DESCRIPTION TITLE OF INVENTION SUBSTRATE FOR SOLAR CELL, AND SOLAR CELL
TECHNICAL FIELD [0001] This invention relates to solar cells for directly converting light energy
into electricity, and substrates for solar cells. BACKGROUND ART 15[0002] It has been desired
over the decades to overcome the problems associated with resource saving and environment
pollution on the global scale. Apart from the nuclear power, development efforts were made on the
technology of 20 effectively utilizing the potential energy in wind, tide and sunlight as the replacement
energy for fossil fuel, with some being commercially implemented. Among others, a focus is put on
solar cells as the main technology for the utilizél%’if&ggégﬁ%nlight energy. 25 Due to its capability of
low cost, simple, and small-scale power generation, the solar power generation technology has been
commercially utilized in houses and buildings to provide a partial replacement of the energy
consumption therein. [0003] 30In the curreﬁ%&%&ﬁm system for residential houses, a
plurality of panel-like solar ¢aipnodutes arercopnesteddniseries:an parallet apd@rrayed and installed
on the roof so that the desired power may be

TECENICAL FIELD

[0001]
1c This invention relates to solar cells for directly
converting light energy into electricity, and substrates for

solar cells.

BACKGRCUND ART

15 (00021
It has been desired over the decades to overcome the
problems assoclated with resource saving and environment
pollution on the glckal scale. Apart from the nuclear power,
development efforts were made on the technology of
20 effectively utilizing the potential energy in wind, tide and
suniight as the replacement energy for fossil fuel, with some
being commercially implemented.
Among others, a focus is put on solar cells as the
main technology for the utilizaticn of clean sunlight energy.
25 Due to its capability cof low cost, simple, and small-scale
power generation, the solar power generxation technology has
been commercially utilized in houses and buildings to provide
a partial replacement of the energy consumption therein.
[0003]
30 Iin the current mainstream solar cell gystem for
residential houses, a plurality of panel-like solar cell
modulesg are connected in series or parallel and arrayed and

installed on the roof so that the desired power may be



produced. The solar cells used in the panel-like solar cell modules are shaped square or
pseudo-square with cut corners so as to conform to the shape of the solar cell panel. 5[0004] The
solar cell is a semiconductor device for converting light energy into electricity and includes p-n junction
type, pin type and Schottky type, with the p-n junction type being on widespread use. When classified
in 10 terms of substrate material, the solar cell is generally classified into three categories, crystalline

siicon solar gglisagmogphoys siican salat cells and gompound spaiicondhietar splargells, The
crystalline silicon solar cells are sub-divided into monocrystalline and 15 polycrystalline solar cells. The
crystalline silitorsoiar cafls deenrdmeduaitiespredts sinde crystalline substratets forgalareells can

be relatively gasily mapufagiired {00951 In.oeneralcrystalline silicon solas gells, ap-n 20 junction

must be formed to separate carriers created by irradiation of sunlight. In one eéxample where the
substrate used is p-type silicon, an n-type silicon layer is formed on the light-receiving surface by
diffusing:a Groyp,\ glement such as phosphorus. In another example where the substrate 25 used is
n-type silicon, a p-type silicon layer is formed on the light-receiving surface by diffusing a Group Il
element such as borohFheHtonSdladr dell i8 nsAfaPReF e 4pvype sliedn substrate, for

example, by ek diiugionofie 38 4opapt ke phasphorus ai a jemparatue of:ahoys BQO 10 950C to
form diffusion layers on both the entire surfaces of the substrate. It desired, an unnecessary portion of
the junction type, pin type and Schottky type, with the p-n
junction type being on widespread use. When classified in
10 terms of gubstrate material, the solar cell is generally
classified into three categories, crystalline silicon solar
cellsg, amorphous silicon solar cellsg, and compound
semiconductor solar cells. The crystalline silicon golar
cells are gub-divided into monocrystalline and
15 polycrystalline solar cells. The crystalline silicon solar
cells become most widespread since crystalliine substrates for
gsolar cellg can be relatively easily manufactured.
[0005]
In general crystalline silicon sclar cells, a p-n
20 junction must be formed to separate carriers created by
irradiation of sunlight. In one example where the substrate
used is p-~type silicon, an n-type silicon layer is formed on
the light-receiving surface by diffusing a Group V element
such as phosphorus. In ancther example where the substrate
25 used is n-type silicon, a p-type silicon layer is formed on
the light-receiving surface by diffusing a Group III element
such as boron.
The gilicon solar cell is manufactured from a p-type
silicon substrate, for example, by thermal diffusion cf a
30 dopant like phospheorus at a temperature of about 800 to 950°C
to form diffusion layers on both the entire surfaces of the

substrate. If desired, an unneceggary portion of the



diffusion layer is removed, and the remaining layer serves as the diffusion layer in the solar cell. [0008]
Then an antireflective coating, for example, silicon nitride film is formed on the diffusion layer. Silver
paste in grid pattern on the light-receiving surface and aluminum paste on the substantially entire back
surface are printed and fired to form electrodes, yielding a crystalline silicon solar cell. 10[0007] From
the standpoint of increasing the photovoltaic conversion of a solar cell, a thinner diffusion layer is

beter. Howeyr og o a:bickness lead o ajkelihgod af iealiags 1-yps Javer iy he elgctrode

known as 15 punch-through, and current collection at the electrode Is inhibited due to an increased
resistance. Thirefarie! e spuctire Riown ashsekeling easittdr” is used in which the diffusion layer is
thin in the Iig%r@@:giving surface area as a high resistance layer (low concentration diffusion) and 20
thick in the electrode area as a low resistance layer (high concentration diffusion). [0008] The
selective emitter may Beepreparad by 66y thees idadelsich sdisstragahlan afti-biffigsion coating

such as 25 Sj02, removinglines.of theapl-diffusian ceatngto gpen difiusion windws and selectively
diffusing a dopant into the window region to form a high-concentration diffusion layer. [0009] 30After
the high-conééhtrHiibh RAGSIEA Tayet i fstmetd e ARG-BIHTUSTEh oS rdaRfdvedUBAd e dopant

is diffused injgtheentire sHdace ingluding the higb-concentigtion diffusionlayee sethat the region
and fired to form electrodes, yvielding a crystalline silicon
solar cell.
10 [C007]

From the standpcint ¢f increasing the photovoltaic
conversion of a solar cell, a thinner diffusion layer is
better. However, too thin a thickness leads tc a likelihood
of breakage of n-type layer by the electrode, known as

15 punch-through, and current collection at the electrode is
inhibited due to an increased resistance. Therefore, the
structure known ag "selective emitter™ is used in which the
diffusion layer is thin in the light-receiving surface area
as a high resistance layver (low concentration diffusion) and

20 thick in the electrode area as a low resistance layer (high
concentration diffusion).

[co08]

The selective emitter may be prepared by covering the
gurface of a substrate with an anti-diffusicon coating such as

25 810;, removing lines of the anti-diffusion coating to open
diffusion windows, and selectively diffusing a dopant into
the window region to form a high-concentration diffusion
layer.

[0009]

30 After the high-concentration diffusion layer is formed,
the anti-diffusion coating is removed, and the dopant is
diffused into the entire surface including the

high-concentration diffusion layer, so that the region



surrounding the high-concentration diffusion layer may become a low-concentration diffusion layer
having a lower dopant concentration than the high-concentration diffusion layer. [0010] 5Next, an
antireflective coating is formed on the surface. The ARC may be a silicon nitride, titanium oxide or
aluminum oxide film. Such a film may be formed by CVD, for example. The silicon oxide, silicon nitride,
titanium oxide and 10 aluminum oxide films used as the ARC all serve to terminate defects on the

silicon wafer siface andjmpreye fhe propspies, espeqially SHgr-ciicu, canentof.salak cells,,

After the ARC is formed, electrode fingers are formed by printing. The position of electrode fingers is
determined 15 By registefiag the supstratein picenudiny as the sides as tevieferépeanind aligning

the fingers WEB:EQ%H@EEE%‘%?%@QH“&k@%&%@@én@@%lx%f&%@@ecﬁﬂ@ﬁ@@Hﬁaifélg@'ﬁ the

low-concentration 20 diffusion layer and the high-concentration diffusion layer cannot be discriminated
by visual obséf¥atibn. This discrimination is possible by electrical evaluation, for example,

measurgment of spregding, resistanae; vdvah is-a destruglives §mescansumaiggdest: 2a[0012]
Since the solar cell manufacture process involves many steps as mentioned above, there arises a

problem that S thEatMstrate s fltstadan deertairt sleis et tHe dihtatidrt 8PHEs@st e TAn no
longer be ideptifigd nl@a¥QiRUChi 1m. Such a film may be formed by CVD, for

example.
The silicon oxide, silicon nitride, titanium oxide and
10 aluminum oxide f£ilms used as the ARC all serve to terminate
defects on the silicon wafer surface and improve the
properties, especially short-circuit current of solar cells.

After the ARC is formed, electrode fingers are formed
by printing. The position of electrode fingers is determined

15 by registering the substrate in place using its two sides as
the reference, and aligning the fingers with the
high-concentration diffusion laver.

[o011]

After the diffusion treatment, the low-concentration

20 diffusion layer and the high-concentration diffusion layer
cannot be discriminated by visual observation. This
digcrimination is possible by electrical evaluation, for
example, measurement of spreading resistance, which is a
destructive, time-consuming test.

25 [o012]

Since the solar cell manufacture process involves many
steps as mentioned above, there arises a problem that if the
substrate 1s rotated in a certain step, then the orientation
of the substrate can no longer be identified. To avoid such

30  inconvenience, the substrate may be provided with a mark by
laser marking, but the mark is difficultly ascertained after

an ARC is formed thereon. An additional problem of laser



30 inconvenience, the substrate may be provided with a mark by laser marking, but the mark is
difficultly ascertained after an ARC is formed thereon. An additional problem of laser marking is that
the solar substrate is distorted thereby, with properties of the relevant portion being degraded.

The prior art references pertinent to the present invention include the following documents. Citation
List Patent Document [0013] Patent Document 1: JP-A 2004-064028 10Patent Document
2: JP-A 2005@%1%%4&135%’”\% Y PRINVENTION, Techaical Fi’fsobéﬁgt@%@dl%’é%gﬁ of the
invention, which is made under the above circumstances, Is to provide a substrate in wHich the
direction of thal Stibstrareds basily idéntifieble carmy thietdirartivhwt the substésteadese easily kept in
register throughout thg&goggg%gf g@gu%ﬁ&gégl%égg £odhat 2Q aé%arpckeéls\gmconsistent

properties may be manufactured.
inventicn include the following documents.

Citation List

Patent Document

{0013]
Patent Document 1: JP-A 2004-064028
10 Patent Document 2Z: JP-A 2005-123447
SUMMARY OF INVENTTON
Technical Problem
[0014]
15 An object of the invention, which is made under the

above circumstancesg, 1g to provide a substrate in which the
direction of the substrate is easily identifiable, and the
direction of the substrate can be easily kept in register
throughout the process of manufacturing a solar cell so that

20 a solar cell with congistent properties may be manufactured.

Solution to Problem

[0015]
Accordingly, the present invention provideg a golax
25 cell-forming substrate and a solar cell, as defined below.
[1] A solar cell-forming silicon substrate of sguare shape
with corners as viewed in plan view, which ig provided with a
chamfer at one corner or a notch at or near one corner.
{21 A solar cell-feorming silicon substrate of square shape
30 ag viewed in plan view, having a first corner and a gsecond
corner not diagonal to the first corner, which is provided

with a chamfer at the first corner or a notch at or near the



Solution to Problem [0015] Accordingly, the present invention provides a solar 25 cell-forming
substrate and a solar cell, as defined below. [1] A solar cell-forming silicon substrate of square shape
with corners as viewed in plan view, which is provided with a chamfer at one corner or a notch at or
near one corner. [2] A solar cell-forming silicon substrate of square shape 30 as viewed in plan view,
having a first corner and a second corner not diagonal to the first corner, which is provided with a

chamfer at the first cqrger, ar.a notch, atgr neay ghefirst corper, and with.a potchy af orngar the second

corner or a chamfer at the second corner, the notch or chamfer at the second corner is selected to be
different fronPtheheHRRRRST BF nbleh AR MRSt COFRST [3FAS o teedl-formiplgaméaacrystaliliie silicon

substrate of square shapeyuth rounded copneys @s viewad #planvew, whichds preyded withan

orientation flat at one corner or a notch at or near one corner. [4] A solar cell-forming monocrystalline
silicon substraf-tofdguaie shapé Witk rbifidled corners as viewed in plan view, having a surface in

(100) plane, which substate-is pravided it aiy opighiation flak of Rolehdn aicrystalorentalion <110>
passing substantially the center of the substrate. E] A solar cell-forming monocrystalline silicon

substrate 15 Bf sGERIahapeARith FolrietP e £&OVBRET iR DI FERA wHicHS33tovied with an
orientation flajiaf eneiGorpeandadolich at emnearianaibericornen net diagenal tedhe enegoraer. [6]

A solar cell comprising the substrate of any one of
notch at or near cne cdorner.
[4] A sclar cell-forming monocrystalline silicon substrate
16 of sguare shape with rounded corners as viewed in plan view,
having a surface in (100) plane, which substrate is provided
with an orientation flat or notch in a crystal orientation
<110> passing substantially the center of the substrate.
[5] A solar cell-forming monocrystalline silicon substrate
15 of sguare shape with rounded corners as viewed in plan view,

which is provided with an corientation flat at one corner and

a notch at or near another corner not diagonal to the one

corner.,
[6] A solar cell comprising the substrate of any one of
20 [1] to [5], wherein a low-concentration diffusion layer is

formed on the light-receiving surface of the substrate, and a
high-concentration diffusicon layer is formed where a finger
electrode is to be formed.
As used herein, the term "at or near a corner'" refers
25  to not only a right-angled corner of a square or a point at
the center of a rounded corner, but also a surrounding

portion, and encompasses a rounded portion.

Advantageous Effects of Invention

30 [C01l6]
Since the position of a substrate is easily
ascertainable according to the invention, the direction of

the substrate can be easily identified in the process of



20[1] to [5], wherein a low-concentration diffusion layer is formed on the light-receiving surface of the
substrate, and a high-concentration diffusion layer is formed where a finger electrode is to be formed.
As used herein, the term "at or near a corner" refers 25 to not only a right-angled corner of a square or
a point at the center of a rounded corner, but also a surrounding portion, and encompasses a rounded
portion. Advantageous Effects of Invention 30[0016] Since the position of a substrate is easily

ascertainable,according 1o the invention, the.direction of the. substrats. can he easjly identifigd in the

process of manufacturing a solar cell, suppressing formation of failures associated with the direction
of the substr@esBRIEE PESICRIPTION G oRAwINGS [BOE7FUPS &4 -jllustrates one exemplary
solar cell-forming substrate according to the invention, FIG. la being a plan view of a cylindrical
monocrystalline ingot provided with an orlentatlon flat and FIG. Ib being a plan view of a io substrate
which is worked into a pseudo-squéret sfiapt*asi Stén g by eatting off peripheral portions.
FIG. 2 |Ilystragg@ another exemplary solar cell- formlng substrate accordlng to the invention, FIG. 2a

being a plan view of poncrystalllne silicon prepared by the
FIG.” 1 illustrates one &xemplary solar cell-forming

substrate according to the invention, ¥IG. la being a plan
view of a cylindrical monocrystalline ingot provided with an
crientation flat, and FIG. 1b being a plan view of a

10  substrate which is worked into a pseudo-square shape as
viewed in plan view by cutting off peripheral portions.

FIG. 2 illustrates another exemplary solar
cell-forming substrate according tc the invention, FIG. 2a
being a plan view of polycrystalline silicon prepared by the

15 casting methoed, and FIG. 2b being a plan view of a substrate
provided with a chamfer and a notch at corners.

FIG. 3 illustrates succesgive steps of a solar cell

manufacturing process.

20 DESCRIPTION OF EMBODIMENTS
[0018]

Since the shape of a solar cell should conform to the
shape of a solar cell panel, its substrate is worked into a
gsguare Or pseudo-sguare shape as viewed in plan view, the
25 pseudo-square shape referring to a sgquare shape with rounded
corners (see FIG. 1b). The substrate is worked into a
pseudo-square shape in order to reduce a logs of monocrystal
material by cutting when a monocrystalline gubstrate is
obtained from c¢ylindrical monocrystal. In the case of a
30 polycrystalline substrate, a substrate of square shape (see
FIG. 2a) is used gince the shape can be changed by a mold.
According to the invention, the substrate is provided

with a flat chamfer at a first corner or a notch at or near a



is casting method, and FIG. 2b being a plan view of a substrate provided with a chamfer and a notch
at corners. FIG. 3 illustrates successive steps of a solar cell manufacturing process.
20DESCRIPTION OF EMBODIMENTS [0018] Since the shape of a solar cell should conform to
the shape of a solar cell panel, its substrate is worked into a square or pseudo-square shape as
viewed in plan view, the 25 pseudo-square shape referring to a square shape with rounded corners

(see FIG. Ib).cThe, substrate js worked intg.a pseudo-square.shape in oxderdo reduce g loss of

monocrystal material by cutting when a monocrystalline substrate is obtained from cylindrical
monocrystal. ff%fe e&Se 6f & BOSONFCrySRlRleYs Ubstafe. Besiibstiate bf Shgarelstipeatee 8. 2a) is
used since thg.s 'be changed by a mold. According to the invention, the substrate is
provided with a flat chamfer at a first corner or a notch at or near a first corner. Then the first corner
has a different shape ¥fontBthef2Bfné&rs \iheteby fife Bit&tiIorPdRthe St siatd dditBe judged. In

the casesof aysguiare subsieate - Hig1maghinedpastion preferabhehas anputlinessizg of HPA SPM in
order to minimize a loss of material associated with the chamfer or notch machining. In the case of
a pseudo-squite™SUBSRAES G eeifplel afRbtito AT sTHStRE of 158 X156 FmATE Shtditable
from 10 a cylinsirieal mapagrystalline ingot having a diameter of 200 mm, with each corner being an
arc having a radius of 100 mm. One arcuate portion is provided with an orientation flat representative

of cleavage direction (ffat th&mfasifidithtifig RS B8R SalBrRbiated §s P herERERL or a

notch. 15With respachin he Bumberel@F:s.@r paiches machinedypniy-ong is.suffigieat e idgntify the
direction of the substrate. If an OF and a notch are combined and disposed so as to be asymmetric

with respect B & disbeRalfifel o' PR StiDState, tRER froRd aivd PAEK Barfaces 88 beistimihated.

mm, with each corner being an arc having a radius of 10¢ mwm.
One arcuate porticon is provided with an orientation flat
representative of c¢leavage direction {flat chamfer indicating
crystal direction, abbreviated as OF, hereinafter) or a notch.
15 With respect to the number of OF's or notches machined,
only one is sufficient to identify the direction of the
substrate. If an OF and a notch are combined and disposed so
as to be asymmetric with respect to a diagonal line of the
gubstrate, then front and back surfaces can be digcriminated.
20 [ool9]

First Embodiment

Referring to FIGS. 1 and 3, the process of
manufacturing a solar cell using a monocrystalline silicon
substrate resulting from the CZ method is described.

25 Crystalline silicon substrates for use in
monocrystalline solar cells are generally prepared by the
floating zone (FZ) method and the Czochralski {(CZ) method,

with the CZ method being predominant.



20[0019] First Embodiment Referring to FIGS. 1 and 3, the process of manufacturing a solar cell
using a monocrystalline silicon substrate resulting from the CZ method is described. 25Crystalline
silicon substrates for use in monocrystalline solar cells are generally prepared by the floating zone
(FZ) method and the Czochralski (CZ) method, with the CZ method being predominant. [0020]

First, a quartz crucible is charged with high-purity polycrystalline silicon. Next, to produce a single
crystal havinq ihe g?sired conductivity type and resistivity, the silicon is doped with a Group IIl element
such as boron or gallium to create p-type or with a Group V element such as phosphorus or arsenic to
create n-type. A resish¥tgsf 0.3 Gremitozl oL desirad e 51Qedh 16 210 eheis-apprépiiate for

establishing highsperfarmanee solar oelis 10A seedicrysial Bavpg plane 9@%@‘9@%%’%&9@ direction

is immersed In the melt and pulled up while rotating, yielding a cylindrical monocrystalline ingot having
plane orientdfdH KIDOSEF hESHGAGEHy SATHHETRGOLIS WoTked imb A &fihdRcarBIGok b Batting off

opposite;ends0f 16,15 iRgef Anckorinding the;eutes periphene R3] such as poron or
galiium to create p-type or with a Group V element such as

phosphorus or arsenic to create n-type. A registivity of 0.1

Q-cm o 1¢ OQ-cm, desirably 0.5 Q-cm to 2 Q-cm is appropriate
for establishing high-performance solar cells.

10 A seed crystal having plane orientation in «100>
direction is immersed in the melt and pulled up while
rotating, vielding a cylindrical monocrystalline ingot having
plane orientation <100>. The monocrystalline ingot is worked
into a cylindrical block by cutting off opposite ends of the

15 1ingot and grinding the outer periphery.
foo21]

The monocrystalline ingot having plane orientation
<100> is measured for crystal orientation by X-ray
crientation measurement. It is machined to form an OF or

20 notch in <110s> direction pasging the center of monocrystal
and corresponding to cleavage direction (see FIG. laj.

Next, in order To convert c¢ylinder to nearly square,
the cylindrical ingot is worked into a square or
pseudo-sqguare shape by cutting off peripheral portions (see

25 FIG. 1b). This cutting is carried ocut after rotating 45
degrees relative to <110> direction corregsponding to c¢leavage
direction, so that the OF or notch is left. In the case of a
sgquare substrate, the machined portion desirably has an
outline gize of up to 5 mm in order to minimize a loss of

30 material associated with the OF or notch machining. As used
herein, the outline gize refers toc the length of a choxrd
chamfered in the case of an OF or the length of a major side

notched in the case of a notch,



The monocrystalline ingot having plane orientation <100> is measured for crystal orientation by X-ray
orientation measurement. It is machined to form an OF or 20 notch in <110> direction passing the
center of monocrystal and corresponding to cleavage direction (see FIG. la). Next, in order to
convert cylinder to nearly square, the cylindrical ingot is worked into a square or pseudo-square shape
by cutting off peripheral portions (see 25 FIG. Ib). This cutting is carried out after rotating 45 degrees

relative to <110> dirgefipn cawsspanding o.cleayage. direqliopssq thaf the Ok arngtch is I8ty In the

case of a square substrate, the machined portion desirably has an outline size of up to 5 mm in order
to minimize £5E G139 rhatetiaf AdsdGartediwith SRNIOFDF ridieh thehfingrAStisédiferein, the

outline size refgrs {9 theslength of 4 cherd shamferseln the caseaban OF erthelength efa major side
notched in the case of a notch. With respect to the number of OF's or notches machined, only

one is sufficiéfEtbUdEAtify WS HRetorParthd iStRRESt. FPaf OF-andPa it artEdmblied(at least

two featyres gepihined)anddigpasehsq astebeasymmetieyuith-adespestda adiggeralline of the
substrate, then a benefit is obtained that front and back surfaces can be discrimjnated. [0022]

With carbon, ‘glas§®&PtHestke™6Hdelt dtolGAarBiotk BFpSETEFR sqaare¥hapbeis Shled i fite:
predeterminegh3.£osubstrate thickness. With respect to the substrate thickness, although a thickness
of the order of 50 m is able to capture incident lciﬁ%ht within the solar cell and is economically

advantageous, a thickieds SPISEIy 360 Bitfis Yesirable foF el ARk sfefGthv " iar

block of pseudo-square shape is sliced to the predetermined

10 subgtrate thickness. With respect to the substrate thickness,

although a thickness of the order of 50 um is able to capture

incident light within the solar cell and is economically

advantageous, a thickness of 150 to 300 um is desirable for
mechanical strength.

15 Before the cut block is sliced into solar cell-forming
substrates, the method of cutting along cleavage direction
gives rise to problems of cracking and chipping. The
problems of cracking and chipping upon cutting may be avoided
by rotating 45 degrees with regpect to the cleavage direction, -

20 and cutting such that the OF or notch is positioned at or
near a corner cof pseudo-sgquare shape.

[coz23]
The sliced substrate 1 (FIG. 2a) is transferred to a
carrier for cleaning where it i1g cleaned. When a substrate

25 of 156 mm gguares i1g prepared from a monocrystalline inget of
200 mm diameter, the diameter has a deviation of about ¢.5 to
0.7 mm depending on whether or not the OF is provided, and
the direction of the substrate can be aligned via visual
observation. Alternatively, a CCD camera is used to judge

30 the shape of the substrate, the carrier is loaded with the
substrate with its direction changed, so that the direction

of the CF oxr notch is kept identical. This can eliminate any

-10-



15Before the cut block is sliced into solar cell-forming substrates, the method of cutting along cleavage
direction gives rise to problems of cracking and chipping. The problems of cracking and chipping upon
cutting may be avoided by rotating 45 degrees with respect to the cleavage direction, 20 and cutting
such that the OF or notch is positioned at or near a corner of pseudo-square shape. [0023] The
sliced substrate 1 (FIG. 3a) is transferred to a carrier for cleaning where it is cleaned. When a

substrate 25 pf 156 am squates, s prepared fom-a manocrystalling ingof of. 200, mmcdiameter, the

diameter has a deviation of abouf 0.5 to 0.7 mm depending on whether or not the OF is provided, and
the direction & saistraie capbetdliyrietasg FBual observation. Alternatively, a CCD camera is
used to judge 3@ he shape of the substrate, the carrier is loaded with the substrate with its direction
changed, so that the direction of the OF or notch is kept identical. This can eliminate any failures
arising from a differefféeindhBHire2ién dFtHel Simstratd Hufing 19 prRstess. [0B24Pa1 The substrate

as cleaned is,gubjgeted o thermal 9 h@nai'ﬂr@@s@ﬁ/egﬁé‘ %Hloépﬂér@ @\%HOEQV%@t Q0 to 1,000C,
forming a thin silicon oxide film 2 of about 3 to 30 nm thick on the light-receivin surface of the

substrate (FI&: 885 T6025PTONSS, & photdteSist e < €hin dtPtherbout 3 to 30

nm thick on the light-receiving surface of the substrate (FIG.
3b).
[cC25]

10 Next, a photoresist material ig spin coated to the
light-receiving gsurface of the substrate and baked at 70 to
100°C for about 20 to 80 minutes. The resist is exposed to
light through a glass mask having the same pattern as the
light-receiving surface electrode pattern and developed. The

15 photoresist material used herein may be either positive or
negative. The thus patterned substrate is immersed in a
hydrofiucric acid agueous solution of about 1 to 50% by
weight or a mixed aguecus sclution of hydrofluoric acid and
ammonium fluoride, whereby in the case of positive

20 photoregist material, the gilicon oxide film 2 ig removed
only where the photoresist film has been removed. That is, a
portion of the silicon oxide f£ilm which has the same pattern
as the light-receiving gurface electrode is logt, forming a
diffusion channel 2. Thereafter, the regigt film is

25 completely removed by acetone dipping, sulfuric acid boiling
or the like (FIG. 3c).

[0026]
As first diffusion treatment on the light-receiving
gsurface of the substrate, POCl;-containing N. gag is fed to a

36 hot oven at 900 to 950°C, for carrying out diffusion
treatment 4 with phosphorus, Group V element as dopant (FIG.
3d). At this pcint, phosphorus can be selectively diffused

gince the oxide fiim remaining on the surface serves as a

-131-



light-receiving surface of the substrate and baked at 70 to 100C for about 20 to 80 minutes. The resist
is exposed to light through a glass mask having the same pattern as the light-receiving surface
electrode pattern and developed. The 15 photoresist material used herein may be either positive or
negative. The thus patterned substrate is immersed in a hydrofluoric acid aqueous solution of about 1
to 50% by weight or a mixed aqueous solution of hydrofluoric acid and ammonium fluoride, whereby in
the case of positive 20 photoresist material, the, silicon oxide film 2 is removed anly where the
photoresist iilhey %]és%%aeﬁnrsegn&)v%e%? 3t i%,é a%p?birtjfjélns ofthe siﬁlclon %%%eélffﬁ% v?k%icglﬁ%s the same
pattern as thelighbt:recet/ing sarface eledtrode idilost, forminguandiffusion chainets. Thereafter, the

resist film is 25,completely.removed hy.acetone dipping,,sulfuric acid tg%oil' or the.like (FIG, 3c).
0006 | A s e T TEcBung S Eoe Bt nd bUpEA e € Ead
POC13-containmgiN2gdshs f&d toua B@dwt oven at 900 to 950C, for carrying out diffusion treatment 4

with phogphorus, Group \ lementas danank (E1G, 3o). AL PRty Bhasphoris gan be selectively

diffused since the oxide film remaining on the surface serves ask against orus diffusion.
In handling obthecswtistiage the T0F & rwtch on thasubstrateianables to identify the direction of the
substrate and[g[%r]iminate the front and back surfaces. 5It is noted that the above step may also be
performed by coating/diffusion or ion implantation. [0027] At the end of the first diffusion treatment,
etching is performed With disydrBflucric &&ia abilests dbfifien oflo hbeatmen 500eby weight to

remove the sprfage pxide s (G- 3eh\iber the,substate is yanelsreddrom the guarz jig for heat

treatment to the Cleaning carrier, the OF and notch on the substrate enables to identify the direction of
the subblrate®dif disérifihat theTrortand bakk stiffiegs the surface oxide films

(FIG. 3e). When the substrate is transferred from the quartz

Jig for heat treatment te the cleaning carrier, the OF and

notch on the substrate enables to identify the direction of

the substrate and discriminate the front and back surfaces,
15 [0028]

After the oxide films are removed, as second diffusion
heat treatment, POCl;-containing N; gas is fed to a hot oven
at 800 to 850°C, for caryying cut diffusion treatment 5 with
phogphorus, Group V element as dopant in a low concentration

20 over the entire surface (FIG. 3£), The low concentraticon
diffusion layer 5 is formed sc as to have a sheet resistance
of 50 /0O to 300 Q/0, typically 100 /0. WwWith this second
diffusion heat treatment, the dopant is additiocnally diffused
into the high-concentration diffusion layer 4 pre-£formed by

25 the first diffusion heat treatment, which becomes a
high-concentration diffusion layer 4 having a sheet
resistance of 1 Q/[0 to 50 /0, typically 10 Q/[1. Liké the
first diffusion treatment, this step may alsc be performed by
coating/diffusion or ion implantation. When the substrate is

30  transferred from the cleaning carrier to the quartz jig for
heat treatment, the OF and notch on the substrate enables to
identify the direction of the substrate and discriminate the

front and back surfaces.
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Is[0028] After the oxide films are removed, as second diffusion heat treatment, POC13-containing
N2 gas is fed to a hot oven at 800 to 850C, for carrying out diffusion treatment 5 with phosphorus,
Group V element as dopant in a low concentration 20 over the entire surface (FIG. 3f). The low
concentration diffusion layer 5 is formed so as to have a sheet resistance of 50 WO to 300 QAT
typically 100 O/ With this second diffusion heat treatment, the dopant is additionally diffused into the
high-concentration ﬂiffusion layer 4 pre-formed by 25 the first diffusion heat treatment, which becomes
a high-concer%a@gl;ﬁs9 diffusion layer 4 having a sheet resistance of 1 0/0 to 50 WO, typically 10 WEL
Like the first diffusion &reatmenttldis stepmaysalsebe perormeddy coatingidifiysioa or ion

implantation. When the su sJ}aa&e |sf:l’> transfeéred from the cleaning cayrier to the %ua%%ggtggr heat

treatment, th& DF 8hd notch 811 the Substiate BraBies s d&htify te Bifedtiorsfihe St gnd

discriminate thedrom amoliizackesiirface sa §0620]Atthe ehtwafithe se€arich défusioirtieatmenisa silicon
nitride filgn is gsgteosi;[:eedv%n t’g_hlen subrsét%altg Csugfgce b pE!as %-%rg\agﬁgd OVD as %ntireflective film 6

which serves or%revenl%ing reflection oFsunrﬁgﬂ and for sUrace pro ecjt’ionlil.E : fg). [0030] On the
back surfacet thee stbstrate FE@ingsthe silicon nitride film formed thereon, a back surface electrode 7
is 10 formed l% yagyum deposition or sputtering of aluminum or the like. The back surface electrode 7

is formed, for example, to a thickness of 1 pl. to 10 1.tm, typically 5 1.tm (FIG. 3h). [0031]
On the back surface of the substrate having the gilicon

nitride £ilm formed thereon, a back surface electrode 7 is
10 formed by vacuum deposition or sputtering of aluminum or the

like. The back surface electrode 7 is formed, for example, to

a thickness of 1 pum to 10 um, typically 5 pm (FIG. 3h).
[0031]
Finally, an electrode paste is printed on the front

15 surface and fired at 500 to 800°C to form an electrode 8 (FIG.
3i). At this point, the finger electrode is formed to overlay
the high-concentration diffusion layer. Although the process
involving many transfer gteps has the problem that it is
impossible to discriminate the high-concentration diffusion

20 layer 4 and the low-concentration diffusion layer 5 by visual
observation and to identify the direction of the substrate,
the provisicon of OF and notch according to the invention
enables to set the direction of the substrate in register and
thus enables to manufacture solar cells in high yields.

25 [0032]

Second Embodiment

Referring to FIGS. 2 and 3, the procesgs of
manufacturing a solar cell using a polycrystalline silicon
substrate resulting from the casting method is described.

30 Crystalline silicon substrates for use in
polycrystalliine solar cells are generally prepared by the
casting method. First, metallurgical grade microparticulate

silicon is admitted together with dopant into a high-purity
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Finally, an electrode paste is printed on the front 15 surface and fired at 500 to 800C to form an
electrode 8 (FIG. 3i). At this point, the finger electrode is formed to overlay the high-concentration
diffusion layer. Although the process involving many transfer steps has the problem that it is
impossible to discriminate the high-concentration diffusion 20 layer 4 and the low-concentration
diffusion layer 5 by visual observation and to identify the direction of the substrate, the provision of OF
and notch according to the iméelntio&enatges t%ﬁet the direction of tf}i substrate intr.e ister and thus
enables to manaracturs sofarcells in fﬁ%"?’n yigl%js. Zgﬁﬁgifge%&?diﬁ bodifiert S+ eferring to
FIGS. 2 and Buthegrecess dfimantifactdripgatsolar cedllusing: d polycrystaling siitenssubstrate

resulting from the castin thod is described. 30Crystalline_silicon substrates. for use in
géﬁﬁ iceon of T é% eé

polycrystalling%oﬁ:r% s are ;bléﬁerseflly prepared by the cassﬁjﬁg metho Plgi%fr%n%alm@%a?aﬁiade
microparticulatessikidoivis admitted tegethepwithadppanat ttgadigh-parity Guarte ciudible (lined with
parting agent) { ti gﬂ'n ge.b%'@gg tla%d QL_.Li o€ ct%c_jr to produce polycrystalline
silicon of the de%ﬁ[eé:éqgo% uctiv%y type and resigﬁa\%ty, ‘tahe gﬁcon %%ggbeg dggfg% wit agG(ré’g:l?ff1L fil
element suclVa$ bersnér galliimas réateni:gipesorcar Grous Viagleent seelt as phbogpkorusior

arsenic to create n-type..A resistivity. of 0.1 O-cm to 10 Q-cm, desirably Q.5 Q-cmm {0 2 O-cm i
si¥9 t o%\é.% 59 crg %o J(_)O %?s. s;Lrathqg%.S 8«({: %o 3

appropriate forreg’sjtablls}ﬁ;i‘né/hlg -performance solar ce R'hede s actudted © heat the crucible at a

10 temperature efaheuts5005 fapmelting:the seetallurgical gradessiligen: 10033k Nexts heheater is
controlled so that the temperature

cells. A heater is actuated to heat the crucible at a

10 temperature of about 1,500°C for melting the metallurgical
grade silicon.
[0033]

Next, the heater is controlled so that the temperature

of a lower portion may be low. The molten metallurgical

15 grade silicon isg solidified from below, obtaining a casting
of polycrystalline silicon. The crucible is taken out of the
casting furnace, and the solidified casting of
polycrystalline silicon taken out of the crucible. Side,
bottom and top surface portions of this polycrystalline

20  silicon casting are cut off since these portions are rich in
impurities. In the case of a cubic polycrystalline silicon
casting of 200 mm, for example, a side portion of 25 mm, a
bottom portion of 20 mm, and a top porticn of 30 mm are cut
off. The top portion is cut off to a relatively large extent

25  because impurities concentrate at the top due to segregation
in the course of the casting solidifving from below.
[0034]

After the side, bottom and top surface pcortions are

cut off, the polycrystalline silicon casting (see FIG. 2a) is

30 provided with a flat chamfer at a corner or a notch at or
near a corner by machining {(see FIG. 2bk). At this point, the

machined portion desirably has an outline gize of up tc 5 mm
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of a lower portion may be low. The molten metallurgical is grade silicon is solidified from below,
obtaining a casting of polycrystalline silicon. The crucible is taken out of the casting furnace, and the
solidified casting of polycrystalline silicon taken out of the crucible. Side, bottom and top surface
portions of this polycrystalline 20 silicon casting are cut off since these portions are rich in impurities.

In the case of a cubic polycrystalline silicon casting of 200 mm, for example, a side portion of 25 mm, a

bottom portion of 20ymym. and.a fqp,podion of A0.maare eut,off The top partian s Gutpft o a

relatively large extent 25 because impurities concentrate at the top due to segregation in the course of
the casting s6hgifffyfrom Belowh[CUBdp AfteRthe side, bottom and top surface portions are cut off,

the polycrystalline siligon gasting,(see FIG. 42 is,3Rprovided with.a flat.chamier at.g.corner or a notch

at or near a corner by machining (see FIG. 2b). At this point, the machined portion desirably has an
outline size SF¥PISBMmM GR-BYdED rmmimireia fos3TF ntatefidradsbEiatéd ithithe chamifePér notch

machining. With-regpestiosthe numbeg of-ehataiers ohAoichesynachined .ns oneds suificient to
identify the direction of the substrate. If a chamfer and a notch are combined (at least two features

combined) af§8ipos¥d sbERHI I aSHetFWitA s SEct RS B5fagoh& fink Df Bpseudo-square
shape, then a benebitds obtained thatdront anddacksiutasas can hediseriminaiechdk0[0635]re

shape, then a benefit is obtained that front and back
surfaces can be discriminated.
10 [0035]
With carbon, glass or the like bonded, a columnar
block of square shape is sliced to the predetermined

substrate thickness. With respect to the substrate thickness,

although a thickness of the order of 50 um ig able to capture

15 incident light within the solarx c¢ell and ls economically

advantageous, a thicknegs of 150 to 300 um is degirable for
mechanical strength.
[0036]
The sliced substrate 1 (FIG. 3a) is transferred to a

20 carrier for cleaning where it ig cleaned. At thig peint, if
the chamfer or notch provided according to the invention is
confirmed by visual observation, then the direction of the
substrate can be aligned. Alternatively, a CCD camera is
used to judge the shape of the substrate, the carrier is

25 loaded with the substrate with its direction changed, so that
the direction of the chamfer and notch is kept identical.
This can eliminate any failures arising from a difference in
the direction of the substrate during the process.
[G037]

30 The gubstrate as cleaned is subjected to thermal
cxidation in an oxygen atmosphere in a hot oven at 800 to

1,0000°C, forming a thin silicon oxide film 2 of about 3 to 30
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With carbon, glass or the like bonded, a columnar block of square shape is sliced to the predetermined
substrate thickness. With respect to the substrate thickness, although a thickness of the order of 50
pm is able to capture 15 incident light within the solar cell and is economically advantageous, a
thickness of 150 to 300 pm is desirable for mechanical strength. [0036] The sliced substrate 1 (FIG.
3a) is transferred to a 20 carrier for cleaning where it is cleaned. At this point, if the chamfer or notch

provided accqrding o.the invention is sanfipmed fy;visual ebservatign, ihen the,direction of the;

substrate can be aligned. Alternatively, a CCD camera is used to judge the shape of the substrate, the
carrier is 25 Id8ded with the substrate with its direction changed, so that the direction of the chamfer
and notch is kgptidentical. This can eliminate any failures arising from a difference in the direction of
the substrate during the process. [0037] 30The substrate as cleaned is subjected to thermal oxidation
in an oxygen atmospA&r&tin sPhGHsVER R B0t toR b8 E2 foriing B tRin&Hitercoxide Hilks 2 of about 3

to 30 nm thigk gp the-ightsreeaying.surface ofiheaubsiiate (Flee 3R 038N ca phoforesist
material is spin coated to the 5 light-receiving surface of the substrate and baked at 70 to 100C for

about 20 to SEPRIfutES TTIRPRISTSt 3 ekfosell TBHIgHE B oughiis gl e HidsK Ra it BF& Sakfe pattern
as the light-recejving sutaggelectioepatiernanddemelopess Themhatanresistmatgrialissed herein

maylxeeﬂhegggg@ygéieiving surface electrode pattern and developed. The
photeoresist material used herein may be either posgitive or
10 negative. The thus patterned substrate ig immersed in a
hydroflucoric acid agueous solution of about 1 to 50% by
weight or a mixed agueous solution of hydrofluoric acid and
ammonium fluoride, whereby in the case of posgitive
photoresist material, the gilicon oxide film 2 ig removed
15 only where the photoregist film has been removed. That is, a
portion of the silicon oxide film which has the same pattern
as the light-receiving surface electrode is lost, forming a
diffugion channel 32 {(see [0025]). Thereafter, the resist
film is completely removed by acetone dipping, sulfuric acid
20 beoiling or the like (FIG. 3c).
[0039]
Ag first diffusion treatment on the light-receiving
surface of the substrate, POCli;-containing N, gas is fed to a
hot oven at 900 to 950°C, for carrying out diffusion
25 treatment 4 with phosphorus, Group V element as dopant (FIG.
3d}. At this point, phosphorus can be selectively diffused
since the oxide film remaining on the surface serves as a
mask against phosphorus diffusion. In handling of the
gubstrate, the chamfer and notch on the substrate enables to
30 identify the direction of the substrate and discriminate the
front and back surfaces.
It is noted that the above step may alsc be performed

by coating/diffusion or ion implantatiomn.
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10 negative. The thus patterned substrate is immersed in a hydrofluoric acid aqueous solution of about
1 to 50% by weight or a mixed aqueous solution of hydrofluoric acid and ammonium fluoride, whereby
in the case of positive photoresist material, the silicon oxide film 2 is removed is only where the
photoresist film has been removed. That is, a portion of the silicon oxide film which has the same
pattern as the light-receiving surface electrode is lost, forming a diffusion channel 3 (see [0025]).
Thereatfter, th%e%resﬁt film is completely removed by acetone dipping, sulfuric acid 20 boiling or the like
(FIG. 3c). [00 As first diffusion treatment on the light-receiving surface of the substrate,
POC13-containing N2 gas isfeetd alfotabenfatr@00 thi $50C, ifon canrgimygnart djffusioh 2b4reatment 4

with phosphorus, Gr V element as d t (F1G. 3d). At this point, phosphorus can be_selectively
diffused sincé %h:so %%%J(glﬁr%éz%%#ﬁna o%‘))’t g%l% a%léls%r\?"ecslés g%lgs U“ggaslor(l)%:fd %ﬁgsl:foh%%s diffusion.
In handling oftimeisulisttate Sthé dhianver ghdt notchremthveeslstrate ehablesdae Bieidenfifythe

direction_of t bstrate and. discriminat nd pa: [ IS hQted that bove
step ma)é also ie%p'er%?n’ed%%%%a%/d%%%%o&ggﬁ %nqlr%p%ngtg{t%r% O%%O ,%\!t)sg[rhg: éﬁr%d %?ﬁt%?ﬁ?st
diffusion treairhent @tching s perferimeihvith @ ytroflderdciadcid acpievissolution offaboliet to 50%

by weight to rerpoye, the syrface gxide films.(FIG. el Whendhe sybRirate s transiered. frop the
guartz jig for heat treatment to the cleaning carrier, the chamfer and notch on the substrate enables to
identify the diféctidreoPitessubairateasd diseaimiftteane front afd YAtk 30fdabes o ERIRiter the
oxide films argyemaved, as second diffusion heat treatment, POC13-containing N2 gas is fed to a hot
oven at 800 to 850C, for carrying out diffusion treatment 5 with phosphorus, Group V element as
dopant}f a low concéHifeitibn dver Hhe Bfitire R factiFE | S8 VEHe |GW cEfCSHiFatibht fusion

heat treatment, POCl;-containing N; gas is fed to a hot oven
at 800 to 850°C, for carrying out diffusion treatment 5 with
phosphorus, Group V element as dopant in a low concentration
over the entire surface (FIG. 3f). The low concentration

15 diffusion layer 5 is formed sc as to have a sheet resistance
of 50 Q/[1 to 3c0 Q/0, typically 100 /0. With this second
diffusion heat treatment, the dopant is additionally diffused
into the high-concentration diffusion layer 4 pre-formed by
the first diffusicn heat treatment, which hecomes a

20 high-concentration diffusion layer 4 having a sheet
resistance of 1 Q/[0 to 50 /0, typically 10 /0. Like the
first diffusion treatment, this step may alsoc be performed by
cocating/diffusion or ion implantation. When the substrate is
transferred from the cleaning carrier to the quartz jig for

25 heat treatment, the chamfer and notch on the substrate
enables to identify the direction of the substrate and
discriminate the front and back surfacesg.
[0042]

At the end of the second diffusion treatment, a

30 gilicon nitride film ig depogited on the substrate surface by
plasma~enhanced CVD as an antireflective film 6 which sgerves
for preventing reflection of sunlight and for surface

protection (FIG. 3g).
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15 diffusion layer 5 is formed so as to have a sheet resistance of 50 0/0 to 300 WEL typically 100 O/EL
With this second diffusion heat treatment, the dopant is additionally diffused into the
high-concentration diffusion layer 4 pre-formed by the first diffusion heat treatment, which becomes a
20 high-concentration diffusion layer 4 having a sheet resistance of 1 0/0 to 50 0/0, typically 10 O/EL
Like the first diffusion treatment, this step may also be performed by coating/diffusion or ion
implantation. Egg the substrate is transferred from the cleaning carrier to the quartz jig for 25 heat
treatment, the ¢ an%fer and notch on the substrate enables to identify the direction of the substrate and
discriminate the front@mdtheckswufacesr [0042] Af thdendwfthe seeomd diffusicrheeatrenton 30

silicon nitride film_is deposited r urfac I -enha VD as ntireflective
Fim 8 which T g e A T 32 (6045 O
the back surfaesof dhésubistrarerhalsmp tHec diticorpnitae filke fomse dtherdomiaback sutface

electrode 7'is fqrmed by yaguum depasition gk sputierg of %'E'”EE&H%e%[,th%éx‘"&%c%_ﬁ%%a%%wface

electrode 7 is formed, for example, to a thickness of 1 w-cl to 10 um, typically 5 um . 3h). [0044]
Finally, an electrbde pastesisqfintedionthe frontsurfage ansllfivgd @t H00 (8 BOOCG to form an electrode
8 (FIG. it) 3i)..A 'gmi point, the finger electrode is formed to overlay the high-concentration diffusion
layer (see [O()[SolEﬁ . /Although the process involving many transfer steps has the problem that it is
impossible to discrimifateathevhighscontentratiote diffusion laperd anddhle tslonkeorcarttation

diffusion layer %y, visugl ebseryatiprand i ideptity (e diection of the. subsitale. Jhe nrovision of
chamfer and notch according to the invention enables to set the direction of the substrate in register
and thugenabies. to AMantifecturecsalar, célizeinhigiygieldslectrode is formed to

cverlay the high-concentration diffusion layer (see [0031]).
Althecugh the process involving many transfer steps has the
problem that it is impossible to digcriminate the
high-concentration diffusion layer 4 and the

15  low-concentration diffusion layer 5 by visual observation and
to identify the direction of the substrate, the provision of
chamfer and notch according te the invention enables to set
the direction of the substrate in register and thus enables
to manufacture solar cells in high vyields.

20

EXAMPLES
[0045]
Examples of the invention are given below.
First a boron-doped p-type monocrystalline silicon

25 having crystal orientation <1l00> and a diameter of 200 mm was
prepared by the CZ methcd. The monocrystal wag cylindrically
polished and measured for crystal orientation by X-ray
orientation measurement. An OF was machined in crystal
orientation <110>, and a notch was machined at a position

30 that passed the center of the substrate and was rotated $¢C
degreegs with respect tc the OF position (FIG. 1).
[0046]
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20 EXAMPLES [0045] Examples of the invention are given below. First a boron-doped p-type
monocrystalline silicon 25 having crystal orientation <100> and a diameter of 200 mm was prepared
by the CZ method. The monocrystal was cylindrically polished and measured for crystal orientation by
X-ray orientation measurement. An OF was machined in crystal orientation <110>, and a notch was
machined at a position 30 that passed the center of the substrate and was rotated 90 degrees with

respect to the OF position (EIG. 1). [0046 . By cuttin peripheral portians, th lindrical ingot
was worked into a blééc}ﬁ ocf{f:)tsghﬁ gct)q%%ar&) Sha gi. 5% cﬁ%fﬁglﬁégs;g p’)er‘[f%lre%ég %}%%ﬁﬁ%ﬁ%g ingot at 45
degrees so thatthé OR machitedlini<itiD>adirdction, ©E., cieavdge Suirectiosiaiyht belpdsitioned at a

corner, and cyting e fou sides f.an.quisy-diametatsa, [0047o. With.sasaon bonded, a

columnar block o pggudo-square shape vy% sliced bya wire saw’into substrates %%vmg a io thickness
of 300 [1m. THearmohberystalmrcsurrhtd thusldlicedadea shape withean OFL&ad adotch at corners

as showp in BIG-JhQage f:3jngleguonacrystalinednget was maghined,with A8 QF,and g gotch, front
and back surfaces of a substrate could be discriminated during substrate handling.
four sides by an outer-diameter saw.
[0047]
With carbon bonded, a columnar block of pseudo-square

shape was sliced by a wire saw into substrates having a

10  thickness of 300 pm. The monocrystalline substrate thus
gliced had a shape with an OF and a notch at corners as shown
in FIG. 1b. Once a single monocrystalline ingot was machined
with an OF and a nectch, front and back surfaces of a
substrate could be discriminated during substrate handling.

15 [0048]

Cn the surface of the substrate, a silicen oxide film
serving as an anti-diffusion layer was formed by thermal
oxidation of the substrate in an oxygen atmosphere in a hot
oven at 1,000¢C. The film thickness was 30 nm {(FIG. 3Db).

20 Then a positive photoresist material was spin coated toc the
substrate surface and baked at 70°C for 20 minutes. The
regsigst was exposed to light through a glass mask having the
same pattern as the light-receiving surface electrode pattern
and developed. The thus patterned wafer was immersed in a 5

25 wt% hydrofliuoric acid aguecus sclution, thereby removing the
silicon oxide film only where the photoresist film had been
removed. That is, a portion of the oxide film which had the
same pattern as the light-receiving surface electrode was
lost. Thereafter, the resist was removed by acetone dipping

30 (FIG. 3c¢).

[0042]
As first diffusion treatment, POCl;-containing N; gas

was fed to a hot oven at 950°C for carrying out diffusion
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15[0048] On the surface of the substrate, a silicon oxide film serving as an anti-diffusion layer was
formed by thermal oxidation of the substrate in an oxygen atmosphere in a hot oven at 1,000C. The
film thickness was 30 nm (FIG. 3b). 20 Then a positive photoresist material was spin coated to the
substrate surface and baked at 70C for 20 minutes. The resist was exposed to light through a glass
mask having the same pattern as the light- receiving surface electrode pattern and developed. The
thus patternedrwafer was mrgelrseg 5 25 wt0 droflgon acid %queoug solut }gl}e:reby
removing the S|I|con Sxide fifh onli)y e pfho ores‘i}st iim had been remove IS, a portion of
the oxide film3which Bad tﬁasamelp’a:tter@laespemgmsreeemm@émaoerelbmrddé ﬁ\l&eldst Thereatfter,

the resist Wa%E%VBQN‘;:%QV&?fEP 4IPRINGRAF LG C 41?&%&!%%‘?!@“%8%@&@8”&

POC13-containing gas was fted to a hot oven at for carrying out ditfusion treatment with
phosphorus, Gxeip w@w@m@e@xﬁw&%@%ﬁ%&% point, phosphorus was selectively diffused
since the, oxic{%gl% femaining on the surface served as a mask against phosphorus diffusion. 5[0050]

At the end of the first diffusion treatment, etching
wag performed with a hydrofluoric acid acgueocus solution to
remove the surface oxide films (FIG. 3e).

[0051]

10 After the oxide films were removed, POCl;-containing N,
gas was fed to a hot oven at 800°C to form a n-type
low-concentration diffusion layer (FIG. 3f). A portion where
phogphorug was selectively diffused became a
high-concentration diffusion layer.

15 [0052]

Silicon nitride was deposited on the substrate surface
by plasma-enhanced CVD as an antireflective film which served
for preventing reflection of sunlight and for surface
protection (FIG. 3g).

20 [0053]

On the back surface, a back surface electrode of 5 um
thick was formed by vacuum deposition of aluminum (FIG. 3h).
[0G54]

Finally, an electrode paste was printed on the front

25 surface and fired to form an electrode (FIG. 3i). By virtue
of the ghape of the solar cell-forming substrate according to
the invention, the direction of the substrate could be
identified from the outer appearance in the transfer and
alignment steps. The direction of the substrate could be set

30 in register, enabling to manufacture sclar cells in high

vields.

Reference Signs List
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At the end of the first diffusion treatment, etching was performed with a hydrofluoric acid aqueous
solution to remove the surface oxide films (FIG. 3e). [0051] ioAfter the oxide films were removed,
POC13-containing N2 gas was fed to a hot oven at 800C to form a n-type low-concentration diffusion
layer (FIG. 3f). A portion where phosphorus was selectively diffused became a high-concentration
diffusion layer. 15[0052] Silicon nitride was deposited on the substrate surface by

plasma-enhan %qji[ VD as an antireflective film which served for preventing reflection of sunlight and
for surface pr[ﬁec ion (FIG. 3g). 20[0053] On the back surface, a back surface electrode of 5 pm
thick was formedshybsactrme deposition of aluminum (FIG. 3h). [0054] Finally, an electrode paste was
printed on the front ?ggga&e{fgd fijg:e.L lo form an electrode (FIG. 3i). By virtue of the shape of the
solar cell-forming substrate accor%iing to the invention, the direction of the substrate could be identified

from the outet appeéfarcedn thdaransfer and alignment steps. The direction of the substrate could be
set 30 in5regi2§t:erhgr%e}p_liggr§8 éﬁ%@lgég%e églﬁg&g%}p Iﬂigpé@elds. Reference Signs List [00551

5: low-concentration diffusion layer
6: antireflective £ilm

7: back surface electrcde
8

front surface electrocde

-231-



1: substrate 2: silicon oxide film 3: diffusion channel 4: high-concentration diffusion layer 5:
low-concentration diffusion layer 6: antireflective film 7: back surface electrode 8: front surface
electrode -21- CLAIMS: 1. A solar cell-forming silicon substrate of square shape with corners as
viewed in plan view, which is provided with a s chamfer at one corner or a notch at or near one corner.
2. A solar cell-forming silicon substrate of square shape

CLAIMS:

1. A solar cell-forming silicon substrate of sguare shape
with corners as viewed in plan view, which is provided with a

5 chamfer at one corner or a notch at or near one corner.

2. A solar cell-forming silicon substrate of sguare shape
as viewed in plan view, having a first corner and a second
corner not diagonal to the first corner, which is provided

10 with a chamfer at the first corner or a nctch at or near the
firgt corner and with a notch at or near the second corner or
a chamfer at the second corner, the notch or chamfer at the
second corner is gelected to be different from the chamfer or

notch at the first corner.

15
3. A solar cell-forming monocrystalline silicon substrate
cf sguare shape with rounded corners as viewed in plan view,
which is provided with an orientation fiat at one corner or a
notch at or near one corner.

20

4. A solar cell-forming monocrystalline silicon substrate
of sguare shape with rounded corners asg viewed in plan view,
having a surface in (100) plane, which substrate is provided
with an orientation flat or notch in a crystal orientation

25  <110> passing substantially the center of the substrate.

5. A scolar cell-forming monocrystalline silicon substrate

of square shape with rounded corners ag viewed in plan view,

which ig provided with an orientation flat at one corner and
30 2 notch at or near ancther corner not diagonal to the one

corner.
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as viewed in plan view, having a first corner and a second corner not diagonal to the first corner, which
is provided 10 with a chamfer at the first corner or a notch at or near the first corner and with a notch at
or near the second corner or a chamfer at the second corner, the notch or chamfer at the second
corner is selected to be different from the chamfer or notch at the first corner. 15 3. A solar
cell-forming monocrystalline silicon substrate of square shape with rounded corners as viewed in plan
view, which i provid%g Vé’icg an oCrieeJ]'niatCi:oorgn fl%t.ast one %Q{Qersgﬁﬁas QQE@ atoq near one corper. 20 4. A
solar cell-forming monocrys alline silicon substrate of square shape With rounded corners as viewed in
plan view, havirgiasuifate irb(1 0@ ptaie; whidlosubsirate i preovided with Gmscrientatgreffatier notch
in a crystal ogentatign 8ﬁ ?&Q?l%ﬁ%{g&é%%%}?@ 'QH%%&Q&GF of the substrate, 3 A salap
cell-forming monocrystalline silicon"substrate of square shape wftjh rounded corners as viewed in plan
view, which i§-padvided aéth aresrentatddd flusdiconel eyerer aad Boranadtchiwtisr rieaf Bnggter corner
not diagQnal {o the.qnescorner., 8.4, solar cell comprising the substrate of any one of claims 1 to 5,
wherein a low-concentration diffusion layer is formed on the light-receiving surface of the substrate,
and a high-concentration diffusion layer is formed where a finger electrode is to be formed.
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