Printabl e nmedium for etching oxidic, transparent and conductive

| ayers The present invention relates to novel printable etching nedia
havi ng 1 nproved properties for use in the process for the production
of sol ar cé’Y?@"SEWé e are corresponding particle-containi M§T/EP2067/008663
conpositions by neans of which extrenely fine lines and structures
can be etched very selectively w thout damagi ng or attacki ng adj acent
areas. Prior art and object of the invention During the process for
the production of solar cells, it is necessary, inter alia, to
structure oxi de |ayers onFyiRtghplermadivenifar etahingsoxidicpe silicon
solar cell wusually consi st $rfts ' 'ﬁﬂhﬁé into which a

| ayer of an n-conducti ng substa%%g?ﬁ?gﬁlégﬁgﬂg‘ ep ogﬁué(;!}éus, of
honogeneous thickness is diffused on the front. In order to conduct
away t he currﬁq{fc enerated during incidence of light, nmetallically
conduct i ng cont'BcPsesae pNpntier relrtendor novel pritable ketdfing msedi baving
Fo_rttha p]chr posre1$zr@Jecarpro?@Xi@snf$ir\4%93imdhl?tpr@ﬁe%tfbpﬁé’\@r%%étﬁm of solar
suitable for c n, cts_are usuall.y produced,
means of scr e;r%ﬁ%'r ﬁl@%lég.é%esqohggp%ﬁ@@i @%F%@?% alig hCWé’SgE’née by
structured dufMeRNs Bé Winell exdresrelyflinsolines aeid structittascoan ig etahed very
| ayers al so haerdiQehevBh6eh i ondi ng
nitride layers, the mhod%@ggwgﬁgéﬁgh%gﬁﬁe@gégﬁt he et ching
pastes adapted in a suitable manner. The surfaces of crystalline
silicon sol ar Prion artans objectdbfidheninverstiamor gani ¢ | ayers during the

preoducti on process, and if desired also when it is conplete. These
Ia%fers have t hj cknesses in tge range from 20 to 200 nm in nost cases

in the range Wgshe: Bropess ik thenPratictionr dfesalar ealls, pir isoeegsssary tinter
production of atiaykt atrliciues sixidec Gyesslonr aarigpert natéfal! ReEgERfhe silicon

advant ageous £g-fteh Jr;é%@y:oéd?%?stg SEéeBgﬁ%ﬁ%gs%s?raltg}'n%swﬁifchtah?ayer

solar cell in nunbe 'process
2008/ 052637PCTl BP20oNguging substancehdes axeanplagshesphones sof haoogshe-

the solar cel busadhickBess ¢ diffudeded The Frorft O bRIra8N&IriucP Butly fhe gur-
so- cal I ed sel i t‘%ﬁr, aI._sodknown 35 two%ﬁ%%ﬁ emtter. _To thrs
end, high n- dgégﬁr%eﬁ_ez% WG ifgagnes, 65 g0k Anetallically icondertipg icanfasds
partial openi agsapplied & thaifioohabd eokrofl theavafer oot the Bwipbseenf an in-
referably byesgsisyef N 1 ' I "
8escri pti gn, yien r ?ﬁ?gr‘gﬂ?‘?@ﬁﬁ?gﬁ %’ﬂéh@ghﬁég’ﬁn@i?ﬁ?% gﬁcgﬂﬁchon, the
nitride-cont a??ﬁtﬁg SR GRHRIY RIPdEEe bynnepRs 9aseraan BRNNG.i con oxi de
and silicon nitride surfaces. The way in which diffusion barriers of
this 10 type Kl N ' ' g art and is
delscri bedyPn ?ﬁ%lhleig? hféat ur eq%ﬁ E@o@?é%‘%&&éﬂg ﬁ%%ﬂ%ﬁrég dj].”nﬁn@@l WI ue-
Szn.n_enener gi ef,JOTP%tS@\fle eallsc gilissinapitnge dgyersrage diviet W bsletcedbher the
S dlb enbcheretShlﬁgt ofrdordponding ﬁﬁridéolél/ers'rgﬂ%en@tﬁtidbs 'u@@dPﬁé\Fé 86 She
can be produ [ L ways: er nse silicon
di oxi depl ayeﬁ@gg!}%cﬁ%@&;lﬂﬂ%éﬁhﬂ'ﬁ %Q%ﬁpﬁ‘%‘?ptﬁé ”Plélaﬁ"}gﬁ%z%frf?émerof

silicon in an oxygen-containing atnosphere at tenperatures in the

regi on of 900fhd tduefaceb @%&@%iauir?é"sm&%ﬂ §a|al<f&%‘n@ dérgxcgcgbgegﬁh@@gh%or-

skilled in the art is the déeposition _of silicon [ ¢

process. Dep Eﬁé)aﬁ{stcﬂ’é" & PFORICHAN HACREH ANLI desired i@ wheuk it isa
di stinction icomplets. These laydrs, hives dieieknedsed ol Heyiragg® fRIRSIES0 200
APCYD (at mos pil intmBsf 884 AE rafee FEm@P RhappR enhanced CVD)

LP-CVD (| ow pressure CVD) A common ese processes is that
the desired inorganic com pound is obtained fromthe gas phase of a

\e/gla?r;) : Iee glr lednﬂb?rc‘i(?wrse bk‘lﬂ}r@pfoce%% ?mﬂt?@ pjl?rbighfﬁt{)hsgf ?ﬁgggeﬂ;l)iﬁé‘igﬁicbﬁ’scilﬂ
deposi t i on o?’ué ? ﬁe%?ﬁ%ﬁ%@rgﬁvé'ﬁ@bgﬁagg %tﬁ{a {I}ealkrgewr&q)l thesd inorganic

deconposi t i ordYers adithe setardiadhindenumper of woedss stppesent a di f f usi on



10 through the silicon nitride |ayer at tenperatures of about 600C,
enabling electrical contact to the emtter |layer. Due to the high

t emper at ures, pol yner-based (epoxy or phenolic resin) netallisation
past es t herWPgpad/06x%dhot be used for this purpose. Crystal weefmei®/vagd
met.al | ic contamination in the underlying_silicon also arise during
performance of the fire- 15 through process. As a consequence of the
system the passivation layer is in addition totally destroyed by the
printed-on netal paste on top. It would therefore be nore

advant ageous tThgsedperingspatié aurfanerof ehe sofpeiiingn H?eh%édsfdr'e@@ﬂqp!e

Dassi vati o1 dobing GHrerfd) oF 8 SBECAIR RORChG: (AR aisp) kngih as two-
net - 20al | i sat |56ﬁ913 a%réﬂfe@n“rpoﬁ@ls B&gh dmh pudiepisiof isugioghicbdrini @ resibsequent
consi sting of difflisieanstdp axithle partisid @ﬂﬁg@b\‘ B @iffusich bérr@*r%’cfé%eé%rp

tsgl ;Eecgﬂg glz"?%%ﬁe?%‘h‘g&%ﬁg@g §thyﬁg@ﬁ'%h2§an ple(r:ose a

uni form conposi tion, for exanple quartz wi ndow gl ass, borosilicate

gl ass, but al 39 thhi ;ﬁfe‘s@hﬁﬁés@ﬁ ﬁ&?%ﬁo?&r@% %‘rﬁ%e@é%‘:ﬁﬂeﬂr‘to‘)@@%& 0’6 ic

substrates (faor (f gaﬁ %Sr .am cs si’licon
various net ho®'KAEWHEISS "HB'%PQBTP%@SI bl silisophén arartiguten silipgan, oxide
spi n-on, thermad silicdatnitride sotfeces| The .wa¥ &ssasichalifusianenirmikes o‘thas

|
Which are in ; & SorR IS bl Ih der ol SRR Ip anar B T BPs e rdne
C(r;‘ponent s cry rg Ll"ﬁ ﬁgﬁﬁzbamrhﬁ& %3h~|1gKnﬁb@ﬁbeS@mr@henet‘gldePhom-
2808?10gr282t7|r3u00uag: fﬁ%ﬂag Hrierthe Hh@@dﬂv@faséé}ng"efj@@@gl@m@%nbu ru%tylt_t
t hese encorrpgggz P8 ﬁg‘sjgg? (?%éseeggﬁlﬁ?%n g’@ﬁé%fsg?% gr%ﬁm ere '

borosi | i cat e, VRH8®8pPOERY$.cat e and bor ophosphosilicate gl asses,
col ouredbgl asses, nmilk gl asses, crystal gI asses, optical dl asses)

whi ch cont ai nggﬁé and otlher n nts, in El‘tl cular 5 elenents
such as, for c||eens cal '89Un$'°§ Lﬁ‘%erﬁl R RPiFed el exampiqnby heat
magnesi um ba‘ffeatﬁ’ler)bohsﬂ!cumn boraxygebecyrithinimg aphospiiemus teti®deraties
arsenic, anti Wﬂ'ﬁérég@?ﬁ BPQH@C@H&? al]gg m copper, chrom um

I enu

manganese, iron ni cke m vanadium titanium
gold, platinum palladium sil ver cerium caesium niobium

Lant a: urp zi rbrdmwaéé)knowmtoﬁh@tﬂwi‘!;@hirskmédﬁlt@@!%’E!*M?lth%"@i'e% f fé:!ﬂ:on
sul fat oo and SO PIE Svip HhiGRes, TRPRRIG B el & vhHBE reacton
gl asses. Dopelé @ré@gé&’ aR distinstionianmds, ib@rr@dial bewvasn the following
phosphosi | i capecaadedor ophosphosi | i cate gl asses, col oured gl asses,
m4k gl asses ses and o tic | asses. 15The silicon

{tride.may |.ke%&@5é%4?§$§§@r&wgﬁ Efeeﬁ(g/r!;% such as boron,
aI um ni %ﬁ? gal | FBrVDniplasma smbspiced Y Dir senic or anti nony.
Definition of. §ipiogp ( %%E%Sﬁﬁgﬂbkcon nitride-based systens:

ef i

Silicon oxide-based syste are ed below as all crystalline
systens 20 which do not fall under the definition of anorphous Si02

IglnaszcratsI glu Y:?B«aﬂmﬂmoarfdamre dfabedewo?eésesqe tﬁapm&égilfé@%rﬁéﬁlc%m—
congensgél on por% ucf@bﬁ%@ﬂ;grfo ?ﬁttﬁé ﬁ,éa% Pﬁé,é‘?g)f Y@gﬁ@opr%:u&qr, nihes gy
the person siTP&dSHigoR{dOXEe *hlsaés vier lexamni@,aasliameafﬁikgp a)$s1iﬁ©8aﬁeh:a-
25 Furt her rmrahylocbﬂnmsmmétequ a&pasitiondst theé lpreéQisBf bﬁ'tﬁ§ g?@%g%lugstrat(?

syst ens, salts and esters of orthosi
condensatl on proggg{)g{ptogﬁgfo@of are al so enconpassed. Besi des pure
Si02 (quartz, tridymte, cristobalite), all Si02-based systens built

up from Si 02 QicSlrni@s tayers vﬂﬂ% Qépff%d%'ﬁ?% tﬁiﬁh% 6§rlr| gﬂ %\so%écob-

as, foraexa £ mesoscha oraosi |1 cates
3% m?émed by Means 6 wet— emical coatmg w1th a hqmd or dissolved solid

precursor in @ solvent or solvent mixture. These liquid systems are usu-



phot ol i t hography: Production of a negative or positive of the etching
structure (depending on the resist), coating of the substrate surface
(for exanple by spin-coating with a liquid photoresist), drying of

t he phot or e¥P3i08/0&%pbsure of the coated substrate surface,PCT/EP2007/008663
devel opnent, 10rinsing, optionally drying3zB. Etching of the
structures by: dip nethods (for exanple wet etching in wet-chenmstry
benches): dip-15ping of the substrates into the etching bath, etching
operation, repeated rinsing in H20 cascade sinks, drying spin-on or
sp[) ay nmet hod?‘ alM@pﬂt@dﬁnmgpM&&tﬂMG measmmtmﬂett@ba dgoaitédi Tigese sy stﬁms
substrate, t tléfﬂy‘,\y}g W t

i nput of energ?;g( or e&dagrrgééﬂlséﬂo ﬁl‘rﬁ%oérlt? W“’mggﬁsﬁq)r owed
by rinsing and drying dry-etching nethods, such as, for exanple,

pl asma et chi ndn mangxpees| te apph&tﬂnaiobtlay@f al%bQ’@thQnWatshréﬁ%%ﬁbhlféduc-

gases irp fl ow; \Y; o]

process step, ﬁgﬁgﬁ%\%&&es@é‘?c?@ﬁl%g&% l& {h P?ﬁ%; 5}@5’&%’35 Hg the
substrate nustcagé qféh@veallygmw S#A2be carried out by means of sol -
30vents, such as, for exanple, acetone, or dilute aqueous al kaline

| u- . f | | d d ul | -
ol v L1 ons . PRt YRR e B 1A e o i Elera 5
si licon oxi dePlah@rsimpodanhirolei éfertmwﬂpleyhﬂed&:pls%fs fdlch panels, etc.).
2008/ 053637PC"B’5%Pd’%£§0ﬁ:'@8&§ﬁpouﬁds with Cﬂ?ﬁ‘ OI' gslfrﬁﬁg d{ﬁhg @Extcfna%,aﬁoé

area conpl etely or onl cer

wet - et chi n&xﬁgiprlu%’d‘g' ’ufﬂ@'%? P?"@@n%%er& a'HHHOBY'IZnn@nthﬁ inditgre- Hj’agélde
Q\sses and otayers dnlpartioulaxiate-wiaedpeadd. Clﬂd!umltfnl ggideashe SiadFBRides

gl
and | ayers of C&ﬁéllsﬁﬁb%ft Hfﬁﬂﬁﬁ‘?ﬁ e;gﬁr(ﬁ:?)f @ )33?@?&]@55@2) bzﬂI & also

bat hs, whi ch ysual ai n c*an

hydr of | uori c B&iYE W’@p@ﬁh@ﬁﬂqwmcﬁ@m% fﬁl' e)deplentinering ascFUSNO,).

tThe di sdévant igeseoTCUleaﬁrshamg r@@?ﬂé@ﬂﬁo Cb%‘-’r@wl G&v %f%rﬁ&et he T o
i me- consuni n i ve

10are in sorregcaggtst%\[/ﬂg??r%@tr%#]ﬁ%omu? ﬁ éhéeﬂr fxgp?@ﬁﬁgca?fy

and, in additfenduciive farduansgareatrilad that emcsmmmts mmdustry, they are

_ I'nternational em;tmd)yécﬁtfbpﬁh%%%%ﬁloﬁfﬂﬁ%&' Qﬁl%rec%éil%r Qpariggﬁ'[r@nf Blec-

the formof p articl fre
navi ng.gon- Db o i ERIAb SHrEeBa T aRicyIastraking, chidasang davieh
gl ass-| Fke anstipkoes A acsgmsicandustorswhichcsongly rfietis infeiredf radiation,

gl asses or Ceﬁ@‘@sa fe%féﬁf %béé’at&h@a m%rnn%lrldrc nedﬁ%l I%tq% gP@%ras thermal

systens, and t ?
printing of sl&r Y 1q,8 eg’qe ? h\@w%gtasa é\\fQT&éN!ﬁi@dlﬁleéy vésurfasestfor

pr ob|t em;t due emmp@pmcalmes béh&ik@&n@é bb{'tﬁbaitéd %?ﬂlﬁ?m IdreEr tHilRey
or.-struc ures eli meani n at a
sCgni 11 s e BROSatB t ]

nt broa enrng o nted | i nes occurs
(runnlng of the etching species on the substrate) US 5, 688, 366 A

L35 21| ket monncan IR0 B ORBEF
past es used yﬁé%'@[? éaﬁ?ghﬂflwg ReHtopTgiices ihaifl ﬁwi@@ﬁ%ﬁfy
of crystalli dat igmnd glecieical canduptivignen iher thystas striibigge of the indium
B | mor ey ers O ypidlly dboutiaio hiYLaPe Bidf HlsBoctyind
for 30 etch| H‘t?‘ﬂ?e@ﬁuﬁ%icﬁ rﬁ?ﬁ@”%@f%()lat rrﬁc@s? less than 1 mm

cleanly and without flaws, irrespective of whether polyner particles

pr eparat S'nag?tf'LeB%g%* a0 o he B BB IR RIS LT Aet avays

Qoj ecti ve Trgéaﬁﬂ%m bﬁath@q)sasﬁatmgnbl@mavan IT€0 tazer efsor lee tapplied by

pr ovVi Fle novcﬁlhlghﬂa&uuﬁﬁw bﬁr&?é‘;%ﬁsﬁ@o;?aékﬁéu%ﬁrth%t EBPB LAY ldé'a‘te%é’r@

thin Tigees hauhng: J4Woifdn Badd 1d E2Svimany 19 up'to 360 \«Errﬁalcﬁlnj'egtrncts the
applicability.



per atures between 120-170C. Description of the invention 10 The

novel paste formul ations have significantly inproved properties with
respect to surface cleaning, print precision and waste-water

pol | uti on aVPEp0s{R®3et chi ng operation. Surprisingly, it hasciemn/008663
found that the etching pastes to which exygrenely fine-particulate

i norgani ¢ powders, in par- 15 ticular fine-particulate graphite
and/ or carbon bl ack, have been added have i nproved cl eani ng
properties if they are enployed for etching I TO at tenperatures

bet ween 120- 1o aitideddysvst drepasdcbiessas\iftBicrobaRiers a4 ke technology

avai | abl e graphi ; C ed. The .subsequent .

cl eani ng of twg %rﬁgﬁléﬁggﬁ_a%élg’ ggﬁgggﬁﬁﬁgy%g la/i Rrwcé@?gﬂﬁeélﬂae suitable
20wat er. An d95EHS iParpask:Bitiege ndfidelavers\are ersendaly el &si passivation
accordi ng to tamel amtirefiebion faygrher nore consists in that the inorganic
powder s ppresent remai n unchanged and do not nelt at the etching
tenperatures, but contribute to the fact that the etching paste can
be applied t o [RABe fupdeelien phoemstalinesjliconi solar aelfs, of iseadvzartaggods aso
structures wi thms abianbNsrodnde kath iﬁ'bdt%r@%t&?'n?a ﬁqgiﬁgérl]ynifr%e

diffuse to the_site,of action durin e etchi'ng operation. o
particul ar, t %fg_ep%’f eﬁﬁ@:pg%m%%rfﬁ@hhee”@ntleaﬁgdm@ igclkepameligation of
havi ng rel ati wlegidcallcloonduaties qrastes. Teeset inatal8pastes hre RRULIIE UKiRsH"

| ess tham 50 r : L fi .
surface area ?Fotu%gﬁbgnﬁgé% ﬁ&rfﬁ%’%f%ﬁé&ﬁ@e %ﬁr e? ggé@%f@&(ﬁ] %@t}ligg
73:/—mz/g, gi ve§'8GHHcaly eantast (ot the eruttge daygr. gléu@dﬁ- heabighp denpesatures,
havi ng_par ti fbeiwhaﬁbaséd (epompasit pHéhdiie m)afn@ﬁﬁ%éﬁ@h%%’ét&wrﬁér%ﬁm
area of abou Y : referred. se of .
t hese car bon- Bsﬁﬁggégm‘{%d s“%@f@g?‘ﬁéﬁg‘%i{%t@@ﬁ%SB %%m%@mpé&)@l’[?@!”a‘
Conpar ed wi t hiPRdNEE Bndeayingesiliguwadsa arishodwingrpeiiesmapaet ofcthe fire-
7 PO e o s WS e B e
et ched due to' k{;%gah‘oﬂ ﬁq‘a@\,f d%gﬁ%ﬁﬁjtt?yc eatpémg%f?"%nmﬂ%{cﬂlaﬁiﬁr@fﬂ dprslt
i.e. fsi gni fi cwouly thenaforee bepmione | adyamtage eioito ipsoaads ev edrtiAndarrower
significantly e n i . L TQ_, .
Consequont |y, Pennis®t fie WY thfRNape: B! ?fﬁ%ﬁfﬁﬁgﬁﬁéﬁﬁéﬁd Jadetain
al so in hi gh-trh«,?se?‘%ﬁipﬁ Y8 %ﬁ@%ﬁe@@n%w@ggmewaﬁf bgdhe noet-
4. The p8st esaliisationiagrtan fdpe i nvention are prepared using
commercially 10 avail abl e graphite or carbon-black powders which have
t he properti e§ descri bed above and neet the size and surface
requi r enent s. PRBRESoRUMRITHESIgRdeamiiere apnsiglingodf sifionpl diodde he silicon
commer ci al proithidyd, Bupedis&-godsiisiendugie R n {YTQ%]
G aphite & Caé,ﬁg% 'H}%\/A%ﬁf e I% dS). ”'rl't%egf)%\rttﬁlirﬁggggi 'gggl%ccgﬁnftg%?égg y gf
dét er ni gd usi ng (l, 'ﬁséﬁgrmﬁ? ffet hods. For exanple, the particle
si ze can” be determ ned by neans of particle correlation spectroscopy
(PCS), wi th tihefimh¥RIrigiadd.on being carried out using a Mlvern
Zet asi zer in élfcordagc%vvl th the instruction, manual. The di aneter of
the particl es 1550k dFENdE MGAD £Eri v AstBrmysompesition, Tiy example
_pl)_ﬁrti cle d: artarts wintlovatglassr bo:@seroat@l@Iassqumtedls@strﬁlﬁqaﬁéﬁs?bf%se
e particle r ener e means of | aser
di f fracig on AR T Ahoy spbelrated Mo el B8 iics, T
i s shone int é%%%rﬁ‘tllf%%“@f@‘éa byivariausunethads lenawnite fhe patsapaskiliédin
exanpl e 25 aithe aFhECWBY, VD espinefiT, aérrh AroXidtin, imetr*élié?’fa" particles

refracting the light at a greater angle than |arge particles. The
scatter angle_is thus directly correlated to the particle size. The
observed scatFl8psandialowvriiectakes toogmant siffterldxiden armd ddicosasitride-con-
particle si zeainfienistbriaktwHichi 12t ini e &A% i
phot ode§5ect0|ﬂ§ artgfan ed at v%ri ous ﬂﬁel es. uéflﬁgr@%ol%eg@ﬁrgr?génle%%tse \g}tgout
e glass tomponents crystallising out and have a high degree of dis-

order in the microstructure owing to the lack of long-range order.



WO 2008/ 052637PC / EP20071008663 - 14 - properties as etching paste,
but al so, as described above, considerably influences the
envi ronnent al acceptability of the pastes. For the preparation of the

past es accowdb#gotzazt he invention, graphite 5 and/or carberihaskesess
having a relative particle dianeter of I_e;s_ than 50 nm and a specific
BET surface area in the range 50 to 70 nmkfg are therefore preferably
used. Particular preference is given to powders having rel ative
particle dianmeters in the range from30 nmto 45 nm and very

particularly i C e j | ahi tde~
10cl e di anet eﬁgﬁlgéﬁ%%aﬁ@g@gg%%iu%ﬁ%f%r \aéggga ea{ﬁs%q?. HG%'%?‘E?% (’for
si nce these ccghw B glasses; sughyasikaipalicyta, phogehesiligaigeand pgro-
order to resulphdsphobiicattyglessgsocsioprs glagsepeniikafasdde chedtatglasses,
arti- cles i 1 : i : r r t.b .
gr esent é n th@%‘?ﬁhégﬁgﬁﬁﬁ'ﬁ@?@ﬁaﬁygﬁ ﬁ\rgcggﬁf#a @ﬁﬁ%%frbﬁ?!’"%"af
to 7% by’ wei gileBeENtss SUERas fAb sxaMel salsiynaphtiven oalugnion, Iseac Kith-
powder are préfier adgnhagdded Hapiuhhepdtagsienn, boropabehgilar -
addi tion of alﬁ H grgg .($(V ﬁf( i g@gﬂi ves etchi n'bbhgglilrgspﬁiaaaﬁﬂarug,.gal
viscosity in tﬁe °r angz]I _’r% @éﬁ&o BREM.wANEn ﬂgﬁ"wﬂe SPPRL eglromium,
“extrenel y wel MaRganrgaswirare apbelte aidkel byolybelesnch, yrretdinres titaniing gold,
to Fig. 4. HOWﬁfumF‘ﬂQHééﬁgm,Osiilv‘e?,séel‘jlﬁ@‘?‘caégiLhnﬁ’,aﬁlleﬁ.Hhaiﬁwt%ﬂnt?,oﬁr?qn-
pl ag:k or1ograph| te in aniarmurrlt of , 0. 5% d@fh‘mﬁ:ég:t a %o a1|rea y results
in i mproved b&fBviSRFYRIHINGTFREQAITYTE SHRISRRECHT ik theyglanseson thadors
i n-whi ch pol yoéroxides,i carbonates, pritratoyt, phodphaiesnsultates ind/&v ealitoe e

el | " . _ e . ; At
25 Besi des.t he oaort dsr HBBIrER SRRty 08 YasHal. HRIEF Yadses B for
may conprise ?HFE\PE‘%Z?%” wabkptRhprAnopilisals anddaoropherphesibeater gansss,
t hi xotropi ¢ _ageliused lasseso Milkaylasges) iaystdegrisak e hdaspticai Bemises,
pronot erg. Soly %rg%zywr ﬁﬁd %)P r pOIr. %j re vlvater and/ or
organi ¢ sol venr's._@ hus_,gt%?g Eléés\pég Cgog'@@& ﬂg“?r_oe? nf%\ﬁéﬂ%i%?\bﬂ'é%ﬁ'
conpri se wat eRlUrpBiyR; agllipyr, iadliLieomhasphiotusreraghioyorrasitindome  besi des
the basic constituents of phosphoric acid and carbon-bl ack or

hi t waer .. . 1- et hyl li done. b t inth
Jame ampunt s SeBHRELAAT KA. BERTHGN Byidobratn SR i ual y
present in anSHiconrexidé-tased sysiemsEraddiinedebajoty, apakiceysthllivei systms
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10 Etching of structures

C The use of etchants, i.e. chemically aggressive compounds, results in
the dissolution of the material exposed to the etchant attack. In most
cases, the aim is completely to remove the layer to be etched. The end

15 of the eiching is reached by the encountering of a layer which is sub-
stantiafly resistant to the etchant. In addition, there is the process known
to the person skilled in the art of partial removal of a layer by etching to a
target thickness which is usually defined.

20 Efching of structures on silicon oxide- and silicon nitride-based glasses
and other silicon oxide- and silicon nitride-based systems:

According to the current state of the art, any desired structures can be
etched selectively in silicon oxide- and silicon nitride-based glasses and

25 other silicon oxide- and silicon nitride-based systems or surfaces thereof
and layers thereof of variable thickness directly by laser-supported etch-
ing methods or, after masking, by wet-chemical methods ({11 D.J. Monk,
D.S. Soane, R.T. Howe, Thin Solid Films 232 (1993), 1, [2]J. Buhier, F.-
P. Steiner, H. Baltes, J. Micromech. Microeng. 7 (1997), R1) or by dry-

30 etching methods ([3] M. Kéhler "Atzverfahren fir die Mikrotechnik"
[Etching Methods for Microtechnology], Witey VCH 1983).

'

In the laser-supported etching methods, the laser beam scans the entire
etching patiern on the glass dot by dot or line by line in the case of vec-

35 tor-orienting systems, which, besides a high degree of precision, also
requires considerable adjustment effort and time.
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The wet-chemical and dry-etching 'methods include material-intensive,
time-consuming and expensive process steps:

A. Masking of the areas not to be etched, for example by:

» photolithography: Production of a negative or positive of the etching
structure (depending on the resist), coating of the substrate surface
(for example by spin-coating with a liquid photoresist), drying of the
photoresist, exposure of the coated substrate surface, development,
rinsing, optionally drying

B. Etching of the structures by:
+ dip methods (for example wet etching in wet-chemistry benches); dip-

ping of the substrates into the etching bath, etching operation,
repeated rinsing in H,O cascade sinks, drying

-» spin-on or spray methods: the etching solution is applied to a rotating

substrate, the etching operation can be carried out without or with
input of energy (for example IR or UV irradiation), this is followed by
rinsing and drying

« dry-etching methods, such as, for example, plasma etching, in expen-
sive vacuum units or etching with reactive gases in flow reactors

C. Removal of the photoresist:

In a final process step, the photoresist covering the protecting areas of
the substrate must be removed. This can be carried out by means of soi-
vents, such as, for example, acetone, or dilute agueous alkaline solu-
tions. The substrates are finally rinsed and dried.

Full-area etching of silicon oxide- and silicon nifride-based glasses and
other siticon oxide- and silicon nitride-based systems:

In order to etch silicon oxide- and silicon nitride-based glasses and other
silicon oxide- and silicon nitride-based systerms and layers of variable
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thickness thereof over the enfire area completely or only fo a certain
depth, use is predominantly made of wet-etching methods. The silicon
oxide- and sificon nitride-based glasses and other silicon oxide- and sifi-
con nitride-based systems and layers of variable thickness thereof are
dipped into etching baths, which usually contain the toxic and highly
caustic hydrofluoric acid and optionally additives of other mineral acids.

The disadvantages of the etching methods described are due to the
time-consuming, material-intensive and expensive process steps, which
are in some cases very complex in technological and safety terms and,
in addition, are frequently carried out discontinuously.

International Application WO 01/83391 A describes etching media in the
form of printable, homogeneous, particie-free etching pastes having non-
Newtonian flow behaviour for the etching of inorganic, glass-like amor-
phous or crystalline surfaces, in particular of glasses or ceramics, pref-
erably SiO,- or silicon nitride-based systems, and the use of these etch-
ing media. In particular on printing of surfaces, use of these particle-free
media gives rise to problems due to inadequate resilience of the printed
lines, dots or sfructures (inadequate structure fidelity), meaning that a
significant broadening of the originally printed lines occurs (running of
the efching species on the substrate).

US 5,688,366 A uses particle-containing etching pastes for etching a
tfransparent conductive layer, such as, for example, an ITO layer. The
etching pastes used are prepared from molten iron chloride containing
water of crystallisation, glycerol and polymer particles. These composi-
tions are suitable for etching fines having a width of about 1 mm.
Experiments have shown that these etching pastes are not suitable for
efching very thin lines having a width of less than 1 mm cleanly and
without flaws, irrespective of whether polymer particles having a diame-
ter of 0.01 um or of 30 um are employed for the preparation of the
pastes.
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Objective

The object of the present invention is therefore to provide novel, inex-
pensive efching pastes for etching very uniform, thin lines having a width
of less than 100 um, in particular less than 80 um, and extremely fine
structures on silicon dioxide and/or silicon nitride layers, in particular also
in conductive fayers, which are located on silicon solar cells. A further
object of the present invention is to provide novel etching media which
can be removed from the ireated surfaces after the etching in a simple
manner without leaving residues and have more environmentally friendly
properties than known pastes.

Brief description of the invention

The object is achieved by a novel printable, dispensable etching medium

for etching oxidic transparent and conductive surfaces and layers in the

form of an etching paste comprising

a) phosphoric acid,

b) at least one solvent,

c) graphite and/or carbon black having a relative particle diameter in
the range from 80 nm to 20 nm and a specific BET surface area
in the range from 40 to 100 m%g,

d) optionally thickeners, and

g) optionally additives, such as antifoams, thixotropic agents, flow-
control agents, deaerators and adhesion promoters.

In a particular embodiment, etching media of this type comprise graphite
or carbon-black powder having relative particle diameters of less than 50
nm and a specific BET surface area in the range from 50 to 70 m%g. It
has proven particularly advantageous for the graphite or carbon-black
powder present to have relative particle diameters in the range from
30 nm to 45 nm. Etching media comprising carbon-black powder having
a relative particle diameter of 40 nm and a specific BET surface area of
62 m?/g have very particularly good properties. While higher proportions
of solids were necessary in earlier compositions, the addition of Jess than
8% by weight, but more than 0.5% by weight, of graphite or carbon-black
powder having the said properties gives, in accordance with the inven-
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tion, compositions which can be printed in the form of extremely fine
lines. Compositions which have a graphite or carbon-black powder con-
tent in the range from 3 to 7% by weight and a viscosity in the range
from 25 fo 35 Pas have particularly good properties. Corresponding
compositions can advantageousiy be used for etching [TO layers at tem-
peratures between 120-170°C.

Description of the invention

The novel paste formulations have significantly improved properties with
respect to surface cleaning, print precision and waste-water pollution
after the etching operation. Surprisingly, it has been found that the etch-
ing pastes to which extremely fine-particulate inorganic powders, in par-
ticular fine-particulate graphite and/or carbon black, have been added
have improved cleaning properties if they are employed for etching 1TO
at temperatures between 120-170°C, compared with pastes to which
commercially available graphite or carbon black has been added. The
subsequent cleaning of the treated surfaces is carried out with deionised
water.

An essential advantage of the novel paste formulations according to the
invention furthermore consists in that the inorganic powders present
remain unchanged and do not melt at the etching temperatures, but
contribute to the fact that the etching paste can be applied to the sur-
faces in extremely thin lines or exiremely fine structures without running
and bleeding and are able subsequently to diffuse to the site of action
during the etching operation. In particular, the use of inorganic graphite
or carbon-black powder having relative particle diameters of less than 80
nm, in particular less than 50 nm, preferably 45 nm to 30 nm, and a spe-
cific BET surface area in the range from 40 to 100 m%g, preferably from
50 to 70 m*/g, gives improved results. The use of carbon-black powders
having particle diameters of about 40 nm and a specific BET surface
area of about 62 m%g is very particularly preferred. The use of these
carbon-black powders gives particularly good etching resuits. Compared
with the use of polymer powders, whose smallest particle sizes are 3-5
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pm, significantly finer lines and smaller structures can be printed and
etched due to the addition of nanoparticulate carbon-black particles, i.e.
significantly improved printing precision is achieved, and significantly
smaller structures can be printed and etched on ITO. Consequently,
novel potential applications in simple displays and also in high-resolution
TFT displays arise, as shown by Figures 1 to 4.

The pastes according to the invention are prepared using commercially
available graphite or carbon-black powders which have the properties
described above and meet the size and surface requirements. Mention
may be made here by way of example of the commercial product Super
P™ (conductive carbon black from TIMCAL Graphite & Carbon, Switzer-
land). The particle sizes can generally be determined using conventional
methods. For example, the patrticle size can be determined by means of
particle correlation spectroscopy (PCS), with the investigation being car-
ried out using a Malvern Zetasizer in accordance with the instruction
manual. The diameter of the particles is determined here as the dgg or
deo value. The particle diameters indicated are preferably quoted as ds,
values.

The particle diameters can generally be determined by means of laser
diffraction combined with on-line analysis. To this end, a laser beam is
shone into a particle cloud distributed in a transparent gas, for example
air. The particles refract the light, with small particles refracting the light
at a greater angle than large particles. The scatter angle is thus directly
correlated to the particle size. The observed scatter angle increases
logarithmically with decreasing particle size. The refracted light is meas-
ured by a number of photodetectors arranged at various angles. The
measurements are preferably evaluated using Mie light diffraction theory,
which is based on Maxwell's electromagnetic field equation. This theory
is based on two assumptions. Firstly, it is assumed that the particles to
be measured are spherical, but this only really applies to few particles.
The measured laser diffraction is used to calculate the volume of parti-
cles. Secondly, dilute particle suspensions are assumed. The method
usually used fo determine particle sizes in the nano range by dynamic
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light scattering is described in greater detail in the brochure "Dynamic
Light Scattering: An Introduction in 30 Minutes®, DLS technical note,
MRK856-01 from Malvern instruments Ltd.

The particle size in the nanoparticulate range can also be determined
with the aid of scanning electron photomicrographs (SEM photographs).
To this end, particle-containing emulsions can be prepared and applied
to a suitable surface in an extremely thin layer in a spin-coating process.
After evaporation of the solvent, SEM photographs are taken and the

~ particle diameters recorded are measured. The relative particle diameter

of the measured sample is determined by statistical evaluation. Stan-
dardised methods for determining particle sizes and devices suitable for
this purpose are described in SO 13321, Methods for Determination of
Particle Size Distribution Part 8: Photon Correlation Spectroscopy, Inter-
national Organisation for Standardisation [(ISO) 1996 (First Edition
1996-07-01)], including methods for determining sizes in the hm meas-
urement range.

It has proven particularly advantageous that the use in accordance with
the invention of nanoparticulate carbon black enables the addition of
solids to the etching paste compositions to be significantly reduced. Sur-
prisingly, it has been found that the percentage of solid in the etching
paste can be reduced by more than 70% by weight if nanoparticulate
carbon-black powder is employed compared with the use of polymer
particles in pastes of comparable viscosity. This applies, in particular, to
the use of graphite and/or carbon black having relative particle diameters
in the range from 20 nm to 80 nm and a specific BET surface area in the
range from 40 to 100 m*/g.

In particuiar if carbon-black particles having relative particle diameters of
about 40 nm and a specific BET surface area of about 62 m?g are used
as solid in a corresponding composition, the addition of solids can be
reduced by about 74% compared with the addition of polymer particles
having a relative particle diameter in the range 3-5 um in order to pre-
pare a paste having a viscosity of less than 40 Pas, in particular about
30 Pas. In this way, a significantly more environmentally friendly paste
can be prepared. This also enables the service life of the waste-water
filters necessary for the removal of suspended particies from the waste



O s 464 452 50 0 O 56.5-29 1 0 0-0 O 5 466 450 49 0 0 56 30

00O00O

200005 468 448 48 0 0 515 31 2 0 0 0 0 O 470 446 47 0 0 55 WO

2008/ 052637PCT/ E1) 2007/ 008663 - 19- Batch Tri- ethylene glycol nono-

met hyl et heWORYBAOIZEYD [ 9] : PCT/EP2007/008663
13-

10

15

20

30

35

water to be considerably extended, more precisely for the removal of the
suspended particles from the waste water produced in the rinsing opera-
tions for cleaning the etched surfaces.

Surprisingly, measurements have shown that the rinsed-off carbon-black
particles (active carbon) have an adsorptive action for the organic thick-
ener additives and organic solvent components of the paste. This has
the consequence that the BOD5 value (mg/l) in the rinse water can be
reduced by simple particle filtration. The BOD5 value is the biological
oxygen demand (mg/l) of waste water in 5 days, measured in accor-
dance with DIN 38409 H51. Whereas a BOD5 value of 14 mg/l is deter-
mined, for example, on use of an etching paste comprising polymer par-
ficles with otherwise identical composition, a BOD5 value of only
7-8 mg/l arises for pastes comprising carbon-black particles added in
gecordance with the invention for the same amount of paste in the rinse
water in each case (135 mg of paste/0.5 | of rinse water).

An effective etching component which has proven particularly effective
is, in particular, phosphoric acid, more precisely in concentrations in the
range from about 35 to 50% by weight. Compositions having a phospho-
ric acid concentration in the range from 40 to 50% by weight have
proven particularly effective. They have very particularly advantageous
properties since they can be printed well onto the surfaces and give very
good etching results. Particular preference is given to etching pastes
having a phosphoric acid content of 45 to 46% by weight.

In order to prepare the etching pastes, the various components are
mixed with one another successively with adequate mixing in such a way
that the temperature is only able to increase moderately during the addi-
tion of etching component, but a paste having a suitable viscosity forms
during the mixing.

As already indicated above, etching pastes can be printed in particularly
fine lines and structures if graphite and/or carbon black having a relative
particle diameter in the range from 20 nm to 80 nm and 2 specific BET
surface area in the range from 40 to 100 m?/g are present therein. The
surface nature of the particles here is not only of importance for the
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properties as etching paste, but also, as described above, considerably
influences the environmental acceptability of the pastes.

For the preparation of the pastes according to the invention, graphite
and/or carbon black having a relative particle diameter of less than
50 nm and a specific BET surface area in the range 50 to 70 m%g are
therefore preferably used. Particular preference is given to powders
having relative particle diameters in the range from 30 nm to 45 nm and
very particularly preferably carbon-black powders having a relative parti-
cle diameter of 40 nm and a specific BET surface area of 62 m?g, since
these compositions result in particularly low BOD5 values.

In order to result in the advantageous paste properties, the solids parti-
cles in the form of graphite and/or carbon black must be present in the
compositions in amounts of less than 8% by weight. 3 to 7% by weight of
the nanoparticulate graphite or carbon-black powder are preferably
added to the pastes. In particular, the addition of about 5 to 6% by
weight gives etching pastes having a viscosily in the range from 25 to
35 Pas, which can be printed extremely well, as shown very clearly by
the etch pictures in Fig. 1 to Fig. 4. However, addition of less nano-
particutate carbon black or graphite in an amount of 0.5% by weight also
already results in improved behaviour during printing compared with the
use of pastes in which polymer particles are present in the same
amount. Even these small amounts of particles enable printing with a
reduced line width.

Besides the nanoparticulate graphite or carbon black, the pastes may
comprise thickeners and optionally additives, such as antifoams, thixo-
tropic agents, flow-control agents, deaerators and adhesion promoters.
Solvents which may be incorporated are water and/or organic solvents.
Thus, the pastes according to the invention may comprise water, poly-
vinylpyrrolidone and 1-methylpyrrolidone besides the basic constituents
of phosphoric acid and carbon-black or graphite powder. Whereas
1-methylpyrrolidone may be present in the same amounts as phosphoric
acid, polyvinylpyrrolidone is usually present in an amount of less than
10% by weight, preferably in an amount of about 5 to 6% by weight.
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Additives having advantageous properties for the desired purpose are
antifoams, such as, for example, those available under the trade name
TEGO® Foamex N,

thixotropic agents, such as BYK® 410, Borchigel® Thixo2,

flow-control agents, such as TEGO® Glide ZG 400,

deaerators, such as TEGO® Airex 985, and

adhesion promoters, such as Bayowet® FT 929.

it goes without saying per se to the person skilled in the art that these
additives may also be replaced by other commercially available products
with the same action. [t is essential in this connection that the addition of
such additives improves the product properties.

Additives employed specifically in experiments carried ouf are also
revealed in the examples given below.

These may have a positive influence on the printability of the etching
paste. The proportion of the additives is in the range 0-5% by weight,
based on the total weight of the etching paste.

The etching pastes according to the invention can be printed on the
wafer surfaces in a known manner. in particular, they are applied in fine
line printing < 50 um. This is possible, for example, on use of a screen
having the following parameters:

Mesh count: steel fabric 350 mesh/inch
Filament diameter: 16 um
Emulsion thickness: 10 pm

Screen separation during printing: 75 um

Figures 1 to 4 show etching results for the production of which lines of
different thickness have been printed. In addition, it can be seen from
these figures that lines at a separation of less than 100 pm can be
etched using the pastes according to the invention without having to use
photoresist layers. it is therefore possible to produce high-resolution
etched structures in a simple manner using the etching-pastes according
to the invention.
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Fig. 1 shows an etched line having a width of 20.93 pm which has been
etched into an ITO layer.

Fig. 2 shows three etched lines having a width of 37.95 KM alongside
one another, in each case at a separation of 98.26 um.

Fig. 3 shows the continuous structure of an etched line having a width of
38.4 pm. :

It can be seen from the etch pictures shown that the etching pastes
according to the invention are suitable for continuously etching even
extremely thin lines without termination of the lines occurring in the
course of the etched tracks.

Examples

For better understanding and in order to iliustrate the invention, exam-
ples are given below which are within the scope of protection of the pre-
sent invention. These examples also serve to illustrate possible variants.
Owing to the general validity of the inventive principle described, how-
ever, the examples are not suitable for reducing the scope of protection
of the present application to these alone.

It goes without saying per se to the person skilled in the art that, both in
the examples given and also in the remainder of the description, the
component amounts present in the paste compositions always add up in
total only to 100% and cannot be greater even if higher values could
arise from the per cent ranges indicated.

Exampie 1
Etching paste comprising an inorganic nanoparticulate solid additive

218 g of deionised water

223 g of 1-methyl-2-pyrrolidone

1.6 g of ethylene glycol

The following are added successively with stirring to this solvent mixture:
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465 g of phosphoric acid (85%)

and

11 g of polyvinylpyrrolidone,

where polyvinyfpyrrolidone is incorporated with vigorous stirring.

> 20 g of carbon black
are then added to the clear homogeneous mixture, which is stirred for a
further 2 hours.
The ready-to-use paste can be printed using a 280 mesh stainless-steel
10 fabric screen. In principle, polyesters or similar screen materials can also
be used. The crucial factor is that the screen material selected is inert to
e the etching component present in the etching composition.
The etching paste prepared has proven to be stable on storage over a
15 long period with retention of the advantageous etching properties.
Further examples of compositions according fo the invention having
advantageous propetrties are given in the following tables:
20
C. 25
30

35
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What is claimed

1. Printable, dispensable etching medium for efching oxidic
transparent and conductive surfaces and layers in the form of an
etching paste comprising

. a) phosphoric acid,

b) atleast one solvent

¢) graphite andfor carbon black, having a relative particle diameter
in the range from 20 nm to 80 nm and a specific BET surface
area in the range from 40 to 100 m*g, in an amount of less than
8% by weight, but more than 0.5% by weight

d) optionally thickeners, and

e) optionally additives, such as antifoams, thixotropic agents, flow-
conirol agents, deaerators and adhesion promoters.

2. Eiching medium according to Claim 1, comprising graphite or
carbon-black powder having relative particle diameters of less than
50 nm and a specific BET surface area in the range 50 to 70 m¥g.

3. Etching medium according to Claim 1, comprising graphite or
carbon-black powder having relative particle diameters in the
range from 30 nm fo 45 nm.

4. Etching medium according to Claim 1, comprising carbon-black
powder having a relative particle diameter of 40 nm and a specific
BET surface area of 62 m¥g.

5. Etching medium according to one of the Claims 1 fo 4, comprising
graphite or carbon-black powder in an amount of 3 to 7% by weight
and a viscosily in the range from 25 to 35 Pas.

8. Use of an etching medium according to one of the Claims 1 to 5 for
etching transparent, conductive oxidic layers during semiconductor
manufacture,
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Printabl e, dispensable etching nediumfor etching oxidic transparent
and conductive surfaces and layers in the formof an 5etching paste
conprising a) phosphoric acid, b) at heast one solvent c) graphite
and/ or carbon black, having a relative particle dianeter in the range
from20 nmto 80 nn1and a specific BET surface 10area in the range

from40 to 10 £l % b
than 0.5% by uel o f‘?‘ @W@rﬁw‘?dﬂm SREAH8 o e priBbr s s’ 6
addi ti ves, such h3OBg GWBQI‘%—O ehiempemiuesbeivacn ﬂQMZ@?(Ir ol

agents, deaerators and adhesion pronoters. 15 2. Etching nmedi um
according to Claim1l, conprising graphite or carbon-black powder
having rel ative particle diameters of |less than 50 nm and a specific
BET surfiace area in the range 50 to 70 n2/g. 203, Etching medi um
according to Claim1l, conprising graphite or carbon-black powder
having rel ative particle dianeters in the range from30 nmto 45 nm
4. Etching medium according to Caim'1, conprising carbon-bl ack
25powder having a relative particle dianmeter of 40 nmand a specific
BET surface area of 62 nR/g. 5. Etching medi um according to one of
the ains 1 to 4, conprising graphite or carbon-black powder in an
anount o 3 to 7% by wei ght 30and a viscosity in the range from25 to
35 Pas. 6. Use of an etching mediumaccording to one of the Clains 1
t'0 5 for etching transparent, conductive oxidic |ayers during

sem conduct or manufacture, -21- 7. Use of an etching nmedi um
according to one or nore of Cains 1 to 6 for etching I TO at

t enperatures between 120-170C. 5 10 15 20 25 30
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