azaCal ET_I gN SI LI CON SOLAR CELLS COVPRI SI NG LANTHANI DES FOR MODI FYI NG THE
SPECTRUM AND METHOD FOR THE PRODUCTI ON THEREOF FI ELD OF APPLI CATI ON AND

PRI OR ART [0011 The invention relates to a Method for doping siliCon
material for solar cells, as well as silicon materiel doped with a
correspondi ng nmethod, as well as solar cells made from such a eili Con
material. (002)Due to the character of silicon as an "indirect

sem conductor” it only has weak light-emtting properties at anbient
tenperature. An intense el ectrolum nescence can only be detected at
tenperatures around 20 K. Thereforethegp0d absorption characteristics of
silicon in the wavel ength range 400 to /200 nm.4.s the basis making it
particularly suitable as a starting material for photovoltaic processes.
(003] Sili ‘ ~pr Y L REFBRIS:s ROK RODIRTING PIEPEITRUNI SNIIASTHAD
character isg't%lbcl:\%gg(tmLﬁ%@%&%%ﬁﬂ%noﬁaow@@&ti c property of | anthani des
is the al nost conplete shielding of the unpaired elh%gt rons of the 4f
orbitals fromthe surroundi HF“ORY SERFIPTE By 0Ut er shel | el ectrons. ThusS,
i ndependently O the crystal field, the energy |evels of tth% gxgitation
states of témese ruapaieedoeirettteans 4 seinad foF VEoHs FEIE BESpIte a Linited

i Nt eracti opotektdaiiheachyst ak diielod d-he-iedndiped gatH =prsBEBPIdEEY "P5Ft he
popul at i on,of,.5aLd SNl gy dsenelSrbs shighl yiiedd uewebd-by the crystal field
and' is apparent in the different quantum efficiency of the eni ssion bands
as a funCtE&BJ of,.L he GlYStahaShrM4ClUhibon ki sa COAPicet elyicdiduferdntt PREhNI cal
field | anthanjdes 3 ohd i1 NESC QRER 1A GklMatois. | A natansal and
techni cal &Z%‘g’efei%igfé%%ﬁféﬁﬂaﬁl LS [:0043 eFtke=qs phkenofi.t he

| nvention 15 tO grt%‘“ e .an af orement | oned. et neds 3.8 b4 eanvamhesdwal and
sol ar cel | 8K Ad ftgjoossLBTPe o_obviate the ptohles,of.dibeaprior art and
in particuFEesi ¥prove é?nm?eﬁ‘ér‘gi? BTt &iendy of a ?i ni shed

starting material for ghotovoltaic processes.

[003] &ilicon doped with the elements boren and phosphorus has a

characteristic light absorption. The characterdistic property of lanthanides

ig the almost complete shielding of the unpaired electrons of the 4f orbitals

from the surrounding ¢rystal field by outer shell electrons. Thws,

he energy levels of the excitation

independently of the acrystal field, &
Despite a limited

states of these unpaired electrons is largely constant.
interaction with the crystal field the conditional probability for the

levels is highly influenced by the orystal field

population of said enargy
Lands as

and°is apparent in the different guantum efficiency of the emission

a fungtion of the crystal structure. In a completely different technical

£ield lanthenidez are known as luminescence agtivaters in natural and
technical phosphors.

PROBLEM AND SOLUTION
[004] ~ The problem of the invention is to provide an aforementioned method, a
silicon material and solar cells making it possible to ohviate the problens
of the prior art and in particulsr improve an energy efficiency of a finished

golar cell.

[005] This problem iz solved by a method having the features of claim 1, a

foatures of claim 23 and a solar cell nade from
Advantageous and

silicon material having the
such a silicon material having the features of claim 27.

preferred developments of the invention form the subject matter of the

. i [2]
further claims and are explained in greater detail hereinaftes. Some of the

following features are only enumerated once. However, independently of this,

they can apply both to the method, {he silicon mekerial apd the finished



solar cell. (0051 This problemis solved by a nethod having the features of
claiml1, a silicon material having the features of claim23 and a sol ar
cell made fromsuch a silicon material having the features of claim 27.
Advant ageous and preferred devel opnents of the invention formthe subject
matter of the further clains and are explained in greater detai
hersinafter. Sone of the following features are only enunerated once.
Bowever, independently of this, they cah apply both to the nethod, izhe

silicon maLQLi & gndeyd DE LLNIsAEHncele R0k ELE nd%1LXRT S SadeCiRl @RAGE t he

wor di ng of 1t he, eLAalLAP JkSads.tatopart of the content of the description.
(0061 The gfllﬁ%on mat grita toctlg dogped is present in a flat form nanely as

a wafer or | i ke, as is known-. According to.the invention_ | anthanides
e doped (4D 3% G TRy R Broh a5 AT Of P e STl L ororey S “ani ch i s
| ess than 1 “Bri5 #F 6?%é?“1’oa%dﬁ§‘é’&ﬂ£ntﬁ° oI 9 PRSTEBESTheTON o o

char act er i S¥PESobT 2t 1@ LIPF OBn® TR SPFEP OTTRSS S PR BRE HHate BorhtFor

nonocr yst aft*Pnle ¥arig $59pT Fal aorergpstidly | fefetys Hicarbseapien bt riTHregh t he

i ncor por at fensigfednamttisailde Fhintcon Fakeg phickikoth for meeerwesridinef 2t Frar

st ruct ur esmgtidoinetedtirar scdet jcels well as in m xed phases from said
structures, it is possible to achieve a nore efficient utilisation of the
UV and nearooV rethugd itbd ioforpbidtighbs 1Eiingnides tiatd aked phaeen isarguedza form
that from & phaben sthib.a8 ANekgYeial de8Shs WAL as Ninghka tdrasest hemband gap
of silicCOnsdrlecldefVie LONQUGRIEXG LALEAN. ABL: LELQDDINAL:R0N:06: LhaneBPaI I ed
Af . el ect roéhs.l xgart&eréﬁmiagmfd%lgm. 0“314?@&? tgh&tkg add E,H' fPP 0t ER t@LQ‘L y
sLight |y nGRer 4han Lie ANd. AR Ghast! LiCoslrk 1k Mhe Ufunf QB! oct NET St ar e

fO{ ”?d- . Thseiﬁ\{%nr('le.% Se§; Q:eradggeexc%hata.on o.x?‘ x‘r!a Som%ﬂ:é?ioﬁx?ﬁ %ne %Loavayfé‘d lg feV. The
extrinsi c Qaot oL Um.Nescence CgerL en. Com rﬁj)tu € ith eeggeeng 21989
it AFdPT "BFRF DA% EHY AP AValTAnTé% W th

el ectrical " &Rargy °fi Net WA Y s .
energi es cls¥ tg'}(;a“tﬂ’é ST W ADFST A'éct Y of AT HEFPEY BFWATT6R. The
phot ons ar§i ™ t9F- Bitgh HiRe °ExTHE P Bhiadd FEe FibT*hat i2om” of T BEETHAS of

| ant hani de@ottieningeeatde ¢2e dheah reeeriihuteotrt Eibgersreyornd fchelichbrnefoy.

el ect ron- gl Erapaives q9dligoarl phaghs eon avail @IS wikd| u@ngizegeeSt Fotire

| ant hani des-lorontdee Hor clespandbalyg ©opifagnaraser | e whoesdpptisety tloroudte t op

| ayer or ttGetdreitstiidness @bcdvhitagidn 6DRLIAERIE af ladtiihsidaenck hiatatea@nbage
that the appédt@AldoftiPEtaCeS Shd FobhadtPdrCofREedthotldid boIkst 1ep Cnyer si on O

t he af or ermmideaned photons in the top layer of the silicon material can be
utilized particularly well for ths subsequent generation of electrical

energy. Toobkl SaR%h&RLodsh$ HOPING - sckNE 1OPLAYE °68’f9’]gt Q%ig& h&@&%ﬂﬁ; g[i g}

or the solgr |l 1s particular vant ageous. ( eve
the i nvent:?Sri%? Jh(azdlchfn?rl&lean|°pdga eé“"a%r g% ’f?ﬁtsﬁ’gﬁige"& 5 B AP RIRF0h t he
SU- 1- COA matertal S Fh& e fHarrRi rreon Frateeri | “"RhT éA% i BHEVParfly nade
fromsili COR"CHE PoshT BFPIPTRiiensdnPiahtts &1 FRetPoieyeyef tBF 31S5°3Ne | ayer .
A furt her "B6¥IPbicPT ©°§ ydlipefdrtifpdpcivivedl fof gie-TaTmAtt OPHRIetiehettrical |y
conduct i vEBRFHPIN=EPY al To Eb4F. extgat Ghe Fe@no/ef bird lep 1pomseblcbe |saddepn | s of
car bon narfetaybes of GF)zolahiceht éarrebbicabpily edvdargagde@ssol ar cel|l silicon. A
further possible |ayer is of anorphous silicon (a-silicon), in certain
eosi ns al 900d91n wmoa|dsnetopBFht Vb4 RnSii¥en@ionSiHd UadtBad6h can vaf BhesmBid oned
case W thibheai REEOGH k08 1k fOnd ek AMCE: QM YRR ;Y fQr AR FH0Mrsdd Lgon,
the | ant hapiydgseahaal 0o 811GRN POLALED 4110 NET Al 2 ANBSEScWoh Nadll or
oxygen- | i gagdyf .'Lﬁjeg: A further possibility is a TCO layer, i.e. light-

transmitting, electrically conductive oxide material, e.g. 2n0 ar TiO, A

further possible layer is of carbon nanotubes (CNT), which can be applied to

the solar cell silicon. A further possible layer is of amerphous gilicon (a-

gilicon), in certain cases also in conjunction with 8iOx o¢ 846z, In such an

aforementioned case with khe introduction into & layer only partly formed

from silicon, the lanthanmider can also be incorporated in mineral phasec with
an oxygen—ligand field,



3 [010] In a further devel opnment of the invention |anthani des can be doped
into the region of the pn junction of the silicon material. This is al so
ef fective in generating photons in the vicinity of the band gap of silicon
from photons with a nuch higher energy. [011) in a further devel opnent of
the invention | ant hani des can be doped into the region of the back surface

field, i.e. the back of the silicon material, [012] In a further
devel opnent of the invention the |anthadi des can be doped into a silicon
material |ayer essentially corrprl Si ng Si Oz. 1012] The diffusion processes

used in pr qéﬁﬁt ¥ %9 %Iér Cd%velo men ni entQO hls.na{aﬁsgegcganoge Iizl;p%g :LQnygen
and nit rogg Jt_lﬂn enper at LII’ ateriag. U%&Pﬂl’g 95 phases I n

or at the i freqmnto t%’le P3id “P%téﬁnorf ?3"‘°°§| con. aferl a I Jgmgnas. t.

| ant hani de- ox°37t”° GEVERS ™S PRET 8- B bh"l BT AR ?fe Phages sy °©

| ant heni de®* g’t?tfif’s ﬁh@s%é"“ﬁ‘f ht“m?i’re“ﬁf%’ed phases. [14] These regions
which, strictly speaking are not pure Si-I|anthani de eonpounde, can al so
contri but e [f'd1a Iri sdvither defiloprme it Hrouglrtdre labbreidesen dredeqyocess of
| ant hani deietgupiccdessbretrivn Yrok euplice figkdvatieontheMpeshher tizd miliised or t he

di ffusion psteeess to produce oxygen clnstern in conjunction with

| ant hanides in a silicon-dom nated structure and thereby permt the

phot ol um neseenae XKRFGWAeF GbvdlBfdenk 8t BN AR5t 10h (e ClEh SifinDdksl Ernt e aMiesi b €
range of tBeeSPREiicdedQaBQlydiMhosentbbly Aufli-LiMsicB, of the introduced

| ant hani des in the pn junction close to the solar cell surface can be used

in targeteg,ARNREL %9 u“D‘L_pnr Q}w@gsge domi, nat e%se tI gn Pnl de sgtggucttugn S,
clusters. E,Hencl!3 ! @a‘ff_ S ?‘r}mdgz i exs,c catnﬁ Slt| i con
material . g‘nrof DosSsi Bﬁ |’f SAsSietE 96t 4 %o g"ﬁ CPREFERThEN T8 in a
sputtering ] F“o%téﬁcs UTPOPT PRRY ptﬂ’ |8’6$°é ﬁ?e”ﬁ ’"ﬁa‘a’é Hrie¥hdentiBhal
sputteri ng® SOt cBYe5id &8I 4%Cati on devi ces. [16] In another devel opment
of the invbnt PO IEHIFYRF VIRt 9"ant hani des can take place iii that they are
cont ai ned #n #TEatPebushadfurhenezor a gel, which is applied to the silicon
mat eri al . Fhi Lesitkast fersi oo variage ot Hhyidf @i}deemeled}y thernostatting for
di ffusing in.

{0141 These regions which, strictly epeaking are not pure Si-lanthanide

compoundd, can also contribute Lo a rise in efficienagy through the above-

described process of lanthanide-coupled electron hole-~pair formation.

Apother aim is for the diffusion process to produce oxygen clusters in

conjunction with lanthanides in a gilicon-dominated structure and thereby

permit the photoluminescence known for many lanthanides with emission in the

vicible range of the spectrum (400-800 am).

{0151 A diffusion of the introduced lanthanides in the pn~junction close to
the gsolar cell surface can be used ip tarygeted manner for forming p-dominated
O-lanthanide structures or clusters. One posgiblility is to diffuse the
lanthanides into the silicon material. Ancther poasibility consisgts of
applying the lanthanides in a sputtering process. For this purpose use can
be made of conventional sputtering sources and application devices.

[016] In ancother development of the invention a doping with lanthanides can
take place in that they are contained in an aqueous sgolution or a gel, which
is applied to the silicopn material. This is then advantageously followed by
thermostatting for diffusing in.

{017} In yet another development of the invention the lanthanides can be
applied by a gae phase process or a CVD process.

[018] 1In a further developmant of the inventien it is poszsible to use a



[17] In yet another devel opnment of the invention the |anthanides can be
applied by a gas phase process or a CVD process. 10183 In a further
devel opment of the invention it is possible to use a 4 plasma process for

applying and diffusing the | anthanides into the silicon material. (0163 In
anot her devel opnent of the invention the | anthani des can be applied by
condensation, i.e. by deposition froma gas-li ke phase. This can take place

wi t hout thernmeatatting, but this is congidered advant ageouS for diffusing

in the lanthanides....(Q201 1n.8 fyrd:Rel. .devel epmeplief shhe chdvenikbon the
| ant hani degb%gﬁaibeéeapp{glge%ﬁb%/ goalniudél%%tlggecont act, i.e. by direct

| ant hani de™ V&t ati‘al hpplieation. (021) In another devel opnent of the

i nvention doping of the silicon material with | anthani des nlace by
i on i npl antt &t ont® #EHFE1TRIEFH EhePe dEVETOPER &?)%Q?ﬁge? ,%%gﬁ%iégl%he

| ant hani de8Y CaRiBeatdBPed- 1Nt SPPREIEIR] E6R MBS PTP3m &¥ant hant de- doped

| ayer on sababestithednthraeetring advanbifydd o1y Strrderd e PP %8€tion or by

t her nost at Biftgsing0RBEbaNAbdtbeidgs such an application of |anthanides, in a
further step the silicon material or the surface can be thernostatted, This
can be usedofor m beuteer disfdiusneng dmrief itveatidopitaglarkieeides carhbg i s not
absol ut el yapages saraprid 024t Savertal i leaniyhanrkde sarcanige nasedetor t he
material ipgpfiuestibon, but it in also possible to use a single |anthanide
material. It is also possible to use conbi nations of different |anthanides
for doping,ohi Gy ledNENeh Qlubid ¥r RMESGDLNe 15H ARG el Bl bARLLLSaRESal N

particul ar_fhose Qse nmaln_emssian Lin are. 1, the visible range of
light, i .e.ltso?r‘il‘ant %ﬁlgﬁsef?)'bvt e PE egbﬁdl%{lr gépéontsttllcf Uted by La, Ce, Pr, bki,

Pm Sm En, &4, Tb, oy, uo, Er. Tat, Yb and Lu. Howev I dvaapt ﬁg%g&%l y
within the&2perol SHEPrESERP THivENET oM BPE1°8 BRcTTGed F T om L he
| ant hani deé‘“‘t?sg’tf. SPSPTN G FEamt haArdesideatrrat S8 T5aRrR “FHafe *Ebpl ed with
that of ot heteridpi siyertiearmrly endergthespsle actpgs toF Y APSTPoTgad P8  t he fact that
the main emssion line is in the visible range of light, the |ight
absor pti onieas)t e1sivkie ekhTat @ppiakeatintdfelddvhandecnest e Urtizargereg arebe
i nproved, RAOficofimytdral BL tEb |duefdtenBinctd aberpedtaBeud. brhialeso venuseigop sand
n-doped Si bé@QR,aikfusShd i€ GF- Q%Y GMAnE Ink&dr@£1S , 1uC4iSin6 XapsAREelyNndtaqdy. The
i ght absorption in different mneral phases of the silicon material can
al so be i nPéé%YECLEVeral lanthanides can be used for the material in guestion, but it
is also poepible to use a single lanthanide material. It is algo possible to
use combinations of ditferent lanthanides for doping, which are then jointly
present, Suitable lanthanides are in particular those whose main emission
lines are in Lhe visible range of light, i.e. somewhat below 1.2 oV and are
constituted by La, Ce, Pr, Nd, Pm, Sm, BEw, G4, Tb, Dy, Ho, Er, Tm, ¥Yb and Lu.
However, advantageously within the acope of the present invention Er is
excluded from the lanthanides used. Doping with lanthanides can also take
place coupled with that of otheyr doping elements, e.g. Mn3+, Particularly
due to the fact that the main emiegion line is in the wvisible range of light,
the light absorption in the silicon material in the UV and neai UV range can
be improved, nat only in the silicon material per se, but also im the p and
n-doped silicon, in silicon~oxygen clusters, in 8i0(x) and in Si3Ns, The
light absorption in different mineral phases of the silicon material can also

be improved.

[025] In a further development of the invention & diffusing in of
lanthanides takes place with a depth of less than 1 um, e.g. only 500 to 600

nm, so that the diffusion process can be made simpler. Morecver a less deep
diffusing in is considered adeqguate.

{026] It is possible for a layer resulting from doping with lanthanides to



(0261 In a further devel opnent of the invention a diffusing in of
| ant hani des takes place with a depth of less than 1 pm e.g. only SOO to
600 run, so that the diffusion process can be nade sinpler. Mreover a |ess
deep diffusing in is considered adequate. 10261 It is poseible for a |ayer
resulting fromdoping with | anthanides to occur in the silicon materi al
and can also form an i ndependent |ayer. As stated hereinbefore, this |ayer
i s advantageously located relatively high up in the silicon material or the
fini shed sQLar sfQhk . ai1:dol dacl@r i RYCALI MEo Sobh GRMLAERIBEIR] 1absr.i NNt i Vel y
produced Ushbigh Ao ZBIAOGLM {ls LRG.21 OLEIRRLIQRA] RRSAIDLIILEIVEN, nfdh Wpventive
sol ar cel Imcgg %ﬂggmpgatbag 15t oygﬁ; rf?%@s?é‘&@ofaﬁséél con nateriel. [ 28] These
a

and further fteatures can be gathere romthe clai Ms And description and
the individual features, both singly or in the forWI%f.%anonbiqg1i9na, can
be i npl erre[r??gd i éﬁveéﬁﬁfﬁaﬁiﬁé??ﬁ_'&g?’ffﬁé PntEREPSRGRTP VR OPHET % Terds and
can represBht TBUIRTRGRGARSY PHEEEHHERt | P PPBTESTRBPET dBve I8P aRt £°f or

whi ch prot®éth oh 8" eret etk et Piiel subdi vi si on of the application into

i ndi vi dual sections and the subheadings in no "way restrict the general

val i di ty off2¢heTrepataefeirr shepatietttitereearitesathersp faivpt fhodERem: eshi ng Silicon
mat eri al fdgpcriptian @@l e, iddyeidspl ifeonremt eothatinblt Ry presefrrmiaf flat form
as a waf ersubtombhratiddee,cag i oGl efdnsaih Rnt dkdbddnand BaRhdasvareordepedni Nto a
top layer SRhearidps 86idR QbrdRES abhA0ackodN [Qlepiidifiy f1geddiniabsor ption
char act er idgtd:opnddks t3e Wil GANRBBLE 1A 1aimeds ndVRL NAEle AGEQNTGIRE drOual ai m 1,
charact eriged chihoh hatko LG ;30 NANLAES Qs (e RPLNIITRE GLI Ry Ase-RPlied to
the LoD | a¥eleolcad NRa2il AG! the »ehuodBEDAMEGEALALNG, tO Clal ML oF 2,

characterized in that the | anthani are introduced into a layer mainly
conprising Si3N4 on silicon for solar cells. 4. Method according to claim
1 or 2, characterized in that the |anthanides are introduced into a TCO

| ayer on silicon for solar cells.



6. Method according to claim1 O 2, characterized in that the |anthanides
are introduced into a transparent carbon nanotube | ayer on silicon for
solar cells.. 6. Method according to claim1 or 2, characterized in that
the | anthani des are introduced into a |ayer on anorphous silicon for ardor
dolls, said layer preferably largely conprising $i1144. 7. Method
according to one of the preceding clains, characterized in that the

| ant hani des are introduced into the regieon of the pn junction of silicon

for solar cells. 8. Method according qne of the preceding clains,
characterized in that the |anthanides introduced into the region of the
back surface field of silicon for solar cells. 9, Method accor | ,to one

of the pretedMit|EF mMeritheitattePt 2etl fF7t ﬁ%ft“t?‘?élﬁl afthEn T8 ™4
i nt r oducedPime PrastryBr Thit S TORPRES AY 8P pake o APEPTICEHIT BY “’?& ar_cells.
10. net hodlacbordehgre coprieinP & her presceel agt@1edohes °EHaFREr | 28d°9%n t hat
t he | ant hanedépirar eredifsbostéch cracteréstgict icforhenaiiérinahaterieiy Met hod
according to one of the preceding clains, characterized in that the
| ant hani des. amethapplckefiing tb RLEGJUC eBadantarik e isithdioom: Awmitendigdhs [y e
sputt eri Ngaying @assrial 2co Mab1iQd tachar eipngavied ONeneOkurithre.precedi ng cl ai ns,
characterized in that 7 the |anthanides are applied to or introduced into
the silicon NRLELLA-cA%: AN AQYEQUS 30} ULEARUriB&] sn that the lanthanides

are introduced into a layer mainly comprising SisN+< on zilicon for solar

cells.

4, Mebthod according to claim 1 or 2, characterized in that the lanthanides

are introduced into a TCO layer on silicon for solar cells,

5, Method according to claim 1 or 2, characterized in that the lanthanides
are introduced into a tranaparent carbon nanotube layer on silicon for solar

ceclls.

6. Method according to claim 1 or 2, characterized in that the lanthanides
are introduced into a layer on amorphous silicen for solar calls, caid layerx

preferably largely comprising SiiN<.

7. Method according to ong of the preceding claims, characterized in that
the lanthanides are introduced into the region of the pn juaction of silicon

for soler cells.

8. Method according to cne of tha preceding «laims, characterized in that
the lanthanides are introduced into the region of the back surface field of

silicon for solar cells.

9. Method according to one of the preceding claims, characterized in that
the lanthanides are introduced inteo a layer mainly comprising Si02 on silicon
for selar cells,

10. Methad aceording to one of the preceding a¢laima, characterized in that
the lanthanides are diffused into the silicon material.

11. Method according Lo one of the preceding claimg, characterized in that
the lanthanides are applied or introduced into the silicon material by a

sputtrering process.

12, Method according to one of the preceding claims, characterized in that



13. Method according to one of the preceding clains, characterized in that
the | anthani des are applied to or introduced into the silicon material by a
gas phase process. 14. Method according to one of the preceding clains.
characterized in that the | anthanides are applied to or introduced into the
silicon material by a plasma process. 18. Method according to one of the
precedi ng clainms, characterized in that the | anthanides are applied to or
introduced into the silicon materia by "condensation. 16. Method according
to one of Jh@qagin%%l%”ﬂecép%ki@a sLhanaetatdaedsk nnt hat; thendeanthani des are
appl i ed t?f‘ oL..Lntroduced 1nto the silicon material by solid state contact.
17. Met hod “accordi ng {o ohé of the preceding clainms, characterized in that
t he Ianthanl deshare ap fl ied to or introduced into the Stl Licon nq;t rial by
i on inpl antatioi" **f8*fBt ot fc?)}r“’df’?l“c?id’q oHE YT Tha Fé’(:z g ai s,
char act erltﬁ‘éd'af”r?ai“rijﬁf 3 fe® "I"é’rﬁdh'é"nf’ﬂégtrg’ld‘é"eﬁp‘d’ltf’e"de “d‘lb % Tt (fi‘ucé(da into the
silicon nmEterPat® ¥Y%eFant hani de- doped 1 ayers and a subsequent di frusi on of
the lanthanides into the silicon materiel, 19. Method according to one of
t he precedindteticdi amserdnartactrer pZe brrcefiag tiaérarpShteaesieptreR SshcH*Fi ed out
f ol | owi ng thhdagipphideatdrerroliddhe hanthadrddsinto the Fidieent trsesial jkyon
mat eri al . pr12ha fMetded according to one of the preceding clains,
characterized in that erbiumis excluded fromthe |anthanides used. 21.

Met hod acaer dletipat LcoRBn®fcol iR i eXLPidtdatlgaldBms, CORratd-eldeaa6 thact hat the

l'ant hani deg. aegndhidkysed d88fial £AB: 100QAT.dERE 4nBt Q. Lhe ®ickiGogy materi al,
preferabl y by ,05Q0,f0 600 nm 22. Method according to one of the preceding
cl ai ms, characteri zed it that the | anthanide- doped I ayer pref erabI y forns

an |ndepe ent, thin a siJjicon materi gn materi al
in the fo? ?n of wgf °°°‘\jgmg R ¥ : lz}fe Pr$°RE"Sr °ald cghr? o) ten ar c&]
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solid state contact.

17. Method according to one of the preceding claims, characterized in that
the lanthanides are applied to or iatroduced into the silicon material by ion
implantation.

18. Method according to one of the preceding c¢laims, characterized in that
the lanthanides are applied to or introduced into the silicon material via
lanthanide-doged layers and a subseguent diflfusion of the lanthanides into
the silicon materigl.

19. Method according to one of the preceding claims, characterired ip that
thermostatting is carried out following the application of the lanthanides to

or into the silicon material,

20, Method according to one of the preceding alaima, characterized in that
erbium iy excluded from the lanthanides used.

21. Methed accerding to one of the preceding claims, characterized in that
the lanthanides are diffused less than 1000 nm deep into the silicon
material, preferably by 500 to 600 nm.

22. Method according to one of the preceding claims, charactérized in that
the lanthanide-~doped layer preferably forms an independent layer within a
silicon material layer.

23. Bilicen material in tha form of wafecs or the like for the production of
solar cells, characterized in that it is doped with lanthanides using a



met hod according to one of the preceding clains. 24. Silicon materi al
according to claim23, characterized in that erbiumis excluded fromthe

| ant hani des used. 23. Silicon material according to claim 23 or 24,
Characterized in that the |anthanides are diffused | eas than 1000 11M deep
into the silicon material and preferably by 500 to 600 nm 26. Silicon

mat eri al according to one O the clainms 23 to 25, characterised in that the
| ant hani de- doped | ayer preferably fornssan i ndependent |ayer within a

silicon naterlal | ayer. elar cel | V|q9 or made froma silicon
. method accor .Lng to on the (’plrecedingz
mat eri al accordi'ng ofne %0 26.

24. Silicon material according to elaim 23, characterized in that erbium is

excluded from the lanthanides used.

25. Silicon material according t¢ c¢laim 23 or 24, characterized in that the
lanthanides are diffused less than 1000 nm deep inte the silicon material and
preferably by 500 to €00 nm.

26. 8ilicon material according to one of the claims 23 to 25, characterized
in that the lanthanide-doped layer preferably forme an independent layer

within a silicon material layer.

27. Solar cell having or made from a silicon material according to one of the
claims 23 to 26.



