' h
2003 WO 00/54341 - 1 PCT/EP0O0/ 01694 Dopant Pastes for
I%)r gdgi on of p, p+ and n, n+ Regions in Sem conductors The |h®eﬁET&UU3

relates to novel boron, phosphorus or 5 boron-al um nium dopant pastes for

tes in semc or fabrication, ower el ectronics or i (
QS[S)I i cations. 10" Boron %arsq;p%s Por eo%fﬁ‘?@c'bliomcpyspal andden& nwaf gr S
i n phot ovol tai ¢ technol ogy a%g{bﬂ@ei_.ﬁ@%fgmpﬂﬁoESem con UC}D%VGSB( . g.
di odes, thyristors) is carried out via the vapour phase (e.qg. ,

[ i [ [ [ [ ith liquid
hosphine, BBr3) or 15 with solids (films or solid slices) or wi
ﬁedig such as e?g. phosphoric acid, and other organic B or P systens.
Directly patt&PRediripprtieni oreliateamt tpossobeE Wddbn 20 gHiRsM MREINLGUes.

i [ . 5l vel ed without using elaborate e.g.

hot ol | thogr aphr o procneasaR, SRelE ol Kbt [ Bhe, i cisitnas et deped. 25

Ion phot ovol t aPt t eifhol dyy, 4t extr@gsions or ihocainohackysga[lﬂiﬁé }‘!ghg ( BSF)
[ ' n ac lest]n roduction |ines

Carrent 1y operaln bl e e AR ok o S T S oRFCHEFs

obt ai ned” by ef?ﬂe‘r‘sﬁnaﬁl MASEANY BEStasr 1q |SeuichrsbronoB0fabut catibaca

urp@net ye et yroebesr 62l 1868hoPBvE1tAPLT 3hE1Y cSE§hEs fOr reasons
\?ﬁrihh\?myﬁbcbe epry(Zi ne% in nore detglﬁ}f bel ow. An ‘g{;?eny Ve §ack surface

[ [ [ [ [ [ he case of thin Si
field is especially 35 advantageous, inter alia, int
waf ers (< 22@%@1} ¥ nekospheruss dopliagebli aopetaft 416 flds ¥ s out to

be significantdypheWelo1pugh at@t?ﬁnbfogy and in the case of power
semiconductors (e.g. diodes, thyristors) is carried out
via the wvapour phase (e.g. POCl;, phosphine, BBra) or
15 with solids (films or solid slices) or with 1liquid
media such as e.g. phosphoric acid, and other organic B
or P systems.

Directly patterned application is not possible with

20 these techniques. Defined regions cannot be
selectively doped without using elaborate e.g.
photolithographic processes to maskrthe areas that are
not to be doped.

25 In photovoltaic technology, an extensive or local back
surface field (BSF) can be achieved by p++ doping on
the back,. Existing production lines currently operate
only with an extensive back surface field, which is
obtained by either an Al metal layer or a liquid boron

30 source. Local BSFs have currently only been realized

.on  a laboratory scale, for reasons which will be
explained in more detail below.

An extensive back surface field is especially
35 advantageous, inter alia, in the case of thin Si wafers
(< 250 pum), since otherwise the efficiency of the cell
turns out to be significantly lower. Such a BSF is
currently obtained in the case of Si wafers of > 300 um
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In DE 195 08712 C2 and in K. A. Miinzer, R. R. King, R.
E. Schlosser, H. J. Schmidt, J. Schmalzbauer, S. Sterk,
H. L. Mayer, 13 European Photovoltaic Solar Energy
Conferehce, 23-27 10.1985, p. 1398, attempts are made
20 to solve this problem by a spin-on process with boron.
In this case, p++ doping is produced by boron and an
aluminium framework is implemented in a subsequent
print by means of aluminium paste.

25 Disadvantages of this process are

a) the large material requirement of the spin-on
process
b) the considerable equipment outlay, with which
30 angular wafers are to be coated uniformly using the
spin-on process
c) the high throughput and the expensive handling,
which are to be realized in mass production only with
great difficulty, and
35 d) that selective patterning of the wafers is not

possible, as described above.

The object of the present invention was therefore to

provide improved, inexpensive dopant pastes usable in



ossi bl e, as described above. The object of the present inventipn
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a) one or more components with dopant action,
b) an $i0; matrix,

15 ¢} solvents,
d) optionally an acid and water,
and optionally
e) additives such as thickening agents or wetting
agents,

20 the total composition having impurities in the form of
metal ions in respective concentrations of less than
500 ppb, preferably less than 200 ppb.

Through tests, it was found that the disadvantages
25 mentioned above are eliminated by the screen-printable
dopant pastes found here.

The pastes according to the invention may contain a
dopant source, selected from the group boron salt,

30 boron oxide, boric acid, organic boron compounds,

boron-aluminium compounds and phosphorus salt,
phosphorus oxide, phosphorus pentoxide, phosphoric
acid, organophosphorus compounds, organic aluminium

compounds and aluminium salts.

35
In principle, the compounds known to the person skilled
in the art primarily from main groups IIT and V of the
periodic table are suitable.



35 In principle, the conpounds known to the person skilled in t Tt
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matri x consisting of one or nore Si02 pregursors. The dopant pastes which
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concentrations. The Si02 matriXx, which the dopant paste contains, may
accordi ngwto the invention be formed by an organic silicon conpound of the

general for miAeR MS4ER) ihved iidh Waheh @eﬁgaggey%arehgﬁgmet ByL¢ Q%

hyl, n-propyl or i-pro
phenyl, R deqﬁﬂfghnggg ginegn% or A%rén& o

opant sources from the group
of organic boron, phosphorus and aluminium compounds,
it being possible for the doping sources to be used in

15 different concentrations.

The object is furthermore achieved by dopant pastes,
containing one or more dopant sources selected from the
group boren oxide (B;03), phosphoric acid (H;PO,),
20 phosphorus pentoxide (P;0s) and aluminium salt or
organic aluminium compounds, and optionally one or more
dopant sources from the group of organic boron,
phosphorus and aluminium compounds, it being possible
for the doping sources to be used in different
25 concentrations.

The SiO; matrix, which the dopant paste contains, may
according to the invention be formed by an organic
silicon compound of the general formula R'nS1i(OR)4-n,

30 in which
R’ denotes methyl, ethyl or phenyl,
R denotes methyl, ethyl, n-propyl or i-propyl,
and
n denotes 0, 1 or 2.

35
The present invention furthermore relates to a dopant
paste that contains an $i0O, matrix, which is formed by

silanes, selected from the group tetramethoxysilane,
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dopamt paste that contains an Si02 matrix, which is formed by 1 & 0Bhed03
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t etraet hoxysil ane, tetrabutoxysilane, igdgvidually or as a mxture. The
present invention also relates to the use“of the 5 described new dopant
pastes in senieArtmxysichm ogyt etpratwovmtyt sl kartec hndl@gyi @ial Dy poyer
el ectroni cs. RBasidesi thg-Lopant pastes, the invention also relates 10 to
maski ng pastes, containing a) an Si02 matrix, b) solvents, c) optionally
an acid and water, and optionally 15 d) additives, such as thickening
agents or wet tHg pAgeaks, ikRedidicl £90POTENRARNAY NGRLMUIL t]es L, the
f or m of ngtal i ons..i n. respective concentrations of Tess than 5 Otaﬁﬁ,
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mentioned abaeeleoiipesed | phbkevearivay. t8XRRBIoGPA she ngsking, lastes
are free fron1q%p%gtsp are used according to the Thnvention in

sem conduct or tec ngPﬁﬁff photovol taic 25 technol ogy and in power
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t hr oughput bghﬁggﬁésopg§ Oaégéggnﬁﬁ%ﬁﬁ%ﬂﬂégﬁaéPg?Pq@%ﬂeﬁ}ﬁ%gr i%ﬁ%ﬁ
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repl aced a) an Si0; matrix,

b) solvents,

1 denot es O, 1 or 2. 35 The present invention furthernore relates to_a

c) optionally an acid and water,
and optionally
15 d) additives, such as thickening agents or wetting
agents,
the total composition having impurities in the form of
metal ions in respective concentrations of less than
500 ppb, preferably less than 200 ppb.
20
The masking pastes, like the dopant pastes mentioned
above composed in the same way, except that the masking
pastes are free from dopants, are used according to the
invention in semiconductor 'technology, photovoltaic
25 technology and in power electronics.

It is 1likewise possible to achieve extensive or

selective (selective emitter) phosphorus doping

inexpensively and with high throughput by means of
30 screen-printable pastes.

Patterning stages, which are currently made possible by

photolithographic processes, can be replaced
inexpensively by the use of screen-printable dopant
35 paste.

The masking paste, which can be described as pure Si0,
matrix paste without dopant additives, can be employed

for intentionally defined protective layer formation.



| nexpensively by the use of screen-printable dopant 35 paste. The maski ng
paste, which can be described as pure Si02 matrix paste w thout (HOEAN2003
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screen-prigiti ng technol ogy or pad printing. Depending on the desired field
of application, both the concentrations of the individual conponents and
the 15 vi scosFhPes obEPPe Vg i edichhevhd phyt esioviedt pastsed. £3he dopant

pastes accordsageteithe Hpyaatt9Bnargs f ULk re;digtingyished b
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Di f fusi on Mechanéem-pfikhbsphoeuhnblog$i bircpad grpherBgdi Ssertation, 1994]
and known to the person skilled in the art as boro- or phosphorus
silicate glass (B203)X* (SiQ2)y or (P205)X* (SiQ2)y is forned. This glass
forns the actR@PeR@LRGeconf thite de3d redhditeldurdappia danidig, Pdenqupatity

of the Si @2--donedngrsoiPREeYs i tride ;3R Gual components and the

15 viscosities may be varied in the pastes that are used.

The dopant pastes according to the invention are
furthermore distinguished by a defined matrix. This is
formed by an SiO;-forming component during heating in
20 the diffusion process. Together with the component
delivering boron or phosphorus, what is described in
the literature [K. Spanowsky, The Diffusion of Boron
with the aid of Spin-on Glasses in MOS Technology,
diploma dissertation, 1996; R. Fischer, Experiments to
25 Clarify the Diffusion Mechanism of Phosphorus in
Silicon, diploma dissertation, 1994] and known to the
person skilled in the art as boro- or phosphorus
silicate glass {B203)x*(S1i0z)y or (P20s5) x* (8103)y, is
formed. This glass forms the actual source of the
30 dopant during the doping.

The quantity of the $i0O,-forming component in the dopant
paste is in a modifiable range of 0.1-5% by weight. 1In
relation to the dopant components B;0; or P05, the ratio
35 of Si0O; to B,0; or P,0¢ may be set arbitrarily, although
the range of 10-80% dopant in Si0; is advantageous. The
dopant concentration to be achieved in the silicon can
be controlled well through this ratio. The penetration
depth of the dopant is, as known in the literature [A.




aste is in a nodifiable range of 0.1-5% by weight. In relatlon to the
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stable than polycrystalline wafers.

15
The diffusion may also be carried out with rapid
thermal processing (RTP) technology.

The diffusion time may, depending on the application
20 purpose, be from a few minutes to as much as 60 hours

Or more. Following the diffusion, the wafers are

treated with HF (concentration about 2-50% HF), in

order to dissolve the phosphorus or borosilicate (PSG,

BSG) glass formed. After this treatment, the Si wafer
25 has a free Si surface.

The dopant component is in the concentration range of
0-10% in relation to the dopant paste. In the case of
a dopant-free (0% by weight) composition, a masking
30 paste is produced. This is done under the same process

conditions as in the case of the dopant pastes.

The solvent forms the main constituent of the paste.

The proportion may be in the range of 50-80% by weight
35 of the total quantity.

The proportion of the thickening agents, which are
needed for controlled adjustment of the viscosity range
and fundamentally for the printability of the dopant,




30 paste is produced. This is done under the sane process conditions as in
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silicon matrix, in particular silanes of the general
formula R’;Si{(OR)4_p,
in which
15 R’ denotes methyl, ethyl or phenyl,
R denotes methyl, ethyl, n-propyl or i-propyl,
and

n denotes 0, 1 or 2.

20 Examples of suitable silanes are tetrametheoxysilane,
tetraethoxysilane, tetrabutoxysilane, tetrapropoxy-
silane, as well as higher and mixed examples, i.e.
silanes with longer alkyl chains or silanes with
various alkyl residues.

25
Mixtures of various alkyl- or alkoxysilanes may also be
used advantageously.

It may be necessary to prehydrolyse these compounds ,
30 The use of such siloxanes as need no pPretreatment, such

as e.qg. polysiloxanes, is advantageous for the

production of the pastes according to the invention.

When the substrate is heated in the diffusion furnace,
35 the organic silicon compounds form silicon dioxide,

€.g. according to the following equation:

CgHyp04S51 — CO; + H:0 + Si0,
(TEOS, tetraethyl orthosilicate)
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30 The use of such siloxanes as need no pretreatnent, such as e.gl’.@ T
pol ysi | oxanes, is advantageous for the production of the pastes a c%dim@
to the invention. Wien the substrate is heated in the diffusion furnace,
35 the organic silicon conpounds form si_I'bcgn di oxide, e.g. according to
the follow ng equation: COH204SI -> C02 ¥+ H2O + Si2 (TECS, tetraethyl
orthosilicate) 1 6 OCR 2003 - 9 In order to produce the dopant matri X,
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i nvention. Thesedvai:;b@, botFhoer gamd ¢ AlS & s 0LGaANe gAeiidS, a3Uah @S- J-
nitric acid, hydroe ISoric acid, lactic acid, oxalic acid, formc acid or
the like. In particular, these acids are added when hydrolysis of the
organi c Si conpound needs to be carried out. Cenerally, such organic acids

whose al kyl 2 h duessfianends chai t f =1 - 10 are u le. It
i s possible tgrggg%gr S(ESioni C acc?%sg?hg%cjuﬁéa}\geggar é%llodstﬁjahoﬂls: 8F of°L aPRyl
with n = 1. ?592%he ALPiniewd RREPOWIAS hearabes usest amintbe osgdniey be
bot h strai ght coppahagadsand branched. 25 Corresponding additives in the
pastes according to the invention are necessary when the organic silicon
conpound needs to be prehydrol ysed. However, in the case of siloxane for

exanpl e, thisAdditives nayybefurthermore be mixed with the pastes
according to the invention. These may be both organic
15 and inorganic acids, such as e.g. nitric acid,
hydrochloric acid, lactic acid, oxalic acid, formic
acid or the like. 1In particular, these acids are added
when hydrolysis of the organic Si compound needs to be
carried out. Generally, such organic acids whose alkyl
20 residues have a chain length of n = 1 - 10 are usable.
It is possible to use organic acids that have a residue
R = OH or = alkyl with n = 1 - 10. The alkyl residues
of the salts that can be used may be both straight-
chained and branched.
25
Corresponding additives in the pastes according to the
invention are necessary when the organic silicon
compound needs to be prehydrolysed. However, in the

case of siloxane for example, this additive may be
30 omitted.

Suitable thickening agents include Thixoton® {ricinus
0il), Borchigen TS® (rheological additive for silicic
acids), bentonites with various qualities and
35 properties, generally inorganic rheology additives for
various polar solvent mixtures, nitrocellulose,
ethylcellulose and other cellulose compounds,

pelyvinylpyrrolidones with variable quality, starch

(+NH,0H) , gelatine, alginic acid, highly disperse




rL1 ted. Suitable thickening agents include Thixoton(r) (ricinus _oil
ggl’ghl Eyen TS(r) (rheol ogi cal agdl '?l ve for silicic acids), bent oh0tQET vﬂﬂ%lfh
various qualities and 35 properties, generally inorganic rheol ogy additives
for various polar solvent mxtures, nitrocellulose, ethylcellulose and

ot her cel lul ose conpounds, pol yvi nyI pyrfL | rdones with variable qual [ ty,
starch (+NH4@rprpgeliat i 3¢ lialigi maz::ai:l d(Aé}t@fﬂbM?m sp§6§§vi9¥glg(grt% (h| ghI y

sili Aqk, yvin u yra
gg})ﬂgrguz g. |(%b%ﬁ?§Fg)(ygo?§hl Ouli)n(?:’clar bo‘?v< eIP‘ﬁEIY seI{¥FPiLdtar),
t her nopl ast i csoﬁé}l?amaa‘@ometth&am@hﬂ(qs)e) (ween@tam) betherhegldawncat 5

about 180C), S69aheakl ckayh Ofsudlerdng i ¥ XbN R i i de_wax
(Thi xatrol_ pl %séﬁé l'i ngo(I 610 aél\r(ﬁ c-}r'l'lgheol a eEbC% Le

pol yet her ur ea?B urjeet{h&?e PFZIﬁlé@P@t e(%?}HU®oIqAélt hélerpwlaymlve( Rirebiata(r)) .

10 Polysil oxar®p, silkexange andydxisiliexangs -gny b%lh é‘g%f :Lcljll'lg{/e
agents. Particularl £ hl y sw table additives are ose that |1
with the ot hef® Jc {Y% ‘?‘1? Iy RMlvsthrrpreatrpelyeoekhanee at

t enper at ur es bkhwléﬂ@@ arxdoliaétnei\#bbw&al},?ﬁl\{éagaﬁééydues at 200-500C. The
viscosity of the highly pure dopant paste is adjusted by the thickening
agent, as well as by the 20 solvent used. A basic requirenent for a good

dopant paét e Falyphboowms ai sitflexdamelsogynd s tihe ilewasiespPass) bbe used

contam nati o ounds. In particular, 25 the cations of the
metals iron, %%Mr%%%%ﬂ%pp%gg@m ckel, gold, calciumetc., often referred

to in the I|terature as carrier Ilfetlrre"killers", in particular, are

undesirabl e. i fcenegnt habhays sehouhth bgda:?tg'.egsasaxpeos%hglsg bl:q'x ow 500

' he : :
ppb in t bind well with the other components, advantageously can

15 Dbe predried tack-free at temperatures below 200°C and
burn without leaving residues at 200-500°C.

The viscosity of the highly pure dopant paste 1is
adjusted by the thickening agent, as well as by the
20 solvent used.

A Dbasic requirement for a good dopant paste in
photovoltaic technology is the lowest possible
contamination with metallic compounds. In particular,

25 the cations of the metals iron, chromium, copper,
nickel, gold, calcium etc., often referred to in the
literature as carrier lifetime "killers®*, in
particular, are undesirable. Thelr concentrations
should be as far as possible below 500 ppb in the

30 paste. In particular cases, the concentrations should
as far as possible not exceed 200 ppb. In order to
make it possible to comply with these conditions, in
particular cases only purified starting materials can
be used.

35

Besides the components mentioned so far, the addition

of solvents is necessary for the production of the
pastes.
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30 paste. In particular cases, the concentrations should as far as
posgi bl e not gxceed 200 ppb. In order to make it possible to cdbOETwEH0
these conditions, in particular cases only purified starting materials can
be used. 35 Besides the components nentigied so far, the addition of
solvents is n ce sary for the groduction of the pastes 1 0 OCT 2003 - 11
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et hyl ene gl yc@blyariebﬁny)ll(sel I oso:awach me]t Ihylﬂ@el I OSOét tp&eésat teh glyc (jh Jcol
et hyl cel | osol IIoso ve ce sol ve ace a e et hy
rmn)c/)butyl et h}élgthg?%teq}i B IyCoI %?0 Yt hoxymeBf&kgéehanol |

et hyl ene gl y@d;hYﬁrGﬁ!déosDé,tve,, eiﬂgdmﬂfte%l];dsﬁheh,?(r:]e]ém@solaéelgmélt%ggh I

| ycol, digth yCcQ et hyl e co

gtzgr acet%te&g?gf 3’? enéel)%)gfl yCco b%tt ty?gié?ﬁer egi eenenglyﬁé’éi

monobutyl et ReRoRBERyte, (ﬁtélewyl enengih@cymeitw&ha?ﬂlg{, dld;?ynlyélgﬁge
h I e e

S Vool Monihy SILLE N HandH GaBRENS g%ﬁgflgheng (@#llrmnorretﬂﬂ?‘l“l 8?%5? 15

| ycol acetat triethyl glycol, triet
?riyet hyl ene g$§€BFY RBetHylcodt he‘?‘le‘ﬂé}( %@@hﬁﬂ&m@l gﬂlqrcmﬂlethy]q ether,

pol yet hyl ene @igenySensr QW Ese ﬁbﬁaahhylpr@&yéﬁn% Q:Jb %i‘&he et her,
pyl.ene gl ycol nono

EL? gilyg? ﬁgg;ﬁgg%%‘ﬁgo ”f‘f’la?%w{lm ?E’&g r Od. %Jr%bk%ﬁ@ezogbyyw m@n@h\eww
et her, di propgteee glqmﬂatrmnoeﬂhythyeéfigr dlyf%‘?pyld%?@ﬁa col epRragnNeEt hyl
(1at ge[)ent gglaélgfgy%exy é(ig%%/’%m étﬁ%%ﬁ’}fﬁg gg%?&ﬁf%@@ﬁﬁ"@ gtyeetyl
di acetate, gl YEeEhy trla(fét B, diethylene glycol acetate,
triethylglycol, triethylene glycol monomethyl ether,
15 triethylene glycol monoethyl ether, tetraethylene
glycol, 1liqg. polyethylene glycols, propylene glycol,
propylene glycol monomethyl ether, propylene glycol
monoethyl ether, propylene glycol monobutyl ether, 1-
butoxyethoxypropanol, dipropylglycol, dipropylene
20 glycol monomethyl ether, dipropylene glycol monoethyl
ether, tripropylene glycol monomethyl ether,
polypropylene glycols, trimethylene glycol, butanedial,
1,5-pentanedial, hexylene glycol, glycerine, glyceryl
acetate, glyceryl diacetate, glyceryl triacetate,
25 trimethylolpropyne, 1,2,6-haxanetriol or hydrophilic
derivatives thereof, as well as aliphatic and aromatic
polyvalent alcohols such as e.g. 1,2-propanediol, 1,5-
pentanediol, octanediol and also esters and ethers

thereof or mixtures of these'solvents.

30
A suitable constituent may, for example, contain 1,2-
butanediol as its main constituent. Such solvent
mixtures as contain 30-95% by weight 1,5-pentanediol
have proved suitable. Such a mixture may contain
35 ethylene glycol monobutyl ether (EGB), diethylene

glycol monobutyl ether {DGB) , dipropylene glycol
monomethyl ether (DPM), 1,4-butanediol (1,4BD) and 1,3-
butanediol (1,3BD) as other solvents.



| | o o
25 trimethyl ol propyne, 1,2, 6-haxanetriol or hydrophilic derivatiyes
t her eof , ag meFI as aliphatic and aromatic polyval ent al cohols i%cﬂcgsﬂm3
e.g. 1,2-propanediol, 1,5- pentanediol, octanediol and also esters and
ethers thereof or m xtures of these sal yents. 30 A suitable constituent

[ - ' Its main constituent. Such
may, for exanp} dmc(%Ir}-tlglnc{lail;1e but anedi ol, as !

sol vent m xtures &as ¢ 21550, byS Wt gh®S1, 5. 33eMaRfedi oltrimsaner oved
sui tabl e. Suchetnabytdnce uresn cortetirai3bireigptaene alaye ol furieiidore ethier

i et hyl gney b et her . . di propyl ene glycol
ﬁrgﬁg%ret ﬂlylet e%/her ( ﬁ%ﬁ%"%ﬁt %é%ﬁ‘%#af 1, é%}‘%?ﬂcg,tégr bBesh¥di Gthpl 35(5))
as ot her sol v&sttenero G@tbmg Hidobphyli ctlgstﬁtﬁ-res,, éeﬁﬂegdgm;ogﬁefgng'use
e - 3
as sol vents. —ak@ioRG1aMilre 5 aGThABYLALC! Afifscpot Ayckopiadis

r
trioxane, tetrahydropyran, y furthernore be yl &t d
met hyl ethyl SF&EBE yFuklet dfe, marbyhy|fdzaedies, ethmtet menastie,ohph @iyl

hydr ophi i ¢ esbemataychmasnyet hykefQrant g,q ety fora!pe%}: Lropy fqmte,
mgt hylo sui tabl e. g(igt a?e aﬂr:l‘g et h?l acetate are%ll so 1 %ltestéa hav & “§fown

that appl i cat P8A*BP1§-50-100 ny quantity of paste to a customarily used
wafer, e.g. a 4-inch wafer, is sufficient to achieve a dopant effect. The

applicati o paste according.to the [nvention to the wafer to be
tfgat ed clg b%e%grgrigavgut S&."Pﬁ t fig2ts ﬁBPhibB'%‘tP(ﬁBV\MOffo fhe>Pel88n 8wl | ed

in the art. |guantity of paste to a customarily used wafer, e.g. a

4-inch wafer, is sufficient to achieve a dopant effect.

The application of the paste according to the invention

to the wafer to be treated can be carried out with the

15 methods known to the person skilled in the art. In

particular, application by the screen-printing process

is suitable for this purpose. The conversion of the

applied paste into the desired dopant layers takes

place,‘in the known fashion, by heating to temperatures

20 of 200 to 600°C, preferably to about 500°C. The

required heating time depends on the thickness of the
layer of paste applied.

The paste according to the invention is suitable for

25 the production of p-n junctions, such as e.g. in
semiconductor technology, in particular, but also for
use in the production of solar cells used in solar
technology.

30 For example, it has been found that through using boron
pastes according to the invention for the production of
doped glass layers, the efficiency of solar cells,
which is usually 14% in production, is increased by
about 1.5 to 2%.

35
For  Dbetter understanding and for clarification,
examples will be given below which fall within the
scope of protection of the present invention but do not

restrict the invention to these examples.



partilcul ar, application by the screen-printing process is sui tqti@cgo

t hi s ‘purpose. The conversion of the applied paste into the desi'r ozm

| ayers takes place, in the known fashion, by heating to tenperatures 20 of

200 to 600C, preferably to about 500C. _The _required heating tine depends

on the thi cknﬁﬁ?g%ﬁt tlu_a | ayer of paste applied. The paste according to the
[

i nvention is Su e"for 25 the production of p-n junctions, such as e.g.
in sem conductor technol ogy, in particular, but also for wuse in the

producti on of ar.~cahl s .used in,solar. technology. 30 For exanple, it has

been found thrga%’hr(%dgh f?s)l ﬁ'gasbo?tl)ﬁcegaéfle§ 2%%%}? ng &€t e i¥RhtNon for

t he producti dRebhyleypedl flose INMEr $83t hp) efiisci eney fdded amneel tge Whi ch

is usually 143484 N Pk .0 0,2%, .35 is.increased, by For

better under st andi ngggl&%&%o?v‘agl ﬁﬁ%a‘%‘?o%ftge%ﬁ%la&dmﬁj?l %> gt R bel ow

which fall wikdt¥Wikelpeesphidener dildctgbn dfibblrenpriasientideveat.isongput do
g

not restrictaidie fineenty on 4.3 ithese sexannl e 003 -.13. Exanple
1: TECS (1.43 1.9% vvals.(gllaa%ed in a b%g:lgg(. q‘?’he?%omgﬁ%gﬁ%t h@?‘%??ro’r’?done
NVP (83 g) wads tHet dfted didF¥tE $hease@ditienr e itaswps efanmthanrtdr e he ai d

of a stirrer.nededsamnytpyrstdld dﬂi@afdﬂs%}: ndipli‘%ré%“ thd Oéh%%ﬁ&ég(stkﬁ%d and

finally cti i 3 re.then,adde successi_on.
addi ti on,hai t lg\e;aeg’gf g?ﬁ‘ﬁ%%ﬁ\?ﬁg etﬂ’eeCe@éﬁFVr?o wasg rsyigeedudar abert t3e
addi ti on had M peeneconplearsifet heom cdnt®i n@ss Stobkep e aQeHE3Q M N
nore. Transf copt ak per s..took pl.ace after.a hort waiting tinme. This
wai t i ng tineﬁkgf%eggggggg %fﬁ%. PlaG% walﬁlng %1me was necessary
for the bubbles formed in the mixture to be able to
break-up.

15
This mixture gave a paste by means of which a boron
glass was formed on the wafer, i.e. doping of the
monocrystalline and polycrystalline Si wafer was

obtained in a controlled way with the desired boron
20 concentration.

The paste obtained is stable in storage, easy to handle
and printable. It can be removed from the screen-
printing cloth with standard solvents.

25
2. Examples of pastes with a solvent or with solvent
mixtures:
I. P paste:

30

30 g 1,4-butanediol

5 g P>0,

53 g 1,2-propanediol

1.5 g Trasil® (silicon source; alkylsilicone
resin with alkoxy groups)

0.2 g Foamex N® (Polydimethylsiloxane;

deaerator)

R



for the bubbles formed in the mxture to be able to break-up. iﬁkﬁhks 03
m xture gave a paste by neans of which a boron glass was forne hg]

wafer, i.e. doping of the nonocrystalline and polycrystalline Si wafer was
obt ai ned ina controlled way with the degjred boron 20 concentration. The
paste obtained is stable in storage, easy to handle and printable. It can
be renoved fr the screen- printing cloth with standard solvents. 25 2.

Exanpl es of pg ed P sol vent or wi {higbtmehecultxtwesght | orBapast e: 30

30 g 1,4-butanediol 5 g P203 53 g 1, 2-p 59§PIﬁQPdéyrQEh s?lg Traaké%;? (silicon
S

source; alkylsilicone resin with al koxy group
(Pol ydi et hyl si |l oxane; deaerator) 1 0 ¥ mgzagem\er ex(r) 3 g Byk

410(r) 0.059 IEEO GEHydke MAHr) 4 g PVP(hddi Bpe@nypagte: - 14
(hi gh- ol ecul ar-wei ght organic polymer_wth siljcone spikes; antifoamn ng

agent) (rmodified urea; thixotropic ageM3*OYEYPyet#eenbdi fied
0.05g TEGO Glide 400® (Polyether-modified

polysiloxanes; levelling

agent)

14 g EVP (polyvinylpyrrolidone;
thickener)

II. Boron paste:

83 g 1, 2-propanediol

4.6 g B0,

1.43 g TEOS

3 g Lactic acid

2.5 g Byk 410® thixotropic agent

0.05 g TEGO Glide 400® levelling agent

0.2 g Aerex® antifoaming agent

0.2 g Foamex N® deaerator

4 g PVP thickener

5
IT. Si paste:

48 g 1,2-propanediol

3 g TEQS

3 g Lactic acid

35 g ethylene glycol monocbutyl ether
3 g Trasil®

5 g Byk 410® -+ thixotropic agent
0.4 g TEGO Glide 400® levelling agent
4 g PVP thickener




pol ysi | oxanes; levelling agent) (polyvinylpyrrolidone; thickener) 83

gl, 2- propanedi ol 4-6 gB203 1.43 gTEOS 3 glactic acid 2.5 gByk 10 OCT 2003
410(r)thi xotropi c agent 0.05 gTEGO dide 400(r)levelling agent 0.2
gAerex(r)antifoam ng agent 0.2 gFoanmex N(r)deaerator 4 gPVPthickener 5 11
Simte: 48 gl, 2-propanediol 3 gTEOS'3 glLactic acid 35 gethyl ene gl ycol
nmonobutyl ether 3 gTrasil(r) 5 gByk 410(r) thixotropic agent 0.4 g TEGO

G ide 400(r)levelling agent 4 gPVPthickener 1 0 OCT 2003 - 15 PATENT

CLAI M5 1. Dopant pastes for the BATERT GRAMY ext ensi ve printing of S
wafers by screen, roller, pad, stencil printing or other printing

techni quas CUBRERLY dalb i £ONMUEL Obe1 LEERVEl 8 Lok hlS R Yitctd oty of P,

p+, p++, n, n+, n++ ‘regions in the SI wa contal ning a) One or re
conponent$ Wi hwadpast kit someeb) arpldidd2 npadi x stlerchili spfonmédgbyrsi | anes

of the %%%%&al ég{ﬂgkﬁgF? é%é%nfé%@s‘g—ghskgmgg§0h in semiconductor

technology for the production of p, p+, p++, n, n+, n++
regions in the Si wafer, containing
a) one or more components with dopant action,
b} an Si0,; matrix which is formed by silanes of the
general formula R’;Si(0OR);.,, in which

R’ denotes methyl, ethyl or phenyl,

R denotes methyl, ethyl, n-propyl or i-propyl,

and n denotes 0, 1, 2,

c) golvents,
d) optiocnally an acid and water, and
e) additives such as thickening agents or wetting agents,

the total composition having impurities in the form of
metal ions in respective concentrations of less than 500

ppb, preferably less than 200 ppb.

2. Dopant paste according to Claim 1, containing a dopant
source selected from the group boron salt, boron oxide,
boric acid, organic boron compounds, boron-aluminium
compounds and phosphorous salt, phosphorus oxide,
phosphorus pentoxide, phosphoric acid, organophosphorus

compounds, organic aluminium compounds and aluminium salts.

3. Dopant paste according to Claims 1 and 2, containing

an S5i0; matrix containing one or more $Si0O; precursors.

4. Dopant paste according to Claims 1 to 3, containing

one or more dopant sources selected from the group boron



R denotes nethyl, ethyl or phenyl, R denotes nethyl, ethyl, n-g§ @QE” 2@”
i-propyl, and n denotes 0, 1, 2, c) solvents, d) optlonally an a a
water, and e) additives such as thickening agents or wetting agents, the
total conposition having inpurities in the formof netal ions in
respective concentrations of |ess T hsh 500 ppb, preferably |ess than 200
ppb. 2. Dopant paste according to Caim1l, containing a dopant source

sel ected ,0up,RoE an sal n oxi.de boric _acid, .qr i ¢ boron
corrpoundsc,Dfxr %or orgﬁéc%urh npgm Ccoarﬁ)]b ﬁ%réﬁd pk%}s%%l?%% s&, pﬁgs%ﬁ‘gr us

oxi de, phosphorus peattxtite phosphoshe aqudm@nmamhosahar Wrgasgampounds,
organic alunlnlunlconpounds and alum nium salts. 3. Dopant paste according

to d ai mdll eHPInHNt AF NS P oo it EPX é:él@t LR HP oRBUSEERDE® Si 02
precur sokg. ugequBaghfg@sgggaggggg RGQHsi M 1 to 3, containing one or

nore dopant sources sel ecte ron1t e group boron 10 OCT 2003 - 16 oxide
(B203), boric acid B(CH)3 phosphorlc aci d (H3PO4) , phosphorus pent oxi de

(P205) and al ym nium salt and ani c ou bei ng. possi bl e for
t he dopi Eg soUPEEEY P2TEe u?gﬁorr *H88r 1% eﬁiag@ﬁcgnt%r at?%ﬂgalglgﬁop’é’rﬁ past e
accor di ngrt onét@i Mopknt §6N0taESI TrdMethel JEhe depanbr§Hui € ebdriom t he
group of organi c boron hosphorus and al um ni um conpounds, it being

p055|bIePPQFPhPHédeﬁmﬁga&é@#@éﬁmﬁcFQﬂPQHﬂQﬁd nifi faedment Pesatbher &0Tons. 6.
Dopant PRELE g %ggﬂ d%@%ﬂﬂ%s t@ R %s%d q%ﬂ?i%% %%Sg?%on%%nEQ%ﬁl.gﬁpnt

sources sel ec romthe group boron oxi oric acid B (OH) 3,
phosphoric acid (FBP04) phosphorus pentoxi de (P205) and al um nium salt
nore _dopant souyrce romthe grou or gani c

d t I f
bor on. " pfiosphBPRS EncPat Ui AFGREEORFoBRISCL LM Bering - poah o1 BiFS: e
dopi ng Sgﬂr@%&éﬂh$§hﬂ§egohﬁcééfEé&éﬂted from the group boron oxide

(B203) , boric acid B{(OH)., phosphoric acid (H:POy,) ,
phosphorus pentoxide (P;0s5) and aluminium salt and
optionally one or more dopant sources from the group of
organic boron, phosphorus and aluminium compounds, it being
possible for the doping sources to be used in different

concentrations.

7. Dopant paste according to Claims 1 to 3, containing an
Si0; matrix which is formed by silanes selected from the
group tetramethoxysilane, tetraethoxysilane,
tetrabutoxysilane, tetrapropoxysilane, tetramethoxysilane

individually or as a mixture.

8. Dopant paste according teo Claims 1 to 7, containing
one or more solvents selected from the group of hydrophilic
polyalcohols, their ethers or esters, of hydrophilic

ethers, aldehydes, ketones or esters or mixtures.

9. Dopant paste according to Claim 8, containing 30-95%

by weight 1,2-propanediol as a mixture with one or more



concentrations. 7. Dopant paste according to Clains 1 to 3, contﬁnrnﬂg ﬂtﬂ3
Si02 matrix which is formed by silanes selected fromthe group
t et ramet hoxysi |l ane, tetraethoxysilane, tetrabutoxysilane,
t et r apr opoxysi | ane, tetranethoxysilgbe individually or as a m xture. 8.
t ,

Dopant paste according to Clains 1 containing one or nore solvents
sel ected from the group of hydrophilic polyal cohols, their ethers or

esters, 1@%?:t%p@éiegcteeé h§£@1a%lhge %‘I’g‘?‘f’t St ﬁf&\%%g%@%@r %no%rohmt)g ures.

9. Dopant pas € accor
1, 2- pr opaneeirol @EBE , m )diustehy\léxte Onglpd:'o]:mrﬁoﬁoﬁueﬁl' ZQQBaer 17(DGEB'.)| vent s
selected fronltqe g yl ene egcoI nnnobutéw et her (EBG) di et hyl ene

gI ycoI ) mongistdyl o RENSEY ¢ P PMron o e tinAvtamssti lppy) |
4- but artqdwﬁb) (jalnﬁBD)l ,angutadeliianediiol;ppl, 38k /30! @nedN s Or e

solvents selected from the group di oxane, trioxane, tetrahydrofuran, and

t et rahydrsoplynemsnetmlad:tedm dtiopl acehal | grm.lh;yl @ittwan&et orterlqmriwl
i sobut yl

ketone aceton di acet one_al.cah met hyl
f or mat e, tg? aﬂypgp propyl Fgrnate %ﬁﬁ#%ﬁ Eﬁ%eeuui Wﬁﬁﬂ#ia Cet at e.

10. DOpaﬂtlelt&ﬁ’U.%c@(t@ﬂr dlmﬁyq @thyB Hetond, ®EHhHILNLBBbULSLr deidhrle,
orthosilicate as Si02 matrix, 1, 2- propanedlol N- nethylpyrrolldone
et hyl ene d3BFEFIL nbRbBRey| aqatanylAcRtang anddrertoneni dteral t matdor as

sol vent s ¢ hackieC aé’ﬂkﬂ{lasfo?ﬁége, Pé g?'fl. %%q%lener s a@%ﬁ fngceﬁﬁtgd@rﬁ ves,

| evel | ing agent's, xotropl c ag opti1onall

ant i f oametgydgecesadied deaerators, the quantity of Si02-form ng conponent

in the dopant paste being in a range of 0.1-5% by weight and, in relation
to the dopant conponents B203 or P205, in the range of 10-50% dopant in

Si02. 11jo0Usepebaatdopasdte PaTicRrdGeef dtdd iai@sai 15 th t9, 1&dntaining
tetraethyl orthosilicate as 5i0, matrix, 1,2-propanedicl, N-
methylpyrrolidone, ethylene glycol monobutyl ether, 1,4-
butanedicl or mixtures thereof as solvents, lactic acid as
acid, P;Os or B;0; as dopant and, as additives, levelling
agents, thixotropic agents, thickeners and optionally
antifoaming agents and deaerators,
the quantity of SiO;-forming component in the dopant paste
being in a range of 0.1-5% by weight and, in relation to
the dopant components B:;0; or P,0s, in the range of 10-80%
dopant in Si0..

11. Use of a dopant paste according to Claims 1 to 10 in
semiconductor technology, photovoltaic technology or in

power electronics.

12. Printable masking paste, containing
a) an Si0; matrix which is formed by silanes of the
general formula R’,Si(OR)4-n, in which

R’ denotes methyl, ethyl or phenyl,



sem conductor technol ogy, photovoltaic technology or in power ef gc@@prqugg

12. Printabl e maski ng paste, containing a) an Si02 matrix which is forned

by silanes of the general formula R nSi (OR) 4. n, in which R denotes

nmet hyl, ethyl or phenyl, 1 0 OCT 20 - 18 R denotes nmet hyl , ethyl,

n- propyl or i-propyl, and n denotes 0, 1, 2, b) solvents, c) optionally an
acid and water, and d) additi ves, thlckenlng agents or metting agents, the

t ot al conp05|t|on Raviagdok gRUr, lfor n
respective concentrat?ong %P |é§§ an E@g, rg ergﬁfyq1ggcﬂ?nan 200
ppb. 13. Use of a pmidntaldemoteskiong lpast.e accordlng to daim12 in

sem conduct or technol ogy, photovoltaic technology and in power
eIectronEﬁ solvents,

c) optionally an acid and water, and

d) additives, thickening agents or wetting agents,

the total composition having impurities in the form of
metal ions in respective concentrations of less than 500

ppb, preferably less than 200 ppb.

13. Use of a printable masgsking paste according to Claim 12
in semiconductor technology, photovoltaic technelogy and in

power electronics.



