DESCRIPTION TITLE OF INVENTION 5SOLAR CELL AND MANUFACTURING METHOD THEREOF
TECHNICAL FIELD [0001] 10This invention relates to a solar cell and a method of manufacturing the
same. BACKGROUND ART [0002] 15Solar cells are semiconductor devices for converting optical
energy to electric power. Among others, monocrystalline silicon solar cells become the mainstream
solar cells of widespread use because they have high conversion efficiency and are relatively easy to
manufacture. 20 For the monocrystalline silicon solar cells, it is a common practice to form microscopic
protrusions, known as texture, on the surface fiESA& pREIEHE of preventing a reflection loss, as
disclosed in JP-A H09-129907 (Patent Document 1) and JP-A H10-7493 (Patent Document 2), for
example. If the 25 surface of a solar cell is flat, a Bart of incident light is reflected and lost without being
converted to electric current. By contrast, rs a chance for part of the reflected
light to feenter the solar 28f:-pRir&Frhe s NSINYARNE 36BYRENG LErEEeeRlyREQICed 30 in reflectivity
of the light-receiving surface, short-circuit current is mitigated, and the solar cell performance is
significantly improved. [0003] As disclosed in Patent Documents 1 and 2, the texture 35 structure
mentioned above is formed by anisotropic etching of a monocrystalline silicon substrate. Anisotropic
etching makes use of a difference in etch rat&e@iéadentddsMcon

[0001]

10 This invention relates to a solar cell and a method of

manufacturing the same.

BACKGROUND ART

[0002]

15 Solar cells are semiconductor devices for converting
optical energy to electric power. Among others,
monocrystalline silicon solar cells become the mainstream
solar cells of widespread use because they have high
conversion efficiency and are relatively easy to manufacture.

20 For the monocrystalline silicon solar cells, it is a common
practice to form microscopic protrusions, known as texture,
on the surface for the purpose of preventing a reflection
loss, as disclosed in JP-A H09-129907 (Patent Document 1) and
JP-A H10-7493 (Patent Document 2), for example. If the

25 surface of a solar cell is flat, a part of incident light is
reflected and lost without being converted to electric
current. By contrast, the ftexture structure offers a chance
for part of the reflected light to reenter the solar cell
plural times. Since the solar cell is consequently reduced

30 in reflectivity of the light-receiving surface, short-circuit
current is mitigated, and the solar cell performance is
significantly improved.

[0003]
As disclosed in Patent Documents 1 and 2, the texture

35 structure mentioned above is formed by anisotropic etching of
a monocrystalline silicon substrate. Anisotropic etching

makes use of a difference in etch rate dependent on silicon



plane orientation. Specifically, a monocrystalline silicon substrate is prepared by slicing with a wire
saw or similar tool so that the substrate has a work damaged layer originating from the slicing step.
After the damaged layer 5 is etched away, anisotropic etching is carried out by immersing the
substrate again in a hot alkaline aqueous solution of sodium hydroxide, potassium hydroxide,
potassium carbonate, sodium carbonate or sodium hydrogencarbonate. Notably, an amount of
2-propanol i® 6ftBR dPSsbREERRRe 10 aRafME h6ddéds sBIUTBR IS PYéthatelthadetédditqD004]
The urgent requisements durenibyeased arytheiselaneelvinchude aninerease ofrphataelestric
conversion eg‘gg'gngy)a@ggthatlée(yﬁgiggllyt@'n}p(ygcgti%gg{thgajnﬁaaggr g;L%Il, nufacture process.
On the surface of the substrate from which the damaged layer has been etchéd away, sometimes
abrasive graffstGid E5ARMIAZNE oM tid $RtRLarfd fire s tREd T thel8aNs dtelPdiXeft in
minute amouist. Hisker difityll tarxslotedmioe seof Q0icantaminants egdn cheuchycontaminants are

washed awaywith-2 sugfactant on the ke, JOQQRi n 1.Besides, heayw metalsanckether contaminants

dh to th bstrate during t t ff ' -n junctign, 25 f tireflective coating, and
forming ron 4} bugk st SRS SR HEL e, R ATHEAIID OGS Bike SRARIERRS

completely ev@ntipthetsubstags iic|cardpnitha mixabddusb rysbigiusmnetibaliieric acid and

aqueous hydregan peroxdde Jabaxampte. Theysgsuseia resduseddnllly 3@ Stetiveeand beegme a barrier
to efficilL%nt sglfﬁc lls. It ié%)éed tha% a me;[)rrl%jt%f nufac%gitng a solar cell is known in

the art as described I|1nEl g%(‘%g388§28 3

](Bgten? Document 3. Theé solar cell is manufactured by
slicing a 35 hm®RBErstalline silicon ingot to form a monocrystalline silicon substrate, the
monocrystalline silicamsuhsatipia including sepréimary damaged 1ayepdemdedhy sheingaverk on a first

major surfacgsjde sremaying the arimary damaged jayer mechanically arshemically, inflicting a new

damage by another mechanical work other than the slicing work, to form a secondary damaged layer
thinner than §d pAfITEaftiaded 1506t s HHRSHOGIR e EAMAE 1 LE85ATY Yan&§ed layer to
form aXextureostarctaeel Anddomfiag alightpeosivrg. siderelétteodaorf due texturebsiructure. Citation
List substrate from which the damaged laver has been etched away,

sometimes abrasive grains and contaminants from the slurry
and wire saw used in the siicing step are left in minute
amount. It is very difficult to exclude traces of

20 contaminants even if such contaminants are washed away with a
surfactant or the like.

F0005]

Besides, heavy metals and other contaminants adhere to
the substrate during the steps of forming p-n junction,

25 forming antireflective coating, and forming front and back
side electrodes and the like. It is difficult to remove these
contaminants completely even if the substrate is cleaned with
a mixed aqueous scolution of hydrochloric acid and agqueous
hydrogen peroxide, for example. They cause a reduced bulk

30 lifetime and become a barrier to efficient solar cells.

[0006]

It is noted that a method of manufacturing a solar cell
is known in the art as described in JP-A 2005-209726 (Patent
Document 3). The solar cell is manufactured by slicing a

35 monocrystalline silicon ingot to form a monocrystalline
silicon substrate, the monocrystalline silicon substrate

including a primary damaged layer formed by slicing work on a



10Patent Document [0007] Patent Document 1: JP-A H09-129907 Patent Document 2: JP-A
H10-7493 Patent Document 3: JP-A 2005-209726 15 SUMMARY OF INVENTION Technical Problem
[0008] An object of the invention is to provide a solar cell 20 and manufacture method that can
improve the conversion efficiency and bulk lifetime of a solar cell of quality in a very efficient way
without increasing the number of steps. Solution to Problem 25[0009] Making extensive
investigatioritesditaig joa abbvd dpfect ithe invemershave fsurpirthag iithdespesdolayer
monocrystakieesiicopsubgirate whishilspreparetn®y skcing g monesrygalwesiiconingaise that the
substrate 30mr£|gﬂ a{%cilggg ar%@]g %q_rg(% ec{ﬁl@/&r,&geltssiﬁr&%e? b\%t fesclgtsf%re ot?é[alned if the
damaged layer is chemically removed, but not completely, so that the damaged layer preferably
having a thick¢RBG Y2 FEBARTTS LAYST tHe diistraté et n e r REXTAE- TorARITRAS M or8Ysrticularly,
35 it is beliewed. sothsoart thatlithetdamaged ey ex corighidating iieamadbe slitingeatep alufingnthe
preparation @E}EQ%E%‘)%Q%F}@EWPQ ’siltiﬁ)@ %&q{{fﬁ% i%n@i%@{'gp[géggi@mgegi&@blems arise that the

surface recombination rate is increased and the solar cell performance is dégraded. Therefore, texture
formation is CafEd 84Catdt thBHah a8 I8/ Biidif&ting from the slicing step is removed with an

alkaline aqueous solution. Since the work damaged layer
Citation List
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15
SUMMARY OF INVENTION

Technical Problem

[0008]
An object of the invention 1s to provide a solar cell
20 and manufacture method that can improve the conversion
efficiency and bulk lifetime of a solar cell of qguality in a

very efficilent way without increasing the number of steps.

Solution tco Problem

25 [00069]
Making extensive investigations to attain the above
object, the inventors have found that with respect to a
monocrystalline silicon substrate which is prepared by
slicing a monocrystalline silicon ingot so that the substrate
30 may include a slice damaged layer on its surface, better
results are obtained if the damaged layer is chemically

removed, but not completely, so that the damaged layer

preferably having a thickness of 0.2 to 5 um is left on the

substrate even after texture formation. More particularly,
35 it is believed in the art that if the damaged layer

originating from the slicing step during the preparation of



originating from the slicing step is as thick as 10 um or more, deep chemical etching is carried out until
the damaged layer is removed almost completely. Quite unexpectedly, the io inventors have found
through extensive investigations that if the damaged layer originating from the slicing step is removed,
but not completely, so that the damaged layer having a thickness of 0.2 to 5 pm is intentionally left on
the substrate, then the getter effect is enhanced, the bulk is lifetime is increased, and the solar cell
performance RanTpPORSE YOG Fd) I Rhotdd #rR P ABREDBEHAAF I RAE] 2PBPE Alistldses to form a
damaged layeimpsiesdg textotelfannatien.s20 Thistmethodsinvalves infbetingba newidamage &y another

mechanical work aies thathe:damade by slicingaarks ko5 secondany dgmagssl laver thinner

than the primary damaged layer, subjecting the secondary damaged layer to anisotropic etching to

form a texturB SRS anlg8iihg L5 Mgt AR efinG Sie &8cPode 81 HE tdGre QRAGGR. After
the danmaged &yer ovigireating fiorg the slicitidg stepliscciongpletaty etichedeaneass dneiidr damaged layer

is newly formad. shuse theymethed ncludessymbgisarae eReralorr anshigguiies ayareful control of
the thickness of the secondary damaged 30 layer. In contrast, the method of the invention does not

require to fofti B9daR&dEd |&/ePBephratsly HethdsE HE® damadediiyéieft afteP tédueformation
originates frefpthe dageageshiayeciormeddyithg slisingastep «Alseuandnprovementiabalclifetime is
achieved meyely hy retaining only a fraction 35 of the.damaged layer ariginating, from the slicing step,
ich 1 bel a6 AT B v TP 18 red o e A S e rate, o
discus3é&d aBaveEenoprs] havecEeriyly ReFBsERbRTEHth provrieti@adiareall Rat dethod of
manufacturinghthedsameas defiped hetawiGlatmnly SArselattell sampiisingse: mwnosrystalline silicon

substrate haying a fexturg Stryciyre alissurface, thempgoerystalling, Silicarysybsiatedacluding a
damaged layer near its surface, the damaged layer originating from a slicing step during the
preparation of theistbseat.of 0.2 to 5 pm is intentionally left on the

substrate, then the getter effect is enhanced, the bulk

15 lifetime is increased, and the solar cell performance isg
improved.
[0010])

It is noted that Patent Document 3 cited above

digscloses to form a damaged layer prior to texture formation.

20 This method involves inflicting a new damage by another
mechanical work other than the damage by slicing work, to form
a secondary damaged layer thinner than the primary damaged
layer, subjecting the secondary damaged layer to anisotropic
etching to form a texture structure, and forming a

25 light-receiving side electrode on the texture structure.
After the damaged layer originating from the slicing step is
completely etched away. another damaged layer 1is newly formed.
Thus, the method includes cumbersome operations and requires a
careful control of the thickness of the secondary damaged

30 laver. In contrast, the method of the invention does not
require to form a damaged layer separately because the damaged
layer left after texture formation originates from the damaged
layer formed by the slicing step. Alsc, an improvement in
bulk lifetime is achieved merely by retaining only a fraction

35 of the damaged layer originating from the slicing step, which
is believed in the prior art to be removed in order to reduce

the surface recombination rate, as discussed above.



loClaim 2: The solar cell of claim 1 wherein the damaged layer has a depth of 0.2 to 5 [Am. Claim 3:
The solar cell of claim 1 or 2 wherein the 15 monocrystalline silicon substrate has a major surface of
(100) plane. Claim 4: A method of manufacturing a solar cell, comprising the steps of forming a
texture on a monocrystalline silicon 20 substrate by chemical etching, said monocrystalline silicon
substrate having on its surface a damaged layer originating from a slicing step during the preparation
of the substrh?é’,lférlming a p-n junction, and forming electrodes, wherein the step of forming a texture
is carried out such thattlerd3 dainagethayeresginatiigfrom:d shcipg stepidarirg Helpreparation of

the substrate. s lefthehind andhibe dynaged: lbyst thus.igmaias aeak thessiace idhg dexiyred

substrate. Claim 5: The method of claim 4 wherein the step of forming a 30 texture is carried out such
that the dam%Jg%i‘ﬂa er may have a depth of 0.2 to 5 im after the texture formation. Claim 6: The
method®f claim 4 or’s Wwhérsin teelhoreonsising siicoerabsyatbanakiamadrsitace of (100)

plane, and the8schenicalatehigg 4s anisetiepichatehipgiisingan alalisg Aepeeys spiition so that
the texture suclire js formed.as_am auanoemen’,of 1egular pyramidprotiysions delimitedt by four
(111) planes.?ﬂaim 7 he me{hodsoflany one of claims 4 to b whereint the
near 1ts surface, the damaged layer originating from a
slicing step during the preparation of the substrate.
10 Claim 2:

The solar cell of claim 1 wherein the damaged layer

has a depth of 0.2 to 5 um.
Claim 3:
The solar cell of claim 1 or 2 wherein the
15 monocrystalline silicon substrate has a major surface of
{100} plane.
Claim 4:
A method of manufacturing a scolar cell, comprising the
steps of forming a texture on a monocrystalline silicon
20 substrate by chemical etching, said monocrystalline silicon
substrate having on its surface a damaged layer originating
from a slicing step during the preparation of the substrate,
forming a p-n junction, and forming electrodes, wherein the
step of forming a texture is carried out such that the
25 damaged layer originating from a slicing step during the
preparation of the substrate is ieft behind, and the damaged
layer thus remains near the surface of the textured substrate.
Claim 5:
The method of claim 4 wherein the step of forming a

30 texture is carried out such that the damaged layexr may have a

depth of 0.2 to 5 um after the texture formation.
Claim 6:
The method of claim 4 or 5 wherein the monocrystalline
silicon substrate has a major surface of {100} plane, and the
35 chemical etching is anisotropic etching using an alkaline

aqueous solution so that the texture structure is formed as



5 alkaline aqueous solution used for chemical etching of the surface of the monocrystalline silicon
substrate is an agueous solution containing sodium hydroxide, potassium hydroxide, potassium
carbonate, sodium carbonate or sodium hydrogencarbonate. 10[0012] With the method of
manufacturing a solar cell according to the invention, crystal defects introduced in the damaged layer
left on the texture function as getter sites for impurity atoms, prolonging the minority carrier lifetime is

(or bulk lifetiftie) ZRBEFEMSThgAD AFPdidve REREIM-CorRie?dib BHIEN AR o0 2btaBly, the
damaged lay®esie belleft shplldndesirably have a depth of 0.2 to 5 um. The damaged layer with a
depth 20 in gxcess 0o 5 pm may cause to increase the surface recombination rate, resulting in a solar
cell having degraded properties. The damaged layer with a depth of less than 0.2 um may achieve

insufficient getter effédt JOBTAPETRE NSRRI Galfifie SiitoR Substrte?mE) $aSd™ Mafor surface of
(100) plane. 8¥ked ansotgpiecatshinglis tamedisetdusing antatkalivelagieousrspliont ke texture

structure is fouped 88 asrarraRoeBaplefyegHial Pytamidipretiysions Helimitedshy foyr (111) planes. A
better antireflective 30 eff(ict {s also achjcev.able. 001%]. Th damadgeed Iag%r used herein may be
SQLUTILO a L S 3. rox

one originatiﬁglfr%%lﬁ]e slicing stnep(.:?'rﬁen?”fhen mber &mstié‘gs IS Hot inereadsd Hethlise of no need to
inflict new d&¥gge=38kks uded- REhvmheashRddnagea iyl AFERCRAL RiyeF of Siléd crystal
which consisiy af-aegdarwsrangement of silicon atoms in theory, but contains many dislocation
defectq_,ecracﬂgdalng]fractures caused by the wire saw or similar tool for slicing. 5Advantageous Effects

of Invention
With the method of manufacturing a solar cell

according to the invention, crystal defects introduced in the
damaged layer left on the texture function as getter sites
for impurity atoms, prolonging the minority carrier lifetime
15 {or bulk lifetime} and contributing to an improvement in
cenversion efficiency.
{0013]
Notably, the damaged layer to be left should desirably

have a depth of 0.2 to 5 um. The damaged layer with a depth

20 in excess of 5 um may cause to increase the surface

recombination rate, resulting in a solar cell having degraded

properties. The damaged layer with a depth of less than 0.2

um may achieve insufficient getter effect.
[0014])

25 The monocrystalline silicon substrate may have a major
surface of {100} plane. When anisotropic etching is carried
out using an alkaline aqueous sclution, the texture structure
is formed as an arrangement of regular pyramid protrusions
delimited by four {111} planes. A better antireflective

30 effect is also achievable.

[0015]

The damaged layer used herein may be one originating
from the slicing step. Then, the number of steps is not
increased because of no need to inflict new damage.

35 ‘ As used herein, the term "damaged layer" refers to a

layer of silicon crystal which consists of a regular



[0016] For the monocrystalline silicon substrate according to the invention, the damaged layer
originating from the slicing step during the preparation of the substrate and left near 10 the surface
functions as getter site, contributing to an improvement in the lifetime of minority carriers in the
substrate. By virtue of this effect, the solar cell performance is dramatically improved. Also the number
of steps is not increased because the damage by slicing is 15 utilized rather than inflicting new
damage. BRAEF 2GR TION £ DPEMVINGHRS[004 7} hKsrlis asehespatia erassniacyional view of
one 20 embodiment of solar gell to.be manufagtured By e methad of the.ipyeglion.p,, FIG 2is
perspective view of a texture structure formed on the substrate Surface. FIG. Sillustrates in

sequence th&¥VePall FstHodRar I iantfZctifitG B°biar cell according to the invention.
DESCRIPTION OF EMBODIMENTS [0018] The structure of a solar cell according to the 30 invention
is described below with referenceyta the_drayings;a/gfough the inyentioniis pot limited to the solar cell
of the illustrated structure. Referring to FIG. 1, a solar cell 100 includes a p-type monocrystalline
silicon substlté’rgli‘sdoped with boron, 35 for example, (simply referred to as "substrate,” hereinafter)
and an n-type emitteF ek h2 foromeccoy stirsi Aragorssukfacen( os ligisttreee vimrswrfaba) of substrate
1, to define grsnjuRcdion4thin substraie iyRlanefjactign: The R wpclienmas ke piavidgd by the

structure wherein agurgs-gyrgf)e I%}/ler is formed jcni% -tgge tﬁijlicon %Jbggg e, or ir&v get\J¥ bry etgllg structure

[ 2}
wherelnap-%;cpeeplayer is't9rmegq Prepara € 5ubs an
10 the surface functions as getter site, contributing to an

improvement in the lifetime of minority carriers in the

substrate. By virtue of this effect, the solar cell

performance is dramatically improved. Also the number of

steps 1s not increased because the damage by slicing is
15 utilized rather than inflicting new damage.

BRIEF DESCRIPTION OF DRAWINGS

[0017]
FIG. 1 is a schematic cross-sectional view of one
20 embodiment of solar cell to be manufactured by the method of
the invention.
FIG. 2 is a perspective view of a texture structure
formed on the substrate surface.
FIG. 3 illustrates in seguence the overall method of

25 manufacturing a solar cell according to the invention.

DESCRIPTION OF EMBODIMENTS

[0018]
The structure of a solar cell according to the
30 invention is described below with reference to the drawings
although the invention is not limited to the solar cell of
the illustrated structure.
Referring to FIG. 1, a solar cell 100 includes a
p-type monocrystalline silicon substrate 1 doped with boron,
35 for example, {simply referred to as "substrate," hereinafter)
and an n-type emitter layer 42 formed on a first major

surface {or light-receiving surface) of substrate 1, to



5'in an n-type silicon substrate. As no structural difference is recognized between them, the following
description refers to the p-type substrate. [0019] On the major surface of emitter layer 42 is formed an
io electrode 5 on the light-receiving surface side. Since emitter layer 42 constitutes the light-receiving
surface of the solar cell, the light-receiving side electrode 5 may be constructed of Al, Ag or the like as
comprising thick bus-bar electrodes formed at suitable intervals for reducing the 15 internal resistance
and spaced-apéitrfmger plectrodes extendidg fronsiliesiussbar électrdde e ddmbcstiape, for the

purpose of inggaging the efficiencynfJioht Incldancede 9 junelion4s, dhe-egienekemitigl layer 42
where the Iir%pt-receiviﬁg side electrode 5.is not formed is overlajd 20 with a Iight-receiving side

dielectric filn? 238 t %?ﬁerlﬁan%‘? e ge&&n&n?a]&tygﬁfa%% bF BACcK 30588 St substrate 1 is

overlaid withiabatgiseite diglethie fBmAs twiehvwhevedaid dver iy patideas@facdeswith amngack side

electrode 4 gffAlgy the fikeeThe badesideglestrede 4 is plectdcallyR-eonnacted g theshaek surface
of substrate % vi% conduc:ltggsd(og ggngaect hgi%s 46It1 aeré?trfﬁrin% through back Sgidl% Qie}%%rg% gilm 46."
Also illustrated in ETG *11€°41 antiretlective coa ing fgr iRX ﬁ)mﬁt? f%%%ﬁﬁB ince monocrystalline
silicon of whieh dubtiatd TRecHRAIESF Pas a high refractive index of 6.00 to 3.50 in the wavelength
band of 400 t@ & ;1900 nm, a reflection loss of incident solar ray becomes a problem. Then the substrate

1 is provided on its sygfage, with A4exture, SELCIUIS S5, pansisting, of umerous pyFamieL Rrojrsions
having an outer surface of {111} %Igne as shown in FIG. 2. [0021] © Now referring to FIG. 3, the

method bf mBhEEE Ry 3 sBRr ERR ablghing RF B ihlen o s R cfibEa - Urfitiigndably, the
invention is ratiittited thathesolar Sccalbimbmufacturgokebyl thighinetiear: {0022] surfanenodiystalline

silicon ingot whichis dopedawith Graup ilk glemet SUchas P eaor Splim taia resiativityef 0.1t0 5
Q-cm is sliced by an outerédia%ueztg saw, 10 in%r-d'iarﬂeter saw, band saw, m#Itj-q?ng saw, or wire
saw (e.g., mGfRRirE %ﬁﬁff yigl ing d p%\t?lpgl?nonég‘cryslta in@SiliCONsUbsrate jf %ﬁ/lng £y 9r’n"ajc—‘%rrsurface
of (1001 plad tRIG; SleStépaned at suitable intervals for reducing the

15 internal resistance and spaced-apart finger electrodes
extending from the bus-bar electrode in comb-shape, for the
purpose of increasing the efficiency of light incidence to
p-n junction 48. The region of emitter layer 42 where the
light-receiving side electrode 5 is not formed is overlaid

20 with a light-receiving side dielectric f£ilm 43. On the other
hand, the second major surface {or back surface) of substrate
1 is overlaid with a back side dielectric f£ilm 46, which is
overlaid over its entire surface with a back side electrode 4
of Al or the like. The back side electrode 4 is electrically

25 connected to the back surxface of substrate 1 via conductors
(or contact holes)} 46h penetrating through back side
dielectric £ilm 46. Also illustrated in FIG. 1 1is an
antireflective coating (or SiNx £ilm) 47.

(0020}

30 Since monocrystalline silicon of which substrate 1 is
constructed has a high refractive index of 6.00 to 3.50 in
the wavelength band of 400 to 1,100 nm, a reflection loss of
incident solar ray becomes a problem. Then the substrate 1
is provided on its surface with a texture structure

35 consisting of numerocous pyramid protrusions having an outer

surface of {111} plane as shown in FIG. 2.



[0023] 15The monocrystalline silicon used herein may be either p-type monocrystalline silicon doped
with Group Il element such as boron or gallium, or n-type monocrystalline silicon doped with Group V
element such as phosphorus or arsenic. [0024] 20Although the disclosure refers to p-type substrate,
the same is true to n-type substrate because only inversion between n and p type must be considered
in forming the emitter layer. [0025] 25The monocrystalline silicon substrate is cut out of an ingot which
may be prepe?@d by the floating zone (FZ) melting method or the Czochralski (CZ) method.
Preparation by the CHawethatids desged drofi the Stantdpeintetmethemficabkstugiagthuf026] 30By

slicing, a wogg,damaged layer 2having adenthdn exeess eb10 R infolped o both major surfaces
of substrate 1. 0027& 'g}(e#process %rgceeds to Step 2 of remoyving_the damaged Ia%/er 2 and
e

forming a teXOFE S 1G.51). RERSV 3B ortidiRdged ByEFS ard foifiafiS OF texture
structuré 3 iseddigtonindimedingysulistmtag ihedhot alkaline aqueous solution of sodium
hydroxide, pptassium hydroxide, potassium carbonate, sodium carbonate or sodium
hydrogencarbonate @gorqgergéaxtiogt%} ]'E(:)L IgO%Sb %%ﬁth rtlené' e{vaggr&f% tso OO%)dfor fﬁg’Ut 10to
about 30 minutes, for thergby aXisotroplcaﬁy &ic INg the substrate surfaces. ﬁotab‘f’y, an amount of
2-propanol ri&PBE didsblveePiRané afkihhe it URBERIS ANt oFAb IprBihot@ tfe ERMIRFAeaktBn. [0028]

The etching siepisintggtignallspnirelied sueh 't th MAHRARITEY Nokpe completely
removed, but a
10 inner-diameter saw, band saw, multi-band saw, or wire saw

(e.g., multi-wire saw}, yielding a p-itvpe monocrystalline
gilicon substrate 1 having a major surface of {100} plane
(FIG. SA: Step 1)}.

[0023]

15 The monocrystalline silicon used herein may be elither
p-type monocrystalline silicon doped with CGroup III element
such as boron or gallium, or n-type monocrystalline silicon
doped with Group V element such as phosphorus or arsenic.
[0024]

20 Although the disclosure refers to p-type substrate,
the same 1ls true to n-type substrate because only inversion
between n and p type must be considered in forming the
emitter layer.

[0025]

25 The monocrystalline silicon substrate is cut out of an
ingot which may be prepared by the floating zone (FZ) melting
method or the Czochralski (CZ) method. Preparation by the CZ
method is desired from the standpoint of mechanical strength.
0026}

30 By slicing, a work damaged layer 2 having a depth in
excess of 10 um is formed on both major surfaces of substrate 1.
[0027]

The process proceeds to Step 2 of removing the damaged
layer 2 and forming a texture structure 3 (FIG. 3B). Removal

35 of damaged layer 2 and formation of texture structure 3 is
carried out by immersing substrate 1 in a hot alkaline

agqueous solution of sodium hydroxide, potassium hydroxide,



10 fraction of the damaged layer having a depth of about 0.2 to 5 um be left on the substrate. The
depth of the residual damaged layer may be controlled in terms of the immersion time and temperature
of etchant solution. [0029] 15The depth of the damaged layer may become observable under a
microscope or scanning electronic microscope (SEM) after the substrate surface is polished at an
angle of about 5. Alternatively, the silicon substrate surface is ground with abrasive grains, subjected
to stepwise ENETRRALERNTRE RO dcPevAQSEE by RERYI6F6graphy AWHEBbY the density and depth
of the damageditaygs may-be estiwatech Vikh the: ahevie-meantioned proegduve i ghexture structure 3

neluding a Bk farmaged laves of 82,19, bip dege slpmedonihediahi-tecaivingsitiace. 2510030

Since the damaged layer 2 functions as getter site, the impurity is enriched in the damaged layer 2 by

the getter effeet, Frofodiy FRIAMOHRPC&Tbt Fietintd It Uik fifeBile b 1G6stPRETR GRS contributing
to an improviéoierit BP, inaconeersiort effiCieheyof satarlcells yP articalbsly wihvesvla Bilicohesubstrate of the

solar cell grage.isiused. ag.aubsiandingdmpsovamentisrietine isachienad J0Q3 LI thmdepth of the
damaged layer is tao shallow, the 35 above-mentioned effect may not be exerted. If the depth is too
much, the dér%gég layer can cause to increase the surface recombination rate, leading to a
degradation of solar €&k peitfeimiartces {803 2] Afigr the tdanreldyugartisdédned ahesubzahte 1 5 is

cleaned in anracidigmgyeaus sowtomdytheslormedfcompletely removed, but a
10 fraction of the damaged laver having a depth of about 0.2 to

5 um be left on the substrate. The depth of the residual
damaged layer may be controlled in terms of the immersion
time and temperature of etchant solution.

[0029]

15 The depth of the damaged layer may become observable
under a microscope or scanning electronic microscope (SEM)
after the substrate surface is polished at an angle of about
5° . Alternatively, the silicon substrate surface is ground
with abrasive grains, subjected to stepwise chemical etching,

20 and evaluated by X-ray topography, whereby the density and
depth of the damaged layer may be estimated. With the

above-mentioned procedure, a texture structure 3 including a

thin damaged layer of 0.2 to 5 um deep 1s formed on the
light-receiving surface.
25 00301}

Since the damaged layer 2 functions as getter site,
the impurity is enriched in the damaged layer 2 by the getter
effect, prolonging the minority carrier lifetime (or bulk
lifetime) of substrate 1 and contributing to an improvement

30 in conversion efficiency of solar cells. Particularly when a
silicon substrate of the solar cell grade is used, an
outstanding improvement in lifetime is achieved.

[00311

If the depth of the damaged layer is too shallow, the

35 above-mentioned effect may not be exerted. If the depth is

too much, the damaged layer can cause to increase the surface
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hydrochloric acid, sulfuric acid, nitric acid, hydrofluoric acid or a mixture thereof. From the standpoints
of economy and efficiency, cleaning in hydrochloric acid is preferred. It is acceptable for increasing the
degree of cleaning to mix 10 aqueous hydrochloric acid with 1 to 5% by weight of hydrogen peroxide
water. Cleaning may be done in the solution while heating at 60 to 90C. [0033] On the light-receiving
surface of substrate 1, an 15 emitter layer 42 (FIG. 1) is formed by the vapor phase diffusion method
using phospherehdrenlotiele. rateprefartdd:procedarelipgardedt tooprevénisdiffasiondatb the second
major surfacgtefepgdieas "back surface,” hereinafter), a set of two substrates with their back 20
surfaces ma%etpoiiﬂaced in a diffusion boat prior to vapor phase diffusion. Specifically, in a
phosphorus oxychloride atmosphere, the substrate is heat treated at 820 to 880C for several tens of

minutes to form an nffpETayerdntifis Hightretehifd $tffads FRFBRfteriBfernbs taaied 25
preferally has; aciepinefi0 2ntodh54Ammard agheet: resistanea of 4Qro 4156 ahwatsqudre (Q/0). Since

difiusion reagtion. Ioss, phasnhoyls diassanthe st maiorsitace L sybstgig b dhe supstrate 1is

then immersed in 2 to 5% by weight hydrofluoric acid for several minutes to remove the phosphorus

glass. 30[0034[-9 ©Tt B AHtEd MG i 2 ERBodiheMN UG afl IERPREUbEFal, SERPE Emitter layer
may be formedldyevepior phase difusien oh BBinat 8l toch DOOQC for séveral peresfefrmatines. [0035]
35Next, a bagck side dielegtiia fina 464F1G nlishownind Ik 3} ds derositeden e secqndmajor

surface of substrate 1, as §hOW in Step 3, th(f .(‘:iqi%?gtr'c fil(r)n Qgingrﬁfovgrré?%(g‘ sci)llfcokrg rgtride as well as
in

silicon Bkide2 SHESH Ritrid ,rcoe?luln%%)l(fde?‘g umina, io§<|de, titamurn-digxide. mag%e%‘ﬂfﬂ?r?ﬂuoride,

tantalum oxitié opXiditkeld s exarfplean Silgonatitrige filens deposhed &ra wickmessdflabout 85 5
to 105 nm, usiga pasara-eoharcechCYD system. Then contact holes 46h (FIG. 1, not shown in FIG.
3) are open d§ ch a technique as photolithography, mechanical machining or laser ablation, and a
back side electrode 4 is formed to a thickness of 0.5 to 5 um (FIG. 3C). While the electrode may be
made of 10 a metal <tReh HesivéBRoppefrBLineikes &iffrtintfs MBeElEfdfed forEtonomy,
workahility asgicontact wathesilicon. (atal. depositiorfisHpassille withearyapfsputtesing, vacuum

evapommond%%@%%EgﬂﬂW%@ﬂgéh%g@%éogﬁﬂsphorus oxychloride. 1In the
preferred procedure intended to prevent diffusion into the
second major surface (referred to as "back surface,"
hereinafter), a set of two substrates with their back

2¢ surfaces mated is placed in a diffusion boat prior to vapor

phase diffusion. Specifically, in a phosphorus oxychloride
atmosphere, the substrate is heat treated at 820 to 880°C for
several tens of minutes to form an n-type layver on the
light-receiving surface. The emitter layer thus formed

25 preferably has a depth of 0.2 to 0.5 pum and a sheet resistance

of 40 to 150 ohm/square {(/0). Since diffusion reaction forms

phosphoris glass on the first major surface of substrate 1, the
substrate 1 is then immersed in 2 to 5% by weight hydrofluoric
acid for several minutes to remove the phosphorus glass.

30 [0034]

It is noted that in an embodiment using an n-type
substrate, a p-type emitter layer may be formed by vapor phase
diffusion of BBr, at 900 to 1,0009C for several tens of minutes.
[0035]

35 Next, a back side dielectric film 46 (FIG. 1, not shown
in FIG. 3) is deposited on the second major surface of

substrate 1, as shown in Step 3, the dielectric f£ilm being
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15Thereatfter, a light-receiving side dielectric film 43 (FIG. 1, not shown in FIG. 3) and a light-receiving
side electrode 5 are formed on the first major surface of substrate 1, as shown in Step 4. The
light-receiving side dielectric film 43 also plays the role of antireflective 20 coating and may be made of
silicon oxide or silicon nitride as well as cerium oxide, alumina, tin dioxide, titanium dioxide,
magnesium fluoride, tantalum oxide or the like. Two or more such layers may be combined into a
laminate strd@ERe T Hebight-+éCaRiny didd dreldctritdirh AP ma o finfeisiP25 BithéFpRysical vapor
deposition (BYBrede, sputtering) ax tiemiedhvapos depositiohqEMd), For tirenpurpodeofide ,
manufacturing bigh.qopyersign efficiency, selas 6rllsformation efsilisan pitridedy theremate

plasma-enhanced CVD is preferred because a low surface recombination rate is 30 achievable. Also,
the light-rec8iviiry SiG8 818t otes il Be tSinfSPBy #iE 8vaSoraton - SHREHho* bl hndprinting
technigdes. Aithddgh mny of tiese ®echhitpes-raapdeassed; e priatiegtechligoe ¢opiafetred for low
cost and highdheaughpyt. @iiee asilvecpasigdeRrapareddy mixing 85sivawrowdesapd ghass frit

with an orgapliag:C ilrrllde[i th% gilv r #%sie Js screen rint%d ggg f;LLeaEtL irer%%%%__?o :Ehat %I%/eigg\év]ger may
penetrate throug (J_fi?e %hrougﬁ%t e sﬁicor_l%ltrlﬂe%ilm, ﬁﬁeregy%r|ng|ng eqlgllll%recei\_/lng Side
electrode 5 iptEledieon@bElich RPdle Ehfterddpsi R deishoted fieamrsipiablémEakgensRen the

order of treaipegt gn fhe Egé'ﬁi{eﬁﬁh‘:’@.g serfaceangibediack sytface is inyerigd: FXAMRLES [0037]
Example and Comparative Example are given below by way io of illustration of the invention, but the
inventiéh is Aofiffitdd B e BRarfple’ $8038]°PPeAPExJetinditiTas eaHEtPST thIERShstrate the

benefits of the-fentted, \Fibtr the-rasutig being Hebdribeds15helewn tac Fikst, Hh-cdopeddqetype silicon
substrates ofg@Q {ARLIhIGK (MAyAr surfacs LD Planessiresh Wale Pravidad, vacuum
evaporation, screen printing and the like.
i0036]

15 Thereafter, a light-receiving side dielectric film 43
(FIG. 1, not shown in FIG. 3) and a light-receiving side
electrode 5 are formed on the first major surface of
substrate 1, as shown in Step 4. The light-receiving side
dielectric f£ilm 43 also plays the role of antireflective

20 coating and may be made of silicon owxide or silicon nitride
as well as cerium oxide, alumina, tin dioxide, titanium
dioxide, magnesium fluoride, tantalum oxide or the like. Two
or more such layers may be combined into a laminate structure.
The light-receiving side dielectric film 43 may be formed by

25 either physical vapor deposition (PVD, e.g., sputtering) or
chemical wvapor deposition (CVD)}. Foxr the purpose of
manufacturing high conversion efficiency solar cells,
formation of silicon nitride by the remote plasma-enhanced
CVD is preferred because a low surface recombination rate is

30 achievable. Also, the light-receiving side electrode 5 may
be formed by the evaporation, sputtering, plating, and
printing technigues. Although any of these techniques may be
used, the printing technique is preferred for low cost and
high throughput. Once a silver paste is prepared by mixing

35 silver powder and glass frit with an organic binder, the
silver paste is screen printed and heat treated so that

silver powder may penetrate through (fire through) the
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The substrates were immersed in 2.2 wt% sodium hydroxide aqueous solution heated at 82C for
anisotropic etching to 20 form a texture layer. At this stage, ten substrates were etched to about 7 'Jim
(immersed for 13 minutes) so that a damaged layer of about 1 'Am deep was left behind, whereas ten
substrates were etched to about 12 nm (immersed for 30  minutes) so that the damaged layer was
completely removed. 25[0039] Next, these substrates were heat treated in phosphorus oxychloride
atmosphere 2t 850CtoMa i aAceriiitbh laydreThepulkdifatma f the subaidies ersiméasured at the

start and afterithe emisiet taye@s faymatiom withrthe resis.shovs 3@dn Tieblehirardioth ihe bulk
lifetimes at tI:B starf gnd aftr% ﬁ%%h%? céiffusion sg%[%, the 7-min etcrﬁg SLL% stragersdvgi%h r%sidual
[ etc

damaged layer gave hijgﬁer vallies fhan the 127 etched SUbstrates with the damagedqayer

completely réFRAEBCTHisenkhifisltfibttalsetd 1He geRSréfé@ ot 8895868 FHAGES layer.
[0040] Tableilk Bhikelfetwme (Rs)

EXAMPLES
[0037]
Example and Comparative'Example are given below by way
10  of illustration of the invention, but the invention is not
limited to the Example.
[00381]
An experiment was carried out to demonstrate the
benefits of the invention, with the results being described
15 below.

First, B-doped p-type silicen substrates of 200 pm
thick (major surface {100} plane, as sliced} were provided.
The substrates were immersed in 2.2 wtd sodium hydroxide
aqueous solution heated at 82°C for anisotropic etching to

20 form a texture layer. At this stage, ten substrates were

etched to about 7 pum (immersed for 13 minutes) so that a
damaged layer of about 1 pum deep was left behind, whereas ten

substrates were etched to about 12 um (immersed for 30
minutes) so that the damaged layer was completely removed.
25 [0039]
Next, these substrates were heat treated in phosphorus
oxychloride atmosphere at 850°C to form an emitter layer.
The bulk lifetime of the substrates was measured at the start
and after the emitter layer formation, with the results shown
30 in Table 1. For both the bulk lifetimes at the start and

after the heat diffusion step, the 7-pm etched substrates

with residual damaged layer gave higher values than the 12-um
etched substrates with the damaged layer completely removed.
This benefit is attributable to the getter effect of the

35 residual damaged layer.
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Start After emitter layer formation Example:7-pm etched substrate 589 588 Comparative
Example:12-pin etched substrate 452 327 [0041] 5Thereatfter, a silicon nitride film was formed by the
plasma-enhanced CVD method, and a light-receiving side electrode consisting of finger electrode and
bus-bar electrode and a back side electrode were formed by the screen printing method. In this way,
solar cells were manufactured. 10 Notably, the light-receiving side electrode material used was silver
paste prepareddy hixing silver powder with glass frit, and the back side electrode material used was
aluminum paste. Using a solar simulator, the solari¢lls were measured for current versus voltage
under standard conditions _15(illumination_intensity 100 mW/cm2, AM 1.5, temperature 25C), from
which conversion efficiency was computed. The results are shown inglable ZJrerndothsthe short-circuit
current and open-circuit voltage, the 7-pm etched substrates withresiduat-damaged-fayer-gave higher
values than the 12-11m 20 etched substrates with the damaged layet gampleteramoved, This
benefit is attributable to the getter effect of the damaged layer, It is demonstrated #rathiglerefficiency

solar Example : 7-um etched substrate 589 588
Comparative Example: 12-pm etched substrate 452 327
[0041]
5 Thereafter, a silicon nitride film was formed by the

plasma-enhanced CVD methed, and a light-receiving side
electrode consisting of finger electrode and bus-bar
electrode and a back side electrode were formed by the screen
printing method. In this way, solar cells were manufactured.

10 HNotably, the light-receiving side electrode material used was
silver paste prepared by mixing silver powder with glass frit,
and the back side electrode material used was aluminum paste.
Using a solar simulator, the sclar cells were measured for
current versus voltage under standard conditions

15 (illumination intensity 100 mW/cm’, AM 1.5, temperature 25°C),
from which conversicn efficiency was computed. The results

are shown in Table 2. ¥or both the short-circuit current and

open-circuit voltage, the 7-um etched substrates with

residual damaged layer gave higher values than the 12Z-um

20 etched substrates with the damaged layer completely removed.
This benefit ig attributable to the getter effect of the
damaged layver. It is demonstrated that high efficiency solar
cells can be manufactured by the method of the invention.

[0042]
25 Table 2

%gziﬂl c?giﬁ;t Fill Conversion
c factor efficiency
current voltage (%) (%)
(mA/cm?) (mv}

Example: 18.1

7-um etched substrate 36.1 632 79.2 8.

Comparative Example:

12-pm etched substrate 36 631 78.8 17.9
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cells can be manufactured by the method of the invention. [0042] 25Table 2 Short- circuit current
(mA/cm2) Open- circuit voltage (mV) Fill factor (%) Conversion efficiency (%) Example: 7-pm etched
substrate 36.1 632 79.2

Reference Signs List

[0043]

1 substrate

2 damaged la?er
5 3 texture structure

4 back side electrode

5 light-receiving side electrode

42 emitter layer

43 light-receiving side dielectric £ilm
10 46 back side dielectric film

47 antirefilective coating

48 p-n junction

100 solar cell
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18.1 Comparative Example: 12-um etched substrate 36 631 78.8 17.9 Reference Signs List [0043]
1substrate 2damaged layer 5 3texture structure 4back side electrode 5light-receiving side electrode
42emitter layer 43light-receiving side dielectric film 10 46back side dielectric film 47antireflective
coating 48p-n junction 100solar cell

CLAIMS:

1. A solar cell comprising a monocrystalline silicon
gsubstrate having a texture structure at its surface, the

5 monocrystalline silicon substrate including a damaged layer
near its surface, the damaged layer originating from a

gsiicing step during the preparation of the substrate.

2. The solar cell of claim 1 wherein the damaged layer

10 has a depth of 0.2 to 5 pm.

3. The solar cell of claim 1 or 2 wherein the
monocrystalline silicon substrate has a major surface of
{100} plane.
15
4. A method of mapufacturing a solar cell, comprising the
steps of forming a texture on a monocrystalline silicon
substrate by chemical etching, said monocrystalline silicon
substrate having on its surface a damaged layer originating
20 from a slicing step during the preparation of the substrate,
forming a p-n junction, and forming electrodes,
wherein the step of forming a texture is carried out
such that the damaged layer originating from a slicing step
during the preparation of the substrate is left behind, and
25 the damaged layer thus remains near the surface of the

textured substrate.

5. The method of claim 4 wherein the step of forming a

texture is carried out such that the damaged layer may have a

30 depth of 0.2 to 5 um after the texture formation.

6. The method of claim 4 or 5 wherein the monocrystalline
gilicon substrate has a major surface of {100} plane, and the
chemical etching is anisotropic etching using an alkaline

35 aqueous solution so that the texture structure is formed as
an arrangement of regular pyramid protrusions delimited by

four {111} planes.
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CLAIMS: 1. A solar cell comprising a monocrystalline silicon substrate having a texture structure at its
surface, the 5 monocrystalline silicon substrate including a damaged layer near its surface, the
damaged layer originating from a slicing step during the preparation of the substrate. 2. The solar
cell of claim 1 wherein the damaged layer 10 has a depth of 0.2 to 5 0 pm. 3. The solar cell of claim 1
or 2 wherein the monocrystalline silicon substrate has a major surface of {100} plane. 15 4. A method
of manufacturing a solar cell, comprising the steps of forming a texture on a monocrystalline silicon

substrate by.chemicahgiching.said gionacrysigling silicpn sybstratehaying, 0p it surface a damaged
layer originating 20 from a slicing step during the preparation of the substrate, forming a p-n junction,

and forming @ &, AqUGHRTeif S LT o RMNINPE SRERS T F B GFthEt the damaged
layer originationg flaneasficihgestep dudmy s plciparatidl otthe suldstraterisdeft Hedind, and 25 the

damaged laygr thus, Laas N t%ﬁ%&gﬁ%t@ot@asﬁmeﬂia%%@e 5. Jhedusthag of claim 4
wherein the steg of forming a texture is carried out such th@t_t e damg%gldﬁlﬁger m?é)have a 30 depth
r

of 0.2 to 5 IAN FRRF I texB 635 Tnation: 26 PAIE Fieth S8 Bt BRirns 4 rélh t ﬂi‘éﬁ‘bcrystalline
silicon substratéregenmzdrontifaee of {100} plane, and the chemical etching is anisotropic etching
using an alkaline 35 aqueous solution so that the texture structure is formed as an arrangement of
regular pyramid protrusions delimited by four {111} planes. 7.The method of any one of claims 4 to 6
wherein the alkaline agueous solution used for chemical etching of the surface of the monocrystalline
silicon substrate is an 5 aqueous solution containing sodium hydroxide, potassium hydroxide,
potassium carbonate, sodium carbonate or sodium hydrogencarbonate.
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