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(57) Abstract: The present invention refers to a thin- film solar cell which is contacted from the rear- side. The invention is based
on a combination of thin- film solar cells, e.g. wafer equivalents, with the emitter wrap- through (EWT) technology. The present
invention also provides a process for manufacturing these solar cells.
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Thin-film solar cell and process for its manufacture

The present invention refers to a thin-film solar
cell which is contacted from the rear-side. The in-
vention is based on a combination of thin-film solar
cells, e.g. wafer equivalents, with the emitter wrap-
through (EWT) technology. The present invention also
provides a process for manufacturing these solar

cells.

The development of thin-film solar cells is known
from the prior art for years. The idea is to use a
low-cost substrate to save material costs. The solar
cell is deposited onto a substrate, e.g. epitaxially
with silicon, and the resultant structure can be

similar to a standard wafer solar cell.

In the prior art, three types of thin-film solar
cells exist in dependence of the type of substrate
used.
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The first type of substrate is glass, which is popu-
lar since it can serve the double purpose of cell en-
capsulation. However, glass softens at temperatures
between 600 and 700 °C making glass only usable for
low-temperature cell processing. In general, these
cells use transparent conducting oxides (TCOs) as

front-side contact.

A second type of substrates used for thin-film solar
cells are high-temperature substrates, such as ceram-
ics or low-grade silicon making these substrates
processable in high-temperature processing. Thus,
much higher cell efficiencies can be reached. As the
substrate is not transparent, the front of the cell,
i.e. where the light enters, must be the thin-film
side of the substrate. In this configuration, the
cell resembles a wafer solar cell, hence the name

“wafer equivalent”.

For a third type of thin-film solar cell, the thin-
film is grown on a high-temperature substrate and
subsequently transferred to a low-temperature sub-

strate, e.g. glass.

The background of another aspect of the present in-
vention refers to the emitter wrap-through (EWT)
technology which was published for the first time in
Gee, J. M., W. K. Schubert, et al. (1993), Emitter-
wrap-through solar cell. Proceedings of the 23" IEEE
Photovoltaics Specialists Conference, Louisville,
Kentucky, USA, IEEE; New York, NY, USA. The EWT cell
concept involves making via holes through the sub-
strate and extending the emitter layer through these
holes so that it can be contacted from the rear-side.
The base contact must also still be contacted from

the rear-side so an interdigitated contact pattern is
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formed. Various process techniques have been applied
to create the rear contact pattern including diffu-
sion barriers and screen printing, laser defined and
plated contacts and phosphorous aluminium co-

diffusion.

Presently, many research groups are developing tech-
niques for the fabrication of EWT solar cells. Some
topics of focus in the published work are the various
metallisation techniques, e.g. photolithography,
electroless plating or screen-printing, the various
rear-side structuring techniques, e.g. laser defini-
tion or Al-P codiffusion, rear-side passivation, in-
creasing the rear-side emitter coverage and cell mod-
elling. The vast majority of the EWT technology re-
lates to standard silicon wafer solar cells. One con-
cept of EWT cells is described in Thorp, D. (1998), A
Low-temperature Deposited-silicon Selective-emitter-
wrap-through Si Solar Cell, Proceedings of the 2nd
World Conference on Photovoltaic Energy Conversion,
Vienna, Austria, European Commission, Ispra, Italy,
1998, based on a standard silicon wafer EWT cell.
Silicon layers were deposited at low temperature
therein-through via holes from the rear-side as con-
tact layers. A single metal layer was applied and
then scribed with a laser to form the interdigitated
pattern. An additional dielectric layer was used to
protect the substrate since the substrate was not

damageable.

It is an advantage that some thin-film solar cells
can be metallized with the standard wafer solar cell
metallization techniques. However, there is an indus-
trial trend towards rear-side contacting because it
has sevéral benefits: There is no shading from the
metal contact grid; the emitter can be optimized for
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the blue response; the contacts can be optimized for
low series resistance; module fabrication is simpler

and cells can more densely be packed in a module.

Therefore, the technical problem of the present in-
vention was to provide solar cells eliminating the
drawbacks of the mentioned solar cells having a high
efficiency and to provide a process for their manu-
facture which is easy to handle and is based on ex-

isting process technologies.

This technical problem is solved by the solar cell
with the features of claim 1 and the process having
the features of claim 13. The further dependent

claims refer to further embodiments.

According to the present invention, a thin-film solar
cell with a front-side, i.e. where the light enters,
and a rear-side is provided having the following com-

ponents:

¢ a non-solar-grade substrate having at least one
via hole connecting the front-side with the rear-

side;

e at least one photovoltaically active base layer
deposited on the substrate and at least one emit-
ter layer formed at least in regions of the front-
side and wrapped through said via hole from the
front-side to the rear-side providing an emitter

wrap-through (EWT) contact; and

e at least one emitter contact region and at least
one base contact region on the rear-side insulated

from each other.



10

15

20

25

30

35

WO 2009/077103 PCT/EP2008/010401

Preferably, the fraction of the rear-side which is
covered by the emitter layer is minimised or elimi-

nated.

Thus, a solar cell has been provided for the first
time based on a low-cost substantially photovoltai-
cally inactive substrate on which at least one photo-
voltaically active base is deposited and emitter lay-
ers are formed which are wrapped through via holes

contacting the solar cell from the rear-side.

Preferably, at least one isolation layer is deposited
between the contact region and the base layer and/or

the substrate.

It is preferred that the solar cell on its front-side
further comprises a passivating layer which prefera-
bly is deposited on the emitter layer. This layer
further preferably has anti-reflective properties and
preferably consists of a dielectric material, e.g.
silicon dioxide, silicon carbide, silicon nitride or

mixtures thereof.

A first inventive solar cell concept is based on an
electrically conductive material, which preferably is
doped silicon, e.g. non-solar grade silicon with a
low minority-carrier lifetime. In that case, the sub-
strate acts as a conduction path to the base region,
i.e. the base layer. It is necessary that the conduc-
tive substrate has to be masked from the emitter con-
tact region which is located on the rear-side of the
solar cell. Therefore, preferably an insulating layer
is used for the separation of conductive substrate
and emitter contact region. Such an insulating layer
can be deposited before the formation of the via
holes as well as after the deposition of the base and
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emitter layers on the substrate.

A second inventive concept is based on an electri-
cally non-conductive, i.e. insulating substrate. Also
comprised by this concept is a solar cell embodiment
having an insulating intermediate layer between sub-
strate and base and emitter layers. Although the sub-
strate cannot be used to conduct the base current, it
is possible to wrap the base layers entirely around
the substrate while the emitter layer is not wrapped
around entirely or has at least one region, prefera-
bly on the rear-side, which is free of an emitter

layer.

The photovoltaically active material is preferably a
semiconductor, in particular a group IV semiconduc-
tor, a group III/V semiconductor or a group II/VI
semiconductor, e.g. silicon, GaAs and CdTe are pre-

ferred.

According to the present invention, also a process
for the manufacture of a thin-film solar cell is pro-

vided. This process comprises the following steps:

a) Depositing at least one photovoltaically active
base layer and forming at least one emitter
layer on a non-solar grade substrate having via
holes, wherein the layers are applied on the
front-side surface, in the via holes and par-

tially on the rear-side of the substrate;

b) Depositing at least one isolation layer on the
rear-side of the substrate, covering the entire
rear-surface but not covering the entire inner

surface of the holes; and
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c) Forming at least one emitter contact region and
at least one base contact region on the rear-

side insulated from each other.

It is further preferred that the at least one emitter
contact region and the at least one base contact re-
gion at the rear-side of the solar cell are formed
from one continuous, electrically conductive layer
which is entirely deposited on the rear-side. This
layer is subsequently structured, e.g. by a laser, in

said emitter and base contact regions.

It is a further option that the deposition of the
photovoltaically active base layer and the emitter
layer is performed from the gas phase, e.g. by chemi-

cal vapour deposition, possibly epitaxially.

Preferably, a passivation layer is deposited on the
front-side subsequent to step a). This passivation
layer preferably consists of a dielectric material
and is anti-reflective. However, the passivation
layer can also be deposited on the front-side of the

solar cell subsequent to step c).

A preferred embodiment refers to the deposition of
the base and emitter layers in-situ as complete pn-
structure. However, it is also possible to deposit
the base layer in step a) and forming the emitter

layer subsequently by diffusion.

The present invention is further explained by the
following figures which show special embodiments
which shall not limit the present invention to these

embodiments.
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Fig. 1 to 9 show cross-sectional views of different

inventive embodiments of the present invention.

Fig. 1 shows a first embodiment of the inventive so-

lar cell in a cross-sectional view.

Both the base layer 1 and the emitter layer 1’ of the
solar cell are wrapped through the via holes in the
low-cost substrate 2. This is achieved by depositing
the layers of the solar cell simultaneously over the
front surface of the substrate and directly into the
holes. The substrate may be highly doped and highly
conductive. Therefore, it can be used to conduct cur-
rent laterally to the base contacts, allowing more
flexibility with the design of the interdigitated
contact. It is also possible to use an insulating
substrate in which case the deposited base must be
used for conduction. The rear surface of the sub-
strate can be damaged without lowering the efficiency
of the solar cell which greatly simplifies the defi-
nition of the interdigitated contact pattern. Metal 3
can be deposited over the entire rear surface and
then the base and emitter contact regions can be iso-
lated with a laser 4. This is essentially a self-
aligning process because the regions must only be
aligned to the pre-drilled holes and a large toler-
ance is allowed. Further layers shown in Fig. 1 are
the isolating dielectric layer 5 and the passivating

anti-reflection coating 6.

Fig. 2 shows schematically the steps for producing
the inventive solar cells. In a first step (Fig. 2a),
a dielectric layer 7 is applied to the rear surface
of the substrate 8. A narrow via hole 9 having a di-
ameter between 50 and 100 pm is drilled by laser in

the substrate 8. Furthermore, circles 10 with a di-
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ameter of about 300 pum are ablated with a laser. The
dielectric layer 7, e.g. a layer of PECVD-SiO,, can
act as an etch mask during the via laser-damage etch.
The second step (Fig. 2b) refers to an epitaxial
deposition of the photovoltaically active layer 11 on
the front-side and the rear-side as well as the via
hole surfaces of the substrate. Fig. 2c) shows a
lift-off process by under-etching the dielectric
layer 7.

Fig. 3 depicts a further embodiment of the inventive
solar cell having a conductive substrate in cross-
section. If the substrate is conductive, e.g. heavily
p-type doped low-grade silicon, then it acts as a
conduction path to the base region. Therefore, the
substrate must be masked from the emitter metal con-
tact which is deposited over the entire rear surface.
For that purpose, an insulating layer, e.g. possible
silicon carbide is used, which is either deposited
before the via holes are formed or after the solar
cell deposition. The holes 10 are formed in the con-
ductive low-cost substrate 2. The solar cell base
layer 1 and emitter layer 1’ are deposited consecu-
tively in a single deposition process, e.g. epitaxy.
An insulating f£ilm 5, e.g. silicon carbide, is depos-
ited before the metal emitter contact layer 3, e.g.
evaporated or screen-printed aluminium, is formed
over the entire rear surface and partially through
the holes. If the insulating film is deposited before
the hole formation then an extra rear-side emitter
diffusion step, e.g. phosphorous, may be required af-

ter the solar cell deposition to prevent shunting.

Fig. 4 is an illustration of a further embodiment
having an insulating substrate. If the substrate is

non-conductive or if an isolating intermediate layer
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between substrate and solar cell layers is present,
then it cannot be used to conduct the base current.
It is still possible to realize the cell concept if
the deposited solar cell base wraps entirely around
the substrate but the deposited emitter does not, or
is partially removed after deposition. The only dif-
ference is that both the emitter and base currents
are conducted laterally through the layers and down
through the via holes. A low resistance conduction
path can be created in the base layer with a back-
surface field (BSF).

Fig. 5 shows a cross-section of an inventive solar
cell having a passivated front surface. Passivation
of the front surface of the solar cell can be
achieved by depositing a dielectric film, e.g. sili-
con nitride as shown in Fig. 3. This film can either
be deposited directly after the solar cell deposition
process or after the rear metallization. The order of
the steps constitutes a trade-off between passivation
guality and contact resistance. Alternatively, pas-
sivation can be achieved with the growth of a dielec-
tric layer 6, e.g. thermal oxide. The dielectric
layer 6 is grown after the insulator deposition and
solar cell deposition steps, regardless of their or-
der (insulator first is depicted here). A metal layer
3 is formed over the rear surface and partially
through the holes. This metal makes contact to the
emitter at points where it spikes through the dielec-

tric layer 11.

After passivation is achieved and the emitter contact
is made, the next step is to create the base contact.
The shape of the rear contact pattern depends on the
conductivity of the substrate. If a non-conductive
substrate is used, then a fully interdigitated pat-
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tern with evenly spaced (approximately 1 mm pitch)
base and emitter contact fingers will be necessary.
If the substrate is conductive, then it is possible
to have less base contact fingers. In this case, the
via hole spacing can be optimized within the wide (up
to a few centimeters) emitter contact fingers. The
few base contact fingers must be thickened, e.g. with
electro-plating, to enable conduction of the rela-
tively high currents. All diagrams here show contact

structures for conductive substrates.

To get access to the base, areas of the emitter con-
tact need to be removed, by masked etching for exam-
ple (Fig. 6). Then the base contact metal 12 must be
formed by an aligned process, e.g. screen printing or

masked evaporation.

Alternatively, if the insulating layer had been par-
tially removed, e.g. by laser ablation, in the base
contact regions prior to the formation of the emitter
metal contact (Fig. 7), then the base contact region
could subsequently be isolated with trenches, e.g.

laser scribes 13.

The rear contact pattern can also be defined using a
self-aligned process, which is a significant simpli-
fication (Fig. 8). Laser trenches are scribed to iso-
late the base contact region from the emitter contact
14. If the base contact fingers are widely spaced
then, they must be thickened to reduce series resis-
tance 15. Then, this metal region is connected to the
substrate by laser-fired contacts 16 which are points
(or lines, or an area) where a laser is used to melt

through the insulating layer.

There is a different method which avoids thickening
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the contact fingers (Fig. 9). After the laser
trenches are formed, a resistive layer 17 is depos-
ited followed by another layer of metal 18. Laser-
fired contacts connect this second metal layer to the
substrate and so it becomes the base contact. There
must be a strip at one edge of the solar cell without
the resistive layer or the second layer of metal,
e.g. formed by masking, to enable access to the emit-

ter contact for cell interconnection purposes.

The further reference signs of figures 4 to 9 corre-

spond to those of fig. 3.
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Claims

Thin-film solar cell with a front-side where the

light enters and a rear-side having

e a non-solar grade substrate having at least
one via hole connecting the front-side with

the rear-side;

e at least one photovoltaically active deposited
base layer and at least one emitter layer
formed at least in regions of the front-side
and wrapped through said via hole from the
front-side to the rear-side providing an emit-

ter wrap-through (EWT) contact; and

e at least one emitter contact region and at
least one base contact region on the rear-side

insulated from each other.

Solar cell of claim 1,
wherein the fraction of the rear-side which is
covered by the emitter layer is minimised or

eliminated.

Solar cell of claims 1 or 2,
wherein the rear-side is able to be damaged

without detriment to the cell performance.

Solar cell of any of claims 1 to 3,
wherein the substrate is substantially photovol-

taically inactive.
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Solar cell of any of claims 1 to 4,
wherein at least one isolation layer is depos-
ited between the contact region and the base

layer and/or the substrate.

Solar cell of any of claims 1 to 5,
wherein the solar cell on the front-side further
comprises a passivating layer deposited on the

emitter layer.

Solar cell of any of claims 1 to 6,
wherein the passivating layer is anti-reflective

and consists of a dielectric material.

Solar cell of claim 7,
wherein the dielectric material is selected from
the group consisting of silicon oxide, silicon

carbide, silicon nitride and mixtures thereof.

Solar cell of claim 8,
wherein the substrate is an electrically conduc-

tive material, preferably a doped silicon.

Solar cell of any of claims 1 to 9,

wherein the substrate is an electrically insu-
lating material and at least one electrically
conductive layer, which is wrapped around said
substrate entirely while the emitter layer is
not wrapped around entirely having at least one
region which is free of an emitter layer.
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Solar cell of any of the preceding claims,
wherein the at least one emitter contact region
and at least one base contact region on the
rear-side are formed from one continuous elec-
trically conductive layer which is subsequently

structured in said regions.

Solar cell of any of the preceding claims,
wherein the photovoltaically active material is
a semiconductor, in particular a group IV semi-
conductor, group III/V semiconductor and group
II/VI semiconductor, preferably selected from

the group consisting of silicon, GaAs and CdTe.

Process for the manufacture of a thin-film solar

cell having the following steps:

a) Depositing or growing at least one photovol-
taically active base layer and forming at least
one emitter layer on a non-solar grade substrate
having via holes, wherein the layers are applied
on the front-side surface, in the via holes and

partially on the rear-side of the substrate;

b) Depositing at least one isolation layer on

the entire rear-side of the substrate; and

c) Forming at least one emitter contact region
and at least one base contact region on the

rear-side insulated from each other.

Process of claim 13,

wherein in step c¢) at least one metal layer is
formed on the rear-side and the metal layer is
structured into at least one emitter contact re-

gion and at least one base contact region insu-
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lated from each other.

Process of any of claims 13 or 14,
wherein the deposition in step a) is a chemical
vapour deposition, a physical vapour deposition,

a liquid phase epitaxy and/or an evaporation.

Process of any of claims 13 to 15,
wherein the growing is an epitaxial layer

growth.

Process of any of claims 13 to 16,
wherein a passivation layer is deposited on the

front-side subsequent to step a).

Process of any of claims 13 to 16,
wherein a passivation layer is deposited on the

front-side subsequent to step c).

Process of any of claims 13 to 18,
wherein an electrically conductive substrate is

used.

Process of any of claims 13 to 18,
wherein a electrically insulating substrate is

used.

Process of any of claims 13 to 20,

wherein in step a) the at least one base layer
is deposited and subsequently the at least one
emitter layer is formed by diffusion.
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22. Process of any of claims 13 to 20,
wherein in step a) the at least one base layer
and the at least one emitter layer are deposited

in-situ.
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