 27,36 1,70 6,80 0 800 0 N i,0
7 1 27,36 25,90 1,46 5,84 { 800 0 N 1,5
8 | 2590 24,10 1,80 7,20 0 600 0 N 0,73  minpossp
9 12410 12239 1,71 6,84 0 600 0 Y 0,80
101 22,39 1 20,54 1,85 7,40 0 600 0 N 0,73

20 Ar is used for improving homogeneity of plasma over the length of

microwave rods. It has no impact on Si etching reaction. Y/N indicates if it was
switched on or off.
Flow same MFC (mass flow controller) was used for SFg and COFy. The
MFC was calibrated for SFg. For COF7 a conversion factor of 2 (0,544/0,27)
25 had to be used.
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The tests show that carbonyl fluoride can be successfully applied for
etching the surface of silicon wafers etching time could be shortened while still
obtaining a non-reflective wafer,

Example 2 : Treating silicon wafer for rendering cracks harmless

A boron-doped silicon wafer sawn out of a polycrystalline silicon block
has cracks at the edge. The wafer is transferred into a plasma chamber, The
chamber is evacuated, and carbonyl fluoride 1s introduced into the chamber up to
a pressure of 0.4 mbar, and the plasma is started. During the plasma treatment
the initially sharp-angled crack is transformed into a keyhole-like structure which
will not proliferate ; this, the wafer is no longer useless, but can be used for
further treatment to obtain a solar cell {doping with phosphorus, attaching
electrodes etc).

Example 3 : Removal of a P-containing glass-like coating

A boron-doped silicon wafer ts contacted with POCly and heated to
between 960 and 1000°C to convert the phosphorus compound into P2Os. As a
side reaction, phosphorus-silica glass-like coating is formed. To remove this
glass-like coating, the wafer is positioned in a plasma treatment chamber, the
chamber is evacuated, and neat carbonyl fluoride is introduced into the reactor
until a pressure of 0.4 mbar is achieved. Then, the plasma is started. The
process is stopped as soon as the glass-like coating is etched away.

Example 4 : Removal of a p-containing glass-like coating using fluorine

Example 4 is repeated, but this time, a mixture consisting of 20 % by
volume fluorine, 10 % by volume of nitrogen and 70 % by volume of argon is
applied. The glass-like coating is etched away.

Example 5 : Applying electrodes to the treated wafer

A wafer etched with neat carbonyl fluoride to make it less reflective is
further treated to apply electrodes as described in EP-A-0 542148, A paste
containing silver and, as inorganic binder, icad oxide and silicon dioxide is
applied on the front side of the wafer by screen printing according to the desired
pattern of the electrode structure. On the back side, a similar electrode paste is
applied which further contains aluminium. The wafer is then fired at around
800°C. The pattern is then galvanized in a bath containing silver chloride and
sodium thiosulfate. This done as described especially on page 3, line 53 to
page 5, line 23.

Example 6 : Manufacture of silicon transistors on a flat panel display



6,84 0 6000 Y 0,80 10 22,39 20,54 1,85 7,40 0 600 O N 0,73 20Ar is used for improving
homogeneity of plasma over the length of microwave rods. It has no impact on Si etching reaction. Y/N
indicates if it Wgs switched on or off. Flow same MFC (mass flow controller) was used for SF6
and COF2. The MEERAEE calibrated for SF6. For COF2 a conversion factbFd 765’,%9@’6?27) 25had to
be used. -9-  The tests show that carbonyl fluoride can be successfully applied for etching the
surface of silicon wafers etching time could be shorteh@d while still obtaining a non-reflective wafer.
Example 2 : Treating silicon wafer for rendering cracks harmless 5A boron-doped silicon wafer sawn
out of a polycrystalline silicon block has cracks at the edge. The wafer is transferred into a plasma

chamber. The chamber TH608 PR O icRBAVITIEE s RFb Ak S id e BRdMber up to a
pressure of 0.4 mbdb-aridt$te4diasmbrs Elafeduboring the plasmbitre Xmegtahesihitiaily sharp-angled

crack is transformeg jrdoigcieyinolar ikerHue fre ¥icdlor more transparent electrode
materials, e.g. indium tin oxide or silicon oxide. A photoresist overlies the
5 coating and has predetermined openings. The substrate is brought into a plasma
chamber, and the pattern of the photolithographic mask is transferred by
scanning to the film on the glass substrate. In a later step, etching is performed.
In this step, a mixture of 60 % by weight of carbonyl fluoride and 40 % by
weight of argon is applied. The plasma dwell-time version position map is
10 generated using computation hardware and suitable software to prevent

overetching,



10will not proliferate ; this, the wafer is no longer useless, but can be used for further treatment to
obtain a solar cell (doping with phosphorus, attaching electrodes etc). Example 3 : Removal of a
P-containing glass-like coating A boron-doped silicon"wafer is contacted with POC13 and heated to
15between 960 and 1000C to convert the phospiorug gpgipound into P205. As a side reaction,
phosphorus-silica glass-like coating is formed. To remove this glass-like coating, the wafer is

positioned in a plasma {reatmemnbasmbstutiiechamenisenariatedirod wert carbenybiupiide is
introduced into the reactor until a pressure of 0.4 mbar is achieved. Then, the plasma is started. The

20process is stoppedt 8§%%ﬂ%%ﬂh@@%&ﬂﬁg%%ﬁﬁ@sf’évé‘fﬁﬁM&?P%Bﬁﬁﬁ el of a
p-containingylassilike«meadipaodsirgullugiinecoatibxampledisiepeatad:- o bibis i, sarmbgure
consisting of 20 % ﬁy volume fluorine, 10% by volume of{gitrogg .and 70% lﬁ}/_volume of grgé%g is
applied. The gladiSEMRET S BRI d BIFRY T SEES MR & gB@i%sgf@E SUBE W6 HEHEREd wafer
A wafer etched withniéatear BanyikBuoridéheninakesibidbsorgfleaty aiisofmiheii trested thoappyand

electrodes as described in EP-A-Q,542148. A rgaste acontainini% silver Fgaqbg ' l{grellélécartl)&nder, lead

S
. e argon. mixtures of fluort trogen. an On, MIKtUres o 1] ﬂ? .
oxide and silicon“GfoXide s app(fle oh the Trom Side of thewa errby screen r?fln INg according to the

degired 30pattern)glgﬂnerelept_rc;d@’ suﬂmlybﬂ@mcﬁhe@hidcrsiga sazlsmidhfr@ieotm@mastélm apblied
which furthieh conialg ATIRLIN. TRe iy Ahsa.ied At alor nd F90CTIR PRUEIARE!

f
galvanized in a bath containing silver chloride and so Iosulfate.” This done as described
especially on padel8minedsggenpage 5, line 23. 35Example 6 : Manufacture of silicon transistors on a

flat panel display - 10 -  Silicon transistors are formed on large flat panel displays as described in
US-A 5,688,415, in tine260°oReBRfrit gL itiebluiiiss e gresedypeliite weisfdvided with an
overlying film of gre:& more transparent electrode materials, e.g. indium tin oxide or silicon oxide. A
photoresist overlies the 5coating and has predetermined openings. The substrate is brought into a

plasma chamber, and the patietvohtaerphgtalitiaghaphicreask psiransisliiee vyfadanning to the film
on the glas:issubstrate In a later step, etching is performed. In this step, a mixture of 60% by weight of
carbonyl fluotide BREA0 % by weight of argon is applied. The plasma dwell-time version position map

is 10generated using C(Z)tr.nBxuﬁ%téggdha%'é%\%vﬂ%#%%EI%%t?%%e%%évgg[ tec.’d%r%%‘ées@ﬁ&‘ﬁe&%ﬁ%?mg- 11 CLAIMS

I. A method for manufacturing a solar ce m a silicon wa rising
with N-type doped coating is treated.

5. A method according to Claim | wherein wafers having at least one

crack are etched.

20 6. A method according to Claim 1 wherein wafers having a phosphorus-

glass-like coating are etched.

7. A method according to Claim 1 wherein the surface of the wafer is

etched to roughen the surface.

8. A method according to Claim 1 wherein carbonyl fluoride is used as

25  etching gas.

9. A method according to Claim 1, wherein etching is assisted by remote

plasma.

10. A method according to any one of Claims 1 to 9 wherein contact

electrodes are applied to the wafer after etching.

30 11. A method for manufacturing a solar panel wherein two or more solar
cells manufactured by a method according to any one of Claims 1 to 10 are

assembled.

12. A P-type doped solar cell, obtained by the process of any one of
Claims ] to 10.



a step of etching a photomask of PERL (Passivated Emitter and Rear Locally Diffused) 5solar cells, a
phosphorus-silica coating, or of etching the wafer to modify the surface, including the rear side, or to
repair cracks, with an etching gas comprising neat cafbonyl fluoride, neat fluorine, or with mixtures of
fluorine and nitrogen, mixtuses.of: fhaarne AncRIgoR prixtiivest eb it esineadatragenand argon, mixtures
of carbonyl fluoride and oxygen, mixtures of carbonyl fluoride and inert gas selected from nitrogen,
helium and 10 arﬁ(iﬁ‘l‘f“aér‘?d mixtures of carbonyl fluoride, oxygen and inert gas selected from nitrogen,
helium and argon. ?AAﬂethotg’ aaccgrﬁjir%g 1}0 laim |.wherein a q%o ocr stallitng Wa‘;?r is treated.

3. A method according to'C aim T wherein & poly%r%etlglﬁj?]%pwgtféﬁgs Stré&ES ¢ ¥ K fhethod
according to Claimnd windreil! P difiesctbpedat sttitanewwhédr with N-type doped coating is treated. 5A
method according to Claim 1 wherein wafers having at least one crack are etched. 206. A method
according toClaim 1 wHérelhguafshehaliigja prdspriorlis-pgrassikedtsatimgharecatohds: 7.A
method according.ig.Claim J wherein the surface of the wafer is etched to roughen the surface.

8. A method according to Claim | wherein carbonyl fluoride is used as 25etching gas. 9. A method
according to Claim 1, wherein etching is assisted by remote plasma. 10. A method according to
any one of Claims 1 to 9 wherein contact electrodes are applied to the wafer after etching. 3011. A
method for manufacturing a solar panel wherein two or more solar cells manufactured by a method
according to any one of Claims 1 to 10 are assembled. 12. A P-type doped solar cell, obtained by
the process of any one of Claims 1 to 10. 12 13. A solar panel, comprising a plurality of solar cells
according to Claim 12. 14. The method of claim 1 wherein the photo mask of a passivated emitter
and rear locally diffused solar cell is etched. 515. The method of claim 1 wherein the parasitic emitter
on the rear of the solar cell is etched.



