Dopant Ink Composition and Method of Fabricating a Solar Cell There From

fooot] The invention described herein was made with Governmental support under coniract
number DE-FC36-07G017043 awarded by the United States Department of Energy. The Government
may have certain rights in the invention.

TECHNICAL FIELD
[C002) Embodiments of the present invention are in the field of renewable energy and, in

particuiar, dopant ink compositions and methods of fabricating solar cells there from.

BACKGROUND &

[0003} Photovoltaic cells, commonly known as solar cells, are well known devices for direct
conversion of solar radiation into electrical energy. Generally, solar cells are fabricated on 2
semiconductor wafer or substrate using semiconductor processing technigues to form a p-n junction near
a surface of the substrate. Solar radiation impinging on the surface of, and entering into, the substrate
creates electron and hole pairs in the bulk of the substrate. The electron and hole pairs migrate to p-
doped and n-doped regions in the substrate, thereby generating a voltage differential between the doped
regions. The doped regions are connected to conductive regions on the solar cell to direct an electrical

current from the cell to an external circuit coupled thereto.

{o004] Efficiency is an important characteristic of a solar cell as it is directly related to the
capability of the solar cell fo generate power. Likewise, efficiency in producing solar cells is directly
related to the cost effectiveness of such solar cells. Accordingly, technigues for increasing the efficiency
of solar cells, or techniques for increasing the efficiency in the manufacture of solar cells, are generally
desirable. Embodiments of the present invention allow for increased solar ceit manufaciure efficiency by

providing novel processes for fabricating solar celi structures.

SUMMARY
[0004a]



According to a first aspect, there is provided a method of fabricating a solar cell, the method comprising:
delivering a dopant ink composition to a region above a substrate, the dopant ink compaosition comprising
a ocross-linkable matrix precursor, a bound dopant species, and -a solvent; baking the dopant ink
composition to remove a substantial portion of the solvent of the dopant ink composition; curing the baked
dopant ink composition to cross-link a substantial portion of the cross-linkable matrix precursor of the
dopant ink composition; and driving dopanis from the cured dopant ink composition toward the substrate,
wherein the dopant ink compaosition further comprises & plurality of particles, and wherein the bound

dopant species is bound to a surface of cne of the particles through a chemical bond.

BRIEF DESCRIPTION OF THE DRAWINGS

{0005] Figure 1A is a schematic diagram of a dopant ink composition, in accordance with an

embodiment of the present invention.
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[6006] Figure 1B is a schematic diagram of a dopant ink composition, in
accordance with another embodiment of the present invention.

[0007] Figure 2A includes chemical representations of phosphine moieties and
organophosphine moieties for dopant ink compositions, in accordance with an
embodiment of the present invention.

[9008] Figure 2B includes chemical representations of borane moieties and
organocborane moieties for dopant ink compositions, in accordance with an
embodiment of the present invention.

[6069] Figure 3 is a flowchatt representing operations in a method of
fabricating a solar cell, in accordance with an embodiment of the present invention.
{00101 Figure 4A illustrates a cross-sectional view of a stage in the fabrication
of a solar cell, corresponding to operation 302 of the flowchart of Figure 3, in
accordance with an etnbodiment of the present invention.

[GO11] Figure 4B illustrates a cross-sectional view of a stage in the fabrication
of a solar celi, corresponding to operation 304 of the flowchart of Figure 3, in
accordance with an embodiment of the present invention.

[G012] Figure 4C illustrates a cross-sectional view of a stage in the fabrication
of a solar cell, corresponding to operation 306 of the flowchart of Figure 3, in
accordance with an embodiment of the present invention.

[0013] Figure 4D illustrates a cross-sectional view of a stage in the fabrication
of a solar cell, corresponding ic operation 308 of the flowchart of Figure 3, in
accordance with an embodiment of the present invention.

[6014] Figures SA and 5B illustrate cross-sectional views of various stages in
the fabrication of a solar cell, in accordance with another embodiment of the present
invention.

[0615] Figures 6A and 6B ilustrate cross-sectional views of various stages in

the fabrication of a solar cell, in accordance with another embodiment of the present

invettion.
DETAILED DESCRIPTION
[6016] Dopant ink compositions and methods of fabricating solar cells are

described herein. In the following description, numerous specific details are set forth,
such as specific pracess flow operations, in order to provide a thorough understanding

of extbodiments of the present invention. It will be apparent to one skilled in the art
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that embodiments of the present invention may be practiced without these specific
details. In other instances, well-known fabrication techniques, such as metal contact
formation techniques, are not described in detail in order to not unnecessarily obscure
embodiments of the present invention. Furthermore, it is to be understood that the
various embodiments shown in the figures are illustrative representations and are not
necessarily drawn: to scale.

[0017] Disclosed herein are dopant ink compositions, In one embodiment, a
dopant ink composition includes a cross-linkable matrix precursor, a bound dopant
species, and & solvent. In another embodiment, & dopant ink composition includes a
cross-linkable matrix precursor, a plurality of particles, a dopant species coupled to
one of the particles, and a solvent.

{6018] Also disclosed herein are methods of fabricating solar cells. In one
embodiment, a2 method includes delivering 4 dopant ink composition (o a region above
a substrate, baking the dopant ink composition to remove a substantial portion of a
solvent of the dopant ink composition, curing the baked dopant ink composition to
cross-link a substantial portion of a cross-linkable matrix precursor of the dopant ink
composition, and driving dopants from the cured dopant ink composition toward the
substrate.

[0019] Dopant inks enable use of liquid deposition methods in solar cell
fabrication {(and, perhaps, more generally semiconductor structure fabrication) as a
route to selectively doping & substrate. Such liguid deposition methods may offer
reduced cost relative to typical vapor-phase dopant deposition techniques, which
typically involve expensive furnaces and vacuum chambers in addition to toxic gas
delivery and exhaust systems. While dopant inks may be desirable for cost reduction,
they often out-gas the dopant or dopant precursor included therein over a wide
temperature range, even as low as 50 degrees Celsiug and up to diffusion temperatures
around 1000 degrees Celsius or higher, The dopant or dopant precursor out-gassing
may lead to difficalty in achieving precise control of a resulting diffusion profile, and
may lead to unintended doping of certain regions of the substrate, e.g., in the form of
counter-doping or auto-doping.

160201 For effective implementation of a suitable dopant ink in a solar cell
manufacturing process, tight temperature control has typically been required. Such
control of the process has been achieved by laborious precise tooling and significant

recipe toning. Furthermore, increasing gas flow or pulling a vacuum during thermal
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operations may have to be implemented. The above measures usually come with
increased tool requirements and cost. Additional approaches to address or mitigate
out-gassing from dopant inks include capping the dopant ink with another material,
such as an oxide material,.a nitride material, or amorphous silicon. However, the
capping approaches reguire at least one additional operation in a process flow and
often further involve increased tool and material costs. Also, the cap layer may need
to be removed in subsequent processing, furthering again the costs involved. Another
consideration for dopant inks comes in a need {or efficiency when both types of
dopants, e.g. n-type and p-type, are needed in different regions of a receiving
substrate.

[6021] ‘In accordance with one or more embodiments of the present invention,
issues associated with out-gassing of dopants or dopant precursors from dopant inks
are addressed. In one such embodiment, an approach for design of dopant ink
formulations which reduces ciép&nt out-gassing by integrating a dopant or a dopant
precursor into a bound state in the mairix of the ink is provided. For example, ina
specific embodiment, a dopant ink mcludes a siloxane support matrix, such as is often
included in common spin-on glass (SOG} materials. The dopant ink has siloxane
monomers, which undergo a cross-linking reaction at elevated temperatare or with
ultraviolet (UV) light to form a silicon oxide matrix. Also included in the dopant ink
is the bound dopant or dopant precursor, which may be included as such in several
different manners, described in more detail below.

[0622] In a first such embodiment, the bound dopant or dopant precursor is
chemically bonded to a siloxane backbone during siloxane synthests. This approach
may increases the molecular weight of a support molecule including a dopant, thus
decreasing the vapor pressure and thereby the dopant out-gassing. Additionally, as the
temperature s increased to promote the siloxane cross-linking reaction, the dopant-
siloxane molecule may become tethered within the matrix. Once the cross-linking
reaction takes place, the dopant may remain bound to the matrix until a temperature is
reached sufficient to break the chemical bond of the dopant atom from the siloxane
backbone. In one embodiment, the siloxane cross-linking reaction kinetics are altered
to favor higher or lower temperatures by modifying the terminal groups of the
siloxane. The resulting siloxane matrix densifies to form a siticon oxide matrix,
which may provide a greater ability 1o bind dopant atoms than the siloxane solution of

the ink. Thus, by tailoring the reactivity of the siloxanes, a two-stage dopant retention
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mechanism may be established. Namely, the dopant is retained at lower temperatures
likely due to the chemical binding of the dopant atom to the siloxane backbone, and
the dopant is retained at higher ternperatures likely due to the binding of the dopant
atom within the resulting silicon oxide matrix.

[0023] In a second such embodiment, the bound dopant or dopant precursor is
incorporated within a particle, such as a nanoparticle, blended in a suspension with the
siloxane monomers. Such particles may include silicon oxide based nanoparticles or
silicon nanoparticles. By binding the dopant atom within a solid, the diffusion
coefficient of the dopant atom may be reduced as compared to the dopant remaining in
solution, e.g.. an essentially free form counterpart. The effect may be particularly
pronounced at lower temperatures, e.g., during a bake process, an organic burnout
process, or initial start of a temperature ramp toward a diffusion temperature. The
siloxane matrix may densify at elevated temperatures to form a silicon oxide matrix,
which provides a greater ability to bind dopant atoms than the siloxane solution of the
ink. In the case of a suspension of nanoparticies within a siloxane monomer liquid
phase, a two-stage dopant retention mechanism may be provided. Namely, the dopant
is retained at lower temperatures likely due to the binding of the dopant atom within
the solid-phase nanoparticle, and the dopant is retained at higher temperatures likely
by way of the additional binding created by the nanoparticles residing within the
silicon oxide matrix.

[6024] Embodiments of the present invention may be implemented in a variety
of solar cell technology platforms. In one embodiment, a dopant ink composition is
used as either a p-type or n-type dopant source. In another embodiment, & dopant ink
composition is used as one or both of the p-type and n-type dopant sources.

[6025] In an aspect of the present invention, a dopant ink composition is
suitable for, upon depositing on a substyate or layer, delivering charge carrier dopant
atoms, e.g., for fabrication of a solar cell. Figures 1A and 1B are schematic diagrams
of dopant ink compositions, in accordance with an embodiment of the present
invention.

{0026] Referring to Figures 1A and 1B, dopant ink compositions 100A and
100B, respectively, each include a cross-linkable matrix precursor (designated as X)
102A and 1028, respectively. Bound dopant species (designated as D) 104A and

104B, respectively, are also included. The cross-linkable matrix precursors 102A and

th
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1028 and the bound dopant species 104A and 104B are included in solvents 106A and
1068, respectively.
[0627] Referring only to Figure 1 A, in an embodiment, the bound dopant
species 104A 1s bound to the cross-linkable matrix precursor 102A. For example, in
one embodiment, the bound dopant species 104A is a dopant precursor bound to the
cross-linkable matrix precursor through a chemical bond. The chemical bond may be
one in which electrons are shared or donated between an atom of the bound dopant
species 104A and an atom of the cross-linkable matrix precursor 1J2A. In a specific
such embodiment, the chemical bond is one such as, but not limited to, a covalent
bond, an ionic bond, or a dative bond. However, strictly electrostatic interactions,
such as Van der Waals interactions, may not be considered in the definition of a
chemical bond.
{0028} in an embodiment, referring again to Figure 1A, the bound dopant

~ species 104A is an n-type dopant precursor such as, but not limited to, a phosphine
moiety {e.g., 202 and 204 of Figure 2A) or an organophosphine moiety (e.g.. 206 and
208 of Figure 2A, where R, R” and R™ are organic groups). Itis (o be understood that
although only moieties with oxidation state HI for phosphorus are shown for the n-
type dopant precursor, moieties with oxidation state V for phosphorus are also
contemplated. In another embodiment, the bound dopant species 104A is a p-type
dopant precursor such as, but not limited to, a borane moiety (e.g., 212 and 214 of
Figure 2B) or an organcborane moiety (e.g., 216 and 218 of Figure 2B, where R, R®
and R’ are organic groups).
[6029] Referring ounly to Figure 1B, in an embodiment, the dopant ink
composition 1008 further includes a plurality of particles 108. The bound dopant
species 104B is bound to one or more of the particles 108. Thé pariicles 108 may be,
or may be formed from, material species such as, but not limited to, nanoparticles,
flakes, strands, or macromolecules such as proteins, or large organic molecules. In
one embodiment, the average sive of each of the particles 108 is in the nanometer to
micron range, e.g., as measured as a diameter of the particle.
[6G30] In an embodiment, referring again to Figure 1B, the bound dopant
species 1041 is an n-type or a p-type dopant precursor bound to a surface of one of the
particles through a chemical bond. Such an arrangement may be similar to the
chemical bonding described in association with Figure 1A and may include moieties

such as those described above in association with Figures 2A and 2B. In such
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embodiments, the bound dopant species 104B may also be described as being tethered
to the particles 108. As an alternative embodiment, however, the bound dopant
species 104B may be an n-type or a p-type dopant atom {e.g., such as a boron or
phosphorous atom) incorporated into one of the particles 108 as an actual component
of the particle 108. In such embodiments, the dopant atoms may be chemically
bonded to other atoms in the particles 108, or may be electrostatically trapped by other
atoms in the particles 108, e.g., as caged or cryptand-bound dopant atoms.

[9031] In an embodiment, the cross-linkable matrix precursor 102A or 102B is
one that is thermally cross-linkable such as, but not limited to, a stloxane species, a
silane species, or a cyclosilane species. In an embodiment, the solvent 106A or 1068
is an organic solvent, such as but not limited to, an alkyl-based alcohol (e.g., ethanol
or propanol), an aryl-based alcohol (e.g., phenol), decalin, an alkane (e.g., hexanes,
cyclohexanes, octanes), an aromatic (e.g., toluene or other benzene-derivatives) an
ethyl acetate species (e.g., propylene glycol methyl ethyl acetate (PGMEA)).
However, in another embodiment, the solvent 106A or 106B is aqueous-based and
includes water (e.g., small silane species or small siloxane species as cross-linkable
matrix precursors may be compatible with aguecus-based solvents). Inan
embodiment, the cross-linkable matrix precursor 102A or 102B is dissolved in the
solvent 106A or 106B.

[8032] in another aspect of the present invention, a solar cell may be
fabricated by forming doped regions with a dopam ink composition. For example,
Figure 3 is a flowchart 300 representing operations in a method of fabricating a solar
cell, in accordance with an embodiment of the present invention. Figures 4A-4D
illustrate cross-sectional views of various stages in the fabrication of a solar cell,
corresponding to operations of flowchart 300, in accordance with an embodiment of
the present invention.

{0033) Referring to operation 302 of flowchart 300, and corresponding Figure
4A, a method of fabricating a solar cell includes delivering a dopant ink composition
404 to a region above a substrate 402.

[G634] In an embodiment, the dopant ink composition 404 includes a cross-
linkable matrix precursor, a bound dopant species, and a solvent. In one such
embodiment, the dopant ink composition is one of or is similar to the dopant ink
compositions 100A and 100B, described above. For example, in a specific such

embodiment, the dopant ink composition 404 further includes a plurality of particles,
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and the bound dopant species is coupled to one of the particles. In an embodiment,
delivering the dopant ink composition 404 to the region above the substrate 402
includes vsing a fluid deposition technique such as, but not limited to, ink jetting,
screen printing, blading, transferring by pipette, spin coating and etching, gravure
printing, or slot-die coating.

[8035] Referring to operation 304 of flowchart 300, and corresponding Figure
4B, the method also includes haking the dopant ink composition 404 to provide a
baked dopant ink composition 406.

[0636] in an embodiment, baking the dopant ink composition 404 removes a
substantial portion of a solvent of the dopant ink composition 404. In one such
embodiment, the solvent is one such as or similar to the solvents described in
association with solvents 106A and 106B above. In an embodiment, baking the
dopant ink composition 404 includes heating to a temperature approximately in the
range of 100 — 400 degrees Celsius.

[6037] Referring to operation 306 of flowchart 300, and corresponding Figure
4C, the method also includes curing the baked dopant ink composition 406 to provide
a cured dopant ink composition 408, |

[6638] In an embodiment, curing the baked dopant ink composition 406 cross-
links a substantial portion of a cross-linkable matrix precursor of the dopant ink
composition 404. In one such embodiment, the cross-linkable matrix precursor is one
such as or simiiar to the cross-linkable matrix precursors described in association with
cross-linkable matrix precursors 102A and 1028 above. In an-embodiment, curing the
baked dopant ink composition 406 includes heating to a temperatare approximately in
the range of 350 — 900 degrees Celsius. In an embodiment, the baking of operation
304 and the curimg of operation 306 are performed.in the same process operation.
[6639] Referring to operation 308 of flowchart 300, and corresponding Figure
4D, the method also includes driving dopants {rom the cured dopant ink composition
408 toward the substrate 402.

[6040] In an embodiment, driving dopants from the cured dopant ink
composition 408 includes driving dopant impurity atoms into the substrate 402 to
form doped regions 410, e.g., n-type or p-type doped regions, in the substrate 402.
Thus, in an embodiment, the region of the substrate 402 is an upper surface of the
substrate 402, and driving dopants from the cured dopant ink composition 408 toward

the substraie 402 includes driving dopants into the substrate 402. In one such
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embodiment, the driving inciudes both migrating and incorporating the dopant
impurity atoms into regions 410 of the substrate 402. In an embodiment, driving
dopants from the cured dopant ink composttion 408 includes heating to a temperature
approximately in the range of 850 - 1030 degrees Celsius. In an embodiment, the
remaining components of the cured dopant ink composition 408 are removed
subsequent o the driving, e.g., by a wet etch process.

[0641] In an embodiment, substrate 402 is a bulk silicon substrate, e.g., a bulk
n-type silicon substrate. In one such embodiment, the dopant impurity atoms are p-
type for silicon (such as boron impurity atoms) or are n-type for silicon (such as
phosphorus impurity atoms).

[0042] Figures SA and 5B illustrate cross-sectional views of various stages in
the fabrication of a solar cell, in accordance with another embodiment of the present
invention. Referring to the operations of flowchart 300, in an embodiment, the dopant
ink composition 404 is a first dopant ink composition for a first conductivity type and
the method further inciudes delivering a second dopant ink composition for a second,
different, conductivity type to a second region above the substrate 402. As an
example, Figure 5A depicts & first dopant ink composition 504A for a first
conductivity type and a second dopant ink composition 304B for a second, different,
conductivity type disposed above a substrate 502, As shown, both the first dopant ink
composition 504 A and the second dopant ink composition 504B have been baked and
cured.

[0043] Referring to Figure 5B, dopants are driven from the cured first dopant
ink composition 504 A and the cured second dopant ink composition 5048 toward the
substrate 5G2. In an embodiment, driving dopants from cured dopant ink
compositions includes driving dopant impurity atoms into the substrate 502 to form
doped regions 510A and 5108, e.g.. n-type doped regions 510A and p-type doped
regions 5108 or alternatively p-type doped regions S10A and n-type doped regions
5108, in the substrate 502.

(G044} In an embodiment, the second dopant ink composition 5048 is
delivered prior to baking the first dopant ink composition 504A. In one such
embodiment, the first dopant ink composition 504A, and the second dopant ink
composition 5048 are delivered sequentially, In another such embodiment, the first
dopant ink composition 504A and the second dopant ink composition 5048 are

delivered substantially simultaneously.
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[6445] In another embodiment, however, the second dopant ink composition
5048 is delivered subsequent to haking but prior to curing the first dopant ink
composition 504A. The second dopant ink composition 304B is then independently
baked, while curing and driving the dopants from the first and second dopant ink
compositions is performed in the same sets of process operations, respectively. In yet
another embodiment, the second dopant ink composition 50413 is delivered
subsequent to baking and curing, but prior to driving dopants from, the first dopant
ink composition 504A. The second dopant ink composition 504B is then
independently baked and cured, while driving the dopants from the first and second
dopant ink compositions is performed in the same process operation. In an alternative
embodiment, all of baking, curing and driving dopants from the second dopant ink
composition 3048 is done independently from baking, curing and driving dopants
from the first dopant ink composition 504 A.

[(p46] Figures 6A and 6B illustrate cross-sectional views of various stages in
the fabrication of a solar cell, in accordance with another embodiment of the present
invention. Referning to the operations of flowchart 300, in an embodiment, the dopant
ink composition 404 is formed on an upper surface of a semiconductor layer disposed
above the substrate 402. As an example, Figure 6A depicts a dopant ink composition
604 disposed above a semiconductor layer 620 disposed above a substrate 602. In one
embodiment, a thin dielectric fayer 622 is disposed between the semiconductor layer
620 and the substrate 602, as depicted in Figure 6A.

10047] Referring to Figure 6B, driving dopants from the dopant ink
composition 604 (e.g., from a cured form of a dopant ink composition) toward the
substrate 602 involves driving dopants into the semiconductor layer 620. In an
embodiment, driving dopants from the dopant ink composition 604 includes driving
dopant impurity atoms into the semiconductor layer 620 to form doped regions 610,
e.g., n-type or p-type doped regions, in the semiconduactor layer 620.

10048] In an embodiment, semiconductor layer 620 is an amorphous or
polyerystalline silicon layer. In one such embodiment, the dopant impurity atoms are
p-type for silicon {such as boron impurity atoms) or are n-type for silicon (such as
phosphorus impurity atoms). In a specific such embodiment, substrate 602 is a bulk
silicon substrate, e.g., a bulk n-type silicon substrate, and thin dielectric layer 622 is a

silicon oxide or silicon dioxide layer.
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[6049] Thus, dopant ink compositions and methods of fabricating solar cells
there from have been disclosed. In accordance with an embodiment of the present
invention, a dopant ink composition includes a cross-linkable matrix precursor, a
bound dopant species, and a solvent. In one embodiment, the bound dopant species is
bound to the cross-linkable matrix precursor. In one embodiment, the dopant ink
composition further includes a plurality of particles, and the bound dopant species is
bound to one or more of the particles. In accordance with another embodiment of the
present invention, a method of fabricating a solar cell includes delivering a dopant ink
composition {0 a region above a substrate. The dopant ink composition includes a
cross-linkgble matrix precursor, a bound dopant species, and a solvent. The method
also includes baking the dopant ink composition to remove a substantial portion of the
solvent of the dopant ink composition, curing the baked dopant ink composition to
cross-link a substantial portion of the cross-linkable matrix precursor of the dopant
ink composition, and driving dopants from the cured dopant ink composition toward

the substrate.
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CLAIMS

What 1s claimed 1s:

1. A method of fabricating a solar cell, the method comprising:
delivering a dopant ink composition to a region above a substrate, the dopant ink
composition comprising a cross-linkable matrix precursor, a bound dopant species, and a
solvent;
baking the dopant ink composition to remove a substantial portion of the solvent of the
dopant ink composition;
curing the baked dopant ink composition to cross-link a substantial portion of the cross-

linkable matrix precursor of the dopant ink composition; and
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driving dopants from the cured dopant ink composition toward the substrate, wherein the dopant
ink composition further comprises a plurality of particles, and wherein the bound dopant species

is bound to a surface of one of the particles through a chemical bond.
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2. The method of claim 1, wherein delivering the dopant ink composition comprises using a
fluid deposition technique selected from the group consisting of ink jetting, screen printing,

blading, transferring by pipette, spin coating and etching, gravure printing, and slot-die coating.

3. The method of claim 1, wherein baking the dopant ink composition comprises heating to a
temperature approximately in the range of 100 — 400 degrees Celsius, curing the baked dopant
ink composition comprises heating to a temperature approximately in the range of 350 ~ 900
degrees Celsius, and driving dopants from the cured dopant ink composition comprises heating

to a temperature approximately in the range of 850 — 1050 degrees Celsius.

4. The method of claim 1, wherein the baking and the curing are performed in the same process

operation.

5. The method of claim 1, wherein the dopant ink composition is a first dopant ink composition
for a first conductivity type, the method further comprising:
prior to baking the first dopant ink composition, delivering a second dopant ink composition

for a second, different, conductivity type to a second region above the substrate.

6. The method of claim 5, wherein the first dopant ink composition and the second dopant ink

composition are delivered sequentially.

7. The method of claim 5, wherein the first dopant ink composition and the second dopant ink

composition are delivered substantially simultaneously.

8. The method of claim 1, wherein the dopant ink composition is a first dopant ink composition

for a first conductivity type, the method further comprising:



subsequent to baking but prior to curing the first dopant ink composition, delivering a second
dopant ink composition for a second, different, conductivity type to a second region

above the substrate,

9. The method of claim 1, wherein the dopant ink composition is a first dopant ink composition
for a first conductivity type, the method further comprising:
subsequent to baking and curing but prior to driving dopants from the first dopant ink
composition, delivering a second dopant ink composition for a second, different,

conductivity type to a second region above the substrate.

10. The method of claim 1, wherein the region is an upper surface of the substrate, and driving
dopants from the cured dopant ink composition toward the substrate comprises driving dopants

into the substrate.
11. The method of claim 1, wherein the region is an upper surface of a semiconductor layer

disposed above the substrate, and driving dopants from the cured dopant ink composition toward

the substrate comprises driving dopants into the semiconductor layer.
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