WO 2011/ 025372PCT/ NL2010/ 050531 1 Sol ar cell and nethod for manufacturing

such a solar cell Field of the invention The present invention
rel at es twoaosdi2a372cel | . Al so, the present invention relPe@ra8.2010/05¢53met hod
for manufacturing such a solar cell. Background of the invention Such a

solar cell relates to a solar cell with p- n-type base. The sol ar cell
conpri ses a sem conduct or substrate, e.g. 13| I icon, which is covered 10 on a
back side by the p- or n-type back surface field (BSF) |ayer and on a front

side by an enm tggarl @IEANA matiF G IE mXh hiFadtuPh S RRER ial $olhP ceflat of the
base | ayer. The front side of the substrate is arranged to be directed

towards a light source during use of the solar cell. In the prior art, the
p- or n-type back surface field layer (BSF layer), is for 15 exanple
manuf act ur eldielshofzthg émvewbiopri nti ng process (but al so POCl 3 face to-face tube

the soreen pri ni e arblees oL e B CREe e ShE ru PR BRrlE et

as dopant ef REBGH fbrSmptifitit@ehgdfiRh sisdRELY. on the back side of the substrate.
Next, a first diffusion process is carried out in which the substrate with

t he prlnted paste is heated to diffuse the p- or n- 20 type elenent into

t he substraﬁ;clgg @d@fh@%@entﬁﬁ n-type BSF | ayer. Such a heat treatnent is
typically carriced i ne diffusion furnace. Subsequently, on the

front side a | ayeh acblapppidsdlites ardleiceN intith p-ypa-tyse beemed by a second
di ffusion process, which is carried out, in a_ second dlfoSI n fur nace
Al ternatively, biesodmicel éPmPQV‘éra SrEycaeuePRatetate; ¢-g1Silicass PEIEdS BYVeEed

creatiop of . he, By ﬁle AYE - %ﬁg—?ﬂ_&% SRFL QY fi f}']%lgt( ?M&@rc&rﬁlrdnnegfr QE&SH, has

sone di sadvant ages. een ting met BSF ayer ‘on the
back side neayemlanshayctocrﬁaamnﬂadztn\otry tgpe opmsite cmthatsoﬂ(he bﬁsetlhgersmhxsfmatmdd)y
parasitic d|4Lu5| on or. |II ﬁ do tcﬂe dopa source ta the ffrgnt 1S| de.
Par asi ti ¢ difIUSBHAGHS Fhenead iRt dBFceho  ight GRUEE dhtpg U tahe solir
non-uni f or geglopant concentration profile for the emtter |ayer which wll
adversely affect the efficiency of 30 the solar cell. For exanple, shunt
or hi gh rever sdncthemeivtr at, ethﬁwpiaiam-twﬁf@@ksiurfﬁw tfiekk tayee (BSIE rlaysn), ps ifet i ng

e Py L] SO RSB BFSSS SHERS RPsihASEt
ﬁJrnace diffusion, spray coating, spin coating, etc. can be used). During the screen
printing process, a paste that comprises a p- or n-type eclement as dopant element is
printed one-sidedly on the back side of the substrate. Next, a first diffusion process is
carried out in which the substrate with the printed paste is heated to diffuse the p- or n-

20  type clement into the substrate to form the p- or n-type BSF layer. Such a heat
treatment is typically carried out in an inline diffusion furnace. Subsequently, on the
front side a layer of opposite conductivity type is formed by a second diffusion process,
which is carried out in a second diffusion furnace. Alternatively, the emitter layer may
be created first, followed by a creation of the BSF base layer.

25 The prior art manufacturing process has some disadvantages. The screen printing
method to form the BSF layer on the back side may cause contamination of the front
side of the substrate by parasitic diffusion or spill over of the dopant source to the front
side. Parasitic diffusion of the dopant on the front side results in a non-uniform dopant
concentration profile for the emitter layer which will adversely affect the efficiency of

30 the solar cell. For example, shunt or high reverse current are typical effects.
Furthermore, screen printing reduces the yield of the manufacturing process due to a

relatively high chance of breakage of substrates.



Al so, for n-type BSF | ayers that use phosphorus as n-type dopant, a
one-sided diffusion results in a less efficient gettering of inpurities
from t he wWokstwveasy2 Summary of the invention 5Hi gh effi @eCemapowisisson sol ar
cells based on silicon wafers may need to have the wafer surfaces well

passi vated. For this passivation, the surf?ces of the wafers are typically
coated with dielectric layers, such as a sTlicon nitride. Hi gh
efficiency siligRs, fRlnfypeddImslapasataneSihlossiitudal 8itgpd Jdpaaald ondaual

di ffused emtter and often al so diffused back surface field (BSF) or front
surface fi ediffugipsRsults m 4 lgyeaffcignt sotterng of immuitics §aprthe substiEsr exanpl e, one
side of the wafer can be nearly totally covered wwth emtter |ayer, and the
other side nearly totally covered with a BSF | ayer. These | ayers serve the
pur pose of $uMkiady 0gtlgdademtivit act with netal grids, and providing or
enhanci ng the surface passiyvation. For best surface passivation, these

di ffused | ayer sHigdvdligigngesibiers wdangellp basgdiomyiicady \éﬁfg& mpy need forhave dhieh as
a silicon b1 rd : : surf [ ' [
Gsual 1y obt o eba eres St SARHATEY it dRpGilon®Hie SFRACSTUENAR o®
di el ectri c typmtllyngpaved whiatlicleayrér layers, such akngilicordnigidect ri ¢ coati ngs that can

perform surfac ssivation.on a diffused |ayer include silicon nitride,
Pher nal 1y ar ow GRS O RORIG eSS pf YGHoR BA BT e Pesdy fa s Lhie or
wet - chem caldtcg _afleeweftéh |als]§%ff9§%dd@acﬁ%grf§bé ﬁemn([ﬂ"slft)rd&‘f‘ont surfaceHidli ¢PYF Ol ar

cell's based on silicon wafers typically have at |east the front surface
t ext ur eld t dagersamcaredd gfhthetrrsapiacesyy . FoEerampho ooe pateadfl] thaevaded ¢anobe vedrlys, an

2 wot - chom DY ARRS RN sy S Piro AT BTAN BB B BB by 2

masked al kakideTaéNaydroker2&md pirpssdfrbvidRgSidod cRftaceivith mam dridusid i al |'y
much used texture is e.g. an isotexture obtained by a wet-chem cal acid
etch. The raridgigder erhanging | Suefeec passavationl Far bath wefaepnassbrtion.ethes

t ext ured. I -1 ext 4ol i [ rface js
better for L%ﬁ?g]ﬁ%a/% gg%?%%e %n%g g%rt%%g@{hp%@%%\%aﬁ%géﬁ t ﬁgﬁag)ef %%af)lrl égtaisgig%d

r easonsl st henifrident and the rear side of a solar cell are often 30 textured
sinmultaneously (by imersing in a liquid salution) and both are |eft
textured thr ougdRoUMmMaE tE? et evfens pyration is vﬁ@ffléf obfadngdobr FAnBMation Pl

avai | abl e t a0l lia?%fa:nﬁ% shftédle ﬁie?e%trgcg %o%tiﬁgbﬁ{ha?ﬁ%r. at some point in the

producti on process er texturing
Known dielectric coatings that can perform surface passivation on a diffused

layer include silicon nitride, thermally grown oxide, aluminium oxide, silicon carbide,
20  and a stack of a wet-chemically grown silicon oxide and silicon nitride.

Silicon solar cells based on silicon wafers typically have at least the front surface
textured to enhance light trapping. For monocrystalline silicon cells, an industrially
much used texture is e¢.g. a random pyramid texture obtained by a wet-chemical
alkaline etch, or an inverted pyramid texture obtained by a masked alkaline etch. For

25  multicrystalline silicon cells, an industrially much used texture is e.g. an isotexture
obtained by a wet-chemical acid etch.

The rear side of such silicon solar cells can be non-textured or textured. Usually a
non-textured (that means: polished) rear surface is better for light trapping and surface
passivation, but for practical reasons the front and the rear side of a solar cell are often

30  textured simultancously (by immersing in a liquid solution) and both are left textured
throughout the production process. There are commercial tools available that polish the
rear side of a solar cell at some point in the production process (after texturing both

sides), for example from the company Rena. These tools remove a relatively large



sides), for exanple fromthe conpany Rena. These tools renove a relatively
| arge WO 2011/ 025372PCT/ NL2010/ 050531 3 anount of silicon fromthe rear

si de, makwagottesrocess costly and tine-consum ng. For PCEANLIROWSOSL de of a
solar cell, renpval of texture to inprove surface passivation nmay not be a
useful process, since it will strongly incfease the reflection and
therefore reduce the cell efficiency. 5A s%)eci al type of silicon solar cell
based on siim&an ofBfiROS fici tercst $ilg oM akiak ehOproedsi RBtE Bh@fime&ohsuriigh as
the HT cell fromthe conpany Sanyo. That solar cell does not contain

di ffused | afasrthe froniesida ffaasobar call aemgyelrafderiyretthiimproay spdacspaarivitiphony
silicon, I i te d : fiald. a
passi vat i ng S L v E Pl Tt T SRS eSS P B i aliEMler 38
dopi ng in tieduathe plibefSiciehtéy.con 10 | ayers, and bandgap and work function

di fferences between wafer, anmorphous siljcon, and possible other |ayers on
top of the anorphgsiaditypeehsilicon sodaicell hascqd apaikieen Magesd?4bopili¢d
applying a (e i i r i a

T aht " Foundh gy G o, ftnds AERMLAVEGR B b S arRe TAFHOBE LY e
pyram ds, edtdeamoesortdie dgassd Vaeisoiho btr&ioeedrebypvenehd dgghimnbyerd 6f slepipdots on of

anor phous or..mcrocrystalline silicon | ayers. T i oved passivation is
xpl it ned AUl NP R aE MR BT oRASE SGESIohe Ued 8 < BYAEMY AR | m
Uni ver si ty @f phushaing! in RS silisRPWare, habRui k2t A8 p B3R DE&3h8is §illédn t he

benefit of rounding of the valleys between pyram ds for the passivation by
an anorl$housyes) danddranfigapeand; word fan¢tmnt hifferen pisr et s canwafer, epiarpbaualsilgpoowt h of
silicon. 20Chen et, al, @ag, Chetn e% al ., 4th rld conference on

phot ovol t ai & éjr?&lgg? O L BHop 58K At BROU 3359 have i nvesti gat ed and
reported the beqigybtha®tepoeted dUBE2EFSI0R BHHO WpPlyiRiTh dertAX roniRiRE toSh kdndom

waf ers, w thout doped |ayer such as emtter or BSF or FSF, for surface
passi vat i orPgmd textugey Mirteulerdy debeldiroeedipy (iPECYDNS dicdradiug ofsurvatyg) af

significantgi f i [ l.nt-0sk l. sh
and L. P. Jo ﬁ;ac%ﬁll%g%%pepﬁ%pﬁﬁr}zayie(%l?%ﬁefitg%a€§l?§€%rg§)bﬂaé%eeé ﬁ\%gmlgﬁgd and
re]|coor t e1]£$ t h&pb];ﬁﬁﬁfﬁ bf arﬁif)rphom'rﬁi@rdmﬁyslteﬁhmgﬂi 'li@mrlayérsl ”Elfeﬁfmpf@edfpaﬁié\}dticﬁ msh

waf ers for surface passivation wth therm grown silicon_oxide . They
find a benePiPtaiRsd aSlHSdP Fgneisrund émﬁ%%fr‘%# éﬁ el By thedhing i niyrssing

oxi de | ayer i Welc3 t 991%2 gﬁto(f}- I :

roundi ng re%ﬂ%lgg%tﬁgﬂaggé@ﬁggﬁ@ﬁc% ngg‘bez?tl(s)/%%aus E[ih %}IE/}% ttfleg VO Jﬁ‘%‘l&é g%si on
during the the oalldysdfetveteni pyvamidx ifaketht poassisition dyran adowphars, silgrooveyerad dsuch

t hermal oxi de I%rs .ma\é re uirle a Bi 9h‘ thermal budget, which is

unf avor abl e°f B SURRFEY O QAR A I8! $1oaTtH OT §HiEhr oduct i on cost. WO

2011/ 025372PCT/ tMe2030/:05093¢néh ot all 14" SWEAd @BhRGENQf orf ?I@ot@(r@ﬁ@i@ten'efgsﬁnt' on
to provide a nmethod for manufacturing the solar cell with p- or n-type
base, whi chcoavesioon2@6opageeflifebavchiavetigaidd and sapegcdtherhenelitorfedurhay ef

random pyramid texture of silicon wafers, without doped layer such as emitter or BSF

or FSF, for surface passivation by silicon nitride deposited by PECVD, and did not find
a significant improvement of passivation.

25 Mclntosh et al. (K.R. MclIntosh and L.P. Johnson, J. Appl. Phys. 105, 124520-1
(2009) have investigated and reported the benefit of rounding of random pyramid
texture of silicon wafers for surface passivation with thermally grown silicon oxide .
They find a benefit of rounding for the passivation quality of thick thermal oxide layers
(100 nm thick oxide, grown at 1100°C). The reason is that rounding reduces the

30  creation of defects caused by the volume expansion during the growth of silicon oxide
from silicon. However, growth of such thermal oxide layers may require a high thermal

budget, which is unfavorable for wafer quality, yield, and production cost.



This invention provides a structure and a nethod for inproved surface 5
passivation on textured wafers with diffused emtter and/or diffused BSF
and/ or diwbusud2FBE. The met hod i nvol ves t he roundi RGTNL20053e of a
silicon wafer before diffusion of a doped |ayer. The nmethod invol ves the
passivation of the doped |layer by a thin djelectric film The dielectric
filmcan be, for exanple, a deposited silicCon nitride, 10 al um ni um oxi de,

or a stack of vigigyantdyjéert WetireGirethemvbitidl 8\Wload¢ 8léncthddfornap@siutiad thdi n
filmof silicon nitride or alum nium oxide. Methods to create a diffused

doped | ayersodtiorsllavisk purder-te duse. ovhigk loyeisomke ofsedisgs de fivglvantages ah of
dopants fol ermal anneal . According to a first aspect of
t he inventi%%%q’ﬁgxg \jg'ect is achieved by a nmethod 15for manufacturing a

sol ar cell fronTkissantedodypedoidesubstrieatuec ahda frictiséd Condupidwidt yurtyqe, the
sem conductor substrate having a front surface and a back surface,

b t he
met hod conphassivagion prdrestudpd ywaterstwidh difdntesh @aitks gadmreifiugsd BSEmgdore
front surfage,lQ eate a textured front surface and texturing the back
surface to create a textured back surface; 20partly snoot hening the
t ext ured back sTidmethodnavadptsi thoadundimaof teytuserobi kidinom g afdréefoex tiffiesibrf r ont

surface; creatin diffusio f a ,dopant of the first conductivity.type a
back surf act 1 1ard Fuger el Rl SaBRastt AL P doRed (et badtin face
and optionadikpcaid fifrﬁlTlFéﬁH‘féP&&ﬂié’ﬁ‘lM'éaﬂ% fRRs&dnpdy &f ddpdsibiesilivsh witgdef ront

surface and; 25 optionally renoving the first ‘COI’ldUCtI vity-type doped |ayer
fromthé teltmmadmfoxads, os tstaglk ef byry dhinevattohagiqatly geewn axidpvath 4 deposigedai ni ng

texture of the.textured front surface; .. Cr ing, a |layer a, second
conduct i vi U JEE SRR TRk Fob PRl evisd ATEBEC T el DAt 35880 o
t he second 1a?mchmmhvdet1mc1%ﬁsﬂﬁ>di tBtigc [idietht @Xdthis B f fnfifdititatdRsel doapasts followed
Advant ageousl y, the nethod provides an enhanced manufacturing with | ess

vari ation bt liapagali dual solar cells: A parasitic doping (either p-type

cspoci a1y 1 om FRIBLE A5 ObetotsTl bR 251 BibE L I RERK Bl pHAE®
em tterissi der mahufcemaiy ©sblancdAhfremsy sandiyoiductdresubBtidsiodf aAlrsticondusttvigen
printing step is omtted which reﬂgcesr%élel d 1 oss due to breakage.

Mor eover, tWBS dPGRANER RGN SHPSHRICIREMSHOIFQY SPHRSAH 2 bask puidirg: BadRetaed f aces
al lows an i qprouet BREGEL H9tRfindiBRES bddusscef rom the silicon substrate.

texturing the front surface to create a textured front surface and texturing the back
surface to create a textured back surface;
20 partly smoothening the textured back surface and optionally partly smoothening
the textured front surface;
creating by diffusion of a dopant of the first conductivity type a back surface field
layer of the first conductivity type in the back surface and optionally a first
conductivity-type doped layer in the textured front surface and;
25 optionally removing the first conductivity-type doped layer from the textured
front surface by an etching process adapted for retaining texture of the textured
front surface;
creating a layer of a second conductivity type on the textured front surface by
diffusion of a dopant of the second conductivity type into the textured front
30 surface.
Advantageously, the method provides an enhanced manufacturing with less
variation between individual solar cells: A parasitic doping (either p-type or n-type)

from one surface of the silicon substrate to another surface, especially from the BSF



5The partial snoothening nay be perforned by etching with a HF and/ or HNG3
containing liquid. The partial snoothening may for instance result in
renovi ng wWoaey11202631ger of average thickness of about 50 RETANL2019r05058hi S
average thickness renmoved may for instance be determ ned fromthe change of
total mass of the wafer due to the partial .snoot hening step. 10Al so

advant ageously, the nethod may result in h?gher efficiency of the solar
cell's due tQdé epRVERItRHEIRCE fas&ity@id on sy why baers mekidd. dapet davar s,
when the texture features on these surfaces are (even slightly) snoothened.
Thi s i npr ovigéhtsigrstepcie opatied which sedusay yiekbless duel tg bisenkage Aereaven to-gded
dielectric | il trl I P asma
enhanced CH%ﬁ?%gﬁggg%ﬁhP&ﬁggﬁ%ﬁ¥?%hﬂ%ﬁﬂ%ﬂgggﬁggﬁgﬁﬁgi%{§ﬂ¥9%ﬁl g§§2%§%gromm
sili con oxiigguwtithfromMERYE)icei fubs@ateni tri de, or al um ni um oxi de, stacks of

t hese or_ other deposited dielectrics, etc. Hence, herein especially no

t her mal Iy gr ownl iespartiglomyooshqning may & nesformediby stehing vtk aaHEGP?V&E éﬁVOs
passivatio Lo A i . i vention
oy 1 urt hort g dauid, TP Rial SnanIREHITRE] matRE MR Bo R R
group consilsydrng avdrags thickaess cZ@bouttS0irghe - 2girhi Tlonaweragbahickhess rerodved may
thermal |y %%own siIchn oxiqgﬁ, silicon carhide, a al um ni um oxi de,  and
opti onal 1 y Of Hsfanfapefrigiaincd Hopyibe shangsof tefalgaess ob sy waler die toghe parfialy ok
surface fielghdinele @p.the first conductivity type and optionally the
second conductivity type |ayer conprised by the textured front surface). In
a specill ¢ enbotlispedvantagecoaibithamictind shayonsulom highes effdieicg of thecsotraitcelld al s

may be applied, . 25 especially in .a |ti-|ayer, structure n gne or both
Goped | ayord orpBReRRRrBRL sty bR iith SAHHGS LB P effore done
wi t h PECVD, feht@vesPoie SBdLe Esuefeds el (e«oa@csmghtg@p@@béﬂh@m. athP sppRIveE sarfessur e
chem cal vapour deposition, atomc ngen eposition, sputtering, or by wet
growt h of |RAjEraion may caprstillyi ke ebipoed weth 2 didiectiieeedlentyy emnsy) sifiennt her

i ncl ude cregat i . j i . . f i,ng 30
t echni queszrﬁ%}agsrh ﬁgésé%ﬁgﬁﬁdcﬁéﬁ]ﬂ%%?g@%ﬁ%dr ag%bl%{sli t %1%,&% %%ﬁﬁgf?ﬂn%%\% om ¢
| ayer deposaft wenchentitalghgismeasilicon deite antl{ GNEOYID) Gilidvdrmgtriafe, dheludopiach

| ayers). WD 2011/ 025372PCT/ NLL2010/ 050531 6 . In_an enbodi nent, the

i nventi on r‘@il‘i% acky Of HeSeof 19 ré’§P‘BPét§€rdﬂ%%¢&“%§b6¥Pe,He\ﬂﬁ%ﬂ%f?‘rnte@?&céﬂuyn@ t he
front surf : I tiurd.ng t he
back surfa?g&?%ggﬁggﬁg?%ﬁ?%gpﬁﬁé gg%ﬁﬂéﬁ?%%%2@9%%2H%§hﬁggfagﬁ%g?%éning
process may subidtmrt imbh enbedanont, biee nexitad ef e inhentid tneayt Gurddkr adde
surface (and of the textured front, surface).. The partial snpothening is
especi al | y PEFHHF frBASBY Y fiawahtsy%af is%lﬁFtt‘?S.fmFHitEg %&Pp_r@dﬁﬁgmg tmé?_gm
procesof i NEriddhkilliBoRbxidB]HRAMB b tRERAY Yo W R sMicBhiRedd) VElitdh ¢dFRIdeVARD
passivation. For the front surface the partial snoothening is preferably
very |ight alemiieondxidee pedsphienatlgidtestrasteralpyorapncueraeate popdd yensduaton e. g.

b h 3 ' I h,10. .0f 1000
(Felative e thE ARHRErBERHERE o e ClorRuFASL SOty SpuBbaclR i 1os

ref | ect ancecdngudiit gq;%l REEARGMprikeN s, theN tédured DRt MBdface]. NB1 lanygiifion
relates to the nethod as descri bed above, wherein the creation of the back

surface fi erabqdiment, ascombipadey obpne|afgheye dislqcdHr mpteHalstaay be sapbadk
surfac f . .C I | . ed
Front Sort AR BMELS: SHRR A0 ondbl S AbpdPlpfersp il hdfioh SRS,
(1'ight) polpas§ivatipn layer thay aspeeinbpdc ntend withatECYDS fovo preesire ghdrhiealt expbur ed
front surface is perfor rEd by renoying the first conductivity-type doped

| ayer from $9ResitigRaimaspherip Rressye chmIca VAR uE denaskign Moaus Lysudostionor

retaining texhhie Qfr §Gel SXGhest ffQut Insh'rsé@&ﬁc cHibd8im&Y, AR hi@bd ma
snoot heni ngs%;ﬁhe II(F.:\ge’xt ur}}e1 mag subst an?i&al 'y be retal neg. ’ Y
(thus) further include creation of a passivation layer by one or more of the following

30  techniques: plasma enhanced chemical vapour deposition, sputtering, atomic layer

deposition, wet chemical oxidation (on one or more of the doped layers).



20l n an enbodi nent, the invention relates to the nethod as described above,
conprising during the diffusion of the dopant of the first conductivity
type, a fworatvms7ef a dopant containing glassy | ayer omCTINL20r0@5053surf ace
and the back surface froma precursor of the first conductivity type, the
dopant containing glassy |ayer acting as dé)pant source for the

sem conduct or substrate. 25In an enbodi nent, the invention relates to the

met hod as descrinbgfc@BeYRncOMY inSeAGoh @8MYIsG thBen&RP@RL desuHRIdNibdgegl assy
| ayer fromthe textured front surface and the textured back surface

precedi ng tWbercamiRrdnring thihéroni sytfaee iowery p toxtuigseirgppewr fheseamprise t he
textured f&%ﬁhriﬁ%'i%%%gk sﬁx@acggo CRRd {IBNfeq fPE sl fyEntion relates to the

nmet hod as déscri bed above, conpri sing renoving the dopant cont ai ni ng

gl assy |ayer frohs pdréial exbdothedingrpeadess umbpcabwhntigly emvithg tehw@rd bf sic
conductivity-type doped |layer fromthe textured fraont surface, in . a single

si ded etchi tRgiuprdask surfaggy g of/the texperpdfront serfegedsbisanartial smoqtherypg is

enbodi nment , i i . . . SCLd| .

conpr i 1 ng SRASUMTKERHRD % RHER) pllikiie RIS My RIS MRF PR me, o
back surf acehiif tethet faener emoingoyery hdfedopant irooot amignpassjvaticas $pr Ity éonf r om
the textured front surface and.the first conductivity-type doped, | ayer from
the 1 ext ur ctThFO i Rt 2660 lds ereigR Ly BETUUEM P HP HG B vRE ETeclhey o o
embodi nent , Qﬁuﬂa@&@iﬁéﬂl@@mﬁ@ﬂt?égst&% Rold@a el 3thed&ntgs pbinkesd ARPNGongth

conprising preceding the renova the first conductivity-type doped |ayer
from t hé t et 1D08chnh (istative tie flzeceon-smeatheied gextheeddoplaer), Homstanverfipnylla%sy

| ayer fromthe fraont .syrface, and e back 10surface,, and creatin

brotect | ve TGS I pREGHERR bEEeq RSy APRPURSE e fGR i dhade e
invention r@kdbesstdsédiRdn@oRodwascHearr trofbhnabOUR, bLRNRUifast M1 layer is af ter
creating the first conductivity-type doped |ayer in the textured front

surface andreBudaeé bisdbighty nelishing the dexduicdypaek girfachef therssmieandycter pulistrgtet ype
1,1 BACk\RUARGR, BUTL I ASPIRLESIILE LAVAL a0y ool chyaut (g T
front Slsr f aeetiailsioetheasdby (ght)wlikhingt conductivity-type doped | ayer from
the textured front cbodisent, pariy Smocthdning e dexursd frogt Surfes i performed by
removing the first conductivity-type doped layer from the textured front surface by an
etching process adapted for retaining texture of the textured front surface. Thus, by
partial smoothening the texture may substantially be retained.
20 In an embodiment, the invention relates to the method as described above,
comprising during the diffusion of the dopant of the first conductivity type, a formation
of a dopant containing glassy layer on the front surface and the back surface from a
precursor of the first conductivity type, the dopant containing glassy layer acting as
dopant source for the semiconductor substrate.
25 In an embodiment, the invention relates to the method as described above,
comprising removing the dopant containing glassy layer from the textured front surface
and the textured back surface preceding the removal of the first conductivity-type
doped layer from the textured front surface.
In an embodiment, the invention relates to the method as described above,
30  comprising removing the dopant containing glassy layer from the textured front

surface while removing the first conductivity-type doped layer from the textured front

surface, in a single sided etching process.



20l n an enbodi mrent, the invention relates to the nethod as descri bed above,
conprising: after the renoval of the dopant containing glassy |ayer from

t he textuweaofwmsi72surface while renoving the first con@aEiND2dtoyse3spe doped
| ayer fromthe textured front surface in a single sided etching process and
preceding the creation of the |ayer of the,second 25conductivity type on
the textured front surface: r enovi ng ?he protective |ayer and the

dopant cont ai nimgarIt@ESYinh@¥ EthelihOBh i e rd18k Ub elle BREKoS Y Hakibed abokB, an
enbodi ment, the invention relates to the method as described above, wherein

the protect qomrlsaggernen@@mrth% depaat eqntining alasye fayeofioni th ytuied pecksurfaere

mater| al . deﬁ‘? Zlgtl%glOfV (e dOpAR ¢ ?ﬁta{%‘ r‘:‘g@l’&&k&‘ 18%&‘1?06{ ﬁle%@%t)u{% S SRR &‘é tride

(Si Nx), ric e tnvention

rel ates to dndeheréitdd @dnca&tldﬁsawpe%@e@bweﬁomm eixfurcd &ahi qu@facbé hackngsur f ace
field layer by diffusion of the dopant of the first WO
2011/ 02537 2¢SH/ FEPRADIESH531 8 conductivity type conprises exposing the

back surface t OInaaIPérﬁBH& ﬁjgénéo{he 1ﬁ€eﬁ1’he S he1GRUGY R M{eftﬁ’o& Xsoﬁes%trﬁ%hea%%"v@d

t enperature. I'n an e Invention relates met hod a
descri bed atvaveisivghereeeding e rpmesalrafahe Gfst ichedidtivel-tgmmdapeti lyydryrdny plee
contains the do t of the first 5 conductivity type; the precursor being
sel ect ed erﬁpgﬁ‘ WY SWfSseous precursor, a liquid precursor, a paste

precursor and al@ﬁ@%ﬂ%tﬂS&ﬁﬁh§&ﬁnmnl gﬂﬂm@ @Fﬁ@ﬁhﬂ@ﬂ%mt&@ﬁcéQM?@E%Q&g
relates to the nethod as descri bed above, mﬁéreln the diffusion of the

dopant I8f tdvefafé¢,lasd conductivity type is optimnmized to create a thickness of

the first conductivity er in the ured front surface which
10is 0.7 m cron B¥Y ngsasert%thelqﬁyeér?ngt{r%{’)acf:kr%ﬁ??e tE‘ﬁélialyﬁ(/enti on relates to the
met hod as descrinbhgdc@bodencitheiceinRehitien edlhfcysb one afcthdagiapanibedfavole, first
conductivity type is optimzed to create a thickness of the first

conduct i vi tSpmpfpyEedoped | ayer in the textured front surface which is 0.3
mcron or | eff ofdhifP tfRIALITR0L tvik G pb VS 129 ih SAkERrd LerbRSuIBE Ak as

15  the back surface field layer of the first conductivity type in the back surface: creating a
protective layer on the back surface field layer,
before the removal of the dopant containing glassy layer from the front surface while
removing the first conductivity-type doped layer from the textured front surface in a
single sided etching process.

20 In an embodiment, the invention relates to the method as described above,
comprising:
after the removal of the dopant containing glassy layer from the textured front surface
while removing the first conductivity-type doped layer from the textured front surface
in a single sided etching process and preceding the creation of the layer of the second

25  conductivity type on the textured front surface:

- removing the protective layer and the dopant containing glassy layer from the
textured back surface.

In an embodiment, the invention relates to the method as described above,
wherein the protective layer comprises a coating layer containing at least one material

30  sclected from a group of aluminum oxide (ALO3), silicon nitride (SiNy), a dielectric,
and a resist.

In an embodiment, the invention relates to the method as described above,

wherein creating the back surface field layer by diffusion of the dopant of the first



15 descri bed above, wherein creating the |ayer of the second conductivity
type on the textured front surface by diffusion of the dopant of the second
conduct i WOyotlyps37eonpri ses exposi ng the textured front PEUMNLACH/05@538
precursor of the second conductivity type at el evated tenperature.

In an enbodi ment, the invention relates to,the nmethod as descri bed above,

20 wherein the precursor of the second con%uct|V|ty type i s a gaseous
precursor, ¢dnueasiep ki iodepiseelexfONhAIKY Patkt fiefARpant pRlutdde oTase M st
conduct|V|ty type. I n an enbodi nent, the invention relates to the

met hod as cReSEHGtaY tupsortelcvilledtenperatiee. fi rst conductivity type is n-type
and the second d i t (A type
is p-type and t éﬂgggégﬁn%%ﬁd%%ilbg?gbéyagmsqgtﬁ$8“ﬁﬁ6£g%8$&9Hﬁ%éﬁﬁgé

t he i nventiwhertil tht @scdu@sdrive thetﬁhgd:oaaudemy tyfp@doﬁtmn!s%thevd@laﬁi dsfranetfh'sckness
of the first conductivit pe doped |l ayer is |ess than an average hei ght
of a text ur@niBelibetyBs: %ﬁ@r@@zml@dng selneted framoac of a gaspowmpieRBiSAr-rfent ,

t he |nventuﬁﬁu& ﬂﬁﬂ@ér%%a&@ Kﬁg&gpﬂb t Xtur@ﬁg?d]above wherein the average

hei ght of t xture atu e ont ont surface is at least 30
about 2 nicronIandlmhbodemknﬁ&dnménﬁ@er&aﬁxuo¢bmduwh0wa$yeﬁyﬂeddmmed | ayer

is about 0.7, mcr odi nt, the invention relates to
e ot hod SeSTBuB aBhcRe e doprisl el The e S liallyiy i P o CEer ey o
feature on ffhgkhextofiedrifst éd?ltdu&‘r'&rl{ya@ﬁe biSpAtlay @3S theWQtured front surface which

2011/ 025372PCT/ NL2010/ 050531 9 abouf 2 m cron and the thickness of the

first céndusOiiinicyort gipessdoped | ayer is about 0.3 nicron or |ess. I n
an enbodi ment, the in entlon el.ates.to the t hod escri bed .above,
therein t he averaget TR IEHE FRIME IR TF WPE ST S fller iRaaNE:
surface i s wherti@ahé dFARMM of2hEUSFMROf the firkttoabu@IVRQAlpERoptikdiLedi to\¢esatd on
relates to the nethod as descri bed above, wherein the etcﬁlng process

adapt ed f ora thiakapysiodghe fasst eanduefvibhiane denadriaer in tettoxuict dtat puTasemthaghmed by
a single- S'lg?ﬂ3 \{Xﬁtcrcﬁr| Ple%@' I?%ﬁﬁ)%d“?ﬁﬂtg tﬁl?h&;c? Qlorﬁ e?aqgggdgl %%&od a_Ls
abov

enbodi nent e |nven I on re es to escr
wher ei nist hed@tr@ﬂmdrtgaoazgewhemnprreaaeg tlee la@epoﬁelretse"c@md texdugrivitg t@pe on the

sem conduct or surface a _specific pr rred epbodi nent, the
i nventi on rtQF%}E%isffPBt tS‘I‘féaCFre‘?Shé‘bfﬁé%ODd@gé]P‘? Hanétfbtj c $R9RRk CANUREVIEY dHiSg

agent furt WT%;] %@Pé;lcp%gﬁl@h%ﬁgﬁ’%ﬁ%mfs%F]faE’é’!o' éﬂ‘e&gs&}b‘? tﬁ@é@cS&d‘QMﬁgQﬁwty

surface. a speci e Invention relates to net’hod as
descri bed abpvmuﬂmhﬁmbmmpmhenetching process adapted for retaining texture

of the texture r ont rface erfor d b ry et In
o oot e ot TSl i s g SR TSR ot Bes SO o BF s by,
where the dopedistic Aeessar 6fﬂfé3§e€6‘nép¥o1¢&£l@§fht%ﬂt9ﬁe 2 BadlicRk 96 dUrorCoRt | NG

such as silicon '
gaseous precursor containing the dopant of the second conductivity type.

In an embodiment, the invention relates to the method as described above,
wherein the first conductivity type is n-type and the second conductivity type is p-type,
or the first conductivity type is p-type and the second conductivity type is n-type.

25 In an embodiment, the invention relates to the method as described above,
wherein a thickness of the first conductivity-type doped layer is less than an average
height of a texture feature on the textured front surface.

In an embodiment, the invention relates to the method as described above,
wherein the average height of the texture feature on the textured front surface is at least

30  about 2 micron and the thickness of the first conductivity type doped layer is about 0.7
micron or less.

In an embodiment, the invention relates to the method as described above,

wherein the average height of the texture feature on the textured front surface is at least



20 nitride, silicon carbide, silicon oxide (not a thermally grown silicon
oxi de), alum num oxide, etc. by plasma enhanced chem cal vapour deposition,
sputteri nyO 2at10n253721 ayer deposition, etc., or a stack ofPCIINIRI10AMESS,
optionally in conmbination with first growng a thin silicon oxide by

wet - chem cal neans. Such coating may especéally i nprove passivati on,
especially in conbination with the partly Snoothened texture. 25 In an
enmbodi nent , adol€2 M¥SRtah8 thd BIRhES drehd it mmeﬂvigstyg@aaﬁédqaﬁerab@w&n owherein
the renoving of the first conductivity type doped layer fromthe textured
front side @isEon ¢idesopant containing gl assy |ayer fromthe front surface is
performed duri th Nl r . ad L nj xt.ur t he
Poxt ur ed front Burr SaEEes, REIEIRATRRHEE o M hEVEN » el B ReR:

met hod as deBeatinhkeaabayecheidd ofttertettord fostuty @athe aext@kd beold suirface & doyeast
creation of a ramd texture, for instance a random pyram d structure or
an inveﬁted*ﬁ??%ﬁ?ﬁn?exture. Optionally, also an isotropic texture may be
created. |n an GhodhgeinddeHERAAN AERLE I ety FRBORGIRT fsser | bed
above, wherein the creation of texture Is by creation of random pyranid WO
2011/ 02537 2P NLEROd0Mi0 5 PEREssl@laped tfor etddying taxhira gf the tewtut Kent siefaoliut i on

Hence, in an enbodjnent, th hrase "texturing.the front surface and/or
Toxturing haBRet bE sl Go il Db e RIS o eat] ng n

pyram dal shapeg G0&h8bHInNGht! 1RNhvEMIsREQaRRTS e thRYSAM d&lcrINaR®Dve,
contai ni ng back surface. In a specific enbodi nent, the pyram dal shapes nmay
i ncl udella Swhgreanihg eehingtageet cemphisasa gompoedont foyrtaxiudingta seanigpedudtence,
specific enbopinents i ncl ude: The net hod as descri bed herein, wherein
texturing tHE%¥%ont surface and texturing the back surface includes
creating a pyr ami £geccHRoprSpreitcdi dhhhglikear) thSkbateh adedtopiit abteled ashapes
cont ai ni ng back surface. 10Such net hod, wherein the partial snoothening

i ncl udes brérsdERcAgbPHeevhewintlee owhing setdtineldsr pgmamisdak conmpEwnt dor
provi de val | eys. W B ted fromthe range of 50-2000 nm

Such nethod%ﬁéﬁgﬁg@%“ﬁhgkgggif%ﬁﬁgﬁnothening i ncl udes roundi ng internedi ate
val | eyslsbet weennpydpaditid@mbstmpss, the ingemvondie]atal tb elysmashbl ac déseaibed sisovieavi ng
radii 15selected fromthe range of 25-1000 nm A nmet hod as descri bed
herein, furVhapnit %thhm@r%ﬁé%a%qaa@d onystaaning igxgie Phipetextuigd front swicg it ed
fromthe gr L St ilicon nitride, silicon oxide (not a

thermal |y d&%@%ﬁg?ﬁyggﬁygﬁgﬁé?ﬁégl'icon car bi de, and al um ni um oxi de, and
optional | y ot hen amendrodahent, tha ioreation rdiathtotbp ectthalyasrdescrit@Subbvaystheod,

wherein the siyation layer is.created. by one or nore of the follow ng
techni ques (BFASREY SHAFRocH Enelef b1 SPRRBiER o bBlierdn ot e prussy con
chem calp vapgife, SEROSLArbRIB, siBEIPSRAE (At ARhESRUNLr&RE TI&Bh oXRRPWluminum
deposition, sputtering, atom c |ayer deposition, wet chemnm cal oxidation.

A net hod asoxdés ait¢. bodplhsmaienhanggdk ckdmicalherppar derdsitionp spuieninggatomip kiysie s
et ching 25t he Lgxtured ba%k sugfaﬁq and optiﬁnalIég&he.textﬁgﬁdtfront
surface wi t#PANUALCEHT ng Hijant Of uch TyCire PREANANY T8 SSTPIMBHAT RAPEHTR! S RRLI%i n
the partiala SHRQINDAI G¥dd DyPRELDAREh] Dicaas Yy SedC Bbaitgt gy tespdeili§diniReve
surface and optionally the textured front surface

passivation, especially in combination with the partly smoothened texture.

25 In an embodiment, the invention relates to the method as described above,
wherein the removing of the first conductivity type doped layer from the textured front
side and the dopant containing glassy layer from the front surface is performed during
the etching process adapted for retaining texture of the textured front surface.

In an embodiment the invention relates to the method as described above,

30  wherein the creation of texture is by creation of a pyramid texture, for instance a
random pyramid structure or an inverted pyramid texture. Optionally, also an isotropic
texture may be created. In an embodiment the invention relates to the method as

described above, wherein the creation of texture is by creation of random pyramid



O her specific enbodi nents include: 30A sem conductor substrate of a first
conductivity type, having a textured front surface and a textured back
surface, whepsi/nsi’ke textured front surface conprises aPSEMNIR010/050531
conductivity-type doped | ayer, wherein the textured back surface conprises
a surface field layer of the first conduct vity type, and wherein the
textured back surface WO 2011/ 025372PCT/ NLQOlO/ 050531 11 conprises a

pyran dal sfapgs bsutinRiilAnRARKsUES1866n WHRA cE Nheredbadignahd! {RYshrigvi ng
wi dt hs sel ected fromthe range of 50-2000 nm Such semni conduct or

substrate, ‘Hexthigg thel frany susfpactand(pryetuies the derla gurfasdi' or sEnidatndigases.anast he
f 25
bassrvati onfaes Ring RS Ay RRT AR UEHRMpLASA R fee SRR IBPRY £ e

and on the m&@ﬂildg dadiduefaty.iTh i-spydific dmpedinicay elic pyramidal stEpehmag ihdedediict or

substrate wherein the passivation | ayer include one or nore of silicon
nitrideS silireBH WicHEs. SHeh 252 PAMHRYTAMIGSGWHUSE | i con oxi de), silicon

carbide 10 and ﬁéﬂég] %‘e&@c%ﬁ&g&méﬁ%ﬂl Elc-€Mbodi nents are defr ned by the

dependent cl ai nms as e term"substantially" herein, will be
under stood by tHe rpeuhed)as ddésctibethdreint weeramttexﬁltheg tlerfmﬂtsmiﬁ&teamditadttnyng may
nt.s with "entirel et c. Hence,

o Sbodi e Sah Sl Retes %ra%%tgaﬁpr‘émlgfalﬁsﬁgg%ﬂ oBtApng Fn sl Rein Ao o

appl i cabl e,p}trgggldaegﬁybg§%sglﬁﬁgrb§gﬁ fag@y also relate to 90% or higher, such
as 95% or hi‘gher, especi al 9% or gher, even nore especially 99.5% or

hi gher ,10i ncl udlSlghIﬁ)@b@d W@rttlerﬂm parbtnlpsrrn@el‘tenmg:lmldldss bﬂogdﬂem@mmrrmdtase
wherein the ses. consr u r er s
st "secorey heweeR m e TRBS: ¢ PRYFeluRipirifih Sl FRESs i oL,
are used f ofangli St300ZV00SH.NG bet ween srntlar el enents and not necessarily
for describing a sequentral or chronol ogical order. It is to be understood
that the terns S J@@hoé;r‘éhﬁ?rﬁtnetﬁlél@aﬁ@éé@péthﬁﬁm&mdﬂé?%&mét% igtr@gawtances

and t hat th& l%&g%gtvg@e rgﬂllde{] %‘115]6 estcﬂrr id %‘flr %) ‘t:'x/qt hcetfrglt l?avcfr??agilél.erhgf

operation in other seq nces l'ustrat e er ei

devi ceslshergidtedrfeonafiengsge at2ser0desCr | bed dur| ng operatr on. As will be
clear to the person skil edi th rt, the invention is pot limted to
met hods of Opgr%tnile(gli*f) J@ 1 élefeﬁn blgliteétuil wding creating apasmnvatlon layer, such

as selected from the group consisting of silicon nitride, silicon oxide (not a thermally
grown silicon oxide),, silicon carbide, and aluminium oxide, and optionally other
materials, on one or both doped layers.

20 Such method, wherein the passivation layer is created by one or more of the
following techniques plasma enhanced chemical vapour deposition, low pressure
chemical vapour deposition, atmospheric pressure chemical vapour deposition,
sputtering, atomic layer deposition, wet chemical oxidation.

A method as described herein, wherein the partial smoothening comprises etching

25  the textured back surface and optionally the textured front surface with an etching
agent.

A method as described herein, wherein the partial smoothening is performed by
dry etching the textured back surface and optionally the textured front surface.
Other specific embodiments include:

30 A semiconductor substrate of a first conductivity type, having a textured front
surface and a textured back surface, wherein the textured front surface comprises a
second conductivity-type doped layer, wherein the textured back surface comprises a

surface field layer of the first conductivity type, and wherein the textured back surface



It should be noted that the above-nentioned enbodi nents illustrate rather
than limt the invention, and that those skilled in the art will be able to
desi gn nmewQ 280/@b37er nati ve enbodi nents wi t hout departi ngCtmanowhsostope of
t he appended clains. In the clains, any reference signs placed between

par ent heses shall not be construed as Iim'ﬁi ng the claim Use of the verb
"to conprise" and its conjugations does nc} excl ude the presence of

el ements orcomiRRSs Q}iﬁaﬁnamnaﬁeb@maﬁt@t&dk ik faceGhiel MtermB@iaty YallelEhavang or WO
2011/ 025372PCT/ NL2010/ 050531 12 "an" preceding an el enent does not excl ude

t he presencwidgts sglegtedifeam thy ragenfoR-208ment s. I n the device claim
enumerating sevgr4l e@ﬁggg%cﬁgy ?l.ﬁliislé:ra?rgérﬁ[eal{'/’ftf&e%iH?%&Swﬂﬁ%up\?atﬁl[gg%%kl?&P%iripne

and the sanme itemo t certaln neasur e
reci ted in geldctedl ftom diefrhegeestt2sd@en@ent cl ai ns does not indicate that a
5conbi nati on of these neasures cannot_ be used to advantage. Brief

descri pti on of YUfd GPUGRYEtor substrate fHEASHEHRRIIBRL thRASS AN I8KeR@ fhidhow be
descri bed, f it I Vi
Cohemat o e Yl 1ISEAPLE AR dondibdiins GRELAIEE ho LARIATEATRANIIR |

correspondi dupepdayes, and i n which: Figure 1 shows a flow diagramfor a
cordance with a first aspect of

nmet hod for manu§ a%turi. ng a SOl@ﬁr cell. in. ag

the invention; >UCh SSEIGQIFUCIOr YSFAUCVRGTEY thY BHPRAIPHEYS MERHEQNF 8F more
manuf act ur i §¥gkidconohitideC §llicoh Bxﬁféc‘(%ﬂ@ﬂf’e?mﬁ\m% BrAviS §6ORHo AaPESHicBh chithde

i nvention; 15Figure 3 shows a flow diagramTor a nethod for manufacturing a

sol ar cél | 4nd shoswrwmansidewi th a third aspect of the invention; Fi gure
£ showe 2,11 0w AL SIS DT B0ehS) (R IR 8 AACELL L
a Cross-secti ONriRf tefm SeMEARdUEt Bérefy RGN batdéRfoodEsyutha petsbh REIIRAtMens Ol ar
cell: art. The term “substantially” may also include embodiments with “entirely”,
“completely”, “all”, etc. Hence, in embodiments the adjective substantially may also be
15  removed. Where applicable, the term “substantially” may also relate to 90% or higher,
such as 95% or higher, especially 99% or higher, even more especially 99.5% or
higher, including 100%. The term “comprise” includes also embodiments wherein the
term “comprises” means “‘consists of”.
Furthermore, the terms first, second, third and the like in the description and in
20  the claims, are used for distinguishing between similar elements and not necessarily for
describing a sequential or chronological order. It is to be understood that the terms so
used are interchangeable under appropriate circumstances and that the embodiments of
the invention described herein are capable of operation in other sequences than
described or illustrated herein.
25 The devices herein are amongst others described during operation. As will be
clear to the person skilled in the art, the invention is not limited to methods of operation
or devices in operation.
It should be noted that the above-mentioned embodiments illustrate rather than
limit the invention, and that those skilled in the art will be able to design many
30  alternative embodiments without departing from the scope of the appended claims. In
the claims, any reference signs placed between parentheses shall not be construed as
limiting the claim. Use of the verb "to comprise” and its conjugations does not exclude

the presence of elements or steps other than those stated in a claim. The article "a" or



Figure 6a, 6b show a cross-section of the solar cell after a next stage of
t he net hod,; Figure 7 shows a cross-section of the solar cell after a
further sweageidRsi’ne net hod; 25Fi gure 8 shows a cross- s@CTINIR0WI05033¢ sol ar
cell after a next stage of the method; Figure 9 shows a cross-section
of the solar cell after a subsequent stagq of the method; Figure 10
shows a cross-section of the solar cell tzer a further stage of the

net hod; 30Fla91urﬁeaeldlﬁgqmel@m@ﬁp&@essmtdmudﬁ theh@-es@ @ ofceblurafityesf ygdh a
further stage of the ret hod; Figure 12 shows a cross-section of the

sol ar cel | lementsdnihe dpaec elaimgenimeratipe pevert ancaing.scy erel efelbesramemsanay,. WO

20111 025372BCT AR 09053 i saone, FIAUIS B IR0 e BFORRT REGLAR 1 e

sol ar cell ubsequen accordanc Second asp ect
Figure 14 showard® <t @aﬁteaeﬂtnlmmal{)j dltffeeerﬁqiepéncteak tladrht doesandtundioste tﬁﬁtage in
accordance wth the third aspect; 5Figure 15 shows a cross-section of the
sol ar cel | mtéﬁat@nrs)éihesgwawrwaae@dqedﬁﬁw Weraghe t hird aspect:

Figure 16 shows a cross-section of the solar cell after a further stage in
accordance with the fourth aspect; Figure 17 shows a

cr oss- sect i Briebdesttiptismbfitheahialvidst er a next stage in accordance 10with the
fourth aspect; ure 58 shows a. ros cti t he oI ar cell after

Fi
a subsequent st%go‘ihﬂlegts&frt S HEENHPR Wl Ravrh etsﬁrlg%dpg?é(tway of example only,

with reference to the accompanying schematic drawings in which corresponding
10 reference symbols indicate corresponding parts, and in which:
Figure 1 shows a flow diagram for a method for manufacturing a solar cell in
accordance with a first aspect of the invention;
Figure 2 shows a flow diagram for a method for manufacturing a solar cell in
accordance with a second aspect of the invention;
15 Figure 3 shows a flow diagram for a method for manufacturing a solar cell in
accordance with a third aspect of the invention;
Figure 4 shows a flow diagram for a method for manufacturing a solar cell in
accordance with a fourth aspect of the invention;
Figure 5 shows a cross-section of a semiconductor substrate for manufacturing
20  the solar cell;
Figure 6a, 6b show a cross-section of the solar cell after a next stage of the
method;
Figure 7 shows a cross-section of the solar cell after a further stage of the
method;
25 Figure 8 shows a cross-section of the solar cell after a next stage of the method;
Figure 9 shows a cross-section of the solar cell after a subsequent stage of the
method;
Figure 10 shows a cross-section of the solar cell after a further stage of the
method;
30 Figure 11 shows a cross-section of the solar cell after yet a further stage of the
method;
Figure 12 shows a cross-section of the solar cell after a further stage in

accordance with the second aspect;



Figure 19a shows in some nore detail a surface texture (here the back
surface 3a) after partial snoothening; and figure 19b shows in sone nore
detai |l theoi2ntiempi7et ati on 150f vall ey wi dth and curvat uP€I/NL2010/0BdGuUr e 20
depicts a flow diagramfor an alternative nmethod for manufacturing a sol ar
cell; and Fi gures 21l1a-21d show SEM fi gur es of non-snoot hened (2la-21b)
and snoot hened (21c-21d) pyram dal textur 20 Description of preferred

enbodi ment s Figlt QU3 Shdw$ BNSssascbi @o fHRISAM QT aReNBEhIE Ot stage in
manuf acturing a solar cell in accordance with a first aspect of the

i nvent i on. accordance witingeseendgispestit he first aspect, the method corrprl ses a
sequence 100 Of %\NE’@%S%%W?S5§ Qréﬁ%g%t?o% 'drfﬁP ?elragéfzghgr\ﬁ"%h%“sl? 81 or
a so

n-type base. the 'Sequence rat e

n-type baseaccordanceﬁwﬁhﬂgltm(ﬂ;aspsttal or multi-crystalline sem conduct or
substrate i.e.,_a silicon substrate 1 with n- e conductivity is provided
as precdrsor fdiigesd SshPRs acEpss:seqtien of the sglar %ﬂg%ﬁte‘rr&ﬂwha@g%lm%m dageg f ace
2 and a back ﬁﬂ{e ﬁﬁ:@asgyectThe front surface is 30arranged as surface for
receiving |ight c}url ng use of the solar cell. In an alternative

enbodi nent, theFiguké ¢ 6rshembst cadsa-sesticcopédh¢ eohaveelhaftondfatther tsyagef in
p-type. V\D 2011/ 02537%@ / L2010/ 050531 14 Figure 5 shows a cross-section
of the silit6NIEEYHLE ?@ﬁfﬁ acturing the solar cell. Referring

again to figur eﬁléurenle/@how's'& REQCRESon Othe kbGRr H&Im’é}alof{e%vht@% Sirt f6biahfg of
the surfaces 2 of the silicon substrate 1 by exposing the surface(s) to

be t extlfr edwiththe fourth aspect;

Figure 18 shows a cross-section of the solar cell after a subsequent stage in
accordance with the fourth aspect;

Figure 19a shows in some more detail a surface texture (here the back surface 3a)
after partial smoothening; and figure 19b shows in some more detail the interpretation

15  of valley width and curvature;

Figure 20 depicts a flow diagram for an alternative method for manufacturing a
solar cell; and

Figures 21a-21d show SEM figures of non-smoothened (21a-21b) and
smoothened (21¢-21d) pyramidal textures.

20
Description of preferred embodiments

Figure 1 shows a flow diagram for a method for manufacturing a solar cell in
accordance with a first aspect of the invention.

According to the first aspect, the method comprises a sequence 100 of processes

25  to manufacture a solar cell with either p- or n-type base.

Below, the sequence 100 is illustrated for a solar cell with n-type base.

A single crystal or multi-crystalline semiconductor substrate i.c., a silicon
substrate 1 with n-type conductivity is provided as precursor for the solar cell. The
silicon substrate has a front surface 2 and a back surface 3. The front surface is

30  arranged as surface for receiving light during use of the solar cell.
In an alternative embodiment, the silicon substrate is doped to have a

conductivity of p-type.



S5texture etching agent. The front surface 2 is textured to create a
surface topography (also referred to as texture features) resulting in a
| ow refl| ewOI20it025352 t he surface. For exanpl e, the textuPCRNLI2ewIEE3tan be
tuned to obtain as texture features |arge pyram ds on the surface (e.g. an
average pyram d hei ght of about 2 m crons lgr nore). 10In this nmethod the
texturing process may be adjusted to maintain a lowreflectivity after a

| ater removal sgigpredf shawd aReshsSUERCSE thayiBEon sUBSra e BaufaeRind ths s@ht her
textured to create a surface topography (also referred to as texture
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create a surfa r a r | ting. | i I VI
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textured frihatudadet ac® oPthelsilidod spessitd] By topadingathe safse(s) ache teRired @ £1 t her
in a single-sided manner on the front surface 2a or in a two-sided manner

on bot h f r dREUERICHBZ REWYr f aces 2a, 3a. In case of two-sided texturing, the
back ‘ 3 ! . : ¢ ( S| 0 . .
ack surface 3arjmy,h&uAQ dé %Ifketgxﬂu%datosc'r&% Qslln%agc%'c}ggoagggéﬂ\yg(?lsegei%%g't&gs St ep

to renove the texture, and to I nprove optica Ion properties.
Addi ti onal | tgxturafeptuosessultiog in héw extteativitygofithy suréace ofdyienadplai the texturdg hi ng

process for saw da e renmoval . Conbi np. ng saw damage. renoval and texturing
My be. advaltREEBUES FOKALS PPRbHSRHRT HAResy HEE MEVBI 6N WSoa F & ol shed
after sli C'Mrd‘glé%g’ra%ﬁéhéigh{&iﬂ%oh{@ﬁﬁcroﬂ sehd@yively, the texturing 102 nay
al so be preceded by such an etching process for saw damage renoval . Figure

6a showd a crosle-tesniathodfthe hextsoingrproskss afaydre adjpatddotp ofaintaxn arlew | n

h 02. i bed ab ' b pr h
Sur  hee( ) FRCORRYRE Fobr BB Tl Sty P SO Qb oIRET A

agent may h&then tS@akiabidieat®fa atfade I6pobrady, (adt reifdrredotdl s edxtifrc Batara) asma
for dry etching. Fi gure 6a shows a cross-section of the solar cell

after creatlicoHtieg it elavurdlestivithef the shtfacoer pdishedsiorqreate s spefacestapogrplist e 6b
snore,an, CTRILIENL AfA ndyligcess 1022 I e, o part el smothening
15 The textured surface of the back surface 3 does not have to be identical to the
textured front surface 2.

It is possible to create a surface texture either in a single-sided manner on the
front surface 2a or in a two—sided manner on both front and back surfaces 2a, 3a.

In case of two-sided texturing, the back surface 3a may be polished in a single-

20  side polishing etching step to remove the texture, and to improve optical and
passivation propertics.

Additionally, in process 102 the texturing may be combined with an etching
process for saw damage removal. Combining saw damage removal and texturing may
be advantageous for silicon substrates that have not been pre-polished after slicing from

25 asilicon ingot. Alternatively, the texturing 102 may also be preceded by such an
etching process for saw damage removal.

Figure 6a shows a cross-section of the solar cell after creation of texture.

In the process 102 as described above, the texture is created by exposing the
surface(s) to be textured to a texture etching agent. Such a texturing agent may be an

30  alkaline or acid solution, but it could also be a plasma for dry etching.

Figure 6a shows a cross-section of the solar cell after creation of texture on the

front and back surfaces 2a, 3a. Figure 6b shows an embodiment after a process 102a,

1.e. a partial smoothening , wherein the texture of the textured back surface 3a (and



WO 2011/ 025372PCT/ NL2010/ 050531 15 optionally textured front surface 2a) is
partly snoothened in a single-sided manner (as depicted; or in a

doubl e- siwecdomensEze, not depicted). This may result in &CrouUniongosif of
the valleys (see also figure 19). The textured back surface 3a after partly
snoothening is further indicated with refqrence 30. 5In a further
alternative enbodinent, it is alternativelg possible to create texture in a

si ngl e- si deghtiRBINETexBte@tbit SufRicE DOYTE paHI Be®tRed BY a kingilsigéEabhig (hext ure
in a tw sided manner on the front ang back surfaces 2a, 3a and

subsequent | depgd¢d: ohithy dewdesiled mraagenh aekdepigt¢tic Ehisanayres et i ypuadiaig®ft o
figure 1, i S u , b r e fi | ayer
4 is creatég?ﬁ§‘§$?§ﬁ§§%%2@¥&gﬁﬁ%?ﬁgﬁe Spg% r?ﬁﬁ%ﬁgﬁ%wagégh%ég?éggﬁ ; 3a
and a dopedsrhavleshidCis ifigrties @ali@tedyitdlirdféresécd0.of an n-type dopant into the
textured front surface 2. The d@ged Iayer 2c has the same conductivity type

as the BSF | aydpn afughcraliematizk cabpdigeat. 3t is shernptiv chn PRWHHIIORESRIS tXREC B ocess
103 conpri sgginexReRIdNGatdde Jhagfy Fi ﬁ@l‘ftgsu"l;facegéa,t& fits? c?lgﬁgiﬁ &QUGren Y R

precursor in a tube furnace at el evated tenperature. -type precursor
cont ai ns t hedad toppeer dopeet frontnandnbaek enpfaegsy2a alseand hebsequeyde pdbgang thes
phosphorus and %ﬂf gas ous n-type precursor conprises POCL3 (phosphoryl
chl oride). ERUYHLHRERICTPface” of the silicon substrate a phosphor us

contai ni ng gl asg.AVE adFP@ figuleS1 fiara®R®slichPrddss {@F, mBidcRNuptact hieldBSF
| ayer. The PSG | ayer acts as dopant 20source for the silicon substrate 1.

Pr ocessl0103BS) daynat # & ¢redtedy diffispnodes 9-tyae dopneingo the badle burfacedy3a it t he
doped layer_ 2c _and the BSE | ayer ill he congruent with th exture
chope of 1 i aped Bt v romera Y di5thinn o e el Fibenistd it Rk $h8G
llayer 2c angirfabe2 Bfiic dopellayics 2@hiihg 88mt QoktBictiesy typban tHBShelyghd offthe

texture features on the surface(s). 25Q her diffusion nethods, e.g. belt
furnace, ankhcliseifassi’odasour ces, e.g. phosphoric acid containing |iquids,

applied by spray,. Vv : pj.And i 0t o) il ation
Gopi ng. etc. . iRl Y ek e Ehiosindlhg B BE (R plUR, 301
creatiors ofa pheoBSh-lypy @rechird® iper fudberfathdco aa clévanéd teonpdranirc CORE ngupat i on.
Thi s i ncreases throughput and provides a partial screening 300f the

textured frR¥REUTSAY $AERSYNT PO HEPHBpAhEn cxempigry, age. 7thg pishg cadopant is
e o R Pl P A b oS SR BRERP 3 R L s i e
On the back surface of the silicon substrate a phosphorus containing glass layer (PSG)
5 is formed during the formation of the BSF layer. The PSG layer 5 acts as dopant

20  source for the silicon substrate 1.

Process 103 is controlled by its process parameters in such a way that the doped
layer 2¢ and the BSF layer 4 will be congruent with the textured shape of the respective
surface. To this end, a thickness of the doped layer 2¢ and the BSF layer is arranged to
be less than the height of texture features on the surface(s).

25 Other diffusion methods, ¢.g. belt furnace, and diffusion sources, ¢.g. phosphoric
acid containing liquids, applied by spray, vapour, spinning, printing, etc., or plasma
implantation doping, etc., may be used.

In an alternative embodiment, the creation of the BSF layer 4 is performed in a
front-to-front configuration. This increases throughput and provides a partial screening

30  ofthe textured front surface(s) from the dopant.

Figure 7 shows a cross-section of the solar cell after process 103 for the creation

of the back surface field layer.



16 In the subsequent process 103 on both the front surface 2 and back
surface 3 of the silicon substrate 1 n-type doped | ayer 2c and BSF | ayer 4,
are respewOizvdalogseeat ed by di ffusion of n-type dopant PCOMIaMOM5033pe
dopant source into the front and back surfaces of the substrate 1. 50n the
back surface 3; 3a, the BSF layer 4 is fornped. On the textured front

surface 2a, the n-type doped |ayer 2c is f1 rmed which extends into the

substrate 1 untinlth@BulsBg@nk pER P10 én b&thRE BGnt finfack Reindack B@FEcOf of he
n-type doped layer 2c is arranged to be |ess than the height of the texture

features. [thesHicensabitate t Rdyrhéqeddeyer Re apnd Bphdayspedrd rgykactiyelyjcgeated
congruent wth SUf f ok €. '

Totexture. 6 BRARROF LRGE AR BB, bn BireCEpbBL SEE RO BB RS B
t he t ext ur edirfat@rdf thagdbaegecand t he back surface of the silicon substrate a

phosphorus cont ai nj ng (ﬁ(lass | ayer gPSGé 5 is forped during the formation of
the BSFI ayer AW thhBagk syireedbpid thabeF loxer refosmednPndhs tetuppgront

di f f usi on [ A : i :
POCLS 11 o LSRR RRCh Ay 1RESe iTofipePURIRTARAREIRS the BOGINTTANL oo

| ayers. anl inteaface b ddismeindd thathbe thifkness eithp nagpsdoprdJayee 2¢ &y arrangedtat  at
an el evated t rature,. which may be.any suitable el evated t erature
Ui tabl e 1 r ERetepett Feighd P dpunar dutiss o g aib hoatire of (o arsfee
dependi ng ofydeBQayBRRI ik @b e uBRt with Shdlgfi e 20ktiRe i 6] AaMahRFtEIPRIAL e, MY
al so depend on the time during which the el evated tenperature is applied.

| n genellal tekiwrel evat ed tenperature nmay be between about 600 and about 1200

C, or between t 780 .- 1 The PSG | ayer, 5 act ..as,_dopa source
Cor T hecsin T codhdh s PReimdf Ry s M ae Ahals bogheMier 6L 1B RPaN beBhor e
(the dopantsuefacé il fhi beék sutface ONGLYGLlicYH %%std&@pﬂ0§%Wﬁ§ EOrEAtling @166 RFLE a

t hi ckness of the back surface field |ayer and of the n-type doped | ayer 2c

(a di f f usedPS&Yéris Exnrcdiduring thetferradivart thsf Behayer st the arivibedoneddayer ype) of
bout 0.7 m . ' i | f
PO Pagor coclE wpaprlth A0Sk URSEANL AR, STRMLTEL W Befl U ERGK, or ! oce

field |l ayer and a ype C ar€ credte usi on
of phosighorassgéi bePOapafidw pdr dddetidn sfstateBthpondohtrali thy tHiyaeys 6 Stht PEG

optim zed to create a thickness of 0.3 mcron or |ess for the BSF | ayer and
the n-type 8¥&d I ayer 2c. Since the ability to retain texture is

determned to SQng %Bgﬁ'ﬁné??f, {H%edigﬁfsgdg{:@??e%r réltag"%enc'atrylgg ofPReH LAXSFeC

for a shallow n-type doped | ayer cron or less thick) the
t ext ur e naytetnpcragiraj whcth moayebd M y20dtabh B2ESAREGETMNER010 5 05088 for ke fpdcifyc and

the reflectiyity of the front surface may be | ower than far t hi cker

- type. dopeliaaprocea beibbabpIEy O edperdine on 1t Hharpis Rt b 554, e
enmbodi meNt Tige SIROUMRAItBmPBIasycthey RREKcpbid 8 ehd Ande @lrind'@hidhekt WI&GtedThe
skilled person will appreciate that the process 103 may al so be executed

5on a substteaperatirats apphipd.ils @snerak thy claveidd heropersturd me bgahetween about 600
and about 1200 °C, or between about 780 — 1200 °C. The PSG layer 5 may act as

dopant source for the silicon substrate 1.
In an embodiment, the diffusion of phosphorus (the dopant of the first
25  conductivity type) is optimized to create a thickness of the back surface field layer and
of the n-type doped layer 2¢ (a diffused layer containing the dopant of the first
conductivity type) of about 0.7 microns.
In an alternative embodiment, a shallow back surface field layer and a shallow n-
type doped layer 2¢ are created. The diffusion of phosphorus (the dopant of the first
30  conductivity type) is then optimized to create a thickness of 0.3 micron or less for the
BSF layer and the n-type doped layer 2c. Since the ability to retain texture is
determined to some extent by the thickness of the n-type doped layer 2c, for a shallow

n-type doped layer 2¢ (about 0.3 micron or less thick) the texture may be retained more



Referring again to figure 1, in a follow ng process 104, the nethod

provi des a renoval of a layer such as a PSG | ayer covering n-type doped

| ayers 2cweard11402f37om t he textured front surface 2a and PCEMNLRbI®/SESK
surface 4 by an etching process i.e., either wet or dry etching. 10Figure 8
shows a cross-section of the solar cell afger process 104. Duri ng
process 104, the nethod provides a reanaI of any top |ayer such as the PSG
| ayer from ﬂulﬂg AMANRE rd FRYCEK By @ tHNBoRMAGIKfaS M {308 RAGT ttheh fout tHi&dr hitppd
surface, On the front surface the n-type doped | ayer 2c is exposed
after the rdapsdiycofsay peout §p migyest thidkdh as the PSG | ayer. On the back
surface the bac I r- o] he
T A R N S

sem conducttextussd: Tae skidled pbsobadK appictiacethante lpﬁwéﬁr B3 IIﬁEy bR e ekeluted
hydrophoblc it will beneficially help.to avqQid that in a further single
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textured front surface etc a he et ent is

bt anged t oo b ol BuRtusvat romant il el 48 e ConaP RS e Pt
surface 2b)y&§Qrady Lenixpi Ntain a Iom1ref|ect|V|ty of the second textured
front surface 2b.” This can be satisfied if the shape of the n-type doped

| ayer 2@ 25o0n tliguferiowhpws arckesscétenadiyy sodartcelliaftr prhecss é@4.ure in the
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acid (HF). In a further exanple, the oxidizing conponent al so conprises
addi tives |dtengwaf the Ibt’ypaciepectlaa@n 2 forrgrae vl éﬂons&@d@ﬁemdrfgaanfamm st ance
be perforned .eXposi.n e textured surf ce 10.su onent
For 0. 55 il EX BRRL" ot PErbEARELT aRiATE rBiS R RE T BBy ofTes

exanpl e be (sBcdndeek@pgefroht SPfale 08) 56 as to maln@alhmb@aﬂeﬂeemv;abf e s8tdrdcon
fromthe textured front surface would be between about 0.1 m cron and about

2 nicron. TRK@reg front quifessdbo hisitan bpisetishied 3f Be shane Athameyngsioand laveyer 2c,
I.e., tne e&ﬁt%@#i]' ﬁpsd%%ac&% ggﬁl%ﬁttwﬁf?ﬂfeet@%tﬁ?etlh% r@}h t&tﬁr‘%ﬁ?rotnpﬁi f]agé’.m

surface.” This end on process parameters such as
t enper at ure andSudhean etching agent may be an alkaline etchlng agent in case of a single-

crystalline or a multi-crystalline substrate.
In an embodiment, a texturizing component of the alkaline etching agent
comprises an alkaline component soluble in water such as potassium hydroxide or
30  sodium hydroxide. In a further embodiment, the alkaline etching agent comprises one
or more additives such as isopropanol.
Alternatively, the etching agent may be an acidic etching agent, which can be

used for both single crystalline and multi-crystalline textured surfaces. The acidic



15duration of the BSF-diffusion process. In this enbodi nent, the
etching is perforned as a single-side etch; that nmeans the etching |liquid
will wet wbeofwvwasi72sur f ace, but not the rear surface or PORINL2610Y08¢331 i nor
edge region of the rear surface. Alternatively, the etching can be done by
a dry plasma etching step. 20Experinentall is verified that the texture
is retained during the etching of the n- tﬂﬁe doped | ayer 2c. An opti cal

reflection @thidg hg@nfcaﬂp69tﬁarﬁmytﬁa%nraﬁgédlfoe@nﬁép[mhsﬁwgf alcle cad b@aMauriepgt h of
1000 nm after renoving of the first conductivity doped | ayer, increases by
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el evated 5 tenperature may be between about 700 and about 1200 C, or
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2b and 16n theatiacdt tB@BBEQEfﬁeﬂsmn process.

In this embodiment, the etching is performed as a single-side etch; that means the
etching liquid will wet the front surface, but not the rear surface or only a very minor
edge region of the rear surface.

Alternatively, the etching can be done by a dry plasma etching step.

20 Experimentally it is verified that the texture is retained during the etching of the
n-type doped layer 2c. An optical reflection of a light beam on the textured front
surface at a wavelength of 1000 nm, after removing of the first conductivity doped
layer, increases by less than 5% and preferably by less than 3%.

Figure 9 shows a cross-section of the solar cell after process 105.

25 During process 105, the exposed n-type doped layer 2¢ from the front surface is
removed by an etching process. The etching process is arranged to retain a texture of
the textured front surface (second textured front surface 2b after etching) so as to
maintain a low reflectivity of the second textured front surface 2b.

Referring again to figure 1, in a next process 106, the method provides the

30  creation of a p-type (emitter) layer 6 on the second textured front surface 2b. The
second textured front surface 2b is exposed at elevated temperature to a p-type dopant.

The p-type dopant is for example boron. The p-type dopant may be a gaseous p-

type precursor, for example a boron containing gas e.g. BBr3 (boron tri bromide).



10It is noted that the BSF | ayer 4 on the back surface devel ops further by

co- diffusion, i.e., diffusion of the n-type dopant fromthe BSF | ayer
deeper i nwo 20h12837Ri con substrate sinultaneously w th tRETNNRoRIOSEEI10f t he
p-type emtter layer on the front surface. In an enbodi ment, after

co-di ffusion the BSF | ayer has a sheet resll stance 15 between about 20 and
about 30 Ohnisquare and the emtter |ayer I?as a sheet resistance between

about 50 and abeuin JHAbeMmEHUBElcvated kémpBRAtNRr nRFIRdAERNIitalAl tRIvated
co-diffusion the BSF | ayer has a sheet resistance between about 5 and about

100 Ohnt squigrecridre hetapkd fordhe ppgeetic Hadusor Hueecwdying apidecdorwaganetbout
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emtter. Copggnptantly, if an emtter diffusion is 25 performed on top of
the BSF then this will usually not fully conpensate the dopant level in the
BSF | ayer. |t iBuditgethehorcessulbadbt yreatntg the quonitkezdasteo 6 vehieh & aplifftect-doved ayer

(such as a PSG or a dielectric coatin of he, BS

Gur 1 ng & he 1ERFSter U ForgBime SR AP (Nt by B0 2 Btisa e dbt whond BXHECBSE by
the em tterggifiMsdOd Y 188YsE duhgcd 4 el d-ef fect passivation by the BSF.
To eradi cate such an effect one can 30 wuse a protection |ayer as described
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shows a cross-section of the solar cell after process 106. Duri ng
process 1l06urfape met hod provides the creation of a p-type (enmitter) layer 6

by diffusion i Jheer%%%ﬂ dﬁteéh‘éiﬁ eg. dlfﬁ:l?SI?(glo arﬁg‘ﬁ §91é Q%J‘S sﬁggto%‘llstt%é ur ed

front surface expose oron

p-type 1($opab&twaayati@at?90 mﬁrmuc@@mnﬂsqigregﬁﬁi the gmitBBilaer Hammeat nemttaﬁcml ng
gl assy | ayer (BSG.| %/er) 7 is formed on the textured front surface 2b and

on the backPysgabaut 2@t abeybf0 @hEYSAuEE- back surf ace. It is noted
that the Creat'l‘ﬂ%n%’ﬁhe?'@ﬁb%ﬁ A, dR¥Rb- cgffgﬁ%ﬁ?% ﬂgﬁ‘?a hﬁ?ﬁ'sﬁé@t rgébgtfaﬂéé on

net hods, e.g. tube or rnace, usi on sagurces, oric acid

cont ai ni ng bleﬁ)‘lveqwb@st 5 amcbhbo&xd lb&%pr/mu,arwmddhe emgEr rhemengas emhenit liepigtaned C. ,

or plasma inplantatl of doPiadi 150 Ohm/square.

20 In an alternative embodiment, advantageously, the diffusion is performed in a
back-to-back configuration. This increases throughput and provides a partial screening
of the back surface(s) from the dopant.

However, it is also noted that for solar cell efficiency the BSF advantageously has
a higher doping level than the emitter. Concomitantly, if an emitter diffusion is

25  performed on top of the BSF then this will usually not fully compensate the dopant
level in the BSF layer. It is therefore usually not required to have a protection layer
(such as a PSG or a dielectric coating such as SiNy) on top of the BSF during the
emitter diffusion. However, a partial compensation of the BSF by the emitter diffusion
may reduce the field-effect passivation by the BSF. To eradicate such an effect one can

30  use a protection layer as described in relation to Fig. 3 to prevent or minimize emitter
diffusion on top of the BSF. Moreover, a higher doping level for the BSF enhances the
rear-side field-effect passivation while a higher doping level in the emitter can enhance

recombination losses.



Referring again to figure 1, next in process 107, the nethod provides a
renoval of the BSG |ayer 7 fromthe second textured front surface 2b and to
expose t heopotypss7em tter |ayer. Al so, the nethod provi #€3/N20@rps8580 of t he
BSG | ayer 7 fromthe back 15surface field |ayer 4 on the back surface and
to expose the BSF | ayer. After the s?@uence of processes as descri bed
above, the nethod provides a silicon substTate which conprises an n-type

back surface fim@bgrcl18%86w4 a@fostREBAGK tfelol2€611 3fterdRo@Rs 186.P-t ype em tter
| ayer 6 on the second textured front surface 2b. Figure 11 shows a

cross-section dPutingepreetsar 06.dhe methoddryvidesebe creatron QiURAtYNSd Ciptttse blexer 07,
t he BSG laW%fiﬁhE% EemY, g)f&&g&%ﬁ@hﬁﬁgﬁegeggjtter | ayer 6 at the second
n? surt nF e bac

textured fr ace an rom surface field | ayer 4 by etching..
The sol ar cel |l The dcbbisd skaged Gonpsurtes 2b iecsidsed ma pulst dafaat, Tor édampliaick
surface field | ayer 4 on the back surface 3 of the substrate, and a p-type
em tter A ayron K nrfyee derant ey beriohpros GeHaiRLEss 612 BfE:- & BYER PRt o

sol ar cel | h%%;}y{l%g 3%%@22}%{5?? 65 ForiRY olﬂe[]bg ‘P&P&E& %n{"@&rﬁlcggb Q‘ﬂg %nktPQWQcki n the

state of t epositions of passivating and antireflective
coating, scwefre peldidyend onfthevbdckisuifaat i on patterns, firing-through

junction isolatjon, etc. nce, for instance the herein jndicated.. .
st vat i on | aybRCiophGi BE Casfin Skihe e Bou6 THAPGAOTRYLT P HTEI T ¢
the doped | q¥@ba), c. SATHOYF Bcl? rRAUS afd i Puidh 30K RM, . tRriTRlPELkfRand or
manuf acturing a solar cell in accordance wth a second aspect of the

i nvent ildn. liquids,lappHiedbryespRapntappitespiminting, tiéntgwmreta efteplesoe imphangtics
shown in th receding figures refer to corresponding entities. WO
2011/ 02537 8NL2010/ 050531 21 According to this aspect, in the

sequence, af t erRgreAGRSSalDb, figle 1 anskt 10 Brdces£107, HeoMEbAPrdigesseRhpraduct or
substrate; texturing at least the front surface of the sem conductor

substrate, @ribic B& leveat from e seqoadperdkred fran serfaqeedbopnddy expossrihe hdype

textured fr rf.ac ) I in a
br ocess. 104ane] HveRa0E s AR AREARE, TYCRBRTor g8 TR B0 DS, ace
and a rienovalkfao fitldeayer 4toyipke biuhedrfheyid tdexposorind BSF tagxt.ured front surface

by a single side_etching process. Figure 12 shows cross-section of
the solar cell féft%rélge PRIgERSO I PIocesTen aéé%ﬁ@ﬁh%ﬂqé@vw tgﬁ n%@ﬁé)ds@%ﬁ%ﬁ HEfertt .
In Figure Lt Lt r i

g %P?tgéﬁ% gg%?le%s%%olf-% vaBf GIERE ‘?ieﬂfjﬂa?& 4 GSthd RSy fct @,e3a

preceding 1 pondi ng entities.
and a p-type emitter layer 6 on the second textured front surface 2b.

Figure 11 shows a cross-section of the solar cell after process 107.

20 During process 107, the BSG layer 7 is removed from the p-type emitter layer 6
at the second textured front surface and from the back surface field layer 4 by etching..
The solar cell in this stage comprises the silicon substrate 1, the back surface field layer
4 on the back surface 3 of the substrate, and a p-type emitter layer 6 on the textured
front surface 2b of the substrate.

25 The solar cell manufacturing process may be completed with methods known in
the state of the art, such as depositions of passivating and antireflective coating, screen
printing of metallization patterns, firing-through, junction isolation, etc. Hence, for
instance the herein indicated passivation layer(s) may be applied to layer 4 and/or layer
6 (which are the doped layers).

30 Figure 2 shows a flow diagram for a method 100a for manufacturing a solar cell
in accordance with a second aspect of the invention.

In Figure 2 entities with the same reference number as shown in the preceding

figures refer to corresponding entities.



After process 104a, the secondary textured front surface 2b is exposed,
whil e on the back surface 3 the back surface field |ayer 4 is present
directly wo20h@28¥2i conductor 1. The back surface fi el drPCapgroWw/o5633tover ed
by the back surface PSG | ayer 5. 15Referring again to figure 2, in a
subsequent process 105a after process 104?, t he net hod provides a renoval
of the PSG |ayer 5 fromthe back surface & as to expose the back surface

field layer 4. Ki@iagts tisbavsect if RS Scq@endd, aftePprotbs Al 202 e hoafter
process 105a. Next, the method according to the second aspect of the

i nvention cRvidingshapenicoognderselyratopcaiingdt lgastdbs dransedrfapoeéthi t h
reference tQ filgifes Jsulgs%oatéma%d%-e ey B ' OYE ﬁlffécoe"\ﬁgfdf%%f@ %@Eha
r acturi ng SOl cel P W athird

met hod 100b T or manu a sol ar i'n_ accor dance

aspect of ttheturdaveditisoface and onnhdbgiltrsarfacdntht hictsodwiohtprisbeinsagrecdsefl @4ence
nunber as shown in the recedin%.fi ures refer to correspondinq entities.
25Accor di ngt TVt 8f ﬁ@&%&é layiep 5 fTan Sisgtgatverd frant srfage gpéadempyal of ghe nq103

and 104 (i 'Stglp?g ee@l‘él%&ir 29 ﬁfoﬂ?th%‘%&é&r%ﬁ%ﬁ{ rfa%é'@ftgfsﬁl?% si&@é‘t&l&iﬁ%ﬁﬁb()c?&s. | east

t he front e sem conductor substra e creatl t he back
surface field |FByers2chotvhe ctesxisectea dftimsolaurtlacter prodessr Othen dmokdaser f ace,
and the rennvgl of the PSG |layers fromthe textured front surface and the
back surfacB &M ABF conprises in a process 108a a 30creation of a

protective | ayen [BguRn2theitiPacknHE farerdrithtt h@iser A -shown it tidWYrEccithgShows
a cross-section of the solar cell after process 108a in accordance with the

third adpecfhigurednSic20d ¢ro2pEREMOTINIC2010/ 050531 22 In Figure 14 entities
with the sane reference r as shown in the precedi figures refer to
cor respondi ng eniiaess THRREG BP0 PRV Tul el BEnPLREREAR CURMEMARGH 1o
sem conducte sddrsiudhec 3 the BkEE @by fidhe 1bask4surfrascentf digbekly ayethed. The
back surface field layer is covered by the Sprotective |ayer 5a. On the

text ured fresntconduetord. Phe bpek suficedivddibaysr 43upayared by th¢ Back surface PSG
layer 5.

15 Referring again to figure 2, in a subsequent process 105a after process 104a, the
method provides a removal of the PSG layer 5 from the back surface so as to expose
the back surface field layer 4.

Figure 13 shows a cross-section of the solar cell after process 105a.
Next, the method according to the second aspect of the invention continues with

20  processes 106 and 107 as described above with reference to figures 1, 10 and 11.

Figure 3 shows a flow diagram for a method 100b for manufacturing a solar cell
in accordance with a third aspect of the invention.

In Figure 3 entities with the same reference number as shown in the preceding
figures refer to corresponding entities.

25 According to this aspect, in the sequence, after process 101, 102, 103 and 104
(i.e., providing the semiconductor substrate; texturing at least the front surface of the
semiconductor substrate, the creation of the back surface field layers on the textured
front surface and on the back surface, and the removal of the PSG layers from the
textured front surface and the back surface), the method comprises in a process 108a a

30  creation of a protective layer 5a on the back surface field layer 4.

Figure 14 shows a cross-section of the solar cell after process 108a in accordance

with the third aspect.



covered by the n-type doped | ayer 2c. In an enbodi nent, the nethod
provi des a deposition of a coating |layer as protective |ayer 5a on the back
surface fweldivegyse 4. Such a coating |ayer may conpri S@CIUNZINOOFICXI de

(Al 203), silicon nitride (SiNx), or another dielectric. 10Referring again
to figure 3, after process 108a to createzhhe protective | ayer 5a on the
back surface field |ayer, the nethod contiflues with process 105 to renove

the n-type dopeg Higweri42atitie®WithhBe sa%é radnéd Mhb&WssBE®n By tiR frb@idimy
single sided etching process as described above with reference to figure 1

or by a twofigireegfeste permspprdiepenfititbnce the protective layer covers the
back surface fﬂ?hg%éﬁégﬁs16@?tpgzﬁ%%sh§h§9QWﬂwhgg%@ﬁ&ﬂﬂ&?gé%uﬁgﬁgﬁ:fﬂ?“ﬁ a

cross-section o ar céel I process process 105 to
renove the dgvtigddydbpbatkl sayface 2¢eldflayemit Tiee baktsurfect figldMyesisrdoaced bihiee back

surface 3 of the sem conductor substrate 1 is cqovered by the back surface
field | ayerpratectine layse Ra ddm thectextured fontypaface 2. hessmaeprigyicton subsBielis ve

| ayer 5a. Thg.89% qﬂgﬁxﬂﬁﬁﬁ)g&gg@ sont surface 2b is freely exposed.

20Next, the nethod according to“the third aspect of the invention continues
wi t h processes h06 emtlodveres tibemeth dueplroaiddasea depdvitien ef encating lhyguaes 1,
10 and 11. F

-igure 4 sh flow di agram for a net.hod 100c for .
NG act ur | HGSTSORES Ce 1 RcuRes HEE TR SLogUHG BB e CopREse
Invention. alyminum oxih@(fﬁggg»)[ §iliboreiitridel (SN dranbher §ieRBilcef erence nunber as
shown in the preceding 25fi'gures refer to corresponding entities.

Accordilfg to tRefermgegrin thhiguhee3.séquprocess 18R & crpato dlesproteotiye hger aneh 103
(i.e., providing the sem conductor substrate: texturing | east the front
Sur facerof PRoags st g SOLThe melia b Ris B bl B SRkt Fhce
field | ayertgp®dopdielayexbeifieeh tHeoRktuset froesiaide &Y dither Batikels Widkacedhind he

met hod conprises in a process 108b a 30creation of a protective |ayer 5a
directly orProprss psdescrbed al®ve avithisfasenck te fignricleoioly ¢ Heo sided etehing drescss

substrate. si%},@ t%g ]p%t%?\?%g&%'&‘e%oﬁé’/b%l? ?@r]?ac%sﬁeld la§JeP. 'fﬁ'e fe%)l?(?% O iof he
met hod provides a‘deposition of a coating |ayer as -‘protective |ayer B4 on

t he PSG3l ay®gurd .15 Sthidh shoeatcrarg-skaioarofimysotarngpl ager gbiess nosn oxi de (Al 203),
silicon nitride éSihk), or _anot her dielectnké, ir a resist, etc.. According
to this fourth ASpeRiOceSHOSPRECTAYR Fhesh-Brperdopep aier 26 Toae thegextupsed front

surface, the back surface 3 of the semiconductor substrate 1 is covered by the back
surface field layer 4. The back surface field layer is covered by the protective layer 5a.
The secondary textured front surface 2b is freely exposed.

20 Next, the method according to the third aspect of the invention continues with
processes 106 and 107 as described above with reference to figures 1, 10 and 11.

Figure 4 shows a flow diagram for a method 100¢ for manufacturing a solar cell
in accordance with a fourth aspect of the invention.

In Figure 4 entities with the same reference number as shown in the preceding

25  figures refer to corresponding entities.

According to this aspect, in the sequence, after process 101, 102 and 103 (i.e.,
providing the semiconductor substrate; texturing at least the front surface of the
semiconductor substrate, the creation of the back surface field layers on the textured
front surface and on the back surface), the method comprises in a process 108b a

30  creation of a protective layer 5a directly on the PSG layer 5 on the back surface of the

semiconductor substrate.



5sem conductor substrate is not renoved before the creation of the
protective |ayer 5a. Figure 16 shows a cross-section of the solar cel
after provwe2e11128152i n accordance with the fourth aspect PCT/NL20n/0BdGure 16
entities with the same reference nunber as shown in the preceding figures
refer to corresponding entities. 10After grocess 108b, the back surface 3
of the sem conductor substrate 1 is cover é by the back surface field |ayer

4. The back surhageeihbglifinéity B meSRId piosi &AVLAEFb M oh BE aRYatinaY8yedas The
PSG | ayer 5 on the back surface field |layer 4 is covered by the protective

| ayer 5a. Q@Hotekeve bxetutaedn theoP¥G daer ac 8uch a cotingdayd onsuearBprissutdemgne 1 is
covered by L RE.: e C, . r .ont. surface of the
sem conduct%}{}ges%é(yﬁ ’asflfgéjol%slgtclz%i\%grgf’%\ld‘%boflr aﬂ'??dé;gﬁql%lgéélgh%gae%&?taétg'r' 2c, which
itself is covergeedingw thiofiturti pePSEhé BFE [aFer 5 on tRefback isagfaagaf the 0
figure 4, after process 108bh to create the protective |ayer 5a on the back

surf ace X i elequsonglastonsubstigie ppRei gemevsskheiere shagreaiion of tsrigissiye Byegc¥ss 104a
for a renoval %gﬁ%%%ﬁ@\xzk 336?65 RedABARE dI S H 8L %Jo@&fs 13&#1;3 {RGR oA
- 20 type 5 F 2C ? ?

removal of the n ope ayer romthe texture ront surface by
ei t her a siwgh éhesoutidagiecthi ng process or a two sided etching process.
Figure 17 sho .cross-section of the saolar cell afte rocess 104a in
he2or dance.w t FMAHEVE o st paehe paineregtrcacd murahdhias Fha Pt e e
reference nggﬁ@gre@&t@@&mpbﬂhiﬁggﬁg{egcedi ng figures refer to corresponding
entities. 25After process 104a, the back surface 3 of the sem conductor

substralle 1 is Aftet prayoved 88b.ohcthaek sacfcs drdfadbe stinedahdugyaarsubstratgel back

surface field | gyer.itself s covered t he PSG.| a . The PSG | ayer 5
on the: back SgiRgan bifksrife FOHHET £ b B s Bl et U T L,

Af ter removiglthefPSRyESGCTHaYSG hy@iflod he tack Yiéicd aRedlakayels 3ecrbd emtide
textured front surface in process 104a, the textured front surface 2 of the

30seni condurpsetivulsyer aa.<0On thosteatuness &gnt surfacRas dier soaycangartar swbstiatpul és 4,
after pr ocecso%l:legg@tflé)n_rt%go&/o ea@%ﬁfg | ayer 5 and the n-type doped | ayer 2c

fromthe textured’front’'surface, e nethod continues with a WO

2011/ 02337 2PCT/ Me20110tdFoind SuiZdbefafithdsemigundaes s subldfate ds caarmdebytthe n-type

protective Iaygri 5a a%'the PSG | a 5 fromtge back surface field |ayer
1

ye .
4. Fi gifsd 135 Rowgrieh eida SR hie s BRGER af ter process 108
in accordance vk {ilde hAUb FHyuASPEREr process 108b to create the protective layer 5a on

the back surface field layer 4, the method continues with a subsequent process 104a for
a removal of the PSG layer 5 from the textured front surface and a removal of the n-

20  type doped layer 2¢ from the textured front surface by either a single sided etching
process or a two sided etching process.

Figure 17 shows a cross-section of the solar cell after process 104a in accordance
with the fourth aspect. In Figure 17 entities with the same reference number as shown
in the preceding figures refer to corresponding entities.

25 After process 104a, the back surface 3 of the semiconductor substrate 1 is still
covered by the back surface field layer 4. The back surface field layer itself is covered
by the PSG layer 5. The PSG layer 5 on the back surface field layer 4 is covered by the
protective layer 5a. After removal of the PSG layer 5 and the n-type doped layer 2¢
from the textured front surface in process 104a, the textured front surface 2 of the

30  semiconductor substrate 1 is exposed.

Referring again to figure 4, after process 104a to remove the PSG layer 5 and the

n-type doped layer 2¢ from the textured front surface, the method continues with a



5In Figure 18 entities with the sane reference nunber as shown in the
preceding figures refer to corresponding entities. After process 109,
t he back worbadaes®2of the sem conductor substrate 1 is ®cTaNieoompoBhe back
surface field |ayer 4. The secondary textured front surface 2b is freely
exposed. 10Next, the nethod according to Qe fourth aspect of the invention
continues with processes 106 and 107 as déscri bed above with reference to
figures 1, f@thapprobdss 109 to feh@deehd Brvtsahenmayécal dnd Wemst fayen s TRIE tigket ai |
an enbodi rent of the textured back surface 3a after partial snoothening.
The val | eysback siidacgeleod tatjer 4. ext ure features (e.g. pyranid facets) are
rounded, and A \ I 1 e . -250 nm
Al ternativel y,rml%llﬁ@%rlgd{hlggvlrsrﬁyﬁﬁges'S;éyéﬁ%ejncye@@fs él@ﬁ}c{lﬂ%@eﬁéﬁé%e?%? é)léa noa[]Jct% 0%@8‘126
1000nm whiwhh tewWewel agpayt. r equi re | onger processing time. Note that here
the texture back surface 3a after partial snoothening is schematically

di spl ayed, wherl8ddgwicn8|cafitigs withdhe same Federensommagirap sbewn an ePrpeeding t | y
snoot hened. i i figure 19a may equal ly di splay the

t extured fr%é;lfﬁ&(s:%rfefrégg gﬁgﬁ%&ggh&ly snmoot hening 20 (which could then
for instance beAftadiroatsed0Nithdbackfsarfecc®olthe(somicoddpitot @dbytrate Fiiguoerd®b in
sonme nore detail depicts t.he unde andi ng,of valley.w dth_.and, r.adi us.
Facet s (or By st Puriate ek HEgEL o erofady 4 Rup ok o SERCL T8N ray
meet in a vahphgy. v. In non-snoothened variants, the valley v at the bottom
will be very narrow, i.e. wis small, such as < 50 nm After snoothening,
the vallley v nalyeisetha mxithod axneddidg td tedonigh aspeat obthbimedéion vantimyes with h a

width w for_insta i e ran f._about 50-200 m | east,.part of the
vl oy CpERSENOB e DAgs S3RTBE ool it RREGRR D st PRI G
i nstance in therigaRg®atichaketital BatepRis Mnofy @dt&il ahlkihbotiteent F kigytewheéd w

for the textured front face is in the rang?e of 50-1000 nm especially
50- 500 nm Pckfserfags 3a affggattal sapothgaing. The valiys ieketuced the isnturg felurgs i n

the range O({eﬁﬁ?rgt%}ig ?éc%‘gg 2 u SEREGA ALY hads Al &?l{@gted?ﬁorf l[l%q‘%tl?%ﬁz& about

schemat i cal ays an al ternative process. r e par

snoot heldi NP 5LO2A nrof A ltbr@ati exliyy tiedradéiakap bt kaleetcdnflomphie omadd of dHvat gL ur ed
front surface), tgﬁ% %g | ayer and the emtter | ayer are provided (processes
103 and 106)000m@, Whigh hoaveyprampy feguirh éPget RIGREsSIvE ekt Nate thakhetf the teR@ o der

of process Lt - 20 ]%%?ﬁi : 1 :

enbgdi ment e%é%g%ﬂg%c%éa@%ﬂg&g%ﬁﬁo 0\}\%%1/2 1@?%1% or z%ﬁgs‘ﬁaé b ?hg%ggg’%l é%ﬁy’

si mul t aneoudt textured franttsneface dptmaynid ppyrtkybsmoqphafedr Hohee), in an pabsidiradriton
process 110.is li ed. ssjvation | ayer may_.be applied on the BSF | ayer
(and- ai so (e doF ot gl ke be Pagephd fonh Syrise Boter o yontdheits on
process(l10vikcHERIIE HRS: foFRYBMRE be SHEBatBd QEESR FFBYCDR) gﬂ? gieﬁdteépt elgutdre

etching glass |ayer process 107. Note that in figures ! suc
passi vat i onl9baiperosnchmors dasail demets depitedesdanding oAvalleyswidtts kid taddhsi Fagahe art

w |l appreciate that. t | i ght-i ngci t_and.back surface of. the.cell may be
exchanged. (o Pyih O Bt B TR AP pdRE SR pRE R pieofiTe WTY e
| ocated at iduesnidAkenct @Bridritg e VAR denthe t@de Will bdeere ahirow,Tice. fAels3hnalll ow

reflectance of the front side (FSF side) of the cell, the preferred valley

wi dth of thwchexrurams rdier ssapthaeiag; theiilleny manbeadit wondabdeading to 2
urtace ) RARY SalD. ot it B RGO AR MUCnE T dosBl ShBod B3 BrFAL O™
not ed that et ethavills Qatikr susdthaend, nelytbeRSkvddajievingt ratitiypia fooimdaatd vity
and in the range of about 25-250 nm. Preferably, the valley width w for the textured front
face is in the range of 50-1000 nm, especially 50-500 nm. Preferably, the valley radii
for the textured front face is in the range of about 25-500 nm, especially 25-250 nm.
30 Figure 20 schematically displays an alternative process. After the partial
smoothening 102a (of the textured back surface and optionally the textured front

surface), the BSF layer and the emitter layer are provided (processes 103 and 106). As
will be clear to the person skilled in the art, the order of processes 103 and 106 in this



an n-type dopant |layer on the front surface, process 103 is to be carried
out with p-type dopant such as boron, and process 106 is to be carried out
wi th n-tywWe 2dopgasi72such as phosphorus. As will be appreecCainadotopsesie
skilled person, due to the reversal of the 20 conductivity types, the
formati on and renoval of the PSG | ayers 5 gnd BSG | ayer 7 in the sequences
as descri bed above will be reversed and ng d to be adapt ed.

Advant ageousth¥odihienfaidoglser oy itHe s tRer /ARANGRH dTRRURST WidynbeWckBedt&BS
vari ati on between individual solar cells. A parasitic doping (either p-type

or n-type) Sfimslensawslgurface of the silicon substrate to another surface,

especially fro BSE: i de 1.t S| [ ne by, t he
nmet hod. Al so, ani} 1&srt(;h(r%é’eo tlpornl21 ﬁYitr)fgt pgfgfe)eﬁéqlg)’%matsglg{%tl\?\)hﬂ%ﬂcérsgdlﬁ((:)e%%@bg?% IAoss
due to breagkageatidblagavany bt wppEedied tih BEB$ayen (axid plbe sphaniitsr layeBoNoatd r ont
and back surfaces is fossible, which results in an _inproved gettering of

i npuri tifes el figvecssi-finegrsyaonipesss AWRis deprasd- yovaysr. duel prosesspaBk

surface fi eéed%g@m@éﬁlraﬁemeo&.%ﬁmgfgtq%sgla%ﬁ@itp%&xs 967.t1§8te%h@{n fi&lrks s.%ggg&ch

skill ed perso appr eci at ernatively, it 1s ndot nee to form
PSG | ayer ( spasgvatiB@CGayay bavesjot Whin depeteat i ng the n or p type doped | ayer at

either the back, surface or.the front surface, depending,on t ct ual
bt ecur sor of t 1t PHBBANTHSY it 1 sl arvescBs S0 8RB PR D PSSO o
case, the WH@c@I?H{aFI?J%\;Cﬁilcll%%%@;Sﬁ whiBRgadeQht BTPURBMBSPFF BRI Asifyr | ayer

can be omtted. e apparent to the person skilied in the art

t hat otlfer eibldionsted st the reanénambighttinadert hsidbef thonclbi Negtam tbw exflecteded o
practice w thout. d rt f.ro he true spi rit of. the. inyenti he
Beope of 1 host PEH U wgE e S b pray ™Rl Sunlhed b KRl O et
descri pti onsurfabdlgtihahsarigb @ FISOVIND irdd) Bpetidls 500 ﬁﬁl,eaﬁ@dlegﬁefeh@ii tvalidye

i nvention. Exanples 10l n an experinent, cells were conpared from 3 groups
of waf ers wviath of hlee festureshfipat saferals ba rergepeiothess 2ig 00 nm, wepastadly 2}502%0, ii)
step 102a with a partial snoothening resulting in a wafer thickness
reduction >0.1m cron but <1 mcron on average, and iii) processed wth the
sane parstial snipotitvedd that @obtdin a backpeataed fidldtBSERytodfy-typd dBatudtigitpups 11 )
and iii) showed an increase of nv g% t he average open circuit_ voltage,
with a stat¥stipsdoppedixearadle tsfglstw £ iPERssEel 138 & Dargrrigd optmyith prgpe

svera0e SOkl FLLEYLA sk S g RELCRBIE DY, R R Skt iRl o,
i s i nprovedphogplidmes. parti al snoot heni ng.
As will be appreciated by the skilled person, due to the reversal of the
20  conductivity types, the formation and removal of the PSG layers 5 and BSG layer 7 in
the sequences as described above will be reversed and need to be adapted.
Advantageously, the method provides an enhanced manufacturing with less
variation between individual solar cells. A parasitic doping (either p-type or n-type)
from one surface of the silicon substrate to another surface, especially from the BSF
25  side to the emitter side, is prevented by the method. Also, a screen printing step is
omitted which reduces yield loss due to breakage. Moreover, two-sided diffusion of
phosphorus in both front and back surfaces is possible, which results in an improved
gettering of impurities from the silicon substrate. Additionally, the diffused back
surface field layer improves the efficiency of the solar cell.
30 The skilled person will appreciate that alternatively, it is not needed to form PSG
layer(s) or BSG layer(s) while creating the n or p type doped layer at either the back

surface or the front surface, depending on the actual precursor of the dopant(s). in that



no partial snoothening once partial snoothening three tinmes parti al

snoot hening Voc W (reference value) WO + 5 nv 0.5 nv WO + 5 nv 0.5 nV Isc
lo (referwoceivebire) 1o * (1.005 0.0005) lo * (1.005 @COON2)10/02@531 In
agreenment with this, the external quantumefficiency neasured with |ight

i ncident on the rear surface of the cell ows an increase of 10%at a
wavel ength of 400nm for groups ii) and ii?% The refl ectance neasured on

the rear sufka@qRe AW thi0R8 Bocthd e PROUEMvEYBSY o MPYE IoBRGY NS cf EMMbe
600- 1000 nm 25Fi gures 2la-21d shows the SEM i nages before (21la-21b) and

after (2lc-@midedt he partial snoothening on a random pyranid textured wafer
surface. It is t ] | t heni ' f e
val loys i's < 5ot A ogabPigl! GAREbeREl ifld SRS MGG M do S oM e
W dth is -2@0cmtion cadd2ebhbeD28 3R PETIIN 20 P Do mIthout departing from the true
5  spirit of the invention, the scope of the invention being limited only by the appended
claims. The description illustrates the invention and is not intended to limit the

invention.

Examples

10 In an experiment, cells were compared from 3 groups of wafers with the
following variation of processing: i) no step 102a, ii) step 102a with a partial
smoothening resulting in a wafer thickness reduction >0.1micron but <I micron on
average, and iii) processed with the same partial smoothening as ii), repeated 3 times
total.

15 Both groups ii) and iii) showed an increase of 5 mV of the average open circuit
voltage, with a statistical uncertainty (95% confidence interval) of ImV. The average
short circuit current increased by 0.5% with a statistical uncertainty of 0.1%. This

clearly proves that the rear surface passivation is improved by the partial smoothening.

no partial smoothening | once partial three times partial
smoothening smoothening
Voc U, (reference value) U, +5mV +0.5 mV U, +5mV 0.5 mV
Isc I, (reference value) I, * (1.005 £ 0.0005) | L, * (1.005 +=0.0005)

20
In agreement with this, the external quantum efficiency measured with light
incident on the rear surface of the cell shows an increase of 10% at a wavelength of
400nm for groups ii) and iii). The reflectance measured on the rear surface only
increases with about 1-2% for wavelengths from 600-1000 nm.
25 Figures 21a-21d shows the SEM images before (21a-21b) and after (21c-21d) the
partial smoothening on a random pyramid textured wafer surface. It is clear that
without partial smoothening the width of the valleys is < 50 nm, whereas after partial

smoothening in this example the width is ~200 nm.



27 Clainms 1. A nmethod for manufacturing a solar cell froma sem conductor
substrate of a first conductivity type, the sem conductor substrate having
a front swoRace2s37d a back 5surface, the nethod conpri siPaE/NIReN{0§eI3ng t he
front surface to create a textured front surface and texturing the back
surface to create a textured back surface;,partly snoothening the textured
back surface and optionally partly snoot hezgi ng the textured front surface;
10creating Guigdsf fusion of a dopant of the first conductivity type a back
surface field |ayer of the first conductivity type in the back surface; and
creating a layer of a second conductivity type on the textured front

surface by diffus] . of d i Vi ed t he
toxtured Tront Sureidlor futlgRekind s HIE ORI FRBCHE PRGNS,
texturing the fgonductBityftaes thoscarieaidacr bebstratedthvingonfrosibuiface andapadlses
texturing the back surface to create a textured back surface. 20 3. The

net hod &ccor di n%lrﬁaﬁﬁ’éhﬁ/mﬁtﬁ@dé‘?mf’lﬁ%n%r eceding clains, wherein texturing the
front surface aBeulfk i LRcRBEaRY LAGRI M5l iR ChEbiih AneYham dal
r g bac

i
shapes cont ai ni ng nt surface and a pyram dal shapes contai ni
surface. 4. Tharfaet tvadeace taxdirodbick soifacan 3, wherein the parti al

snoot heni ng i ncl udes 25br oadeni ng i nfernedi ate val | eys bet ween ram dal
Shapes To pr ovi R, SPPRPET ke dhe (it He AR GER LR ST RY PaEe o0
nm 5. The nmetheexarcPhdhi\Grt&;any one of the claims 3-4, wherein the
partial snoothening includes rounding internediate vall eys between

pyranm dd shapeseatogdIgpliBusiceolaiopapsofihe firs gonductivies typawiagk sadice fisll ect ed

fromthe range lggler%?

ilil'eoé)rgt conductivity type in the back surface; and
creating a layer of a second conductivity type on the textured front surface by
diffusion of a dopant of the second conductivity type into the textured front
surface.
15
2. The method according to claim 1, wherein texturing the front surface to create a
textured front surface comprises texturing the back surface to create a textured

back surface.

20 3.  The method according to any one of the preceding claims, wherein texturing the
front surface and texturing the back surface includes creating a pyramidal shapes

containing front surface and a pyramidal shapes containing back surface.

4.  The method according to claim 3, wherein the partial smoothening includes
25 broadening intermediate valleys between pyramidal shapes to provide valleys

with widths selected from the range of 50-2000 nm.

5. The method according to any one of the claims 3-4, wherein the partial
smoothening includes rounding intermediate valleys between pyramidal shapes to
30 provide valleys with curvatures having radii selected from the range of 25-1000

nm.



WD 2011/ 025372PCT/ NL2010/ 050531 28 6. The nethod according to any one of
the clains 1-5, further including creating a passivation |ayer, such as

sel ect ed wpamde37gr oup consi sting of silicon nitride, ®CIriNIGMI@EITE,
silicon carbide, and al um ni um oxi de, and optionally other materials, on
one or both doped layers. 5 7. The nethod gccording to claim7, wherein the
passivation layer is created by one or no of the follow ng techniques:

pl asma enhagcedric@pineadlacyanmidto dapPsE b 2. clAifly 125 eHBtHELCine RigHgC@batgRour
deposition, atnospheric pressure chem cal vapour deposition, sputtering,

atom c | ayer ddpesiveiionlaygesuehanadedted fon thawrom casisting ofstlised niteider di ng
any one of clai -7.:1he..meth LSsihng: - ri.n he f. ace
fo oreate a i odirehOxidshei At Ran I P b B bden Bt Sol by R P ot
a textured backmstiilaam; onkapdoth dopsdixgelseni ng t he textured back surface and
optionally partly snoothening the textured front surface; creating by

di ffusion of a dopant of the first conductivity type a back surface field

layer of the f iTl?etngtgg% Hf—édrchhé Yo Elﬁﬁg 7! Bnddf tﬁ@?gss%{igﬁ‘fa?er %’?:‘i’eZagerJe l%_?{)éﬂe

conductivity-type ayer-in t texture ront surrtrace; ving the
first conducti writmety pé thopeldowaye refhmoqudshe ptasmb uedthnEed themumat acpoby an

etching process, adapted for retaining.texture qf the textured .front
surface; and  deDodfiod fany prersiiethitica” SaBeia Jersmiine: FUNSSPREEE O e

textured frontc%&ﬁﬁ&ﬁ%aBMHQkEBﬂﬁb&”qﬁﬁmﬁnggﬂaﬂﬁcB%eﬁ@@x@ﬁﬁ@?@e@@ﬁgﬁﬁﬁiYity
type into the textured front 25surface. 9. The nmefhod according to claimS8,

conpri siOng dur iaoxgdaties. di f f usi on of the dopant of the first conductivity
type, a formation of a dopant containing glassy |layer on the front surface
and the back surface froma precursor of the first conductivity 30type, the

dopant contgi niTig @tB6s YcdorUBE aREdAI\EF cRiimd QPR fHlic HOUHE @orﬁlgﬁsih@.e
sem conductor substrate. WO 2011/025372PCT/ NL2010/ 050531 29
texturing the front surface to create a textured front surface and texturing the back
surface to create a textured back surface;

15 partly smoothening the textured back surface and optionally partly smoothening
the textured front surface;
creating by diffusion of a dopant of the first conductivity type a back surface field
layer of the first conductivity type in the back surface, and a first conductivity-
type doped layer in the textured front surface;

20 removing the first conductivity-type doped layer from the textured front surface
by an etching process adapted for retaining texture of the textured front surface;
and
creating a layer of a second conductivity type on the textured front surface by
diffusion of a dopant of the second conductivity type into the textured front

25 surface.

9.  The method according to claim 8, comprising during the diffusion of the dopant
of the first conductivity type, a formation of a dopant containing glassy layer on
the front surface and the back surface from a precursor of the first conductivity

30 type, the dopant containing glassy layer acting as dopant source for the

semiconductor substrate.



10. The method according to claim9, conprising renoving the dopant
containing glassy layer fromthe front surface and the back surface

pr ecedi ngvohelwvesieal of the first conductivity-type dop€a/NLag®rosé33om t he
textured front surface. 511. The nmethod according to claim9, conprising
removi ng the dopant containing glassy |ay b fromthe front surface while
renmoving the first conductivity-type doped”l ayer fromthe textured front

surface, in@ STgmethsddReor@indondaild 9CESHprising rerhdvinghBe GBI oRamMLi Ng
to claim1l, conprising renmoving the dopant containing 10 glassy |ayer
fromthe back sglafsadeycafroaythe hiont eurfagaiandthetinek deiienstpressaing the rynayahesy

layer fromthe feont SULLACE ARY dBE LLLMofANAUELIN dos g doped Tayer

fromthe textured sur e’ Single si i'hg process.
13. The method according to claim9, conprising preceding the renoval of
the first 15conductivity-type doped | ayer fromthe textured front surface:

renmovi ng t hel- dopinethedrasrtiing tgIckaay | O ISIRIpMaYeng thsdonagt FRainged t he

back surface, td i rf.ace . field
Paver o054 TRASyARRR A0 (e BB GO SmAling 16 BRG ColEARRGANE! T o

first conducti wdpyd laypefradmpbdtdxayedt from suifecd, @x4 singld sidedrtchingrfracss.and t he
back surface field |ayer of the first conductivity type in the back
surface: <creating a protective |layer on the back surface field | ayer,

before the renmpal mefholiRecHaRant &omt fi. RbAYrign@TeMolRYehe i5 UM LHRafigNt
surface 25while renoving the first conductivity-type doped |ayer fromthe

textured front gdassydexcrifrom thé¢ hedkesuwsfage caftstr ¢l regnqprad o€ dhes. dapsnt Jordaimetghod

according to clgim 14 risi.:ng: after the renoval, of .t he dapan

containi g ol asoyy diier IR RE RE% sBiet b ie TR RiibdSnG BRE! ese a0
conduct i vi ty- t yiem depedtukaly®snt sii@ibctihend exdleisiged tching psotckace in a single
si ded etching process and preceding the creation of the |ayer of the second

conductivity type on the textured front surface: WO
2011/ 025372P3C.:T / ﬂl‘ezlg%t%/og %Q?o%&inﬁQO claim 9, comprising preceding the removal of the first

15 conductivity-type doped layer from the textured front surface:
- removing the dopant containing glassy layer from the front surface and the back
surface, and

- creating a protective layer on the back surface field layer.

20 14. The method according to claim 11, comprising:
- after creating the first conductivity-type doped layer in the textured front surface
and the back surface field layer of the first conductivity type in the back surface:

- creating a protective layer on the back surface field layer,
before the removal of the dopant containing glassy layer from the front surface

25 while removing the first conductivity-type doped layer from the textured front

surface in a single sided etching process.

15. The method according to claim 14, comprising: after the removal of the dopant
containing glassy layer from the front surface while removing the first

30 conductivity-type doped layer from the textured front surface in a single sided
etching process and preceding the creation of the layer of the second conductivity

type on the textured front surface:



- renoving the protective |layer and the dopant containing glassy |ayer from
the back surface 16. The nethod according to claim 13 or claim15, wherein
t he prot ew0i20B/02837er 5conpri ses a coating |ayer contai niPAE/NR010E6331 ONe
material selected froma group of aluninun1oxide (Al 203), silicon nitride
(SiNx), a dielectric, and a resist. §3e met hod according to claim 8,
wherein creating the back surface fleld I by diffusion of the dopant of
the first conducfeibving thiPeotcORRY la$&SaneXROdbpat tHfradeKolAASURT@TRorh th
precursor of the first conductivity type at el evated tenperature. 18. The
met hod accor di igicksuiddcgi m 17, wherein the precursor of the first
conductivity type contains the dopant of the first conductivity type; the
precursor being selected fromone of a gaseous precursor, a liquid
precursor, B.pdbiempthedwcsordidd endatm pl3asialgimerdvitsreinkBe pldtectivgt lagekr
according to any one of the preceding clainms, wherein the dlffu5|on of the

dopant &f the qungiﬂsema%mg\)mf cOPREING abbﬁtrﬁnﬁé%ﬁt?féalélﬂéafteé EOMR i 2ERHBSS of
the first condygt iyl X)gig @Qﬁ@d) i &‘I{nfnﬂdet e%&ﬂéfe%ﬁllcf LS r3K face which
is 0.7 20m cron or |ess. e et od acco to any’ one of the

precedi ng clalns wherein the diffusion of the dopant of the first
conductivit e |s optim zed t ate a thickness of the fi

Conduct i vi peRercRybRe fo e Soulirtp st EPB A ok e il pibo. 3
25m cron or | escﬁffuﬁén off IR d'ZGB&rHQﬁ* tl?ecﬁ&@f Sinbcth Rty ¥e OB Hes tRfosHLHe BLAY
clainms, wherein creating t | ayer of the second conductivity type on the
textured front sukéaove mcmcfrfqﬁsheoﬁtsmondh@mdtypam atgleviated terepoaidre.
conductivity type conprises exposing the textured front 30surface to a
precursor of the second conductivity type at elevated tenperature. WO
2011/ 025372RCT/ He238602803din3 1o Adim TheviRéihakt peeaksh 9Tghd Arse b dic @ity
wherein the precursor of the second conduct|V|ty type is a gaseous
precursor, the tyassentipy tewdagunt ebnafinitrigndretividpare: dhe tiecusir dgeng

onductivity ty t C t f ng
cmmWWM%%%&%%M&%%%MMM”%%%@

15 and a plasma precursor.

19. The method according to any one of the preceding claims, wherein the diffusion
of the dopant of the first conductivity type is optimized to create a thickness of
the first conductivity-type doped layer in the textured front surface which is 0.7

20 micron or less.

20. The method according to any one of the preceding claims, wherein the diffusion
of the dopant of the first conductivity type is optimized to create a thickness of
the first conductivity-type doped layer in the textured front surface which is 0.3

25 micron or less.

21. The method according to any one of the preceding claims, wherein creating the
layer of the second conductivity type on the textured front surface by diffusion of
the dopant of the second conductivity type comprises exposing the textured front

30 surface to a precursor of the second conductivity type at elevated temperature.



conductivity type is n-type and the second conductivity type is p-type, O
the first conductivity type is p-type and the second conductivity type is
n-type. W0.20Mes37@t hod according to claim 21, wherein &CTINIchkn@ses3of t he
first conductivity- 10type doped layer is |less than an average hei ght of a
texture feature on the textured front surface. 25. The method according to
claim 24, wherein the average hei ght of tﬁ texture feature on the textured
front surfape iBhaickieashcahaily & dlaghon] ardhetdig thbipeknessr dbede o dd r st
conductivity type doped layer is about 0.7 mcron or less. 26. The nethod
accordi ng to cl@nfugwity ke & heaskeuanenger.Hbe ghtcoys prasersosxetieaingsfiur e on
the textured fr S I t out 2 mcron and the thickness of
the first condd%)|%V#§ﬂ$§%%&§%%g8&ﬁ§§é &gs about 0.3 mcron or less. 20 27.
The net hod according to claim8, wherein the etching process adapted for
retaining texture of the textured front surface i s perforned

b
si ngl e- 9 detP- welthec AsHodatcepide & anxiong enthet RS glBHES, ‘21336281.¥1 t‘%ﬁeﬁrﬁbt hod

according to a : nrecedi i I, ; -1 1.8

snoot heni ng cog%??ggg% t ?ng ?%ﬁthg%ﬁ%gggﬁggfgﬁﬁﬁ»Qgﬁbgﬂﬁﬁgipﬁéﬂ%|?§ t he
textured front thefifsicenductityatypetchriypg aad ¢t second@onductivity type is n-type.

2011/ 025372PCT/ NL2010/ 050531 32 The nethod according to any one of the
precedi ng clains, wherein the partial snoothening is performed by dry

et ching they4 extpl QekhBaGKco i AC B1afR D 10RhERNA) IcKREs SNt BE&dohd Rl ity-
surface. The nethod according to claim8, wherein the etching process

adapt edl0f or r ettapnrdongdtlayer iy lessothan e avasxgeuroeaght of e ttxtera ffadere onshpexfunedred by
a dry etching rrjﬁthod.f The net hod according to claim8, wherein the renoving
of the first cohdlidti®ity type doped |ayer fromthe textured front side and
t he dopant containing glassy layer fromthe front surface is perforned
during the etching process adapted for retaining texture of the textured

front surfade. Thsagthedrgoetdsrs wudaint tewberean the steregmbiiehs of thy textpee
having a text “rf%S'tu;er S e S AGE I Dy Aad S5ty [e%gt 3Gk ?&HE{oﬁca%d &M‘é‘%“&{n%sst he
textured front Surface cofnprises a second conducti vi ype opeé ayer,
wher ei nist he t exdfuheflrsbaakiustivityatgpe dopgdriape ss @bouti0 f7agierohi gllehs] ayer of the
first conductivity type, and wherein the textured back surface conprises a
pyram dal shapes contai ni ng back surface with internediate vall eys having

wi dths sel egf edpffd ﬁ%lh%ﬁ%o&@r’&%g & c12l %QPQJh@fPin the average height of the texture

feature on the textured front surface is at least about 2 micron and the thickness

of the first conductivity type doped layer is about 0.3 micron or less.
20
27. The method according to claim 8, wherein the etching process adapted for
retaining texture of the textured front surface is performed by a single-sided wet-

chemical process using an etching agent.

25 28. The method according to any one of the preceding claims, wherein the partial
smoothening comprises etching the textured back surface and optionally the

textured front surface with an etching agent.

29. The method according to any one of claims 25-26, wherein the etching agent

30 further comprises a component for polishing the semiconductor surface.



The sem conductor substrate according to claim 33, having valleys with
curvatures having radii selected fromthe range of 25-1000 nm The

sem condwyOan11gbEer at e according to any one of clains B8IAM20M080531 N t he
textured front surface conprises a pyram dal shapes containing front
surface with internmedi ate vall eys havi ng \éyigdt hs sel ected fromthe range of
50-500 nm The sem conduct or substrate acc6rding to any one of clains

33-34, the 3ExtDKEMthodniccsidifBera 'Mtﬂabk&waingdlﬁnfwmwﬁ% pavieng
radii selected fromthe ran]%e of 25-250 nm 33 37. The sem conduct or

substrat e accordiaedhandginpederanagtbycdrictahingdhgexture barkrsuefaegutidsintignally

passi vation | ay, e field layer of the first conductivity type
and on the sec&ﬁéteggﬁ%%?ﬁt\%ﬁé%ype doped | ayer. 538. The sem conduct or

substrate according to claim37, wherein the passivation |layer include one

or nore of silicon nitride, silicon oxide, silicon carbide and alum nium

oxi de. Po 31. The method according to claim 8, wherein the etching process adapted for
retaining texture of the textured front surface is performed by a dry etching

method.

32. The method according to claim 8, wherein the removing of the first conductivity
10 type doped layer from the textured front side and the dopant containing glassy
layer from the front surface is performed during the etching process adapted for

retaining texture of the textured front surface.

33. A semiconductor substrate of a first conductivity type having a textured front
15 surface and a textured back surface, wherein the textured front surface comprises
a second conductivity-type doped layer, wherein the textured back surface
comprises a surface field layer of the first conductivity type, and wherein the
textured back surface comprises a pyramidal shapes containing back surface with
intermediate valleys having widths selected from the range of 50-2000 nm.
20
34. The semiconductor substrate according to claim 33, having valleys with

curvatures having radii selected from the range of 25-1000 nm.

35. The semiconductor substrate according to any one of claims 33-34, wherein the
25 textured front surface comprises a pyramidal shapes containing front surface with

intermediate valleys having widths selected from the range of 50-500 nm.

36. The semiconductor substrate according to any one of claims 33-34, the textured
front surface having valleys with curvatures having radii selected from the range

30 of 25-250 nm.
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37.

38.

33
The semiconductor substrate according to any one of claims 33-36, further
comprising a passivation layer on the surface field layer of the first conductivity

type and on the second conductivity-type doped layer.

The semiconductor substrate according to claim 37, wherein the passivation layer
include one or more of silicon nitride, silicon oxide, silicon carbide and

aluminium oxide.



