wo 2016/106252 A1 |} 1NV 00T O O A A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/106252 A1l

30 June 2016 (30.06.2016) WIPOIPCT

(51) International Patent Classification: (72) Inventors: SMITH, David D.; 426 North Milton Avenue,
HO1L 31/04 (2006.01) HO1L 31/0368 (2006.01) Campbell, California 95008 (US). DENNIS, Tim; 1032
HOIL 31/0224 (2006.01)  HOIL 31/14 (2006.01) VZ CR 2309, Canton, Texas 75103 (US). TABAJONDA,
. . e Russelle De Jesus; Block 10B Lot 11, Gran Seville Subdi-

(21) International Application Number: vision, Banlic Cabuyao City, Laguna (PH)

PCT/US2015/067220 ’ 4 - HAgu '
(22) International Filing Date: (74) Agents: VINCENT, Lester J. ct al; Blakely Sokoloff
Taylor & Zafman LLP, 1279 Oakmead Parkway,

21 December 2015 (21.12.2015) Sunnyvale, California 94085 (US)

(25) Filing Language: English (81) Designated States (uniess otherwise indicated, for every
(26) Publication Language: English kind of national protection available). AE, AG, AL, AM,
L. AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(30) Priority Data: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
14/579,935 22 December 2014 (22122014) us DO, DZ, EC, EE, EG, ES, FI; GB, GD, GE, GH, GM, GT,
(71) Applicant: SUNPOWER CORPORATION [US/US]; 77 HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

Rio Robles, San Jose, California 95134 (US).

KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,

[Continued on next page]

(54) Title: SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR EFFICIENCY

(57) Abstract: A method of fabricating a solar cell can include forming a
dielectric region on a silicon substrate. The method can also include forming
an emitter region over the dielectric region and forming a dopant region on a

FORMMNG & DIELECTRICREGION {7
DN A& BIUCON SUBRTRATE

FORMING AN EMITTER RFEGION § /6
CHER THE DIELECTRIC REGKIN

FORMING A DOVANT REGIM |
LA BURFALE OF THE BILIGON
SLBETRATE

HEAT N0 THE SOLAR
CELL&T & Py
TEMPERATURE ABQVE 800
DEGREESR CELSIUS 1O BETTER
CONTARINANTS TO T
EMITTER REGITN ANE DRIVE
DORANTS FROM THE DOPANT
REGICGN TG & PORTICN 0
THE SOLAS CRLL

FORMINGE & METAL QONTADT /e
OVER THE SILICON SUBSTRATE

e 7

surface of the silicon substrate. In an embodiment, the method can include
heating the silicon substrate at a temperature above 900 degrees Celsius to
getter impurities to the emitter region and drive dopants from the dopant re-
gion to a portion of the silicon substrate.



WO 2016/106252 A1 WL 00NN AT OO AE VR AU o

84)

PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE,

SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



WO 2016/106252 PCT/US2015/067220

SOLAR CELLS WITH IMPROVED LIFETIME, PASSIVATION AND/OR
EFFICIENCY

BACKGROUND

[0001] Photovoltaic (PV) cells, commonly known as solar cells, are devices for
conversion of solar radiation into electrical energy. Generally, solar radiation impinging on the
surface of, and entering into, the substrate of a solar cell 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 creating a voltage differential between the doped regions. The doped regions
are connected to the conductive regions on the solar cell to direct an electrical current from the
cell to an external circuit. When PV cells are combined in an array such as a PV module, the
electrical energy collect from all of the PV cells can be combined in series and parallel
arrangements to provide power with a certain voltage and current.

[0002] Efficiency is an important characteristic of a solar cell as it is directly related to
the solar cell’s capability to generate power. Accordingly, techniques for improving the
fabrication process, reducing the cost of manufacturing and increasing the efficiency of solar

cells are generally desirable.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Figure 1 illustrates a flow chart representation of an example method for
fabricating of a solar cell, according to some embodiments.

[0004] Figures 2-4 illustrate cross-sectional views of example solar cells during the
fabrication process of Figure 1, according to some embodiments.

[0005] Figure 5 illustrates a cross-sectional view of an example solar cell, according to
some embodiments.

[0006] Figure 6 illustrates a cross-sectional view of another example solar cell, according
to some embodiments.

[0007] Figure 7 illustrates a cross-sectional view of still another example solar cell,
according to some embodiments.

[0008] Figure 8 illustrates a graph of example surface passivation measurements,
according to some embodiments.

[0009] Figure 9 illustrates a graph of example 1/lifetime measurements, according to

some embodiments.
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[0010] Figure 10 illustrates a graph of example efficiency measurements, according to

some embodiments.

DETAILED DESCRIPTION

[0011] The following detailed description is merely illustrative in nature and is not
intended to limit the embodiments of the subject matter of the application or uses of such
embodiments. As used herein, the word “exemplary” means “serving as an example, instance, or
illustration.” Any implementation described herein as exemplary is not necessarily to be
construed as preferred or advantageous over other implementations. Furthermore, there is no
intention to be bound by any expressed or implied theory presented in the preceding technical
field, background, brief summary or the following detailed description.

[0012] This specification includes references to “one embodiment™ or “an embodiment.”
The appearances of the phrases “in one embodiment” or “in an embodiment™ do not necessarily
refer to the same embodiment. Particular features, structures, or characteristics may be combined
in any suitable manner consistent with this disclosure.

[0013] Terminology. The following paragraphs provide definitions and/or context for
terms found in this disclosure (including the appended claims):

[0014] “Comprising.” This term is open-ended. As used in the appended claims, this
term does not foreclose additional structure or steps.

[0015] “Configured To.” Various units or components may be described or claimed as
“configured to” perform a task or tasks. In such contexts, “configured to” is used to connote
structure by indicating that the units/components include structure that performs those task or
tasks during operation. As such, the unit/component can be said to be configured to perform the
task even when the specified unit/component is not currently operational (e.g., is not on/active).
Reciting that a unit/circuit/component is “configured to” perform one or more tasks is expressly
intended not to invoke 35 U.S.C. §112, sixth paragraph, for that unit/component.

[0016] “First,” “Second,” etc. As used herein, these terms are used as labels for nouns
that they precede, and do not imply any type of ordering (e.g., spatial, temporal, logical, etc.).
For example, reference to a “first” emitter region does not necessarily imply that this emitter
region is the first emitter region in a sequence; instead the term “first” is used to differentiate this
emitter region from another emitter region (e.g., a “second” emitter region). In an embodiment,
an emitter region can be a doped region of a solar cell for collecting positive and negative charge

carriers. In an example, the emitter region can be a doped polysilicon region. In one example,
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the emitter region can be a P-type doped polysilicon region or an N-type doped polysilicon
region.

[0017] “Based On.” As used herein, this term is used to describe one or more factors that
affect a determination. This term does not foreclose additional factors that may affect a
determination. That is, a determination may be solely based on those factors or based, at least in
part, on those factors. Consider the phrase “determine A based on B.” While B may be a factor
that affects the determination of A, such a phrase does not foreclose the determination of A from
also being based on C. In other instances, A may be determined based solely on B.

[0018] “Coupled” — The following description refers to elements or nodes or features
being “coupled” together. As used herein, unless expressly stated otherwise, “coupled” means
that one element/node/feature is directly or indirectly joined to (or directly or indirectly
communicates with) another element/node/feature, and not necessarily mechanically.

[0019] In addition, certain terminology may also be used in the following description for
the purpose of reference only, and thus are not intended to be limiting. For example, terms such

LT3

as “upper”, “lower”, “above”, and “below” refer to directions in the drawings to which reference
is made. Terms such as “front”, “back”, “rear”, “side”, “outboard”, and “inboard” describe the
orientation and/or location of portions of the component within a consistent but arbitrary frame
of reference which is made clear by reference to the text and the associated drawings describing
the component under discussion. Such terminology may include the words specifically
mentioned above, derivatives thereof, and words of similar import.

[0020] In the following description, numerous specific details are set forth, such as
specific operations, in order to provide a thorough understanding of embodiments of the present
disclosure. It will be apparent to one skilled in the art that embodiments of the present disclosure
may be practiced without these specific details. In other instances, well-known techniques are
not described in detail in order to not unnecessarily obscure embodiments of the present
disclosure.

[0021] This specification first describes solar cell fabrication techniques to improve solar
cell lifetime, passivation and/or efficiency followed by a description of example solar cells
fabricated according to the disclosed techniques. Various embodiments are provided throughout
followed by example results from the disclosed techniques.

[0022] Turning now to Figure 1, a method for fabricating a solar cell is shown, according
to some embodiments. In various embodiments, the method of Figure 1 can include additional
(or fewer) blocks than illustrated. For example, in some embodiments, the silicon region formed
at block 102 can be heated to form a polysilicon region after step 102 but before to the heating
step of block 106.
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[0023] At 100, a dielectric can be formed on a silicon substrate of a solar cell. In some
embodiments, the silicon substrate can be cleaned, polished, planarized, and/or thinned or
otherwise processed prior to the formation of the dielectric region. In an embodiment, the silicon
substrate can be single-crystalline or a multicrystalline silicon substrate. In an embodiment, the
silicon substrate can be a N-type silicon substrate. In an embodiment, the dielectric can be a
tunnel oxide. In one embodiment, the dielectric can be silicon dioxide. In an embodiment, the
dielectric region can be grown and/or formed through a thermal process.

[0024] At 102, an emitter region can be formed over the dielectric region. In an
embodiment, the emitter region can be an amorphous silicon region. In some embodiments, the
amorphous silicon region can be grown over the dielectric region. In an embodiment, the emitter
region can be polysilicon. In an embodiment, the emitter region can be grown and/or formed
through a thermal process. In an example, an amorphous silicon region can be formed over the
dielectric region and heated to form a polysilicon region.

[0025] An emitter dopant region can be deposited over the emitter region through a
deposition process. The emitter dopant region can comprise a dopant, such as a positive-type
doping material such as boron or a negative-type doping material such as phosphorous.

[0026] Although the dielectric region and/or the emitter region are described as being
grown by a thermal process or deposited through conventional deposition process, respectively,
as with any other formation, deposition, or growth process step described or recited here, each
layer or substance can be formed using any appropriate process. For example, a chemical vapor
deposition (CVD) process, low-pressure CVD (LPCVD), atmospheric pressure CVD (APCVD),
plasma-enhanced CVD (PECVD), thermal growth, sputtering, as well as any other desired
technique can be used where formation is described. Thus, and similarly, the emitter dopant
region can be formed on the substrate by a deposition technique, implant process, sputter, or
print process, such as inkjet printing or screen printing.

[0027] In an embodiment, a heating process can be performed to drive dopants from the
emitter dopant region to the emitter region. In one example, the heating process can drive
dopants from the emitter dopant region to a polysilicon region to form a doped polysilicon
region. In an embodiment, the doped polysilicon region can be doped with a P-type dopant such
as boron or an N-type dopant such as phosphorus. In one example, the doped polysilicon regions
can be formed in alternating P-type and N-type regions. In some embodiments, the heating to
drive dopants from the emitter dopant region to the emitter region, can be performed at a
temperature below 900 degrees Celsius.

[0028] At 104, a dopant region can be formed over a surface of the silicon substrate. In

an embodiment, the dopant region can be grown and/or formed through a thermal process. In
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one example, the dopant region can be formed over a surface, e.g., on the front side of a solar
cell, and subsequently a heating process can be performed to drive dopants into a portion of the
silicon substrate. In an embodiment, the portion of the silicon substrate can have a dopant
concentration of approximately less than or equal to 2x10'® cm™ after the heating process as
discussed in block 106.

[0029] In one embodiment, the dopant region can be an N-type dopant, e.g., phosphorus.
In an embodiment, the surface of the silicon substrate over which the dopant region is formed
can be a front side, back side, or both on the front and back sides of the solar cell. Figure 2
shows an example solar cell having the dielectric region, emitter region and dopant region
described above.

[0030] Although the dopant region is described as being grown by a thermal process or
deposited through conventional deposition process, respectively, as with any other formation,
deposition, or growth process step described or recited here, each layer or substance can be
formed using any appropriate process. For example, a chemical vapor deposition (CVD)
process, low-pressure CVD (LPCVD), atmospheric pressure CVD (APCVD), plasma-enhanced
CVD (PECVD), thermal growth, sputtering, as well as any other desired technique can be used
where formation is described.

[0031] Figure 2 illustrates an example solar cell after forming the dielectric region,
emitter region, and dopant region, according to some embodiments. In an embodiment, a
dielectric region 210 can be formed over a silicon substrate 202 of the solar cell 200. In an
embodiment, the dielectric region 210 can be a tunnel oxide. In one example, the dielectric
region 210 can be silicon dioxide. In an embodiment, an emitter region 212 can be formed on
the dielectric region 210. In an embodiment and as noted above, the emitter region 212 can be
amorphous silicon or polysilicon. In an embodiment, the emitter region 212 can be a doped
polysilicon. In an example, the doped polysilicon can be N-type doped or P-type doped
polysilicon.

[0032] In an embodiment, a dopant region 216 can be formed on a surface 204 of silicon
substrate 202. In an embodiment, the dopant region 216 can be formed to dope the surface 204
(e.g., at block 106 below) to repel charge carriers and prevent and/or reduce recombination at the
surface 204 of the solar cell 200. In an example, the surface 204, can be on a front side and/or a
back side of the solar cell. In one example, the dopant region 216 can be a N-type dopant region,
such as phosphorus. In an embodiment, the dopant region 216 can have positive or negative type
dopants 222.

[0033] In an embodiment, the silicon substrate 202 can have contaminants and/or

impurities 220, for example metal contaminants and/or metal impurities, such as iron, nickel
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and/or chromium among others. Metal impurities can be detrimental to the electrical conduction
of the solar cell as these impurities can be sources of recombination, resulting in poor lifetime,
surface passivation and/or lower solar cell efficiency. In an embodiment, the impurities 220 can
be located at or near a surface 204 of the silicon substrate 202. In an embodiment, the impurities
220 can be located within the silicon substrate 202 as shown. As referred throughout,
contaminants and/or impurities can be used interchangeably.

[0034] The emitter regions 212, e.g., polysilicon regions, can be a good sink and/or trap
for the metal impurities 220 discussed above. A gettering process can be used to trap the metal
impurities 220 in the emitter regions 212, reducing recombination within the silicon substrate
202 and improving overall solar cell lifetime. Oxides and/or tunnel oxides, such as the dielectric
region 210 of Figure 2, can be barriers to gettering of the metal impurities 220 to emitter regions
212. In one example, heating at temperature at 900 degrees Celsius or below can be insufficient
to diffuse metal impurities through a tunnel oxide and into a polysilicon region. Thus, in an
embodiment, heating at temperatures above 900 degrees Celsius can include gettering metal
impurities 220 through the dielectric region 210, e.g., tunnel oxide, to into the emitter region
212, e.g., polysilicon regions, as discussed in detail at 106 of Figure 1 below.

[0035] At 106, the solar cell can be heated at a temperature above 900 degrees Celsius.
In an embodiment, the heating can drive dopants from the dopant region to a portion of the
silicon substrate. In one embodiment, the heating can include performing an annealing process
on the silicon substrate. In an example, the heating can drive dopants to the portion of the silicon
substrate located above the surface, as shown in Figure 3. In some embodiments, the surface can
be on the front side, back side or both on the front and back side of the solar cell. In an
embodiment, the heating can include gettering contaminants, e.g. metal impurities and/or metal
contaminants, from the substrate to the emitter region. In an example, the metal impurities
and/or metal contaminants can be iron, nickel and/or chromium among others.

[0036] In one example, the heating can include placing the solar cell in thermal tool, e.g.,
a thermal furnace or oven among others, and raising the temperature in the thermal tool to 975
degrees Celsius or above.

[0037] In an embodiment, the heating can be the last heating step in the solar cell
fabrication process. In one embodiment, the heating can be the only heating step in the
fabrication process. In some embodiments, at least one other heating step can be performed
before the heating process of block 106. In one example, the other heating process, aside from
the heating process of block 106, can include heating the solar cell to temperature below 900
degrees Celsius. In an example, the heating process below 900 degrees Celsius can be

performed before the heating process at 106. In an embodiment, the heating performed at 106
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can be performed at the highest temperature among other heating steps performed in the solar
cell fabrication process. Figure 3 illustrates the heating process described above.

[0038] Figure 3 illustrates heating the solar cell of Figure 2, according to some embodiments. In
an embodiment, the heating 230 can include heating the solar cell 200 above 900 degrees
Celsius. In an example, the heating can include placing the solar cell 200 into a thermal tool,
e.g., thermal furnace or oven among others, and raising the temperature within the thermal tool
to 975 degrees Celsius or higher. In an embodiment, the heating 230 can drive 234 the dopants
222 from the dopant region 216 to a portion 206 of the silicon substrate 202. In an example, the
dopant concentration of the portion 206 of the silicon substrate 202 can be approximately less
than or equal to 2x10'® cm™ after the heating. In an embodiment, the portion 206 of the silicon
substrate 202 can be above, as shown, the surface 204 of the silicon substrate 202. In an
embodiment, the heating 230 can getter 232 contaminants 220 from, or nearby, the surface 204
of the silicon substrate 202 and/or from within the silicon substrate 202 to the emitter region 212.
In an embodiment, the heating 230 can getter 232 the containments 220 through the dielectric
region 210 to the emitter region 212.

[0039] At 108, a metal contact can be formed over the silicon substrate. In an
embodiment, the metal contact can be formed on the emitter region. In some embodiments, the
metal contact can be formed by a metallization process. In one example, the metallization
process can include plating and/or electroplating the metal contact to the emitter region. In some
embodiments, the metal contact can be formed by printing and/or foil-based metallization
techniques. Figure 4 illustrates an example silicon substrate after to forming the metal contact.
Also Figure 4 illustrates a single metal contact, for example, which can be on a front side or back
side of the solar cell. In an embodiment, multiple metal contacts can exist. In an example,
positive and negative metal contacts can be formed in an interdigitated pattern.

[0040] With reference to Figure 4, the solar cell of Figure 3 is shown after forming a
metal contact, according to some embodiments. In an embodiment, the metal contact 242 can be
formed on the emitter region 212, e.g. over the silicon substrate 202. In an example, the metal
contact 242 can be formed by an electroplating process, printing process or a foil-based
metallization process among others. In an embodiment, the metal contact 242 can be a positive
or negative metal contact. As shown in Figure 4 a single metal contact is illustrated for example,
which can be on a front side or back side of the solar cell. In an example, multiple metal
contacts, e.g. some positive and others negative, can exist. In one embodiment, the silicon
substrate 202 can have some impurities 221 remaining after the heating 230 of Figure 3.

[0041] Figure 5 illustrates a cross-section of a portion of a solar cell formed from the

method of Figures 1-4, according to some embodiments. The solar cell 300 can have a front side



WO 2016/106252 PCT/US2015/067220

301 which faces the sun during normal operation and a back side 303 opposite the front side 301.
The solar cell 300 can include a silicon substrate 302. In an embodiment, the silicon substrate
302 can be an N-type silicon substrate. In an embodiment, a portion 306 of the silicon substrate
302 can have a doping concentration 322 of approximately less than or equal to 2x10'® cm™.
[0042] The solar cell 300 can have a dielectric region 310 formed over the silicon
substrate 302. In an embodiment, the dielectric 310 can be a tunnel oxide. In some
embodiments, the dielectric region 310 can be silicon dioxide. In an embodiment, the solar cell
300 can have first and second emitter regions 312, 314. In an example, the first and second
emitter regions 312, 314 can be P-type and N-type doped polysilicon regions, respectively. In an
example, impurities and/or contaminants 320, e.g. metal impurities 320 and/or metal
contaminants, can be located in the first and second emitter regions 312, 314 as shown. In one
embodiment, the silicon substrate 302 can have some impurities 321 remaining after the
gettering process.

[0043] In an embodiment, the solar cell 300 can have first and second metal contacts
342, 344 formed on the first and second emitter regions 312, 314, respectively. In some
embodiments, a trench region 305 can be formed, which can separate the first and second emitter
regions 312, 314. In an embodiment, the solar cell 300 can have a textured surface 304 on the
front side 301. In an example, the textured surface 304 can be a surface which can provide
additional light absorption. In an embodiment, the portion 306 of the silicon substrate 302 can
be formed above a textured surface 304 as shown. In some embodiments, the trench region 305
can also be textured, similar to the textured surface 304, for additional light absorption from the
back side 303 of the solar cell 300. In some embodiments, an anti-reflective region (ARC) 318
can be formed over the textured surface 304 of the solar cell 300. In some embodiments, the
anti-reflective region 318 can be silicon nitride.

[0044] In an embodiment, the solar cell 300 can be a back contact solar cell, for example,
as shown in Figures 5 and 7.

[0045] With reference to Figure 6, a front contact solar cell formed from the method of
Figures 1-4 is shown, according to some embodiments. The solar cell 400 can have a front side
401 which faces the sun during normal operation and a back side 403 opposite the front side 401.
The solar cell 400 can include a silicon substrate 402. In an embodiment, the silicon substrate
402 can be a N-type silicon substrate. In an embodiment, a portion 406 of the silicon substrate
402 can have a doping concentration 422 of approximately less than or equal to 2x10'8 cm™.
[0046] The solar cell 400 can have a dielectric 410 formed over the silicon substrate 402.
In an embodiment, the dielectric 410 can be a tunnel oxide. In some embodiments, the dielectric

410 can be silicon dioxide. In an embodiment, the solar cell 400 can have first and second
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emitter regions 412, 414. In some embodiments, the first emitter region 412 can be formed on
the back side 403 of the solar cell 400 and the second emitter region 414 can be formed on the
front side 401 of the solar cell 400. In an example, the first and second emitter regions 412, 414
can be P-type and/or N-type doped polysilicon regions.

[0047] In an embodiment, the solar cell 400 can have first and second metal contacts
442, 444 formed on the first and second emitter regions 412, 414, respectively. In an
embodiment, the solar cell 400 can have a textured surface 404 on the front side 401. In an
example, the textured surface 404 can be a surface which can provide additional light absorption.
In an embodiment, the portion 406 of the silicon substrate 402 can be above a textured surface
404 as shown. In some embodiments, an anti-reflective region (ARC) 418 can be formed over
the textured surface 404 of the solar cell 400. In some embodiments, the anti-reflective region
418 can be silicon nitride.

[0048] In an example, impurities and/or contaminants 420, e.g. metal impurities and/or
contaminants, can be located in the first and second emitter regions 412, 414. In one
embodiment, the silicon substrate 402 can have some impurities 421 remaining after the
gettering process.

[0049] Figure 7 illustrates still another solar cell formed from the method of Figures 1-4,
according to some embodiments. The solar cell 500 can have a front side 501 which faces the
sun during normal operation and a back side 503 opposite the front side 501. The solar cell 500
can include a silicon substrate 502. In an embodiment, the silicon substrate 502 can be a N-type
silicon substrate. In an embodiment, a portion 506 of the silicon substrate 502 can have a doping
concentration 522 of approximately equal to or less than 2x10'8 cm™.

[0050] The solar cell 500 can have a dielectric region 510 formed over the silicon
substrate 502. In an embodiment, the dielectric 510 can be a tunnel oxide. In an embodiment,
the dielectric region 510 can be silicon dioxide. In an embodiment, the solar cell 500 can have
first and second emitter regions 512, 514. In an example, the first and second emitter regions
512, 514 can be P-type and/or N-type doped polysilicon regions, respectively. In one
embodiment, the second emitter region 514 can be at least partially formed over the first emitter
region 512, as shown. In an embodiment, a second dielectric region 513 can be formed over the
first emitter region 512, e.g. to insulate the first emitter region 512 from the second emitter
region 514. In some embodiments, the second dielectric region 513 can also be silicon dioxide.
In an embodiment, an opening 515 can isolate the second emitter region 514 from the first metal
contact 542.

[0051] In some embodiments, the dielectric region 510 and second silicon region 514 can

be formed over the back side 501 of the solar cell 500.
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[0052] In an example, impurities and/or contaminants 520, e.g. metal impurities and/or
contaminants, can be located in the second emitter region 512 as shown. In an example, the
metal impurities 520 can be iron, nickel and/or chromium among others. In one embodiment,
the silicon substrate 502 can have some impurities 521 remaining after the heating process.

[0053] In an embodiment, the solar cell 500 can have first and second metal contacts
542, 544 formed on the first and second emitter regions 512, 514, respectively. In one
embodiment, the solar cell 500 can have a textured surface 504 on the front side 501 and/or a
textured surface 550 on the back side 503 as shown. In an example, the textured surfaces 504,
550 can be surfaces which can provide additional light absorption. In an embodiment, the
portion 506 of the silicon substrate 502 can be above a textured surface 504 as shown. In some
embodiments, an anti-reflective region 518 can be formed over the textured surface 504 of the

solar cell 500.

<900

A 2x10"¥ em? | non-poly | 2fA/cm? | ~3msec | Baseline
deg-C
<900

B 4x10" cm? | non-poly | 5fA/cm? | ~10msec | Baseline
deg-C

> 900
D 4x10"% cm-
deg-C

poly 5fA/cm? | ~10msec | Baseline

Table 1. Example Processes for Solar Cell Fabrication

[0054] Turning now to Table 1, a table is shown listing Temperature and Surface Dopant
Concentration and output results, such as Gettering Location, Surface Passivation, Lifetime and
Efficiency, for example processes of fabricating solar cells.

[0055] The method of Figures 1-4 is exemplified in Example Process C of Table 1,
where a surface, or a portion near the surface, of a silicon substrate was doped at approximately
less than or equal to 2x10'® cm™ and the solar cell of Example Process C heated to a temperature
above 900 degrees Celsius. The results from Example Process C are gettering in a polysilicon

region of the silicon substrate, improved surface passivation at approximately 5 fA/cm?,
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improved lifetime, e.g. typical of approximately 10 psec, and a > 0.5 % efficiency increase as
compared to other solar cells, e.g. referenced as the baseline efficiency.

[0056] In contrast, referring to Example Process A, a surface, or a portion near the
surface, of the silicon substrate was doped at approximately less than or equal to 2x10' ¢cm™ and
the solar cell of Example Process A heated to a temperature below 900 degrees Celsius resulting
in gettering in a non-polysilicon region of the solar cell, good surface passivation at
approximately 2 fA/cm?, poor lifetime, e.g. typical of approximately 3 psec and no considerable,
e.g., < 0.5%, efficiency increase from the baseline.

[0057] In another example, referring to Example Process B, a surface of the silicon
substrate was doped at approximately 4x10'® ¢cm™ and the solar cell of Example Process B
heated to a temperature below 900 degrees Celsius resulting in gettering in a non-polysilicon
region of the solar cell, poor surface passivation at approximately 5 fA/cm?, good lifetime, e.g.
typical of approximately 10 usec and no considerable, e.g. < 0.5%, efficiency increase from the
baseline.

[0058] In yet another example comparison, in Example Process D a surface of the silicon
substrate was doped at approximately 4x10'® cm™ and the solar cell of Example Process D
heated to a temperature above 900 degrees Celsius also resulted gettering in a polysilicon region
of the silicon substrate, but poor surface passivation at approximately 5 fA/cm?, good lifetime,
e.g. typical of approximately 10 psec and no considerable, e.g. < 0.5%, efficiency increase from
the baseline.

[0059] In all Examples Processes A, B and D either the lifetime or surface passivation
only was improved, and the Example Process C resulted in improved surface passivation,
lifetime and efficiency.

[0060] With reference to Figures 8-10, example surface passivation, 1/lifetime and
efficiency measurements, respectively, for solar cells fabricated using the methods of the
Example Processes A and C of Table 1 is shown. The results from Figures 8-10 show that the
surface passivation, lifetime and efficiency of solar cells fabricated using the method of Figures
1-4, e.g., Example Process C, have improved surface passivation, lifetime and higher efficiency
measurements as compared to the solar cells of Example process A.

[0061] Figure 8 illustrates a graph of surface passivation measurements from solar cells
fabricated using the Example Process A and C from Table 1. As shown, the Example Process C
has lower passivation results as compared to Example Process A. Lower surface passivation is
preferred for high efficiency solar cells. Thus, the Example Process C has improved surface

passivation results as compared to Example Process A.
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[0062] With reference to Figure 9, there is shown a graph of 1/lifetime measurements
from solar cells fabricated using the Example Process A and C from Table 1. As shown, the
Example Process C has higher lifetime, lower 1/lifetime results, as compared to Example Process
A. Higher lifetime is preferred for high efficiency solar cells. Thus, the Example Process C has
improved lifetime results as compared to Example Process A.

[0063] Figure 10 illustrates a graph of efficiency measurements from solar cells
fabricated using the Example Process A and C from Table 1. As shown, the Example Process C
has higher efficiency results as compared to Example Process A. Higher solar cell efficiency
conversion is preferred to maximize the electricity conversion from collected light. Thus, the
Example Process C has improved efficiency results over Example Process A.

[0064] The results of Figures 8-10 demonstrate that a solar cell fabrication technique of
Figures 1-4 results in overall improvement for surface passivation, lifetime and efficiency from
other techniques, e.g. Example Processes A, B and D.

[0065] Although specific embodiments have been described above, these embodiments
are not intended to limit the scope of the present disclosure, even where only a single
embodiment is described with respect to a particular feature. Examples of features provided in
the disclosure are intended to be illustrative rather than restrictive unless stated otherwise. The
above description is intended to cover such alternatives, modifications, and equivalents as would
be apparent to a person skilled in the art having the benefit of this disclosure.

[0066] The scope of the present disclosure includes any feature or combination of
features disclosed herein (either explicitly or implicitly), or any generalization thereof, whether
or not it mitigates any or all of the problems addressed herein. Accordingly, new claims may be
formulated during prosecution of this application (or an application claiming priority thereto) to
any such combination of features. In particular, with reference to the appended claims, features
from dependent claims may be combined with those of the independent claims and features from
respective independent claims may be combined in any appropriate manner and not merely in the
specific combinations enumerated in the appended claims.

[0067] In an embodiment, a solar cell has a front side which faces the sun during normal
operation and a back side opposite the front side, the solar cell including a dielectric region over
a silicon substrate, wherein a portion of the silicon substrate has a dopant concentration of
approximately less than or equal to 2x10'® em?, a first emitter region having metal impurities
formed over the dielectric region, and a first metal contact formed over the first emitter region.
[0068] In one embodiment, the first emitter region and the first metal contact are formed

on the back side of the solar cell.
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[0069] In one embodiment, the first emitter region and the first metal contact are formed
on the front side of the solar cell.
[0070] In one embodiment, the portion of the silicon substrate having a dopant

concentration of approximately less than or equal to 2x10'® cm? is on the front side of the solar

cell.
[0071] In one embodiment, the first emitter region is a doped polysilicon region.
[0072] In one embodiment, the solar cell further includes a second emitter region having

metal impurities formed over the dielectric region, and a second metal contact formed over the
second emitter region.

[0073] In one embodiment, the second emitter region is formed at least partially over the
first emitter region.

[0074] In one embodiment, the first emitter region and first metal contact are formed on
the front side of the solar cell and the second emitter region and second metal contact are formed
on the back side of the solar cell.

[0075] In an embodiment, a method of fabricating a solar cell, the solar cell having a
front side which faces the sun during normal operation and a back side opposite the front side,
the method including forming a dielectric region on a silicon substrate, forming a first emitter
region over the dielectric region, forming a dopant region on a surface of the silicon substrate,
and heating the silicon substrate at a temperature above 900 degrees Celsius to getter
contaminants to the emitter region and drive dopants from the dopant region to a portion of the
silicon substrate.

[0076] In one embodiment, the method further includes forming a second emitter region
having metal impurities over the dielectric region, wherein the first and second emitter regions
are formed on the back side of the solar cell, and forming a second metal contact formed over the
second emitter region.

[0077] In one embodiment, forming the second emitter region comprises at least partially
forming the second emitter region over the first emitter region.

[0078] In one embodiment, the method further includes performing at least one other
heating step at a temperature below 900 degrees Celsius.

[0079] In one embodiment, the at least one other heating step at a temperature below 900
degrees Celsius is performed before the heating.

[0080] In one embodiment, forming the first emitter region comprises forming

polysilicon.
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[0081] In one embodiment, forming the dopant region on the surface of the silicon
substrate comprises forming Phosphorus on the surface of the silicon substrate opposite the first
emitter region.

[0082] In one embodiment,a method of fabricating a solar cell, the solar cell having a
front side which faces the sun during normal operation and a back side opposite the front side,
the method including forming a dielectric region on a silicon substrate, forming a first emitter
region having metal impurities over the dielectric region on the front side, forming a second
emitter region having metal impurities over the dielectric region on the back side of the solar
cell, forming a dopant region on a surface of the silicon substrate, heating the silicon substrate at
a temperature above 900 degrees Celsius to getter metal contaminants to the first and second
emitter regions and drive dopants from the first dopant region to a portion of the silicon
substrate, and forming first and second metal contacts over the first and second emitter regions,
respectively.

[0083] In one embodiment, the method further includes performing at least one other
heating step at a temperature below 900 degrees Celsius.

[0084] In one embodiment, the at least one other heating step at a temperature below 900

degrees Celsius is performed before the heating.

[0085] In one embodiment, forming the first emitter region comprises forming
polysilicon.
[0086] In one embodiment, forming the dopant region on the surface of the silicon

substrate comprises forming Phosphorus on the surface of the silicon substrate.
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CLAIMS
What is claimed is:

1. A solar cell, the solar cell having a front side which faces the sun during normal
operation and a back side opposite the front side, the solar cell comprising:
a dielectric region over a silicon substrate, wherein a portion of the silicon
substrate has a dopant concentration of approximately less than or equal to 2x10'8 cm;

a first emitter region having metal impurities formed over the dielectric region;

and

a first metal contact formed over the first emitter region.

2. The solar cell of claim 1, wherein the first emitter region and the first metal

contact are formed on the back side of the solar cell.

3. The solar cell of claim 1, wherein the first emitter region and the first metal

contact are formed on the front side of the solar cell.
4. The solar cell of claim 1, wherein the portion of the silicon substrate having a

dopant concentration of approximately less than or equal to 2x10'® cm™ is on the front side of the

solar cell.
5. The solar cell of claim 1, wherein the first emitter region is a doped polysilicon
region.
6. The solar cell of claim 1, further comprising:
a second emitter region having metal impurities formed over the dielectric region;
and
a second metal contact formed over the second emitter region.
7. The solar cell of claim 6, wherein the second emitter region is formed at least

partially over the first emitter region.

8. The solar cell of claim 5, wherein the first emitter region and first metal contact
are formed on the front side of the solar cell and the second emitter region and second metal

contact are formed on the back side of the solar cell.
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9. A method of fabricating a solar cell, the solar cell having a front side which faces
the sun during normal operation and a back side opposite the front side, the method comprising:
forming a dielectric region on a silicon substrate;
forming a first emitter region over the dielectric region;
forming a dopant region on a surface of the silicon substrate; and
heating the silicon substrate at a temperature above 900 degrees Celsius to getter
contaminants to the emitter region and drive dopants from the dopant region to a portion

of the silicon substrate.

10. The method of claim 9, further comprising:

forming a second emitter region having metal impurities over the dielectric
region, wherein the first and second emitter regions are formed on the back side of the
solar cell; and

forming a second metal contact formed over the second emitter region.

11. The method of claim 10, wherein forming the second emitter region comprises at

least partially forming the second emitter region over the first emitter region.

12. The method of claim 9, further comprising performing at least one other heating

step at a temperature below 900 degrees Celsius.

13. The method of claim 12, wherein the at least one other heating step at a

temperature below 900 degrees Celsius is performed before the heating.

14. The method of claim 9, wherein forming the first emitter region comprises

forming polysilicon.

15. The method of claim 9, wherein forming the dopant region on the surface of the
silicon substrate comprises forming Phosphorus on the surface of the silicon substrate opposite

the first emitter region.

16. A method of fabricating a solar cell, the solar cell having a front side which faces
the sun during normal operation and a back side opposite the front side, the method comprising:

forming a dielectric region on a silicon substrate;
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forming a first emitter region having metal impurities over the dielectric region on
the front side;

forming a second emitter region having metal impurities over the dielectric
region on the back side of the solar cell;

forming a dopant region on a surface of the silicon substrate;

heating the silicon substrate at a temperature above 900 degrees Celsius to getter
metal contaminants to the first and second emitter regions and drive dopants from the
first dopant region to a portion of the silicon substrate; and

forming first and second metal contacts over the first and second emitter regions,

respectively.

17. The method of claim 16, further comprising performing at least one other heating

step at a temperature below 900 degrees Celsius.

18. The method of claim 17, wherein the at least one other heating step at a

temperature below 900 degrees Celsius is performed before the heating.

19. The method of claim 16, wherein forming the first emitter region comprises

forming polysilicon.

20. The method of claim 16, wherein forming the dopant region on the surface of the

silicon substrate comprises forming Phosphorus on the surface of the silicon substrate.
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