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the steps of depositing a dielectric material that is used to detine the boundaries of the active regions and/or contact structure of a
solar cell device. Various techniques may be used to form the active regions of the solar cell and the metal contact structure.
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BACK CONTACT SOLAR CELLS USING PRINTED DIELECTRIC BARRIER

- BACKGROUND OF THE INVENTION

Field of the Invention
[0001] Embodiments of the invention generally relate to the fabrication of

photovoiltaic cells.

Description of the Related Art

[0002] Solar cells are photovoltaic devices that convert sunlight directly into
electrical power. The most common solar cell material is silicon, which is in the form
of single or multicrystalline substrates, sometimes referred to as wafers. Because
the amortized cost of forming silicon-based solar cells to generate electricity is higher
than the cost of generating electricity using traditional methods, there has been an

effort to reduce the cost to form solar cells. -

[0003] Various approaches enabie fabricating active regions of the solar cell and
the current carrying metal lines, or conductors, of the solar cells. However, there are
several issues with these prior manufacturing methods. For example, the formation
processes are complicated multistep processes that add to costs required to

complete the solar cells.

[0004] Therefore, there exists a need for improved methods and apparatus to
form the active and current carrying regions formed on a surface of a substrate to

form a solar cell.

SUMMARY OF THE INVENTION

[0005] The present invention generally provides a method of forming a solar cell
device, comprising disposing a dielectric material on a plurality of regions on a first
surface of a substrate, disposing a first dopant material on the surface of the
substrate, and disposing a second dopant material on the surface of the substrate,
wherein at least a portion of the first and second dopant materials are separated

from each other by the dielectric material.
1
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[0006] The present invention also provides a method of forming a solar cell
device includes disposing a first dopant material on a first surface of the substrate,
forming a doping layer over the first dopant material an and the first surface of the
substrate, wherein the layer comprises a second dopant material. And heating the
substrate to a desired temperature to cause the first and the second dopant
materials to diffuse into the first surface of the substrate to form n-type regions and

p-type regions in the first surface of the substrate.

[0007] The present invention also provides a method of forming a solar cell
device includes disposing a dopant material comprising a first dopant on a plurality of
regions of a surface of a substrate, forming a layer over the first dopant material and
a portion of the surface of the substrate, wherein the layer comprises a second
dopant that is an opposite doping type of the first dopant, heating the substrate to a
desired temperature to cause the first and second dopants to diffuse into the surface

of the substrate, and depositing a conducting layer over the surface of the substrate.

[0008] In another embodiment, an apparatus for forming solar cell device includes
an automation assembly configured to receive a substrate for processing, a plurality
of transport elements that each have a substrate supporting surface coupled to the
automation assembly, at least one deposition station that is adapted to deposit a
dielectric layer on a surface of a substrate disposed on a substrate supporting
surface of the transport element, wherein the deposition station, wherein the
dielectric layer is formed on a plurality of regions of the substrate surface separating
a first dopant material from a second dopant material, and at least one drying oven
that is adapted to dry the deposited layer formed on the substrate disposed on the

substrate supporting surface of the transport element in the automation assembly.

[0009] In yet another embodiment, an apparatus for forming solar cell device
includes an automation assembly configured to receive a substrate for processing, a
plurality of transport elements that each have a substrate supporting surface coupled
to the automation assembly, at least one deposition station that is adapted to deposit
a metal containing layer or a metal containing paste on a surface of a substrate

disposed on a substrate supporting surface of the transport element, wherein the
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metal containing layer or a metal containing paste is formed on the substrate to
electrically isolate at least one region of the metal containing layer or a metal
containing paste in contact with a region of the substrate surface on which a first
dopant material was disposed and at least one region of the metal containing layer
or the metal containing paste in contact with a region of the substrate surface on
which a second dopant material was disposed, and at least one drying oven that is
adapted to dry the deposited layer formed on the substrate disposed on the

substrate supporting surface of the transport element in the automation assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] So that the manner in which the above recited features of the present
invention can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to embodiments, some of which

are illustrated in the appended drawings.

[0011] Figures 1A — 1H1 illustrate schematic cross-sectional views of a solar cell

during different stages in a sequence according to one embodiment of the invention.

[0012] Figures 1G2 — 1J2 illustrate schematic cross-sectional views of a solar cell
during different stages in a sequence according to another embodiment of the

invention.

[0013] Figure 2 illustrates a flow chart of methods to metalize a solar cell

according to embodiments of the invention.

[0014] Figures 3A — 3L illustrate schematic cross-sectional views of a solar cell

during different stages in a sequence according to one embodiment of the invention.

[0015] Figure 4 illustrates a flow chart of methods to metalize a solar cell

according to embodiments of the invention.

[0016] Figures 5A — 5J illustrate schematic cross-sectional views of a solar cell

during different stages in a sequence according to one embodiment of the invention.
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[0017] Figure 6 illustrates a flow chart of methods to metalize a solar cell

according to embodiments of the invention.

[0018] Figures 7A — 7L illustrate schematic cross-sectional views of a solar cell

during different stages in a sequence according to one embodiment of the invention.

[0019] Figure 8 illustrates a flow chart of methods to metalize a solar cell

according to embodiments of the invention.

[0020] Figures 9A-9C schematically illustrates an interconnecting structure

according to embodiments of the invention.

[0021] Figure 10A-10D illustrates an interconnecting structure according to

embodiments of the invention.

[0022] Figures 11A — 11H illustrate schematic cross-sectional views of a solar cell

during different stages in a sequence according to one embodiment of the invention.

[0023] Figure 12 illustrates a flow chart of methods to metalize a solar cell

according to embodiments of the invention.

[0024] Figures 13A — 13L illustrate schematic cross-sectional views of a solar cell

during different stages in a sequence according to one embodiment of the invention.

[0025] Figure 14 illustrates a flow chart of methods to metalize a solar cell

according to embodiments of the invention.

[0026] Figures 15A — 15L illustrate schematic cross-sectional views of a solar cell

during different stages in a sequence according to one embodiment of the invention.

[0027] Figure 16 illustrates a flow chart of methods to metalize a solar cell

according to embodiments of the invention.

[0028] Figures 17A — 171 illustrate schematic cross-sectional views of a solar cell

during different stages in a sequence according to one embodiment of the invention.
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[0029] Figure 18A illustrates a plan view of a solar cell production line according

to one embodiment described herein.

[0030] Figure 18B illustrates a plan view of a solar cell production line according

to another embodiment described herein.

[0031] Figure 19A is a schematic isometric view of a system that may be used in
conjunction with embodiments of the present invention to form multiple layers of a

desired pattern.

[0032] Figure 19B is a schematic top plan view of the system in Figure 17A

according to one embodiment of the invention.

[0033] Figure 19C is an isometric view of a printing nest portion of the screen

printing system according to one embodiment of the invention.

[0034] Figure 19D is one embodiment of a side cross-sectional view of a drying

chamber disposed in the system of Figure 19A.

[0035] Figure 20 is a schematic plan view of an apparatus for performing a
process sequence according to one embodiment of the present invention depicted in

Figure 18.

[0036] Figure 21 is a plan view of a solar cell processing line according with one

embodiment of the invention.

[0037] For clarity, identical reference numerals have been used, where
applicable, to designate identical elements that are common between figures. It is
contemplated that features of one embodiment may be incorporated in other

embodiments without further recitation.

DETAILED DESCRIPTION

[0038] Embodiments of the invention contemplate the formation of a high

efficiency solar cell using novel methods to form the active region(s) and the metal

5



WO 2010/025262 PCT/US2009/055211

contact structure of a solar cell device. In one embodiment, the methods include
depositing a patterned dielectric material that is used to define the active regions
and/or contact structure of a solar cell device. Various techniques may be used to
form the active regions of the solar cell and the metal contact structure. Solar cell
substrates (e.g., substrate 110 in Figure 1A) that may benefit from the invention
include substrates that may have an active region that contains organic material,
single crystal silicon, multi-crystalline silicon, polycrystalline silicon, germanium (Ge),
gallium arsenide (GaAs), cadmium telluride (CdTe), cadmium sulfide (CdS), copper
indium gallium selenide (CIGS), copper indium selenide (CulnSey), gallilium indium
phosphide (GalnP,), as well as heterojunction cells, such as GalnP/GaAs/Ge or

ZnSe/GaAs/Ge substrates, that are used to convert sunlight to electrical power.

Solar Cell Formation Process

[0039] Figures 1A — 1H1 and 1A — 1J2 illustrate schematic cross-sectional views
of a solar cell substrate 110 during different stages in a processing sequence used to
form a contact structure 160 (Figure 1H1 or 1J2) on a surface 102 of a solar cell 100.
Figure 2 illustrates a process sequence 200 used to form the active region(s) and/or
contact structure on a solar cell. The sequences found in Figure 2 correspond to the
stages depicted in Figures 1A — 1H1 or Figures 1A — 1J2, which are discussed

herein.

[0040] At box 202, shown in Figure 2, the surfaces of the substrate 110 are
cleaned to remove any undesirable material or roughness. In one embodiment, the
clean process may be performed using a batch cleaning process in which the
substrates are exposed to a cleaning solution. The substrates can be cleaned using
a wet cleaning process in which they are sprayed, flooded, or immersed in a
cleaning solution. The clean solution may be an SC1 cleaning solution, an SC2
cleaning solution, HF-last type cleaning solution, ozonated water solution,
hydrofluoric acid (HF) and hydrogen peroxide (H.O,) solution, or other suitable and
cost effective cleaning solution. The cleaning process may be performed on the
substrate between about 5 seconds and about 600 seconds, such as about 30

seconds to about 240 second, for example about 120 seconds.
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[0041] At box 204, as shown in Figures 1A and 2, dielectric features 111 are
deposited on a surface 102 of the substrate 110. In one embodiment, the dielectric
features 111 are formed from a dielectric paste material that is deposited by use of a
conventional ink jet printing, rubber stamping, screen printing, or other similar
process to form regions on the substrate surface 116 that are laterally isolated from
each other (i.e., isolated regions 117). In one embodiment of the process described
in box 204, after disposing the dielectric features on the surface of the substrate, the
substrate is heated to a desirable temperature to cause the dielectric features 111 to
form a bond with the substrate surface and densify to form a reliable isolating
feature. The dielectric features may initially be a liquid, paste or gel that is patterned
on to the substrate surface in a desired pattern, such as an array of adjacent
rectangles, circles, hexagons, or other similarly shaped feature on the surface 102 of
the substrate. In one embodiment, the dielectric features 111 are formed from a gel
or paste that may contain particles of dielectric materials such as silicon nitride,
silicon oxynitride, silicon dioxide, titanium dioxide, or other stable inorganic particle
containing elements. Other inorganic materials may generally include materials that
will not significantly diffuse into silicon at temperatures less than 1000 °C, and more
preferably 1100 °C, in the time that would be required to damage the solar cell
device due to the diffusion of the solar cell's electrically active dopants between
layers, or regions, of the device. In one embodiment, the chemical composition of
the matenal used to form the dielectric features 111, such that it will convert into a
stable inorganic film after performing a high temperature curing step. The material,
which may be deposited in the form of homogeneous liquid or gel “ink”, will thus form
a barrier to the mixing or interdiffusion of dopants contained in other adjacent
deposited layers. Similarly, the precursor, or dielectric paste material, used to form
the dielectric layer 111 may comprise a mixture of inorganic particles, dissolved
precursors of the inorganic particles, and/or various organic solvents or suspension
agents. The various organic solvents or suspension agents can be useful to
facilitate the application of the material on the substrate surface, and can be selected
so that will be removed during subsequent thermal cure steps. In some cases, even

before performing a high temperature cure step, the positioning of the untreated
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dielectric layer 111 can be used to provide a physical barrier to the mixing of other
subsequently deposited liquid, gel, or paste dopant containing precursors, thus
allowing them to be fixed into place by evaporation or decomposition or liquid
solvents or suspension agents. In one embodiment, after the dielectric features are
deposited on the surface 116 of the substrate 110 the substrate is heated to a
temperature of between about 100 and about 500°C. This thermal process, may be
performed in a drying oven and screen printing device that is integrated together,
such as the SoftLine tool manufactured by Baccini, SpA a division of Applied
Materials, Inc. of Santa Clara California. In other embodiments, the substrate 110
may be heated (or “fired”) at even higher temperatures useful to effect the
consolidation of layer 111 to a more effective barrier material. In one embodiment,
the surface 116 is the backside of a formed solar cell device. In one embodiment,
the height “X” of the dielectric features 111 on the substrate surface 116 is between
about 1 and 50 microns high. In one embodiment, the material from which the
dielectric features 111 are formed is similar to material from which the dielectric

spacers 305 are formed, which discussed below in conjunction with Figure 3J.

[0042] At box 206, as shown in Figures 1B and 2, a first dopant material 131 is
deposited into a plurality of the isolated regions 117 formed on the surface 116 of the
substrate 110. In one embodiment, the first dopant material 131 is deposited or
printed in a desired pattern by the use of ink jet printing, rubber stamping, screen
printing, or other similar process into the one or more of the isolated regions 117.
The first dopant material 131 may initially be a liquid, paste, or gel that will be used
to form a doped region, which is isolated from the other isolated regions 117 by the
dielectric features 111. In some cases, after disposing the first dopant material 131
in the isolated regions 117, the substrate is heated to a desirable temperature to
assure that the first dopant material 131 will remain in the isolated region 117, and
cause the dopant material 131 to cure, densify, and/or form a bond with the
substrate surface. In one embodiment, the first dopant material 131 is a gel or paste
that contains a p-type dopant. In one embodiment, the first dopant material 131 is a
p-type dopant containing material that is configured to be screen printed using a
screen printing system, which is described below, on a surface of the substrate 110.

8
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Typical p-type dopants used in silicon solar cell manufacturing are elements, such
as, boron (B), aluminum (Al) or gallium (Ga). In one embodiment, after the first
dopant material 131 is boron containing dopant paste that is deposited on the
surface 116 of the substrate 110 the substrate is heated to a temperature of between
about 80 and about 500 °C. In other embodiments, the substrate may be heated to
temperatures as high as 1100°C so as to diffuse the contained dopant element into
the underlying silicon. In one example, the first dopant material is configured so that
after performing subsequent thermal processing steps (e.g., discussed in box 210) a
doped regions is formed having a sheet resistance of less than about 50 Ohms per
square (Q/o) and/or has a doping level greater than about 10'® atoms/cm?® at the

surface of the substrate.

[0043] At box 208, as shown in Figures 1C and 2, a second dopant material 132
is deposited into a plurality of the unfilled isolated regions 117 formed on the surface
of the substrate 110. In one embodiment, the second dopant material 132 is
deposited by use of a conventional ink jet printing, rubber stamping, screen printing,
or other similar process into the one or more of the isolated regions 117. The
second dopant material 132 may initially be a liquid, paste or gel that will be used to
form a doped region, which is isolated from the first dopant material 131 by the
dielectric features 111. In some cases, after disposing the second dopant material
132 on the substrate is heated to a desirable temperature to cause the second
dopant material 132 to cure, densify and/or form a bond with the substrate surface,
and to assure that material will not leave its isolated region 117. In one embodiment,
the second dopant material 132 is a gel or paste that contains a material that
contains an n-type dopant. In one embodiment, the first dopant material 131 is an n-
type dopant containing material that is configured to be screen printed using a
screen printing system, which is described below, on a surface of the substrate 110.
Typical n-type dopants used in silicon solar cell manufacturing are elements, such
as, phosphorus (P), arsenic (As), or antimony (Sb). In one embodiment, the second
dopant material 132 is phosphorous containing dopant paste that is deposited on the
surface 116 of the substrate 110 and the substrate is heated to a temperature of
between about 80 and about 500° C. In one example, the second dopant material is

9
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configured so that after performing subsequent thermal processing steps (e.g.,
discussed in box 210) a doped regions is formed having a sheet resistance of less
than about 50 Ohms per square (Q/o) and/or has a doping level greater than about

10'® atoms/cm?® at the surface of the substrate.

[0044] In one embodiment, the doping material 132 may be added to an etching
material designed to penetrate through any thin dielectric layers already present on
the wafer surface, such that an improved contact to the silicon surface can also be
formed. In one example, the etching material is similar to the material described in
conjunction with Figure 5H, which shown below. In one embodiment, the second
dopant material 132 may contain materials selected from a group consisting of
phosphoric acid (HzPO,), phosphorus acid (H3P03), hypophosphorous acid (H3zPO,),

and/or various ammonium salits thereof.

[0045] In one embodiment, it is also desirable to deposit a capping layer (not
shown) over the first dopant material 131 and the second dopant material 132 prior
to performing the processes described in box 210 to prevent volatile components in
the first dopant material 131 or the second dopant material 132 from vaporizing and
depositing on unwanted regions of the substrate surface. In one embodiment, the
capping layer is selectively deposited over the first dopant material 131 to
encapsulate the first dopant material 131 prior to depositing the second dopant
material 132. In another embodiment, the capping layer is selectively deposited over
the second dopant material 132 to encapsulate the second dopant material 132 after
depositing the first dopant, material 131. The capping layer may be selectively
deposited over the first dopant material 131 and/or second dopant material 132
found in each of the isolated regions 117 (Figure 1C) using a screen printing, ink jet
printing or other similar process. The capping layer may also be deposited non-
selectively over the entire surface of the wafer by a technique such as spray coating,
spin-coating, roll coating, or dip coating. In one embodiment, the capping material is
a dielectric material, such as gel or paste that contains particles of a material, such
as silicon nitride (SiN), silicon oxynitride (SION), silicon carbide (SixCy), titanium
oxide (TiOy), silicon dioxide (SiOy), a glass frit, or other similar materials or any

10
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combination of the above materials. The capping material may also comprise one or
more of the precursors used to form the dielectric barriers 111, discussed above. In
some cases the cap layer may be a blanket layer that is deposited over a surface of
the substrate using a conventional APCVD, PECVD, PVD, or other gas phase
deposition process. In one case the blanket film is a silicon oxide material. After
depositing the blanket layer, one or more regions of the deposited capping layer may
be subsequently etched to expose underlying regions of the substrate by use of a
conventional dry etch, laser ablation, wet etch or other similar material removal
process. An example of a etching process that can be desirable is further described
in the United States Patent Application Serial Number 12/274,023, which is

incorporated by reference in its entirety.

[0046] At box 210, as shown in Figures 1D and 2, the substrate is heated to a
temperature greater than about 800 °C to cause the doping elements in the first and
second dopant materials to diffuse into the surface 116 of the substrate 110 to form
a p-type region 141 and an n-type region 142 within the substrate 110. In one
embodiment, the substrate is heated to a temperature between about 800 °C and
about 1300 °C in the presence of nitrogen (Nz), oxygen (O.), hydrogen (H>), air, or
combinations thereof for between about 1 and about 120 minutes. In one
embodiment, the formed p-type region 141 and n-type region 142 can thus be used

to form regions of a point contact type solar cell.

[0047] An optional cleaning process may then be performed on the substrate 110
after the process performed at box 210 has been completed to remove any
undesirable residue from the substrate surface. The cleaning process may be similar
or the same as the cleaning process described above at box 202 in Figure 2 and/or
the cleaning process described in conjunction with Figure 17E. Alternatively, the

substrate may be cleaned by any other suitable manners.

[0048] At box 212, as shown in Figures 1E and 2, a texturizing process is
performed on the opposing surface 101 of the substrate 110 to form a textured

surface 151. In one example, the average depth of the texture formed has a

11
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roughness of between about 1 pm and about 10 uym. In one embodiment, the
opposing surface 101 of the substrate 110 is the front side of a solar cell substrate
that is adapted to receive sunlight after the solar cell has been formed. An example
of an exemplary texturizing process is further described in the Provisional Patent
Application Serial No. 61/039,384 [Docket No. APPM 13323L], filed 3/25/08, which is
incorporated by reference. In one embodiment, at least some portion of the
dielectric layer 111, the first dopant material 131, the second dopant material 132,
and/or the capping layer is allowed to remain on the surface of the substrate
following the high temperature diffusion process, so as to form an effective barrier to

the alkaline etching chemistry used to texture the front side of the solar cell.

[0049] In one embodiment, the processing sequence may continue on with the
process steps described at boxes 214, 216, and 218 and illustrated in Figures 1F-
1H1. In an alternate embodiment, the processing sequence may continue on using
the processing steps described at boxes 213, 215, 217, 219, and 221 and illustrated
in Figures 1G2-1J2. These different processing sequences will be further described

below.

[0050] In one embodiment, after the processes are performed at box 212, the
processing may continued on at box 214, as shown in Figures 1F and 2. Therefore,
after the opposing surface 101 is textured, a thin passivation and antireflection layer
153 and/or transparent conductive oxide (TCO) layer 152 are formed thereon. One
will note that the preparation of the opposing surface 101 completed at boxes 212
and 214 may also be performed prior to performing the process at box 204, or other
steps in the process sequence 200, without deviating from the basic scope of the
invention described herein. In one embodiment, the front surface layer 153 may
comprise an intrinsic amorphous silicon layer (i-a-SiH) and n-type amorphous silicon
layer (n-a-Si:H) stack followed by a transparent conductive oxide (TCO) layer and/or
an ARC layer (e.g., silicon nitride) which can be deposited by use of a physical vapor
deposition process (PVD) or chemical vapor deposition process. The stack is
generally configured to generate a front surface field effect to reduce surface
recombination and promote lateral transport or electron carriers to nearby n+

contacts on the rear-side.
12
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[0051] At box 216, as illustrated in Figure 1G1 and 2, a conducting layer 163 is
deposited over the surface 102 of the substrate 110. In one embodiment, the formed
conducting layer 163 is between about 500 and about 50,000 angstroms (A) thick
and contains a metal, such as aluminum, (Al), copper (Cu), silver (Ag), gold (Au), tin
(Sn), cobalt (Co) nickel (Ni), zinc (Zn), lead (Pb), molybdenum (Mo), titanium (Ti),
tantalum (Ta), vanadium (V), tungsten (W), or chrome (Cr). In one embodiment, the
conducting layer 163 contains two layers that are formed by first depositing an
aluminum (Al) layer 161 by a physical vapor deposition (PVD) process, or
evaporation process, and then depositing a nickel vanadium (NiV) capping layer 162

by use of a PVD deposition process.

[0052] At box 218, as illustrated in Figure 1H1 and 2, the conducting layer 163 is
patterned to electrically isolate desired regions of the substrate 110 to form an
interconnecting structure 160. In one embodiment, the regions of the substrate 110
are electrically isolated by forming channels 171 in the conducting layer 163 by one
or more laser ablation, patterning and wet or dry etching, or other similar techniques.
The channels 171 may be aligned so that bottom of the formed channels 171 is
aligned with the dielectric features 111. In general, it is desirable to form or align the
channels 171 so that a separate or interdigitated electrical connection structure, or
interconnecting structure 160, can be formed to connect the deéired p-type or n-type

regions of the solar cell device. The channels 171 may be formed by laser ablation.

[0053] In another embodiment of the process sequence 200, after the processes
at box 212 are performed the process sequence continues on to box 213, as shown
in Figure 1G2 and 2, in which a dielectric layer 122 is formed on at least one surface
of the substrate 110. In one embodiment, the dielectric layer 122 is a silicon oxide
layer, such as a silicon dioxide layer, formed on the surface 102 of a silicon
containing substrate. The silicon oxide containing dielectric layer 122 may be
formed using a conventional thermal oxidation process, such a furnace annealing
process, a rapid thermal oxidation process, an atmospheric pressure or low pressure
CVD process, a plasma enhanced CVD process, a PVD process, or applied using a

sprayed-on, spin-on, roll-on, screen printed, or other similar type of deposition
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process. In one embodiment, the dielectric layer 122 is a silicon dioxide layer that is
between about 50 A and about 3000 A thick. In another embodiment the dielectric
layer is a silicon dioxide layer that is less than about 2000 A thick. In one
embodiment, the surface 102 is the backside of a formed solar cell device. It should
be noted that the discussion of the formation of a silicon oxide type dielectric layer is
not intended to be limiting as to the scope of the invention described herein since the
dielectric layer 122 could also be formed using other conventional deposition
processes (e.g., PECVD deposition) and/or be made of other dielectric materials.
[0054] In box 215, as shown in Figures 1H2 and 2, the dielectric layer 122 formed
on the backside surface 102 of the substrate is etched by conventional means to
form a desired pattern of exposed regions 123 that can be used to form the backside
contact structure 160 (Figure 112) on the substrate surface. Typical etching
processes that may be used to form the patterned exposed regions 123 on the
backside surface 102 may include but are not limited to masking (preferably by
screen printing) together with wet or dry etch processes, laser ablation techniques,
or other similar processes that may be used form a desired pattern in the deposited
dielectric layer 122. The exposed regions 123 generally provide surfaces through
which electrical connections can be made to the backside surface 102 of the
substrate 110.

[0055] In one embodiment of the processes performed at box 215, an etchant
material, or etch gel, is selectively deposited on the dielectric layer 122 by use of a
conventional ink jet printing, rubber stamping, screen printing, or other similar
process to form and define the desired regions 123. The deposited pattern etching
process generally starts by first depositing an etchant material in a desired pattern
on a surface of the substrate 110. In one embodiment, the etchant material
comprises ammonium fluoride (NH4F), a solvent that forms a homogeneous mixture
with  ammonium fluoride, a pH adjusting agent (e.g., BOE, HF), and a
surfactant/wetting agent. In one example, the etchant material comprises 20g of
ammonium fluoride that is mixed together with 5mi of dimethylamine, and 25g of
glycerin, which is then heated to 100°C until the pH of the mixture reaches about 7

and a homogeneous mixture is formed. It is believed that one benefit of using an
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alkaline chemistry is that no volatile HF vapors will be generated until the
subsequent heating process(es) begins to drive out the ammonia (NHj), thus
reducing the need for expensive and complex ventilation and handling schemes prior
to performing the heating process(es). After depositing the etchant material in a
desired pattern, the substrate is then heated to a temperature of between about 200-
300 °C to cause the chemicals in the etchant material to etch the dielectric layer 122.
In one embodiment, the etching material and etching process steps performed at box
213 are similar to the etching process discussed in the United States Provisional
Patent Application Serial Number 61/048,001 and copending United States Patent
Application Serial Numbers 12/274,023 [Atty. Docket #: APPM 12974.02], filed
November 19, 2008, which are both herein incorporated by reference in their
entirety.

[0056] At box 217, as shown in Figures 1H2 and 2, after the opposing surface
101 is textured a thin passivation and antireflection layer 153 and/or transparent
conductive oxide (TCO) layer 152 are formed thereon. One will note that the
preparation of the opposing surface 101 completed at boxes 212-214 and 217 may
also be performed prior to performing the process at box 204, or other steps in the
process sequence 200, without deviating from the basic scope of the invention
described herein.

[0057] It is contemplated in one embodiment of the process sequence 200 that
the processing steps performed at boxes 213-215 are removed from the overall
process sequence. In this configuration, the processing sequence 200 would
generally require performing box 217 after performing box 212. However, it is
believed that the application of a patterned dielectric layer can help reduce the
number of carrier recombination sites that are present at the surface of the substrate
110 by reducing the surface area of the substrate that the deposited conducting layer
163 (Box 219) contacts. Reducing the carrier recombination will improve the overall
efficiency of the formed solar cell device.

[0058] At box 219, as illustrated in Figure 112 and 2, a conducting layer 163 is
deposited over the surface 102 of the substrate 110. In one embodiment, the formed

conducting layer 163 is between about 500 and about 50,000 angstroms (A) thick
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and contains a metal, such as aluminum, (Al), copper (Cu), silver (Ag), gold (Au), tin
(Sn), cobalt (Co) nickel (Ni), zinc (Zn), lead (Pb), molybdenum (Mo), titanium (Ti),
tantalum (Ta), vanadium (V), tungsten (W), or chrome (Cr). In one embodiment, the
conducting layer 163 contains two layers that are formed by first depositing an
aluminum (Al) layer 161 by a physical vapor deposition (PVD) process, or
evaporation process, and then depositing a nickel vanadium (NiV) capping layer 162
by use of a PVD deposition process.

[0059] At box 221, as illustrated in Figure 1J2 and 2, the conducting layer 163 is
patterned to electrically isolate desired regions of the substrate 110 to form an
interconnecting structure 160. In one embodiment, the regions of the substrate 110
are electrically isolated by forming channeis 171 in the conducting layer 163 by one
or more laser ablation, patterning and wet or dry etching, use of a conventional
screen printable metal eichant paste, or other similar techniques. The channels 171
may be aligned so that bottom of the formed channels 171 is aligned with the
dielectric features 111. In general, it is desirable to form or align the channels 171
so that a separate or interdigitated electrical connection structure, or interconnecting
structure 160, can be formed to connect the desired p-type or n-type regions of the

solar cell device. The channels 171 may be formed by laser ablation.
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Alternate Patterned Solar Cell Formation Process

[0060] Figures 3A-3L illustrate schematic cross-sectional views of a solar cell
substrate 110 during different stages in a processing sequence used to form a
backside contact structure 360 (Figure 3L) on a surface 102 of the solar cell 100.
Figure 4 illustrates a process sequence 400 used to form the active region(s) and/or
contact structure on a solar cell. The sequence found in Figure 4 corresponds to the
stages depicted in Figures 3A-3L, which are discussed herein. In this configuration
of process steps, the processes performed in each of the boxes 402-410 and
llustrated in Figures 3A-3E and 4 are similar to the processes discussed above in
conjunction with each of the boxes 202-210 and Figures 1A-1E, and are not

discussed below.

[0061] Therefore, after performing the processes illustrated in boxes 402-410, at
box 412 a texturizing process is performed on the opposing surface 101 of the
substrate 110 to form a textured surface 151. In one embodiment, the opposing
surface 101 of the substrate 110 is the front side of a solar cell substrate that is
adapted to receive sunlight after the solar cell has been formed. An example of an
exemplary texturizing process is further described in the U.S. Patent Application
Serial No. 12/383,350 [Docket No. APPM 13323}, filed March 23, 2009, which is

incorporated by reference.

[0062] At box 414, as shown in Figure 3F, a dielectric layer 302 is formed on at
least one surface of the substrate 110. In one embodiment, the dielectric layer 302
is a silicon oxide layer, such as a silicon dioxide layer, formed on the surface 102 of
a silicon containing substrate. The silicon oxide containing dielectric layer 302 may
be formed using a conventional thermal oxidation process, such a furnace annealing
process, a rapid thermal oxidation process, an atmospheric pressure or low pressure
CVD process, a plasma enhanced CVD process, a PVD process, or applied using a
sprayed-on, spin-on, roll-on, screen printed, or other similar type of deposition
process. In one embodiment, the dielectric layer 302 is a silicon dioxide layer that is

between about 50 A and about 3000 A thick. In another embodiment the dielectric
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layer is a silicon dioxide layer that is less than about 2000 A thick. In one
embodiment, the surface 102 is the backside of a formed solar cell device. It should
be noted that the discussion of the formation of a silicon oxide type dielectric layer is
not intended to be limiting as to the scope of the invention described herein since the
dielectric layer 302 could also be formed using other conventional deposition

processes (e.g., PECVD deposition) and/or be made of other dielectric materials.

[0063] In cases where a passivation layer has not been formed on the front
surface of the solar cell substrate, the process sequence 400 then may include one
or more steps (i.e., box 416) that are then performed to form a silicon containing
layer thereon. In one embodiment, a silicon nitride (SiN) passivation and
antireflection layer, or thin amorphous silicon (a-Si:H) layer or amorphous silicon
carbide (a-SiC:H) layer and silicon nitride (SiN) stack is formed on the front surface
101 using a conventional chemical vapor deposition (PECVD) technique using for
example, an Applied Materials AKT PECVD system with multiple solar cell
substrates supported on a suitable large area carrier.

[0064] In box 418, as shown in Figures 3G, 3H and 4, after the opposing surface
101 is textured, a front surface layer 350, as shown in Figure 3G, may be formed on
the opposing surface 101 of the substrate. In one embodiment, the front surface
layer 350 may comprise an intrinsic amorphous silicon layer (i-a-SiH) and n-type
intrinsic amorphous silicon layer (n-a-Si:H) stack followed by a transparent
conductive oxide (TCO) layer and/or an ARC layer (e.g., silicon nitride) 153, as
shown in Figure 3H) _which can be deposited by use of a physical vapor deposition
process (PVD) or chemical vapor deposition process. The stack is generally
configured to generate a front surface field effect to reduce surface recombination
and promote lateral transport or electron carriers to nearby n+ contacts on the

rearside.

[0065] In box 420, as shown in Figures 3l and 4, the dielectric layer 302 formed
on the backside surface 102 of the substrate is etched by conventional means to
form a desired pattern of exposed regions 303 that can be used to form the backside

contact structure 360 (Figure 3L) on the substrate surface. Typical etching

18



WO 2010/025262 PCT/US2009/055211

processes that may be used to form the patterned exposed regions 303 on the
backside surface 102 may include but are not limited to masking (for example by
screen printing) together with wet or dry etch processes, laser ablation techniques,
or other similar processes that may be used to form a desired pattern in the
deposited dielectric layer 302. The exposed regions 303 generally provide surfaces
through which electrical connections can be made to the backside surface 102 of the

substrate 110.

[0066] In one embodiment of the processes performed at box 420, an etchant
material, or etch gel, is selectively deposited on the dielectric layer 302 by use of a
conventional ink jet printing, rubber stamping, screen printing, or other similar
process to form and define the desired regions 303. The deposited pattern etching
process generally starts by first depositing an etchant material in a desired pattern
on a surface of the substrate 110. In one embodiment, the etchant material
comprises ammonium fluoride (NH4F), a solvent that forms a homogeneous mixture
with ammonium fluoride, a pH adjusting agent (e.g., BOE, HF), and a
surfactant/wetting agent. In one example, the etchant material comprises 20g of
ammonium fluoride that is mixed together with 5ml of dimethylamine, and 25g of
glycerin, which is then heated to 100°C until the pH of the mixture reaches about 7
and a homogeneous mixture is formed. It is believed that one benefit of using an
alkaline chemistry is that no volatie HF vapors will be generated until the
subsequent heating process(es) begins to drive out the ammonia (NH3), thus
reducing the need for expensive and complex ventilation and handling schemes prior
to perforrhing the heating process(es). After depositing the etchant material in a
desired pattern, the substrate is then heated to a temperature of between about 200-
300 °C to cause the chemicals in the etchant material to etch the dielectric layer 302.
In one embodiment, the etching material and etching process steps performed at box
420 are similar to the etching process discussed in the United States Provisional
Patent Application Serial Number 61/048,001 and copending United States Patent
Application Serial Numbers 12/274,023 [Atty. Docket #: APPM 12974.02], filed

November 19, 2008, which are both herein incorporated by reference in their
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entirety.  Figure 3l illustrates the patterned dielectric layer 303 formed after

performing steps 402-420 shown in Figure 4.

[0067] In one embodiment, an optional cleaning process, shown in box 422, is
then performed on the substrate 110 to remove any undesirable residue and/or form
one or more passivated surfaces on the substrate. The cleaning process may be
similar or the same as the cleaning process described above at box 202 in Figure 2.
Alternatively, the substrate may be cleaned by any suitable manners.

[0068] At box 424, as illustrated in Figure 3J and 4, a plurality of dielectric
spacers 305 are selectively deposited on the surface 102 of the substrate 110. In
one embodiment, the dielectric spacers 305 are formed from a dielectric paste
material that is deposited by use of a screen printing process, for example using a
Baccini™ screen printer, to form regions on the substrate surface 306 that are
laterally isolated from each other. In one embodiment of the process described in
box 424, after disposing the dielectric spacers 305 on the surface of the substrate,
the substrate is heated to densify the material in the dielectric spacers 305 and form
a bond with portions of the substrate surface to form a reliable isolating element.
The dielectric spacers 305 may initially be a liquid, paste or gel that is patterned on
to the substrate surface in a desired pattern, such as an array of adjacent rectangles,
circles, hexagons, or other similarly shaped feature on the surface 102 of the
substrate. In one embodiment, the dielectric spacers 305 is a gel or paste that
contains particles that contain a material, such as silicon nitride (SiN), silicon
oxynitride (SiON), titanium oxide (TiO,), magnesium oxide (MgO), barium oxide
(BaO), silicon dioxide (SiOy), silicon carbide (SixC,), or other high temperature stable
dielectric materials or combinations thereof. Alternatively the material used to form
the dielectric spacers, or precursor, may contain soluble components which will
convert to a high temperature stable dielectric material after performing a high
temperature cure process. The precursor should generally be substantially free of
elements prone to diffusion into crystalline silicon at rates comparable to those of
typically used dopant atoms such as boron and phosphorus. In one embodiment,
after the dielectric spacers 305 are deposited on the surface 116 of the substrate
110 the substrate is heated to a temperature of between about 100 and about 1000
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°C. In one embodiment, the surface 306 is the backside of a formed solar cell
device. In one embodiment, the height “Y” of the dielectric spacers 305 on the

surface 102 is between about 0.10 and about 40 micrometers (um) high.

[0069] At box 426, as illustrated in Figure 3K and 4, a conducting layer 361 is
deposited over the surface 102 of the substrate 110. In one embodiment, the formed
conducting layer 361 is between about 500 and about 50,000 angstroms (A) thick
and contains a metal, such as aluminum (Al), copper (Cu), silver (Ag), gold (Au), tin
(Sn), cobalt (Co), nickel (Ni), zinc (Zn), lead (Pb), palladium (Pd), ), titanium (Ti),
tantalum (Ta), vanadium (V), tungsten (W), chrome (Cr) and/or molybdenum (Mo).
In one embodiment, the conducting layer 163 is formed by depositing a 2000 A to
20,000A thick layer of aluminum (Al) by a physical vapor deposition (PVD) process
or evaporation process. In another embodiment, the conducting layer 163 contains
two layers that are formed by first depositing an aluminum (Al) layer by a physical
vapor deposition (PVD) process, or evaporation process, and then depositing a
nickel vanadium (NiV), tin (Sn), zinc (Zn), or silver (Ag) capping layer by use of a

PVD deposition process.

[0070] At box 428, as illustrated in Figure 3L and 4, the conducting layer 361 is
patterned to electrically isolate desired regions of the substrate 110 to form an
interconnecting structure 360. In general, the dielectric spacers 305 are used to
electrically isolate the portions of conducting layer 163 disposed in the adjacent
regions 361. In one configuration, the dielectric spacers 305 are patterned to form a
separate or interdigitated electrical connection structure, or interconnecting structure
360, to connect the desired p-type or n-type regions of the solar cell device. In one
embodiment, the regions of the substrate 110 are electrically isolated by use of one
or more laser ablation, polishing, sanding, use of a conventional screen printable
metal etchant paste, and/or wet etching steps, or by applying (as by screen printing)
a polymeric etch mask followed by either wet or dry etching. One such structure is

discussed in conjunction with Figures 9-10, below.
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Second Alternate Patterned Solar Cell Formation Process

[0071] Figures 5A — 5J illustrate schematic cross-sectional views of a solar cell
substrate 110 during different stages in a processing sequence used to form a
contact structure on a surface 102 of the solar cell 500. Figure 6 illustrates a
process sequence 600 used to form the active region(s) and/or contact structure on
a solar cell. The sequence found in Figure 6 corresponds to the stages depicted in
Figures 5A — 5J, which are discussed herein. In this configuration of process steps,
the processes performed in each of the boxes 602-610 and illustrated in Figures 5A-
5D are similar to the processes discussed above in conjunction with each of the

boxes 202-212 and Figures 1A-1D, and are not discussed below.

[0072] Therefore, after performing the processes illustrated in boxes 602-610, at
box 612, as shown in Figures 5E and 6, a texturizing process is performed on the
opposing surface 101 of the substrate 110 to form a textured surface 151. In one
embodiment, the opposing surface 101 of the substrate 110 is the front side of a
solar cell substrate that is adapted to receive sunlight after the solar cell has been
formed. An example of an exemplary texturizing process is further described in the
U.S. Patent Application Serial No. 12/383,350 [Docket No. APPM 13323], filed
3/23/09, which is incorporated by reference. Also, during at least one part of the
processes performed at box 612 the dielectric features 111 are removed from the
surface of the 102 of the substrate 110 by use of an etching process, mechanical

polishing, mechanical abrasion process, or other similar technique.

[0073] At box 614, as shown in Figure 5F, a dielectric layer 511 is formed or
deposited on at least one surface of the substrate 110. In one embodiment, the
dielectric layer 511 is a silicon oxide layer formed on the surface 102 of a silicon
containing substrate. The silicon oxide containing dielectric layer 511 may be
formed using a conventional thermal oxidation process, such a furnace annealing
process, a rapid thermal oxidation process, an atmospheric pressure or low pressure
CVD process, a plasma enhanced CVD process, a PVD process, or applied using a

sprayed-on, spin-on, roll-on, screen printed, or other similar type of deposition
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process. In one embodiment, the dielectric layer 511 is a silicon dioxide layer that is
between about 50 A and about 3000 A thick. In another embodiment the dielectric
layer 511 is a silicon dioxide layer that is less than about 2000 A thick. In one
embodiment, the surface 102 is the backside of a formed solar cell device. I should
be noted that the discussion of the formation of a silicon oxide type dielectric layer is
not intended to be limiting as to the scope of the invention described herein since the
dielectric layer 511 could also be formed using other conventional deposition

processes (e.g., PECVD deposition) and/or be made from other dielectric materials.

[0074] In cases where a passivation layer has not been formed on the front
surface of the solar cell substrate, the process sequence 600 then may include one
or more steps (i.e., box 616) that are then performed to form a silicon layer thereon.
In one embodiment, a silicon nitride (SiN) passivation and antireflection layer, or thin
amorphous silicon (a-Si:H) layer or amorphous silicon carbide (a-SiC:H) layer and
silicon nitride (SiN) stack is formed on the front surface 101. In one example, the
deposited layer(s) are formed using a conventional chemical vapor deposition
(PECVD) technique using for example, an Applied Materials AKT PECVD system
with multiple solar cell substrates supported on a suitable large area carrier.

[0075] In box 618, as shown in Figures 5G and 6, after the opposing surface 101
is textured, a front surface layer 153 may be formed on the opposing surface 101 of
the substrate. In one embodiment, the front surface layer 153 comprises a
transparent conductive oxide (TCO) layer and/or ARC layer (e.g., silicon nitride)
which are deposited by use of a physical vapor deposition process (PVD), chemical
vapor deposition process (CVD), or other similar technique. The front surface layer
153 may be formed by one of the processes and/or comprise one or more of the

layers described above.

[0076] In box 620, as shown in Figures 5H and 6, the dielectric layer 511 formed
on the backside surface 102 of the substrate is etched by conventional means to
form a desired pattern of exposed regions 512 that can be used to form the backside
contact structure 560 (Figure 5J) on the substrate surface. Typical etching

processes that may be used to form the patterned exposed regions 512 on the
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backside surface 102 may include but are not limited to patterning and dry etching
techniques, laser ablation techniques, patterning and wet etching techniques, or
other similar processes that may be used form a desired pattern in the deposited
dielectric layer 511. The exposed regions 512 generally provide surfaces through
which electrical connections can be made to the backside surface 102 of the

substrate 110.

[0077] In one embodiment of the processes performed at box 620, an etchant
material is selectively deposited on the dielectric layer 511 by use of a conventional
ink jet printing, rubber stamping, screen printing, or other similar technique, and
heated to form and define the desired regions 512. In one embodiment, the etching
material and pattern etching process steps performed at box 620 are the same as
the etching process(es) discussed in the in the United States Patent Application
Serial Number 12/274,023, which is incorporated by reference in its entirety. Figure
5H illustrates the pattered dielectric layer 511 formed after performing steps 602—

618 shown in Figure 6.

[0078] As shown in box 622, in one embodiment, an optional cleaning process is
performed on the substrate 110 after the process performed in box 620 has been
completed to remove any undesirable residue and/or form a passivated surface.
The cleaning process may be similar or the same as the cleaning process described
above at box 202 in Figure 2 and the process described in conjunction with Figure

17E. Alternatively, the substrate may be cleaned by any suitable manners.

[0079] At box 624, as illustrated in Figure 51 and 6, a conducting layer 163 is
deposited over the surface 102 of the substrate 110. In one embodiment, the formed
conducting layer 163 is between about 500 and about 50,000 angstroms (A) thick
and contains a metal, such as aluminum (Al), silver (Ag), tin (Sn), cobalt (Co),
rhenium (Rh), nickel (Ni), zinc (Zn), lead (Pb), palladium (Pd), molybdenum (Mo)
titanium (Ti), tantalum (Ta), vanadium (V), tungsten (W), or chrome (Cr). However,
in some cases copper (Cu) may be used as a second layer, or subsequent layer,
that is formed on a suitable barrier layer (TiW, Ta, etc.). In one embodiment, the

conducting layer 163 contains two layers that are formed by first depositing an
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aluminum (Al) layer 161 by a physical vapor deposition (PVD) process, or
evaporation process, and then depositing a nickel vanadium (NiV) capping layer 162
by use of a PVD deposition process.

[0080] At box 626, as illustrated in Figure 5J and 6, the conducting layer 163 is
patterned to electrically isolate desired regions of the substrate 110 to form an
interconnecting structure 560. In one embodiment, the regions of the substrate 110
are electrically isolated by forming channels 171 in the conducting layer 163 by one
or more laser ablation, patterning and dry etching, use of a conventional screen
printable metal etchant paste, or other similar techniques. The channels 171 may be
aligned so that bottom of the formed channel 171 is aligned with the dielectric layer
511. In embodiment, it is desirable to form or align the channels 171 so that a
separate or interdigitated electrical connection structure, or interconnecting structure
560, can be formed to connect the desired p-type or n-type regions of the solar cell

device. The channels 171 may be formed by laser ablation.

Third Alternate Patterned Solar Cell Formation Process

[0081] Figures 7A-7L illustrate schematic cross-sectional views of a solar cell
substrate 110 during different stages in a processing sequence used to form a
contact structure 760 on a surface 102 of the solar cell 100. Figure 8 illustrates a
process sequence 800 used to form the active region(s) and/or contact structure on
a solar cell. The sequence found in Figure 8 corresponds to the stages depicted in

Figures 7A-7L, which are discussed herein.

[0082] At box 802, shown in Figure 8, the surfaces of the substrate 110 are
cleaned to remove any undesirable material or roughness. In one embodiment, the
clean process may be performed using a batch cleaning process in which the
substrates are exposed to a cleaning solution. The cleaning chemistry and cleaning
processing steps performed at box 802 is generally the same as the process(es)

performed in conjunction with step 202, which is described above.

[0083] At box 804, as shown in Figures 7A and 8, a doping layer 711 is formed on
the backside surface 102 of the substrate 110. In one aspect, the deposited doping
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layer 711 is used to form a heavily doped region, such as a p*-doped region, or an
n*-doped region, on the surface of the solar cell substrate after one or more
subsequent thermal processing steps are performed on the substrate. The deposited
doping layer 711 may also be used as a chemically resistant layer that protects the
backside of the substrate 110 when the front side texturing process (box 808) is
performed on the front surface 101 of the substrate. In this case, the doping layer
711 may also provide a stable supporting surface for the substrate, when the front

side 101 regions of the solar cell are formed.

[0084] In one embodiment, the doping layer 711 is a silicate glass material that
has an n-type or a p-type dopant atom disposed in it, such as a phosphosilicate
glass (PSG), or a borosilicate glass (BSG) formed on the substrate. The doping
layer 711 may be formed using a conventional spin-on, screen printing, ink jet
printing, sprayed-on, roll-on, or other similar type of deposition techniques. In one
embodiment, the doping layer 711 is a silicate glass layer that is between about 500
A and about 40 um thick. In one example, the doping layer 711 is a BSG layer that
is disposed on n-type substrate 110. In another example, the doping layer 711 is a
PSG layer that is disposed on a p-type substrate 110. In one embodiment, the
doping layer 711 is formed from a material that: 1) is generally chemically resistant to
the texture etching process chemistry (step 808) and other cleaning process
chemistries, 2) is a dielectric material that can be used to electrically isolate various
regions formed on the surface 102 of the solar cell device, and 3) provides an
amount of a dopant material to the surface of the substrate 110 during one or more
thermal processing steps. Deposition of doping layer 711 on the front surface 101
may also be helpful when forming the backside contact structure since it can act as a
stable support surface that will not be as easily scratched or damaged during the

handling performed during these processes.

[0085] At box 806, as shown in Figures 7B and 8, the substrate is heated to a
temperature greater than about 800°C to cause the dopant in the doping layer 711 to
diffuse into the surface of the substrate 110 to form a doped region 712 within the
substrate 110. In one embodiment, the substrate is heated to a temperature

between about 800°C and about 1300°C in the presence of nitrogen (N.), oxygen
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(O2), hydrogen (H.), air, or combinations thereof for between about 1 to 120 minutes.
The formed doped region 711 can thus be used to form back surface field diffusions

for use in a passivated rear surface point contact solar cell structure.

[0086] At box 808, a texturizing process is performed on the front surface 101 of
the substrate 110 to form a textured surface 151 (Figure 7C). In one embodiment,
the front surface 101 of the substrate 110 is the front side of a solar cell substrate
that is adapted to receive sunlight after the solar cell has been formed. As an
example, in one texturing process the substrate is immersed in a standard BOE etch
chemistry, then an alkaline etching chemistry (e.g., KOH chemistry), and then a
dilute HF cleaning chemistry. In some cases the texturizing process is similar to one

or more of the processes described above.

[0087] In one embodiment, an optional cleaning process, shown in box 810 and
Figure 7C, is performed on the substrate 110 after the process performed in box 808
has been completed. The optional cleaning process is generally used to remove any
undesirable residue and/or form a passivation layer on the surface of the substrate.
In one embodiment, the clean process may be performed by wetting the substrate
with a cleaning solution, such as an SC1 cleaning solution, an SC2 cleaning solution,
a dilute HF-last type cleaning solution, an ozonated water solution, a dilute
ammonium hydroxide (NH4OH) solution, a hydrogen peroxide (H,O.) solution, DI
water or other suitable and cost effective cleaning process may be used to clean a
silicon containing substrate. In one embodiment, the cleaning solution is a
hydrofluoric (HF) and ozone (O3) mixture. The cleaning process may be performed
on the substrate between about 5 seconds and about 600 seconds, such as about

30 seconds to about 240 second, for example about 120 seconds.

fo088] In one embodiment, after performing steps 802-810 it is desirable to tailor
the doping layer 711 deposition process and various cleaning/etching steps (e.g.,
reference numerals 808 and/or 810) so that a portion of the of the doping layer 711,
or doping layer 711A, remains on the surface 102 of the substrate and the doping
layer has sufficient dielectric properties to act as an insulator between various

regions of the formed solar cell device. In one example, the remaining doping layer
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711A is between about 100 to 10,000 A thick and is formed from a silicate glass

material, such as a PSG or a BSG material.

[0089] In cases where a passivation layer has not been formed on the front
surface of the solar cell substrate, the process sequence 800 then may include one
or more steps that are then performed to form a silicon layer thereon. In one
embodiment, a silicon nitride (SiN) passivation and antireflection layer, or thin
amorphous silicon (a-Si:H) layer or amorphous silicon carbide (a-SiC:H) layer and
silicon nitride (SiN) stack is formed on the front surface 101 using a conventional
chemical vapor deposition (PECVD) technique using for example, an Applied
Materials AKT PECVD system with multiple solar cell substrates supported on a
suitable large area carrier (i.e., box 812).

[0090] In box 814, as shown in Figures 7E and 8, the remaining doping layer
711A is etched to form a desired pattern of exposed regions 725 that can be used to
form a connection between the backside contact structure 760 (Figure 7L) and the
substrate surface. Typical etching processes that may be used to form the patterned
exposed regions 725 on the backside surface 102 may include but are not limited to
masking together with a wet or dry etching technique, laser ablation techniques, or
the patterned application of an etchant gel or paste. The exposed regions 725
generally provide surfaces through which electrical connections can be made to the

backside surface 102 of the substrate 110.

[0091] In one embodiment of the processes performed at box 814, an etchant
material is selectively deposited on the doping layer 711A by use of a conventional
ink jet printing, rubber stamping, screen printing, or other similar technique and then
heated to form and define the exposed regions 725. In one embodiment, the etching
material and pattern etching process steps performed at box 814 are the same as
the etching processes, as discussed in some of the processes described above. In
one example, the etchant material is an ammonium fluoride (NH4F) containing
material that is formulated to etch the doping layer 711A. In one example, the
etchant material contains: 200 g/l of ammonium fluoride (NH4F), 50 g/l of 2000 MW
polyethylene glycol (PEG) and 50 g/l of ethyl alcohol with the remainder of the 1 liter

volume being D! water. In another example, one liter of the etchant material
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contains: 90 milliliters of a 6:1 BOE etching solution, 5 g of 500 MW polyethylene
glycol (PEG) and 5 g of ethyl alcohol with the remainder of the volume being DI
water. In one embodiment, the etching material and pattern etching process steps
performed at box 620 are the same as the etching process(es) discussed in the
United States Patent Application Serial Number 12/274,023, which is incorporated by
reference in its entirety, which is incorporated by reference in its entirety. In one
embodiment, the etch gel or paste is applied to the doping layer 711A and is heated
to a desired temperature, such as between 250 °C and 400 °C. In one embodiment,
the dopant in the etching material contains a different dopant material (e.g., Al, Ga,
In) than the dopant contained in the doped doping layer 711A (e.g., B, P). While the
silicon containing components in the doping layer 711A will convert to a volatile SiF,,
a residue that is much more concentrated in the contained dopant is formed, or
remains on the exposed surface of the substrate. Thus, in a subsequent high
temperature diffusion step (e.g., box 822), both the dopant in the unetched doping
layer 711A, and the more concentrated dopant residue left over on the surface of the
etched openings are driven into the solar cell substrate. It is believed that the
concentrated dopant residue remaining at the exposed regions 725 can thus provide
a higher doping level in the regions of the substrate below the openings 725. In
another embodiment, additional amount of a dopant containing compounds may be
added to the etchant formulation to increase the concentration in the residue and
ultimately the amount of doping under the contacts. In either case it is generally not
desirable to clean the substrate until a high temperature driven step has been
performed to avoid the removal of the residual dopant material at the exposed
regions. These embodiments provide a simplified approach the formation of

selective emitter contacts correlated with higher solar cell efficiencies.

[0092] As shown in box 816, in one embodiment, an optional cleaning process is
performed on the substrate 110 to remove any undesirable residue and/or form a
passivated surface. Examples of various cleaning processes that may be used are

discussed above and discussed in conjunction with the Figure 17E.

[0093] At box 818, as illustrated in Figure 7F and 8, a plurality of dielectric

spacers 705 are selectively deposited on the surface 102 of the substrate 110 so
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that the exposed regions 716 on the surface of the substrate are laterally, or
horizontally, isolated from other parts of the substrate by the dielectric spacers 705.
In one embodiment, the dielectric spacers 705 are formed from a dielectric paste
material that is deposited by use of a conventional screen printing to form regions
717 that are at least partially enclosed by the exposed regions 716 and the dielectric
spacers 705. In one embodiment, after disposing the dielectric spacers 705, the
substrate is heated to a desirable temperature, such as between about 300 and
about 500 °C, to cause the material in the dielectric spacers 705 to form a bond with
portions of the substrate surface and densify to form reliable electrical and physical
isolating elements. The dielectric spacers 705 might also be derived from liquid or
gel like precursor solutions applied in a patternwise process using ink-jet printing.
The dielectric spacers 705 can made from materials similar to the other spacers
discussed above, for example, dielectric spacer 305. In one embodiment, the height
“Z” of the dielectric spacers 705 on the surface 102 is between about 0.1 and about

50 micrometers (um) high.

[0094] At box 820, as shown in Figures 7G and 8, a dopant material 731 is
deposited into a plurality of regions 717 formed on the surface 102 of the substrate
110. In one embodiment, the dopant material 731 is a material that is deposited by
use of a conventional ink jet printing, rubber stamping, screen printing, or other
similar process into the one or more of the regions 717. The dopant material 731
may initially be a liquid, paste or gel that will be used to form a doped region on the
substrate which is isolated from the other lateral regions by the dielectric features
705. After disposing the dopant material 731 in the regions 717, the substrate may
then be heated to a desirable temperature to assure that the dopant material 731 will
remain in the region 717, and cause the dopant material 731 to densify, and/or form
a bond with the substrate surface. In one embodiment, the dopant material 731 is a
gel or paste that contains a dopant that is an opposite doping type to the substrate.
In one case, a p-type dopant, such as, boron (B), aluminum (Al) or gallium (Ga), is
used in conjunction with an n-type substrate. In another case, an n-type dopant,
such as, phosphorous (P), or arsenic (As), is used in conjunction with an p-type
substrate. In one embodiment, after the dopant material 731 is deposited on the
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exposed regions 716 of the substrate 110 and the substrate is heated to a
temperature of between about 80 and about 400 °C. In one embodiment, the dopant

material 731 is similar to the dopant material 131 or 132 discussed above.

[0095] In one embodiment, it is desirable to deposit a capping layer (not shown)
over the dopant material 731 prior to performing the processes described in box 822
to prevent volatile components in the dopant material 731 from vaporizing and
depositing on unwanted regions of the substrate surface. The capping layer may be
formed from similar materials and be selectively deposited using one or more of the

processes discussed above.

[0096] At box 822, as shown in Figures 7H and 8, the substrate is heated to a
temperature greater than about 800 °C to causes the doping elements in the dopant
materials 708 to diffuse into the exposed regions 716 of the substrate 110 to form
doped regions 718 within the substrate 110. In one embodiment, the substrate is
heated to a temperature between about 800 °C and about 1300 °C in the presence
of nitrogen (N.), oxygen (O,), hydrogen (H>), air, or combinations thereof for between
about 1 and about 120 minutes. The formed doped region 718 can thus be used to
form regions of a point contact type solar cell. In one embodiment, it is desirable to
select a dopant material 731 that can partially volatilize to allow some doping of the
front surface 101 of the substrate 110 during the drive in process(es) performed at

box 822. In one example, the dopant material 731 contains a phosphorous.

[0097] At box 824, as illustrated in Figure 71 and 8, an etchant material is
selectively deposited on portions of the doping layer 711A by use of a conventional
ink jet printing, rubber stamping, screen printing, or other similar process so that a
patterned and defined regions 707 can be formed in the doping layer 711A. In one
embodiment, the etching material and pattern etching process steps performed at
box 824 are the same as the patterning and etching processes, discussed above
(e.g., step 420 discussed above). Also, in one embodiment, an optional cleaning
process, may performed on the substrate 110 after the process performed in box

824 has been completed, to remove any undesirable residue and/or form a
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passivated surface. Examples of various cleaning processes that may be used in

box 824 are further discussed above.

[0098] At box 826, as illustrated in Figure 7J and 8, a patterned conducting
material 709 is deposited into the regions 717 on the surface 102 of the substrate
110 by use of a conventional ink jet printing, rubber stamping, screen printing, or
other similar process technique. In one embodiment, the formed conducting material
709 is a metal paste that is isolated from the other portions of the substrate surface
by the dielectric spacers 705. In one configuration, the conducting material 708 is a
paste that contains a metal, such as aluminum (Al), aluminum (Al), silver (Ag), tin
(Sn), cobalt (Co), rhenium (Rh), nickel (Ni), zinc (Zn), lead (Pb), palladium (Pd),
molybdenum (Mo) titanium (Ti), tantalum (Ta), vanadium (V), tungsten (W), or
chrome (Cr). However, in some cases copper (Cu) may be used as a second layer,

or subsequent layer, that is formed on a suitable barrier layer (TiW, Ta, etc.).

[0099] At box 828, as shown in Figure 8, the substrate is heated to a desired
temperature to causes the conducting material 709 to densify and form a bond to the
exposed regions 716 on the substrate surface. In one embodiment, the substrate is
heated to a temperature between about 200 °C and about 900 °C for between about
1 and about 10 minutes so that a good ohmic contact can be formed between the

densified conducting material 709 and the surface of the exposed regions 716.

[0100] At box 830, as illustrated in Figure 7K and 8, a conducting layer 761 is
deposited over the surface 102 of the substrate 110. In one embodiment, the formed
conducting layer 761 is between about 20,000 and about 50,000 angstroms (A) thick
and contains a metal, such as aluminum (Al), silver (Ag), tin (Sn), cobalt (Co),
rhenium (Rh), nickel (Ni), zinc (Zn), lead (Pb), palladium (Pd), molybdenum (Mo)
titanium (Ti), tantalum (Ta), vanadium (V), tungsten (W), or chrome (Cr). However,
in some cases copper (Cu) may be used as a second layer, or subsequent layer,
that is formed on a suitable barrier layer (e.g., TIW, Ta). In another embodiment, the
conducting layer 761 is formed by depositing a 500 to about 50,000 A thick layer of
aluminum (Al) by evaporation or physical vapor deposition (PVD) process. In

another embodiment, the conducting layer 761 contains two layers that are formed
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by first depositing an aluminum (Al) layer by evaporation or physical vapor deposition
(PVD) process and then depositing a nickel vanadium (NiV), tin (Sn), silver (Ag) or
other solderable capping metal or alloy by use of a PVD deposition process.

[0101] At box 832, as illustrated in Figure 7L and 8, the conducting layer 761 is
patterned to electrically isolate desired regions of the substrate 110 to form an
interconnecting structure 760. In one embodiment, the regions of the substrate 110
are electrically isolated by use of one or more laser ablation, polishing, sanding,
masking and wet or dry etching, or other similar techniques. In general, the dielectric
spacers 705 are used to electrically isolate the portions of conducting layer 761
disposed in the adjacent regions. In one configuration, the dielectric spacers 705 are
patterned to form separate or interdigitated electrical connection structure, or
interconnecting structure 760, to connect the desired p-type or n-type regions of the
solar cell device. One such structure is discussed in conjunction with Figures 9-10,

below.

Fourth Alternate Patterned Solar Cell Formation Process

[0102] Figures 11A — 11H illustrate schematic cross-sectional views of a solar cell
substrate 110 during different stages in a processing sequence used to form a
contact structure on a surface 102 of the solar cell 1100. Figure 12 illustrates a
process sequence 1200 used to form the active region(s) and/or contact structure on
a solar cell. The sequence found in Figure 12 corresponds to the stages depicted in
Figures 11A — 11H, which are discussed herein. In this configuration of process
steps, the processes performed in each of the boxes 1202-1206 are similar to the
processes discussed above in conjunction with each of the boxes 202-206 and

Figures 1A-1B, and are not discussed below.

[0103] However, in one embodiment of the process(es) performed in box 12086, it
is desirable to deposit an un-doped silicate glass (USG) (not shown) over the first
dopant material 131 to cap and thus prevent the first dopant material from vaporizing
and leaving the surface of the solar cell substrate 110 during one or more

subsequent thermal processing steps. In one embodiment, the undoped silicate
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glass (USG) is deposited using a ink jet printing, rubber stamping, screen printing, or

other similar process.

[0104]  After performing the processes illustrated in boxes 1202-1206, at box
1208, as shown in Figures 11C and 12, a doped layer 1230 is deposited over the
surface 102 of the solar cell 1100. The doped layer 1230 is advantageously used as
an etch mask that minimizes and/or prevents the surface 102 from being etched
during the subsequent texturizing process performed at box 1212, which is used to
roughen the opposing surface 101. In general, the etch selectivity of the doped layer
1230 to the exposed material on the opposing surface 101 should be relatively high
to prevent material loss from the various regions formed on the surface 102 during
the texturizing process. In one example, the etch selectivity of the material on the
opposing surface 101 to the doped layer 1230 is at least about 100:1. In one
embodiment, the deposited doped layer 1230 is an amorphous silicon containing
layer that is about a 500A thick and contains a p-type dopant, such as boron (B). In
one embodiment, the doped layer 1230 is a PECVD deposited BSG layer that is
formed over the surface 102 of the solar cell 1110. In one example, the doped layer
1230 is configured so that after performing subsequent thermal processing steps a
doped region is formed having a sheet resistance of less than about 50 Ohms per
square (Q/o) and/or has a doping level greater than about 10'® atoms/cm® at the

surface of the substrate.

[0105] In another embodiment of the process performed at box 1208, as shown in
Figures 11C and 12, the deposited doped layer 1230 is a doped amorphous silicon
carbide (a-SiC) layer that is formed over the surface 102 of the solar cell 1110. In
one embodiment, an amorphous SiC layer is formed using a PECVD process at a
temperature of about 200 °C to minimize the amount of vaporization of the dopant
material, such as phosphorous (P) from the previously deposited first dopant
material 131. In one example, the doped layer 1230 is deposited using a gas

mixture containing trimethylborane (TMB), silane (SiH4) and hydrogen (Hy).

[0106] In yet another embodiment of the process performed at box 1208, as
shown in Figures 11C and 12, the deposited doped layer 1230 is a doped
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amorphous silicon (a-Si) layer that is formed over the surface 102 of the solar cell
1110. In one embodiment, the doped amorphous silicon layer is an amorphous
silicon hydride (a-Si:H) layer is formed at a temperature of about 200 °C to minimize
the amount of vaporization of the dopant material, such as phosphorous (P) from the
previously deposited first dopant material 131. In one example, the doped layer
1230 is deposited using a gas mixture containing diborane (B,Hs), silane (SiH4) and

hydrogen (H,).

[0107] At box 1210, as shown in Figures 11D and 12, the substrate is heated to a
temperature greater than about 800 °C to cause the doping elements in the first
dopant material 131 and the doping elements contained in the doped layer 1230 to
diffuse into the surface 116 of the substrate 110 to form a first doped region 1141
and a second doped region 1142, respectively, within the substrate 110. In one
example, the first dopant material 131 contains an n-type dopant and the doped
layer 1230 contains a p-type dopant that forms a p-type region and an n-type region,
respectively, within the substrate 110. In one embodiment, the substrate is heated to
a temperature between about 800 °C and about 1300 °C for between about 1 and
about 120 minutes. In one example, the substrate is heated in a rapid thermal
annealing (RTA) chamber in a nitrogen (Ny) rich environment to a temperature of
about 1000 °C for about 5 minutes. In one embodiment, the formed first doped
region 1141 and second doped region 1142 can thus be used to form regions of a

point contact type solar cell.

[0108] In another embodiment of the process performed at box 1210, the
substrate diffusion process is a two step diffusion process. In the first step the
substrate is heated to a temperature greater than about 800 °C in a nitrogen (Ny) rich
environment to prevent oxidation of the various exposed components on the surface
of the substrate 110. Next, after a sufficient period of time, such as achieve a
desired dopant diffusion depth, then a nitrogen (N>) and oxygen (O.) mixture may be
injected into the diffusion chamber to oxidize and consume the silicon material

contained in an amorphous SiC containing doped layer 1230 by the end of the
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process step. In one example, the second step is performed at a temperature

greater than about 800 °C.

[0109]  An optional cleaning process may then be performed on the substrate 110
after the process performed at box 1210 has been completed to remove any
undesirable residue from the substrate surfaces (e.g., surfaces 101 and/or 102).
The cleaning process may be similar or the same as the cleaning process described
above at box 202 in Figure 2. Alternatively, the substrate may be cleaned by any
suitable manners.

[0110] At box 1212, a texturizing process is performed on the opposing surface
101 of the substrate 110 to form a textured surface, which is similar to the textured
surface illustrated in Figure 11E (i.e., reference numeral 151). In one embodiment,
the opposing surface 101 of the substrate 110 is the front side of a solar cell
substrate that is adapted to receive sunlight after the solar cell has been formed. In
general, the use of an alkaline silicon wet etching chemistry is utilized when using a
p-type doped layer 1230, due to the high etch selectivity between the doped layer
1230 and the exposed material found on the opposing surface 101. Alkaline
chemistries are generally effective when used in combination with a p-type doped
layer 1230, since doped p-type layers are depleted of electrons thus limiting their
ability to react with the etching chemistry. An example of an exemplary texturizing
process is further described in the Provisional Patent Application Serial No.
12/383,350 [Docket No. APPM 13323], filed 3/23/09, which is incorporated by
reference. Also, during at least on part of the processes performed at box 612 the
dielectric features 111 are removed from the surface of the 102 of the substrate 110
by use of an etching process, mechanical polishing, mechanical abrasion process, or

other similar technique.

[0111] In box 1213, as shown in Figures 11F and 12, the doped layer 1230
formed on the backside surface 102 of the substrate is etched by conventional
means to form a desired pattern of exposed regions 1235 that can be used to form
the backside contact structure 160 (Figure 11H) on the substrate surface. Typical

etching processes that may be used to form the patterned exposed regions 1235 on
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the backside surface 102 may include but are not limited to patterning and dry
etching techniques, laser ablation techniques, patteming and wet etching
techniques, or other similar processes that may be used form a desired pattern in the
doped layer 1230. The exposed regions 1235 generally provide surfaces through

which electrical connections can be made to the backside surface 102 of the

substrate 110.

[0112] At box 1214, as shown in Figures 11F and 12, after the opposing surface
101 is textured a thin passivation and antireflection layer 153 and/or transparent
conductive oxide (TCO) layer 152 are formed thereon. One will note that the
preparation of the opposing surface 101 completed at boxes 1212 and 1214 may
also be performed prior to performing the process at box 1204, or other steps in the
process sequence 200, without deviating from the basic scope of the invention
described herein.

[0113] The following steps 1216-1218 and illustrated in Figures 11G-11H are
similar to the processes discussed above in conjunction with each of the boxes 216-

218 and Figures 1G-1H, and are not discussed further herein.

Fifth Alternate Patterned Solar Cell Formation Process

[0114] Figures 13A — 13L illustrate schematic cross-sectional views of a solar cell
substrate 110 during different stages in a processing sequence used to form a
contact structure on a surface 102 of the solar cell 1300. Figure 14 illustrates a
process sequence 1400 used to form the active region(s) and/or contact structure on
a solar cell. The sequence found in Figure 14 corresponds to the stages depicted in
Figures 13A — 13L, which are discussed herein. The sequence found in Figure 14 is
not intended to limit the scope of the invention described herein, since one skilled in
the art would appreciate that the order and/or number of steps could be altered in
some cases without affecting the basic solar cell formation process and solar cell
structure that is described herein. Some of the embodiments of the invention
described herein are believed to have a significant advantage over conventional

solar cell formation processes since the process sequences disclosed herein
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generally do not require the use of lithographic, masking, through mask etching

and/or rinsing steps to form the patterned all back contact solar cell structure.

[0115] At box 1402, the surfaces of the substrate 110 are cleaned to remove any
undesirable material or roughness. In one embodiment, the clean process may be
performed using a batch cleaning process in which the substrates are exposed to a
cleaning solution. The cleaning process may be similar or the same as the cleaning
process described above at box 202 in Figure 2. Alternatively, the substrate may be
cleaned by any suitable manners.

[0116] At box 1404, as shown in Figures 13A and 14, dielectric features 111 are
deposited on a surface 102 of the substrate 110. In one embodiment, the dielectric
features 111 are formed from a dielectric paste material that is deposited by use of a
conventional ink jet printing, rubber stamping, screen printing, or other similar
process to form regions on the substrate surface 116 that are laterally isolated from
each other (i.e., isolated regions 117). The process of forming the dielectric features
111 on the substrate 110, and its material properties and physical characteristics are
similarly described above in conjunction with Figure 1A, and thus are not re-recited
herein.

[0117] At box 1406, as shown in Figures 13B and 14, a first dopant material 1329
is deposited into a plurality of the isolated regions 117 formed on the surface 116 of
the substrate 110. In one embodiment, the first dopant material 1329 is deposited or
printed in a desired pattern by the use of ink jet printing, rubber stamping, screen
printing, or other similar process into one or more of the isolated regions 117. The
first dopant material 1329 may initially be a liquid, paste, or gel that will be used to
form a doped region, which is isolated from the other isolated regions 117 by the
dielectric features 111. In some cases, after disposing the first dopant material 1329
in the isolated regions 117, the substrate is heated to a desirable temperature to
assure that the first dopant material 1329 will remain in the isolated region 117, and
cause the dopant material 1329 to cure, densify, and/or form a bond with the
substrate surface. In one embodiment, the first dopant material 1329 is a gel or
paste that contains an n-type dopant. Typical n-type dopants used in silicon solar

cell manufacturing are elements, such as, phosphorus (P), arsenic (As), or antimony
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(Sb). In one embodiment, the first dopant material 1329 is phosphorous containing
dopant paste that is deposited on the surface 116 of the substrate 110 and the
substrate is heated to a temperature of between about 80 and about 500° C. In one
embodiment, the first dopant material 1329 may contain materials selected from a
group consisting of phosphosilicate glass precursors, phosphoric acid (HzPO,),
phosphorus acid (H3P03), hypophosphorous acid (HsPO,), and/or various ammonium
salts thereof. In one embodiment, the first dopant material 1329 is a gel or paste
that contains between about 6 and about 30 atomic % of phosphorous. In one
example, the first dopant material 1329 is configured so that after performing
subsequent thermal processing steps a doped region is formed having a sheet
resistance of less than about 50 Ohms per square (Q/o) and/or has a doping level
greater than about 10'® atoms/cm?® at the surface of the substrate.

[0118] In one embodiment of the process(es) performed in box 1406, it is
desirable to deposit an un-doped silicate glass (USG) (not shown) over the first
dopant material 1329 to cap, and thus prevent the first dopant material from
vaporizing and leaving the surface of the solar cell substrate 110 during one or more
subsequent thermal processing steps. In one embodiment, the undoped silicate
glass (USQG) is deposited using an ink jet printing, rubber stamping, screen printing,
or other similar process.

[0119] In an alternate embodiment, at box 1406 an inert spacer material is
deposited into a plurality of the isolated regions 117 formed on the surface 116 of the
substrate 110 in place of a first dopant material 1329. In one embodiment, the inert
spacer material is a gel or paste that contains an undoped dielectric material, such
as an un-doped silicate glass (USG). In one embodiment, the inert spacer material
1s deposited or printed in a desired pattern by the use of ink jet printing, rubber
stamping, screen printing, or other similar process into the one or more of the
isolated regions 117. The inert spacer material may initially be a liquid, paste, or gel
that will be used to form a doped region, which is isolated from the other isolated
regions 117 by the dielectric features 111. In some cases, after disposing the inert
spacer material in the isolated regions 117, the substrate is heated to a desirable

temperature to assure that the inert spacer material will remain in the isolated region
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117, and cause the inert spacer material to cure, densify, and/or form a bond with
the substrate surface. In one embodiment, it is desirable to form the inert spacer
material from a material that is etched during the subsequent texturization process
(box 1412) to provide an exposed region of the surface of the substrate on which
further processing can be performed.

[0120] After performing the processes illustrated in boxes 1402-1406, at box
1408, and as shown in Figure 13C, a doped layer 1330 is deposited over the surface
102 of the solar cell 1300. The doped layer 1330 is advantageously used as an etch
mask that minimizes and/or prevents the surface 102 from being etched during the
subsequent surface texturing process performed at box 1412, which is used to
roughen the opposing surface 101. In general, the etch selectivity of the doped layer
1330 to the exposed material on the opposing surface 101 should be relatively high
to prevent material loss from the various regions formed on the surface 102 during
the texturizing process. In one example, the etch selectivity of the material on the
opposing surface 101 to the doped layer 1330 is at least about 100:1. In one
embodiment, the deposited doped layer 1330 is an amorphous silicon containing
layer that is about 50 and about 500A thick and contains a p-type dopant, such as
boron (B). In one embodiment, the doped layer 1330 is a PECVD deposited BSG
layer that is formed over the surface 102 of the solar cell 1310. In one example, the
doped layer 1330 is configured so that after performing subsequent thermal
processing steps a doped region is formed having a sheet resistance of less than
about 50 Ohms per square (Q/o) and/or has a doping level greater than about 10'®
atoms/cm® at the surface of the substrate.

[0121] In one embodiment of the process performed at box 1408, the deposited
doped layer 1330 is a doped amorphous silicon (a-Si) layer that is formed over the
surface 102 of the solar cell 1300. In one embodiment, the doped amorphous silicon
layer is an amorphous silicon hydride (a-Si:H) layer is formed at a temperature of
about 200°C to minimize the amount of vaporization of the dopant material, such as
phosphorous (P) from the previously deposited first dopant material 1329. In one
example, the doped layer 1330 is deposited using a gas mixture containing diborane

(B2Hs), silane (SiH4) and hydrogen (H,). In one embodiment, the deposited doped
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layer 1330 is a doped amorphous silicon (a-Si) layer that is less than about 500A
thick and contains a p-type dopant, such as boron (B). In one example, the doped
amorphous silicon (a-Si) layer is formed in a PECVD chamber that uses about a
20% trimethyl-borane (TMB or B(OCHs)3) to silane (SiHs) molar ratio during
processing to form about a 200 A thick film. It is believed that using a doped
amorphous silicon film has advantages over other conventional doped silicon oxides,
since the diffusion rate of the dopant atoms from a deposited amorphous silicon film
is much higher than from a doped oxide film allowing greater doping depths to be
achieved during similar thermal processing steps, and there is no tendency to
intermix the oxides with the substrate material during the subsequent thermal
processes.

[0122] In another embodiment of the process performed at box 1408, the
deposited doped layer 1330 is a doped amorphous silicon carbide (a-SiC) layer that
is formed over the surface 102 of the solar cell 1300. In one embodiment, an
amorphous SiC layer is formed using a PECVD process at a temperature of about
<400 °C to minimize the amount of vaporization of the dopant material, such as
phosphorous (P) from the previously deposited first dopant material 1329. In one
embodiment, an amorphous SiC layer is formed using a PECVD process at a
temperature of less than about 200 °C. In one example, the doped layer 1330 is
deposited using a gas mixture containing trimethyl-borane (TMB or B(CHz)3), silane
(SiH4) and hydrogen (Hy).

[0123] At box 1409, as illustrated in Figure 13C, a capping layer 1331 is
deposited over the surface of the doped layer 1330. The capping layer 1331 is
advantageously used to minimize the migration of the dopant atoms contained within
the doped layer 1330 or the first dopant material 1329 to undesirable regions of the
substrate, such as the front surface 101, during the subsequent solar cell formation
processing steps. In one embodiment, the capping layer 1331 is a dielectric layer
that is formed at a sufficient density and thickness to minimize or prevent the
migration of dopant atoms within the layers disposed below the capping layer 1331
from moving to other regions of the solar cell. In one example, the capping layer

1331 comprises a silicon oxide, a silicon nitride or a silicon oxynitride containing
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material. In one embodiment, the capping layer 1331 is a silicon dioxide layer that is
greater than about 1000A thick. In one embodiment, the capping layer 1331 is a
silicon dioxide layer that is deposited using a PECVD deposition process. The
capping layer 1331 can also be formed from a material that minimizes and/or
prevents the surface 102 from being etched during the subsequent texturizing
process performed at box 1412.

[0124] At box 1410, as shown in Figures 13D and 14, the substrate is heated to a
temperature greater than about 800 °C to causes the doping elements in the first
dopant material 1329 and the doping elements contained in the doped layer 1330 to
diffuse into the surface 116 of the substrate 110 to form a first doped region 1141
and a second doped region 1142, respectively, within the substrate 110. Thus, the
formed first doped region 1141 and second doped region 1142 can thus be used to
form regions of a point contact type solar cell. In one example, the first dopant
material 1329 contains an n-type dopant and the doped layer 1330 contains a p-type
dopant that forms an n-type region and a p-type region, respectively, within the
substrate 110. In one embodiment, the substrate is heated to a temperature
between about 800 °C and about 1300 °C in the presence of nitrogen (N.), oxygen
(O2), hydrogen (H.), air, or combinations thereof for between about 1 and about 120
minutes. In one example, the substrate is heated in a rapid thermal annealing (RTA)
chamber in a nitrogen (N) rich environment to a temperature of about 1000 °C for
about 5 minutes.

[0125] In another embodiment of the process performed at box 1410, the
substrate diffusion process is a two step diffusion process. In the first step the
substrate is heated to a temperature greater than about 800 °C in a nitrogen (Ny) rich
environment to prevent oxidation of the various exposed components on the surface
of the substrate 110. Next, after a sufficient period of time, such as achieve a
desired dopant diffusion depth, then a nitrogen (N;) and oxygen (O,) mixture may be
injected into the diffusion chamber to oxidize and consume the silicon material
contained in an amorphous SiC containing doped layer 1330 by the end of the
process step. In one example, the second step is performed at a temperature

greater than about 800 °C.
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[0126] At box 1412, a texturizing process is performed on the opposing surface
101 of the substrate 110 to form a textured surface, which is similar to the textured
surface illustrated in Figure 13E (i.e., reference numeral 151). In one embodiment,
the opposing surface 101 of the substrate 110 is the front side of a solar cell
substrate that is adapted to receive sunlight after the solar cell has been formed. In
general, the use of an alkaline silicon wet etching chemistry is preferred when using
a p-type doped layer 1330, due to the high etch selectivity between the doped layer
1330 and/or capping layer 1330 and the exposed material found on the opposing
surface 101. Alkaline chemistries are generally effective when used in combination
with a p-type doped layer 1330, since doped p-type layers are depleted of electrons
thus limiting its ability to react with the etching chemistry. In one embodiment, the
silicon wet etching chemistry is an alkaline solution having a wetting agent added
therein, which is maintained at a temperature between about 65 °C and about 95 °C
during the texturing process. In one embodiment, the alkaline solution for etching
the silicon substrate may be an aqueous potassium hydroxide (KOH), sodium
hydroxide (NaOH), aqueous ammonia (NH,OH), tetramethylammonium hydroxide
(TMAH; or (CH3)4NOH) or other similar basic solution, and the wetting agent is
polyethylene glycol (PEG), sodium dodecyl sulfate (SDS), polypropylene glycol
(PPG), copolymer of polyethylene glycol (PEG) or polypropylene glycol (PPG). An
example of an exemplary texturizing process is further described in the Provisional
Patent Application Serial No. 12/383,350 [Docket No. APPM 13323], filed March 23,
2009, which is incorporated by reference.

[0127] It has been found that using an alkaline texture etching process, such as a
potassium hydroxide (KOH) and polyethylene glycol (PEG) etching chemistry, that
the doped layer 1330 and capping layer 1331 disposed over the isolated regions 117
that had the first doped material 1329 disposed therein can be easily etched away to
create the exposed regions 1334. The exposed regions 1334 are generally regions
of the surface of the substrate 110 that may contain at least trace amounts of the n-
type dopants driven-in during the processes performed at box 1410. It is believed
that in configurations where the first dopant material 1329 contains an n-type dopant,

that the alkaline etching chemistry will preferentially attack the n-type regions, such
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as the areas of the doped layer 1330, capping layer 1331 and substrate surfaces
(e.g., reference numeral 116) that were adjacent to the first dopant material 1329
during the diffusion process (box 1410) are removed. In one embodiment, during at
least one part of the processes performed at box 1412, the dielectric features 111
are removed (not shown) from the surface of the 102 of the substrate 110 by use of
a chemical etching process, mechanical polishing, mechanical abrasion process, or
other similar technique.

[0128] At box 1414, as shown in Figures 13F and 14, optionally a dopant material
1339 is deposited into the plurality of exposed regions 1334 formed on the surface of
the substrate 110. The dopant material 1339 may be added to the exposed regions
1334 to assure that texturing process (e.g., box 1412) did not remove too much of
the n-type dopant in the exposed first doped regions 1141 and/or form a desirable
doping profile within these regions after performing a subsequent thermal processing
step. In one embodiment, the dopant material 1339 is deposited or printed in a
desired pattern by the use of ink jet printing, rubber stamping, screen printing, or
other similar process into the one or more of the exposed regions 1334 using the
process described above in conjunction with box 1406. The dopant material 1339
may be the same or similar to the first dopant material 1329 and is deposited on the
exposed regions using the methods discussed above.

[0129] However, in one embodiment, the dopant material 1339 is a doped metal
containing ink material that is selectively deposited within the exposed regions 1334
by use of a conventional ink jet printing, screen printing, rubber stamping or other
similar process. In one embodiment, metal containing ink is a metal containing ink,
such as nickel that contains an amount of an n-type dopant. In one embodiment, the
doped metal containing ink material is a nickel containing ink that may contain
materials selected from a group consisting of phosphoric acid (H;PQO,), phosphorus
acid (HsPOs3), hypophosphorous acid (H3PO.), and/or various ammonium salts
thereof. The doped metal containing ink material is generally formulated to metalize
the exposed regions 1334 of the substrate 110. In one embodiment, the doped
metal containing ink material primarily contains: 10 grams of nickel acetate

(Ni(OOCCHa3).-4H20), and 10 grams of 42% hypophosphorous acid (H3PO,). In one
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embodiment, the doped metal containing ink material contains: 10 grams of nickel
acetate (Ni(OOCCHz3),-4H.0), 10 grams of 42% hypophosphorous acid (HzPO,), 10
grams of polyphosphoric acid (HsP4O13), 3 grams of ammonium fluoride (NH4F) and
2g of 500 MW Polyethylene glycol (PEG). In yet another embodiment, the doped
metal containing ink material contains: 10 grams of nickel acetate
(Ni(OOCCHg3)2-4H,0), 10 grams of 42% hypophosphorous acid (H3PO,), and 3
grams of ammonium fluoride (NH4F), which is used to etch and clean-up the
exposed regions 1334. In one embodiment, it may be desirable to add a desirable
amount of methanol or ethanol to the doped metal containing ink material containing
solution.

[0130] At box 1416, as shown in Figures 13G and 14, the substrate is optionally
heated to a temperature greater than about 800 °C to causes the doping elements in
the dopant material 1339 to diffuse into the surface 116 of the substrate 110 to form
a first doped region 1141 within the substrate 110. Thus, the formed first doped
region 1141 can be used to form the n-type region of a point contact type solar cell.
In one example, the dopant material 1339 contains an n-type dopant and the doped
layer 1330 contains a p-type dopant that forms an n-type region and a p-type region,
respectively, within the substrate 110. In one embodiment, the substrate is heated to
a temperature between about 800 °C and about 1300 °C in the presence of nitrogen
(N2), oxygen (O,), hydrogen (H,), air, or combinations thereof for between about 1
and about 120 minutes during the box 1416 processing. In one example, the
substrate is heated in a rapid thermal annealing (RTA) chamber in a nitrogen (N)
rich environment to a temperature of about 1000 °C for about 5 minutes. In another
embodiment of the process performed at box 1416, the substrate diffusion process is
a two step diffusion process, as discussed above in conjunction with box 1410. One
benefit of additionally performing the processes within boxes 1414 and 1416 is the
ability to form a lightly dope region 1351 on the front surface 101, due to the
vaporization and migration of the exposed dopant material 1339 (e.g., phosphorous)
to the front surface 101 during the box 1416 processing step(s) that are performed in

a thermal processing chamber (e.g., furnace, RTP chamber). The lightly dope
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region 1351 can be helpful in forming a more effective passivation layer on the front

surface 101 of the substrate.

[0131] Next, at box 1418, an optional cleaning process may then be performed on
the substrate 110 after the process(es) performed after boxes 1402-1410, or boxes
1402-1416, have been completed to remove any undesirable residue on the
substrate surfaces (e.g., surfaces 101 and/or 102). The cleaning process may be
similar or the same as the cleaning process described above at box 202 in Figure 2
and/or discussed below in conjunction with Figure 17E. Alternatively, the substrate
may be cleaned by any suitable manners.

[0132] At box 1420, as shown in Figures 13H and 14, after the surface 151 of the
opposing surface 101 is textured, an antireflection layer 154 is formed thereon. In
one embodiment, the antireflection layer 154 comprises a thin
passivation/antireflection layer 153 (e.g., silicon oxide, silicon nitride layer). In one
embodiment, a silicon nitride (SiN) passivation and antireflection layer, or thin
amorphous silicon (a-Si:H) layer or amorphous silicon carbide (a-SiC:H) layer and
silicon nitride (SiN) stack is formed on the front surface 101 using a conventional
chemical vapor deposition (PECVD) technique using for example, an Applied
Materials AKT PECVD system with multiple solar cell substrates supported on a
suitable large area carrier. In one embodiment, the passivation/antireflection layer
153 may comprise an intrinsic amorphous silicon (i-a-Si:H) layer and/or n-type
amorphous silicon (n-type a-Si:H) layer stack followed by a transparent conductive
oxide (TCO) layer and/or an ARC layer (e.g., silicon nitride), which can be deposited
by use of a physical vapor deposition process (PVD) or chemical vapor deposition
process (e.g., PECVD). The formed stack is generally configured to generate a front
surface field effect to reduce surface recombination and promote lateral transport or
electron carriers to nearby n+ doped contacts on the backside of the substrate.
While Figure 11H illustrates an antireflection layer 154 that contains a thin
passivation/antireflection layer 153 and a TCO layer 152 this configuration is not
intended to be limiting as to the scope of the invention described herein, and is only
iIntended to illustrate one example of an antireflection layer 154. One will note that
the preparation of the opposing surface 101 completed at boxes 1412 and 1420 may
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also be performed prior to performing the process(es) at box 1404, or other steps in
the process sequence 200, without deviating from the basic scope of the invention
described herein.

[0133] At box 1422, as shown in Figure 13l, optionally a dielectric layer 1332 is
formed over surface 102 so that electrically isolated regions can be provided
between the various formed n-type and p-type regions in the formed solar cell
device. The formation of the dielectric layer 1332 may be necessary since at least a
portion of the capping layer 1331 may be damaged or removed during the processes
performed in boxes 1412-1418. In one embodiment, the dielectric layer 1332 is a
silicon oxide layer, that may be formed using a conventional thermal oxidation
process, such a furnace annealing process, a rapid thermal oxidation process, an
atmospheric pressure or low pressure CVD process, a plasma enhanced CVD
process, a PVD process, or applied using a sprayed-on, spin-on, roll-on, screen
printed, or other similar type of deposition process. In one embodiment, the
dielectric layer 1332 is a silicon dioxide layer that is between about 50 A and about
3000 A thick. In another embodiment the dielectric layer is a silicon dioxide layer
that is less than about 2000 A thick. In one embodiment, the surface 102 is the
backside of a formed solar cell device. It should be noted that the discussion of the
formation of a silicon oxide type dielectric layer is not intended to be limiting as to the
scope of the invention described herein since the dielectric layer 1332 could also be
formed using other conventional deposition processes (e.g., PECVD deposition)
and/or be made of other dielectric materials.

[0134] In another embodiment, the dielectric layer 1332 comprises a multilayer
film stack, such as a silicon oxide/silicon nitride layer stack (e.g., a silicon oxide layer
(e.g., layer(s) ~20A to ~3000A thick) and a silicon nitride layer (e.g., layer(s) ~100A
to ~1000A thick)), an amorphous silicon/silicon oxide layer stack (e.g., amorphous
silicon layer (e.g., ~30 to 100 A thick) and silicon oxide layer (e.g., ~100 to 3000A
thick)), or an amorphous silicon/silicon nitride stack (e.g., amorphous silicon layer
(e.g., ~30 to 100A thick) and silicon nitride layer (e.g., ~100 to 1000A thick)). In one
example, a 50A amorphous silicon layer is deposited on a silicon substrate using a

CVD process, and then a 750A silicon nitride layer is deposited using a CVD or PVD
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process. In another example, a 50A silicon oxide layer is formed using a rapid
thermal oxidation process on a silicon substrate, and then a 750A silicon nitride is
deposited on the silicon oxide layer using a CVD or PVD process. An example of a
deposition chamber and/or process that may be adapted to form an amorphous
silicon layer, silicon nitride, or silicon oxide discussed herein are further discussed in
the commonly assigned and copending United States Patent Application Serial
Numbers 12/178,289 [Atty. Docket #: APPM 11079.P3], filed July 23, 2008, and the
commonly assigned US Patent Application Serial No. 12/202,213 [Atty Dkt #: APPM
12705], filed August 29, 2008, which are both herein incorporated by reference in
their entirety.

[0135] In box 1424, as shown in Figures 13J and 14, regions of the dielectric
layer 1332, the capping layer 1331, and/or the doped layer 1330 are etched by
conventional means to form a desired pattern of exposed regions 1335 that can be
used to form the backside contact structure 160 (Figure 13L) on the substrate
surface. Typical etching processes that may be used to form the patterned exposed
regions 1335 on the backside surface 102 may include but are not limited to
patterning and dry etching techniques, laser ablation techniques, patterning and wet
etching techniques, or other similar processes that may be used to form a desired
pattern in the capping layer 1331 and doped layer 1330. The exposed regions 1335
generally provide surfaces through which electrical connections can be made to the
backside surface 102 of the substrate 110. An example of a process that can be
used to form one or more patterned layers is further discussed in the commonly
assigned and copending United States Patent Application Serial Numbers
12/274,023 [Atty. Docket #: APPM 12974.02], filed November 19, 2008, which is
herein incorporated by reference in its entirety.

[0136] At box 1426, as illustrated in Figure 13K and 14, a conducting layer 163 is
deposited over the surface 102 of the substrate 110. In one embodiment, the formed
conducting layer 163 is between about 500 and about 50,000 angstroms (A) thick
and contains a metal, such as aluminum (Al), silver (Ag), tin (Sn), cobalt (Co),
rhenium (Rh), nickel (Ni), zinc (Zn), lead (Pb), palladium (Pd), molybdenum (Mo)

titanium (Ti), tantalum (Ta), vanadium (V), tungsten (W), or chrome (Cr). However,
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in some cases copper (Cu) may be used as a second layer, or subsequent layer,
that is formed on a suitable barrier layer (TiW, Ta, etc.). In one embodiment, the
conducting layer 163 contains two layers that are formed by first depositing an
aluminum (Al) layer 161 by a physical vapor deposition (PVD) process, or
evaporation process, and then depositing a nickel vanadium (NiV) capping layer 162
by use of a PVD deposition process.

[0137] At box 1428, as illustrated in Figure 13L and 14, the conducting layer 163
is patterned to electrically isolate desired regions of the substrate 110 to form an
interconnecting structure 160. In one embodiment, the regions of the substrate 110
are electrically isolated by forming channels 171 in the conducting layer 163 by one
or more laser ablation, patterning and wet or dry etching, or other similar techniques.
The channels 171 may be formed by laser ablation. The channels 171 may be
aligned so that bottom of the formed channels 171 is aligned with the dielectric
features 111. In general, it is desirable to form or align the channels 171 so that a
separate or interdigitated electrical connection structure, or interconnecting structure
160, can be formed to connect the desired p-type or n-type regions of the solar cell
device.

Sixth Alternate Patterned Solar Cell Formation Process

[0138] Figures 15A — 15L illustrate schematic cross-sectional views of a solar cell
substrate 110 during different stages in a processing sequence used to form a
contact structure on a surface 102 of the solar cell 1500. Figure 16 illustrates a
process sequence 1600 used to form the active region(s) and/or contact structure on
a solar cell. The sequence found in Figure 16 corresponds to the stages depicted in

Figures 15A — 15L, which are discussed herein.

[0139] At box 1602, and as shown in Figure 15A, the surfaces of the substrate
110 are cleaned to remove any undesirable material or roughness. In one
embodiment, the clean process may be performed using a batch cleaning process in
which the substrates are exposed to a cleaning solution. The substrates can be
cleaned using a wet cleaning process in which they are sprayed, flooded, or

immersed in a cleaning solution. The cleaning process may be similar or the same
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as the cleaning process described above at box 202 in Figure 2. Alternatively, the
substrate may be cleaned by any suitable manners.

[0140] At box 1606, as shown in Figures 15B and 16, a first dopant material 1329
is deposited into a plurality of the isolated regions 118 formed on the surface 116 of
the substrate 110. In one embodiment, the first dopant material 1329 is deposited or
printed in a desired pattern by the use of ink jet printing, rubber stamping, screen
printing, or other similar process. The first dopant material 1329 may initially be a
liquid, paste, or gel that will be used to form a doped region. In some cases, after
disposing the first dopant material 1329 to form the isolated regions 118, the
substrate is heated to a desirable temperature to assure that the first dopant material
1329 will remain on the surface 116, and cause the dopant material 1329 to cure,
densify, and/or form a bond with the surface 116. In one embodiment, the first
dopant material 1329 is a gel or paste that contains an n-type dopant. Typical n-type
dopants used in silicon solar cell manufacturing are elements, such as, phosphorus
(P), arsenic (As), or antimony (Sb). In one embodiment, the first dopant material
1329 is phosphorous containing dopant paste that is deposited on the surface 116 of
the substrate 110 and the substrate is heated to a temperature of between about 80
and about 500° C. In one embodiment, the first dopant material 1329 may contain
materials selected from a group consisting of phosphosilicate glass precursors,
phosphoric acid (H3sPOs), phosphorus acid (H3P0s), hypophosphorous acid (H3PO5,),
and/or various ammonium salts thereof. In one embodiment, the first dopant
material 1329 is a gel or paste that contains between about 6 and about 30 atomic %
of phosphorous. In one example, the dopant material 1329 is configured so that
after performing subsequent thermal processing steps a doped region is formed
having a sheet resistance of less than about 50 Ohms per square (Q/c) and/or has a
doping level greater than about 10'® atoms/cm® at the surface of the substrate.

[0141] In one embodiment of the process(es) performed in box 1606, it is
desirable to deposit an un-doped silicate glass (USG) (not shown) over the surfaces
of the deposited first dopant material 1329 to cap, and thus prevent the first dopant
material from vaporizing and leaving the surface of the solar cell substrate 110

during one or more subsequent thermal processing steps. In one embodiment, the
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undoped silicate glass (USG) is deposited using an ink jet printing, rubber stamping,
screen printing, or other similar process.

[0142] In an alternate embodiment, at box 1606 an inert spacer material is
deposited on the surface 116 to form a plurality of the isolated regions 118 on the
substrate 110 in place of a first dopant material 1329. In one embodiment, the inent
spacer material is a gel or paste that contains an undoped dielectric material, such
as the dielectric layer 111 or the dielectric spacers 305 described above.

[0143] At box 1608, and as shown in Figure 15C, a doped layer 1330 is deposited
over the surface 102 of the solar cell 1500. The doped layer 1330 is advantageously
used as an etch mask that minimizes and/or prevents the surface 102 from being
etched during the subsequent surface texturing process performed at box 1612,
which is used to roughen the opposing surface 101. In general, the etch selectivity
of the doped layer 1330 to the exposed material on the opposing surface 101 should
be relatively high to prevent material loss from the various regions formed on the
surface 102 during the texturizing process. In one example, the etch selectivity of
the material on the opposing surface 101 to the doped layer 1330 is at least about
100:1. In one embodiment, the deposited doped layer 1330 is an amorphous silicon
containing layer that is about 50 and about 500A thick and contains a p-type dopant,
such as boron (B). In one embodiment, the doped layer 1330 is a PECVD deposited
BSG layer that is formed over the surface 102 of the solar cell 1500. In one
example, the doped layer 1330 is configured so that after performing subsequent
thermal processing steps a doped region is formed having a sheet resistance of less
than about 50 Ohms per square (Q/o) and/or has a doping level greater than about
10'® atoms/cm?® at the surface of the substrate.

[0144] In one embodiment of the process performed at box 1608, the deposited
doped layer 1330 is a doped amorphous silicon (a-Si) layer that is formed over the
surface 102 of the solar cell 1500. In one embodiment, the doped amorphous silicon
layer is an amorphous silicon hydride (a-Si:H) layer is formed at a temperature of
about 200°C to minimize the amount of vaporization of the dopant material, such as
phosphorous (P) from the previously deposited first dopant material 1329. In one

example, the doped layer 1330 is deposited using a gas mixture containing diborane
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(B2He), silane (SiH4) and hydrogen (Hz). In one embodiment, the deposited doped
layer 1330 is a doped amorphous silicon (a-Si) layer that is less than about 500A
thick and contains a p-type dopant, such as boron (B). In one example, the doped
amorphous silicon (a-Si) layer is formed in a PECVD chamber that uses about a
20% trimethyl-borane (TMB or B(OCHs)3) to silane (SiH4) molar ratio, which in this
example is equal to atomic ratio, during processing to form about a 200 A thick film.
It is believed that using a doped amorphous silicon film has advantages over other
conventional doped silicon oxides, since the diffusion rate of the dopant atoms from
a deposited amorphous silicon film is much higher than from a doped oxide film
allowing greater doping depths, and no tendency to intermix the oxides with the
substrate material during the subsequent thermal processes.

[0145] in another embodiment of the process performed at box 1608, the
deposited doped layer 1330 is a doped amorphous silicon carbide (a-SiC) layer that
is formed over the surface 116 of the solar cell 1500. In one embodiment, an
amorphous SiC layer is formed using a PECVD process at a temperature of about
<400 °C to minimize the amount of vaporization of the dopant material, such as
phosphorous (P) from the previously deposited first dopant material 1329. In one
embodiment, an amorphous SiC layer is formed using a PECVD process at a
temperature of less than about 200 °C. In one example, the doped layer 1330 is
deposited using a gas mixture containing trimethyl-borane (TMB or B(CHz)3), silane
(SiH4) and hydrogen (Hy).

[0146] At box 1609, as illustrated in Figure 15C, a capping layer 1331 is
deposited over the surface of the doped layer 1330. The capping layer 1331 is
advantageously used to minimize the migration of the dopant atoms contained within
the doped layer 1330 or the first dopant material 1329 to undesirable regions of the
substrate, such as the front surface 101, during the subsequent solar cell formation
processing steps. In one embodiment, the capping layer 1331 is a dielectric layer
that is formed at a sufficient density and thickness to minimize or prevent the
migration of dopant atoms within the layers disposed below the capping layer 1331
from moving to other regions of the solar cell. In one example, the capping layer

1331 comprises a silicon oxide, a silicon nitride or a silicon oxynitride containing
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material. In one embodiment, the capping layer 1331 is a silicon dioxide layer that is
greater than about 1000A thick. In one embodiment, the capping layer 1331 is a
silicon dioxide layer that is deposited using a PECVD deposition process. The
capping layer 1331 can also be formed from a material that minimizes and/or
prevents the surface 102 from being etched during the subsequent texturizing
process performed at box 1612.

[0147)] At box 1610, as shown in Figures 15D and 16, the substrate is heated to a
temperature greater than about 800 °C to causes the doping elements in the first
dopant material 1329 and the doping elements contained in the doped layer 1330 to
diffuse into the surface 116 of the substrate 110 to form a first doped region 1141
and a second doped region 1142, respectively, within the substrate 110. Thus, the
formed first doped region 1141 and second doped region 1142 can thus be used to
form regions of a point contact type solar cell. In one example, the first dopant
material 1329 contains an n-type dopant and the doped layer 1330 contains a p-type
dopant that forms an n-type region and a p-type region, respectively, within the
substrate 110. In one embodiment, the substrate is heated to a temperature
between about 800 °C and about 1300 °C in the presence of nitrogen (N), oxygen
(O2), hydrogen (H,), air, or combinations thereof for between about 1 and about 120
minutes. In one example, the substrate is heated in a rapid thermal annealing (RTA)
chamber in a nitrogen (Ny) rich environment to a temperature of about 1000 °C for
about 5 minutes.

[0148] At box 1611, as shown in Figures 15E and 16, an etching mask material
1551 is deposited over the isolated regions 118 of the substrate over which the first
dopant material 1329 was deposited. In general, the etching mask material 1551 is
a material that will not be significantly attacked by the chemistry used in the
subsequent texturizing process and can be deposited in a desired pattern on the
surface of the substrate. In one example, the etching mask material 1551 is
deposited in a desired pattern using a screen printing, inkjet printing, spray-on, roll-
on or other desirable process. The etching mask material 1551 is generally used to
prevent the chemistry used in the subsequent texturizing process from attacking or

removing all or large portions of the material found in the formed first doped regions
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1141 (box 1610). In one example, the etching mask material 1551 is a silicone
containing material or a polyvinylpyridine (C4Ho(CsH7N)n) containing material. In one
example, the etching mask material 1551 is formed from a mixture containing about
5 grams of 100,000 molecular weight polyvinylpyridine, 1 ml of acetic acid, and about
20 grams for glycerin that is heated until it forms a gel. It is generally desirable to
form the etching mask material 1551 from a material that can be easily removed
during the later cleaning process (box 1618), but not be significantly attacked during
the subsequent texturization process (box 1612).

[0149] In one embodiment, as shown in Figure 15E, the etching mask material
1551 is deposited so that it only partially covers the first doped region 1141 so that a
portion of the first doped regions 1141 can be removed during the subsequent
texturizing process. In one configuration, the formed first doped regions 1141 and
deposited etching mask material 1551 are both circular in shape and have a
diameter D, and diameter D,, respectively. In one example, the diameter D, is about
2 mm in size and the diameter D, is about 1 mm in size, so that an etched region
1555 (Figure 15F and 15G) is created during the subsequent texturizing process. In
this example, the width of the etched region would be approximately about 0.5 mm,
and form an annular trench shaped structure. The etched region 1555, which may
have a depth D3 (Figure 15G) that is about a few microns deep, is generally formed
to help electrically isolate the formed first doped regions 1141 and the formed
second doped region 1142 in the formed solar cell device 1500.

[0150] At box 1612, as shown in Figures 15F and 16, a texturizing process is
performed on the opposing surface 101 of the substrate 110 to form a textured
surface 151. In one embodiment, the opposing surface 101 of the substrate 110 is
the front side of a solar cell substrate that is adapted to receive sunlight after the
solar cell has been formed. As noted above, use of an alkaline silicon wet etching
chemistry during the texturizing process, which are discussed above, is generally
preferred when using a p-type doped layer 1330, due to the high etch selectivity
between the doped layer 1330 and/or capping layer 1331 and the exposed material
found on the opposing surface 101. In general, since the lateral dimension (e.g.,

diameter D,) of the etching mask material 1551 is much greater than the thickness of
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the doped layer 1330 (e.g., ~200 A), the thickness of the capping layer 1331 (e.g.,
~2000A) and the depth Dj of the etched region 1555 (e.g., ~5um) so that the amount
of material removed from the first doped regions 1141 that is undemeath the etching
mask material 1551 will be negligible during the texturizing process. Therefore, in
one configuration, after performing the texturing process most of the formed first

doped regions 1141 will remain unaffected by the texture etching process.

[0151] Next, at box 1618, as shown in Figures 15G and 16, a cleaning process is
performed on the substrate 110 after the texturizing process has been completed to
remove the etching mask material 1551, doped layer 1330, and the capping layer
1331 from the surface 102 of the substrate. Figure 15G is close-up side cross-
sectional view of a single first doped region 1141 that has been cleaned using the
steps described in box 1618 and having an etched region 1555 that is formed on the
surface of the substrate during the texturizing process. In one embodiment, the
clean process may be performed by wetting the substrate with a cleaning solution to
clean the surface of the substrate before the subsequent deposition sequence is
performed on the various regions of the substrate. The cleaning process may be
similar or the same as the cleaning process described above at box 202 in Figure 2
and/or the processes described in conjunction with Figure 17E. Alternatively, the
substrate may be cleaned by any suitable manners.

[0152] At box 1620, as shown in Figures 15H and 16, an antireflection layer 154
is formed on the surface 151 of the opposing surface 101. In one embodiment, the
antireflection layer 154 comprises a thin passivation/antireflection layer 153 (e.g.,
silicon oxide, silicon nitride layer). In another embodiment, the antireflection layer
154 comprises a thin passivation/antireflection layer 153 (e.g., silicon oxide, silicon
nitride layer) and a transparent conductive oxide (TCO) layer 152. In one
embodiment, the passivation/antireflection layer 153 may comprise an intrinsic
amorphous silicon (i-a-Si:H) layer and/or n-type amorphous silicon (n-type a-Si:H)
layer stack followed by a transparent conductive oxide (TCO) layer and/or an ARC
layer (e.g., silicon nitride), which can be deposited by use of a physical vapor
deposition process (PVD) or chemical vapor deposition process. The formed stack
is generally configured to generate a front surface field effect to reduce surface
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recombination and promote lateral transport or electron carriers to nearby n+ doped
contacts on the backside of the substrate.

[0153] While Figure 15H illustrates an antireflection layer 154 that contains a thin
passivation/antireflection layer 153 and a TCO layer 152 this configuration is not
intended to be limiting as to the scope of the invention described herein, and is only
intended to illustrate one example of an antireflection layer 154. One will note that
the preparation of the opposing surface 101 completed at boxes 1612 and 1620 may
also be performed prior to performing the process(es) at box 1604, or other steps in
the process sequence 200, without deviating from the basic scope of the invention
described herein.

[0154] At box 1622, as shown in Figure 15l, a dielectric layer 1332 is formed over
surface 102 so that electrically isolated regions can be provided between the various
formed n-type and p-type regions in the formed solar cell device. The types of
materials and processes of forming the dielectric layer 1332 are further described
above in conjunction with box 1422.

[0155] In box 1624, as shown in Figures 15J and 16, regions of the dielectric
layer 1332, the capping layer 1331, and/or the doped layer 1330 are etched by
conventional means to form a desired pattern of exposed regions 1335 that can be
used to form the backside contact structure 160 (Figure 15L) on the substrate
surface. Typical etching processes that may be used to form the patterned exposed
regions 1335 on the backside surface 102 may include but are not limited to
patterning and dry etching techniques, laser ablation techniques, patterning and wet
etching technigues, or other similar processes that may be used to form a desired
pattern in the capping layer 1331 and doped layer 1330. The exposed regions 1335
generally provide surfaces through which electrical connections can be made to the
backside surface 102 of the substrate 110. An example of a dry etching process that
can be used to form one or more patterned layers is further discussed in the
commonly assigned and copending United States Patent Application Serial Numbers
12/274,023 [Atty. Docket #: APPM 12974.02], filed November 19, 2008, which is

herein incorporated by reference in its entirety.
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[0156] At box 1626, as illustrated in Figure 15K and 16, a conducting layer 163 is
deposited over the surface 102 of the substrate 110. In one embodiment, the formed
conducting layer 163 is between about 500 and about 50,000 angstroms (A) thick
and contains a metal, such as aluminum (Al), silver (Ag), tin (Sn), cobalt (Co),
rhenium (Rh), nickel (Ni), zinc (Zn), lead (Pb), palladium (Pd), molybdenum (Mo)
titanium (Ti), tantalum (Ta), vanadium (V), tungsten (W), or chrome (Cr). However,
in some cases copper (Cu) may be used as a second layer, or subsequent layer,
that is formed on a suitable barrier layer (e.g., TiW, Ta, etc.). In one embodiment,
the conducting layer 163 contains two layers that are formed by first depositing an
aluminum (Al) layer 161 by a physical vapor deposition (PVD) process, or
evaporation process, and then depositing a nickel vanadium (NiV) capping layer 162
by use of a PVD deposition process.

[0157] At box 1628, as illustrated in Figure 15L and 16, the conducting layer 163
is patterned to electrically isolate desired regions of the substrate 110 to form an
interconnecting structure 160. In one embodiment, the regions of the substrate 110
are electrically isolated by forming channels 171 in the conducting layer 163 by one
or more laser ablation, patterning and wet or dry etching, or other similar techniques.
In general, it is desirable to form or align the channels 171 so that a separate or
interdigitated electrical connection structure, or interconnecting structure 160, can be

formed to connect the desired p-type or n-type regions of the solar cell device.

Seventh Alternate Patterned Solar Cell Formation Process

[0158] Figures 17A — 171 are schematic cross-sectional views of a solar cell
substrate 110 that illustrate stages of an alternate version of the processing
sequence used to form the solar cell 1500, which is discussed in conjunction with
Figures 15 and 16. As shown in Figure 17A-17D, a solar cell device 1500 is formed
using processes that are similarly described in Figures 15A-D and 16, and thus are
not re-recited here again,.

[0159] After performing the processes at box 1610, in which the substrate is
heated to cause the doping elements to form a first doped region 1141 and a second
doped region 1142 within the substrate 110, a texturization process (e.g., box 1612)

is performed on the opposing surface 101 of the substrate 110 to form a textured
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surface, as shown in Figure 17E. The texturing process may be performed by any
suitable manner discussed above in conjunction with box 1612 in Figure 16. In one
embodiment, it is desirable to make sure that the surface 116 is unaffected by the
texture etch process by using a conventional physical mask (e.g., tape or other
masking material) to reduce the possibility of etching the surface 116. In one
embodiment, the capping layer 1331 material and thickness are selected so that the
formed first doped regions 1141 and the second doped regions 1142 remain
relatively un-textured by the texture etching process. In one embodiment, the
thickness of the capping layer 1331 (e.g., ~2000A of silicon dioxide) is selected so
that the amount of material removed from the first doped regions 1141 and/or

second doped regions 1142 will be negligible during the texturizing process.

[0160] Next, in a subsequent step, a cleaning process is performed on the
substrate 110 after the texturizing process has been completed to remove the doped
layer 1330, and the capping layer 1331 from the surface 102 of the substrate. In one
embodiment, the clean process may be performed by wetting the substrate with a
cleaning solution to clean the surface of the substrate before the subsequent
deposition sequence is performed on the various regions of the substrate. The
cleaning process may be similar to the cleaning process described above at box 202
in Figure 2. Alternatively, the substrate may be cleaned using a cleaning chemistry
that comprises ozone (Og3), such as an ozone containing gas, vapor, or liquid. In one
example, the front and back surface of the substrate 110 is exposed to a cleaning
solution that comprises a dissolved ozone (O3) containing solution having an etchant
solution disposed therein. In one configuration, the etchant solution is an acid or
alkaline containing solution, such as, for example, an hydrofluoric acid (HF) or an
potassium hydroxide (KOH) containing solution. In one embodiment, an HF-last type
cleaning solution or other suitable and cost effective cleaning solution may be used
as well to clean the substrate surfaces. It has been found that carbon and/or oxygen
residual materials that are commonly found in the precursor materials used to form
the doped layer 1330 (e.g., trimethylboron), dopant paste component materials,
and/or other similarly deposited materials, which are left on the surface of the
substrate 110, can adversely affect the electrical performance (e.g., carrier lifetime)
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of the solar cell device and film quality of the subsequently formed layers.
Accordingly, a cleaning process may be performed to remove a desired amount of
the surface (e.g., reference numeral 116) of the substrate to assure that the residual
contaminants are removed to improve the solar cell device performance. In one
embodiment, the cleaning process may be performed to etch and remove the doped
layer 1330 and the capping layer 1331 and a portion of the upper surface 116 that
contains the first doped region 1141 and the second doped region 1142. In one
embodiment, the portion of the surface 116 removed during the cleaning process is
less than about 0.5 pm from the surface of the substrate, such as between about 0.1

um and about 0.4 um, for example, about 0.3 pm.

[0161] In an alternate embodiment, the chemical concentrations and/or time of
the texturizing process (e.g., box 1612), and the thickness of the capping layer 1331
and/or doped layer 1330 are configured so that the opposing surface 101 is
sufficiently textured, the doped layer 1330 and capping layer 1331 are removed from
the surface 116, and a portion of the upper surface 116 (e.g., <0.5 um) is removed
during the texturization process performed at box 1612. In this configuration, a
second cleaning step as discussed above may not be required.
[0162] After cleaning the surface of the substrate, an antireflection layer 154 can
be formed on the surface 151 of the opposing surface 101, as shown in Figure 17E.
In one embodiment, the antireflection layer 154 comprises a thin
passivation/antireflection layer 153 (e.g., silicon oxide, silicon nitride layer) as
discussed above. The manufacturing process, film structure and film quality of the
antireflection layer 154 are similarly configured as the antireflection layer 154
described above with referenced to Figures 15H.
[0163] Subsequently, a dielectric layer 1332 is formed over surface 102, as
shown in Figure 17F, so that electrically isolated regions can be provided between
the various formed n-type and p-type regions in the formed solar cell device. The
types of materials and processes of forming the dielectric layer 1332 are further
described above in conjunction with box 1422 or 1622.
[0164] After the dielectric layer 1332 is formed on the substrate surface 102,
regions of the dielectric layer 1332, the capping layer 1331, and/or the doped layer
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1330 are etched by conventional means to form a desired pattern of exposed
regions 1335, as shown in Figure 17G, that can be used to form the backside
contact structure 160 (Figure 171) on the substrate surface. Typical etching
processes that may be used to form the patterned exposed regions 1335 on the
backside surface 102 may include but are not limited to patterning and dry etching
techniques, laser ablation techniques, patterning and wet etching techniques, or
other similar processes that may be used to form a desired pattern in the capping
layer 1331 and doped layer 1330. The exposed regions 1335 generally provide
surfaces through which electrical connections can be made to the backside surface
102 of the substrate 110. An example of a dry etching process that can be used to
form one or more patterned layers is further discussed in the commonly assigned
and copending United States Patent Application Serial Numbers 12/274,023 [Atty.
Docket #: APPM 12974.02], filed November 19, 2008, which is herein incorporated
by reference in its entirety.

[0165] After the etching process, a conducting layer 163 is deposited over the
surface 102 of the substrate 110, as shown in Figure 17H. The conducting layer 163
may be manufactured by any suitable manner described above, or conventionally
available in the art. The configuration of the conducting layer 163 is similarly
configured as the conducting layer 163 described above with referenced to Figures
1-16.

[0166] After the conducting layer 161 is formed on the substrate surface, the
conducting layer 163 is patterned to electrically isolate desired regions of the
substrate 110 to form an interconnecting structure 160, as shown in Figure 171. In
one embodiment, the regions of the substrate 110 are electrically isolated by forming
channels 171 in the conducting layer 163 by one or more laser ablation, patterning
and wet or dry etching, or other similar techniques. In general, it is desirable to form
or align the channels 171 so that a separate or interdigitated electrical connection
structure, or interconnecting structure 160, can be formed to connect the desired p-

type or n-type regions of the solar cell device.
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Alternate Doping process

[0167]  One aspect of the invention includes a method of doping desired regions
of a solar cell device using a dielectric patterning process to form heavily doped
regions within portions of the patterned dielectric material. In general, the
techniques described herein are used to form heavily doped regions at the exposed
regions in the patterned dielectric layer. In one embodiment, an etching material is
disposed over portions of an undoped dielectric layer to etch and form an exposed
region. In one example, the undoped dielectric layer is a blanket dielectric layer,
such as a silicon dioxide containing material formed ovér a surface of the solar cell
substrate. In one embodiment, the etching material comprises a dielectric etchant
and an amount of a dopant containing material. In one example, the etchant
material may further contain an ammonium fluoride (NH4F) containing material that is
formulated to etch the dielectric layer. In one example, the etchant material
contains: 200 g/l of ammonium fluoride (NH4F), 50 g/l of 2000 MW polyethylene
glycol (PEG) and 50 g/l of ethyl alcohol with the remainder of the 1 liter volume being
DI water. In another example, one liter of the etchant material contains: 6:1 BOE
etching solution, 7.5% HzPO,, ammonium fluoride (NH4F) and 500 MW polyethylene
glycol (PEG) in DI water. Additional components in the etching solution are
generally selected so as to promote effective “wetting” of the dielectric layer while
minimizing the amount of spreading that can affect the formed pattern in the
dielectric layer. While polyethylene oxide (i.e., polyethylene glycol) based materials
and other related materials work well as a surfactant in the etchant material, they
also decompose at temperatures over 250 °C to form volatile byproducts thereby
avoiding the need for a post-rinse step to clean the substrate surface after heating

the substrate in the next step.

[0168] After selectively deposited etchant material on the dielectric layer the
substrate is then heated up to about 400 °C during which most or all of the dielectric
material is converted to volatile etch products (i.e., SiF4) to form exposed regions in
the undoped dielectric layer, but leaving behind the less volatile dopant additives that

was contained in the etchant material. The high concentration of the remaining
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dopant atoms can thus be advantageously used to form a heavily doped region by
then driving the residual material into the underlying substrate material during a

subsequent high temperature diffusion step.

[0169] In another embodiment, an etching material is applied to a dopant
containing dielectric layer (e.g., dielectric layer 711), such as a phosphosilicate or
borosilicate glass layer, before the high temperature diffusion step. Following
volatilization of most of the silicon dioxide components by conversion to SiF4 due to
the reaction of the dielectric material with the etching material, a concentrated
residue of the dopant material is formed or remains on the exposed surface. Thus in
a subsequent high temperature diffusion step, both the dopant in the (unetched)
doped layers, for example, BSG or PSG layers and the more concentrated dopant
residue present at the surface of the etched openings are driven in the solar cell
substrate. In another embodiment, additional dopant atom containing compounds
are added to the etchant formulation to increase the concentration in the residue and
ultimately the differential degree of doping under the contacts. In one embodiment,
the dopant in the etching material contains a dopant of another type than the dopant
(e.g., Al, Ga, In) contained in the doped dielectric layer (e.g., B, P). These
embodiments provide a simplified approach the formation of selective emitter

contacts correlated with higher solar cell efficiencies.

Interconnect Structures

[0170] Figure 9A-9C illustrate various embodiments of an external interconnect
structure 920 that can be used to inexpensively interconnect portions of a solar cell
device 900 by reducing the time required to form the conductive components in an
interconnecting structure 960 formed on the solar cell device 900. In one
embodiment, the interconnecting structure 960 is similar to the structures discussed
above in conjunction with reference numerals 160, 360, 560 or 760. Figure 9B
Hustrates an assembled solar cell device 900 in which the external interconnect
structure 920 is bonded to the interconnecting structure 960, and thus all of the
desired electrical interconnections on at least one side of the solar cell have been

formed. In general the use of a external interconnect structure 920 can also help to
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improve substrate throughput in the solar cell formation processing sequence and
reduce the intrinsic or extrinsic stress created in the thin solar cell substrates by
reducing the required thickness of the deposited conducting layer(s) 163 on the
surface of the substrate. The stress induced in a solar cell device by the deposited

metal layers can also reduce the device yield.

[0171] Figures 9A llustrates is a cross-sectional side view of an external
interconnect structure 920 and solar cell device 900 that has an interconnecting
structure 960 formed on a side of the solar cell device. In one example, the solar cell
device 900 is similar to the structure formed and described in conjunction with
Figures 5A-5J and 6. In general, interconnecting structure 960 in the formed solar
cell device 900 contains a patterned array of conductive features 901 that are
electrically connected to desired portions of the solar cell device and designed to
carry a part of the generated current when the solar cell is exposed to sunlight. The
external interconnect structure 920 generally contains a patterned metal structure
921 that is disposed on, attached, or bonded to a substrate 922. In one
embodiment, the substrate 922 is a flexible element that supports the patterned
metal structure 921 and allows the external interconnect structure 920 to conform to
shape of the interconnecting structure 960 formed on the formed solar cell device
900 when they are attached. In one example, the substrate 922 is a compliant piece
of polymeric material, such as a sheet of a polyimide material, or other similar
materials. In general, the external interconnect structure 920 is designed to carry the

bulk of the generated current when the solar cell device 900 is exposed to sunlight

[0172] The patterned metal structure 921 is generally a conductive material that is
either integrally formed or deposited on a surface the substrate 922 by use of a PVD,
CVD, screen printing, electroplating, évaporation or other similar deposition
technique. The patterned metal structure 921 may contain a metal, such as
aluminum (Al), copper (Cu), silver (Ag), tin (Sn), nickel (Ni), zinc (Zn), or lead (Pb)
that is between about 100,000 A thick.
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[0173] Referring to Figures 9A and 9B, the external interconnect structure 920 is
bonded to the interconnecting structure 960 by first applying the external
interconnect structure 920 to the interconnecting structure 960 and then applying
enough heat to cause the conductive parts of the patterned metal structure 921 to
form a bond with the interconnecting structure 960. In one embodiment, a solder
type material is disposed between a surface of the patterned metal structure 921 or
the interconnecting structure 960 to form a reliable electrical contact between these
components. During the bonding process, as shown in Figure 9A, the external
interconnect structure 920 is positioned and aligned to the solar cell substrate so that
when the external interconnect structure 920 and the interconnecting structure 960

are bonded together the solar cell device is desirably connected.

[0174] Figure 9C is a plan view of one embodiment of the external interconnect
structure 920 in which separate patteined metal structures 921 are formed into an
interdigitated pattern that are each used to separately connect the n-type regions
and the p-type regions of a solar cell device together. In one embodiment, as shown
in Figure 9C, each of the patterned metal structure 921 elements are connected to a
buss line, such as busslines 923, 924. In this configuration each of the buss lines
923, 924 are sized to collect the current passing through each of the patterned metal

structure 921 lines from their respective regions of the solar cell device.

Alternate Interconnect Structure(s)

[0175] Figure 10A-10D illustrate various embodiments of a external interconnect
structure 1020 that can be used to inexpensively interconnect portions of a solar cell
device 1000 (Figure 10B) by reducing the time required to form the conductive
components in an interconnecting structure 1060 formed on the solar cell device
1000. In one embodiment, the interconnecting structure 1060 is similar to the
structures discussed above in conjunction with reference numerals 160, 360, 560 or
760. Figure 10A is a plan view of an external interconnect structure 1020 that is
formed from an array of conductive elements 1021 that are formed in a desired

pattern to mate with interconnecting structure 1060 elements of a solar cell device
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1000. In one embodiment, the conductive elements 1021 form a wire mesh that is
bonded to the surface of the interconnecting structure 1060 to carry the bulk of the
current created by a the solar cell device. In general the external interconnect
structure 1020 can help to improve substrate throughput in the solar cell formation
processing sequence, improve the deposited material utilization, and reduce the
intrinsic or extrinsic stress created in the thin solar cell substrates by reducing the
required thickness of the deposited conducting layer(s) 163 on the surface of the
substrate. The stress induced in a solar cell device by the deposited metal layers

can also reduce the device yield.

[0176] Figure 10B is a side cross-sectional view of a external interconnect
structure 1020 in which the conductive elements 1021 are configured to contact
desired portions of the conducting layer 163 in the interconnecting structure 1060. In
one embodiment, the conductive elements 1021 are bonded to the conducting layer
163 using a solder material that is disposed between the conductive elements 1021
and the conducting layer 163. In another embodiment, portions of the conductive
elements 1021 are welded to the conductive layer 163 to form a desirable electrical
connection. In one case, the conductive elements 1021 are tack welded to the
conductive layer 163 at multiple points 1022 (Figure 10A). In this case it is desirable
to form the conductive elements 1021 and the conducting layer 163 from materials
that are compatible and/or weldable. In one example, the conductive elements 1021
and the conducting layer 163 are both formed from, or coated with, an aluminum,
copper, silver, nickel, tin or zinc material (or alloys thereof) that can be readily laser
beam welded together at various points 1022 across the surface of a solar cell

device.

[0177] Referring to Figure 10C, in one embodiment, the n-type and p-type regions
of the interconnecting structure 1060 are separately connected to two electrically
isolated conductive elements 1021A, 1021B. In this case, the isolated conductive
elements 1021A is connected to one region of the solar cell device, while the
isolated conductive elements 1021B is connected to another region of the solar cell

device 1000. In one embodiment, the isolated conductive elements 1021A and
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isolated conductive elements 1021B are electrically isolated from each other, and
from other external devices (not shown), by use of insulating sheets 1024A, 1024B
that may be bonded to or affixed to each of the conductive elements 1021A, 1021B.
The insulating sheets 1024A, 1024B may be formed from a thin sheet of a polymeric
material, such as a polyimide sheet. While Figure 10C depicts a solar cell device
similar to the solar cell device 700 (Figure 7L), which is used to describe various
aspects of the external interconnect structure 1020, this configuration is not intended

to be limiting to the scope of the invention described herein.

[0178] In one embodiment, the insulating sheets 1024A, 1024B may have a
plurality of registering features 1023 (Figures 10A and 10C) that are used to align the
conductive elements 1021A, 1021B to desired regions of the interconnecting
structure 1060. In one embodiment, the registering features 1023 are holes formed
in the insulating sheet 1024A that is adapted to mate with dielectric spacers 705 to
align the insulating sheet 1024A and conductive element 1021A to desired portions
of the conductive layer 163. In this configuration, the insulating sheet 1024B can
then be positioned to mate with the conducting material 709 to connect these regions

of the interconnecting structure 1060.

[0179] Figure 10D is a side cross-sectional view of two solar cell devices 1000A,
1000B that are connected in series, or in parallel, to each other using the conductive
elements 1021A, 1021B. In this case, the interconnection between two or more
solar cell devices can be easily made. In one embodiment, a conductive element
1021 that is attached to a junction in one solar cell device 1000A is connected to a
junction on an opposing type in a second solar cell device 1000B to form a serial
electrical connection between the two solar cells. In one embodiment, as shown in
Figure 10D, the conductive elements 1021A in the solar cell 1000A is connected to
the conductive elements 1021B, which is connected to a desired portion of solar cell

1000B.

Exemplary Apparatus and Production Line for Solar Cell Devices Manufacture
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[0180] Figure 18A depicts a plan view of a solar cell production line 1800
according to one embodiment of the invention described herein. The production line
1800 includes a substrate tester 1802 that can receive and test substrates to be
loaded into the production line 1800 for processing. In one embodiment, the
substrate tester 1802 may inspect, test and analyze the substrate to determine if the
substrate is in a state ready for processing. After the substrate is inspected or tested
in the substrate tester 1802, the substrate is then transferred to a first substrate
loader 1804A that is used to receive and orient the substrate so that it is ready for
processing into an attached processing chamber. In the exemplary embodiment
depicted in Figure 18A, the first substrate loader 1804A is coupled to a wet
processing chamber 1812A to transfer the substrate into the wet processing
chamber 1812A to perform a cleaning process, such as the processes described in
box 1602. After the cleaning process is performed on the substrate surface, the
substrate may be unloaded using a first substrate unioader 1806A that is configured
to receive the substrate from the wet cleaning chamber 1812A and transfer the
substrate to other processing module(s) disposed along a path “P” of the production
line 1800 using a plurality of transfer conveyors 1810, as shown in Figure 18A. In the
embodiment wherein the cleaning process on the substrate is optional, the substrate
may be transferred through the first substrate loader 1804A, the first wet processing
chamber 1812A, and the first unloader 1806A to a subsequent processing module,
such as a second substrate loader 1804B positioned to load a laser
scanning/processing tool 1814. Alternatively, the first wet processing chamber
1812A and the first set of substrate loader 1804A and unloader 1806A may be
removed from the production line 1800 if a cleaning process is not required at this
stage. Exemplary configurations of the substrate loader 1804A and the unloader

1806A are described below with reference to Figure 20.

[0181] Subsequently, the substrate may be transferred to the second substrate
loader 1804B to perform different processes as needed on the substrate. The laser
scanning/processing tool 1814 may be coupled to the second substrate loader
1804B. The laser scanning/processing tool 1814 provides a laser source that can

emit electromagnetic radiation to the substrate surface to create a reference mark on
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the surface of the substrate so that the referenced mark(s) can be used to determine
the precise position of the substrate 110 in a subsequent process. The laser
scanning/processing tool 1814 then removes portions of the layers formed on the
substrate in a desired pattern as programmed in the tool 1814. In one embodiment,
a laser source disposed in the laser scanning/processing tool 1814 may use a
Nd:vanadate (Nd:YVQ,) source, a infrared (IR) source, or any other suitable laser
source having a desired wavelength to inspect, pattern or process the substrate.
Following patterning, the patterned surface of the substrate 110 may be inspected by

an optional inspection device (not shown) prior to further processing as needed.

[0182] After the substrate has been processed in the laser scanning/processing
tool 1814 the substrate is then transferred to a first screen printing system 1816A to
print or paste desired patterns on the substrate surface. Detail configuration and
functions of the screen printing system 1816 are described below with reference to
Figures 19A-19B. Subsequently, the substrate is transferred to a first drying chamber
1820A to dry out the silk screened pattern formed on the substrate. Detail
configurations of the drying chamber 1820 are discussed below with reference to
Figure 19D. In one embodiment, the process performed in the drying chamber
1820A and screen printing system 1816A are integrated together, such as in a
SoftLine tool manufactured by Baccini, SpA a division of Applied Materials, Inc. of
Santa Clara California. Subsequently, the substrate may be further transferred to a
second screen printing system 1816B and a second drying chamber 1820B to print
and form a desirable pattern on the substrate. The second screen printing system
1816B may include an alignment device 1826 disposed therein to align and detect
precise position of the substrate, or previously deposited pattern, so as to provide
desired alignment of the screen printed patterns on the substrate. After the second
print process is performed in the second screen printing system 1816B, the substrate
Is transferred to the second drying chamber 1820B to dry out the screen printed
patterns formed on the substrate, as similarly configured in the first drying chamber
1820A. It is noted that the number of the screen printing systems 1816A, 1816B and
the drying chambers 1820A, 1820B may be varied as needed. After the printing and

drying process, the substrate is transferred to the substrate unloader 1806B to be
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unloaded for further transfer to a subsequent processing module disposed in the

production line 1800 for further processing.

[0183] The substrate is then transferred to a third substrate loader 1804C that is
coupled to a first deposition chamber 1722A disposed in the production line 1800. In
one embodiment, the first deposition chamber 1722A may comprise one or more
chemical vapor deposition (CVD) chambers, one or more PVD chambers, one or
more annealing chambers and/or any other suitable chambers that may be used to
deposit layers of material or process the substrate. In one embodiment, the first
deposition chamber 1722A is cluster tool having a plurality of plasma enhanced
chemical vapor deposition (PECVD) chambers 1723A capable of depositing one or
more desired layers on the substrate surface. Suitable plasma enhanced chemical
vapor deposition chambers are available from Applied Materials, Inc., located in
Santa Clara, CA. It is contemplated that other deposition chambers, such as hot
wire chemical vapor deposition (HWCVD), low pressure chemical vapor deposition
(LPCVD), physical vapor deposition (PVD), evaporation, or other similar devices,
including those from other manufacturers, may be utilized to practice the present
invention. After the desired film layers are formed on the substrate surface, the
substrate may be unloaded from the first deposition chamber 1722A through the
third substrate unloader 1806C and transferred back to a transfer conveyor 1810 so
that it can be transferred to the next process module disposed in the production line

1800.

[0184] Subsequently, the substrate is transferred on the transfer conveyor 1810
along the predefined path “P” to a second wet processing chamber 1812B disposed
along the production line 1800. The substrate may be loaded into the second wet
processing chamber 1812B through the fourth substrate loader 1804D. After
performing the desired cleaning process in the second wet processing chamber
1812B, the substrate may be unloaded from the substrate unloader 1806D, as
similarly configured in the first substrate loader 1804A, the first wet processing

chamber 1812A and the first substrate unloader 1806A described above.
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[0185] Subsequently, the substrate may be further transferred to a thermal
processing chamber 1824 disposed downstream from the second wet processing
chamber 1812B in the production line 1800. Similar to the load/unload configurations
discussed above, the substrate may be loaded into the thermal processing chamber
1824 through a fifth substrate loader 1804E coupled thereto and unloaded from the
thermal processing chamber 1824 through a fifth substrate unloader 1806E. The
thermal processing chamber 1824 may be any type of suitable thermal system that
can provide heat to the substrate surface at a desired temperature. In one
embodiment, the thermal processing chamber 1824 is a heating chamber that can
provide heat to a substrate surface at a temperature greater than about 500 degrees
Celsius, such as greater than about 700 degrees Celsius, for example greater than
about 800 degrees Celsius. The heat provided in the thermal processing chamber
1824 assists driving and diffusing dopant elements previously deposited on the
substrate surface (from the patterns and deposition layers provided from the
previous screen printing systems 1816A, 1816B, and the deposition chamber 1722A)
to a desired depth within the substrate to form doped regions within the substrate, as
described in the solar cell manufacturing methods associated with Figures 1-17. In
one embodiment, the thermal processing chamber 1824 is a rapid thermal
processing (RTP) chamber. Alternatively, the thermal processing chamber 1824 may
be any type of suitable thermal processing chamber conventionally available in the

art.

[0186] After the thermal process is performed in the thermal processing chamber
1824, the substrate may then be transferred to a third wet processing chamber
1812C to clean and/or texture the front and/or back surface of the substrate. As
described with respect to the first and second wet processing chambers 1812A and
1812B, the substrate may be loaded into the third wet processing chamber 1812C
through a sixth substrate loader 1804F and unloaded from the third wet processing
chamber 1812C through a sixth substrate unioader 1806F, as described below with
respect to Figure 20. The cleaning process as performed in the third wet processing

chamber 1812C may be utilized to clean contaminants, dopant residuals, and other
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sources of impurities found on the substrate. It has been found that carbon and/or
oxygen residual materials that are commonly found in the precursor materials used
to form the doped layers (e.g., trimethylboron), dopant paste component materials,
and/or other similarly deposited materials, which are left on the surface of the
substrate, can adversely affect the electrical performance (e.g., carrier lifetime) of the
solar cell device and film quality of subsequently formed layers. Therefore, the
cleaning process utilized to perform in the third wet processing chamber 1812C may
be configured to specifically clean the oxygen and/or carbon residuals remaining on
the substrate surface. Alternatively, other types of the surface contaminants,
residuals, or impurities may also be cleaned as needed by utilizing different cleaning
solutions. In one embodiment, the cleaning solution used in the third wet processing
chamber 1812C may comprise using an ozone (Og) containing gas, vapor, liquid,
ozonated water solution, dissolved ozone (O3) supplied from a tank, or other suitable
ozone (Ogz) containing materials to clean both the front and back surface of the
substrate. Furthermore, HF-last type cleaning solution or other suitable and cost
effective cleaning solutions may be used as well to clean the substrate surfaces.

[0187] After the cleaning process performed in the third wet processing chamber
1812C, the substrate is subsequently transferred to a second deposition chamber
1722B to deposit a dielectric layer, such as a passivation layer on a first surface (i.e.
front surface) of the substrate. In one embodiment, the substrate may be loaded and
unloaded from the second deposition chamber 1722B through a seventh substrate
loader 1804G and a seventh substrate unloader 1806G. The second deposition
chamber 1722B may be a cluster tool having a plurality of plasma enhanced
chemical vapor deposition (PECVD) chambers capable of depositing one or more
desired layers on the substrate surface. One suitable plasma enhanced chemical
vapor deposition chamber is available from Applied Materials, Inc., located in Santa
Clara, CA. It is contemplated that other deposition chambers, such as hot wire
chemical vapor deposition (HWCVD), low pressure chemical vapor deposition
(LPCVD), physical vapor deposition (PVD), evaporation, or other similar devices,
including those from other manufacturers, may be utilized to practice the present

invention.
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[0188] After the desired film layer is formed on a first surface of the substrate, the
substrate is then transferred to a third deposition chamber 1722C disposed
downstream from the second deposition chamber 1722B along the production line
1800. The third deposition chamber 1722C may be similar to or the same as the first
and the second deposition chambers 1722A, 1722B, described above. Prior to the
deposition process performed in the third deposition chamber 1722C, the substrate
may be flipped to allow the deposition process to perform on a second surface of the
substrate (i.e., a rear surface). The substrate may be flipped by a flip mechanism
1834 disposed near an eighth substrate loader 1804H and unloader 1806H in the
production line 1800. The substrate may be flipped to deposit a rear passivation
layer on the second surface of the substrate. It is noted that the order of the second
deposition chamber 1722B and the third deposition chamber 1722C may be
reversed or rearranged in any order as the film layers formed on the first or the
second surface of the substrate may be deposited in any order as needed. In one
embodiment, the third deposition chamber 1722C is a ciuster tool having a plurality
of plasma enhanced chemical vapor deposition (PECVD) chambers 1723C capable
of depositing one or more desired layers on the substrate surface, as discussed
above with respect to the first and the second deposition chambers 1722A, 1722B.
Accordingly, other deposition chambers, such as hot wire chemical vapor deposition
(HWCVD), low pressure chemical vapor deposition (LPCVD), physical vapor
deposition (PVD), evaporation, or other similar devices, including those from other

manufacturers, may be utilized to practice the present invention as well.

[0189] After the passivation layers are formed on the first and the second surface
of the substrate, the substrate is then transferred back to a transfer conveyor 1810
disposed in the production line 1800. The transfer conveyor 1810 then carries the
substrate to the next module for processing. The substrate may then be transferred
to a ninth substrate loader 18041 for loading into a third screen printing system
1816C to conduct a printing process. In this particular configuration, the printing
material, ink, gel, or paste used in this step may be configured to be an etchant
material that can be printed or disposed on the substrate surface. After depositing

the etchant material in a desired pattern on the substrate surface, the substrate is
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then transferred to and heated in a third drying chamber 1820C disposed
downstream from the third screen printing system 1816C. The substrate may be
heated to a temperature of between about 200-300°C in the third drying chamber
1820C to direct the chemicals in the etchant material to etch the film layers on the
substrate surface to form desired patterns thereon. In one embodiment, the etching
material and etching process steps as performed in the third screen printing system
1816C and the drying chamber 1820C are similar to the process steps discussed
above with referenced to Figures 1-17. After the printing and the drying process
performed in the screen printing system 1816C and the drying chamber 1820C, an
optional rinse process may be performed in a rinse tool 1826A disposed downstream
from the drying chamber 1820C along the production line 1800.

[0190] After the substrate is unloaded from a ninth substrate unloader 1806l, the
substrate is then transferred to a metal deposition chamber 1828 to form a
conducting layer on the surface of the substrate. The substrate may be loaded and
unloaded from the metal deposition chamber 1828 through the tenth substrate loader
1804J and the tenth substrate unloader 1806J. The metal deposition chamber 1828
may be an ATON™ PVD 5.7 tool available from Applied Materials in Santa Clara,
California in which one or more processing steps are performed to deposit the

conducting layers on the surfaces the substrate, as discussed above.

[0191] After the conducting layer is formed on the substrate surfaces in the metal
deposition chamber 1828, the substrate is then transferred to a final set of a screen
printing system 1816D and a drying chamber 1820D (the fourth set shown in Figure
18A) to do the final metal print process on the substrate surface. Materials may then
be pasted on the substrate surfaces to form desired features and structures on the
substrate surfaces to complete the solar cell devices manufacture process. The
screen printing process and the drying process performed in the screen printing
system 1816D and the drying chamber 1820D are configured similarly to the first,
second, and third screen printing systems (1816A-1816C) and drying chambers
(1820A-1820C) discussed above. After the printing and drying processes, the
substrate may be transferred to a second rinse tool 1826B disposed next to the
drying chamber 1820D to rinse the substrate surface, if necessary.
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[0192]  After the processes have been completed and performed on the substrate,
the substrate may be transferred to a cell tester 1830 and a cell sorter 1832 to
perform the final test and inspection process to complete the solar cell device
manufacturing process. The substrate may be tested and analyzed on various
regions of solar cell devices formed on the substrate ih an automated fashion. After
the test and analysis process are performed and completed, the substrate may be

removed from the production line 1800.

[0193] In one exemplary embodiment, the method of forming the solar cell
devices formed on the substrate depicted in Figures 17A-171 may utilize the
production line 1800 depicted in Figure 18A. As discussed above, after the substrate
is transferred to the production line 1800, a cleaning and/or texturing process may be
performed on the substrate in the first wet cleaning chamber 1812A. After the
cleaning process, the first dopant material 1329 (Figure 17B) may be formed in the
first screen printing system 1816A and/or the second screen printing system 1816B
and then dried in the first or the second drying chamber 1820A, 1820B.
Subsequently, the substrate may be transferred to the first deposition chamber
1722A to form the doped layer 1330 and the capping layer 1331 (Figure 17C) in the
first deposition chamber 1722A (Figure 18A). After deposition of the doped layer
1330 and the capping layer 1331 on the substrate surface, an optional cleaning
process may be performed in the second wet processing chamber 1812B (Figure
18A) to clean the substrate surfaces. After the optional cleaning process, the
substrate is then transferred into the thermal system 1824 (Figure 18A) to heat the
substrate. The heat transmitted to the substrate surace diffuses and drives the
dopants in the first dopant material 1329 and the doped layer 1330 into the substrate
surface (Figure 17D). After the thermal process is performed in the thermal system
1824, a wet cleaning process is performed on the substrate surface in the third wet
cleaning chamber 1812C (Figure 18A) and the upper doped layer 1330 and the
capping layer 1331 may be removed as needed (Figure 17E). While removing the
upper doped layer 1330 and the capping layer 1331, the back surface of the
substrate may be textured as needed. Subsequently, the substrate may be
transferred to the second deposition chamber 1722B (Figure 18A) and the third
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deposition chamber 1722C (Figure 18A) to deposit a front surface passivation/anti-
reflective layer 1332 and/or a rear surface passivation/anti-reflective layer 154 on the
surfaces of the substrate (Figures 17E and 17F). Subsequently, the substrate may
be further transferred to anther set of screen printing system 1816C and the drying
chamber 1820C (Figure 18A) to form features, etch structures and print patterns to
form desired devices on the substrate surface (Figure 17G). After the printing and/or
gel etching process, the substrate is then transferred to the metal deposition
chamber 1828 (Figure 18A) to form the conducting layer 163 (Figure 17H) on the
substrate surface. In a final step, after formation of the conducting layer 163 formed
on the substrate surface, the substrate may be further transferred to a final set of
screening printing system 1816D and the drying chamber 1820D (Figure 18A) to
form, print and etch structures, features and patterns on the conducting layer 161
(Figure 171) as needed to form the solar cell devices. After all the processes have
been performed on the substrate surface, the substrate may be final tested and

sorted in the cell tester 1830 and cell sorter 1832 (Figure 18A).

[0194] Figure 18B depicts another embodiment of a solar cell production line
1850 that may be utilized to form solar cells discussed above with referenced to
Figures 1-17. Similar to the configurations discussed in Figure 18A, the production
line 1850 includes a substrate loader 1804L, a laser scanning/processing tool 1814,
a first set of screen printing system 1816E and a drying chamber 1820E and a
second set of screen printing tool 1816F and a drying chamber 1820F to form
desired patterns, features, layouts, and structures on the substrate surface. After the
desired patterns are formed on the substrate surface, the substrate may be then
unloaded via the substrate unloader 1806L and further transferred by way of a
transfer conveyor 1810 to a deposition chamber 1722D for film deposition, as
similarly configured in Figure 18A. The production line 1850 may include a substrate
loader 1804M and a substrate unloader 1806M for loading substrates into and
unloading substrates from the deposition chamber 1722D. After the desired film
layer is formed on the substrate, the substrate may be then transferred to any
suitable modules 1852 disposed along the production line 1850. The modules 1852
may include any numbers of screen printing tool and drying chamber, deposition
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chambers, such as CVD, PVD, plating, or any other suitable chambers, wet
processing chambers, laser tools, rinse tank, tester, sorters, heating system,
polishing tool, or any other suitable processing tool formed in any configurations and
in any sequences disposed along the production line 1850 to form desired solar cell

devices on the substrate suiface.

[0195] Figure 19A is a schematic isometric view and Figure 19B is a schematic
plan view illustrating one embodiment of a screen printing system, or system 1900,
that may be used in conjunction with embodiments of the present invention to form
the metal contacts in a desired pattern on a surface of a solar cell substrate 1996. In
one embodiment, the system 1900 comprises an incoming conveyor 1911, such as a
portion of the transfer conveyor 1810 depicted in Figure 18A, a rotary actuator
assembly 1930, a screen print chamber 1902, and an outgoing conveyor 1912, such
as another portion of the transfer conveyor 1810 depicted in Figure 18A. The
incoming conveyor 1911 may be configured to receive a substrate 1996 from an
input device, such as an input conveyor 1913 (i.e., path “P” in Figure 19B), and
transfer the substrate 1996 to a printing nest 1931 coupled to the rotary actuator
assembly 1930. The outgoing conveyor 1912 may be configured to receive a
processed substrate 1996 from a printing nest 1931 coupled to the rotary actuator
assembly 1930 and transfer the substrate 1996 to a substrate removal device, such
as an exit conveyor 1914 (i.e., path “P” in Figure 19B). The input conveyor 1913 and
the exit conveyor 1914 may be automated substrate handling devices that are part of
a larger production line, such as transfer conveyors 1810 from the production line
1800. A plurality of screen printing systems 1900, such as systems 1816A and
1816B from Figure 18A, may be connected to each other by a drying chamber
1820A disposed therebetween. It is noted that Figure 19A only depicts a portion of
the production line depicted in Figure 18A for brevity of description. Other different
types of screen printing system, deposition tool, drying chambers or any suitable
chambers, stations, and tools may also be disposed to be part of the system 1900 as

needed.
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[0196] The rotary actuator assembly 1930 may be rotated and angularly
positioned about the “F” axis by a rotary actuator (not shown) and a system
controller 1901, such that the printing nests 1931 may be selectively angularly
positioned within the system 1900 (e.g., paths “D¢” and “D," in Figure 19B). The
rotary actuator assembly 1930 may also have one or more supporting components
to facilitate the control of the print nests 1931 or other automated devices used to

perform a substrate processing sequence in the system 1900.

[0197] In one embodiment, the rotary actuator assembly 1930 includes four
printing nests 1931, or substrate supports, that are each adapted to support a
substrate 1996 during the screen printing process performed within the screen print
chamber 1902. Figure 19B schematically illustrates the position of the rotary
actuator assembly 1930 in which one printing nest 1931 is in position “1” to receive a
substrate 1996 from the incoming conveyor 1911, another printing nest 1931 is in
position “2” within the screen print chamber 1902 so that another substrate 1996 can
receive a screen printed pattern on a surface thereof, another printing nest 1931 is in
position “3” for transferring a processed substrate 1996 to the outgoing conveyor
1912, and another printing nest 1931 is in position “4”, which is an intermediate

stage between position “1” and position “3”.

[0198] As illustrated in Figure 19C, a printing nest 1931 generally comprises a
conveyor assembly 1939 that has a feed spool 1935, a take-up spool 1936, rollers
1940 and one or more actuators 1948, which are coupled to the feed spool 1935
and/or take-up spool 1936, and are adapted to feed and retain a supporting material
1937 positioned across a platen 1938. The platen 1938 generally has a substrate
supporting surface on which the substrate 1996 and supporting material 1937 are
positioned during the screen printing process performed in the screen print chamber
1902. In one embodiment, the supporting material 1937 is a porous material that
allows a substrate 1996, which is disposed on one side of the supporting material
1937, to be retained on the platen 1938 by a vacuum applied to the opposing side of
the supporting material 1937 by a conventional vacuum generating device (e.g.,

vacuum pump, vacuum ejector). In one embodiment, a vacuum is applied to
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vacuum ports (not shown) formed in the substrate supporting surface 1938A of the
platen 1938 so that the substrate can be “chucked” to the substrate supporting
surface 1938A of the platen. In one embodiment, the supporting material 1937 is a
transpirable material that consists, for instance, of a transpirable paper of the type
used for cigarettes or another analogous material, such as a plastic or textile
material that performs the same function. In one example, the supporting material

1937 is a cigarette paper that does not contain benzene lines.

[0199] In one configuration, the actuators 1948 are coupled to, or are adapted to
engage with, the feed spool 1935 and a take-up spool 1936 so that the movement of
a substrate 1996 positioned on the supporting material 1937 can be accurately
controlled within the printing nest 1931. In one embodiment, feed spool 1935 and
the take-up spool 1936 are each adapted to receive opposing ends of a length of the
supporting material 1937. In one embodiment, the actuators 1948 each contain one
or more drive wheels 1947 that are coupled to, or in contact with, the surface of the
supporting material 1937 positioned on the feed spool 1935 and/or the take-up spool
1936 to control the motion and position of the supporting material 1937 across the

platen 1938.

[0200] In one embodiment, the system 1900 includes an inspection assembly
1998 adapted to inspect a substrate 1996 located on the printing nest 1931 in
position “1”. The inspection assembly 1998 may include one or more cameras 1921
positioned to inspect an incoming, or processed substrate 1996, located on the
printing nest 1931 in position “1” (Figure 19B). In this configuration, the inspection
assembly 1998 includes at least one camera 1921 (e.g., CCD camera) and other
electronic components capable of inspecting and communicating the inspection
results to the system controller 1901 used to analyze the orientation and position of
the substrate 1996 on the printing nest 1931. In one embodiment, the inspection
assembly 1998 is configured to analyze the orientation and position of a pattern
previously printed on the substrate 1996. In another embodiment, the inspection

assembly 1998 comprises the optical inspection system.

78



WO 2010/025262 PCT/US2009/055211

[0201]  The screen print chamber 1902 is adapted to deposit material in a desired
pattern on the surface of the substrate 1996 positioned on the printing nest 1931 in
position “2” during the screen printing process. In one embodiment, the screen print
chamber 1902 includes a plurality of actuators, for example, actuators 1902A (e.g.,
stepper motors or servomotors) that are in communication with the system controlier
1901 and are used to adjust the position and/or angular orientation of a screen
printing mask 1902B (Figure 19B) disposed within the screen print chamber 1902
with respect to the substrate 1996 being printed. In one embodiment, the screen
printing mask 1902B is a metal sheet or plate with a plurality of features 1902C
(Figure 19B), such as holes, slots, or other apertures, formed therethrough to define
a pattern and placement of screen printed material (i.e., ink or paste) on a surface of
a substrate 1996. In general, the screen printed pattern that is to be deposited on
the surface of a substrate 1996 is aligned to the substrate 1996 in an automated
fashion by orienting the screen printing mask 1902B in a desired position over the
substrate surface using the actuators 1902A and information received by the system
controller 1901 from the inspection assembly 1998. In one embodiment, the screen
print chamber 1902 are adapted to deposit a metal containing or dielectric containing
material on a solar cell substrate having a width between about 125 mm and 156
mm and a length between about 70 mm and 156 mm. In one embodiment, the
screen print chamber 1902 is adapted to deposit a metal containing paste on the
surface of the substrate to form the metal contact structure on a surface of a
substrate. In one embodiment, the screen print chamber 1902 may be used to
deposit etchant materials, dopant materials, dielectric materials, and/or metal

materials as described with referenced to Figures 1-17.

[0202] The system controller 1901 facilitates the control and automation of the
screen printing system 1900 and may include a central processing unit (CPU) (not
shown), memory (not shown), and support circuits (or I/O) (not shown). The CPU
may be one of any form of computer processors that are used in industrial settings
for controlling various chamber processes and hardware (e.g., conveyors, optical
inspection assemblies, motors, fluid delivery hardware, etc.) and monitor the system

and chamber processes (e.g., substrate position, process time, detector signal, etc.).
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The memory is connected to the CPU, and may be one or more of a readily available
memory, such as random access memory (RAM), read only memory (ROM), floppy
disk, hard disk, or any other form of digital storage, local or remote. Software
instructions and data can be coded and stored within the memory for instructing the
CPU. The support circuits are also connected to the CPU for supporting the
processor in a conventional manner. The support circuits may include cache, power
supplies, clock circuits, input/output circuitry, subsystems, and the like. A program
(or computer instructions) readable by the system controller 1901 determines which
tasks are performable on a substrate. Preferably, the program is software readable
by the system controller 1901, which includes code to generate and store at least
substrate positional information, the sequence of movement of the various controlled
components, substrate optical inspection system information, and any combination
thereof. In one embodiment of the present invention, the system controller 1901
includes pattern recognition software to resolve the positions of the heavily doped

regions and/or alignment marks.

[0203] Figure 19D generally illustrates one embodiment of a thermal system 2001
contained in a drying chamber 1820 (shown as 1820A-1820E in Figures 18A-18B
and Figure 19A) that may be disposed between print systems 1816A, 1816B. In
general, the drying chamber 1820 contains a processing region 2002 in which
energy is delivered from the thermal system 2001 to one or more substrates
positioned therein, so that the material deposited on a surface of the one or more
substrates can be dried. In one example, the deposited material is an aluminum (Al)
containing paste, such as a lead free aluminum cermet paste (e.g., Al Cermet 6214)
that are commonly used in solar cell production processes to form the backside
contacts on a crystalline solar cell substrate. In another example, the deposited
material may be a silver (Ag) paste used on the front side of a solar cell (e.g., PV
156 made by DuPontTM) or a silver-aluminum (Ag/Al) paste (PV202 from

DuPontTM) used on the back side of a solar cell.

[0204] The thermal system 2001 generally comprises a radiant heating assembly

2004 and a convective heating assembly 2003 that are used together to rapidly dry
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the material deposited on the surface of the substrate. In this configuration,
convective and radiant heat transfer modes can be separately controlled to achieve
a desired thermal profile (e.g., temperature versus time) during the drying process to
improve throughput and reduce energy consumption. In one embodiment, the
substrate temperature during the drying process is raised to between about 150 °C
and about 300 °C. In general, it is desirable not to exceed the temperature at which
the binders in the deposited material break down (e.g., 300-350°C) to prevent

damage to the formed pattern on the substrate.

[0205] In one configuration, as shown in Figure 19D, one or more substrates are
transferred through the processing region 2002 following path “D.” The radiant
heating assembly 2004 generally contains one or more electromagnetic energy
delivering devices that are used to provide energy to the substrates as they pass
through the processing region 2002. In one embodiment, the electromagnetic
energy delivering device comprises one or more lamps 2004A that are adapted to
and/or selected to deliver radiation at one or more desirable wavelengths to the
substrate. The wavelength(s) of the radiant energy delivered from the radiant
heating assembly 2004 is generally selected so that it is absorbed by the material
deposited on the surface of the substrate. However, in cases where the thermal
budget of the processed substrate is an issue, such as semiconductor substrates,
solar cells, or other similar devices, it may be desirable to limit the wavelengths of
the radiant energy delivered to substrate so that the radiant energy is preferentially
absorbed by the deposited material and generally not by the material from which the
substrate is made. In one example, in cases where the substrate is made from a
silicon (Si) containing material the wavelength of the energy delivered by the lamps
2004A may be adjusted or filtered so that only wavelengths greater than the
absorption edge of silicon, which is generally about 1.06 (um), are delivered to

reduce the amount of energy absorbed by the silicon substrate.

[0206] In one embodiment, the optimal wavelengths delivered by the radiant
heating assembly 2004 are selected and/or adjusted for each type of substrate and
each type of material deposited on a surface of the substrate to improve the

absorption of the delivered energy, and thus the drying process of the deposited
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material. In one embodiment, the lamps 2004A are infrared (IR) lamps that have a
maximum operating temperature between about 1200 and 1800 °C and have a
maximum power emission at wavelengths greater than about 1.4 ym. In one
example, the lamps 2004A are a double filament 5 kW fast medium wave IR lamp
that is about 1 meter long, which is available from Heraeus Nobelight GmbH of
Hanau, Germany. In some cases it is desirable to adjust the wavelength(s) of the
emitted radiation from the lamps 2004A by adjusting the power delivered to the
lamps and thus the temperature of the filament within the lamp (e.g., Wien’s law).
Therefore, by use of the system controller 1901, a power supply (not shown) coupled
to the lamps 2004A, and knowledge of the optical absorption characteristics of the
deposited material on the surface of the substrate, the wavelengths of the delivered

energy by the lamps 2004A can be adjusted to improve the drying process.

[0207] The convective heating assembly 2003 generally comprises a fluid
transferring device 2029, a plenum 2045 and a gas heating assembly 2040. A
substrate disposed in the processing region 2002 is thus heated by directing the gas
provided from the fluid transferring device 2029 through the heating assembly 2040
and past a surface of the substrate. In one embodiment, the fluid transferring device
2029 is an AC fan that can deliver a desired flow rate of gas (see path “B”) through

the radiant heating assembly 1804 and into the processing region 2002.

[0208] The gas heating assembly 2040 generally contains one or more resistive
heating elements positioned in a heated zone 2041 that is adapted to heat the gas
delivered from the fluid transferring device 2029. The temperature of the gas exiting
the gas heating assembly 2040 may be controlled by use of a conventional heating
element temperature controller 12042, one or more conventional temperature
sensing devices (not shown), resistive heating elements (not shown) positioned in
the heating zone 2041, and commands sent from the system controller 1901. In one
embodiment, the gas temperature at the exit of the gas heating assembly 2040 is

controlled to between about 150 °C and about 300 °C.

[0209] The plenum 2045 is generally an enclosed region that is used to direct the

gas delivered from fluid transferring device 2029 through the gas heating assembly
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2040, into the plenum exit section 2043 and then through the processing region
2002. In one embodiment, the plenum 2045 may also contain a plenum inlet section
2044 that is adapted to receive the gas transferred through the processing region
2002 to provide a gas return, or re-circulation path, so that heated gas, such as air,

can be collected and reused.

[0210] In an alternate embodiment of the convective heating assembly 2003, as
shown in Figure 19D, the gas returning from the processing region 2002 (i.e., paths
As and Ag) is not recirculated. In this configuration, the gas exiting the fluid
transferring device 2029 (e.g., path “B”) enters an inlet plenum 2049A passes
through a plurality of heat exchanging tubes 2048 and enters the exit plenum 2049B
before it is delivered through the gas heating assembly 2040 and processing region
2002. The heat exchanging tubes 2048 are generally sealed so that the gas
following along path “B” passes through an internal region 2048A of the tube and
does not mix with the gas returning from the processing region 2002. In one
configuration, the gas returning from the processing region 2002 along paths As and
As passes by the external surfaces of the heat exchanging tubes 2048 before it is
exhausted from the thermal system 2001 through a port 2047. Therefore, by
controlling the temperature of the heat exchanging tubes 2048 using the thermal
controller 2031, the temperature of the gas flowing from the fluid transferring device
2029 to the gas heating assembly 2040 can be preheated, and the gas returning
from the processing region 2002 can be cooled to remove any entrained volatile
components. Preheating the gas before it enters the gas heating assembly 2040
may also help improve the gas heating efficiency and thus reduce the power
consumption of the drying process performed in the drying chamber. In general, the
thermal controller 2031 is adapted to keep the temperature of the surfaces of the
heat exchanging tubes 2048 (i.e., heat exchanging surfaces 2032) at a temperature
below the temperature of the heated gas delivered to the processing region 2002
(e.g., <219 °C) to condense and remove any volatile components contained in the
gas flowing along path As. In one embodiment, the heat exchanging surfaces 2032
are maintained at a temperature between about 40 °C and about 80 °C to condense
the vapor material entrained in the recirculated gas. Due to gravity the volatile
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components that condense on the heat exchanging tubes 2048 will flow to (i.e., path
“C”) and be collected within a fluid collection region 2033 of the plenum 2045. The
fluid collection region 2033 may contain one or more drains that are used to deliver
the collected vapor material to a waste collection system (not shown). Since energy
consumption is often an important factor in the cost to produce a solar cell device,
the methods of preheating and/or recirculating the gas discussed herein can help
reduce the cost of ownership of a screen printing production line and thus the formed

device’s production cost.

[0211] Figure 20 is a schematic plan view of a portion of the solar cell production
line 1800 depicted in Figure 18A including the metal deposition chamber 1828
disposed between the substrate loader 1804J and the substrate unloader 1806J.
The metal deposition chamber 1828 is coupled to the substrate loader 1804J and the
substrate unloader 1806J by a transport conveyor 1810. Other substrate loaders
1804A-1804L or substrate unloader 1806A-1806L depicted in Figures 18A-18B may
be similarly configured. In one embodiment, substrates 110 may be transported into
a substrate loader 1804J via the incoming transfer conveyor 1810. The substrate
loader 1804J serves as a receiving region that can receive substrate 110 to be
manufactured and form solar cell devices in the production line 1800. In one
embodiment, the substrates 110 are individually transported on the transporting
conveyor 1810. In another embodiment, the substrates 110 are transported in
cassettes. In another embodiment, the substrates 110 are transported in stack
boxes. In one embodiment, once each individual substrate 110 is delivered into the
substrate loader 1804J, a transfer robot 2084 retrieves each substrate 110 from the
substrate loader 1804J and holds the substrate 110 over an optional vision system
2096 to inspect the substrate prior to processing the substrate 110. The optional
vision system 2096 may provide back lighting for an inspection device disposed in
the vision system 2096 to capture images of the substrate 110 and communicate
those images to the system controller 1901 to determine if the substrate 110 is in a
state ready for processing. In one embodiment, the vision system 2096 is positioned

to capture images of the substrate 110 prior to pick up by the transfer robot 2084.
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[0212] The robot 2084 then places the substrate 110 into a specified feature 2088
on a substrate transport surface 2098. In one embodiment, the features 2088 are
pockets and the substrate transport surface 2098 is a substrate carrier. In another
embodiment, the features 2088 are support elements and the substrate transport
surface 2098 comprises a plurality of lateral arms on a substrate handling robot. In
another embodiment, the features 2088 are support elements or pockets, and the
substrate transport surface 2098 is a platform portion of the transfer conveyor 1810,
such as an upper surface of the substrate conveyor. After each of the features 2088
of the substrate transport surface 2098 are filled with substrates 110, the substrates
110 are transported into the metal deposition chamber 1828, or other types of
deposition chambers, such as a PVD chamber, a CVD chamber, a screen printing
system, or an evaporation chamber, disposed along the solar cell production line
1800 via the transport conveyor 1810. In one embodiment, the transport conveyor
1810 comprises rollers (not shown) and actuators (not shown) for linearly moving the

substrates 110 on the substrate transport surface 2098.

[0213] After processing in the metal deposition chamber 1828, the substrate 110
is then transferred to the substrate unloader 1806A, where it may then be unloaded
onto a transfer conveyor 1810 via a transfer robot 2094 and transported away from
the wet processing chamber 1812A to other processing modules and chambers for
further processing in the solar cell production fine 1800 via the outgoing conveyor
1810. In one embodiment, each substrate 110 may be inspected in the substrate
unloader 1806A via another inspection assembly 2096. The substrate unloader
1806A serves as an exit region that unloads the substrate 110 and removes the
substrate 110 away from the wet processing chamber 1812A after the process is

completed in the wet processing chamber 1812A.

[0214] Figure 21 is a schematic plan view of one embodiment of a wet processing
chamber 1812 (shown as 1812A—1812C in Figure 18A) that is adapted to perform a
cleaning process sequence discussed herein. In general, the wet processing
chamber 1812 comprises a system controller 2101, a mainframe 2119, and robotic

device 2115 that are adapted to transfer substrates between the plurality of
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processing chambers disposed within the mainframe 2119. The shape, orientation
or number of processing chambers (e.g., reference numerals 2121-2132) illustrated
in Figure 21 is not intended to be limiting to the scope of the invention described

herein.

[0215] In general, the system controller 2101 is used to control one or more
components and processes performed in the wet processing chamber 1812. The
system controller 2101 is generally designed to facilitate the control and automation
of the wet processing chamber 1812 and typically includes a central processing unit
(CPU) (not shown), memory (not shown), and support circuits (or I/0) (not shown) as

discussed above with similar configuration to the controller 1901.

[0216] One aspect of the wet processing chamber 1812 is the ability of the
production line to receive a “raw” unprocessed substrate and perform a plurality of
automated processes to form a surface texture or to clean the substrate surface. To
move the solar cell substrate(s) to the various processing stations one or more
robots, conveyors and/or other automation devices are used to control the
movement substrates through the wet processing chamber 1812. In one example,
the wet processing chamber 1812 is configured so that the process flow through the
system generally follows a flow path “P”, as shown as paths P-P43 in Figure 21. In
general, the bulk of the movement of the various substrates through the wet
processing chamber 1812 is performed by use of one or more robotic devices 2115,
or robotic assembly, that are adapted to move and position the substrates so that
can be received by, or positioned within, one or more of the processing chambers
(e.g., reference numerals 2121-2132) and stations 2120, 2134 by use of commands
sent by the system controller 2101. In one embodiment, the robotic device 2115
may comprise a robot 2115A that is adapted to move and position one or more
substrates along the length of the mainframe 2119 by use of horizontal motion
control system 2115B (e.g., slide, linear motor). In one example, the robotic device
2115 is a conventional robotic devices, such as a 6-axis robot or SCARA robot that
is coupled to a horizontal motion control system 2115B and is configured to move

and position the substrates as desired within the various processing chambers 2121-
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2132 and stations 2120, 2134. In one configuration, as shown in Figure 21, the
horizontal motion control system 2115B is positioned over the mainframe 2119
components.

[0217] In one embodiment, the robotic device 2115 is adapted to transfer a batch,
or cassette, of substrates that are to be processed all at the same time in each of the
processing chambers 2121-2132 in the wet processing chamber 1812. In this
configuration, a batch of substrates are removed from an input staging area station
2120 by the robot device 2115 and are delivered to a process chamber 2121
following the transfer path P1. In one embodiment, the substrate is exposed to an
acid or solvent containing solution to pre-clean the surfaces of the substrates. Once
the cleaning processing is completed in the station 2121, the substrates are then
transferred to the process chamber 2122 by the robotic device 2115 following the
transfer path P>, where a dunk and/or spray rinsing step in deionized (DI) water is
performed to remove any chemicals remaining on the surface of the substrate. After
completing the rinsing step the substrate is then transferred to process chamber
2123 by the robotic device 2115 following the transfer path P;. After performing the
process step in the process chamber 2123 the substrates are then transferred by the
robotic device 2115, following the transfer path P4, to the process chamber 2124,
where a dunk and/or spray rinsing step in DI water is performed to remove any
chemicals remaining on the surface of the substrate. After performing the rinsing
step in process chamber 2124 the substrates are then transferred by the robotic
device 2115, following the transfer path Ps, to the processing chamber 2125. In one
configuration, as shown in Figure 21, the processing chamber 2125 is sized to hold a
plurality of batches of substrates and thus allow a better utilization of the processing
chambers once a steady state flow of substrates are delivered through the wet
processing chamber 1812. Thus, in some configurations of the wet processing
chamber 1812, one or more of the processing chambers are sized to allow multiple
batches of substrates to be processed in parallel therein to prevent bottlenecks and
improve the substrate throughput. In one example, batch may include 5 or more
substrates, such as 20 or more substrates. After performing the cleaning process at

the processing chamber 2125, the substrate is then transferred by the robotic device
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2115, following the transfer path Pg, to the process chamber 2126 where a rinse step
in DI water is performed to remove any chemicals remaining on the surface of the
substrate. After rinsing the substrates they are then transferred by the robotic device
2115, following the transfer path Py, to the process chamber 2127 where post etch
texture smoothing process. Once the post etch texture smoothing process has been
completed, the substrates are then transferred to the process chamber 2128 by the
robotic device 2115 following the transfer path Pg, where a dunk and/or spray rinsing
step in DI water is performed to remove any chemicals remaining on the surface of
the substrate. After rinsing the substrates they are then transferred by the robotic
device 2115, following the transfer path Py, to the process chamber 2129 where
post-clean step. Once the post-clean step has been completed, the substrates are
then transferred to the process chamber 2130 by the robotic device 2115 following
the transfer path P, where a dunk and/or spray rinsing step in DI water is
performed to remove any chemicals remaining on the surface of the substrate. The
substrates are then transferred to process chamber 2131 following the transfer path
P, using the first robotic device 2115. In one embodiment, the robotic device 2115
is adapted to deliver the substrates between the process chambers 2129-2132
multiple times to perform the sequential repetition of processing steps, as discussed
above. After the cleaning process are complete, the robotic device 2115 transfers
the substrates to the process chamber 2132 following the transfer path P4,, where a
rinsing step is performed. Once the rinsing step has been completed, the substrates
are then removed from the process chamber 2132 by the robotic device 2115 and
transferred to the following the transfer path P43 to a chamber 2133 for drying. Next,
the substrate may be transferred along path P14 to the exit staging area 2134, where
the surface of the substrate can be received for subsequent solar cell formation
processing. In one configuration, the transfer conveyor 1810 in the production line
1800 is configured to transfer the substrates to the staging area station 2120 to do
cleaning process in the wet processing chamber 1812 and then pick up the

processed substrates in the staging area station 2134.

[0218] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
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from the basic scope thereof, and the scope thereof is determined by the claims that

follow.
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What is claimed is:
1. An apparatus for forming solar cell device, comprising:

an automation assembly configured to receive a substrate for processing;

a plurality of transport elements that each have a substrate supporting
surface coupled to the automation assembly;

a first deposition station having a screen printing mask adapted to form a
dopant material comprising a first dopant material on a plurality of regions on a first
surface of the substrate disposed on the substrate support surface of the transport
element in the automation assembly;

at least one drying chamber adapted to dry the first dopant material formed
on the substrate disposed on the substrate supporting surface of the transport
element in the automation assembly; and

a second deposition station adapted to form a dielectric layer over the first |
dopant material and a portion of the first surface of the substrate, wherein the
dielectric layer comprises a second dopant material that is an opposite doping type

of the first dopant material.

2. The apparatus of claim 1, further comprising:
an electromagnetic radiation source positioned in the automation assembly
adapted to emit electromagnetic radiation towards the substrate surface disposed on

the substrate support surface of the transport element in the automation assembly.

3. The apparatus of claim 1, further comprising:
a heating chamber adapted to heat the substrate to a desired temperature to

cause the first and the second dopant materials to diffuse into the substrate.

4. The apparatus of claim 1, further comprising:
a third deposition adapted to form a conductive material over the first surface
of the substrate disposed on the substrate support surface of the transport element

in the automation assembly.
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5. The apparatus of claim 1, further comprising:
a wet processing chamber configured to texture the first surface or a second
surface of the substrate disposed on the substrate support surface of the transport

element in the automation assembly.

6. A method of forming a solar cell device, comprising:

disposing a dopant material comprising a first dopant on a plurality of regions
of a first surface of a substrate in a first deposition station disposed in an automation
assembly, wherein the first deposition station comprises a screen printing mask and
at least one actuator configured to position the screen printing mask;

forming a dielectric layer over the dopant material and a portion of the surface
of the substrate in a second deposition station disposed in the automation assembly,
wherein the dielectric layer comprises a second dopant that is an opposite doping
type of the first dopant;

heating the substrate to a desired temperature in a heating chamber disposed
in the automation assembly to cause the first and the second dopants to diffuse into
the first surface of the substrate; and

depositing a conducting layer over the first surface of the substrate in a third

deposition station disposed in the automation assembly.

7. The method of claim 6, further comprising:
forming a capping layer over the dielectric layer in the second deposition

station disposed in the automation assembly before heating the substrate.

8. The method of claim 6, further comprising:
cleaning the first surface of the substrate in a first wet processing chamber

disposed in the automation assembly prior to or after heating the substrate.

9. The method of claim 6, further comprising:

texturing the first surface or a second surface of the substrate in a second wet
processing chamber disposed in the automation assembly.
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10. The method of claim 6 or 7, further comprising:
etching one or more regions of the dielectric layer or capping layer in a fourth
deposition chamber comprising a screen printing mask by using an etching material
that containing a doping element, wherein residual of the doping element from the
etching material is left at the exposed surface of the substrate after etching; and
heating the substrate and the doping element residual to a desired

temperature to cause doping elements to diffuse into the substrate.

11.  The method of claim 10, further comprising:

forming a plurality of spacer materials between regions having the first and

the second dopants.

12. A method of forming a solar cell device, comprising:

disposing a dielectric material on a plurality of regions on a first surface of a
substrate;

disposing a first dopant material on the surface of the substrate; and

disposing a second dopant material on the surface of the substrate, wherein
at least a portion of the first and second dopant materials are separated from each

other by the dielectric material.

13.  The method of claim 12, further comprising:
heating the substrate to a desired temperature to cause the first and the

second dopant materials to diffuse into the first surface of the substrate.
14.  The method of claim 13, further comprising:
removing the dielectric material disposed on the first surface of the substrate

while texturing a second surface of the substrate.

15.  The method of claim 14, further comprising:

forming a dielectric layer over the first surface of the substrate;
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etching the dielectric layer to form a plurality of regions to expose portion of
the first surface of the substrate; and
forming a conductive layer on the dielectric layer and the exposed portion of

the substrate.
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