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A METHOD OF MANUFACTURING A PHOTOVOLTAIC CELL

TECHNICAL FIELD

The present invention relates broadly to a method of manufacturing a

photovoltaic cell.
BACKGROUND

A photovoltaic (PV) cell or a solar cell is an electrical device that converts
solar radiation to electrical energy. Conventionélly, a PV cell comprises of a
moderately doped (5x10"cm>-5x10"cm?) substrate, e.g. a bulk silicon substrate, -
and a thin heavily-doped emitter layer on the bulk silicon substrate, forming a p-n
junction. Heavily-doped p*-type silicon can be formed by diffusion of boron with

three valence electrons into crystalline silicon, whilst heavily-doped n*-type silicon

can be formed by diffusion of phosphorus with five valence electrons into the
crystalline silicon. The PV cell may (although'not necessarily) comprise of a back
surface field — a heavily-doped layer, which is a high-low junction. If the PV cell is
exposed to sunlight, the photon's of sunlight pass the energy to the electrons,
thereby generating pairs of free electrons and holes. The electric field formed across
the p-n junction pushes the free electrons and holes to opposite sides of the

photovoltaic cell. If an external circuit is conhected from the p-type electrode to the

“n-type electrode, the free electrons are allowed to flow through the external circuit to

reunite with the free holes to produce an electrical current.

. PV electricity is becoming increasingly cost-effective for applications in most
parts of the world, compared to electricity generation by other methods. Typically,
the solar energy industry is supported by government policies such as the feed-in
tariff in Germany to be more commercially viable.. To become more cost—competitive,
there is a need for cost reduction of PV‘electricity by reducing the upstream costs
(e.g. by m'aking the PV cells cheaper), or by reducing the downstream costs (e.g. by

making more efﬁciént'cells), or both.
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Silicon wafer solar cells aécount 'fqr approximately 90% of the market share in
the. solar energy industry. In some existing manufacturing processes of high-efficiency
silicon wafer solar cells, single side or front side processihg is typically implemented. In
other words, there is a need for single side texturing and single side n*-type or p*-type
doping.of a silicon substrate. Typically, sacrificial masks are deposited at one side of the
silicon substrate to allow single side. processing, e.g. texturing and diffusion of the other
side of the substrate. For example, a dielectric film such as thermal silicon'roxide (Si0y),
plasma deposited silicon oxide (SiO,) or silicon nitride (SiN_x) is deposited at the opposite
side of the silicon substrate to serve as a sacrificial layer before the diffusion or texturing
process is carried out. The sacrificial layer is then removed by chemical or dry etching
e.g. after each of the texturing or diffusion processes.

- The manufacturing of a high efficiency silicon wafer solar cell usually involves
many process steps. The deposition of the dielectric film is one of the most costly
process steps in the manufacturing of silicon wafer solar ceils. Furthermore, several
such sacrificial dielectric films may be deposited and removed during the course of

manufacturing a solar cell.

A need therefore exists to provide a method of manufacturing a photovoltaic
cell that seeks to address at least some of the problems above or to provide a useful

alternative.

:SUMMARY

According to a first aspect 6f the present invehtion, there is provided a
method of manufacturing a photovoltaié cell, the method comprising the steps of:

forming a multifunétional layer comprising at least one dielectric material on a
first side of a doped substrate; _

texturing a second side of the doped substrate,_ wherein the second side is
the side of the doped substrate opposite to the ﬁrst s.'ide, the multifunctional layer

protecting the first side of the doped substrate during texturing; and
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forming a heaVily-doped layer 'adjace‘n‘t the second side, the multifu__nctional
layer protecting the first side of the doped substrate during the formation of the
heavily-dopéd layer, _
wherein the muitifunctional layer thereafter serve.s as a passivation layer.

The heavily-doped layer may comprise one of an emitter " layer, é back

surface field, or a front surface field.

‘The at least one dielectric material may be both chemical resistant and

thermal resistant.

The multifunctional layer rhay comprise at least one chemical resistant

dielectric material and at least one thermal resistant dielectric material.

The chemical resistant dielectric material may comprise one selected from a
group consisting of silicon nitride, silicon oxide, thermal silicon oxide, silicon
oxynitride, aluminium oxide, aluminium nitride, aluminium oxynitride, aluminium

fluoride, amorphous silicon and doped equivalents.

The thermal resistant dielectric material may comprise one selected from a
group consisting of silicon nitride, silicon oxide, thermal silicon oxide, silicon
oxynitride, aluminium oxide, aluminium nitride, aluminium oxynitride, aluminium

fluoride, amorphous silicon and doped equivalents.

. Depositing the multifunctional layer may comprise the steps of:
depositing the at least one thermal resistant .dielectric material on the first
side of the doped substrate; and
depositing the at least one chemical resistant dielectric material 'on the

deposited at least one thermal resistant dielectric material.

Depositing the multifunctional layer may comprise using one selected from a

group consisting of chemical ~vapour dépositiqn techniques, atomic layer

- depositions, physical vapour depositions and growth techniques.
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- Texturing the second side of the doped substrate fnay comprise forming a

'plura'lvity_ of surface structures on the séc_:ond side of the doped substrate.

Forming the heavnly-doped Iayer may compnse usmg one selected from a
group consnstlng of ion implantation, laser.doping, laser chemical processmg, doped

dielectric layer deposition and diffusion.

The method may further §omprise the steps of:

formin'g a passivation'and anti-reflection coating on the heavily-doped layer;
and | ' | ) |

forming electrodes. adjacent the multifunctional layer and the heavily-doped

layer respectively.

Forming the electrodes may comprise using one selected from a group
consisting of screen-printing, stencil-printing, physical vapor deposntlon plating and

inkjet printing, aerosol- prlntlng
According to a second aspect of the present invention, there is provided a

solar cell ménufactured using the method as defined in the first aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be better understood and readily apparent

-to one of ordinary skill in the art from the following written description, by way of

example only, and in conjunction with the draWings, in which:

Figure 1 shows a flow chart illustrating a method of manufacturing a solar cell

according to an example embodiment.

Figure 2A shows a schematic diagram illustrating a sectional view of the

- wafer obtained from step 102 of ngure 1.
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Flgure 2B shows a schematic dlagram illustrating a

, wafer obtained from step 104 of Figure 1.

lFigure 2C shows a schematic diagram illustrating a

wafer obtained from step 106 of Figure 1.

Figure 2D shows a schematic diagram iIIustfating”a‘

wafer obtained from step 108 of Figure 1.

Figure 2E shows a schematic diagram illustrating .a
wafer obtained from step 112 of Figure 1. '
Figure 2F shows a schematic diagram illustrating a

wafer obtained from step 114 of Figure 1.

'Figure 2G shows a scherhatib diagram illustrating a

wafer obtained from step 116 of Figure 1.

Figure 2H shows a schematic diagram illustrating a
wafer obtained from step 118 of Figure 1.
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Figure 2l shows a schematlc diagram |IIustrat|ng a sectional view of the wafer

obtalned from step 120 of Figure 1.

_Figure 3 shows a column chart illustrating dielectric thermal stability of an

example multifunctional layer according to an-example embodiment.

Figure 4 shows a flow chart illustrating a method of manufacturing a

photovoltaic cell according to an example embodiment.
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DETAILED DESCRIPTION

Figure 1 shows a flow ‘_chart 100 illustrating a method of manufacturing a
PV/solar cell according to an example embodiment. At step 102, a moderately doped
substrate, e.g. a silicon wafer, is etched to remove saw damage. For example, the
silicon substrate is n-type doped. At step 104, a multifunctional layer is formed, e.g.
deposited or grown, on a first side of the doped silicon substrate. At step 106, a second
side of the doped silicon substrate is textured, e.g. by alkaline etching, wherein 1he
second side is the side of the doped silicon substrate opposite to the first side. At step
108, the second side of the doped silicon substrate is dobed, e.g. by boron diffusion
using boron tribromide (BBrs;) for forming a héavily-doped layer, e.g. an emitter layer, a
back surface field or a front surface field, depending on the structure of the final solar
cell. At step 110, the silicon wafer is cleaned e.g. by dipping the wafer into hydroﬂueric
acid (HF) for about 10 seconds. At step 112, the first side of the doped silicon substrate

(where the multifunctional dielectric was deposited in step 104) is patterned to form at

least one cavity, e.g. using laser processing or etching paste or photolithography. At step
114, n’ doped region is formed at the cavities made in step 112 to serve as a localized
back surface field, e.g. by phosphorous diffusion USing phosphoryl ehloride (POCI;). At
step 116, a coating e.g. a dielectric material is deposited on the textured second side of
the doped silicon substrate to form e.g. a front passivation and anti-reflection coating. At

- step 118, at least one electrode is formed adjacent the first side of the doped silicon

substrate, e.g. by screen-printing. At step 120, at least one electrode is formed adjacent
the second side of the doped silicon substrate, e.g. by screen-printing. At step 122, the
electrodes are thermally treated, e.g. by industrial firing. The method of manufacturing a

. silicon wafer solar cell according to exemplary embodiments of the present invention will

be discussed in further detail with reference to Figures 2A-2I.

Figure 2A shOws a schematic diegram iIIUstrating a sectional view of the
silicon wafer obtained from step 102 of Figure 1. Here, a doped substrate, e.g. N-
type substrate in the form of silicon wafer substrate 202, has undergone etching to
remove saw damage, as discussed above with respect to Figure 1. The doped
silicon substrate 202 has a typical resistivity ef 0.5 Ohm-cm to 10 Ohm-cm and
thickness - of- 50 pm' to 250 pym, and maybe <100> oriented. However, it'wiII be
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“appreciated that the silicon substrate 202 may have other resistivity and thickness

values.

In alternate embodiments, e.g.‘ where the ﬁnal solar cell may have a different
structure, the silicon substrate 202 may be p-type doped. Any relevant substances can
be used as doping agent, as Will be understood by persons skilled in the art. The choice
of Si-substrate can be Monocrystalline, Multicrystalline or quasi-Monocrystalline.

Figure 2B shows a schematic diagram illustrating a sectional view of the
silicon wafer obtained from step 104 of Figure 1. A multifunctional layer 204

comprising at least one dielectric material is formed, e.g. deposited or grown, on a

~ first side 206 of the doped silicon substrate 202 (shown in Figure 2A). Suitable

deposition techniques include, but are not limited to, plasma-enhanced chemical
vapour deposition, low-pressure chemical vapour deposition, atomic layer
deposition, and physical vapour deposition. Preferably, the multifunctional layer 204
is able to withstand various processes in the manufacture of the PV cell, including
cleaning processes involving dipping in hydrofluoric acid. For example, the thickness
of the multifunctional layer 204 is sufficient such that the multifunctional layer 204
remains in the final PV cell, and serves to reduce rear surface recombination and
impfove rear surface internal reﬂecti(_)n in the PV cell.

In a preferred implementation, the multifunctional layer 204 comprises at
least one chemical resistant dielectric material and at least one thermal resistant

dielectric material. Typically, the thermal resistant dielectric material is formed, e.g.

“deposited or grown, first on the first side of the dope silicon substrate 202, and the

chemical resistant dielectric material is then formed/, e.g. deposited or grown, on the
thermal resistant dielectric material. However, in different implementations, the
multifunctional layer 204 can be a single layer, e.g. a dielectric material that is both
thermally and chemically resistant, or a stack comprising multiple layers of dielectric
materials which include, but are not limited to, amorphous silicon (a-Si), aluminium

 oxide (AIOy), thermal silicon oxide (SiO;), silicon oxide (SiO,), silicon nitride (SiN,),

silicon oxynitride (SiOxNy), aluminium nitride (AIN), aluminum oxynitride (AION,)
and aluminium fluoride (AIF,). All these dielectrics can also be doped with n-type or

p-type dopants e.g. boron or phosphorous. An example stack may include AIO, and
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SiNy, or AlOx and SiOx and may have a thickness of about 10 nanometers (n_m) to

-300 nm. It will be appreciated that the thickness may vary depending on, e.g. how
" much material is removed during the various manufacturing steps, and how much

material is desired to remain in the final P_V cell.

Figdr_e 2C shows a schematic diagram illustrating a sectiohal view of the
silicon wafer obtained from step 106 of Figure 1. During this step, a second side 208

- of the doped silicon substrate 202 is textured e.g. by alkaline etching using an alkaline

substance such as potassium hydroxide, sodium hydroxide or tetramethylammonium
hydroxide (TMAH). The texturing process leads to formation of a plurality of surface
structures, e.g. pyramidal-shaped or random-shaped structures 209 with <111>
orientation and typical height in the range of about 4 pm to 10 pfn on the second
side 208 of the doped silicon substrate 202. Such surface structures 209 can help to
reduce the weighted surface reflection losses in the final PV cell from approximately
30% (before texturing) to about 10 to 12% (after texturing). The muitifunctional layer
204 protects the first side 206 of the doped silicon substrate 202 during the texturing

process.

In alternate embodiments, e.g. where the final solar cell may have a
multicrystalline silicon substrate 202, the texturing process can be performed by

~ standard acid texturihg. Any relevant chemical can be used as a texturing agent, as will

be understood by persons skilled in the art.

Figure 2D shows a schematic diagram illustrating a sectional view of the

’silicon., wafer obtained from step 108 of Figure 1. After texturing as discussed above,

in this example embodiment the secdnd side 208 of the doped silicon substrate 202
undergoes high temperature p*-type doping, e.g. by bordn diffusion using boron
tribromide (BBr;), to form a heavily-doped layer, e.g. an emitter layer, a back ‘surface
field or a front surface field, depending on the structure of the final solar cell. In this
example, the heavily-doped layer is in the form of an emitter layer 210. The emitter layer
210 forms a p-n junction with the rdmaining portions of the doped silicon substrate 202
upon completion of the diffusidn process. During the .diffusion process, the

multifunctional layer 204 serves as a protective layer to protect the first side 206 of the



10

15

20

25

30

WO 2014/092649 PCT/SG2013/000527

9
doped silicon substrate 202, thereby enablihgl single-side processing of the silicon wafer

solar cell.

It will be appreciated that the ‘choice. of the dopant-type and doping agent
depends on the polarity of the doped silicon substrate 202. Here, for n-type silicon
substrate, boron diffusion (p*) is used to dope the second side 208. On the other hand,
for p-type‘silicon substrate, phosphorus diffusion (n*) may be used to dope the second
side 208. Other substances .may also be used as doping agent to form the p-type or n-
type emitter layer 210, respectlvely, as will be understood by persons skllled in the art.
The emitter layer 210 can be a homogenous emitter or a selectlve emitter. In alternate
embodiments, a homogenous emitter may be formed (although not limited to) using ion
implantation, doped dielectric or laser doping, while a selective emitter may be formed
(although not limited to) using laser doping, laser chemical processing or doped
dielectric layer deposition. Prefei'ably, the p-n junction has a surface doping of about 1 x
10%' cm™ to 5 x 10" cm™ for n-type doped (e.g. phosphorous) emitter layer 210, and p-
type doped (e.g. boron) emitter layer 210. The p-n junction may have a typical junction
depth of about 0.2 pm to 3 um, resulting in sheet resistance of the emitter layer 210 to
be in the range of 30 to 250 Q/square. _ ‘

Subsequently, the doped silicon substrate 202 together with the randomly-
shaped structures 209, emitter layer 210 and nﬁultifunctional layer 204 are cleaned
e.g. by dipping the wafer into hydrofluoric acid (HF) for about 10 seconds, as
discussed above with respect to step 110 of Figure 1. The multifunctional layer 204
protects the first side 206 of the doped smcon substrate 202 during the cleaning

"process. With reference to Figures 2C and 2D, it will be appreciated that other

texturing - and/or cleaning techniques m-ey be used, but in each case, the
multifunctional dielectric layer acts as a protective mask for the first side 206 of the

doped silicon substrate 202, thereby allowing single-side processing.

Figure 2E shows a schematic diagram illustrating a sectional view of the
silicon wafer obtained from step 112 of Figure 1. As shown in Figure 2E, a plurality of
cavities 212 are formed at the second side 208 of the doped silicon substrate 202. For
example, the multifunctional layer 204 is patterned using laser-ablation to create lines

of approximately 20 ym to 3000 pm wide or points with a diameter of a}pprox'rmately 20
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pm ,to  3000 pm- on the multifunctional layer 204. _Thelli‘nes or openings in the
rhultifu‘nctional' layer 204 are then wet-chemically etched and cleaned to remove the
potential laser damage. In one implémentation, a hydrofluoric acid (HF) dip is used to
remove the gléssy layer Ieft after the laser ablation process. Then, a caustic etch using
e.g. concentrated potassium hydroxide (KOH), sodium hydroxide (NaOH),

. tetramethylammonium hydroxide (TMAH), or another substance with similar

properties aé etching agent, is used to etch about 0.1 um to 5 ym of the doped silicon
substrate 202. - '

Figure 2F shows a schematic diagram illustrating a sectional view of sificon

‘wafer obtained from stép 114 of Figure 1. In this embodiment, in case of a silicon

wafer solar cell with n-type silicon substrate (n-p* solar cell), a line diffusion or point
diffusion for localised back-surface field (BSF) can be provided using e.g. liquid/solid
source diffusion, ion-implantation, doped dielectric, laser doping using spin-on technique
or laser chemical processing. The back surface field in the this embodiment is n* doped
region 214 is formed at the first side 206 of doped silicon substrate 202 at the cavities
212 to serve as a localized back surface‘ﬁeld 214, e.g. by phosphoréus diffusion using
phosphoryl chloride (POCI;). In case of p-type silicon substrate 202 (p-n* solar cell), the
back surf_acé field will be p* doped region. This ehables the formation of a passivated

-~ emitter and rear locally diffused (PERL) structure, which is suitable for either n-type or p-
~ type wafer. In this case of a PERL cell the local doping/diffusion at the rear can assist in

the collection of the majority charge carriers at the rear of the solar cells and reduce the

recombination activity of this contact.

-In an alternate embodiment with silicon wafer solar cell with p-type silicon
substrate 202 (p-n* solar cell), instead applying additioh doping process for fo‘rmation of
localised back-surface field (as used in PERL structure), a full area or localized area
aluminium 218 paste can be applied, e.g. by screen-printing, at the first side 206 of-
doped silicon substrate 202. After a thermal treatment, e.g. by industrial firing, the
aluminium paste 214 can serve both as local bavck-_surfac'e field (BSF) and at the same

time a rear-contact electrode in the resulting aluminium local back surface field solar cell

(AI-LBSF solar cell). This alternative embodiment may be used for the manufacture of

passivated emitter and rear contact (PERC) when the majority carriers are collected at
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by a direct contact between the metal (e.g. Al) and the lightly doped silicon bulk without

formation of local ba'ck surface field.

Figure 2G {s',how's a schematic diagram illustrating a sectional view of the-
silicon wafer obta.ined frorﬁ step 116 of Figure 1. As shown in Figure 2G, a coating
216, e.g. for front passivation and anti-reflection, is deposited on the emitter layer 210
adjacenf the second side 208 of the doped silicon substrate 202. The passivation and

anti-reflection coating 216 can be a sihgle—l_ayer or multi-layer (stack) coating

“comprising a dielectric material such as silicon nitride, aluminium oxide or silicon

oxide. Typically, the deposition of the passivation and anti-reﬂec{ion boating 216 can -
further reduce the weighted surface reflection losses in the PV cell from approximately
10-12% (textured but without coating) to about 1.5% to 2% (with coating).

Figure 2H shows a schematic diagram illustrating a sectional view of the.
silicon wafer obtained from step 118 of Figure 1. As shown in Figure 2H, a plurality
6f metal electrodes 218 are formed at the first side 206 of the doped silicon substrate
202. In one implementation, the metal electrodes 218 are formed by screen-printing. in
alternate embodiments, the metal electrodes 218 can be formed using techniques that

include, but ére not limited to, physical vapor deposition, plating or inkjet printing.

Figure 2| shows a schematic diagram illustrating a sectional view of the

'~ silicon wafer obtained from step 120 of Figure 1. As shown in Figure 21, a plurality of

metal electrodes 220 are formed at the second side 208 of the doped silicon substrate

202. In one implementation, the metal electrodes 220 are formed by screen-printing. In

" alternate embodiments, the metal 'electrodes 220 can be formed using techniques that

include, but are not limited to stencil-printing, physical vapor deposition, plating and

inkjet printing, aerosol-printing.

A tHermaI freatment such as high-temperature firing step ‘in a fast-firing
furnace is carried out after the formation of the metal electrodes 218, 2201 The
multifunctional layer 204 again protects the first side 206 of the doped silicon
substrate 202 during the thermal treatment. '
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As iIIustrat'ed'in Figures 2A to 2I, the multifunctional layer 204 in the example
embodiments not ohly can serve as a texturing and diffusion mask, but also remains as
the.passivation layer in the final solar cell. The use of multifunctional layer is of course
not limited to the solar cell structures in the e?nbodiments discussed above (both

example and alternative). For example, in another embodiment with a different structure,

this multifunctional layer can be used preferentially for interdigitated back contact (IBC)

cell and bifacial solar cells (p*nn* or n*pp* solar cells). The use of such a multifunctional
layer in the method of manufacturing a silicon wafer solar cell according to the example
embodiments can advantageously result in lower manufacturi‘ng' costs while still resulting

in a higher efficiency solar cell.

The multifunctional layer 204 as described above comprises die[ectric materials
that have both chemical and thermal resistant properties, thereby allowing it to protect
the doped silicon substrate 202 during manufacturing and yet remains in the final PV cell
to serve as the passivation layer. Figure 3 shows a column chart 300 illustrating
dielectric thermal stability of an example multifunctional layer 204 for use in the method
of the examplé embodiments after being .subjected to various thermal treatments. Here,
the multifunctional layer 204 is a dielectric stack comprising 30 nm of aluminium oxide
and 70 nm of silicon nitride. The level of surface passivation of a material is quantified by

- the effective upper-limit surface recombination velocity (Sexmax), Where a lower value is

~indicative of better surface passivation.

Column 302 shows the reference surface passivation performance of the

multifunctional layer as deposited, i.e. no thermal treatment. Column 304 shows the

“surface passivation performance of the multifunctional layer after being subjected to a

thermavl annealing in an inline diffusion‘_.furnace at a temperature above 900°C for about
40 minutes, and without using a doping source (e.g. H;PO,4 based phosphorus doping).
As can be seen from column 304, the surface passivation performance is'similar to the
reference surface bassivation performénce. No improvement or degfadation of surface

passivation is observed.

Column 306 shows the surface passivation performance of the multifunctional

layer after being subjected to a thermal annealing in an inline diffusion furnace at a

.temperature above 900°C for about 40 minutes, and wit‘h a doping source (e.g. HPOy,
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based phosphorus doping). The surface passivation is reduced significantly, probably

due to a reaction between the phosphoric acid (HQPO4) and the dielectric stack.

Column 308 shows the surface passivation performance of the multifunctional

: 'Iayer after being subjected to a 70 Qfsquare phosphoryl chloride tube diffusion (POCI;)

at a temperature of about 850°C for about 2 hours. The efféctive upper-limit surface
recombination velocity (Sexmax) decreases from the reference value to 16.7 cm/s after
this thermal treatment. In other words, the surface passivation performance has
improved, and both the thermal treatment and the expdsuré to phosphoryl chloride do .
not degrade the level of surface passivation provided by the multifunctional dielectric

layer.

Column 310 shows the surface passivation performance of the multifunctional
layer after being subjected to a standard industrial firing (fired) at a temperature above
800 °C for a few seconds. The upper-limit surface recombination velocity (Sesmax)

decreases to 7.5 cm/s, indicating a very good surface passivation.

Colufnn 312 shows the surface passivation performance of the multifunctional
layer after being subjected to a forming gas annealing (FGA) at about 450-500°C for 20-
25 minutes. The upper-limit surface recombination velocity (Sermax) decreases to 4.7

cm/s, indicating excellent surface passivation.

As shown in Figure 3, the multifunctional layer as described can serve as a

protective mask for high-temperature processing steps ‘and - retain high-quality

" passivation performance.

Figure 4 shows a flow chart I400 illustrating a method of manufacturing a
photovoltaic cell ‘according to a further embodiment. At step 402, a multifunctional
layer comprising at least one dielectric material is formed on a first side of a doped
substrate. At step 404, a second side of the doped substrate is textured, wherein the

.second side is the side of the doped substrate opposite to the ﬁr_st side, the

multifunctional layer protecting the first side of the doped substrate during texturing.

At step 406, a heavily-doped layer is formed adjacent the second side, the

multifunctional layer protecting the first side of the doped substrate during the
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formation of the heavily-doped layer. The multifuncti_o‘nél layer thereaftér serves as a

passivation layer.

Embodiments of the presén{ invention.provide a multifunctional layer that can
serve both as a surface passivation layer and optical film in the ﬁnal PV cell (herein
interchangeably réferred to as solar cell), and as a protective mask during the solar '
cell mahdfactufing process. As- a result, various process steps involving sacriﬁcial

- mask formation and removal in the manufacturing of high-efficiency silicon wafer

solar cells, and their associated-costs, may be avoided. In other words, in addition td'
being the surface passivation layer and optlcal film in the final solar cell, the

multifunctional layer can serve as diffusion and texturmg mask.

Itiwill be appreciated by a person skilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the specific

"embodimenté.without departing from the spirit or scope of the invention as broadly
" described. The present embodiments afe, therefore, to be considered in all respects to

be illustrative and not restrictive.
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CLAIMS

1.~ A method of manufacturing a photovoltaic cell, the method comprising

- the steps of:

“forming a multifunctional layer comprising at least one dielectric material on a
first sidé of a doped substrate;

teXturing a sgcond side of the doped substrate, wherein the second side is
the side of the doped substrate opposite to the first side, the multifunctional layer
protecting the figjst side of the doped substrate during texturing; and

B » forming a heavily-doped layer adjacent the second side, the mulﬁfunctional

layer protecting the first side of the doped substrate during the formation of the
heavily-doped layer, |

wherein the multifunctional layer thereafter serves as a passivation layer.

2. The method as claimed in claim 1, wherein the heavily-doped layer

comprises one of an emitter layer, a back surface field, or a front surface field.

3. | The method as claimed in claim 1 or 2, wherein the at least one

dieléctric material is both chemical resistant and thermal resistant.

4. The method as claimed in cltaim 1 or 2, wherein the multifunctional
layer comprises at least one chemical resistant dielectric material and at least one

fhermal resistant dielectric material.

'5.‘ The method as claimed in claim 4, wherein the chemical resistant
dielectric material comprises one selected from a g‘roup consisting of silicon nitride,
silicon oxide, thermal silicon oxide, silicon oxynitride, aluminium oxide, aluminium
nitride, aluminium oxynitride, atuminium fIUoride, amorphous silicon and = doped

equivalents.

6. The méthod ‘as claimed in claim 4, wherein the thermal resistant
dielectric material comprises one selected from a group consisting of silicon nitride,

silicon oxide, thermal silicon oxide, silicon oxynitride, aluminium oxide, aluminium
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nitride, “aluminium oxynitride, aluminium fluoride, amorphous ,silicdn and doped
equivalents. ‘
7. The method as claimed in any.one of claims 4 to 6, wherein forming

the multifunctional layer comprises the steps of: _
forming the at least one thermal resistant dielectric material on the first side
of the doped substrate; and ' |
formmg the at least one chemical resustant dielectric material on the

deposited at least one thermal resistant dielectric material.

8. The method.as claimed in any one of the preceding claimé, wherein -
forming the multifunctional layer comprises using one selected from a group
consistihg of chemical vapor deposition techniques, atomic layer depositions,

physical vapour depositions and growth techniques.
9. The method as claimed in any one of the preceding claims, wherein
texturing the second side of the doped substrate comprises forming a plurality of

surface structures on the second side of the doped substrate.

10.  The method as claimed in any one of the precedi\ng claims, wherein

~ forming the heavily-doped layer comprises using one selected from a group

consisting of ion implantation, laser doping, laser chemical processing, doped dielectric

layer deposition and diffusion.

.11.‘ The method as clalmed in any one of the precedmg claims, further
comprising the steps of: A

forming a passwatlon and antl reﬂectlon coating on the heavnly—doped Iayer
and _

forming electrodes adjacent the multifunctional layer and the heavily-doped

layer respectively.

12.  The method as claimed in claim 11, wherein forming the electrodes

“comprises using one selected from a group consisting. of screen-printing, stencil-

printing, physical vapor deposition, plating and inkjet printing, aerpsovl-printing.
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- 13. A solar cell manufactured using the method as claimed in any one of
the preceding claims. ' |
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forming a multifunctional layer comprising at least one
: / dielectric material on a first side of a doped substrate
402 : v

texturing a second side of the doped substrate, wherein the
second side is the side of the doped substrate opposite to the
/" first side, the multifunctional layer protecting the first side of the

404 doped substrate during texturing

forming a heavily-doped layer adjacent the second side, the
/ multifunctional layer protecting the first side of the doped
substrate during the formation of the emitter layer,

406 wherein the - multifunctional layer thereafter serves as a
passivation layer .

400 ,
Figure 4
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