WO 2011/ 025371PCT/ NL2010/ 050530 1 Sol ar cell and nethod for manufacturing
such a solar cell Field The present invention relates to a solar cell.
Al so, thewpres@ns3zinvention relates to a nethod for naneCamizeiongosuch a
solar cell. 5Background Such a solar cell relates to a solar cell with p-
or n-type base. The sol ar cell conprises a sem conductor substrate,
e.g. silicon, which is covered on a back side by the p- or n-type back
surface field (BSF) layer and on a front side by an emtter |ayer of a

conductivity tygs1a@Ri@Phha Ih@tﬁ(ﬂi’%?héﬂﬁfzﬁ&ﬁ?%ﬂfh’ﬁéh al{flal'cent side 10of

the substrate is arranged to be directed towards a |1 ght source during use
of the solar cell. In the prior art, the p- or n-type back surface field

| ayer (BSF | aydfigld i s for exanple manufactured by a screen printing process
(but also POCI3 face-to-face tube furnace diffusion, spray coating, spin
coating, etc. CHr iyescosmayntiobyciatng te heolsreale Alss greimedenginpeswagslates tpast e

t hat conpriggﬁta R % @&% e e%ﬁnegqug dopant elenent is printed

one-si dedl y oﬁhpﬂe back" & Y& ot A suBs%rate. Next, a first diffusion
process is carried out in which the substrate with the printed paste is
heat ed tso diff uB&kptvang- or n-type elenment into the substrate to formthe
p- or n-type BSF |layer. Such a heat treatnent is typically carried out in
an inline diffuSicbn sblar nelt elatSutosegplrentll yithgn of heyp2ithasér ont side a | ayer of

i d i Vi i f db di f f ysi ich
P+ ed oe T salaf s Rimpfisch JontpdaubSRe. &, bR TR R 3 et oo

layer may b £pR&LRE Hyl theb- of RbjpRWaEK QitfRe FeRABSH 18kr ittoBoRoRES& hyayer .

The prior art manufact'uring process has sonme di sadvantages. The screéen
printing nedthauditteolayerahatdead BSity dyrsroppasitee thed ok theibdee lapgr. dhefent side

cont am npat i of ;,the front 25side.of the substrate b arasitig, diffusion
or "spi 1T g purbiife 4t S TR FEaRes R TR iRt fople BEPRIN bEodipbtst on
of the dopagl. on the front side results in a non-uniform dopant
concentration profile for the emtter |ayer which will adversely affect the
ef ficiency of tlHahapefraregiop- orartypsbassiseriacefighd layer ihlayendp &5 current

R
subst r at es. furnA€: A0fhikion2 Byl BTN P DD RSRE. can be used). During the screen
15  printing process, a paste that comprises a p- or n-type element 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-
type element 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
20  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.
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
25  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
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

30  relatively high chance of breakage of substrates.



2 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
fromthe wobkstweasyl Summary of the invention [t | CANLQbjodses30f t he
present invention to provide a nethod for manufacturing the 5solar cell
Wi th p- or n-type base, which overcones or,reduces the di sadvantages as
nment i oned above. According to a first 2alspect of the invention, the

obj ect is achi exgg, oy ndypEBbothybRMhATRR pRGHHEEEs At ®pakieh bnd-Ei@sd a
sem conduct or substrate of a first conductivity type, the sem conductor
substrat e héiffusign sesplitphta lesy dfheienigaitceng alevznmmmfe&éem thp substretgod
10conprising in a sequence: texturing the front surface to create a

textured front 1 Ci jng by diffusion of a dopant of the first
conductivity ty%gﬁ%&\&ieorfgltl&égn {uocl;:{ti vity-type doped layer in the textured

front surface apd & &ﬁég%oﬁﬂh"efp?é‘sgntfih%@ioh@d BrovRfe & Aghbd ?&tm&ﬁ@ﬁﬁﬁidg\/thé y type

in the back surface; renmoving the first conductivity-type doped | ayer
fromthé t esolarceld withgntor sttypabasclyhiah ovtretmegompcdoes theatisadvadagosas r et ai ni ng
texture of the[.teétﬁred front surface; creating a | ayer of a second
conduct i vi t Y PE 8R°he textured front surface by diffusion of a dopant of

the second condagdokdihg Yo 4 HiRe adpREQLitRCink Bxtioa, 8 JbiRPts Kl &FBy a method
Advant ageously, the nmethod provi des an enhanced manufacturing with | ess

20vari at i onfoperappiaaturingiapplenedll Semarscaa¢anductar plsuali of & fisd gprdyctisity her
p-type or n- fr. n of t i) deC [ r
surface, egt 5@%’?@% ?ey 1{9 &gﬁqcﬁﬁgﬁ%&%%g%aﬁggta? %Iﬁéuﬂé%%%{& { glrd%él&ag%r?ﬁcé’q}ﬁggl\%ﬂr@ ed in
an easylOnaycomprishe imatsb@ebncdl so, a screen printing step is onmtted which
reduces yield | oss due to breakage. Mreover, two-sided diffusion of
phosphor us feruEBE Mo fFrsuHicg te stRteA feraEkTent sefgcean i nproved gettering of

25i mpuritie il -0 i
i nvention rczrf)%{ngrspyi(gﬁ%ﬁ%ﬂ hg%)ﬁ%%ﬂgghﬁggsrt iCB%%lcggltt)gg’,pg\i\%?tedlgﬁa%cetﬁtgrq?’pneg t he
front surf atpet tayer eathe taxtured frontedhrfacomtd sbrckaogacofigld layesof thx fimsti ng t he

back surface tdo create a @eéat #\rﬁel% back surface. I n an enbodi nent,
the i nvent i SRIPLIAYERPG 'Y thRAC §¢>as described above, 30wherein the

creatiofy of chieiask anvesRteifielyic WY&l 1a)& e ardeduly mak kskieeythe
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 surface.

Advantageously, the method provides an enhanced manufacturing with less

20  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
side to the emitter side, is prevented in an easy way 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 allows an improved gettering of

25  impurities from the silicon substrate.

In an embodiment, the invention relates to the method as described above,
wherein texturing the front surface to create a textured front surface comprises
texturing the back surface to create a textured back surface.

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

30  wherein the creation of the back surface field layer is preceded by polishing the
textured back surface of the semiconductor substrate.

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



textured back surface of the sem conductor substrate. In an enbodi nent, the
invention relates to the nethod as descri bed above, conprising during the
di f f usi orwof2otiesgopant of the first conductivity type, paTiNaRomtoseio 3 of a
dopant containing glassy |ayer on the front surface and the back surface
froma precursor of the first conductivity,type, the dopant containing

gl assy |l ayer acting as dopant source for t%e sem conduct or substrate. In an

enbodi ment , pftah@phAv@RtaifAe ERkA @Fcrion thhBoniubck Al tHe 4K pedcakome, S
conpri sing renDV|;g t he dopant contai ning glassy |ayer fromthe front

surface andre¢issayad khosfigist eadugihalydsph dha dnpantegopiaaning glasydaygrragting as
conductivity- I omth tured front surface. In an
enbodinent,&¥%éﬂﬁﬁggﬁ§€%ﬁ%%gﬁg%égﬂyguﬁﬁ%ﬁﬁethod as descri bed above,

conpri si ng renoiviian@nitodirlapant ircentici filakg tgltlesmythbayedesttibgg 40deef r ont
surface while 10 renoving the first conductivity-type doped | ayer fromthe
textured fromprsgigapeyvingihgdepappsantainigs glasselby igrosp dreslsent spifaggrpnd the

emhodt Tent S BL ARl O I RTERIRLGRR, 3R eb P AR e

conpri sing renovi ng pant contai ning glassy la
surface af ttextutdiefraresonfade. of t he dopant containing gl assy |ayer fromthe

front surface d the first 15conductivity-type doped | ayer fromthe
textured front &Pfe&@@fimenﬁﬁée SR Sradesdo é‘@ﬁ?ﬂag p? 6%@@;5‘3@ above, 1y an
enmbodi nent, o Jnf}RisifpMeRbi P8 Melidhas chRak g[&és?@%eﬁﬁoﬂ%g FoRedirABOVRile
conprising preceding the renoval of the Tirst conductivity-type doped | ayer
fromt H® t exmovex the 6rst cendufticiey-typo dopeddayparifrigm thegextorsddtont surfamicninrag gl assy

| ayer fromth fﬁp@t ﬁurface and the back surface, and - creating a
protective $%§3P18 CERUSRIRES S ur face field | ayer. In an embodi nent, the

i nvention rel ati@sintegntoliBnd! the thvaatisieetidste thaaheied aS@&pFibad dtdve 25- after
creating the first conductivity-type doped |ayer in the textured front
surface andcomprising removing the dopant containing glassy layer from the back surface after the
removal of the dopant containing glassy layer from the front surface and the first
15  conductivity-type doped layer from the textured front surface in the single sided
etching process.

In an embodiment, the invention relates to the method as described above,
comprising preceding the removal of the first conductivity-type doped layer from the
textured front surface:

20 - 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.

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

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

30  single sided etching process.

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

after the removal of the dopant containing glassy layer from the front surface while



t he back surface field layer of the first conductivity type in the back
surface: creating a protective |ayer on the back surface field |ayer

bef or e t woremmeai7iof the dopant contai ning gl assy | ayePCrmazotolsod3o ont
surface while renmoving the first conductivity-type doped | ayer fromthe
textured front surface in a 30single sided, etching process. In an
enbodi nent, the invention relates to the n%thod as descri bed above,
conpri si ng: refolBig th& Brsk emNRlivigH-typB&o g{]@r fEo R B t0Ebd S Surfdcayes from
the front surface while WO 2011/025371PCT/ NL2010/ 050530 4 renovi ng the
first condugnglypidgd eighiagdapress drahaecetimgrthe prsatiexelithe thyer ofthe siephdce in a

singl e sideg%la&ﬂk§q¥(;&9%%%?%@gg§%ﬁgﬁggggrthe creation of the |ayer of the

second con rvit pe Xture ont surface: - renoving the
protective m@ykingite plotcdoprntr aanhatopangc@ltasty dlayelraybt fomtthebdeick
5surface. In an enbodi ment, the invention relates to the nmethod as

descri beéd aWHWeS- wherein the protective |ayer conprises a coating |ayer

containing at | t . i . L, pum oxi de
(A'203). 91 11 can epRRgiriHeihy AhARFEHES O IV Inngi aBeplingl P 0
enbodi nment , whdreini the protdctine tagbiatomsprisos 8 beatmgtliyed caigaidegcat idasttbraboatesialwher ei n

creating the back. surface field.layer. b iffusion of. the dopant of. the
first condu%?%qcmdﬁgp%@éowﬁﬁ}l@&y Qpes (%@%ﬁesﬂbcaew@&? ?@é@gmao&aleﬁ%cur sor
of the firsjqconductivity type at el evated tenperature. In an enbodi nent,

the invention relates to the nmethod as described above, 15 wherein the
precursidr of t He ahiendtodooenditbe invichtyort igppécsdo theainahod hedaopbett abofet he fir st

conductivity, type: the precursaor i sel e d fr one of Seous
o acursor MR rertiE sRURE S Heed B o R GESoh o Rt et RE Sor . 11
an eﬂbodiﬂ&&hﬁu&hﬂyhﬂ&ﬁ&hﬁﬁﬁeg@hﬂ@ﬂ@tﬁé%&ﬂ@uﬁakh@dlﬁ&mﬂ%§6fﬂﬁqﬁmab0ye,
wherein the diffusion of the dopant of the first conductivity type is

optim zed tendneiity tamaatichiveledéerspastturhe first conductivity-type doped
AR M L O N S
15  wherein the precursor of the first conductivity type contains the dopant of the first
conductivity type; the precursor being selected from one of a gaseous precursor, a
liquid precursor, a paste precursor and a plasma precursor.
In an embodiment, the invention relates to the method as described above,
wherein the diffusion of the dopant of the first conductivity type is optimized to create
20  athickness of the first conductivity-type doped layer in the textured front surface which
18 0.7 micron or less.
In an embodiment, the invention relates to the method as described above,
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
25 15 0.3 micron or less. In an embodiment, the invention relates to the method as
described above, 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 surface to a precursor of the second conductivity
type at elevated temperature.
30 In an embodiment, the invention relates to the method as described above,
wherein the precursor of the second conductivity type is a gaseous precursor, the

gaseous precursor containing the dopant of the second conductivity type.



wherein the diffusion of the dopant of the first conductivity type is
optimzed to create a thickness of the first conductivity-type doped | ayer
in the tewxounad2637ont surface which 25is 0.3 mcron or [PEINL201/040530

enbodi ment, the invention relates to the nmethod as descri bed above, wherein
creating the layer of the second conducti v'éty type on the textured front
surface by diffusion of the dopant of the second conductivity type

conpri ses exposimng iR direrl Whe thvbh@sH refidsita ¢iR hethad B 8&LFB&T adket he second
conductivity type at elevated tenperature. 30ln an enbodi ment, the

i nventi on rwhereiaghe Grst pendyetivibotyas isdeboe iabé theaoevns! conpedtivity tyneds prisptr sor
of the seco&d conductivity type is a gaseous precursor, the gaseous
precursor containing the dopant of the second conductivity type. WO

2011/ 02537 RETirdNlc i 4i0B0 BP0 1Sp-typeaind etdedombsdndutthatyl tiveRti-9pe.r el ates to
the nethod as descri bhed. above, wherein the first conductivity type is
n-type and t he l8easmbodipriiche nveytiqn sstatgsdo thq mptdod ay dgsgbed hopc,
conductivit ne, < 2 Qf RV A j -type. 5In
o embodi meppr RSk S, AR EATRHEH ot W skl SRk
wherei n a thuigk nés sexviretftmurkionshe eetudedfrontisusfadeype doped | ayer is | ess than

an average height of a texture.feature on the textyred front surface. In an
enbodi ment, t he Rt b SRR (e T AT AR wher ei n
the aver age,hgt@hte Nerdit BXbEIHR tEQREUERURDNIHS (L BXLIER SuFBAL isSuch@ce 1S
at | east 10about 2 mcron and the thickness of the first conductivity type
doped |18y erabost 2boeron @nd theitbickmese pf thedwst condudtivitatyperdopdd et is abing 0.7

invention relates to the nethod as descri bed above, wherein the average
hei ght of tRETYERSPe feature on the textured front surface is at |east

about 2 ni cron jand chiRdinitkReffveRior Reutdsitb $He moMOdes dasktived sReedoped | ayer
is about 0.3 15mi cron or |ess.

wherein 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

15  micron or less.

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

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

20  wherein the etching agent comprises a component for texturing a semiconductor
surface.

In an embodiment, the invention relates to the method as described above,
wherein the etching agent further comprises a component for polishing the
semiconductor surface.

25 In an embodiment, the invention relates to the method as described above,
wherein the etching process adapted for retaining texture of the textured front surface is
performed by a dry etching method.

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

30  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 method as described above further comprises partly

smoothening the textured front surface.



I n an enbodi nent, the invention relates to the nethod as descri bed above,
wherein the etching process adapted for retaining texture of the textured
front surweceivesiyerf ornmed by a singl e-sided wet-chem c2CTINIQe®aS03381 Ng an
etching agent. In an enbodinent, the invention relates to the nmethod as
descri bed above, 20 wherein the etching agent conprises a conponent for
texturing a sem conductor surface. I n an enbodi nent, the invention

relates to the Tmtmqal%ddﬁﬁ&ﬁﬂ%t:@dy%@q)\éﬁforméwwiefbhtﬂgewﬁﬁcammgnat@@m{N(byrt her

conpri ses a conponent for polishing the sem conductor surface. 25In an
embodi ment , cankraningVignid. dhe paitiat egoathening megtfodstascasset inpsmoageyayither ei n

the etchin (0] ed for retaining texture of the textured front
surface isqﬁgrrfoggﬁéﬁ%gg%l%g gr“f?‘etchi ng nmethod. In an enbodi nent, the

i nvention rel at&8o hdvdnhgcomilyiaklk asthde sesyirbadt iahipter cffft@mey Bf thegoheosi ng of
the first conductivit pe doped Ia¥er fromthe textured front 30 side and

t PEC, |
the dopant &srip ammorfag UrEass passiadpn pf sHfackevith dapedlayra.crhqndthe xiuse med
during the i { texture of the textured
front surf a%%ﬁmswtﬁéﬁggﬁﬁicﬁggﬁgﬁﬁlﬁpﬂgﬁﬁé&ggs descri bed above further
conpri ses palsd)titc snmeotihrervlaigs tbhssotae xtllic@dpfisiond senrcbadietor sWtrate of a first
2011/ 025371PCT/ NL2010/ 050530 6 The partial snoot heni may be
per f or med BSPPEHEHYIY NRG HVANS R tGHYFSH Eﬂn&lrié&ﬁtaanidrﬁ BiFk TUgLicE: VIR RS | al
snmoot heni NgckRYed Q6nt NetBOEEMPESN lalsebdhd &IFRYEDGPMNBY dBpdPMEEr, HfheplRYEe SO NM

- 2 um Al so advant ageously, the nethod rray result in higher
ef fici elfcy lickisiidacealomprises 4 sirfidaéclddayanof thedd stsunfladvitydgsi vat i on of

surfaces with doped.|l ayers,. when the texture features on these surfaces are
Coven st g1 y) TERBBERER R mkPER RS HuBh S b edhoa BeSs Hho Rt
conpri si ng e $&ACa TEHAE b@FaceURSIPIREEa ?§raalia¢1rsﬁapés%ﬁw@ﬁihgﬁtoyit SurRRcRaM ng a
textured front surface and a back surtace, wherein the textured front

surface conptigediaty velexsuvagrididdsisoicetpd fippethd spneg of 2000 nither ei n t he

3332? K SurfRcs GoPRIiRes o VLIRS relde& @ the¥§ihr 8l ENFesblib S attRRANGLH] tY

15  the textured front surface has valleys with curvatures having radii selected from the

range of 25-250 nm.

Further embodiments are defined by the dependent claims as appended.

Brief description of drawings

20 Embodiments of the invention will now be described, by way of example only,
with reference to the accompanying schematic drawings in which corresponding
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;

25  Figure 2 shows a flow diagram for a method for manufacturing a solar cell in
accordance with a second aspect of the invention;

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

30  accordance with a fourth aspect of the invention;

Figure 5 shows a cross-section of a semiconductor substrate for manufacturing the solar
cell;

Figure 6a, 6b show a cross-section of the solar cell after a next stage of the method;



In an enbodi ment, the invention relates to the solar cell as described
above, wherein the textured front surface conprises a pyram dal shapes

cont ai ni yof2nansur f ace with internedi ate val | eys havi rgTLdotwsesh ect ed
fromthe range of 50-500 nm In an enbodi nent, the invention relates to the
solar cell as described above, wherein 15the textured front surface has
vall eys with curvatures having radii selected fromthe range of 25-250 nm

Furt her enbodiendhswaeréi8istairmh dfhd ffardenendenfurleniti® dxhapprapded. Bri ef
description of draw ngs 20Enbodi nents of the invention wll now be

descri bed, Bguieshotvséxaenstsectio of theawaldr el eéeenpext s@ge héthamlmﬁanyu ng
schemati ¢ g, "‘i‘e“)g owr]s 2 dbs%@e% ﬁ‘?ﬁe"éb‘ﬂ&%ﬂ a%fel% %’B%ﬁ%l%}{{?% Sy AL EALS.

correspondln par om1d|a ramfor a

met hod for Mgmmﬂ@cshuws Agrads-sedtidh of ed soldi can @ﬂémmwmemmge o':ftlfld ﬂhsthoa,s pect of
t he |nvent|on 25 Figure 2 shows a flow di agram for. a nethod

manuf actour i FHgUE lécﬂhaws 8 ET9sSspCtion b thpasetas call aficraycs a dwiher é@ﬁ%ef théﬁnqﬂm
i nventi on; f%&%ﬁ%sﬁ %E'Q‘e@osg-s%étfa\ﬁ'ofi“t oBERLAE: J%%t@@]{jsr‘%; rm%‘é‘&%&%&% “g ae

sol ar ceII accor ance wth a third aspect of ntio
4 shows a ﬂhemmmnagﬂ&nlfor a nmet hod for nanufacturlng a solar cell in
30accor dance

fourth aspect of the inv ure 5 sho a
or oss- seot | GEUSH @aﬁg@wemﬁaé tigpn Oéah?sﬁolfaétcsﬂﬁ fr %ﬂ\%ﬁfﬂ&& H485dn RERTLRCG
cell; Flgur@nﬁﬁmfégn§m§§?§.cross section of the solar cell after a next
stage of the meth 2011/ 025371PCT/ NL2010/ 050530 7 Figure 7 shows a

cr 0ss- skt | Bigurst] 4tshews olcerss-sedtionaff tler sodarfoall afiera Birthgestade in laecordansoavithFi gur e
8 shows a chﬁéngfectlon of the solar cell after a next stage of the nethod;
Figure 9 shi ®PEds-section of the solar cell after a subsequent stage

of the net hodurcHiSGH6®s 4 Rrsha¥&ion K HRSH1EREIN hAGr Dhcxt HAgS R REo@Bhde itk er a
further stage of the nmethod; 5 Figure 11 shows a cross-section of the

sol ar cell ﬁﬂ@ﬂ“#é@ﬁa.further stage of the nmethod; Figure 12 shows a
Cross- sect | 31 ur%fl6tsﬁ§.w§glc%siggét{?n%ff gy soﬁr c%'ll t«lﬁgrr a ﬁﬁ't%grest{lg% 13%8 &8’%@8 %n‘ﬁ' th

the second as pect ross-sectl ar cell after
a subs@@uenmeﬁhﬁﬂﬁmpﬂnaccordance mnth t he second aspect; 10F|gure 14 shows
a cross-section of the solar cell after a further stage. in accordance with

Figure 17 shows a cross-section of the solar cell after a next stage in accordance with

the fourth aspect;

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

with the fourth aspect;

20  Figures 19a, 19b show in some more detail a front surface texture after partial

smoothening.

Detailed description

Figure 1 shows a flow diagram for a method for manufacturing a solar cell in
25  accordance with a first aspect of the invention.
According to the first aspect, the method comprises a sequence 100 of processes
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.e., a silicon
30  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

arranged as surface for receiving light during use of the solar cell.



the third aspect; Figure 15 shows a cross-section of the solar cell after a
next stage in accordance with the third aspect; Figure 16 shows a

cr oss- secwpaniigRsimhe sol ar cell after a further stage i RCIONIQOIHATEBOW t h
15t he fourth aspect; Figure 17 shows a cross-section of the solar cell
after a next stage in accordance with the %ourth aspect; Figure 18 shows a
cross-section of the solar cell after a subsequent stage in accordance with

the fourth aspegtan «#OMa8W abddimentl B2 sHROW suBstSRITE dOPsEodat@hl a front
surface texture after partial snoot heni ng. Detail ed description

Figure 1 shmnéuﬁl"fﬂb’&ﬁlpdb’agr amfor a nethod for manufacturing a solar cell
' n 25accor dancf]:;]gfnte% %Of Is rasc‘irosgssggtgon ocffthet Qﬁcolnnsvﬁg%atg For rnanufac'ta‘(% %ttﬁ]é Qoq to the

first aspect, nprises a sequence rocesses

manuf act ur ecefl. sol ar cel | vvlth either p- or n-type base Bel ow, the sequence
100 is illustrated for a solar cell with n- tige base. @%ée crystal or
mul ti - cdyst al | i FfCsBgiagando digare b upsh ngtracyss 42, the %lmhpéarp deduiing of

W th n-typey, 89&‘?&&%%]2% bt b%ﬂ@&?é’dtgﬁgteaisb @8%15%‘% &%ac%(?cg gl_té{%rgﬁ#(la The

silicon substrate has a ron surface 2 ack sur ront

surface is taxtuangeldn@sgeir f ace for receiving light during use of the solar
cell. WO 2011/.025371P NL2010/ 05&530 8 n an al ter{1 tive e od| nment ,
the silicon subStGEQH sp a‘iﬁ’b’é‘é&e"t%m Rereatedsy 6‘&%‘?&1‘9@% OFGISECA g Hure 5

shows a croggnReRhiuRl) Rlsultilg i1Bh Idve RMEENBE SBhEsilrPlce BREKARHIT 1B %edelingSOl ar
10 recipe can be tuned to obtain as texture features large pyramids on the surface (e.g. an
average pyramid height of about 2 microns or more).

In this method the texturing process may be adjusted to maintain a low
reflectivity after a later removal step of a doped surface layer. The back surface 3 is
either textured to create a surface topography (also referred to as texture features)

15  resulting in a low reflectivity of the surface or polished to create a surface topography
resulting in a high reflectivity.

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

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

Additionally, in process 102 the texturing may be combined with an etching

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

Figure 6a and 6b show a cross-section of the solar cell after creation of texture.

30 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

alkaline or acid solution, but it could also be a plasma for dry etching.
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exanpl e, the texturing 10reci pe can be tuned to obtain as texture features

| arge pyram ds @Bukea sEéwE 2eRsE-Sedion dNtIRKBIAGEl PiéramdfioRoF etur®bn akout 2
mcrons or nore). In this nethod the texturing process may be adjusted to

maintain a ﬁr@wanébﬁ@@&uwfapchyZaaﬁ@ ks dopvatie figpeerfiy Hlis alteaptprlyspageipledosur f ace
| ayer. The é%ggle(%exlf'urgﬂfgmg o 51 edt D&k §I¥§I§ﬁﬁe ront suﬁgéeela surface topography

(al so referty 0 as LUres esu Imalowreflectivity of

the surface or Ipal mﬁh@chlﬁemaaveaheocanﬁm ftde eltdrﬁﬁﬁgtyalﬁthylb[eetsmkdatmxﬂufb @ high
reflectivity. he textured surface of the back surface 3 does not have
to be identd @agleﬁtdefimam@rx@wréﬂ ther fiiit suifpacalaebp first erepingSE8FHIEA ¥ create a

surface tex&d’éa‘ém%hfe?@ﬁ tﬂerﬁ&t%h@ﬁécf«rs%kﬁ%l nig?geg%f(d sQfBS% @ntﬁp%&{sﬁ@g tﬁé”face 2a

or in a two-si manner on bot ont a Surta
case of tm0£mmdmdmbbxmﬁﬂndg, t he back surface 3a may be polished in a

si ngl e-si de polishing etchi step to renove the text dt npr ove
optical and padsivERRARABEHERI lodn & NRSFEIBRBIORSS 1R ppasksdga 54 o
texturing W@SF@%@%PE?#&@Qe&b§ﬁﬁﬁﬂmﬁkﬁ%h%& ﬁ?dﬂ%ﬁ?ﬁﬁ@ﬂ&Qﬁdéﬁ%ﬁ@@@ﬁﬂﬁnm
renoval . Conbi ni ng saw damage renoval and’texturing may be advantageous for

si | i conlOsubsdematdayer aats dieated prodiffusion of aanﬁmpa écnf@dt afd e tedtired fignf r om a
I t th t d
such an et NP pr Dleatbed Bteas PR e Sgud ot RS e B Eh 0k, 2

Cross-sect i gk efirfids; g@lar cell after creation of texture. 30In the process
102 as described above, the texture is created by exposing the surface(s)
to be textured l@ngmbedingns the piocay lAgeamprigircipesingheherkgirigedt 3oty be an

al kal i ne Oy & Iegus n—ly%% QGQUrSQHn a{ fub& %Hjngceadt %f%vagd %HPIJG%{IH% 4(l"% n-(?ylye etching.

15  precursor contains the n-type dopant. In an exemplary case, the n-type dopant is
phosphorus and the gaseous n-type precursor comprises POCl; (phosphoryl chloride).
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
source for the silicon substrate 1.

20 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).

Other diffusion methods, ¢.g. belt furnace, and diffusion sources, ¢.g. phosphoric

25  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
of the textured front surface(s) from the dopant.

30 Figure 7 shows a cross-section of the solar cell after process 103 for the creation
of the back surface field layer.

In the subsequent process 103 on both the front surface 2 and back surface 3 of

the silicon substrate 1 n-type doped layer 2¢ and BSF layer 4, are respectively created



WO 2011/ 025371PCT/ NL2010/ 050530 9 Figure 6a shows a cross-section of the
solar cell after creation of texture on the front and back surfaces 2a, 3a.
As shown WO 20ilguasx16b, it is alternatively possible to eceaeot@sedoe in a
singl e-sided manner on only the front surface 2a. In a further alternative
enbodinment, it is alternatively possible HQ create texture in 5 a

singl e-si ded manner on only the front surface 2a, by first creating texture

in atw siglegifffRioRSF nApd dipaht Béth adMctyPaespantsdud&afitodBe idat Aichack
subsequentlngollshlng the textured back surface 3a. Referring again to

figure 1, ivwracesuyskyudntratplocess 103, a back surface field (BSF) |ayer 4
i ted b } i f .R-t ] f 3; 3 d
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as the BSF |l ayer 4 on the back surface 3; 3a. | n an enbodi nent, the
process J103CHRpRFS 2R Thispetadibatithethikarssal thoar-Eyrs, doged tayer2 g seangediiot ype
precursor 1 gsd HRPHEULIACSr @b (Sl ietL B AhBEG T iRp 0ot a6 dppr ecur sor
contains the n-type dopant. In an exenplary case, the n-Pype opant is
phosphor us dpdd tdyer gaseougrunattwigethprsexdfaresoxtumonprths escrRPOCPB a{spthasphor yl
chloride). On the back surface of the silicon substrate a phosphorus
containing'ﬁpﬁg% | ayer (PSG 5 is fornmed during the formati on of the BSF

layer. The PSG jhayetmBoffibs: @st tHORANe &PUAGS phphbRS, G tht ¢&MreyRShf ate 1.
20Process 103 is controlled by its process paranmeters in such a way that

t he dopdd |syiercc 2wl thntackhwirBsrof thy eficdn wilistratse hosghomentontuinihg ghes tagsit ur ed

Taver 2c anioEne Beenaganny BGriised TR 18l AR R St DR
texture featur epheQpardhi&es i BRFafiffision may be s cﬂ@d’all‘}litﬁﬂe'd;sé.gfbgﬂﬁbfé@&%f €. g.

belt furnace, and diffusion sources, e.g. phosphoric 25acid containing

li qui ds, appivieeeobPOShrilopy, of agditien oSyhishi#ngr. torcpaolibe theckacss ddithgpP3ema

i mpl ant ati op q?ping, etc., may be used. In an alternative enbodi nent,
the creatio of the BSF | ayer 4 is performed in a front-to-front

confi gursat i on. Thhingnibodireas.alc Uiffueloalipodesandy pe omiride suvatparcldvaledscr eeni ng

of the t eXttgﬁl%gra{Jrg,nvghigﬁjgag %g (aISl})r s&i{a%{g etlgveé\lt%otgr%géfature suitable for the specific
diffusion process being applied, for instance depending on the materials that are used.
The elevated temperature may also depend on the time during which the elevated
temperature is applied. In general the elevated temperature may be between about 600
20 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
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

25  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
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

30  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
fully and the reflectivity of the front surface may be lower than for a thicker n-type
doped layer (say about 0.7 micron thick).



30Figure 7 shows a cross-section of the solar cell after process 103 for
the creation of the back surface field |ayer. In the subsequent process
103 on bowb 20h26370nt surface 2 and back surface 3 of tReTANIRI®@SOBUbStTate
1 n-type doped | ayer 2c and BSF | ayer 4, are respectively created WO

2011/ 025371PCT/ NL2010/ 050530 10 by diffusign of n-type dopant from an
n-type dopant source into the front and b& k surfaces of the substrate 1.

On the back surthap@rd7, tRdembb@nBmHs RO irfwhish kR A su@tetififlat gt ured front
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suitable for the specific diffusion process being applied, for instance

dependilty dPSG keyenfiberthatspadiayeraomethgdadk suFfrsc ehtétl@tte)dulteé;fmt sitrface, may al so
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qeneral the et VAT AR o HE onEd Bulan S URBGA HhfiohSs el 856t "1200
C, or betwegp |8RPkch A8he PIE QY e.OnTing bEFGUrR¥E theDhabRYurfiet fRRfd ldo@anis sour ce
for the silicon substrate 1. I n an enbodi nent, the diffusion of

phosphor us ¢Phecdddisammayrl ehibe PSHsley@onductivity type) is optimzed to
create g Slpd NGy daEt BURSEER ShEL ptfuRlol Upatetume dove
25conduict i Vihdck stif)an@freraletsthe Back didecliyaidphobic it will beneficially help to avoid

that in a further single sided etching process to remove the n-type doped layer 2¢ (as

will be described below in more detail), the etching liquid will wet the back surface.

Referring again to figure 1, in a subsequent process 105, the method provides
etching of the n-type doped layer 2¢ for removal from the textured front surface 2a by

20  an etching agent. The etching agent is arranged to retain a texture of the front surface
(second textured front surface 2b) so as to maintain a low reflectivity of the second
textured front surface 2b. This can be satisfied if the shape of the n-type doped layer 2¢
on the front surface is congruent with the texture in the original textured front surface.

Such an etching agent may be an alkaline etching agent in case of a single-

25  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
sodium hydroxide. In a further embodiment, the alkaline etching agent comprises one
or more additives such as isopropanol.

30 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
etching agent can optionally be arranged for minor polishing, or it can be arranged for

further texturing to increase the fine texture of the (second) textured front surface 2b.



In an alternative enbodi nent, a shall ow back surface field |ayer and a
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dopant ofwoOhe1fa2s3t conductivity type) is then optim ze@#CIINIQ0BASES3A

t hi ckness of 0.3 micron or less for the BSF | ayer and the n-type doped

| ayer 2c. Since the ability to retain texture is 30 determ ned to sone
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process to renove the n-type doped |ayer 2c (as wll be descriged below in
mor e det ai | 9dger¢gsorolcthi pegr bidasicd wil | wet the back surface. Referring

again to figure Wl b n [ 1 t . ho, rovi des etching
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by 20aniset chi ngEggeinicntalliiét ievehificipthagda texitge & reangddiuiiag et @tlingof gt ur e of
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congruent w e texture in the drigin xtured front su . Such an
et chi ng ageayermmyrcheesdny ledskbdn 390 aed plufergbladsriessitimncHse of a singl e-
25crystalline of. a gylti-cr stal | i ne subs ratﬁ. In an e gdinent, a
texturi zing coﬁ%sw_@ {ShgFs a0 SRR it Wil AHEROESHPTses an al kal i ne
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In a further enbodinent, the alkaline etching agent conprises one or nore
addi ti ves swulvedby sopichipamodces3TAL ehivgtnreesyis arfaegest tohttal igsture ofay be an
acidic etc ht A ) E“r’on‘y\éqlllr age {;sggonla%extured 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
25  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).
In an embodiment, the elevated temperature may be any suitable elevated
30  temperature suitable for the specific diffusion process being applied for instance

depending on the materials that are used.. The elevated temperature may also depend

on the time during which the elevated temperature is applied. In general the elevated
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containing gas e.qg. oron tri brom
of the back surface(s) from the dopant.

However, it is also noted that for solar cell efficiency the BSF advantageously has
20  ahigher doping level than the emitter. Concomitantly, if an emitter diffusion is
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
25  may reduce the ficld-effect passivation by the BSF. To eradicate such an effect one can
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.
30 Figure 10 shows a cross-section of the solar cell after process 106.
During process 106, the method provides the creation of a p-type (emitter) layer 6

by diffusion in the second textured front surface 2b.



In an enbodi ment, the el evated tenperature may be any suitable el evated
30t enperature suitable for the specific diffusion process being applied for
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such as Si of th F dur.i itter di ffusion. ey, a
parti al conw;)u)g%tg%? %’vgl%ho t lge%éﬂ'%etbﬁ% %uf%ﬁatcggﬂre fdalgﬁrg‘solnotﬁg Io%gf Srlrlaﬁéx\é?g’ tice the
fi el d- efsf ecindpassipéatiing Dyerblhoa tBSkecold teatuaeld frantsusticd2ian ef f ect one can
use a protection layer as described in relation to Fig. 3 to prevent or
mini mze emtt FWSTl BP YR 2 SFPSEaEFtion of the B celipftergiesess 10%hi gher dopi ng

| evel for the -]Fﬁ%;]% =S| I - ) I i ile a
hi gher dopi ng Egl\lljré ngét\sﬁg()?a’%ﬁ? Pgrérlggéﬁd@% %Iﬁé:‘%dﬁie{ng%ipggﬁ%%ﬁ%g%gge

30Fi gur e 1Q0atsiwosssodl exmsst Sedtsidaceamdtfiven geltack swfdce dictdelay@rdloestshino.

During process 106, the.method provides. the creatio f a p-ty emtter)
Cayer 6 by ORCSCHH 1 (i e eoebrac Oy siiaasiibe s tieraebs Dot Heid B5er
20 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.

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.

25 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.

According to this aspect, in the sequence, after process 101, 102 and 103 (i.e.,

30  providing the semiconductor substrate; texturing at least the front surface of the
semiconductor substrate, and the creation of the back surface field layers on the

textured front surface and on the back surface), the method comprises in a process 104a



WO 2011/ 025371PCT/ NL2010/ 050530 14 The second textured front surface 2b
is exposed to a p-type dopant, for exanple boron. The p-type dopant may be
a boron cwotaiwmizaiyigas e.g. BBr3. A boron containing gl 2 NI2enes0BBSG

| ayer) 7 is formed on the textured front surface 2b and on the back surface
field ayer 4 on the back surface. 5It islgoted that the creation of the
p-type | ayer 6 may be done by various diffudsion nmethods, e.g. tube or belt

furnace, angreglidvhUsi tROPSQUARRS, frdtn the tBRTIE RSt SurERRLAH Rirdidotdl @P ks applied
by spray, vapour, spinning, prlntlng, etc., or plasma inplantation doping.
Ref erring ayh¢ foned lgyagde érom thgéseturen fignbaustase bp7 singhresideetiloitle prasessdes a

removal 10 of i, BSG davet of LLomoh e RREANd.f SNLULES! TONL, Ul gge.2b and

to expose the p-type em ayer. ptovi des a’renoval of
t he BSG | ayeith thefsecondidipeddack surface field |ayer 4 on the back surface and
to expose the BSF_|ayer. . .. After the sequence of processes as

descri bed abovdn Rigat daepbiesyighihgsamg rafprepeominabs o phaven iihe Arcsehipe i ses an

n-type backg 6ed | Bl oAiRQ the back surface 3; 3a 1l5and a p-type
emtter IayggﬂéL%ﬁgt gﬁigﬁéﬁﬁ %g&%%?ed front surface 2b. Figure 11 shows a
Cross-secti on oAfttdprosns d04ac diclscadridery tpxtacelssont Girface 2b ibexposgd, prloleesns 107,

the BSG | ayer .7 is renmpved fromth - e emtter |layer 6 at the second
BhbdRrbees bk Siarond BB R sttt YPR{RE 4 by etching. .

textured fr

The sol ar c@llicdnaut®l $. BiA%K SATREI REP1al 8 Ricbi &R bs RS RLG fdoe HdTE back
surface field [ ayer 204 on the back surface 3 of the substrate, and a

p-type & thager 3. ayer 6 on the textured front surface 2b of the substrate.
The sol ar cell uf act urin r oLess be, conpl d wth nmet s,.known in
{he state of 1 Heapit deiind ebisen G2 BranG FRAReDSE vty npR LN e et ve
coating, scihe®bd pfdvidesAGeRbvdIRF éld PR Idyens pahd BE Bk Jurfatd g 4916 @NBdke
junction isolation, etc. 25Flaure 2 shows a flow diagram for a nethod 100a

for manuf acthabrekgusfasofield lexsr . i n accordance with a second aspect of the

I nvention. . EHQ IEIlg%hgwgaf%fgsk-tséc?ﬁ)n\Mfttﬂ]e sto g.cgl?gﬁerrp?{)gersg?6 ‘nurrb_er as ShOY"”
in the preceding ?lgures refer to corresponding entities. "According to this
aspect,15 n t he ¥equheeethalf dcesrdfirpac eisssctOid aspOR odiet ihGhtioh .céntinue8With
provi di ng the sem conductor substrate; texturing at |east the front surface

of the semi R8RS IOP BABEY padescribsirtione vt aie 6 figwes badandurlt ace fi el d
[overs.on the ol SR N0\, MATOER) s e o
t ext ured frionccadufcacathanthid asprooviithe aivehhien.n-t ype doped | ayer 2c fromthe
textured front I?l'.i:‘rlélﬁ‘g% elrjl%litigs v%ftl? 1C.'11|eesarsnieClaeefelreetn(c::eh Ll?rgbgrraggﬁosvgﬁ in the preceding
20  figures refer to corresponding entities.
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
25  textured front surface and the back surface), the method comprises in a process 108a a
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.
In Figure 14 entities with the same reference number as shown in the preceding
30  figures refer to corresponding entities.
After process 108a, 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



Figure 12 shows a cross-section of the solar cell after process 104a in
accordance with the second aspect. 5In Figure 12 entities with the sane
r ef er encewoun@nszds shown in the precedi ng figures refePCroieorrssondi ng
entities. After process 104a, the secondary textured front surface 2b
i s exposed, while on the back surface 3 t;iﬁ back surface field layer 4 is
present directly on the sem conductor 1. e back surface field layer 4 is

covered by fihRchaClySWal BaehdRGutdd Ry sudace 2, thdRRhREMdDoADsRatkQ i§ 1 gure 2,
in a subsequent process 105a after process 104a, the method provi des a

renmoval of eavercPds thagdypesiopedyehec.back surface so as to expose the back
surface field layer. 4. .Figur S .a Cf - Fon of the | ar cell
R e R R T

after process 1 od accor nd "aspect of

t he i nventi@bteeond lapetes on thé bpukametisetcld 06 candSudda @atitieBged hedcabpye W t h
reference to figures 1, 10 and 11. Fixgure 3 shows a flow diagramfor a
net hod Poomrlemmupnexidachl®ngliconsyirie (SBYY. qrangdendigpts- with a third
aspect of the i i . i it it 0

reference nume@&%ﬁgﬁgm t|O rflv1 g%uhee&Sﬁtgrcﬂe:rglgér‘?léqg%t?%ératé%&r%g et%a%vtgh%g??g‘sagondi ng
entities. the bAdcar@icafelddaydnithe asfmdiconiimes wathsgqemnd@y taaktmerve greacess 101,

102, 103 and 104 (i,.e. roviding the sem conductor substrate;, texturing at
| east the ftwsﬁgoxéf‘ﬁ}rlwezc P e e AL B BY BLE arIENs HACEHEfEon of “t ne
back surfacgofdsghddd@MBLBatole Wit bRXE &AfEe N orD raft%%icﬁﬁqztéﬁﬂl% f8cdack

surface, and the renoval of the PSG layers fromthe 25textured Tront
sur f acelfandsindeghd piecsive faycejovetsitbe hatkhrudacohigdilaes The resubirioslewen h08a a

creation of.a protective |ayer 5a _on the back surface fi | ayer 4.

i gar e 14° SHONE 1 S U R G e i el ROOFPee Hiceas 108a in
accordance W t hAf&&rb&s§ doReRembve the n-type dopdll Iy GWcErokd tiRNEAthitc@Fromt t h t he
sane reference nunber as shown in the preceding 30figures refer to

cor r espondi igfagnitthe bask supipecet ofghe samisondBtor subrdratsakis couerra b e tockt he
o conet g UL TR UPARE B O RREYBLBSSh ho T
16 protiect i Vie: deayelarp@xtuedd frbvet suefxdelteid ffeeigrdxpssedf ace 2, the sem conduct or
substrate 1 is Nch\{[,e t[ilg grlett)ﬁ/odtarégorr(]ﬁlfg%é) ?hedt?lgg gslle%%/ gfr thg (i:ﬁvention 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 100c for manufacturing a solar cell
in accordance with a fourth aspect of the invention.
20 In Figure 4 entities with the same reference number as shown in the preceding
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
25  front surface and on the back surface), the method comprises in a process 108b a
creation of a protective layer 5a directly on the PSG layer 5 on the back surface of the
semiconductor substrate.
In an embodiment, the method provides a deposition of a coating layer as
protective layer 5a on the PSG layer 5. Such a coating layer may comprise aluminum
30  oxide (Al,Os3), silicon nitride (SiNy), or another dielectric, or a resist, etc..
According to this fourth aspect, the PSG layer 5 on the back surface of the

semiconductor substrate is not removed before the creation of the protective layer Sa.



In an enbodi ment, the nethod provides a deposition of a coating |ayer as
protective |layer 5a on the back surface field |ayer 4. Such a coating | ayer
may conprweeobl2sarinum oxi de (Al 203), silicon nitride (SCRNL20Wr05¢330t her
dielectric. Referring again to figure 3, after process 108a to create
the protective | ayer 5a on the back surfaﬁg field | ayer, the nethod
continues with process 105 to renove the n- type doped |ayer 2c fromthe

textured front mpikaeahbys gictdigkediofioftcsobdrdeill aRéiGhbaEs PINCIESSc8ance
descri bed above with reference to figure 1 or by a two sided etching

process 10sviikthetfherthpsicelet i ve | ayer covers the back surface field |ayer.

Th It i iR figL 1.5 Lch - ' I
ol after prochaaiybns chEGIRNOTLE SRS RS RRR B8 kB Bleyplfucpea

|l ayer 2c frigorthefdrextotiagdoidionéntiiiesf ace, the back surface 3 of the
sem conductor substrate 1 is covered by the back surface field |ayer 4. The

back surface fiefter nragesy 195, thaksckquinrerid thy wimeqndyetor aykstratsd. is15The
secondary t@&%ﬁg%gzﬁfmg g&fk spﬁﬁéeaﬁ d el 2. THAGLY <SRRG 1a§@>ﬂ'£senhfti§‘80d%‘f‘édh0d

according to t aspect o e invention continues wth processes 106
and 107 as MWethe PSkeldyalioifde RSGHayefSarmethe badkosulfageifield 1dyer 40s endretlhy the

Figure 4 shows a flow diagram for net hod 100c for. nuf acturi ng .a sol ar
cell i n" acoOPRERECR QR ertirelpertsugte halk sssatior %&Sﬁatﬁiqdar e 4
entities W dRelleySRIR-thRf RpBNES P peTDEr as shown in the preceding figures

refer to corresponding entities. According to this aspect, in the
sequencld, aft erThprtostessl fignt surf@2 odtht stOBeqniduetor sybiswatic i enyctddédysbern-dgreduct or

substrate; texturing at .l.east..the front surfac t.he sem conduct or
substrate. 4net heneh it Retie® Bert L il il BSCUPrETon the text ur ed
25front surf acer@pingnighiQo Pigtle 4 WftbesiBess I D8 REIrEAEtHPIPEESRaydd 58 oRI OCESS
108b a creation of a protective layer 5a directly on the PSG |ayer 5 on the

back sur f acte back wefage fitlddan dt e nailrst qoatiaues| withhp sespoginheieessstiféa fast hod

provi des a depositi td [ r cti I r _the PSG
Paver 5. SubERERA UG BSGTeRR S AR b AT SRS S o AT BBy
si | i conisni tiypéel@ofedilipe)r 2¢ donathe tidx@iiredifi@heqirface by eithéd arsegilStidedétching Accor di ng
to this fourth aspect, the PSG |ayer 5 on the back surface of the

sem conductPCaBER P4t Bdpdetibng PElRSYed before the creation of the
protective | ayelfigél%'ﬂ 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.

20 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 Sa. 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

25  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
further process 109 to remove the protective layer 5a and the PSG layer 5 from the
back surface field layer 4.

30 Figure 18 shows a cross-section of the solar cell after process 109 in accordance
with the fourth aspect.

In Figure 18 entities with the same reference number as shown in the preceding

figures refer to corresponding entities.



WO 2011/ 025371PCT/ NL2010/ 050530 17 Figure 16 shows a cross-section of
the solar cell after process 108b in accordance with the fourth aspect.

I n Fi gurewb@oemi2sdzies with the sane reference nunber asPshounr0iornseie
preceding figures refer to corresponding entities. S5After process 108b, the
back surface 3 of the sem conductor substrlgte 1 is covered by the back
surface field layer 4. The back surface fi€ld |layer itself is covered by

the PSG | ayer SAfdiiRo&8E10BYRS bk QUrfids PRABK s&hichhiRtdr is@bstatcaly Blcoderk
covered by the E)}rot ective layer 5a. On the textured front surface 2, the

seni conduct @t the hbek yuafaee ficlddayas delbeisdsondane toxturgp Eolopeidcs Aysritcely,  10The
textured freo%se%urface of the sem conductor substrate is covered by the
n-type doped‘ ayer 2c, which itself is covered by the front side PSG | ayer

5. Ref er ri ngexagat Mt dfdcgordtgdo tiaf foarth pspreestihd G8bntioh enéiats witde
protective |ayer 5a on the back surface field |ayer 4, the method continues
with a Subsgersss 19Psadd87 apdescribed above pothapicsmet fefipges |aledndsl It r om t he

textured front g ﬁrﬁo@&ﬁpéﬂg o@taﬁr‘f’m%ﬁé subfhcd ﬁ@lfi rBSEllgg%%g lp%ﬁ?@%ddﬁ&‘?&itgéﬁdf rom

the textured front surtace by either a single si ng proce or a
two sided edncitypg dopatésr on the florgwaactypobessd 03 ictodesasedtduowithfp-tyhe sol ar

cell after process 104a in accordance with the fourth aspect. In Figure 17
ont i t 1 es. w daRabEch BhRoToR(ldow n oo b CHGHAL YR ﬂéygﬁ‘&é’éﬂ‘i G gur es
refer to coffgsmpendi ng entities. 20After process 104a, the back surface 3
of the sem conductor substrate 1 is still covered by the back surface field

| ayer 410 The batkwdlbd anpecdidted ty Heysbrlledtpsesioh, dus te twarcedsddpfthve PSG | ayer 5.
The PSG | ayer .5 on the back surface field |aye i S cover t he.

ot ot ot ve SCagEs Ry Wi BF T ERbORRS i pREEPSOuba SR BRGMVEE dopec
llayer 2c fr@esédi@ndc®st HEREbES Sive SHITHRGS St d REOBESHtoI4daptelie t ext ur ed
front surface 2 of the 25sem conductor substrate 1 is exposed. Referring

agai n to figurdng fughereymbpdiaenisthe oxaured frephmwiace Belspacly syeath@eand t he
-t d d | f t h ti
n-tybe doned | oy o, (L AIMLIR SR, WP 1558 LD, TR ot e

| 'ayer 515 r osfithdohesukfasdiifdabe cfcagdtl 1 0@yRihe 4mitRO Fiygtioe thk8e s dSront
cross-section_of the solar cell after process 109 in accordance with the
fourth aspewfface.

For example, the partly smoothening is done either directly after the texturing
102 of the front surface or more preferably directly preceding the creation 106 of the
emitter layer on the textured front surface.

20 The partial smoothening may be performed by etching with a HF and/or HNO;
containing liquid. The partial smoothening may for instance result in removing away a
layer of average thickness of about 50 nm — 2 pm.

Especially, the partial smoothening may be performed by the process 104a or 105
(remove doped layer from textured front surface), where the etching agent may be

25  arranged for minor polishing.

Advantageously, the partly smoothening may result in higher efficiency of the
solar cells due to improved surface passivation of surfaces with doped layers, when the
texture features on these surfaces are (even slightly) smoothened.

The partly smoothening may include a broadening of intermediate valleys

30  between the elevated pyramidal shaped areas, with resulting valley widths between 50
and 1000 nm, especially between 50 and 500nm, or a rounding of these intermediate
valleys with a curvature with a radius between 25 and 500 nm, especially between 25

and 250nm.



In Figure 18 entities with the sane reference nunber as shown in the
preceding figures refer to corresponding entities. WO

2011/ 0253y 0RaTi/a¥sZ010/ 050530 18 After process 109, the patiNI2omfiaeso3 of

t he sem conductor substrate 1 is covered by the back surface field | ayer 4.
The secondary textured front surface 2b iz freely exposed. Next, the nethod
according to the fourth aspect of the inv r?ti on continues wth 5processes

106 and 107 as pigskd frbRdusROViBe Phitll SBSRREMEELIstReblaBl RSy fightk adtid 11.

It is noted that to obtain a back surface field BSF l'ayer of p-type
conduct i vi tipcrgasingreflectaperebypaneccdpaabde ampuntheg fyoneredharf heel pgcodeagss 103

is to be carrj oy ] e t su r d C 106 is
to be oarr it EYvatbidt B oG ARRR B BS s BSR AR R e
appreci at ed by EipgreShkh®@ds pabaemorddetatla fidie sigxertsatreaiftet patislonduct i vity
types, the formation and rempval of the PSG layers 5 and BSG | ayer 7 in the
sequences aunepsening apd Hewed Mishewhia wawgpg@&eg?ﬁdh%@éﬁpﬁe@t@@ ofy@ved. In a
further embg itlﬁ?&feur{/eﬂﬁrgt extured front surface 2a is partly snoothened. The
partly snoothening nay be done in a process step between the texturing 102
150f the front Burfadlces migdtwémm ae eamnided ahdGnaythayvbeaddin deteeted| fegre thoalangde

textured front, surface. For exagnpl e, the. par noof heni.ng .i s done
either diré _%lgplﬁfzééfoeﬂ[ A& _teéweﬁlfshﬂlel@ggs&taﬁ@uf R #&&f‘et'b?? Higs
preferably difged bnPseFEcH @QaFtE‘Ie]t)iﬁgilﬁﬁkﬂn%thjegﬁgoﬂcnd‘i&%@ﬁtthtr%Fer%ﬁ%eﬁ0 an the

textured front surface. 20The partial snoothening nmay be perforned by
et chi nglOwi t SshempticadlydfisplayeniOBiguont @i mi segnd inqud dktaiThepigtathd endesviootimgof ng

Ty O eSS el R A BB ETR SIS, oy
the proces sOﬂﬁflalag mde@%n a valléy eNMBVROIHGRGSIhdRY Sarifiitontht €%l edt tHe0wdttom
surface), where the etching agent may be 25arranged for mnor polishing.

will be very narrow, i.c. w 1s small, such as < 50 nm. After smoothening, the valley v

may be a bit rounded, leading to a broader valley, with a width w for instance in the

15 range of about 50-500 nm. At least part of the valley v, after smoothening, may be
curved, having a radius r in for instance in the range of about 25-250 nm.

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

20  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.

25 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
case, the above mentioned process steps to remove a BSG or PSG glassy layer can be
omitted.

30 It will be apparent to the person skilled in the art that other embodiments of the
invention can be conceived and reduced to practice without departing from the true

spirit of the invention, the scope of the invention being limited only by the appended



Advant ageously, the partly snoothening may result in higher efficiency of
the solar cells due to inproved surface passivation of surfaces wth doped
| ayers, wwoerrotiesizexture features on these surfaces areP(CeEnanowlosediol y)
snoot hened. The partly snoot hening may include a broadening of internediate
val | eys 30 between the el evated pyram dal @haped areas, with resulting
val | ey w dt hs between 50 and 1000 nm espg ially between 50 and 500nm or a
roundi ng of c|AiRRSEhd MdsBH PRI MuGratdy the W eWlidhard i§ UbMiatcdi &l W It eher adi US

bet ween 25 and 500 nm especially between 25 and 250nm WO

2011/ 025371PgMtN2010/ 050530 19 For the front surface the parti al

snoot hening is preferably very light to avoid increasing reflectance by an
unaccept abl e anount, e.g. by nore than 2 or 3 percentage points at a

wavel ength of 1000 nm (relative to the non-snoothened textured surface).
Figure 19a shows in sonme nore detail a front surface texture after partial
5snoot heni ng; and figure 19b shows in sone nore detail the interpretation
of valley wi dth and curvature. The val l eys in between are rounded, and
may have radii r selected fromthe range of about 25-500 nm especially the
range of about 25-250nm Note that here the textured front surface 2a after
partial snoothening indicated with reference 20 is 10 schematically

di spl ayed. Figure 19b in sone nore detail depicts the understandi ng of

vall ey width and radius. Facets (or pyramd facets) f, especially the 111
crystal facets of Si, may neet in a valley v. In non-snoothened vari ants,
the valley v at the bottomw || be very narrow, i.e. wis small, such as <
50 nm After snoothening, the valley v may be a bit rounded, leading to a
broader valley, with a width w for instance in the 15 range of about 50-500
nm At |east part of the valley v, after snoothening, may be curved, having
aradius r in for instance in the range of about 25-250 nm

Advant ageously, the nmethod provi des an enhanced manufacturing with | ess
vari ati on between individual solar cells. A parasitic doping (either p-type
or n-type) fromone surface of the silicon substrate to another surface,
especially fromthe BSF 20side to the emtter side, is prevented by the

met hod. Al so, a screen printing step is omtted which reduces yield | oss
due to breakage. Moreover, two-sided diffusion of phosphorus in both front
and back surfaces is possible, which results in an inproved gettering of
inpurities fromthe silicon substrate. Additionally, the diffused back
surface field |ayer inproves the efficiency of the solar cell. 25The
skilled person will appreciate that alternatively, it is not needed to form
PSG | ayer(s) or BSG | ayer(s) while creating the n or p type doped | ayer at
either the back surface or the front surface, depending on the actual
precursor of the dopant(s). in that case, the above nentioned process steps
to renmove a BSG or PSG gl assy | ayer can be omtted. 30It will be apparent
to the person skilled in the art that other enbodi nents of the invention
can be conceived and reduced to practice w thout departing fromthe true
spirit of the invention, the scope of the invention being limted only by

t he appended



20 clainms. The description illustrates the invention and is not intended to
limt the invention. WD 2011/025371PCT/ NL2010/050530 21 Clains 1. A

met hod ( IWO0;20028371100b; 100c) for nmanufacturing a sol aPCEAL20forsMm3a

sem conductor substrate (1) of a first conductivity type, the sem conductor
substrate 5having a front surface (2) andﬁ back surface (3), the nmethod
conprising in a sequence: texturing (102) “the front surface to create a
textured front guihace (2a); creating (103) by diffusion of a dopant of the
first conductivity type a first conductivity-type doped |ayer (2c) in the
textured front surface and a back surface field |ayer (4) of the first
conductivity type in the back surface; 10 renoving (105; 104a) the first
conduct i vi t - t ypenatiopied 002409k, fQ%ni(ﬂthéfmremnufmﬂurmgmstolameflém by an etching

process adapted f.or a f the textured.fr nt surface;

P oating ( 1ty otk Sdle I bt aSherhviS st I ey o P HESEEE: oy e
front surfagRidya ﬂbﬁtfsfdﬁh&r(z?ﬁndia gwkasmfaéa‘ (3Hhee ﬁﬁ%ﬂ%oﬁ@ﬁ%fgtm Yistduchyde into
the textured front surface. . The net hod accord to claim1l, wherein

texturing (tE®®@yingh2p fhﬂﬁo@@ulffwéowan?&:feéw@i faOIl'téR eddak ront surface
compri ses. Lexhiicl (g Dy hagk, SHE LARS b g RRLENR L) Hegd fack surface

(3a). ccor |ng Fm Wierein Creation of the back

sur face f I edotidh@ipety-tiho dsper|ee dry ibthepoltinslifogt Silttict exd Wbssk dhefake feldf ace
(3a)of the sem conductor substrate. 20 4.The method according to claim1l or

claim 3, colﬁiiﬁrl(él g hel ffFst sendusEviEN e di &s bask sricgopant of the first
conduct jovi ty 165 fl@ﬂé’)at%a t ¥bn. cﬂQPfﬂépe%B&Pfa o ALRSRY, thlfe%lyf%ntw) on

t he front sur ac andt sur ace m a pre ursor of the first
conduct i vi tgurfayeby at behidgpasttcscatapaid rﬁmgtaghag sturayéthe acttumd fioat dofact

source for the. se onduct or subst 25 5. The rreth ccor.di
claima4, cofff fn§.<"ﬁbc> -<§>gotf %ﬁ %Vﬁftyaff/fﬁ %%f cf@%fur B?r

the front Sd*lff{lﬁﬁﬁ095‘@[0152{?1@0%9%ec%'ﬂ[ifcaﬁ&cpirvﬁﬁ%eriﬂtottﬁ'@te&ﬁl%ﬁ‘/%nt(s&%e of the
first conductivity-type doped [ayer fromthe textured front surface. 6.The

met hod accog di ng,d rﬁetﬁb@hé’eoédlngg HRLhS ,Wghé’r&m&u%g( (]lgéjat)ne Gt dRRROTo

15  create a textured front surface comprises texturing the back surface to create a textured

back surface (3a).

3. The method according to claim 2, wherein the creation of the back surface field
layer (4)is preceded by polishing the textured back surface (3a)of the semiconductor

substrate.

20 4.  The method according to claim 1 or claim 3, comprising during the diffusion of
the dopant of the first conductivity type, a formation of a dopant containing glassy layer
(5) 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 (1).

25 5. The method according to claim 4, comprising removing the dopant containing
glassy layer (5) from the front surface and the back surface preceding the removal

(105) of the first conductivity-type doped layer from the textured front surface.

6.  The method according to claim 4, comprising removing (104a) the dopant
containing glassy layer (5) from the front surface while removing the first conductivity-

30  type doped layer from the textured front surface, in a single sided etching process.



contai ning glassy layer (5) fromthe front surface while renoving the first
conductivity-30type doped | ayer fromthe textured front surface, in a

si ngl e siweaoatwehi7mg process. WO 2011/ 025371PCT/ NL2010,0508.2010220530 The

met hod according to claim®6, conprising renoving (105) the dopant
containing glassy layer fromthe back surfgce after the renoval (104a) of

t he dopant containing glassy | ayer fromtr‘? front surface and the first

conducti vi ty-t ype Hemed atRydhg {0 Qhnt Heoh®isineeembiiapi1Y iladsahin the single
sided etching process. 58. The net hod accor dl&%@to claim4, conprising

precedi ng tévatairipgghissy 2p@)ran thethack syrdace edantie terooa) (10Agpolibpdapanayer from
t he text . f : i h . t ai i |
K N R R

protective lagstefont Ba)teatredfron akacs i fhrGendld dtiel tayiag plotkss. 109. The net hod
according to claim6, conprising: after creating the first

conduct isvi ty- t ypR Henedaédy@hg (2@dind 4, Jo%n’fsﬁiég#éc%_din%rtﬁ@fenﬁi%f @os) @nde t he
back surface field layer (4) of the first conductivity type in the back

surface: chirsheandyct{viogape doppddeyet fiovethe dgpeurcd frophsurBgek surface field

| ayer, before th val (104a) .of t ntainin | a | ayer
from the 1 rosroy A0 st Rlafhe s PR Tty B AR ATl e

| ayer fromtdak sudadepsired front surface in a single sided etching process.
10. The method according to claim9, conprising: after the renoval (104a)
of the dopanirc¥BEt A4 APrefeessayeaye Oprngwbatchéulffa@nféelélﬁyﬁra@é- whi | e renovi ng
the first conductivity-type doped |layer fromthe textured front surface in
a singlld siYed Brohithgd 2¢opting esdaiane qermweiedigng t he creation of the |ayer
of the secongd, conduct j,vi type.on the textured fro urface:  reapving
(109) “the_ praIE AR Itk AR RD 0B P REECH Rohe RALBE Fpch B m ¢ ne
back surfacsd the Bdck shffecd 18 &A@ elic iy st ondh@ivifly8ysy inGh@bdvk kGifasdrer ei n
the protective |ayer SSa) 25conprises a coating |ayer containing at |east

one materi al creBingdl &tp) piveteeivgriangp opfthe back surface field fayer,

before the removal (104a) of the dopant containing glassy layer from the front surface
15 while removing the first conductivity-type doped layer from the textured front surface

in a single sided etching process.

10. The method according to claim 9, comprising: after the removal (104a) 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
20  process and preceding the creation of the layer of the second conductivity type on the

textured front surface:

- removing (109) the protective layer and the dopant containing glassy layer from the

back surface

11. The method according to claim 8 or claim 10, wherein the protective layer (5a)
25  comprises a coating layer containing at least one material selected from a group of

aluminum oxide (ALOs3), silicon nitride (SiNy), a dielectric, and a resist.

12.  The method according to claim 1, wherein creating the back surface field layer by
diffusion of the dopant of the first conductivity type comprises exposing the back

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

30 13. The method according to claim 12, wherein the precursor of the first conductivity

type contains the dopant of the first conductivity type; the precursor being selected



al um num oxi de (Al 203), silicon nitride (SiNx), a dielectric, and a resist.
12. The nmethod according to claim1, wherein creating the back surface
field | aywo 20m/0d537iusi on of the dopant of the first cone@gEiND2)toy5033pe
conpri ses exposing the back surface to a precursor of the first
conductivity type at elevated tenperature.,, WO 2011/ 025371PCT/ NL2010/ 050530
23 fromone of a gaseous precursor, a qu&ﬁd precursor, a paste precursor

and a pl asnRomo86 WF §@hiscous Précuriea MBLIAGHeRACLL PR frécuedoriaid & plashar ei n t he
di ffusion of the dopant of the first conductivity type is optimzed to

create a thirekneds of the first conductivity-type doped 5layer (2c) in the
textured front surface of 0.7 mcron or less. 15. The nmethod according to
claim 1, wheteihhathethdd idogsdingtooélainhe wopeinthodiffukien of thetdopartdd tta fuist y t ype

is optimzed to create a thickness of the first conductivity-type, doped
ayer (26) SREHET R hTrFORE Sureaclebpen S5 B gy P aE Ty
et hod accorimac)tia tied @kl froMi 8hfade oF0eBMideh bigsd. ayer of the second 10
conductivity type on the textured front surface by diffusion of the dopant

of the second cppdighby .h%c)é{(}]iﬂgﬁo Q9P | RS iR XROG i Goh B?thte%g%t%? tﬁecrj Rt

surface to a precursor o e second conductivity type at elevate

t enper at ur econductiity tifeeis wptimortd dc ceriarthickoess loltha flrét, contheat wity-typeedqpedcur sor
of the second conductivity t IS a eous precursor, the gaseous

orecur sor  QORTAPTIAGS KEUESARY stPa Ne) Ugoher Eonduct i vity type.  18. The
met hod according to any one of the preceding clains, wherein the first
conducti vitif-ty m%t%ﬁg psreeding tp ¢lpig! barlssein corvdng thalpysy of fisecsdy- t ype, or

the fir C, s Vi i . YAl eis
type U CERBHERIY e S BE ua XACAARC, b IRREANA (ORGHEL otfhl KeckME | D
first condustnduitiwty t2it gomeprdopedokiagehe (cRa)yed fsort@sdadeitan paeruasoepfithe hei ght
of a texture fedgtuae on the te>l<t u%ﬁd front surface. 20. The met hod

accordi ng t Y UG VIR ST T REIATBYEYE hei ght of the texture feature on
the textured front surface i.s at | east about 2 mcron and the thickness of
the first cbhdubhsWsthgd psaeedipg feelaimylfe vhesein fsurrequrser of ieorcd | ess. 2521.

The et nod AGaRLEH%yfas Gl AL reHBE Bl AR BYRRABE R AN, AL abDR bEXT ur e

feature on the tex nt s ace i s about 2 m-cron ‘and the

t hi cknelsss othe s¢vend costuctaitytypti vity type doped |layer is about 0.3 mcron or
| ess. 22. The nethod according to claim1l, wherein the etching process
adapt ed fori8. The method according to any one of the preceding claims, 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.

19. The method according to claim 1, wherein a thickness of the first conductivity-
20  type doped layer (2¢) is less than an average height of a texture feature on the textured

front surface.

20. The method according to claim 19, wherein 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 0.7 micron or less.

25 21. The method according to claim 19, wherein 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.

22. The method according to claim 1, wherein the etching process adapted for
retaining texture of the textured front surface is performed by a single-sided wet-

30  chemical process using an etching agent.



retaining texture of the textured front surface is perfornmed by a

singl e-si ded wet- 30chem cal process using an etching agent. WO

2011/ 0253v0RCaTi/age010/ 050530 24 23. The met hod accor di RGTINL2¢104508322,
wherein the etching agent conprises a conponent for texturing a

sem conductor surface. 24. The nethod ac%@rding to claim 23, wherein the
et ching agent further conprises a conpone for polishing the sem conduct or

surface. 523 The HEhb@EcREERE & A8int 22, GliRkdh the WIBAELAZENt BAnpighhng process
adapted for retaining texture of the textured front surface is perforned by

a dry et chieguneaeniddr texpeing PremimenHedonsei@edi ng to claim 1, wherein the
renmovi ng of the first conductivity type doped |ayer fromthe textured front
si de and t h&t. dopannetbodh aaionding togdlaiss33, [veheesin theortehimgagdano firthsuedrajoresch s

performed during t et.chin rocess, adapted for retaining 10texture of the
Pext ur ad-f OPoga eSSt S R S8 eu g o ol ai m 1. furt her
conprising partly snmpothening the textured front surface. . The net hod
accor di g t?gic@ferﬁlgtg?é AfFfeFEns ﬂ@nbérwlileé@néhﬁﬁ@fﬁéapwwsr?éﬁnfai Ofat | east

one of a broadanl RGHFRHF et QYRLH BPnPlurfl %W%ﬁ&@b%é'd%f&%hﬁg%ﬁﬂ
rface. 9. r cell

pyram dal 15shapés of the textured front s A so

conpri si ng sepl C T £ | V} .having a
fexturod fron Sl nanes afterghp R e indeih ElenRREAT il el IR
surface congpé¢ d@sddaye dondthe asxduet ifvont yidé ypethddppaht kayteiningiiasseilayet he back
surface conprises_20a surface field |layer of the first conductivity type.
30. The soﬁg?méléq fronf SuERes W@E@f@ﬁgwﬁ%@le RIBIME Motreadapiad fPetstainigRt

surfac o] i i s containing front surface with
g ni@iiﬂ\l/lgef’fl’et@es RXhAG flaht sgltﬂrﬁg@

i ntermedi ate aving w selected fromthe range of 50-500 nm 25

31. The sol %7' . opld Ip@tﬁ&? LloPdn & é:llglﬁ} mséﬁhertcgﬁp%§§%$%ﬁ§ dh @hend r%gf:e havi ng

val | eys wit'h curvatures having ra ecte range o 250 nm
textured front surface.

28. The method according to claim 27, wherein the partial smoothening includes at
least one of a broadening and a rounding of intermediate valleys between pyramidal

15  shapes of the textured front surface.

29. A solar cell comprising a semiconductor substrate of a first conductivity type
having a textured front surface and a back surface, wherein the textured front surface
comprises a second conductivity-type doped layer, wherein the back surface comprises

20  asurface field layer of the first conductivity type.

30. The solar cell according to claim 29, wherein the textured front surface comprises
a pyramidal shapes containing front surface with intermediate valleys having widths
selected from the range of 50-500 nm.

25
31. The solar cell according to claim 29, the textured front surface having valleys

with curvatures having radii selected from the range of 25-250 nm.

30



