1 Description METHOD FOR MANUFACTURING A SILICON MONOCRYSTAL SEED AND A
SILICON-WAFER, SILICON-WAFER AND SILICON SOLAR-CELL 5 The invention relates to a
method for manufacturing a silicon monocrystal seed and a Silicon-wafer , a Silicon-wafer and a silicon
solar-cell. 10 Solar-cells are generally made of silicon, wherein monocrystalline as well as
polycrystalline silicon slices are used for making sola#-cells. Monocrystalline silicon cells have a
substantially higher efficiency as compared to the polycrystalline silicon cells, however are more
energy intensive and 15 comparatively expensive in the production. During the manufacture of
monocrystalhae siticpr sbiges, at first, crystals of high-purity silicon are produced, which are then split
into thin slices- also known as wafer, generally by means of a wire sawing process. Standard method
during the manufacture 20 of monocrystalline Silicon-wafer is the Czochralski method, in which
cylindrical bR R, ANTEACTHBANG M iAfd SRt MIOHRRYFZAR | SEER ARy d¥er with
rounded corsELI CONHNREER)/SIRICON WAFERI AND rie LT GoNc rgomiReCEititon-wafer is the
Floatingszone or zone melting process, 25 however which leads to similarly high manufacturing costs
as the Czochralski method. A cost-effective method for praoducing high-volume, substantiall

monocrystallif€ sititSf biodk3 i& e Vemica?: 30 BREGRANT R SIRE VEritd-CraitertFReze
method. In theseknywh adethodd, kigh-purityi silicom tvmedted above 1UDOGINwa EerciblarBy slow
cooling of the meklteym Massathenzanes with uniform crystal structure are formed, wherein 2

10 Solar-cells are generally made of silicon, wherein monocrys-
talline as well as polycrystalline silicon slices are used
for making solar-cells. Monocrystalline silicon cells have a
substantially higher efficiency as compared tco the polycrys-
talline silicon cells, however are more energy intensive and

15 comparatively expensive in the production. During the manu-
facture of monocrystalline silicon slices, at first, crystals
of high-purity silicon are produced, which are then split in-
to thin slices- also known as wafer, generally by means of a
wire sawing process. Standard method during the manufacture

20 of monocrystalline Silicon-wafer i1s the Czochralski method,
in which cylindrical bars are pulled, which are then sawn in-
to pseudo-square wafer i.e. square wafer with rounded cor-
ners. Another known method for manufacturing monccrystalline
Silicon-wafer 1is the Floating-zone or zone melting process,

25 however which leads to similarly high manufacturing costs as
the Czochralski method.

A cost-effective method for producing high-volume, substan-
tially monocrystalline silicon blocks is the Vertical-

30 Bridgman method or the Vertical-Gradient-Freeze method. In
these known methods, high-purity silicon is melted above
1400°C in a crucible. By slow cooling of the molten mass,

then zones with uniform crystal structure are formed, wherein

35



It is essential for the production of an extensively mono-crystalline silicon block during the solidification
process that a large-scale monocrystalline silicon monocrystal seed is provided at the crucible base,
which passes down its crys- 5 tal orientation to the silicon blocks being formed during the solidification
of the silicon melt. Such a procedure is suggested, inter alia, in the publication US 2010/0192838 Al.
During the crystallization of the silicon melt, the growth surface has a crystal orientation characterized
by {100}- 10 according to the Millers index, wherein subsequently, the crystallographic orientation of a
surface is specified by {xyz} and the direction b z]..The crystallization on. this growth surface is
preferred, b@sclé‘ (S:a&sseg %%%nlg gtrggtﬂriﬁg,ea%g%ﬁf\l%gi lacfl?alf)tgxf‘ur}in%){écaenngel gg?r?ecfn outon a
{100}-crystaFsitfdcel Here, micrbsedpi® pyrdinidid e Jorphed, SoHieR idad- it siynificane merease in
efficiency in the solar-telig besauseohan daproyed lighh i psi. Howaveto Hhe-efystal Drewtdwith a
[100]-growthy i Cfc%Pi‘ch%’a'Sa'E'g@9@?@9%&%‘1@”%?&“ dalgers. paricularly of dislocation, clusters.

These dislocation clusters form hi%}?by active recombination centers for free charge carriers, which
leads toa stisstatiat FifigatidA%n

i BiffuSibhiERGPARFtRIES RthEVMGEN Y 1 silton
solar-cell. 25 dhérefdre; itis suggdstedan she pablicatiehtDE 302010 @2® Z4dud stoicarsuaut a crystal

growth in [11Ql:dikgction,insteachofa crystalgrowthini[1901-sliregion oiherefase sigghg pottom region
of the crucible, a, silicon monoc%/st | seed 30 wit ﬁ\ [%101-cr stal orlentliltlon Eer endlculg to the
crucible basB'i¢ ARAn§88, \Thith ther haseSHolh its Sy Stht 31iehtalisn tg the Sol R Righ-purity

silicon. In ordertasimuitasesusly prdvide anesnired {p00)hafer stifaceafieldp dildht monocrystal

seed has a lateraksurfaserwith a100Hcrystal arigrtation; patallehtosthsdateralsuriacerefdhe crucible.
The solidified siIic,E)nlb_LIock is %Jbseguentl S%HI into hforizontal l§i|icon cuboids a .thgnbsawn
transverse t(c):rys a ograpnic rie aclon o© d sSurrace 1s sSpeclirtie Y

{xyz} and the direction by [xyz].

The crystallization con this growth surface is preferred, be-
15 cause then a structuring, a so-called alkali texturing can ke
carried out on a {100}-crystal surface. Here, microscopic
pyramids are formed, which lead to a significant increase in
efficiency in the solar-cells because of an improved light
input. However, the crystal growth with a [100]-growth direc-
20 ticn is highly prone to formation of defects, particularly of
dislocation clusters. These dislocation clusters form highly
active recombination centers for free charge carriers, which
leads to a substantial limitation in their diffusion length

and thereby in the efficiency of the silicon solar-cell.

25
Therefore, it 1is suggested in the publication DE 10 2010 029
741 A1, to carry out a crystal growth in [l10]-direction in-
stead of a crystal growth in [100]-direction. Therefore, in
the bottom region of the crucible, a silicon monocrystal seed
30

with a [110]-crystal orientation perpendicular to the cruci-
ble base is arranged, which then'passes down its crystal ori-
entation to the solidified high-purity silicen. In order to
simultaneously provide a textured {100}-wafer surface, the

35 silicon monocrystal seed has a lateral surface with a {100}-
crystal crientation parallel to the lateral surface of the
crucible. The solidified silicon block is subsequently split

inte horizontal silicon cuboids and then sawn transverse to



3 the cuboid axis into Silicon-wafer , so that again a {100}-wafer surface results. The silicon
monocrystal seed, which accounts for the unidi- 5 rectional solidification of the silicon block, is
manufactured in a conventional manner by means of the Czochralskior Floating zone method. In these
methods, monocrystalline silicon blocks with a [1001-crystal orientation of the block axis are produced.
Since, a block diameter of approx. 40 cm 10 maximum can be produced by the above mentioned
method, in order to be able to completely cover the bottom region of the crucible, the silicon

monocrystal seed is made of several parts. 15 In case of the crystal growth method?1 ibed in the
publication DES0DL0 oG TAT AL S At G e wiie a (110) At ofeditbh and a
lateral surfaceaWRl aSfapbaceridfratién $s necessary, the silicon monocrystal block produced by

means of Czochralski- or Floating zone method for 20 seed manufacture is split into tracks, such that

the seed S”rﬁ?ﬁ %fitge?%%u ix%(?_%&sc(ﬂé}géécfieé“é%‘éﬂh yagih a‘?éé%%ﬁ%%d%g‘% pE%de“%%hﬁﬁ‘t—“ra”y’ may

r
not be greater than t ck diameter. Hence, several seed pieces are laid next to each other for
completely cb%ERRGIfe basd BE MG P Thgthe sBlidifiEaforPePhE hidh-ghaBr<iRCon in the
crucit_)le, in tltelr@_giodnmf thecedgesibétweeh theﬂne_tividm;al paets@f tlrfe sihieorC moriocaystdl seed, there
are disturbangesyinhe £hsalgravwiinsaihat Myl fusialling 384egions Axe formed here. Hence,

during the solidjfication, the regions of multicrystalline growth maqst preferably lie in the region of the
Sawing GapsS o 6By e GUTITBEr Sl ot JORK T idEE TR HRE B o SHIEbr iR o, the
seed parts afx preferzblpdivdersichedPaostrding tblthe kvidia88 bethecdubtigs: The dificom

monocrystalilackepioddeed by preanseidhs L 2achralskiver hlaatingrzanedaeling methograre
rotated by 4% apole i egRest 1o, e bl A AdeRsd eisteseuiafipaclietle e (1oRt-cystal
’ crucible, the silicon monocrystal seed is made of several

parts.

15 In case of the crystal growth method described in the publi-
cation DE 10 2010 029 741 Al, in which a seed surface with a
{110}-crystal orientation and a lateral surface with a {100}-
orientation is necessary, the silicon monocrystal block pro-
duced by means of Czochralski- or Floating zone method for

20 seed manufacture is split into tracks, such that the seed
surface of these tracks is (11l0}-oriented. The width of the
seeds so produced, naturally, may nct be greater than the
bleock diameter. Hence, several seed pileces are laid next to
each other for completely covering the base.

25
However, during the solidification of the high-purity silicon
in the crucible, in the region of the edges between the
individual parts of the silicon monccrystal seed, there are
disturbances in the crystal growth, so that multi crystailine

30 regicns are formed here. Hence, during the solidification,
the regions of multicrystalline growth most preferably lie in
the region of the sawing gaps, whereby the solidified silicon
block is then divided into rectangular silicon cuboids, the
seed parts are preferably dimensicned according te the width

35 of the cuboids. The silicon monocrystal blocks produced by
means of the Czochralski- or Floating-zone melting method are
rotated by 45° angle with respect to the block axis and seed
plates cut-off parallel to the [100]-crystal orientation, are



4 therefore produced preferably with a width of 157 mm, which corresponds to the standard solar-cell
dimension plus the sawing gap, although wherein, a considerable wastage of the very costly seed
material, results. 5 Further, however there is also the problem that during the solidification process in
the crucible, even multi-crystalline regions are formed particularly in the upper silicon block region,
which extend out laterally above the saw- 10 ing gap 4egion. Since, the Silicon-wafer can be cut-off
from the rectangular silicon cuboid lying perpendicular to the cuboid axis and thereby sawn-off with

respect to the, abutting edge joints of the seed plates, thenp there.ig a risk t plurality, of
Silicon-waferihﬁgfeprcrgfj i-%rryéfia]‘fl?ﬁee réiffgr?se él%alaﬁ/ti(’:‘ffraﬁy in th%%c gec?ggg‘lr’l?WWdht %ﬁ%r}?}pairs the
efficiency of B¥Z SfiE®PBERrcell$ Afarkifactdrediremlitht Sikddn-AaRas Sead ditlers, SL8Gsmetic effect

- not to be urderestmaigd - eesulis byHheadaing texturehecaeseishe neasongsrystaltime:regions
are hardly teég,_ltrgd 95‘91_151545 ge%odb[,%qngg. (?Ff{pealrgggﬁgfsthe wafer results. Therefore, the object of
tion or manu r

the present inve IS to"provide a metho acturing a silicon monocrystal seed, whereby
the usable portion of the silicon monocrystal seed with a 25{110}-seed surface and with a
{100}-orientationtdfding late eeatsurfabe sawnsofl rem ahneomosrdtathinelsilicodueuiioid, tdaa be

increased, agd yhigh additiopallyaccquuts fqf thakthe,ppriien of the sypsianyally monocrystaliine

Silicon-wafers, which (g)ian be cut-off from a solidified silicon biock, 3Qis increa?hed. This objepiis

achieved by te fettiad RSt ARG a SRES hadchysiar acdording t8RIsim £ the method
for manufactusing Sillcorkwafeys ercordiigio elaimBitlmusililaterally above the saw-

10 ing gap region. Since, the Silicon-wafer can be cut-off from
the rectangular silicon cuboid lying perpendicular to the cu-
boid axis and thereby sawn-off with respect to the abutting
edge joints of the seed plates, then there is a risk that a
plurality of Silicon-wafers have multi-crystalline regions

15 particularly in the edge region, which then impairs the effi-
ciency of the silicon solar-cells manufactured from the Sili-
con—-wafers. In addition, a cosmetic effect - not to be under-
estimated - results by the alkaline texture, because the non-
monocrystalline regions are hardly textured and thus a

20 blotched appearance of the wafer results.

Therefore, the object of the present invention is to provide
a method for manufacturing a silicon monocrystal seed, where-
by the usable portion of the silicon monocrystal seed with a
25 {110}-seed surface and with a {l00}-orientation of the lat-
eral surface sawn-off from a monocrystalline silicon cuboid,
can be increased, and which additionally accounts for that
the portion of the substantially mchocrystalline Silicon-
wafers, which can be cut-off from a sclidified silicon block,

30 is increased.

This cbkbject is achieved by the methcd for manufacturing a
silicon monocrystal seed according to claim 1, the method for
manufacturing Silicon-wafers according to claim 3, the Sili-
35 con-wafer according to claim 5 and the silicon sclar-cell
according to claim 9. Preferred embodiments are claimed in

the dependent claims.



35 con-wafer according to claim 5 and the silicon solar-cell according to claim 9. Preferred
embodiments are claimed in the dependent claims. 5 According to the invention, for manufacturing a
silicon mono-crystal seed for a Silicon-wafer manufacture, in which the silicon monocrystal seed is
arranged in the bottom region of a crucible, wherein the silicon monocrystal seed has the seed 5
surface with a {110}-crystal orientation and the surfage normal in [1101-crystal orientation
perpendicular to the bottom region of the crucible and the lateral surface with a {I00}-crystal orientation
parallel to th$cl:actgra lsurfa{::e og tkée %u‘%blg .ignwhifhéhe h;gp-p%rjctxrsilhcon IS Jul Ite((::ioirq trr[ll%%g_crucible,
in which the |quidrmgﬁl-%uri?y siﬁcon IS sorfidjlfled’staﬁmgn\‘?om%ﬁe seed Surface of the silicon
monocrystal See8twheFsf the sfican Blockdsding fdifted BEkBY tphee101iéryYtal 6Fefitafon to a
large extent,sairdi isoshiabiibe siicen blackdd sphit inta Siligea-waferhin suchramanngi 4 that the
water surtacg nee bRl crsialarien atian ih iACuR e sl monocorsial seed from 2
silicon monocrystal block, the block axis of which_has a [110]-spatial orientation, wherein the silicon

monocrystal Hdefer idthfifg T $48d sGRYEE Bt tHFifEdrP bR cARthl 2R d g AR - ofiith a
{110}-crystaherientatioriiand the lateral sorfaes obthecsiligerrmendérysial seed is bat-bff nithma

{100}-crystal Qrignigtion: paiadelto fheblack aws By the methad inagcardanas with the fnypntion,
optimal sili- 25 con monocrystal seed plates for a_crucible solidification method can be produced with a
(110} growti- ST FRHEP e WALGE B Sdd ReiR P ABHOICIAAG o Sded Fates can be

reduced on theusaisisl ef; therery st glovith lfe bal cawidd sutsih the $11 G5 divedticrd This sasicularly

30 appligs, ifthecostiy manpackystalinerkawing processrsushas hesGaackalskis os &laating zone
melting methioldés Are teangglgxed.f@c%rgpg to eth((_:1 in\{len ig(r:léfocg %n%@]%fagtﬂi{\g Sili?nonﬁ\évgfrers,_SS in
which the silicon monocrystafseéd Is arranged In the bottom region of a criicible, wherein'the silicon

monocrystal s@bd3RR% st Eaface Withsa {1 rysiardridifatich paramerto thkSsotivn kifion of
the crucible, pnttan-edge st orientation to a large extent, and in which the

silicon block 1s split into Silicon-wafers in such a manner
15 that the wafer surface has a {100}-crystal orientation, which
manufactures the silicon mconocrystal seed from a silicon
monocrystal block, the block axis of which has a [110]-
spatial orientation, wherein the silicon monccrystal block
for forming the seed surface of the silicon monocrystal seed
20 1is cut-off with a {110}-crystal orientation and the lateral
surface of the silicon monocrystal seed is cut-off with a

{100}-crystal orientation parallel to the block axis.

By the method in accordance with the invention, optimal sili-
25 con monocrystal seed plates for a crucible solidification
methed can be produced with a {110}-growth surface. Further,
the wastage of seed material for manufacturing the seed
plates can be reduced on the basis of the crystal growth al-
ready carried out in the [110]-direction. This particularly
30 applies, if the costly monocrystalline drawing process, such
as the Czochralski- or Floating zone melting methods are em-

ployed.

According to the invention, for manufacturing Silicon-wafers,
35 in which the silicon monocrystal seed is arranged in the bot-

tom region of a crucible, wherein the silicon monocrystal

seed has a seed surface with a {110}-crystal orientation par-

allel to the bottom region of the crucible, and an edge sur-



6 face with a {100}-crystal orientation parallel to the lateral surface of the crucible, in which the
high-purity silicon is melted in the crucible, in which the liquid high-purity silicon is solidified starting
from the seed surface of the sili- 5 con monocrystal seed, wherein the silicon block being formed takes
up the {110}-crystal orientation to a large extent, and in which the silicon block is split into
Silicon-wafers, in such a manner that the wafer surfage has a {100}-crystal orientation, the silicon
monocrystal seed is composed of several 10 tracks, which are manufactured from a silicon
monocrystal block, the block,axis of which has a [1101-spatial orientation, wherein the sjlicon
monocrystal%ggk 1“'olr(%f¥)1rrre11 inéﬁl 2@5%5%%?%% %% e sﬁlllgolﬁ3 Irﬂlncg)naorcarf;ls%llset_'e(%:l i%gc%t%?fjclﬁt%at%e tracks
with a {110}2¥Farsrierftalioe afd e keral 18 Spfkeh dFige BiligbnPygHdery stalldeeiseuit-off with
a {100}-crysiad Drieatationgaraiehieo the dlockmxis wherelethedeacks are frorphired n erder o almost
completely coyer fie battawyregion dilie clugble. wherel duing splilingJate Silicag wafgis, the
silicon block formed in the crud- 20 ble, at first; splits into rectangular silicon cuboid, the cuboid axis of

which réspeCielPFeRRMEE Tt alle1$6 e ¥BET SUfatd ®f fheldiff@h MbneknRedmeficaited
perpendicularatothedracksof {14 Silieom prdrrolrystakseed, 2o then shd sitigen ewbemlts catdff

transverse tg the, gubgidaxis. 251 The methed in agcardance withdhe inventiqn,js ehatacterjzed by a
high proportion of almost monoc stalll(ﬁe Silicon-wafers after ?fwm of th% solidified silicon plock.

During the splififig bftR&Efitort Bock'ifts HortsontaeEAngult 3Fsilldon catdids he t&hsverse
axis extendsspémendiculditte thé hbatimguuriacesfaide siiedn htorfounpstakeskarftraskse Tais in turn
resultg i that:the \Siljcamwarers retanwhichatbe siliconsauhpids are1thes splibase syieated parallel to
the abutting,surfaces of the seed tracks. The irregular.35 grow terns, preferably forming in the
region of thebggﬁt%hg%%?faegzg 0 thaexslfg’ecf racks &brirk]lgat easo[I[lidJlefg:Ea- |%ﬁ%f8§esos%letﬂg]%rucible,
which then 1488 to tf-eARtdRTe fFegterem MersohiaiitbatidehIsibcl Hre fReMing the

seed surface of the silicon monocrystal seed is cut-off into
the tracks with a {110}-crystal orientation and the lateral

15 surface of the silicon monocrystal seed is cut-off with a
{100}-crystal orientation parallel to the block axis, wherein
the tracks are combined in order to almost completely cover
the bottom region of the crucible, wherein during splitting
into Silicon-wafers, the silicon block formed in the cruci-

20 ble, at first, splits into rectangular silicon cuboid, the
cuboid axis of which respectively extends parallel to the
seed surface of the silicon mcnocrystal seed and perpendicu-
lar to the tracks of the silicon mecnocrystal seed, and then
the silicon cuboid is cut-off transverse to the cuboid axis.

25
The method in accordance with the invention is characterized
by a high proportion of almost monocrystalline Silicon-wafers
after sawing of the solidified silicon block. During the
splitting of the silicon block intc horizontal rectangular

30 silicon cubeoids, the transverse axis extends perpendicular to
the abutting surfaces of the silicon monocrystal seed tracks.
This in turn results in that the Silicon-wafers, into which
the silicon cuboids are then split, are oriented parallel to
the abutting surfaces of the seed tracks. The irregular

35 growth patterns, preferably forming in the region cf the
abutting surfaces of the seed tracks during the solidifica-
tion process in the crucible, which then leads to multi-

crystalline regions in the scolidified silicon block, are then



7 concentrated on individual wafers during splitting of the silicon block, namely on the wafers which
were cut-off directly above the abutting surfaces, so that the proportion of the substantially completely
monocrystalline Silicon-wafers, 5 which are cut-off from a solidified silicon block, substantially
increases in comparison to the method suggested in the publication DE 10 2010 029 741 Al. In
addition, during the production of the seed tracks withy a limitation of the seed tracks on the standard
silicon solar-cell dimension of 157 10 mm, may be dispensed with and hence, wider and narrower
tracks can be cut-off fro tI&e CCziiilicon monocﬁrléq_ta!dc oid f%{ forming thfisgeds, Wg%rett}yethe wastage

of costly see%or%g?er}%f%aﬁ ad Rioﬁ%ﬁf} beeduced 15 Thé mvention s exﬁléﬁ%d In more details with

the help of tife Aé6omparyiag drawigby Thay Shewya sgsrevh skbwy arschentatiidide sactional
representatiere 6t a wevicevier meltingand cryptallizing sdicpndaoeksaby usingpoasiticas maeocrystal
seed in the hgttom region; Fi 2s r0SS- ion th  silic Telglelelg oid for
forming a silli?:cc%% n%noc%r?/gt%?gg% cgr%%i?o%%g %?i;f@gz%t fgﬁ% %%s %)v(\/%;l aﬂ%ﬁfﬁ@%ﬁg@,
manufaéturetBy-the?d&iG3 56w irf ERjuré 158Y Ryt feciksihagebidtieh msHEE &@arseeds in
the bottom rediah |l wherein dhaes sslidifed sitipanr biooks tave dhvided: irtio tosrzgrtak resfangulatsilicon 30

cuboids and jhese ae ingyrpgividedigie Stisgn-wafers; Figyre4shews A Silicanwafemuith a
textured wafer surface; and , . ,
production of the seed tracks with a limitation of the seed
tracks on the standard silicon solar-cell dimension of 157
10 mm, may be dispensed with and hence, wider and narrower
tracks can be cut-off from the silicon monocrystal cuboid for
forming the seeds, whereby the wastage c¢f costly seed materi-

al can additionally be reduced.

15 The invention is explzined in more details with the help of

the accompanying drawings. They show:

Figure 1 shows a schematic side sectional representation of a
device for melting and crystallizing silicon blocks by using

20 a silicon mconocrystal seed in the bottom region;

Figure 2 shows a cross-section through a silicon monocrystal
cuboid for forming a silicon mcnocrystal seed composed of
tracks;

25
Figure 3 shows a silicon block manufactured by the device
shown in Figure 1, by using tracks made of silicon moneccrys-
tal seeds in the bottom regicn, wherein the solidified sili-
con blocks are divided into hecrizontal rectangular silicon

30 cuboids and these are in turn divided into Silicon-wafers;

Figure 4 shows a Silicon-wafer with a textured wafer sur-

face; and

35 Figure 5 schematically shows a principle structure of a mono-

crystalline silicon solar-cell.



8 By the device 1 schematically shown in Figure 1 for melting and crystallizing high-purity silicon,
high-quality, mono-crystalline silicon blocks may be produced. Therefore, the block dimensions may
have an edge length of 70 cm and above, 5 and a block height of 30 cm and above. However, the
block height may also be selected smaller and for example, the length of outer edge of 157 mm of a
standard silicon solar-cell additionally corresponds toghe base- and cap-sections, not used for the
solar-cells. 10 The device for melting and crystallizing high-purity silicon has a crucible 3, which has

substantially the shape of a cubpid open upwards. The interior space 4 of the ru0|ble :’?}IS confined
from five S|deBt ansg co%&s fbafbasePl aﬁ? ouqrﬁl ssleg'é“\"fv%llsn]p]:l%h% mfeerlTorfstacei The crucible 3

can be filled #fsar bpehmb e lcated dppostterthebasbls. R thd dater Sitfeldfthe drgéiBle 3, heating
elements 9 angyeaclingielements $0are agargedwhekebytbea iriedor space-4 of the emigible 3 may

be selectvel icaiecor gade 20.£or marylaglyring s monseraline, gican bisck mads.of

high-purity silicon the silicon monocr seed 12 is arran on the ase 5 of the cruci Ie 3 The

silicon rﬁono%ﬂ%ta"l ket Rehghbfaeturdd o %%‘i’il&)khorﬁﬁno@@/‘gf’a‘f%ér 29 Ghtehqs breferably
produced bytthe gErochealskil oo Floating zeneadelting Methodndhéreforex dneinanutaoture of the

mono-crystalige slicon:basiekes plage out of sligenyrel iouuhioh aseedarysial serving as a

crystallization seéd is immersed. T slow controlled [ifting under rotation, a 30 maonocrystalline
silicon block Witha ﬁ%&?%ﬁﬂﬂfc Col?)r (04 Hhd &ﬁe% hEoF u6?6129ﬁ95 Rt Biyure 2
shows a crosssseatidthfough A silieohdiockeprogluced by the Czochralski-method. 35 For
manufagturing a monocrystalline silicon block, as shown in Figure 1, the crucible 3 with the silicon

monocrystal ﬁeied &2 co?verlpg the bf'??ﬁr’g is H dc\ﬂ}g ,él fﬂ Iq-gpq‘rl%ﬁelgcl:ltgolr%c grao_@ silicon 2 via
the crucible openlng
con has a crucible 3, which has substantially the shape of a

cuboid open upwards. The interior space 4 of the crucible 3
is confined from five sides and consists of a bhase 5 and four

15 side walls 7. The interior space 4 of the crucible 3 can be
filled via an opening 8 located opposite the base 5. On the
outer side of the crucible 3, heating elements 2 and cooling
elements 10 are arranged, whereby the interior space 4 of the
crucible 3 may be selectively heated or cooled.

20
For manufacturing a monocrystalline silicon block made of
high-purity silicon, the silicon monocrystal seed 12 is ar-
ranged on the base 5 of the crucible 3. The silicon monocrys-
tal seed 12 is manufactured from a silicon monocrystal bar,

25 which is preferably produced by the Czochralski- or Floating
zcne melting method. Therefore, the manufacture of the mono-
crystalline silicon bar takes place out of a silicon melt, in
which a seed crystal serving as a crystallization seed is im-
mersed. Then, by slow controlled lifting under rotaticn, a

30 monocrystalline silicon block with a diameter of up to ap-
prox. 30 cm and a height of up toc 2 m is formed. Figure 2
shows a cross-section through a silicon block produced by the
Czochralski-method.

35 For manufacturing a monocrystalline silicon block, as shown
in Figure 1, the crucibkble 3 with the silicon monocrystal seed
12 covering the base 5, is filled with liquid high-purity

{electronic grade) silicon 2 via the crucible opening §. In-



9 stead of liquid high-purity silicon 2, powdered, granular or lumpy silicon may also be used, which is
then melted by the heating elements 9 on the crucible. Subsequently, the silicon monocrystal seed 12
is melted on the seed surface 13 at the 5 base 5 of the crucible 3. Then, by a corresponding
temperature control by means of the heating elements 9 or cooling elements 10, the liquid high-purity
silicon 2 is solidified on the silicon monocrystal seed 32. Therefore, the solidification process takes
place, starting from the seed surface 13 10 of the silicon monocrystal seed 12 upwards, wherein the
seed surface gfe the sélj%c%imgngcwstzll seed passes gowg itszcrystgll ri%gtc?tion to tkﬂlelgorrmin silicon
block. The silicoh monocryscfa Seed P2 idformed stich'thal the’sded 15 Stiface 13 hasH {ﬁ }-crystal
orientation ahHEPsudcE fendan [BLeRdPEctibreperpehdichial 3o Bhe BaBe btsfdnhb ¥rddisie 3.
Further, the gidia@n mpnocsysiakseesl b2 hasa latarak surfaceswithh 8160} Crystal isiestatiopgarallel to

a lateral surfagg 7.of e grucible. 3 Because of s IRyo1,20 b siiepe angyysial seed. the

crystal growth of thesilicon block on the silicon monocrystal seed takes place on a {110}-growth

surface “whibi REless ShsCEftibtE W fdtifation of Widlac&tiond, HAEFERPS RibHGySEIMBGERY results in
the solidifiedtsiliconcioiock cThé{1 003 dateralfsurh2s fece: dhihesiEoamendcry stat seéds further

ensures thatthesilicen bleck beingsalidifigdpnythessiliconmonegrystal seed 12, sipilaglyconfigures
such a {100}-surf§1£§, e%v%hic;h can then eﬁectlveg be tecﬁtured alkaline after the_division of the silicon
f

block into Sifiébn: LG BRSO & SilkshhIdér 14 \TRihWaY plodfucdd blthe Hevice |

represented & tHeoRighre ¢efwl Whkthshasla growthitsurfateanifir ar{1 10k cryeed osientarion ahdl a

lateral sprfacerwith & {H.00}-enrstalatientatian Thesefere, the il 89condpleck 14 hasea width of 78.5
cm and a hej htﬁf 31.4 ¢m yowev r, it may also be fgrnied in a different blgck dim%nsion. During the
g.cf t 1'con dl see 5 down 1Ts

manufacture of t (‘—'él%llicon-wa?ers,l & Silicon DIocK 24 15 sawn prefgr‘—jaﬁ)(/e Into square Suboid ig, where-

10 tal orientation to the forming silicon block,

The silicon monocrystal seed 12 is formed such that the seed
15 surface 13 has a {11l0}-crystal orientation and a surface nor-
mal in [ll10]-direction perpendicular to the base 5 of the
crucible 3. Further, the silicon monocrystal seed 12 has a
lateral surface with a {100}-crystal orientation parallel to
a lateral surface 7 of the crucible 3. Because of this layout
20 of the silicon monccrystal seed, the crystal growth of the
silicon block on the silicon monocrystal seed takes place on
a {110}-growth surface, which is less susceptible to for-
mation of dislocations, whereby a high crystal quality re-
sults in the solidified silicon block. The {100}-lateral sur-
25 face of the silicon monocrystal seeds further ensures that
the silicon block being solidified on the silicon monocrystal
seed 12, similarly configures such a {100}-surface, which can
then effectively be textured alkaline after the division of
the silicon block into Silicon-wafers.
30
Figure 3 shows a silicon block 14, which was produced by the
device 1 represented in the Figure 1 and which has a growth
surface with a {110}-crystal orientation and a lateral sur-
face with a {100}-crystal orientation. Therefore, the sili-
35 con block 14 has a width of 78.5 cm and a height of 31.4 cm.
However, i1t may also be formed in a different block dimen-
sion. During the manufacture of the Silicon-wafer , the sili-

con block 14 is sawn preferably into square cuboid 15, where-



in the cuboid 15 preferably has an area of 156 x 156 mm2, which corresponds to the standard silicon
solar-cell dimen- sion. During the manufacture of the silicon cuboid 15, as shown in Figure 3, the
silicon block 14 is subdivided perpen- 5 dicular to the {110}-growth surface and perpendicular to the
11001-lateral surface of the silicon block. Therefore, preferably it is proceeded such that a first section
is carried out perpendicular to the {110}-growth surfagge and parallel to the {110}-lateral surface of the
silicon block 14 and a sec- 10 ond section is carried out perpendicular to the 11001-lateral surface and
perpendicular to the 11101-lateral surface of the silicon block 14. In ilicon k 14 shown in
Figure 3, thulsriw%%r%w%uo ﬁ/%et sil?fjco%rr%g%gr?/syal %ﬁ%of& f*oI ?ﬁné) gne%zgoé\i/e}r{ tr?egoésthnénrl, are produced.
15 As explaiibd pheiieudls sthersiifcorePmbheciy st desd nfdde 6Pmomo RS silédieBars
produced bysheizachralali- onEloading Zeceunelting medodi are-sawea @b with Tigherspurity and
more perfectgyaia! siugtie: Recauseinl tas inited 30, 8uhoid diafpetery ﬁﬂ%cee&:i%rfgéﬁgmbmmg
this out of several parts for ormlngnia silicon monocrystal seed for completely covering the base 5 of

the cruciole S81FHRForeCtH Silidon ondERKH sERBALRad BN RRABSIGHGYE BF midte EBAtimeters,
preferably 2 ¢if) Whereirethe lseedrsiafaceafiushizb have adi 10}oryktal Tiientafioneparphted fe the

bottom surfage gf the erucile Atthecsarme ims, ittmyst he enswredLbatthejatesalsprface of the
silicon monocrystal seed %L,of the |nd|V|dug%Ipaﬁws Iﬁas_a 11001-cr%ségl?orlentatlon. 30 In order to
produce such & siREGPREALERATA SeRds fhe moRocHERIiIiHE Shdi bR MamtEaUréd by the

Czochralski-tdrerldatiiy zdwe enetings meflast; i9 Eotifigured Witva bidekcdxid wWhighdhas a¢tt01-spatial
orientation. kefpredueingrihe silisan merpeystapsaed asi Shovw inbigHR 2, then 1391 tessilicon
monocrystal block is cut-off in tracks parallel to the block axis, wherein the individual tracks have a
hinknocs cofl SLaaTnETa the SESTa LB monca Lo R aedd e o
centimeters, préfefaBly 2l adkcm 4Thd hdiiBudlittackehaee a8 Fidurer®sRovs furikerrg 3.

thus two rows of five silicon monocrystal cuboids 15, lying
one over the other, are produced.

15
As explained previously, the siliccn monocrystal seed made of
monocrystalline silicon bars produced by the Czochralski- or
Flecating zone melting methcd, are sawn out with higher purity
and more perfect crystal structure. Because of the limited

20  cuboid diameter, 1t is necessary for combining this out of
several parts for forming a silicon monocrystal seed for com-
pletely covering the base 5 of the crucible 3. Therefore, the
silicon monocrystal seed 12 has a thickness of one or more
centimeters, preferably 2 cm, wherein the seed surface must

25 have a {110}-crystal orientation parallel to the bottom sur-
face of the crucible. At the same time, it must be ensured
that the lateral surface of the silicon monocrystal seed or

of the indivicdual parts has a {100}-crystal orientation.

30 In order to produce such a silicon mcnocrystal seeds, the
monocrystalline silicon block manufactured by the Czochral-
ski- or Floating zone melting method, is configured with a
block axis which has a [110]-spatial orientation. For produc-
ing the silicon monocrystal seed, as shown in Figure 2, then

35 the silicon monocrystal block is cut-off in tracks parallel
to the block axis, wherein the individual tracks have a
thickness corresponding to the desired silicon monocrystal

seed thickness of one to several centimeters, preferably 2



surface with a 11101-crystal orientation, which serves as seed surface, and a longitudinal lateral
surface with a 1100I-crystal orientation. 5 Then, as shown in Figure 3, for producing silicon block 14
and cut-off from the silicon monocrystal block, the tracks of the silicon monocrystal seeds 12 are laid
over the base 5 of the crucible 3, such that the crucible base is almost com- 10 pletely covered,
wherein the longitudinal lateral surface tracks extend, with a 1100I-crystal orientation along a crucible
side. As further represented in Figure 3, the solidified silicon block 14 is sawn in the horizontal

rectangular silicon_cubaid 15, such that the cuboid axes extend perpendicular 15 to r}§ tracks of the
silicon mono%?nyStgl]%seeel .tfhgeugéic%ﬁ-%aggr %5‘ are inaﬁjrg% (%uég:% f?g)]n%“{ﬁe |fﬁlcﬁ& ﬁgl’re%tangular
silicon cuboigWStaEsawigparalidit6 the 11002 lceBoigshffaéerThereiste, grrthfckness of the
Silicon-wafeg 2@ ds defirfet-agcardimgatoba glesitad mpplicatian-an cenrAhsieucipnrofihe silicon
solar-cell to ny therefrom the selected arrangement of the silicon monocrystal seeds
in the form o??rgﬁs,évgﬁ}ig%%c%vgrf t %?lctraci%?enbase across 25 the {ION-lateral surface, it is achieved
that dur%g splitting of the horizontal rectangular silicon cuboids 15 of the silicon block 14, only a small
number of wafers are snariufac: tired; Wwhicle aBg |atate bincitred gipnsaliovedthetabmitingl durfaces

between the facksof the siligon manacrystakisesd. 30 Rwing. the selidifigatiopprogess gfdhg silicon
block, particularly in regions over the abutting surfaces, there is a risk of formation of multi-crystalline

sections in th& Silidor bk, RARGheRY8ad & ﬁc?@d&gecf‘éﬁicﬁe?‘ljcg; AN Sptidaf eBRE it
solar-cells whith areunabia roen tHeushti- BBaontvefers sawh loutlod e Siicerd bloek. With-the above

proceduse, speh &iligpn-waters withmultisgrysialinelegipns, Myich amesfosred in the gegion of the
abutting surfaces petwe nthg traqcsof thﬁ Hi on_maonocrystal se%d, are sepa- 12 rated from the
. racks ?x end Wi ﬁ é @ g—c€xs§a crientation ong a cruci-
remaining, almost perfect monocrystalline 'silicon sotar-cells.
ble side. As further represented in Figure 3, the solidified

silicon block 14 is sawn in the horizontal rectangular sili-
con cuboid 15, such that the cuboid axes extend perpendicular

15 to the tracks of the silicon monccrystal seed 12. The S5ili-
con-wafer 16 are in turn produced from the individual rec-
tangular silicon cuboid 15 by sawing parallel to the {100}i-
cubecid surface. Therefore, the thickness of the Silicon-wafer
16 is defined acceording to the desired application or con-

20 structicn of the silicen sclar-cell to be manufactured there-

from.

By the selected arrangement of the silicon monccrystal seeds
in the form of tracks, which cover the crucible base across
25 the {100}-lateral surface, it is achieved that during split-
ting of the horizontal rectangular silicon cuboids 15 of the
silicon block 14, only a small number of wafers are manufac-
tured, which are located in the region above the abutting
surfaces between the tracks of the silicon menocrystal seed.
30 During the solidification process of the silicon block, par-
ticularly in regions over the abutting surfaces, there is a
risk of formation of multi-crystalline sections in the sili-
con block, which then lead to a reduced efficiency and opti-
cal errors, in the sclar-cells which are made from the S$ili-
35 con-wafers sawn out of the silicon block. With the above pro-
cedure, such Silicon-wafers with multi-crystalline regions,
which are formed in the region of the abutting surfaces be-

tween the tracks of the silicon monocrystal seed, are sepa-



The production of the silicon monocrystal seed 12 made of 5 several tracks, which are cut-off from a
silicon block, the block axis of which was formed with a [1101-spatial orientation, has in addition the
advantage, as shown in Figure 2, that substantially the complete monocrystalline silicon block can be
used for seed track formation, whereby the wastage of 10 very costly seed material can largely be
avoided. At the same time, by cutting-off the monocnystalline silicon block parallel to the block axis,
tracks of length corresponding to the side length of the crucible can be configured. 15 Within the scope

ofthe silicor blog; formalion, by gapttgllegtspidlication of i slicon, Yaays gistribugions of
carbon-, oxygen- and/or boron may bé obtairied, e.g. in order to vary the conductivity in the silicon
block in the dff 8Bt éfgrowRkthat is , in the direction of the [110]- 20 crystal orientation. For further

processing of the Silicon-wafer 16 into solar-cells, preferably chemically in a first step, the sawing

damages whigf resulisdeing e soliting qf thesshtangriar siliconimanaerysial gubridscare

eliminated. Associated with the remaoval of the saw damages on the {100}- 25 wafer surface, in

additior? a sSHTRARMY, HESEaIEE tSRuATS is2Erid but Which attdufEToPas iprovaa light input
by reducing the feedbatk |lodsestamhtheashbyf acevrmty idrtarin€lddse-ianhe selar<well efficiency. The
water {exturiagowfiahes piefesalbly aflgstachy wek=hSyefienycalaplchinarageess Ayeferably

with an alkaline monagtexture on the wafer surface, as is shown in Figure 4 in a.section, then accounts
for a pyramig% r%c?u]‘?g%?éq' %a?eifoye,‘?ﬁee e%laré\g %? e base’ gﬁﬁasgegc];{ %epysré?nllf glglapre%3 g?((evations
17 extend p&edleP® thessutérad§eeef thesSilicdmiafdrititfaceh 85 shithinhiRe Cespaé eetheffurther
formatign ofthe pilicesrwaies dédniaa selasicellaa praunpclipntls ispredueed by atdapingnpseferably

a Phosphorqus,dopipg, alter.carp/ing put .3 ”‘1%%%‘%09_&% iha warer; pupsEAUANlY, the,

Silicon-wafer surface is then compensated, preferably by introduction of an anti-reflection coating 19.
Then in a firfal $&h, B FBRt-2AQ F&adSidé cohfR 80021 LrE it dTREd TRRRBEIRGN=S wafer |, in
order to comipiletesthdssilicenggdtaredelthe crucible can be configured.

15 Within the scope of the silicon block formation by controlled
solidification of high-purity silicon, various distributions
of carbon-, oxygen- and/or boron may be obtained, e.g. in or-
der to vary the conductivity in the silicon block in the di-
rection of growth, that is , in the direction of the [110]-

20 crystal orientation. For further processing of the Silicon-
wafer 16 into solar-cells, preferably chemically in a first
step, the sawing damages which result during the splitting of
the rectangular silicon monocrystal cuboids, are eliminated.
Associated with the removal of the saw damages on the {100}-

25 wafer surface, in addition, a structuring, the so-called tex-
turing is carried out, which accounts for an improved light
input by reducing the feedback lcsses and thereby accounts
for an increase in the solar-cell efficiency. The wafer tex-
turing, which is preferably affected by wet- or dry-chemical

30 etching process, preferably with an alkaline monotexture on
the wafer surface, as is shown in Figure 4 in a section, then
accounts for a pyramid structure 17. Therefore, the edges of
the base surface of the pyramid shaped elevations 17 extend
parailel to the outer edges of the Silicon-wafer surface.

35
Within the scope of the further formation of the Silicon-
wafer 16 into a solar-cell, a p-n-junction 18 is produced by

a doping, preferably a Phosphorous doping, after carrying out



14 Claims: 1. Method or manufacturing a silicon monocrystal seed for a Silicon-wafer making, 5-in
which the silicon monocrystal seed is arranged in the bottom region of a crucible, wherein the silicon
monocrystal seed has a seed surface with a {110}-crystal orientation parallel to the bottom region of
the crucible, 10-in which liquid high-purity silicon is solidified, starting from the seed surface of the
silicon mono-crystal seed, and in which the silicon biagk is split into Silicon-wafers in such a manner
that the wafer surface has a 15{100}-crystal orientation, characterized in that, the silicon monocrystal
seed is manufactured from a silicon rlqonocr stal béoc]g the bIog% aX|s ch has a L}lg%spatlal
orientation, H%heré%%lnﬁllcon moﬁograys?aﬁ block1s s tpar Allel toetherJroc‘f( axis orming the
seed surfacessfrthedsilicon rababcryereasd vith thee fe) drystaboridmhion sl Holaterdl Suface of
the silicon mgnesrystaf seed with thed00L-crystalrerr2Sentatian. 2a Methed Aceneslimgy tmelaim 1,
characterized in,that the glll& n mﬁrpac(g)ésta&lalo% {or atlgg sil}ggrorggg%gygtrql §g%d ésleroglgﬁed by

means of Czocﬁralfsekl meth ort
5 wafer , in order to complete the silicon solar-cell.



30Floating zone melting method. 3. Method for manufacturing Silicon-wafers, in which a silicon
monocrystal seed is arranged in the bottom region of a crucible, wherein the silicon 35monocrystal
seed has a seed surface with a {110}- crystal orientation parallel to the bottom region of the crucible,
15 in which liquid high-purity silicon is solidified, starting from the seed surface of the silicon
mono-crystal seeds, and in which the silicon block 18 split into Silicon-5wafers in such a manner that a
wafer surface has a {100}-crystal orientation, characterized in that, the silicon monocrystal seed is
composed of several tracks, which are manufactured from a silicon mono- 10crystal block, the block

axis of whiclk hasis[:110]-
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1.

Method or manufacturing a silicon monocrystal seed for a
Silicon-wafer making,

- in which the silicon monocrystal seed is arranged in
the bottom region of a crucible, wherein the silicon
monocrystal seed has a seed surface with a {110}-
crystal orientation parallel toc the bottom region of
the crucible,

- in which liquid high-purity silicon is solidified,
starting from the seed surface of the silicon mono-
crystal seed, and

- in which the siliceon block is split into Silicon-
wafers in such a manner that the wafer surface has a
{100}-crystal orientation,

characterized in that,
the silicon monocrystal seed is manufactured from a
silicon menocrystal block, the block axis of which
has a [110]-spatial crientation,

- wherein the silicon monocrystal bleck is split par-
allel to the block axis for forming the seed surface
of the silicon monocrystal seed with the {110}-
crystal orientation and a lateral surface of the
silicon monocrystal seed with the {100}-crystal cri-

entaticn.

Method according to claim 1, characterized in that the
silicon monocrystal block for the silicon monocrystal
seed is produced by means of Czochralski-method or the

Floating zone melting methcd.

Method for manufacturing Silicon-wafers,

- in which a silicon monocrystal seed is arranged in
the bottom region of a crucible, wherein the silicon
monocrystal seed has a seed surface with a {110}-
crystal crientation parallel to the bottom region of

the crucible,



spatial orientation, wherein the silicon monocrystal block is cut-off in tracks parallel to the block axis
for forming the seed surface of the silicon monocrystal seed with 15the {110}-crystal orientation and
the lateral sur- face of the silicon monocrystal seed with the {100}-crystal orientation, wherein the
tracks are combined in order to almost completely cover the bottom region of the crucible, 20-wherein
during splitting into Silicon-wafers, the silicon block fegmed in the crucible is divided at first, into
rectangular silicon cuboids, the cuboid axis of which respectively extends parallel to the seed surface
of the silicon monocrystal seed and 2aperpendicular to the tracks, of the sjilicon monocrys- tal seed,
and then the silicon cubgdids are cut-off Across the tubold axis. £ Methdd Iac_corauing % ¢laim 3,
wherein in at least one, 30eferaplyfin el tideks serdatiafagfaceiwith thes 100}y Stansrentation
extends undivided over & lafseel lengil of thenerucible base (5). 5. Silicon-wafer manufactured by
a method according to opg 3307 fhe ¢RIME 310k, b1ock is split into Silicon-
) wafers in such a manner that a wafer surface has a
{100} -crystal orientation,
characterized in that,
the silicon monocrystal seed is composed of several
tracks, which are manufactured frcocm a silicon monc-
10 crystal block, the block axis of which has a [110]-
spatial orientation,
- wherein the silicon monocrystal bleck is cut-cff in
tracks parallel to the block axis for forming the
seed surface of the silicon monocrystal seed with
15 the {110}-crystal orientation and the lateral sur-
face of the silicon monocrystal seed with the {100}-
crystal orientation,
- wherein the tracks are combined in order to almost
cecmpletely cover the bottom region of the crucible,
20 - wherein during splitting intc Silicon-wafers, the
silicon block formed in the crucible is divided at
first, into rectangular silicon cuboids, the cuboid
axis of which respectively extends parallel to the
seed surface of the silicon monocrystal seed and
25 perpendicular to the tracks of the silicon monocrys-
tal seed, and then the silicon cuboids are cut-off

across the cuboid axis.

4, Method according to claim 3, wherein in at least one,
30 preferably in all tracks, the lateral surface with the
{100}-crystal orientation extends undivided over a lat-

eral length of the crucible base (5).

5. 8ilicon-wafer manufactured by a method according to one
350 of the claims 3 or 4.
6. Silicon-wafer according to claim 5, characterized in that

the {100}-wafer surface is texture-etched by an alkali



16 etching process, wherein the etched wafer surface has pyramid shaped elevations, wherein the
edges of the base surface of the pyramid shaped elevations extend parallel to the outer edges of the
wafer surface. 7. Silicon-wafer according to claim 5 or 6, characterized in that the wafer has a gradient
of concentration of carbon, oxygen and/or boron in the silicon over the (1001-wafer surface. 8.
Silicon-wafer according to claim 5 or 6, characterizeg gn that the wafer has a gradient of the electrical
conductivity over the {100}-wafer surface. 15 9. Silicon solar-cell with a Silicon-wafer according to one
of the claims 5 to gt gﬁa&acterizegeig tha’&{ a ?prlgj_{mclci%rel ise%%rgie%re% J%gtrwg%n %1aec 10F(]1)%Nafer front-
and rear side, whérein thg{foroﬁ-wafsef front-side has 4 coating and wherein At least the wafer
reaFSMeispnnmﬁﬁfémﬁﬂﬂ§Bﬁﬁ%ﬁi§%ﬁﬂ§tionsr wherein the edges of the base

surface cof the pyramid shaped elevations extend parallel

tc the outer edges of the wafer surface.

5
7. Silicon-wafer according tc claim 5 or 6, characterized in
that the wafer has a gradient of concentration of carbon,
oxygen and/or boron in the silicon over the (100}-wafer
surface.
10
B. Silicon-wafer according tec claim 5 or 6, characterized in

that the wafer has a gradient c¢f the electrical ccnduc-

tivity over the {l00}-wafer surface.

15 9. Silicon solar-cell with a Silicon-wafer according to one
of the claims 5 to 8, characterized in that, a p/n-
Junction is configured between the {100}-wafer front- and
rear side, wherein the {100}-wafer front-side has a coat-
ing and wherein at least the wafer rear-side is provided

20 with contacts.

25

30

35



