TITLE OF INVENTION Coating Fluid for Boron Diffusion 5 10 TECHNICAL FIELD This invention
relates to a boron diffusion coating 15 fluid which is applied to a semiconductor substrate when it is
desired to form a diffusion layer in the substrate; a method of fabricating a semiconductor device,
typically solar cell; and a semiconductor device, typically solar cell. 20BACKGROUND ART For
the current manufacture of industrial or commercial solar cells, the most important task is a reduction
of the manufacture cost. In general, the method of manufacturing solar cells through the following
steps is widely used. 25First, an n-type sflicppsubstraig/isygareriged. A single crystal silicon ingot is
prepared by Czochralski (CZ) method, or @ palycrystalling silicon, ingot prepared by the cast method.
The ingot is sliced by the multSRife $8% rﬁ%?hjo% gBFaiﬁiﬂﬁ% r?ﬁﬁ%“ﬁﬁé’dﬂ substrate. The substrate
30 is then immersed in alkaline solution for removing any damages on the substrate surface caused by
slicing ;Both the front (light-receiving) and back surfaces of the substrate are provided with a
micro-texture structure having a maximum height of the order of 10 pm. Subsequently, dopants are 35
thermally diffused into the substrate by a variety of methods to form p- and n-type diffusion layers.
Further, TiO2 or SiN is deposited on the light-receiving surface to a thickness of about 70 nm, for
example, to form a passivation film having antireflection ability. Next, a silver-based paste is printed on
both the surfaces and fired to form electrodes. The electrode on the light-receiving surface is of
comb-shape 5 having a width of about 100 to 200 m, for example. Although this method consists
of only%he necessary minimum number of steps to construct the device, it is regarded superior
because of the concomitant effects of enhancing solar cell performance such as energy conversion 10
efficiency. For example, the thermal diffusion of dopant in forming a diffusion layer in a substrate
functions to improve the diffusion length ofT in&r@/ %&‘rris [ Dbulk due to the gettering effect.
Moreover, the antireflection film not only ha;g%eroghtal—e%gor reflectivity reducing effect, but 15 also
functions to reduce el rechitsindtionrake b E@gicke ganbrradirddrbkinsihon wedsiidth surface. By

virtue @f thernagessany BHNITBIN BYMe of stepssaid seyriabussfuleitacts. drdusirHahorigommercial
solar cells are now. manufaclured af lawgr, 9ot 1agn before, 20eppuhiley e means fpr forming the
diffusion layer incitdes gas phaselalﬁausmn and coating/diffusion. The gas phase diffusion method
generally use$ post o fas R ERE iRBUALSSIHEEHIEEBE J8aKe Potypb TRphfty SoditéaEor the
coating/diffggion methadaspiscbatngland @b streer@rintigy aca lypicady employad..Spin coating is
performed by dropping a coating fluid containing p- or n-type impurity source to the substrate surface,
and spinning the substrate at a high speed, whereby a coating having a uniform thickness can be
formetfon the substrate surface. The 30 sugﬂm treated to form a p- or n-type diffusion
layer. In the case offscresherintimyent- oenufoe tifiisiorf layaduak besimilargeomesd:ial In order
for thel C%atmia@fu(S,ﬂ@%l@?mqetorﬁ@% aiﬂiﬁ‘@%’l@@d@y%%&vir?@ aairﬂ@aﬁmméwitmom@wtrationhn%t
35 only the coati uid containjng impurity source must be homogeneous, but alsg the coating flui
must be cogifae%luogﬁg teugéemf:c%%él]ctcr?r% %/?r%fea 0 atlﬁw?forr“r%t(?(l)%gpéjs%tiénnagﬁgj %g{%r%g

solar cells through the following steps is widely used.

25 First, an n-type silicon substrate is provided. A
single crystal silicon ingot is prepared by Czochralski (CZ)
method, or a polycrystalline silicon ingot prepared by the
cast method. The ingot is sliced by the multi-wire saw
method, obtaining an n-type silicon substrate. The substrate

30 is then immersed in alkaline solution for removing any
damages on the substrate surface caused by slicing. Both the
front (light-receiving) and back surfaces of the substrate

are provided with a micro-texture structure having a maximum

height of the order of 10 um. Subsequently, dopants are

35 thermally diffused into the substrate by a variety of methods
to form p- and n-type diffusion layers. Further, TiO, or SiN

is deposited on the light-receiving surface to a thickness of



sufficient thickness. One known coating fluid for impurity diffusion is the coating source described in
JP-B S62-027529, for example. Citation List 5Patent Document 1: JP-B 562-027529 DISCLOSURE
OF INVENTION The coating source described in Patent Document 1, however, has the problem that
when the coating source is used 10 to form a p-type diffusion layer in a silicon substrate having a
texture structure, the layer becomes thin on peaks of the texture, resulting in a non-uniform boron

diffusion coR&iifatioh. BihceltRE stBamRESoUtEP ciFQIMfcte Rl fédiBh ¥ efiddted @ higiser
rotational speeeidtefieepind:d coating than thesubstateicenter-region] tipe saatingsbecomes thinner

in the substiate Quigy ciieupieseniiplregion: Jheseshliantshogtags of dhe, impuiily.Sopce leads to an

increase of sheet resistance. An object of the invention is to provide a coating 20 fluid for boron

diffusion whichcdhHforit2 BfifGin pi§pd URRISIFPESEY i sGHSFAESa Tfethbd BT TRbEHIRG a
semicopducierdemice: typiaally smaieril tisngotheconting ftvid; asne asamicanductor device, typically
solar cell, fabricated thereby. 25The inventqrs have found that a coating fluid having a modified
composition can forr%qa%(r:lc?a%%% r-%/%sg g%ﬁﬁ‘%&erﬁ?&%ﬁﬁ ysc§n€er? éaiﬁfd g%ﬁﬁ%‘%ﬁ%ﬁ%ﬁﬁess ona
substrate suifae&tibugksia coating: step; hAdee atigivh dikficasantcalumiita precursor allows for

uniform borem giffugion. SQFbe ivventiespiewdes atperosdhifdsion saating fiwd:a naethod of
fabricating a.semiconductor. devic d iconductor ce, as defi I A coating fluid
used to diffu%%?’bao%gﬁgﬁto%)gﬁgor? g&b&st a?sée%%(%%n %%-@%%Yai??ﬁsign%aye , c%?rﬁwr?s%g ?:1%% 35 least a

boron Evmp®tihid Cdi# Bfganic THTdeF*28Rit6n chifthdth R AR -aldhinziseetr<or, AtPfAteridnd/or an
organic solveatm{2gT e dadtihgstluid of fijerheneimtheuberon com pbuncitis gnaesent idmprameunt of

up to 4% byweigRt ¢ithe coating flyid, & The.ceating thid pf Lo {a] whereinihe ergapig binder is
polyvinyl alcohol and present in an amount of up to. 5 4% by weight of the coatln%;Bfde. [%The coating

fluid of [1] 7B} WHEH&R tRE SARbn cdMBEMET silldafd Pe’%%%’rﬁﬁ‘%&%ﬂwo‘?ﬁ% £ 0B to B5 By weight
of the coatirtpfiuid§6]oEHel cadtirgyfffigd bf I to¢fheldreinitie alamisd peecefdords a doripound

capablg of famaing AlwsinerROR: Beatdiraiment and4¥er@ikia eNAM e P 8% hyrweight of
the coating flléidéég]t'lét&e ggatirg)@l{m{% o{%l] 49 [%kga\slilng.% \C/)ig,c%%t fofGSO to %40\;&@@3 at %SC. 15
[7]1A method®6t 13 ricating a sBrmiconductor device using e coating fi§id ‘of arK/ one oP[al] % [6].
[8]The methbROIPIRREERTY tHELSeHieBnBUSBR Hedite i& aRDIAE(ISeVeral useful

effects, industrial or commercial solar cells are now
manufactured at lower cost than before.

20 Meanwhile, the means for forming the diffusion layer
includes gas phase diffusion and coating/diffusion. The gas
phase diffusion method generally uses POCl, as the n-type
impurity source and BBr, as the p-type impurity source.

For the coating/diffusion method, spin coating and

25 screen printing are typically employed. Spin coating is
performed by dropping a coating fluid containing p- or n-type
impurity source to the substrate surface, and spinning the
substrate at a high speed, whereby a coating having a uniform
thickness can be formed on the substrate surface. The

30 substrate is then heat treated to form a p- or n-type
diffusion layer. 1In the case of screen printing, a p- or
n-type diffusion layer can be similarly formed.

In order for the coating/diffusion method tc form a
diffusion laver having a uniform impurity concentration, not

35 only the coating fluid containing impurity source must be
homogeneousg, but alsc the coating f£luid must be coated on the

semiconducteor substrate to a uniform composition and a



[5]The method of [8], comprising the steps of providing a 20 n-type silicon substrate with a texture,
applying the coating fluid of any one of [1] to [6] to one surface of the silicon substrate, causing a
p-type diffusion layer to form, forming a n-type diffusion layer on the other surface of the silicon
substrate, forming an antireflective coating on each of the 25 diffusion layers, and forming electrodes.
[10] A semiconductor device which is fabricated by the method of [7]. [11] A solar cell which is
fabricated b§ e fetRdd of Bl SFIHS S0SIELhERIB N IO cdaiitg g ¥s IoHmtaEd so as to
contain an argama dirderiandtsikcacand im he svnenabld e aspiredodtingistep, &epating having a
sufficient impygity contentcan be uniformly formed on a substrate surface by spin coating step. Even
when the substrate used 35 has a texture, typically a pattern of pyramids on its surface as often found
in the solar cell fabricationrprecesd, s p-type diffusion layer having in-plane uniformity can be formed.
Since the alumina prlgg?% is,uniformly dispersedsinthe cosating formed from the coating fluid, a
dense alumina layer is formed during heat treatment, which layer inhibits outward diffusion of boron
dopant and enhances retention 5 thereof. This faC|I|tates to form a p-type diffusion layer having
in-plane uniformity. Due to the foregoing JCvafiigiesOa BNIITR@NoN layer having uniformity can be
formed over the subg@e&%fﬁfﬁgwgmf@ lgl%egbgqyﬁir@d ﬂyitrp@gé;p@tlﬂgéml{lﬂmq 10 leads to
improved e §ctrlcal rop rtles fa semgfnd %{}) ev ce ty callg sol?r cell. Partlcularlx %vhen a
p-type diffu SN &3 a c%n?alﬁng upto y Welg to & borsn cor%pouna iS coated o

substrate aﬁtphéatltffeaae@ & SoRicREE FHsdey 155860 cd s providebcon teadisistate surface and
dispersion of #Re heron mmw istpaiptained. the Indbe prefecesembadimentwhessis the
e ThE SRS e Aleehe AN anG Rhe o Py %%V%%@Jﬁhape ggmpound are

improved. This also facilitates to orm a p-type diffusion layer havm In-plane uni rmlty The

preferred silRORCHHFGPR -S|I|(,Sa”§iﬁ‘cat%ﬁ|Cﬁ”&%€ht6‘é‘5ﬁlf8#ﬁl?‘€jl§ﬁe‘?§éﬂ‘#%‘én€dﬁﬂﬁg fluid is
preferred. Sitiegoay bepeaditedwuithorpanitdun ctormtityo amixtpreedf silicaimgctigmswith different
particle size i3 aspzp apceptaile. Ihe addition ofsllicaincieasss the Miscedinahipesaatingluid,

increases the thickness of a coating formed on the substrate g EPln coatlngﬁ and éProwdes for a
sufficient antSUt ¥ bordh E8RpSURE ThaatSrefdted eftoaiiERt TR Aftiming Hr&ursot i€ a 30
compound capsibletefforminrdl agina Gpdir b edpoathiantsThg eelditioadd the afimina precursor
ensures that g degse &lwringfieds frsed-dudrg heat treatment, which film inhibits outward diffusion
of boron and enhancges retentio This faciljtates to form a £ dlfoSlon I er_ 35 having
in-plane uniformity. c§ ﬁH gE(gU@ETE %IQTN%/ENWOR?[&(% The bc boron iHlsion coating
fluid eR8ure$ k@ EodtingARRingta Shria n‘ﬁ}bﬁﬁﬂl EotehCEModd bh W sBhSIFAR after spin
coating. Theisiieaand® aldgdia-cantainng filor athebitsomkvard difiuSidabifiemhiand enhances
retention th%fﬂ&J@H&&E&p%N%@” lRygriRavng inspiane WUfpimity, cap pedeemeda BRIGF

DESCRIPTION OF DRAW
fluid; and a semlconductor device, typically solar cell,

fabricated thereby.

25 | The inventors have found that a coating fluid having a
modified composition can form a coating having a sufficient
impurity content and a sufficient thickness on a substrate
surface through spin cecating step; and the addition of silica
and alumina precursor allows for uniform boron diffusion.

30 The invention provides a boron diffusion coating fluid,
a method of fabricating a semiconductor device, and a
semiconductor device, as defined below.

[1] A coating fluid used to diffuse boron into a silicon
substrate to form a p-type diffusion layer, comprising at

35 least a boron compound, an organic binder, a silicon compound,

an alumina precursor, and water and/or an organic solvent.



1()FIG. 1 is a schematic cross-sectional view of a solar cell fabricated by the invention. FIG. 2 is a flow
chart illustrating a method of fabricating a solar cell using the boron diffusion coating fluid of the
invention. 15 DESCRIPTION OF PREFERRED EMBODIMENTS Embodiments of the invention
are described below, but the invention is not limited thereto. One embodiment is a coating fluid for
boron diffusion. 20 The boron diffusion coating fluid is applied to a semiconductor substrate by spin
coating, for éXdmpleTheoctes td fernd Bug-8y pefditfldionniayedin theesbehere. CRRPBBRsh dRfusion
coating fluidiseefined as comprisiigtatdgasiy heromcappadaghan efaitie binsteriasilicnm d .

compound, 25 an alé}yﬂga d%@%%%sor-f‘?tif?ﬂ ajes Wforo@_?@ﬁ%%‘%@giﬁt- Now E#ﬁéé'ﬁ

horon
diffusion coating fluid is formulated to the above composition, a unifoim p-type di smr?]ayer can be

formed. Ov&tRES&EidA K APV pedifBoh 187} iB1TS BETOmE8d ARe HRRHEY Ry peRiiffsion 30
layer can betformmedwad. gimgleo€oating. ddustleads fd imgrovements in productivity and yield as well as
costsavings., 7  The goaling fluigd contaigs &b arganicindar apcka siliconcompounds, typically silica.
Since the viscosity of the coating, fluid varies over a wide range de ending on thg 355§mgunts of these
ingredients, WERRHYHIUIF hidihg HReBid0idaT Bripeidd (oY RixctlopyF c5fpafibiEwith a
particular costihghhethbdthey begréparetiluld.in the embodiment, the p-type impurity source is a
boron comppynd. Byreeatinga priype diffusierelayen-farming coatieg-Huid cemtainngna haron
compound onto a substrate and heat treating the ting,. a p-type diffusion layer 5 he formed in
the SubblralR SUrAEEC *ExAmAILCST (e BoTon Campaund InaGAS bonc Stk banc anydride, alkyl
borates, borf&&ESEHRE AN BiP&ARfonBmBbraRo e MEr&RIy-av fabRYbSehEBmPdunds such
as Hiborono:lpy Betei: internatiana .Co., Ltd. are also useful. The io boron compound is not limited to
these. It may be a mpgure of oy compogings in gy £afiq. 504 BURAUNd mayhe,used asdong as it
contains boron. Since commercial products can be used, the boron compound is readily available at
low cost. DétfrabR thd bdPSF c8mpbufd’i§ present in an amount of 15 less than or equal to 4% by
weightibasel7dn theAotatwedht of tHfabodtormtind. & threodatentiokthexboten tompotiitgexceeds 4
wt%, the bogg: CIHRRYRY May Arecipitale, i the £ogking flyids segiyting in uneven dispersion.
Alternatively, the borgn compqund may lqcally precipitate on the substrate 20 surface after coating,
resulting in I%?Hmtio SFalﬂ%F%ﬁ%u% o?rﬁ pg-%ﬁpexélpﬁﬁ&gﬁ Iécelyjee?. ﬁﬁﬁ%&éﬁl 1:lqu\c/)v:'(:er imit contént of the
boron compdufiglsfotcritital, the content of the boron compound is preferably more than or equal to
0.5% by weight. Examlesmettherganicdiindesdnelide podyvinyg 25taigeha £ PyA)vpdyvigyhacetal,
e P e gl ese, EVAIRRIRIEORL E BalIRH e apaad Eho ancomp

and allows the boron compound to be uniformly dispersed in the coating fluid.’Desirably the organic

binder is présehtth &% afflntBe36 fedsithahdr EyliaFf £29F0yiEfftDased bidhd totiF Meight of
the coating Huids i tlag eonteatisfithe erganicinedetic@esilod Wdpethetecoafingrfluid mayimave a high

viscosity ang sgi%ﬁgcaa%fxg%ﬁnwge&ht&?r@HQS@%&@&Pax@@ﬂae@aégd-tlt@eaq,dﬂtiqrwﬂe coating
maybecomgéggggaygvu%ﬁgﬁﬁggean antireflective coating on each of the

25 diffusion lavers, and forming electrodes.

[10] A semiconductor device which is fabricated by the
method of [7].

[1113 A solar cell which is fabricated by the method of [8]
or [9].

30 Since the boron diffusion coating fluid is formulated
so as to contain an organic binder and silica and to be
amenable to a spin coating step, a coating having a sufficient
impurity content can be uniformly formed on a subsirate
surface by spin coating step. Even when the substrate used

35 has a texture, typically a pattern of pyramids on its surface
as often found in the solar cell fabrication process, a p-type

diffusion layer having in-plane uniformity can be formed.



35 center region that organic residues may be left after in-plane thermal diffusion, detracting from solar
cell performance. Although the lower limit content of the organic binder is not critical, the content of
the organic binder is preferably more than or equal to 0.5% by weight. The organic binder, typically
PVA desirably has a degree of polymerization of up to 1,000, more desirably up to 5 800. If the degree
of polymerization exceeds 1,000, the organic binder tends to agglomerate, detracting from dispersion
of the coating fluid aRdrigiing ks forda ot §rtype ffdsion el ee taiRb ughsthe 16 wEr kmit of
degree of pelymesizatienis Fsriigak aoieare of paymeyizetiond ) of aldeast 190us piaferred for
e i, B 1 Cegles aLR0 Ve AN COURIRNIRp AT YIREL AUEia0e
molecular weight as measured y ge efmeation ¢ romatography (GPC) versus polystyrene
standards. PyHiact the SHigad e8npbuRass Rilide RciidiAg 4 558K fc SHE& Y dRBphobic silica
and sphkericahsitiea fPrefatense fagiven ta sdicatwhifb candepurtifgrmyidiSpersechin thg€oating fluid.
A mixture of siliga, fragtions,with different.particle size is also acceptable. The addition of silicon

compound increases the viscosity of the coatlngLf?Ifﬁid, 20 increases the thickness of a coating formed

on the substrate by SHif cb8tird anPretaRs 29 FHEBREARBHNt 8 BorbRRDnTHoURES TRt is, the
silicon compawreplowidesfora Shfficiddtantaumtlet pligpasmporgrornt- e subistiarasarface and
enables to fop aiforgnp-tependiffusioadayer, 2p¥hemn sitica isdisesk ttinay beweither dry sHica or
wet silica. Use may also.be made of silica,which -has been hydrophagbize surf. reatment with
silanes ‘or sﬁcezgrraess 1%? eﬁlﬂgﬁaﬁaéz)o%pea?%ﬁﬁf ev#hl%:no aegﬁzels?osn Ig)(;%?hae %ogr%%%%ﬁnap%oéu%%rand organic
binder. Any &ficacichasrbfetidlli@P30habmtla BET specific surface area of 50 to 400 m2/g and
surface treated to beehydrophobie 0y silitarpradpeadrby thid salgel snetbod Mayybe used depending on
the desired dispersian of thgcqafingsfluid, @é&pﬁl@sﬁ siicgdnglide yyes silica spehas.3z grecipitated
silica, and dry silica such as’silica xerogél and fumed silica, which are commercially available. These
silica speciédhly He TRy FAEG PSRBTy St phific S AREAGERRTR, SRY T be
hydrophobizesiy: sufacetreathdent with &lzenpousttiaiengan Deganiesidyldgrepe ysricrtoarse.
Typical of siliga age, ASHOSUSHEW PRI ARG &td., Nipsile and Nipgele from Tosoh Silica Co.,
Ltd., and Sylysiae from Fuji Silysia.Chemical Co., Ltd. Silica should preferably have a, BET. specific
surface area of 50 t(()?[ 206%62/ ,rr%%?er EFect\ereacﬁ’f g(ﬂlg‘ p. O%/E?m £ 8si?§l);q? ﬂﬁlecsilﬁé”gr? %gmpound
is present int&n Bedalint oY fess et ol eqlitictoBoE By e hebdscti6R e ial ibwaghventhe
coating fluids #f thecoptant»f henpilicermcempoung exeeads Smnitls, thesepatiag fiuic mayshave too low

flidity,io cogl, and.syeh,an, ncieased.ameuaLipdicaies, an indigaserdcastallaugly fp. lower limit
content of the silicon I('gom%%un IS not critical, the content of the silicon is compound is“preferably more
" than or equal to 0.5951% WEGRETT e |54 beRPret@RBYHtheit, b hGRhma PlectféorRiLh
compound espabie ottotmngalymina ppos ddal treatmeento ahe ragldftiomicf the alursifrrpredursor
ensures thak g denseglymina fleds faeed, dyring heahdeatment whichfimyinhibits,dQ eypuard
diffusion of baron and enhances retention thereof. This f%cmtates_to form a uniform B_'é%pe diffusion
layer. Efarfiptel Gt the &R Hréddrdofhtiuge A dnkiftng hydfoxidd Aldmirtin chloride, and
alumirsm chioride teixahydrdtbeDedifdldly ove afinsiia précursoreaiesettif anidfogAtor less 25
than or equaldo89% hydugighibasegien thatotalaveighteldhercoating flyids #f the comtanipf the
alumina pregursor exceeds 8 wt%, bpron. glass containing al a forme eglent may
become difﬁ%ﬁﬁr?g %eoéic?%? with ?/gjrao u%?%yacslé) f‘nnth%ggﬁbgéné Ue%tqaa%s? éﬁ?r%ggste%gar%d tend to
leave surfactidd iesidids. ARABOGH e RAFINGCERXERLS the alumina precursor is not critical, the
content of the aluminapeecprsor 3 peeieraihy minre tan ehequalin hadodneweighdr is Besides the
above poregigni, &30ty uaed n Kecaatnodiiid e solyantisaised-fapunilarmnly dispersing 35
the boron compound, organic_binder, silicon compound and alumina precursor and selected from
deionized waHdRtPSrgahic e eSS ALAGHRTRRUrERFRES Br L. @ 4*H&mples include
liquid paraffan}. adiplnati cEHiyidrodar bbn sob nds) icemlgitdl satvents; ceflesdive wbliventst i 1m

inhibits outward diffusion of boron and enhances retention

thereof. This facilitates to form a p-type diffusion layer

35 having in-plane uniformity.



higher fatty acid ester solvents, polyhydric alcohol solvents, higher alcohol solvents, higher fatty acid
solvents, and 5 aromatic hydrocarbon solvents. Inter alia, liquid paraffin and aliphatic hydrocarbon
solvents are preferred because of less odor. Suitable aliphatic hydrocarbon solvents include IP
Solvent from Idemitsu Kosan Co., Ltd., Shellsol(r) D40, lo Shellsolo D70, Shellsolo 70, and Shellsolo
71 from Shell Chemical, Isopar G, Isopar H, Isopar L, Isopar M, Exxol D40, Exxol D80, Exxol D100,
Exxol D130 (b.p. 279-316C), E&x CHOHS2 8O BROEY_SHD EXMVEINIESN0/140 from Exxon. Suitable
carbitol solvents inclugde maethylearbitok b ethyleasitiial gamd buylcasbitale Suitalzie cellosolve solvents
nelude ethyselasolvs: dsaanyl eelasalve andiher aeliasplve, sl ple Hopatlplly agid eger

ibu [

solvents include é’l%gty phthafate, isobuty tylsuccinate, isobutyl adipate, dibutyl sebacate, and

di(2-ethylheily 2brebracafet stitdBrp SRfdiSalcofBPsdiveritSindiide ethylene glycol and glycerol.
Suitable highnatcohoksstvents inaiude methylhekedrs!, oleykacdhd; finethyiesandioron
trimethyloutangl, teiramethyinpoanal Zshentulopaaral, ZrigRylnonangland2drxyidecancl. 25

Suitable higher fatty acid solvents include caé)r lic acéd, 2-ethylhex§n0|c %cid, and oleic acid. Suitable
aromatic hydPSEaTb &7 EoREntsTREGEE Uittt HistRNbBS e MiSentylbenzene, and

dlisopropylnaphthalene. These organic solvents may be used alone while a 30 mixture of two or more
organic solvents may be used for gdjtstingtke Niseosity and mRAIRG she dispersion of the silicon
compound and orgapic binder.and the wetting of a textured silicon crystal.substrate In oron
diffusion coating flui ,faéj $of\1/e%tscoam6§tl 613&?\7\% cth%?:ooragn% ?r?ggrr%is%&%ﬁréﬁy%seé}}iap
combinatiortahe oGS pRderBly-tiSed V&R Bt of 77 to 93% by weight based on the total
weight of the coatingft@d. 2 isThe etatingsiiddsholbypreferablychavere visedsityof 80 to 140 mPa-s
at 25C, morg freterally 90 19 120, BPac 2 25 4 A3 measured by adpiatinab Miscamelelg The
rotational viscometer used herein is Brookfield DV-Il+pro 5 viscometer with spindle #5 at 25C and 20
rpm. DesirablMthe <ohtitd of tHE E3HtHg tuid applied to the silicon substrate has a dry thickness of at
least S.more desirably at least 10 p.m. A thickness in this range provides a sufficient amount of p-type
impurity and ensures 10 that gu:pepdiiffugioptayerfiaviag: uniferaatyrangiedigh concentration is
formed. Although the upper.limit of the_cqating thickness is not critical, the thickness is preferably up to
25 m, more preferab f/“ Epg) 020 I:ln‘c%)sforo ga%%%f ﬁgﬁ(ﬁfﬁ%}mxﬁﬁﬁe (%gtﬁga%?%aé?ig%ﬁg F;{)ug
semiconductdedéviceeIGUgBichly B6hr £&MiUsHy Heb6on-diffusion coating fluid defined herein is
described by referringrie tbewsmosimentsshovan eEKS £1and 28 £1Gbd sehematicalyi dinstrates in
cross-gectiqn a sglar cell icgted by the inyention. BI$. 24s aflow ghart illustrating a method of
fabrica%?ng a s%ar §5 cell%ﬁig t%eg%oron %if%s?on qoéLting f#ulid of the invention. First, a
phosphorusSESpetPR e QR gRURTIRPSRcHY sThStFatE ATE 1R EvidEa BsSSHINMLR FIE! 1. The single
crystal silicarrsidastriate Zoahtamed Dyvsieinbid Silisbnnandetwelnich mayhkavaibedr preparethisy either
25 Czochraiski (G 7)qnethed o5the daating zene {52) mend: s nigferisafor thamanufacture of

solar cells with better performance that the substrate have abr.es' tivity of 0.,]1t0
least a boron compound, an organic binder,” a silicon compound,

P

25 an alumina precursor, and water and/or an organic solvent.
Now that the boron diffusion coating fluid is
formulated to the above composition, a uniform p-type
diffusion laver can be formed. Over the region where a p-type
diffusion layer is to be formed, the desired p-type diffusion
30 layer can be formed via single coating. This leads to
improvements in productivity and yield as well as cost savings.
The coating fluid contains an organic binder and a
silicon compound, typically silica. Since the viscosity of
the coating fluid varies over a wide range depending on the
35 amounts of these ingredients, a coating fluid having
rheological properties (viscosity, thixotropy) compatible

with a particular coating method may be prepared.



20 Q-cm, more preferably 0.5 to 2.0 Q-cm. The substrate 1 is then immersed in a sodium hydroxide 30
agueous solution where a damaged layer is etched away. For damage removal from the substrate,
other strong alkali aqueous solutions such as potassium hydroxide may be used. The same purpose
may also be achieved with acid aqueous solutions such as fluoronitric acid. 35After the etching for
damage removal, the substrate 1 is provided with a random texture. Most often the solar cell substrate
is preferably providebrwititan srréqiddmnentextirbd serfatpeTHBRS bésauROseastitivoreflections
must occur ga:the lightmigseiving sekfae Hraider 40 pedygesthareftectiviti in dievisideapagtrum.
While the texile 2,3 9RG i3l LpRaly, 20 wallers caahdieak raax faye gualzs plagout S to 10
p.m. Typlcaf:sur ace'texture structures are V and U trenches, which may be formed by a grinding tool.
The randonffetdreabruetife Mapakhbepbaidd b ikt BY@finGHifbaIvHeImAZRInE/”Pan
aqueous sohusioficafrsediuinn 10Hy dembde nathasepropytalcohol added), acid etching, or reactive ion
etching (RIE). Itis nglediihat thefexiyre Siuchiresdapoed ProRAcME Byfacesrednotglgnigted in

FIG. 1 because they are of micrgscopic size. Once the substrate js cleaned, the boron diffusion 15

coating fluicFREEHEE %0 tie-8abstratE Siftgce By ahy SfithBid Edifht8ehAmte AYBRANY S pin
coating. Twbevatet. substrates aia tdmbinaids blset yithathe coatersdifacasahatetl together. Such
sets of Subﬁﬁfﬂ%@@ agangeson Qiﬂﬁéﬂﬁ&igihﬁiéﬂg shaced, egartahanaelywhgeawon heat 20 _
treatment is carried oyt 1o form %&'9(89 .dl“fjf%%'gé‘ el Zhese | Nerhedl reqtment converts tgﬁ]‘?oa“”g
into a boron éﬂass layer con?alnlng alumina and silicon compound (S|I|ca¥on%he suh}éce, which is
etched awaP e hyHBAGBRE aCED fEIRBVERE} RCAPEBaRRIBP RUB PrERYrREfremaRe®S sR5HIpoints

of diffusion timeianccastafitiffusionstepshathecotyeadifusigriayecbavean averagesheet
resistance qfy35 @o@%ﬂh%ﬁ&%ﬁd@ée Preferably 40 to 46 pAmysayare- JheyCV value (serving as an

index of variation), which is the standard variation of sheet resistance divided by the average 30 sheet

resistance, is prefer@5i§ 1B L0k R 0RO PRt ABTP 18 55% HRESHEE bettBr 801aP L8l pEM3fmance is
expectable. lessNékizondine sgrade wheté the pwypeldiffisior fyer hekdeemtfolmediatsilicon nitride

coating of 890 300 iy dhick foreareyiging pebavikier Lo Nrlyne iMpUlydswiepositedRddunmeans of a
direct plasma CVD_system, ;I’wot IN-coated substrgltl%%arrttl-:'acombingg as.a ggt Wzi1th e coated
surfaces mated ?88‘ h%r.‘”gu"ch SEt§ of SUBStrateStare arrangs('adp(}:r{fj a E’uar?z Jig ?ﬁavmg spaced apart
channels witsretipba hebig irdatrefud tinted ButiRerOT | dthisshhefdto férht aiii@fpe’giftision layer
3 in the surfare apppsite dvilsopmiypendiffusintelayer-pearng sudaee dal hetsjusetien isalation is
carried put ip, g pigsa,giching ambey using O gighing gas-L i lungiog isglatian saypples are
stacked so as to prevent the plasma and radicals fro Ing the light-receiving surtace and back

invadin
surface, and®tH&? Q&g@?sféﬁbﬁﬁa%e%@ﬁfff%icr&%ﬂ?ﬂ@l@%&i@ﬂ%ﬁt&imit THREERET, e CVD film
(silicon nitrideéy&lrbparch phosphwrns giassrfotmed:onithelsurtdee arerdtehed aWayheitipbydrofluoric

acid, followed by R6A cleaning: #4509 direct Plasma YD system @ siicen nijfde digr{er
antireflective 15 coating) 4 is deposited on the emitter layer as a surface protective layer. Preferably

the silicon nitride filfF A EthicknebB f 7D48™2H0 M sivde TARENESaE HEARC. The ARC
may besreplatediylanoiier ARG st Hydxide aitadiunadidxipie] vintroxdd@ eetia bxide @éating.

Bejides 20 thedisectipjasma R athertormatipn teshaigries suel assemes alasgna £y/D, coating,
L oA B S stone e sate U e e 0
reﬂajwny,dispersad in the coating fluid.
Desirably the organic binder is present in an amount of
30 less than or equal to 4% by weight based on the total weight
of the coating fluid. If the content of the organic binder
exceeds 4 wt%, the ccating fluid may have a high viscosity and
so the necessary coating weight per substrate may be increased.
In addition, the coating may become so thick in the substrate
as center region that organic residues may be left after in-plane
thermal diffusion, detracting from solar cell performance.

Although the lower limit content of the organic binder is not



25 for example, a magnesium difluoride film having a refractive index of 1 to 2 is formed on the ARC,
then the reflectivity is further reduced so that the generated current density may be increased. For the
same purpose, a silicon oxide film may be stacked on the silicone substrate and the silicon nitride film.
300n the back surface, a silver-based paste is applied and dried using a screen printing machine. On
the front surface, a comb-shaped silver electrode is printed and dried using a screen printing machine.
Thereafter, fitidd isedrricbhsuteReb/iig 8 tHepretiedeniified IReiPial roRESforrifg & BEeke35
electrode 5 gndm ffentelestrode 6o Besideg the pinting technique, the electrode formation may also

be carried out by othﬁ{ e!e%rgggltjﬁsgs_%cirh%%¥ac%%ieé{gpg§atp@Aar&je§@£tgegm. has alhus asolar cell

10 as shown in FIG. 1 is fabricated in a simple way. Since the above-described method of fabricating a

solar cell inASF&&&pAGiRPLhEHTrdR afftRibrPlodthgfuid ohtRe JBBEFalke 3 idng IR a
sufficient thigkness Idr hdrendhifusien odn be fgnmed zAlthoughetheazpdding floitDis egpdied by spin

coating in the illustiated sepaladiment other appjicatior deehnicias-siah; 3 S¢eeR printing may also
be used. 10Now that the alumin %recur%c;r capﬁa_.l_ble f formi aldenseglur#ina film upan. heat
treatment isHAtRY 1o RB c%gtiﬁg ufe e aflimind T mapr}even & olUtward diff3sion of Boror and

enhances ratehtioe tifbrE 6t b relsuite s p-typetdipfusipntibye ity hiphbe uhiféfaitgenay be

formed. 15 BXAMALmeExamRlesnCompesativerExampies andiBgerenes Examptes-ateagiven below
by way of illy ”%“?Q%”%QOELB}&W@/ 9f ignitations2Q Fxample 1, 4 %Hﬁﬂf&?s.'o”ﬁ’al@g fluid was
prepared by blending thie fol owing ingredients in'a stan_darg procedure. 25 Preparation of coating fluid
for o-type diRERM BoRdn EBMPBEAF BBrie BcRP LY BEGighic BRJEPBESRYPEB0AS @egree of
polymerizatiomfi?Q): 3gerage molecular weight as measured by gel permeation

chromatography (GPC) wversus polystyvrene standards.
Typical of the silicon compound is silica including

15 hydrophilic silica, hydrophobic silica and spherical silica.
Preference 1s given to silica which can be uniformly dispersed
in the coating £luid. A mixture of silica fractions with
different particle size is alsoc acceptable. The addition of
silicon compound increases the viscosity of the coating fluid,

20 increases the thickness of a coating formed on the substrate
by spin coating, and retains a sufficient amount of boron
compound. That is, the silicon compound provides for a
sufficient amount of p-type impurity on the substrate surface
and enables to form a uniform p-type diffusion layer.

25 When silica is used, it may be either dry silica or
wet silica. Use may also be made of silica which has been
hydrophobized by surface treatment with silanes or silicones
for enhancing compatibility with and adhesion to the boron
compound and organic binder. Any silica such as fumed silica

30 having a BET specific surface area of 50 to 400 m’/g and
surface treated to be hydrophobic or silica produced by the
sol/gel method may be used depending on the desired
dispersion of the coating fluid.

Examples of silica include wet silica such as

35 precipitated silica, and dry silica such as silica xerogel

and fumed silica, which are commercially available. These

silica species may be used as such since they are hydrophilic.



Silicon compound hydrophilic silica (BET surface area 200 m2/g): 2 g Alumina precursor aluminum
chloride hexahydrate: 4 g Organic solvent ethylene glycol: 56 g Solvent water. 34 g Total 100 g
The coating fluid thus prepared had a viscosity of 107 mPa-s at 25C. Example 2 A coating fluid
was prepared as in Example 1 except that the boric acid content was 4 wt% and the ethylene glycol
content was 54 wt%. The coating fluid had a viscosity of 112 5 mPa-s at 25C. Reference Example 1
A coating fldid veaEngreparedas fiEkaRpleal eReepBEL HeObOricaLi @ ELoREHE 92 5 wit% and the
ethylene glyesklpreientias 53 vabmddheneatngiiiid aad ergaeasityof 18 mPeupat 25C.
0,

e el e NP an ! ISTEE LescR Ve BN e s e

Aerosil Co., Ltd., Nipsil® and Nipgel® from Tosdh Silica Co.,

5 Ltd., and Sylysia® from Fuji Silysia Chemical Co., Ltd.

Silica should preferably have a BET specific surface area of

50 to 400 m’/g, more preferably 50 to 200 m’/g.

Desirably the silicon compound is present in an amount

of less than or equal to 5% by weight based on the total
10 weilght of the coating fluid. If the content of the silicon
compound exceeds 5 wt%, the coating fluid may have too low
fluidity to coat, and such an increased amount indicates an
increased cost. Although the lower 1limit content of the
silicon compound is not critical, the content of the silicon
15 compound is preferably more than or egqual to 0.5% by weight.

In a preferred embodiment, the alumina precursor is a
compound capable of forming alumina upon heat treatment. The
addition of the alumina precursor ensures that a dense alumina
film is formed during heat treatment, which film inhibits

20 outward diffusion of boron and enhances retention thereof.
This facilitates tco form a uniform p-type diffusion layer.

Examples of the alumina precursor include aluminum
hydroxide, aluminum chloride, and aluminum chloride hexahydrate.
Desirably the alumina precursor is present in an amount of less

25 than or equal to 8% by weight based on the total weight of the
coating fluid. If the content of the alumina precursor exceeds
8 wt%, boron glass containing alumna formed by heat treatment
may become difficult to be etched with hydrofluoric acid in the
subsequent glass etching step and tend to leave surface

30 residues. Although the lower limit content of the alumina
precursor is not critical, the content of the alumina precursor
is preferably more than or equal to 0.5% by weight.

Besides the above ingredients, a solvent is used in the
coating fluid. The solvent is used for uniformly dispersing

35 the boron compound, organic binder, silicon compound and
alumina precursor and selected from deionized water and

organic solvents alone or in admixture of two or more.



Reference Example 2 20A coating fluid was prepared as in Example 1 except that the PVA content
was 5 wt% and the ethylene glycol content was 53 wt%. The coating fluid had a viscosity of 155 mPa-s
at 25C. 25 Comparative Example 1 A coating fluid was prepared as in Example 1 except that the
PVA content was 0 wt% and the ethylene glycol content was 58 wt%. The coating fluid had a viscosity
of 59 mPa-s at 25C. 30 Example 4 A coating fluid was prepared as in Example 1 except that the
silica content was 5 Wxrarc thelapylede diken bdniaiafiizss wadbirha ebating fluid had a viscosity

of 129 33 MRais at3sboRefelencetexamaleni tol Aogealingsf|uid wasdyepakedsas trelixample 1
except that the silica content w. wt% and_t ne t t% ting fluid
had a viscoéiﬁ? %F f4]% g?nglga-%gafs'togS%%%DmSggﬁégnghn?gef%%%%' \g%%%%s%%%%ﬁe%dg asin

coatin
Example 1 83@Ept i treRfitaToht&t Was O WdEInd et sthyeH @ﬁ?&%{ % EGnteRtas 58 wt%.
The coatingfitochhad @ wscnsityaofoidhmiaty ah25C. Ekaheple 51 Adhorbh gifiusigmcadtivig fluid was

prepared as,iql 5 EX3MpIE; L %ga%@gk%algmmgﬂf@lq&?@ hexahydiatg content yas,@ wt% and

the ethylene glycol content was 52 wt%. The coating fluid had a viscosity of 109 mPa-s at 25C.
Reference Bf4HpRIGD0A coating fluid was prepared as in Example 1 except that the aluminum
chloride hexahydrat& edieint was Wb iandiheeekyche gyl ol centeat Was BOARt%FPThe coating
fluid had a igaagity©f A94nMP a=srali2RC k2 EAMBsative: Bxamgles3 1so 16\ paating fluid was
prepared as.in Exampl cept.that.the aluminum, chloride hexahydrate conten 0 wt% and the
ethyle:rH% gl)slsc%?%éﬁt(é%fg ngs 0 w%%’aw]ﬁé’ %a?r%fllﬁagma%gg %’égs&l%y c?f{ 1(%97: %rﬂ’ag-isq%{s'%SC. 30
Fabrication ©reBthEed|l SHRPRRNs Yerd I8MFatEd by $9@aBole-desemssd Mhetkatcading4Re boron
diffusion cogtig:fluids ®f Example® 1 do 5, Somparativo Exkamples2T to- 31 and: Refarence Examples of

1to4. D140 (b.p. 280-320°C), and Exxol DCS10/140 from Exxon.
Suitable carbitel solvents include methylcarbitol,

15 ethylcarbitol, and butylcarbitel. Suitable cellosolve
solvents include ethvl cellosolve, isocoamyl cellosolve and
hexyl cellosolve. Suitable higher fatty acid ester solvents
include dioctyl phthalate, isobutyl dibutylsuccinate,
isobutyl adipate, dibutyl sebacate, and di{2-ethylhexyl)

20 sebacate. Suitable polyhydric alcohel solvents include
ethylene glycol and glycerol. Suitable higher alcohol
solvents include methylhexanol, oleyl alcohol,
trimethylhexanol, trimethylbutanol, tetramethylnonanol,
2-pentylnonanol, 2-nonylnonanol, and 2-hexyldecanol.

25  Suitable higher fatty acid solvents include caprylic acid,
2-ethylhexanoic acid, and oleic acid. Suitable aromatic
hydrocarbon solvents include butylbenzene, diethylbenzene,
dipentylbenzene, and diisopropylnaphthalene.

These organic solvents may be used alone while a

30 mixture of two or more organic solvents may be used for
adjusting the viscosity, and modifying the dispersion of the
silicon compound and organic binder and the wetting of a
textured silicon crystal substrate. In the boron diffusion
coating fluid, a solvent compatible with the organic binder

35 is preferably used in combination. The solvent is preferably
used in an amount of 77 to 93% by weight based on the total

weight of the cocating fluid.

w10~



35First, a phosphorus-doped n-type single crystal silicon substrate 1 of 15 cm squares by 200 p.m
thick having crystallographic orientation (100) and an as-sliced resistivity of 2 Q-cm was provided as
shown in FIG. 1. The substrate was immersed in a 40 wt% sodium hydroxide aqueous solution where
the damaged layer was etched away. The substrate was then immersed in a 3 wt% sodium hydroxide
5 aqueous solution with isopropyl alcohol added, where a random texture was formed by wet etching.
The substrate was tlrecleandd.riEhe budoh @iffasidbd dortifgflaklwabapplied wogrosuldsirate surface

by spin coating gad doed 86 180 -for A imingie-(coading thiskressatd $09un): J wopeoated syibstrates
were combin%d aacset with the coated gurfaces ma%%doitlogqfther.sSucg S8ts of iﬁ%strates were

a . @5 measure ota Vvi5COom .
arranged on a quartz jlgahavmg space aB’ar?cﬁanne san placedpin an oven where the substrates

were heated 8£956GQ 1G4 FHiREs 16 Tornf & H-Bpeahfiusion BEre L 18ADdtdn Hlaseayer
containing aluminsrank siliea formast o the $arface was etehedl awaywmith hydrofluoric acid, followed

by RCA cleaning. &bgyth@h%uréaocstwnsreo@ete;évn;%glﬁyﬁ@né%%h%%sm&owd, a silicon
nitride coating of 200 nm thick as 20 a barrier to n-type impurity was deposited by means of a direct

plasma CVikestehd fRven SHiNeobtad: substftas Were Bohikines asaf sattwilie #RL cSatef.surfaces
mated together. Such sets of substrates were arrangeq on a guartz jig having. spaced apart channels
and heat treated in Bﬁf % l%o%%hgre(‘a’at%%ZSILE Portﬁn a n-%yp%)a'l ufsll%?l%a&gr riﬁlt ersf%r?a%ce opposite to
the p-type diffisvdniyesbeafifig suefate amourThert spnfies were wridkedaas is prdsent the
plasmagandyadicals fiamgpwading Hie light-reseding sviface and ek styfagaa Thestagk was placed
in a plasma etching 30 chamber using CF. etchi as, where the edge tched.for junction
isolation. co?‘ﬁ%?‘e%?éff-f {he d\?D%%%nmaer?d ph%gp .OPL%hgrl]é%se f&%’g o%v%ﬁ‘zigurggcg E\iveere etched
away with hyérsfilagic Bkt kaiRtved By TRCEA elehing Usififa difd@ masha v BsyERraPaSilicon
35 nitride filg,(of @nykeflactive coating).4-0£ 409 Py thigk wag deposiied ofuthe amitien dayelps a

surface protective layer. Usmg a screené)rintin machine, a silver-based paste was applied and dried

on the back surface N3sihg atdtgeB BRRting & SAE PG RbSHAHEANEBETFSde BaHERT printing
plate, assilveryglecisdderhavihga wiglth of 89ipig widseprintedd arid fired on thediomsuffaced

Thereafter, firing was Gaced Qut accprdingsiodheyedeteaningdhthesmaharafits, Jasmiagra back
electrode 5 and a co_mb-sha%ed front electrode. 6. The current |1d vg ﬁ%esggco&eergegr(yoc, Jsc,

FF, Efficien&i Bthe thdsabricated$bi&r cefl 5F 155 ROt SH3s \/Vere&measured iR an
atmospherewf@EC gsingeosolar sipduiator€ightintensivg 19VhH2 tHsedRVERMPEG). F1G. The

contents (wio) af ingredisnteiathe homusdiffusionoatingfluids ekExampiasaarich ¢ omparadive
Examples are shown in Tables 110 4,15 Table.d JROredienS{"™¥lia of the invention.
First, a phosphorus-doped n-type single crystal
silicon substrate 1 is provided as shown in FIG. 1. The
single crystal silicon substrate is obtained by slicing a
silicon ingot which may have been prepared by either
25 Czochralski (CZ} method or the floating zone (FZ) method. It
is preferred for the manufacture of solar cells with better

performance that the substrate have a resistivity of 0.1 to

20 Q-cm, more preferably 0.5 to 2.0 £-cm.
The substrate 1 is then immersed in a sodium hydroxide
30 agqueous solution where a damaged layer is etched away. For
damage removal from the substrate, other strong alkalil
agueous solutions such as potassium hydroxide may be used.
The same purpose may also be achieved with acid aqueous
solutions such as fluoronitric acid.
35 After the etching for damage removal, the substrate 1

is provided with a random texture. Most often the solar cell

-1%-



Example Example Reference 1 2 1 Boric acid 2 4 5 PVA 2 2 2 Hydrophilic silica 2 2 2 Aluminum
chloride hexahydrate 4 4 4 Ethylene glycol 56 54 53 Water 34 34 34

substrate is preferably provided with an irregular or
textured surface. This is because at least two reflections
must occur on the light-receiving surface in order to reduce
the reflectivity in the visible spectrum. While the texture

5 shape consists of peaks and valleys, each peak may have a

size of about 5 to 10 um. Typical surface texture structures
are V and U trenches, which may be formed by a grinding tool.
The random texture structure may also be prepared by wet
etching (involving immersing in an agqueous solution of sodium
10 hydroxide with isopropyl alcohol added), acid etching, or
reactive jion etching (RIE). It is noted that the texture
structures formed on opposite surfaces are not depicted in
FIG. 1 because they are of microscopic size.
Once the substrate is cleaned, the boron diffusion
15 coating fluid is applied to the substrate surface by any
suitable coating technigque, typically spin coating. 7Two
coated substrates are combined as a set with the coated
surfaces mated together. Such sets of substrates are arranged
on a gquartz jig having spaced apart channels whereupon heat
20 treatment 1s carried out to form a p-type diffusion layer 2.
The heat treatment converts the coating into a boron
glass layer containing alumina and silicon compound (silica)
on the surface, which is etched away with hydrofluoric acid,
followed by RCA cleaning. It is preferred from the
25 standpoints of diffusion time and cost of diffusion step that
the p-type diffusion layer have an average sheet resistance
of 35 to 50 ohm/square, more preferably 40 to 46 ohm/square.
The CV value (serving as an index of variation}, which is the
standard variation of sheet resistance divided by the average
30 sheet resistance, is preferably up to 10%, more preferably up
to 5% because better solar cell performance is expectable.
Next, on the surface where the p-fype diffusion layer
has been formed, a silicon nitride coating of 80 to 300G nm
thick for providing a barrier to n-type impurity is deposited
35 by means of a direct plasma CVD system. Two SiN-coated
substrates are combined as a set with the coated surfaces

mated together. Such sets of substrates are arranged on a
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Total 100 100 100 Table 2 Ingredients (wt%) Comparative Example Example Example Reference 1
13 2Boricacid 222 2 PVAO0 2 45 Hydrophilic silica 2 2

quartz jig having spaced apart channels whereupon heat
treatment is carried out in POCL, atmosphere to form a an-type
diffusion layer 3 in the surface opposite to the p-type
diffusion layer-bearing surface.

5 Then junction iscolation is carrxied out in a plasma
etching chamber using CF, etching gas. In this junction
isolation, samples are stacked so as to prevent the plasma
and radicals from invading the light-receiving surface and
back surface, and the edge is ground several microns in the

10 stacked state.

Thereafter, the CVD film (silicon nitride £ilm} and
phosphorus glass formed on the surface are etched away with
hydrofluoric acid, followed by RCA cleaning. Using a direct
plasma CVD system, a silicon nitride film (or antireflective

15 coating) 4 is deposited on the emitter layer as a surface
protective layer. Preferably the silicon nitride f£ilm 4 has
a thickness of 70 to 200 nm since it also serves as the ARC.
The ARC may be replaced by another ARC such as oxide,
titanium dioxide, zinc oxide or tin oxide coating. Besides

20 the direct plasma CVD, other formation techniques such as
remote plasma CVD, coating, and vacuum evaporation may also
be used. From the economical aspect, the direct plasma CVD
technique is preferred for the formation of a nitride film.

If a film capable of minimizing the total reflectivity,

25 for example, a magnesium difluoride film having a refractive
index of 1 to 2 is formed on the ARC, then the reflectivity is
further reduced so that the generated current density may be
increased. For the same purpose, a silicon oxide film may be
stacked on the silicone substrate and the silicon nitride film.

30 on the back surface, a silver-based paste is applied and
dried using a screen printing machine. On the front surface,

a comb-shaped silver electrode is printed and dried using a
screen printing machine. Thereafter, firing is carried out
according to the predetermined thermal profile, forming a back

35  electrode 5 and a front electrode 6. Besides the printing
technigue, the electrode formation may also be carried out by

other technigues such as vacuum evaporation and sputtering.
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2 2 Aluminum chloride hexahydrate 4 4 4 4 Ethylene glycol 58 56 54 53 Water 34 34 34 34 Total 100
100 100 100 Table 3 Ingredients (wt%) Comparative Example Example Example Reference

10

15

20

25

Thus a solar cell 10 as shown in FIG. 1 is fabricated
in a simple way.

Since the above-described method of fabricating a
solar cell involves applying the boron diffusion coating
fluid on the substrate, a coating having a sufficient
thickness for boron diffusion can be formed. Although the
coating fluid is applied by spin coating in the illustrated
embodiment, other application technigques such as screen
printing may also be used,.

Now that the alumina precursor capable of forming a
dense alumina f£ilm upon heat treatment is added toc the
coating fluid, the alumina film prevents outward diffusion of
boron and enhances retention thereof. As a result, a p-type

diffusion layer having in-plane uniformity may be formed.

EXAMPLE
Examples, Comparative Examples and Reference Examples
are given below by way of illustration and not by way of

limitation.

Example 1
A boron diffusion coating fluid was prepared by

blending the following ingredients in a standard procedure.

Preparation of coating f£luid for p-~-type diffusion

Boron compound horic acid: 2 g
Organic binder polyvinyl alcohol (degree of polymerization 500}: 2 g
Silicon compound | hydrophilic silica (BET surface area 200 mt/g) 2 g
Alumina precursor | aluminum chloride hexahydrate: 4 g
Organic solvent ethylene glycol: 56 g
Solvent water: 34 g

Total 100 g

The coating fluid thus prepared had a viscosity of 107
mPa~-s at 25°C.

14~



214 3Boricacid 222 2 PVA 2 2 2 2 Hydrophilic silica 0 2 5 6 Aluminum chloride hexahydrate 4 4 4 4
Ethylene glycol 58 56 53 52 Water

10

15

20

25

3¢

35

Example 2
A coating fluld was prepared as in Example 1 except

that the boric acid content was 4 wt% and the ethylene glycol
content was 54 wt%. The coating fluid had a viscosity of 112
mPa-s at 25°C.

Reference Example 1

A coating fluid was prepared as Iin Example 1 except
that the boric acid content was 5 wt% and the ethylene glycol
content was 53 wt%. The coating fluid had a viscosity of 113
mPa-s at 25°C.

Example 3
A coating fluid was prepared as in Example 1 except

that the PVA content was 4 wt% and the ethylene glycol
content was 54 wt%. The ccating fluid had a viscosity of 133
mPa-g at 25°C.

Reference Bxample 2

A coating fluid was prepared as in Example 1 except
that the PVA content was 5 wt% and the ethylene glycol
content was 53 wt%. The coating fluid had a viscosity of 155
mPa~-g at 25°C.

Comparative Example 1

A coating fluid was prepared as in Example 1 except
that the PVA content was 0 wt% and the ethvlene glycol content
was 58 wt%. The coating fluid had a viscosity of 59 mPa-s at
25°C.

Example 4
A coating fluld was prepared as in Example 1 except

that the silica content was 5 wt% and the ethylene glycol
content was 53 wt%. The ccating fluid had a viscosity of 129

mPa-~-s at 25°C.
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34 34 34 34 Total 100 100 100 100 Table 4 Ingredients (wt%) Comparative Example Example
Reference Example 3154 Boricacid2222PVA22
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35

Reference Example 3

A coating f£luid was prepared as in Example 1 except
that the silica content was 6 wt% and the ethylene glycol
content was 52 wt%. The coating fluid had a viscosity of 141
mPa-s at 25°C.

Comparative Example 2

A coating fluid was prepared as in Example 1 except
that the silica content was 0 wt%® and the ethylene glycol
content was 58 wt%. The coating fluid had a viscosity of 77
mPa~s at 25°C.

Example 5
A boron diffusion coating fluid was prepared as in

Example 1 except that the aluminum chloride hexahydrate
content was 8 wt% and the ethylene glycol content was 52 wt%.
The coating fluid had a wviscosity of 109 mPa-s at 25°C.

Reference Example 4

A coating fluid was prepared as in Example 1 except
that the aluminum chloride hexahydrate content was 10 wt? and
the ethylene glycol content was 50 wt%. The coating fluid
had a viscosity of 104 mPa-s at 25°C.

Comparative Example 3

A coating fluid was prepared as in Example 1 except
that the aluminum chloride hexahydrate content was 0 wt% and
the ethylene glycol content was 60 wt%. The coating fluid
had a viscosity of 109 mPa-s at 25°C,

Fabrication of solar cell

Solar cells were fabricated by the above-described method
using the boron diffusion coating fluids of Examples 1 to 5,
Comparative Examples 1 to 3, and Reference Examples of 1 to 4.
First, a phosphorus~doped'nmtype single crystal
gilicon substrate 1 of 15 cm squares by 200 pm thick having

crystallographic orientation (100) and an as-sliced
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2 2 Hydrophilic silica 2 2 2 2 Aluminum chloride hexahydrate 0 4 8 10 Ethylene glycol 60 56 52 50
Water 34 34 34 34 Total 100 100 100 100 The viscosity of the coating fluids of Examples,
Comparative Examples and Reference Examples is shown in Tables 5 to 8. Also reported are the
average sheet resistance of a p-type diffusion layer formed in the substrate by using these 5 coating
fluids, coating and heat treating under the same conditions and the CV value (= standard
deviation/avesages sheet rgsistanzejwhichvis sinpndex. dkih-plansivaviatidm MA@ that.thelaeerage

sheet resistanee. is,cculied fompearements,Qverdbe sufstiate siace: 3 SRARIY of 5 mm.

solution where the damaged layer was etched away. The
substrate was then immersed in a 3 wt% sodium hydroxide

5 agueous solution with isopropyl alcohol added, where a random
texture was formed by wet etching.

The substrate was then cleaned. The boron diffusion

coating fluid was applied to the substrate surface by spin
coating and dried at 120°C for 1 minute {coating thickness 10

10 um). Two coated substrates were combined as a set with the
coated surfaces mated together. Such sets of substrates were
arranged on a quartz jig having spaced aparit channels and
placed in an oven where the substrates were heated at 950°C
for 40 minutes to form a p-type diffusion layer 2.

15 A boron glass layer containing alumina and silica
formed on the surface was etched away with hydrofluoric acid,
followed by RCA cleaning.

Next, on the surface where the p-type diffusion layer
had been formed, a silicon nitride coating of 200 nm thick as

20 a barrier to n-type impurity was deposited by means of a
direct plasma CVD system. Two SiN-coated substrates were
combined as a set with the coated surfaces mated together.
Such sets of substrates were arranged on a guartz jig having
spaced apart channels and heat treated in POCl, atmosphere to

25 form a n-type diffusion layer 3 in the surface opposite to
the p-type diffusion layer-bearing surface.

Then, samples were stacked so as to prevent the plasma
and radicals from invading the light-receiving surface and
back surface. The stack was placed in a plasma etching

30 chamber using CF, etching gas, where the edge was etched for
junction isolation.

Thereafter, the CVD £ilm and phosphorus glass formed on
the surface were etched away with hydrofluoric acid, followed
by RCA cleaning. Using a direct plasma CVD system, a silicon

35 nitride film (or antireflective coating) 4 of 100 nm thick was

deposited on the emitter layer as a surface protective layer.
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10 The current and voltage properties (Voc, Jsc, FF, Efficiency) of the solar cells fabricated using the
coating fluids of Examples, Comparative Examples and Reference Examples are also shown in Tables
5 to 8. The measurement value is an average of ten samples in each example. 15 Table 5 Example
Reference Example 2 1 Coating fluid viscosity (mPa-s) 107 112 113 Average sheet resistance of
p-type diffusion layer (.(2/0) 44.0 44.1 46.7 CV (%) 4.7 6.5 10.8 Voc (mV) 647 645 640 Jsc(mA/cm2)
37.7 Using a screen printing machine, a silver-based paste

was applied and dried on the back surface. Using a screen

printing machine and a comb-shaped electrode pattern printing

plate, a silver electrode having a width of 80 um was printed
5 and dried on the front surface. Thereafter, firing was
carried out according to the predetermined thermal profile,
forming a back electrode 5 and a comb-shaped front electrode 6.
The current and voltage properties (Voc, Jsc, FF,
Efficiency) of the thus fabricated solar cell of 15.6 cm
10 sguares were measured in an atmosphere of 25°C using a solar
simulator (light intensity 1 kW/m®?, spectrum AM1.5G).
The contents (wt%) of ingredients in the boron
diffusion coating fluids of Examples and Comparative Examples

are shown in Tables 1 to 4.

15
Table 1
Example Reference
Ingredients {(wt%) Example
1 2 1
Boric acid 2 4 5
PVA 2 2 2
Hydrophilic silica 2 2 2
Aluminum chloride hexahydrate 4 4 4
Ethylene giycol 56 54 53
Water 34 34 34
Total 100 100 100

18~



37.6 37.2 FF(%) 80.2 79.8 78.7 Efficiency (%) 19.6 19.4 18.7 Table 6 Comparative Example
Example Reference Example 1 3 2 Coating fluid viscosity (mPa-s) 59 107 133 155 Average sheet
resistance of p-type diffusion layer (Q/E) 48.7

Table 2
Comparative Example Reference
Ingredients (wt%) Example Example
1 1 3 2
Boric acid 2 2 2 2
PVA 0 2 4 5
Hydrophilic silica 2 2 2 2
Aluminum chloride hexahydrate 4 4 4 4
Ethylene glycol 58 56 54 53
Water 34 34 34 34
Total 100 100 100 100
Table 3
Ingredients (wt%) Cogg:;;?i;ve Eranple Rgigiggge
2 1 4 3
Boric acid 2 2 2 2
PVA 2 2 2 2
Hydrophilic silica ¢ 2 5 6
Aluminum chloride hexahydrate 4 4 4 4
Ethylene glycol 58 56 53 52
Water 34 34 34 34
Total 100 100 160 100
Table 4
Ingredients (wt%)} Cor‘;}p{;ﬁgiéve Brampe Rgizrﬁg?;e
3 1 5 4
Boric acid 2 2 2 2
PVA 2 2 2 2
Hydrophilic silica 2 2 2 2
Aluminum chloride hexahydrate ¢ 4 8 10
Ethylene glycol 60 56 52 50
Water 34 34 34 34
Total 100 100 1006 100
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44.0 45.3 47.3 CV(%) 12.5 4.7 6.1 8.5 Voc (mV) 638 647 646 641 Jsc(mA/cm2) 36.5 37.7 37.6 37.3
FF(%) 77.9 80.2 80.0 78.8 Efficiency (%) 18.1 19.6 19.4 18.8 Table 7

The viscosity of the coating fluids of Examples,
Comparative Examples and Reference Examples is shown in Tables
5 to 8. Also reported are the average sheet resistance of a
p-type diffusion layer formed in the substrate by using these
5 coating fluids, coating and heat treating under the same
conditions and the CV value (= standard deviation/average
sheet resistance) which is an index of in-plane variation.
Note that the average sheet resistance is calculated from
measurements over the substrate surface at a spacing of 5 mm.
10 The current and voltage properties (Voc, Jsc, FF, Efficiency)
of the solar cells fabricated using the coating £luids of
Examples, Comparative Examples and Reference Examples are also
shown in Tables 5 to 8. The measurement value is an average

of ten samples in each example.

15
Table 5
Example Reference
b Example
1 2 1

Coating fluid viscosity 107 112 113
{mPa-s)}
Average sheet resistance of
p-type diffusion layer (&/03) 44.0 44.1 46.7
cV (%) 4.7 6.5 10.8
Voo (mV) 647 645 640
Jsc (mA/cm?) 37.7 37.6 37.2
FF (%) 80.2 79.8 78.7
Efficiency (%) 19.6 19.4 18.7
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Comparative Example Example Reference Example 2 1 4 3 Coating fluid viscosity (mPa-s) 77 107
129 141 Average sheet resistance of p-type diffusion layer (Q/0) 50.2 44.0 44.2 45.4 CV (%) 10.9 4.7
5.5 8.9 Voc (mV) 638 647 645 643

Table 6
Cmuratiel  prample | pference
1 1 3 2

Coating f£luid viscosity 59 107 133 155
(nPa-~s}

hverage sheet resistance of | s | an0 | asa | 470
CV (%) 12.5 4.7 6.1 8.5
Voc (mV) 638 647 646 641
Jsc (mA/cm?®) 36.5 37.7 37.6 37.3
FF (%) T7.9 80.2 80.0 78.8
Efficilency (%) 18.1 1%.6 19.4 18.8

5 Table 7
Cometiel mamie | “praneict
2 1 4 3

Coating fluid viscosity 77 107 129 141
(mPa-s)

D ereeaiftusion layer (o/0) | 502 4.0 14.2 454
CV (%) 10.9 4.7 5.5 8.9
Voc (mV) 638 647 645 643
Jsc (mA/om’) 36.9 37.7 37.8 37.5
FF (%) 78.1 80.2 80.1 78.6
Efficiency (%) 18.4 19.6 12.5 19.0
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Jsc(mA/cm?2) 36.9 37.7 37.8 37.5 FF(%) 78.1 80.2 80.1 78.6 Efficiency (%) 18.4 19.6 19.5 19.0 Table
8 Comparative Example Example Reference Example 3 1 5 4 Coating fluid viscosity (mPa-s) 109

Table 8
e
3 1 5 4
%;g;%g? fluid viscosity 109 107 109 104
e ot ttesion doyen (/) | 528 | 0 | s | sz
CV (%) 13.2 4.7 7.7 10.6
Voo {mV) 637 647 647 642
Jsc {(mA/cm®) 37.0 37.7 37.5 37.3
FF (%) 78.5 80.2 80.1 78.6
Efficiency (%) 18.5 19.6 19.4 18.8

The solar cells of Examples all display an efficiency
5 in excess of 19%, indicating a photoelectric conversion
efficiency surpassing the electrical performance of the cells
of Comparative Examples.
Comparative Examples 1, 2 and 3 lack one of organic
binder, silica and alumina precursor, which causes a
10 degradation of solar cell performance. An increase of CV
value results in a p-type diffusion layer losing in-plane
uniformity, inviting a lowering of FF.
In Reference Examples 1 to 4 having an excess content of
any one ingredient, the solar cell performance is somewhat
15 inferior as compared with Examples. Since the soclid ingredient
contained in excess in the coating fluid agglomerates, a
p-type diffusion layer formed loses in-plane uniformity.
The composition of the boron diffusion coating fluid
of the invention provides for a sufficient supply of p-type
20 impurity and a dense alumina film's effect of preventing
outward diffusion of p-type impurity, and ensures that a
p-type diffusion layer having in~plane uniformity is formed.
This leads to improvements in electric preoperties of solar
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107 109 104 Average sheet resistance of p-type diffusion layer (WD) 52.8 44.0 45.0 49.2 cv (%) 13.2
4.7 7.7 10.6 Voc (mV) 637 647 647 642 Jsc (mA/cm?2) 37.0 37.7 37.5 37.3 FT(%) 78.5 80.2 80.1 78.6
Efficiency (%) 18.5 19.6

cells and eventually allows competitive solar cell products
to be manufactured.
The invention is not limited to the foregoing
embodiments. The embodiments of the composition, application
5 and heat treatment of the coating fluid are merely exemplary.
The invention include all embodiments having substantially
the same construction and exerting similar effects as the

technical concept of the invention.
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19.4 18.8 The solar cells of Examples all display an efficiency in excess of 19%, indicating a
photoelectric conversion efficiency surpassing the electrical performance of the cells of Comparative
Examples. Comparative Examples 1, 2 and 3 lack one of organic binder, silica and alumina
precursor, which causes a lo degradation of solar cell performance. An increase of CV value results in
a p-type diffusion layer losing in-plane uniformity, inviting a lowering of FF. In Reference Examples 1 to
4 having an@&E&M§ content of any one ingredient, the solar cell performance is somewhat 15 inferior
as compared with Examples. Since the solid ingredient contained in excess in the coating fluid
agglomerags, a p-type iflusign YRt formedloses IpInEUNIRIMIY. 4 oT1ie ST pOSIHON of the
boron diffusion coatlng(flwd of the invention provides for a sufficient suppR/ of p-type 20 impurity and a
dense alumfiEPRitSEfedOf hreTeing dutward dfEhst pLapeimptPRp ahtidi®ufes that a
p-type diffusiom tayet trapingrid-plane omidemiity isiadeed. This icadsdo inmgprowaments an electric
properties of slar cells and gveptuallyllops compgiivg solar calbpreducisdohe,panufactured.

The invention is not limited to the foregoing embodiments. The embodiments of the composition,
application .5 and heat treatment of the coating fluid are merely exemplary. The invention include all
embodimengs havingbgbstartibliyahé bahte odnstiuction larndheestimg Singildp@ffents as the technical
concept of therdpwritian: LlMsEnt. Aoatingfbichusecktogiffuse beraniniea gilicopssulistrate to
form alg-typgotgigg%iona)éle{acomprising a 5 boron compound, an organic binder, a silicon compound,
an alumina precursaor, and Water and/or an organic solvent. 2. The coating fluid of claim | wherein the
boron compound is present in an amount of up to 4% by weight of the coating fluid. 3. The coating
fluid of claing 1 whereindhe osganig bilderds polywinyl alcohatancpresentinoaryamtnt of up to 4% by
weight of the Goating fluid, 154 Fha cating, fluid of #laimeL heraip the siligan,compoygd issilica and
present in an amount of up toYS% by weight of the coating fluid. 20 5.The coating fluid of Claim 1
wherein the fiumiha"5redtiisoP fs ARBnfpitint éhpabie 8 forming alumina upon heat treatment and
presensin an amount of up to 8% by weight of the coating fluid. 25 6.The coating fluid of claim 1,
having a visgosity oh8Rto A0 MPa-$ 8:25Ce A mathad ghiabdcating,a seisengiictor device

using the coating fluid. of an of claims 1 to 6. 30
g comgouﬁ% is %gﬂﬁca aﬂH present in an amount of up to 5% by

weight of fthe coating filuid.

20 5. The coating fluid of claim 1 wherein the alumina
precursor is a compound capable of forming alumina upon heat
treatment and present in an amount of up to 8% by weight of

the coating fluid.

25 6. The ceoating fluid of claim 1, having a viscosity of 80
to 140 mPa-s at 25°C.

7. A method of fabricating a semiconductor device using
the coating fluid of any one of claims 1 to 6.

39
8. The method of claim 7 wherein the semiconductor device

is a solar cell.
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8. The method of claim 7 wherein the semiconductor device is a solar cell. 9. The method of claim 8,
comprising the steps of: providing a n-type silicon substrate with a texture, applying the coating
fluid of any one of claims 1 to 6 to one surface of the silicon substrate, 5causing a p-type diffusion
layer to form, forming a n-type diffusion layer on the other surface of the silicon substrate,
forming an antireflective coating on each of the diffusion layers, and ioforming electrodes. 10. A
semiconduc@er devid@whithtibesbrichted Bithd methB@ bl el 7018 BILARDI&TCell which is
fabricated by the meihog ofiglan 8 of-%ype silicon substrate with a texture,

applying the coating fluid of any one of claims 1 to 6
to one surface of the silicon substrate,
5 causing a p-type diffusion layer to form,
forming a n-type diffusion layer on the other surface

of the silicon substrate,
forming an antireflective coating on each of the

diffusion layers, and
10 forming electrodes.

10. A semiconductor device which is fabricated by the

method of claim 7.

15 11. A solar cell which 1is fabricated by the method of

claim 8 or 9.
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