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FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

Inventor: Peter John Cousins

REFERENCE TO RELATED APPLICATIONS5

This application is a continuation of U.S. Application No. 13/495,577, filed on

June 13, 2012, which is a divisional of U.S. Application No. 12/070,742, filed on

February 20, 2008, now U.S. Patent No. 8,222,516. The just-mentioned disclosures are

incorporated herein by reference in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to solar cells, and more particularly but

not exclusively to solar cell fabrication processes and structures.

2. Description of the Background Art

Solar cells are well known devices for converting solar radiation to electrical

energy. They may be fabricated on a semiconductor wafer using semiconductor

processing technology. A solar cell includes P-type and N-type diffusion regions that

form a junction. Solar radiation impinging on the solar cell creates electrons and holes

that migrate to the diffusion regions, thereby creating voltage differentials between the

diffusion regions. In a backside contact solar cell, both the diffusion regions and the

metal contacts coupled to them are on the backside of the solar cell. The metal
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contacts allow an external electrical circuit to be coupled to and be powered by the solar

cell.

In a front contact solar cell, at least one of the metal contacts making an

electrical connection to a diffusion region is on the front side of the solar cell. The front

side of the solar cell, which is opposite the backside, faces the sun during normal

operation to collect solar radiation. While backside contact solar cells have an aesthetic

advantage over front contact solar cells due to the absence of metal contacts on the

front side, and are thus preferred for residential applications, aesthetics is not a major

requirement for power plants and other applications where power generation is the main

concern. Disclosed herein are structures for a relatively efficient and cost-effective front

5

contact solar cell and processes for manufacturing same.

SUMMARY

A bipolar solar cell includes a backside junction formed by an N-type silicon

substrate and a P-type polysilicon emitter formed on the backside of the solar cell. An

antireflection layer may be formed on a textured front surface of the silicon substrate. A

negative polarity metal contact on the front side of the solar cell makes an electrical

connection to the substrate, while a positive polarity metal contact on the backside of

the solar cell makes an electrical connection to the polysilicon emitter. An external

electrical circuit may be connected to the negative and positive metal contacts to be

powered by the solar cell. The positive polarity metal contact may form an infrared

reflecting layer with an underlying dielectric layer for increased solar radiation collection.

-2-
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These and other features of the present invention will be readily apparent to

persons of ordinary skill in the art upon reading the entirety of this disclosure, which

includes the accompanying drawings and claims.

DESCRIPTION OF THE DRAWINGS‘5

FIG. 1 schematically shows a cross-section of a solar cell in accordance with an

embodiment of the present invention.

FIG. 2 is a plan view schematically showing the front side of the solar cell of FIG.

FIG. 3 is a plan view schematically showing the backside of the solar cell of FIG.

FIG. 4, which comprises FIGS. 4A-4M, schematically illustrates the fabrication of

the solar cell of FIG. 1 in accordance with an embodiment of the present invention.

The use of the same reference label in different figures indicates the same or like

components. The figures are not drawn to scale.

DETAILED DESCRIPTION

In the present disclosure, numerous specific details are provided, such as

examples of apparatus, process parameters, materials, process steps, and structures,

to provide a thorough understanding of embodiments of the invention. Persons of

ordinary skill in the art will recognize, however, that the invention can be practiced
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without one or more of the specific details. In other instances, well-known details are

not shown or described to avoid obscuring aspects of the invention.

FIG. 1 schematically shows a cross-section of a solar cell 100 in accordance with

an embodiment of the present invention. The solar cell 100 has a front side where a

metal contact 102 is located and a backside on a same side as the metal contact 110.5

The front side faces the sun during normal operation to collect solar radiation.

In the example of FIG. 1, the solar cell 100 includes a backside junction formed

by a P-type doped polysilicon emitter 108 serving as a P-type diffusion region and an N-

type silicon substrate 101 servings as an N-type diffusion region. The N-type silicon

substrate 101 may comprise a long lifetime (e.g., 2 to 5ms) N-type silicon wafer and

may have a thickness of about 100 to 250 um as measured from the backside surface

to a tip of the textured front side surface of the substrate. The front side surface of the

substrate 101 is randomly textured (labeled as 113) and includes N-type doped regions

105 and 106 formed in the substrate. The N-type doped region 105 provides low front

surface recombination and improves lateral conductivity whilst not compromising the

blue response of the solar cell. The region 106, which may be a phosphorus diffusion,

provides low contact resistance and minimizes contact recombination. The region 106

is also referred to as an "N-dot" because, in one embodiment, it forms a dot-shape to

minimize the area of heavily diffused regions on the front surface. The N-type doped

region 105 may have a sheet resistance of 100 to 500 O/sq, whilst the n-type doped

a

region 106 may have a sheet resistance of 10 to 50 O/sq.

An antireflective coating (ARC) of silicon nitride layer 103 is formed on the

textured front side surface of the substrate 101. The texture front side surface and the

-4-
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silicon nitride layer 103 help improve solar radiation collection efficiency. A passivating

oxide 124 may comprise silicon dioxide thermally grown to a thickness of about 10 to

250 Angstroms on the front side surface of the substrate 101.

In one embodiment, the polysilicon emitter 108 is formed on a tunnel oxide layer

107. The polysilicon emitter 108 may be formed by forming a layer of polysilicon using

Chemical Vapor Deposition (CVD), such as Low Pressure CVD (LPCVD) or Plasma

Enhanced CVD (PECVD), and thermal anneal. The polysilicon emitter 108 may have a

sheet resistance of 100 O/sq, and a thickness of 1000 to 2000 Angstroms. The tunnel

oxide layer 107 may comprise silicon dioxide thermally grown to a thickness of about 10

to 50 Angstroms on the backside surface of the substrate 101. A metal contact 110

electrically connects to the polysilicon emitter 108 through contact holes 123 formed

througha dielectric comprising a
silicon dioxide layer 109. The metal contact 110

provides a positive polarity terminal to allow an external electrical circuit to be coupled

to and be powered by the solar cell 100. The silicon dioxide layer 109 provides

electrical isolation and allows the metal contact 110 to serve as an infrared reflecting

layer for increased solar radiation collection. In one embodiment, the metal contact 110

comprises silver having a conductance of about 5-25 mQ.cm and a thickness of about

‘5

aa

a

a

15-35ym.

On the front side of the solar cell 100, the metal contact 102 electrically connects

to the region 106 through a contact hole 120 formed through the silicon nitride layer

103. The metal contact 102 provides a negative polarity terminal to allow an external

electrical circuit to be coupled to and be powered by the solar cell 100. In one

embodiment, the metal contact 102 comprises silver having a sheet resistance of about

-5-
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5mQ.cm and a thickness of about 15m. The pitch between adjacent metal contacts

102 may be about 1 to 4 mm. In one embodiment, the metal contacts 102 are spaced

at 400 to 1000 um along each metal contact 102 (see FIG. 2).

In the example ofFIG. 1, the edge isolation trench 111 is formed through the

silicon dioxide layer 109, the polysilicon emitter 108, and a portion of the substrate 1015

to provide edge electrical isolation.

FIG. 2 is a plan view schematically showing the front side of the solar cell 100. In

the example of FIG. 2, two bus bars 201 run parallel on the front side of the substrate

101. The contact holes 120, in which the metal contacts 102 are formed, may each

have a diameter of about 50 to 200 um. A plurality of metal contacts 102 is formed

perpendicular to the bus bars 201. Each metal contact 102 may have a width of about

A

60-120pm.

FIG. 3 is a plan view schematically showing the backside of the solar cell 100. In

the example of FIG. 3, two bus bars 301, which are electrically coupled to metal

contacts 110, run parallel on the backside. In practice, the bus bars 201 and 301 will be

electrically connected to corresponding bus bars of adjacent solar cells to form an array

of solar cells.

Solar cells have gained wide acceptance among energy consumers as a viable

renewable energy source. Still, to be competitive with other energy sources, a solar cell

manufacturer must be able to fabricate an efficient solar ceil at relatively low cost. With

this goal in mind, a process for manufacturing the solar cell 100 is now discussed with

reference to FIGS. 4A-4M.

6
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FIG. 4, which comprises FIGS. 4A-4M, schematically illustrates the fabrication of

the solar cell 100 in accordance with an embodiment of the present invention.

In FIG. 4A, an N-type silicon substrate 101 is prepared for processing into a solar

cell by undergoing a damage etch step. The substrate 101 is in wafer form in this

example, and is thus typically received with damaged surfaces due to the sawing

process used by the wafer vendor to slice the substrate 101 from its ingot. The

substrate 101 may be about 100 to 200 microns thick as received from the wafer

vendor. In one embodiment, the damage etch step involves removal of about 10 to 20

yum from each side of the substrate 101 using a wet etch process comprising potassium

hydroxide. The damage etch step may also include cleaning of the substrate 101 to

‘5

remove metal contamination.

In FIG. 4B, tunnel oxides 402 and 107 are formed on the front and back surfaces,

respectively, of the substrate 101. The tunnel oxides 402 and 107 may comprise silicon

dioxide thermally grown to a thickness of about 10 to 50 Angstroms on the surfaces of

the N-type silicon substrate 101. A layer of polysilicon is then formed on the tunnel

oxides 402 and 107 to form the polysilicon layer 401 and the polysilicon emitter 108,

respectively. Each of the polysilicon layer 401 and the polysilicon emitter 108 may be

formed to a thickness of about 1000 to 2000 Angstroms by CVD.

In FIG. 4C, a P-type dopant source 461 is formed on the polysilicon emitter 108.

As its name implies, the P-type dopant source 461 provides a source of P-type dopants

for diffusion into the polysilicon emitter 108 in a subsequent dopant drive-in step. A

dielectric capping layer 462 is formed on the P-type dopant source 461 to prevent

dopants from escaping from the backside of the solar cell during the drive-in step. In

-7-
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one embodiment, the P-type dopant source comprises BSG (borosilicate glass)

deposited to a thickness of about 500 to 1000 Angstroms by atmospheric pressure CVD

(APCVD) and has a dopant concentration of 5 to 10% by weight, while the capping layer

462 comprises undoped silicon dioxide formed to a thickness of about 2000 to 3000

Angstroms also by APCVD.5

In FIG. 4D, the edge isolation trench 111 is formed near the edge of the

substrate 101 on the backside. The trench 111 is relatively shallow (e.g., 10 um deep

into the substrate 101) and provides edge electrical isolation. In one embodiment, the

trench 111 is formed by cutting through the capping layer 462, the P-type dopant source

461, the polysilicon emitter 108, the tunnel oxide 107, and into a shallow portion of the

substrate 101 using a laser.

In FIG. 4E, exposed regions on the front surface of the substrate 101 is randomly

textured to form the textured surface 113. In one embodiment, the front surface of the

substrate 101 is textured with random pyramids using a wet etch process comprising

potassium hydroxide and isopropyl alcohol.

In FIG. 4F, an N-type dopant source 412 is formed on regions of the textured

surface 113 where contact holes 120 (see FIG. 1) will be subsequently formed to allow

subsequently formed metal contacts 102 to electrically connect to the substrate 101. As

its name implies, the N-type dopant source 412 provides a source of N-type dopants for

diffusion into the front side of the substrate 101. In one embodiment, the N-type dopant

source 412 is formed by inkjet printing the dopant material directly onto the substrate

101.

8
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In one embodiment, the N-type dopant source 412 comprises silicon dioxide

doped with phosphorus. Only one N-type dopant source 412 is shown in FIG. 4F for

clarity of illustration. In practice, there are several dot-shaped N-type dopant sources

412, one for each region where a contact hole 120 is to be formed (see FIG. 2). This

allows formation of several dot shaped N-type doped regions 106 (see FIG. 1) after a‘5

subsequently performed drive-in step now discussed with reference to FIG. 4G.

In FIG. 4G, a dopant drive-in step is performed to diffuse N-type dopants from

the N-type dopant source 412 into the substrate 101 to form the N-type dope region

106, to diffuse P-type dopants from the P-type dopant source 461 to the polysilicon

emitter 108, and to diffuse N-type dopants into the front side of the substrate 101 to

form the N-type doped region 105. Silicon dioxide layer 109 represents layers 461 and

462 after the drive-in step. The polysilicon emitter 108 also becomes a P-type doped

layer after the drive-in step. The N-type doped region 105 may be formed by exposing

the sample of FIG. 4G to phosphorus in a diffusion furnace, for example. The use of the

N-type dopant source 412 allows for a more controlled and concentrated N-type

diffusion to the N-type doped region 106. The thin thermal silicon dioxide layer 124 may

be grown on the textured surface 113 during the drive-in process.

The drive-in step to dope the polysilicon emitter 108 on the backside and to form

the N-type doped regions 105 and 106 on the front side may be formed in-situ, which in

the context of the present disclosure means a single manual (i.e., by fabrication

personnel) loading of the substrate 101 in a furnace or other single chamber or multi-

chamber processing tool. In one embodiment, the drive-in step is performed in a

9



10

15

20

Attorney Docket No. 10031.004211

diffusion furnace. The preceding sequence of steps leading to the drive-in step allows

for in-situ diffusion, which advantageously helps in lowering fabrication cost.

It is to be noted that the step of using an N-type dopant source 412 to diffuse

dopants into the N-type doped region 106 may be omitted in some applications. That is,

in an alternative process, the formation of the N-type dopant source 412 in FIG. 4F may

be omitted. In that case, the N-type doped regions 105 and 106 will be both doped by

introduction of an N-type dopant in the diffusion furnace during the drive-in step. All

5

other process steps disclosed herein remain essentially the same.

In FIG. 4H, the antireflective coating of silicon nitride layer 103 is formed over the

textured surface 113 after removal of the N-type dopant source 412. Besides being an

antireflective coating, the silicon nitride layer 103 also advantageously serves as a

dielectric, enabling the selective contacts to be formed on the front surface to reduce

front surface recombination. The silicon nitride layer 103 may be formed to a thickness

of about 450 Angstroms by PECVD, for example.

In FIG. 41, a front contact mask 420 is formed on the silicon nitride layer 103 to

create a pattern 421 defining the contact holes 120 (see FIG. 1). The mask 420 may

comprise an acid resistance organic material, such as a resist, and formed using aa

printing process, such as screen printing or inkjet printing.

In FIG. 4J, a back contact mask 422 is formed on the silicon dioxide layer 109 to

create patterns 423 defining the contact holes 123 (see FIG. 1). Similar to the mask

420, the mask 422 may comprise an organic material formed using a printing process.

-10-
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In FIG. 4K, contact holes 120 and 123 are formed by removing exposed portions

of the silicon nitride layer 103 and the silicon dioxide 109 in a contact etch step. In one

embodiment, the contact holes 120 are formed by using a selective etch process that

removes exposed portions of the silicon nitride layer 103 and stops on the substrate

101. The same etch process removes exposed portions of the silicon dioxide 109 and

stops on the polysilicon emitter 108. In one embodiment, the etch process comprises a

‘5

BOE (buffered oxide etch).

In FIG. 4L, the metal contact 110 is formed on the silicon dioxide layer 109 to fill

the contact holes 123 and make electrical connection to the polysilicon emitter 108.

The metal contact 110 may be formed using a printing process. The metal contact 110

may comprise silver, which, together with the silicon dioxide layer 109, makes an

excellent backside infrared reflector. Other metals may also be used as a metal contact

110, such as aluminum, for example.

In FIG. 4M, the metal contact 120 is formed on the silicon nitride layer 103 to fill

the contact holes 120 and make electrical connection to the substrate 101. The metal

contact 120 may comprise silver and formed using a printing process.a

Formation of the metal contacts 110 and 102 may be followed bya firing step.

The firing step is applicable when using screen printed silver paste as metal contacts,

but not when using other processes or metals. The solar cell 100 may then be visually

a

inspected and tested.

While specific embodiments of the present invention have been provided, it is to

be understood that these embodiments are for illustration purposes and not limiting.

Many additional embodiments will be apparent to persons of ordinary skill in the art

-11-
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reading this disclosure.
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CLAIMS

What is claimed is:

1. A solar cell, comprising:
a substrate;

a first tunnel dielectric disposed over the substrate;
an emitter disposed over the first tunnel dielectric;

a front electrode disposed over a front surface of the substrate; and

a back electrode disposed over a back surface of the substrate.

5

2. The solar cell of claim 1, wherein the emitter is a polysilicon emitter.

3. The solar cell of claim 1, wherein the substrate is a monocrystalline silicon

substrate.

4. The solar cell of claim 1, wherein the first tunnel dielectric is a tunnel oxide.

5. The solar cell of claim 1, wherein the emitter is disposed over the back surface of

the substrate.

6. The solar cell of claim 1, further comprising a second tunnel dielectric disposed
on an opposite side of the substrate than the first tunnel dielectric.

7. The solar cell of claim 1, wherein the back electrode includes silver.

8. The solar cell of claim 1, further comprising an antireflective layer disposed over

the front surface of the substrate.

9. A solar cell, comprising:
a substrate;

an emitter over a back surface of the substrate;

- 13-
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a first dielectric between the emitter and back surface;

a front electrode disposed on a front surface of the solar cell; and

a back electrode disposed on a back surface of the solar cell.

a

10. The solar cell of claim 9, wherein the emitter is a polysilicon emitter.5

11. The solar cell of claim 9, wherein the substrate is a monocrystalline silicon

substrate.

12. The solar cell of claim 9, wherein the first dielectric is an oxide.

13. The solar cell of claim 9, further comprising a second dielectric disposed on an

opposite side of the substrate than the first dielectric.

14. The solar cell of claim 9, wherein the back electrode includes silver.

15. A method of fabricating a solar cell, the method comprising:

forming a first tunnel dielectric on a front surface of a substrate;

forming a second tunnel dielectric on a back surface of the substrate;

forming an emitter over the first or second tunnel dielectric;

forming a front side electrode on a front surface of the solar cell; and

forming a back side electrode on a back surface of the solar cell.

a

16. |The method of claim 15, wherein said forming the emitter comprises forming a

polysilicon emitter.

17. The method of claim 15, wherein said forming the emitter comprises forming a

first silicon layer on the second tunnel dielectric.

18. The method of claim 17, further comprising forming a second silicon layer on the

first tunnel dielectric.

-14-
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19. The method of claim 18, wherein forming the first and second silicon layers

comprises forming first and second polysilicon layers, respectively.

20. The method of claim 15, wherein said forming the second tunnel dielectric5

comprises forming an oxide.

-15-
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ABSTRACT

A bipolar solar cell includes a backside junction formed by an N-type silicon substrate

and a P-type polysilicon emitter formed on the backside of the solar cell. An

antireflection layer may be formed on a textured front surface of the silicon substrate. A

negative polarity metal contact on the front side of the solar cell makes an electrical

connection to the substrate, while a positive polarity metal contact on the backside of

the solar cell makes an electrical connection to the polysilicon emitter. An external

electrical circuit may be connected to the negative and positive metal contacts to be

powered by the solar cell. The positive polarity metal contact may form an infrared

A

a

‘5

reflecting layer with an underlying dielectric layer for increased solar radiation collection.

-16-
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(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 10/07/2014
The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/504,771
Projected Publication Date: To Be Determined - pending completion of Missing Parts
Non-Publication Request: No
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Early Publication Request: No
Title

FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

Preliminary Class
136

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countrieswhere patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http:/Awww.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http:/Awww.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help “toolkits” giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

66

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to

promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/Awww.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number

Substitute for Form PTO-875 14/504,771

APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CER 1.164), (b), or ()} N/A N/A N/A N/A 280
SEARCH FEE
(37 CER 4.16(K), (i), or (rm)

N/A N/A N/A N/A 600
EXAMINATION FEE
(37 CFR 1.16(0), (p), or (q))

N/A N/A N/A N/A 720
TOTAL CLAIMS *

(37 CFR 1.16(i))
20 minus 20= OR |x 80 = 0.00

INDEPENDENT CLAIMS *

(37 CFR 1.16(h))
3 minus 3 = x 420 = 0.00

If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheetsor fraction thereof. See 35 U.S.C.

41(a)(1)(G) and 37 CFR 1.16(s).

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1600

APPLICATION AS AMENDED- PART II

OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST

REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE(S)
5 AMENDMENT PAID FOR

iu =

ory =
> (37 CFR 1.16())

Minus OR |x

a > Frys =

2 | agperdert Mis
oR |x

2 Application Size Fee (37 CFR 1.16(s))

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16())) OR

TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

(Column 1) (Column 2) (Golumn 3)
CLAIMS HIGHEST

REMAINING NUMBER PRESENT ADDITIONAL ADDITIONALa AFTER PREVIOUSLY | EXTRA RATE(S)
FEE(S)

RATE(S) FEE(S)
5 AMENDMENT PAID FOR

Lu Total *
Minus.

+* =
= (37 CFR .16() OR [x

9 Independent
* Minus

[|
*** = oR

Ww (37 GFR 1.16(h))

= Application Size Fee (37 CFR 1.16(s))

OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16()))

TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0” in column 3.
™ If the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter "20".

** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The “Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.



UNITED STATES PATENT AND TRADEMARK OFFICE
UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address; COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
Www.uspto.gov

14/504,771 10/02/2014 Peter John COUSINS 10031.004211
CONFIRMATION NO. 3342

74254 FORMALITIES LETTER
Okamoto & Benedicto LLP
P.O. Box 641330 IhSan Jose, CA 95164-1330 00000007 230238

Date Mailed: 10/08/2014

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b)

Filing Date Granted

Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied
by the extension fee under the provisions of 37 CFR 1.136(a).

« The statutory basic filing fee is missing.
¢ The application search fee must be submitted.
«The application examination fee must be submitted.
* Surcharge as set forth in 37 CFR 1.16(f) must be submitted.
The surcharge is due for any one of:
«late submission of the basic filing fee, search fee, or examination fee,
« late submission of inventor's oath or declaration,
¢ filing an application that does not contain at least one claim on filing, or
« submission of an application filed by reference to a previously filed application.

SUMMARY OF FEES DUE:

The fee(s) required within TWO MONTHS from the date of this Notice to avoid abandonment is/are itemized
below. No entity status discount is in effect. If applicant is qualified for small entity status, a written assertion of
small entity status must be submitted to establish small entity status. (See 37 CFR 1.27). If applicant is qualified
for micro entity status, an acceptable Certification of Micro Entity Status must be submitted to establish micro
entity status. (See 37 CFR 1.29 and forms PTO/SB/15A and 15B.)

« $ 280 basic filing fee.
*$ 140 surcharge.
* $ 600 search fee.
*$ 720 examination fee.
* $(.0) previous unapplied payment amount.
*$ 1740 TOTAL FEE BALANCE DUE.

Items Required To Avoid Processing Delays:
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Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f).

¢ A properly executed inventor's oath or declaration has not been received for the following inventor(s):
Peter John COUSINS

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450
Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description “Applicant response to Pre-Exam Formalities Notice”.
https ://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPE.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http:/Awww.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/mgabre/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

RESPONSE TO NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL
APPLICATION

Sir:

In response to the Notice to File Missing Parts ofNonprovisional Application mailed

10/08/2014 for the above-identified patent application, please find enclosed the following:

Payment in the amount of $1,740.00 for the filing and surcharge fees, including a

copy of the Notice to File Missing Parts ofNonprovisional Application.

If the Examiner has any questions or needs additional information, the Examiner is

invited to contact the undersigned attorney at (408) 436-2110.

Respectfully submitted,

Dated: December 8, 2014 By: /Patrick D. Benedicto/

Patrick D. Benedicto, Reg. No. 40,110
OKAMOTO & BENEDICTO LLP
P.O. Box 641330
San Jose, California 95164
(408) 436-2110

Enclosure(s)

In re Application of:

Peter John COUSINS

Examiner: not yet known

Application No. 14/504,771 Art Unit: 1757

Filing Date: 10/02/2014 Attorney DocketNo. 10031.004211

Title: FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

Ic

Xx

1



UNITED STATES PATENT AND TRADEMARK OFFICE
UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
www.uspto.gov

14/504,771 10/02/2014 Peter John COUSINS 1003 1.004211
CONFIRMATION NO. 3342

74254 FORMALITIES LETTER
Okamoto & Benedicto LLP
P.O. Box 641330 ISan Jose, CA 95164-1330

Date Mailed: 10/08/2014.

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b)

Filing Date Granted

Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all

required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied
by the extension fee under the provisions of 37 CFR 1.136(a).

« The statutory basic filing fee is missing.
* The application search fee must be submitted.
«The application examination fee must be submitted.
* Surcharge as set forth in 37 CFR 1.16(f) must be submitted.
The surcharge is due for any one of:

* late submission of the basic filing fee, search fee, or examination fee,
*late submission of inventor's oath or declaration,
* filing an application that does not contain at least one claim on filing, or
* submission of an application filed by reference to a previously filed application.

SUMMARY OF FEES DUE:

The fee(s) required within TWO MONTHS from the date of this Notice to avoid abandonment is/are itemized
below. No entity status discount is in effect. If applicant is qualified for small entity status, a written assertion of
small entity status must be submitted to establish small entity status. (See 37 CFR 1.27). If applicant is qualified
for micro entity status, an acceptable Certification of Micro Entity Status must be submitted to establish micro
entity status. (See 37 CFR 1.29 and forms PTO/SB/15A and 15B.)

+ $ 280 basic filing fee.
«$ 140 surcharge.
« $ 600 search fee.
¢

$ 720 examination fee.
. revious unapplie ment amount.

¢$ 1740 TOTAL FEE BALANCE DUE.

Item ulred To Avoid Processing Delays:
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Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the tine period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f).

* A properly executed inventor's oath or declaration has not been received for the following inventor(s):
Peter John COUSINS

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450
Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice".
https://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at htto//Awww. .gov/ebc

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/mgabre/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (671) 272-4200, or 1-888-786-0101
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Electronic Patent Application Fee Transmittal

Application Number: 14504771

Filing Date: 02-Oct-2014

Title of Invention: FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

First Named Inventor/Applicant Name: Peter John COUSINS

Filer: Patrick D. Benedicto/jina mangacang

Attorney Docket Number: 10031.004211

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount ann in

Basic Filing:

Utility application filing 1011 1 280 280

Utility Search Fee 1111 1 600 600

Utility Examination Fee 1311 1 720 720

Pages:

Claims:

Miscellaneous-Filing:

Late Filing Fee for Oath or Declaration 1051 1 140 140

Petition:

5)



Sub-Total in
Description Fee Code Quantity Amount

USD(S)

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:

Miscellaneous:

Total in USD ($) 1740



Payment information:

Electronic Acknowledgement Receipt

EFS ID: 20894628

Application Number: 14504771

International Application Number:

Confirmation Number: 3342

Title of Invention: FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

First Named Inventor/Applicant Name: Peter John COUSINS

Customer Number: 74254

Filer: Patrick D. Benedicto/jina mangaoang

Filer Authorized By: Patrick D. Benedicto

Attorney Docket Number: 10031.004211

Receipt Date: 08-DEC-2014

Filing Date: 02-OCT-2014

Time Stamp: 17:53:36

Application Type: Utility under 35 USC 111{a)

Submitted with Payment yes

Payment Type Credit Card

Payment was successfully received in RAM $1740

RAM confirmation Number 4947

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:



File Listing:
Document

Document Description File Name
File Size(Bytes)/ Multi Pages

Number P Message Digest | Part/.zip| (if appl.)

; 146887
Applicant Response to Pre-Exam $0123US2_ResponseToNoticeO}

1 no 3
Formalities Notice fMissingParts.pdf

30fe4a44 38f3e2cdeBf21dc3f6ea17886503q
8db

Warnings:
Information:

37126

2 Fee Worksheet (SB06) fee-info.pdf no 2
9ca82eee420b4acf06764 345 ff1f421¢a5713}

1b2

Warnings:
Information:

Total Files Size (in bytes); 184013

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

1



PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number

Substitute for Form PTO-875 14/504,771

APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CER 1.164), (b), or ()} N/A N/A N/A N/A 280
SEARCH FEE
(37 CER 4.16(K), (i), or (rm)

N/A N/A N/A N/A 600
EXAMINATION FEE
(37 CFR 1.16(0), (p), or (q))

N/A N/A N/A N/A 720
TOTAL CLAIMS *

(37 CFR 1.16(i))
20 minus 20= OR |x 80 = 0.00

INDEPENDENT CLAIMS *

(37 CFR 1.16(h))
3 minus 3 = x 420 = 0.00

If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheetsor fraction thereof. See 35 U.S.C.

41(a)(1)(G) and 37 CFR 1.16(s).

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1600

APPLICATION AS AMENDED- PART II

OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST

REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE(S)
5 AMENDMENT PAID FOR

iu =

ory =
> (37 CFR 1.16())

Minus OR |x

a > Frys =

2 | agperdert Mis
oR |x

2 Application Size Fee (37 CFR 1.16(s))

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16())) OR

TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

(Column 1) (Column 2) (Golumn 3)
CLAIMS HIGHEST

REMAINING NUMBER PRESENT ADDITIONAL ADDITIONALa AFTER PREVIOUSLY | EXTRA RATE(S)
FEE(S)

RATE(S) FEE(S)
5 AMENDMENT PAID FOR

Lu Total *
Minus.

+* =
= (37 CFR .16() OR [x

9 Independent
* Minus

[|
*** = oR

Ww (37 GFR 1.16(h))

= Application Size Fee (37 CFR 1.16(s))

OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16()))

TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0” in column 3.
™ If the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter "20".

** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The “Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.



UNITED STATES PATENT AND TRADEMARK OFFICE
UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450
Alexandria, Virginia 22313-1450
Www.uspto.gov

14/504,771 10/02/2014 Peter John COUSINS 10031.004211
CONFIRMATION NO. 3342

74254 NOTICE
Okamoto & Benedicto LLP
P.O. Box 641330
San Jose, CA 95164-1330 4) ooocor2e 77

Date Mailed: 12/12/2014

INFORMATIONAL NOTICE TO APPLICANT
Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f).

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid
further processing delays.

« A properly executed inventor's oath or declaration has not been received for the following inventor(s):
Peter John COUSINS
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address; COMMISSIONER FOR PATENTS

PO. Box 1450
Alexandria, Virginia 22313-1450
Wwww.uspto.gov

14/504,771 10/02/2014 1757 1740 10031.004211 20 3

CONFIRMATION NO. 3342
74254 UPDATED FILING RECEIPT
Okamoto & Benedicto LLP
P.O. Box 641330 IhSan Jose, CA 95164-1330 0000000723 7 73

Date Mailed: 12/12/2014

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Peter John COUSINS, Menlo Park, CA;

Applicant(s)
SunPower Corporation, San Jose, CA

Assignment For Published Patent Application
SunPower Corporation

Power of Attorney: The patent practitioners associated with Customer Number 74254

Domestic Priority data as claimed by applicant
This application is a CON of 13/495,577 06/13/2012 PAT 8878053
which is a DIV of 12/070,742 02/20/2008 PAT 8222516

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http:/Avww.uspto.gov for more information.) - None.
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 10/07/2014
The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/504,771
Projected Publication Date: 03/26/2015
Non-Publication Request: No
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Early Publication Request: No
Title

FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

Preliminary Class
136

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countrieswhere patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http:/Awww.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http:/Awww.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help “toolkits” giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

page 2 of 3



LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

66

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to

promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/Awww.SelectUSA.gov or call
+1-202-482-6800.
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address; COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
Www.uspto.gov

14/504,771 10/02/2014 Peter John COUSINS 10031.004211
CONFIRMATION NO. 3342

74254 PUBLICATION NOTICE
Okamoto & Benedicto LLP
P.O. Box 641330
San Jose, CA 95164-1330 4) oocer 2387 5

Title:FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

Publication No.US-2015-0083215-A1
Publication Date:03/26/2015

NOTICE OF PUBLICATION OF APPLICATION
The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/pattt/.

The publication process established by the Office does not provide for mailing a copy of the publication to

applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the
dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[_] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the

information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[_] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)}(2).

[] See attached certification statement.

[] The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

[xX] Acertification statement is not submitted herewith.
SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d)} for the
form of the signature.

Signature /Patrick D. Benedicto/ Date (YYYY-MM-DD) 2015-06-11

Name/Print PATRICK D. BENEDICTO Registration Number 40909

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.



Privacy Act Statement

EFS Web 2.1.17

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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(54)FABRICATION OF BSF SOLAR CELL

(57)Abstract
PURPOSE: To realize a a BSF type solar cell having high photoelectric conversion efficiency by
forming an n+ poly-Si layer by thermal CVD using B2H6/SiH4/SiF4 as a material gas thereby
improving the quality of n+ poly-Si layer.
CONSTITUTION: A material gas of B2H6/SIH4/SIF4=0.1/10/500 is introduced into a filming
chamber evacuated to 1x10-5 Torr by a thermal CVD system thus depositing a p type
polysilicon layer 2 on one side of an n single crystal silicon substrate at 700°C and an n+

polysilicon layer 5 of PH3/SiH4/ SiF4=0.1/10/330 on the opposite side thereof. An ITO is

further deposited on the p type polysilicon layer 2 to form an antireflection layer 3 and an

interdigital electrode 4 is formed of a silver paste on the surface thereof whereas a rear:
electrode 6 is formed on the rear side of the n+ polysilicon layer 5. Since a high quality n+or
p+ silicon layer can be formed on an n-type or a p type silicon substrate under low film

deposition temperature, a BSF solar cell having high photoelectric conversion efficiency can be

realized.
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AN ALUMINUM ALLOY BACK JUNCTION
SOLAR CELL AND A PROCESS FOR

FABRICATION THEREOF

BACKGROUND OF THE INVENTION

The present invention relates to an improved solar cell and a process for

fabricating thereof. More particularly, the present invention relates to a solar

cell including a p-n junction located near a non-illuminated surface of the

solar cell and a process for fabricating thereof.

Solar cells are widely used because they convert easily accessible energy

from a light source, such as the sun, to electrical power to operate electrically

driven devices, e.g., calculators, computers, and heaters used in homes. Figure

1 shows a cross-sectional view of a layered stack thatmakes up a conventional

silicon solar cell 10. Conventional silicon solar cell 10 typically includes a p-n

junction 24 sandwiched between a p-type base layer 18 and an n-type layer 16,

which is located near an illuminated (front) surface 11. The term “illuminated

surface,” as used herein refers to the surface of a conventional solar cell that is

exposed to light energy when the solar cell is active or under operation. Thus,

the term “non- illuminated surface” refers to a surface that is opposite the

illuminated surface. The basic structure ofp-n junction 24 includes a

heavily-doped (about 1020 cm-3) n-type emitter layer (nt) 16 at or near the

illuminated surface 11 and disposed above a moderately-doped (about 1015 cm-
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3) p-type base layer (p) 18. Commercial embodiments of conventional solar

cells typically include an optional anti-reflective coating 14 and a p* layer 20

that is formed between p-type base layer 18 and p-type silicon contact 22.

A typical depth ofp-n junction 24 from the top of the n* emitter layer

16 measures
about 0.5ym. A shallow front p-n junction 24 is desired in order

to facilitate the collection ofminority carriers that are created on both sides of

p-n junction 24. Each photon of light that penetrates into p-type base layer 18

and is absorbed by base layer 18 surrenders its energy to an electron ina

bound state (covalent bond) and thereby frees it. This mobile electron, and

the hole in the covalent bond it left behind (which hole is also mobile),

comprise a potential element of electric current flowing from the solar cell. In

order to contribute to this current, the electron and hole cannot recombine, but

rather are separated by the electric field associated with p-n junction 24. If

this happens, the electron will travel to n-type silicon contact 12 and the hole

it

will travel to p-type silicon contact 22.

In order to contribute to the solar cell current, photogenerated minority

carriers (holes in the n+ emitter layer and electrons in the p-type base layer)

should exist for a sufficiently long time so that they are able to travel by

diffusion to p-n junction 24 where they are collected. The average distance

over whichminority carriers can travel without being lost by recombining

2
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with a majority carrier is called the minority carrier diffusion length. The

minority carrier diffusion length generally depends on such factors as the

concentration of defects in the silicon crystal (i.e. recombination centers) and

the concentration of dopant atoms in the silicon. As the concentration of

either defects or dopant atoms increases, the minority carrier diffusion length

decreases. Thus, the diffusion length for holes in the heavily-doped nt

emitter layer 16 is much less than the diffusion length for electrons in

moderately-doped p-type base layer 18.

Those skilled in the art will recognize that the n* emitter layer 16 is

nearly a “dead layer” in that few minority charge carriers created in emitter

layer 16 are able to diffuse to p-n junction 24 without being lost by

recombination. It is desirable to have n+ emitter layer 16 that is shallow or as

close to surface of emitter layer 16 as possible for various reasons. By way of

example, a shallow emitter layer allows relatively few photons to be absorbed

in n* emitter layer 16. Furthermore, the resulting photogenerated minority

carriers created in nt emitter layer 16 find themselves close enough to p-n

junction 24 to have a reasonable chance ofbeing collected (diffusion length =

junction depth).

Unfortunately, in the conventional solar celi design, the depth ofnt

emitter layer is limited and cannot be as shallow as desired. Metal from

3
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emitter contacts 12, especially those formed by screen-printing and firing, can

penetrate into p-n junction 24 and ruin or degrade it. The presence ofmetal in

the p-n junction 24 “shorts” or “shunts” the junction. Therefore, although a

shallow and lightly-doped n* emitter layer 16 is desired in order to enhance

the current produced by the cell, in practice, however, n+ emitter layer 16 is

relatively deeper and more heavily-doped than desired to avoid shunting p-n

junction 24. Consequently, in conventional solar cells, the deep location of

n* emitter layer 16 compromises the amount of current produced by the cell.

What is needed is a structure and process for fabricating a silicon solar

cell, which has a high minority carrier diffusion length, eliminates shunting of

the p-n junction and does not compromise the amount of current produced.

SUMMARY OF THE INVENTION

In one aspect, the present invention provides a solar cell. The solar cell

includes a base layer having dopant atoms ofn-type conductivity and being

defined by an illuminated surface and a non-illuminated surface. The

illuminated surface has light energy impinging thereon when the solar cell

is exposed to the light energy and the non-illuminated surface is opposite

the illuminated surface. The solar cell further includes a back surface

emitter layer that is made from an aluminum alloy to serve as a layer ofp-

4
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type conductivity. The solar cell further still includes a p-n junction layer

disposed between the non-illuminated surface of the base layer and the

back surface layer.

In another aspect, the present invention provides a process for

fabricating a solar cell. The process includes: (1) providing a base layer,

(2) fabricating an emitter layer ofp-type conductivity on a same side as

the non-illuminated surface of the base layer to provide a strongly doped p-

type emitter layer and a p-n junction between the n-type base layer and the

p-type emitter layer. The base layer of the present invention has n-type

conductivity and is defined by an illuminated surface and a non-

illuminated surface. The illuminated surface has light energy impinging

thereon when the solar cell is exposed to the light energy and the non-

illuminated surface is opposite the illuminated surface.

These and other features of the present invention will be described in

more detail below in the detailed description of the invention and in

conjunction with the following figures.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example, and not by way

of limitation, in the figures of the accompanying drawings in which:

Figure 1 shows a cross-sectional view ofa conventional solar cell.

Figure 2 shows a cross-sectional view ofa solar cell, in accordance with

an embodiment of the present invention.

Figures 3A-3D show various stages of fabrication, according to one

embodiment of the present invention, for the solar cell ofFigure 2.

Figure 4 shows a graph of a measured I-V curve of an aluminum alloy

back junction dendritic web solar cell.

Figure 5 shows a graph of internal quantum efficiency of an aluminum

alloy back junction dendritic web solar cell.

Figure 6 shows a cross-sectional view of a solar cell, in accordance with

another embodiment of the present invention, with partial metal coverage on

the back side of the solar cell.

Figure 7 shows a cross-sectional view ofa solar cell, in accordance with

yet another embodiment of the present invention, whose contacts to the base

layer are at the back of the cell in interdigitated fashion.

6
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will now be described in detail with reference to

the presently preferred embodiments as illustrated in accompanying drawings.

In the following description, numerous specific details are set forth in order to

provide a thorough understanding of the present invention. It will be

apparent, however, to one skilled in the art, that the present invention may be

practiced without some or all of these specific details. In other instances, well

known process steps and/or structures have not been described in detail in

order to not unnecessarily obscure the present invention.

It is important to bear in mind that a minority carrier electron diffusion

length (i.e. electrons in p-type silicon) is generally different from a minority

carrier hole diffusion length (i.e. holes in n-type silicon) for a given doping

concentration. This difference may depend on the nature of the crystalline

defect, which may act as a recombination center. In dendritic web silicon, for

example, the primary defects are precipitates of silicon oxide which nucleate

on dislocation cores. The interface between the silicon oxide precipitate and

the surrounding silicon carries a positive charge because of the mismatch of

the atomic structure of the two materials. A negatively charged minority

carrier electron is attracted to such a positively charged interface. Sucha

defect can capture and hold an electron until one of the numerous majority
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carrier holes wanders by the defect whereupon the electron can fall into the

hole in a recombination event.

The present invention therefore recognizes that for a solar cell substrate

layer, n-type doping may be desirable to achieve a higher minority carrier

diffusion length than that obtained with p-type doping. A solar cell substrate

having n-type conductivity requires an n-type base layer. A p-n junction was,

therefore, fabricated employing the n-type base layer and an emitter layer at

the illuminated side that includes boron, which is a practical choice for a

p-type dopant.

Unfortunately, it was found that boron diffusions frequently leave a

stained silicon surface because of the formation ofboron-silicon compounds.

Such a stain seriously degrades the appearance of the surface of a solar cell.

Boron stains may be removed at the expense of additional and unwanted

processing steps such as thermal oxidation of the stained surface followed by

chemically removing the thermal oxide. Thus, according to the findings of the

present invention, for silicon materials in which n-type doping gives higher

minority carrier diffusion length than does p-type doping, the desirability of a

front p-n junction is offset by the presence of a boron stain for the p-type

emitter layer.

Referring back to Figure 1, commercial solar cells 10 have an n*ppt

8
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structure. The n-type emitter layer 16 is commonly made using phosphorus

diffusion (in which staining is not a problem), the silicon substrate is doped

p-type, and back silicon surface 20 is typically doped pt to promote ohmic

contact with contact metal layer 22. An ohmic contact has a low resistance.

The voltage developed across an ohmic contact has a linear relationship to the

current flowing through the contact. In contrast, the voltage developed across

a rectifying contact has a non-linear relationship to the current flowing

through the contact. An aluminum-silicon alloy may be used to provide the

p? doping and the back metal contact. More importantly, the commercial

solar cell 10 has p-n junction 24 located at the front of the cell. As explained

above, therefore, nt emitter layer 16 is forced to be deeper than desired to

avoid shunting the front junction. Ifa silicon material with superior minority

carrier diffusion length with n-type doping is to be used with a front p-n

junction, p-type emitter layer is boron-doped to be practical. Boron doping, as

explained above, gives a stained surface, which degrades cell appearance and

a

which can only be removed with additional and unwanted processing.

The present invention, therefore, provides a p-n junction located at the

back end of the solar cell. Figure 2 showsa solar cell layer stack 110,

according to one embodiment of the present invention, that has the p-n

a

junction located at the back end (near the non-illuminated surface of the base

9
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layer), so it is impossible for the front metal contacts 112 to shunt the p-n

junction. Since aluminum may be the choice ofdopant in the silicon pt layer,

it is also impossible for the aluminum to shunt the junction.

Solar cell layer stack 110 includes a base layer 118 ofn-type

conductivity, which is defined by an illuminated surface (front or top surface)

126 and a non-illuminated surface (back or bottom surface) 128. A portion of

base layer 118 near illuminated surface 126 is passivated by a shallow nt

layer 116, which is typically formed by phosphorus diffusion into
a
silicona

layer. This embodiment, therefore, realizes the advantage of the conventional

n* layer and does not suffer from boron staining. An optional anti-reflective

(AR) coating 114 is disposed atop nt layer 116. If the coating is present as

shown in Figure 2, silver contacts 112 fire through AR coating 114 to reach

the surface ofn* silicon layer 116.

A p-n junction 124 is formed at non-illuminated surface 128 or the

interface between base layer 118 and an aluminum doped silicon layer 120,

which functions as a p* emitter layer in the solar cell layer stack of the present

invention. An aluminum-silicon eutectic metal layer 122, which results when

aluminum is alloyed with silicon, is disposed beneath p* layer 120 and serves

as a self-aligned contact to pt emitter layer 120. It is noteworthy that boron

10
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doping is absent from the solar cell structure ofFigure 2, so that there is no

boron stain to compromise the appearance of the front surface.

The placement of the p-n junction at the back side of cell 110 isa

unique feature of solar cell 110 shown in Figure 2. It should be borne in mind

that no other current silicon solar cell design employs such an aluminum alloy

back junction. Furthermore, the depth ofnt layer 116 is of no real concern

regarding shunting because p-n junction 124 is at the back of cell 110.

In accordance with one embodiment, n-type base layer 118 is a

dendritic web silicon crystal havinga resistivity that is generally between

about 5 Q-cm and about 100 Q-cm, and preferably about 20 Q-cm. The

thickness of the dendritic web silicon substrate crystal is generally between

about 30 um and about 200 um, and preferably about 100 um. In order for

the cell 110 to operate at a practical energy conversion efficiency level, the

hole diffusion length in n-type base layer 118 is, in one implementation of this

embodiment, slightly less than the thickness ofbase layer 118. In a preferred

implementation, however, the hole diffusion length is substantially equal to

the thickness of base layer 18 and more preferably exceeds the thickness of

as

L

base layer 118.

Locating the p-n junction near the back of the cell instead ofnear the

front of the cell is counterintuitive to one skilled in the art. It is normally

11
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desirable to have the p-n junction near the front of the cell because the number

ofphotons absorbed per unit depth decreases as one proceeds from the

illuminated surface toward the back surface. For example, about 52% of the

incident photons are absorbed within the first 5 um of the base layer from the

illuminated surface, while about 10% are absorbed within the second 5 wm

slice of depth, andabout 6% are absorbed within the third 5 im slice. In fact,

about 75% of the incident photons are absorbed within the top 30 um of the

base layer.

Since the absorption ofphotons results in the generation of

electron-hole pairs, and since the minority carrier members of the pairs diffuse

to the junction in order to be collected, placing the p-n junction near the

illuminated surface is reasonable. As a rule of thumb, those minority carriers

created beyond one diffusion length from the junction will not be collected

and so will not contribute to the solar cell photocurrent.

Figures 3A-3D show important intermediate solar cell structures formed

at different stages of a fabrication process, according to one embodiment of

the present invention. The illustrated embodiment of the inventive processes

may begin whena single crystal silicon substrate ofn-type conductivity is

fabricated using well-known conventional techniques, e.g., Czochralski, Float-

a

zone, Bridgman, edge defined film-fed growth (EFG), string ribbon growth,
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cast silicon crystallized by directional solidification, and dendritic web

growth. In a preferred embodiment, however, the dendritic web growth

technique may be implemented to produce an n-type single crystal substrate.

Referring to Figure 3A, the n-type single crystal serves as a base layer

218, below which a p-n junction of the solar cell is subsequently formed. Ina

next step, a strongly doped n-type layer 216 (hereinafter referred to as an “nt

layer”) may be formed atop base layer 218 using diffusion processes well

known to those skilled in the semiconductor and solar cell fabrication art. In

accordance with one embodiment of the present invention, a layer containing

phosphorous is applied to the top surface ofbase layer 218 and the

phosphorous atoms are driven into base layer 218 from any heat source. The

phosphorous layer is preferably from a screen printed paste or from a liquid

dopant, and the heat source is a rapid thermal processing (RTP) unit or a belt

furnace maintained at a temperature that is between about 750 °C and about

1050 °C and preferably about 950 °C. At these temperatures, the diffusion

time may generally be between about 30 seconds to about 30 minutes and

preferably be about 5 minutes. As a result, there is formed a phosphorus-

doped n* passivating layer having a thickness that is generally between about

0.1 xm and about 1 pm, preferably about 0.3 1m, with a sheet resistance of

generally between about 10 ©/square and about

13
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200 Q/square and preferably about 40 Q/square.

Alternatively, in another embodiment, the top surface ofbase layer 218

is subjected to phosphorous ion implantation and a portion near the top

surface ofbase layer is transformed into n* layer 216.

In accordance with yet another embodiment, base layer 218 is

passivated with a transparent dielectric layer which may have an appreciable

positive or negative charge. In one implementation of this embodiment, the

base layer is passivated with a layer of thermally grown silicon dioxide having

a thickness ofbetween about 50 A and about 500 A, and preferably about 150

A. In this embodiment, the passivation ofbase layer 218 may be carried out

in a rapid thermal processing unit at temperatures that are generally between

about 800 °C and about 1050 °C and preferably about 1000 °C. Such

temperature treatment is carried out for times that are generally between about

30 seconds and about 30 minutes and preferably about 50 seconds.

Regardless ofhow the n* layer is passivated, or whether it is passivated those

skilled in the art will recognize that at the conclusion of forming n™ layer 216,

a high-low junction (n*n) is formed at the top ofbase layer 218.

An anti-reflective coating 214 may then be deposited on top ofn* layer

216, as shown in Figure 3B. By way of example, plasma-enhanced chemical

14



WO 00/55923 PCT/US00/02609

vapor deposition (PECVD) of silicon nitride or atmospheric pressure chemical

vapor deposition (APCVD) of titanium dioxide is carried out to form anti-

reflective coating 214.
|

Next, conventional techniques may be employed to deposit an

aluminum layer 222 on a bottom surface or non-illuminated surface ofbase

layer 218. According to one embodiment of the present invention, aluminum

is deposited by screen printing a pure aluminum paste onto bottom surface of

base layer 218. In one implementation of this embodiment, aluminum layer

222 is deposited by screen-printing over nearly the entire back of the cell toa

thickness that is generally between about 5 um and about 30 um, and

preferably about 15 um. The partially fabricated solar cell is then heated in a

radiantly-heated belt furnace to a temperature comfortably above the

aluminum-silicon eutectic temperature of about 577 °C, e.g., that may

generally be between about 700 °C and about 1000 °C and preferably about

800 °C, for a long enough duration, e.g., generally between about 0.1 minute

and about 10 minutes and preferably about 2 minutes, to facilitate alloying of

at least some aluminum from layer 222 with base layer 218. During the

alloying process, the temperature treatment inside the belt furnace is high

enough so that aluminum may effectively dissolve silicon. At such high

temperatures, a portion of the base layer that measures approximately one-
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third the thickness of the aluminum layer is effectively dissolved to create pt

layer 220 shown in Figure 3C. By way of example, at about 800 °C, a 15 um

thick aluminum layer 222 dissolves a 5 um portion of a silicon base layer.

Consequently, pt layer 220 is silicon doped with aluminum and contact layer

222 is an alloy that is about 88% aluminum by weight and about 12% silicon

by weight the eutectic composition.

The pt emitter layer is created as described hereinafter. As the silicon

cools, it continues to solidify or grow onto the underlying silicon, also

incorporating a modest amount of the aluminum dopant, on the order of

between about 10'® and about 10'° aluminum atoms per cubic centimeter. The

concentration of aluminum atoms is significantly less than the concentration

of silicon atoms, which is about 10,000 times larger at about 5x10” atoms per

cubic centimeter. As shown in Figure 3C, after cooling the layers, a portion of

base layer 218 near the non-illuminated surface is transformed to a strongly

doped p-type layer 220 (hereinafter referred to as a “pt layer”), by liquid

phase epitaxy. Some of the silicon that was dissolved becomes part of the

aluminum-silicon eutectic layer 222. The silicon that was not dissolved by the

aluminum acts as a template for restructuring the silicon crystal as it is

epitaxially regrown.

The aluminum-silicon eutectic metal layer 222 is a good conductor (has
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a low electrical resistance), and serves as a self-aligned metal contact to the

solar cell. The thickness ofaluminum-silicon eutectic metal layer 222 is

generally between about 1 um and about 30 um and preferably about 15 um.

Figure 3D shows the structure resulting after depositing metal contacts

and firing through the optional anti-reflective coating. By way of example, a

silver layer is screen-printed onto the n+ layer 216, covering about 7% of the

front surface in a grid pattern. Silver may be deposited by screen-printing to a

thickness that is generally between about 5 um and about 20 um and

preferably about 10 um. The resulting partially fabricated solar cell structure

is then run through a belt furnace maintained at a temperature that is generally

between about 700 °C and about 900 °C and preferably about 760 °C. The

time for running the cell through the furnace is short in order to avoid

allowing impurities in the silver paste from diffusing into the silicon. In one

embodiment of the present invention, the time for running the cell through the

belt furnace is between about 0.1 minutes and about 10 minutes. Ina

preferred embodiment, however, the time is about 40 seconds. The thickness

of silver ohmic contacts 212 to n* layer 216 is generally between about | ym

and about 20 um and preferably about 10 um. If an optional anti-reflective

coating is deposited, then the silver layer is fired through the coating. Both

a

operations may (with or without anti-reflective coating) be performed in a
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radiantly-heated belt furnace. The fabrication steps of the present invention

realize high-throughput and low-cost manufacturing.

Figure 4 depicts an I-V curve, which showsa light energy to electrical

energy conversion efficiency of about 12.5% for an aluminum alloy back

junction dendritic web silicon solar cell with full back metal coverage of the

a

n

present invention. The solar cell employed to obtain the data shown in Figure

4 has a nominal thickness of about 100 um and an area of about 25 cm2.

Other parameters include a short-circuit current density of about 28.2

mA/cm2, open-circuit voltage ofabout 0.595 V, and fill factor of about 0.747.

The knee of the curve shows a maximum power point, where Vinp is about

0.480V and I, is about 0.653A.

Figure 5 depicts measurements of spectral reflectivity (solid triangles)

510, external quantum efficiency (open squares) 512, and internal quantum

efficiency (solid squares) 514 for the solar cell ofFigure 4. Measured

reflectivity indicates that about 47% of the long wavelength (> 950 nm) light

is reflected from the aluminum-silicon eutectic metal layer at the back surface.

This reflected light then gets a second pass through the silicon and adds to the

overall efficiency. Calculation of the internal quantum efficiency using the

one-dimensional finite element model PC1D indicates a hole diffusion length

of about 200 pm in the base of this cell. This is double the cell thickness, as

18



WO 00/55923 PCT/US00/02609

required for good performance. The internal
quantum efficiency curve has a

positive slope over the range ofabout 500 nm to about 850 nm, indicating that

the p-n junction is at the back of the cell, which is also noteworthy. Ina

conventional solar cell, the internal quantum efficiency curve would show a

negative slope, indicating that the p-n junction is at the front of the cell.

Figure 6 showsa solar cell layer stack 300, in accordance with another

embodiment of the present invention, that is substantially similar to the solar

cell 110 of Figure 2, except that solar cell 300 has only part of the back

surface converted to a p-type layer and covered with metal. Thus, solar cell

300 is referred to as having “partial” metal coverage on the back side as

opposed to have “full” metal coverage, as shown in Figure 2 for solar cell 110,

where the entire back surface is covered with metal. The partial metal

coverage design ofFigure 6 eliminates bowing of the thin cells, which results

from a differential thermal contraction between the silicon and the

aluminum-silicon eutectic metal layer upon cooling from the eutectic

temperature of about 577 °C. It is important to bear in mind that such bowing

sometimes occurs when full back metal coverage is used. The segmented

metal also reduces the cost of aluminum. The exposed n-type base layer

surfaces 330 between metal islands at the back may be passivated in order to

a

Yr

obtain respectable energy conversion efficiency. By way of example, the
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passivation step may be performed after the aluminum alloying step by

growing a thermal oxide ofabout 115 A thickness in a rapid thermal

processing unit at about 1000 °C for about 50 seconds. An anti-reflective

coating may not be applied in this preliminary effort. Efficiencies up to about

6.8% were obtained for 25 cm2 dendritic web silicon cells with screen-printed

metals but without anit-reflective coating. The expected efficiency with an

anti-reflective coating is about 9.9%.

Figure 7 depicts a solar cell layer stack 400, according to yet another

embodiment of the present invention, that is substantially similar to the solar

cell 300 of Figure 6, except that solar cell 400 has n-type contacts 412 to the

n-type base layer moved from the front of the cell to the back of the cell in an

interdigitated fashion.

This structure shown in Figure 7 has the added advantage of reducing to

zero the shadowing of the front surface by contacts. Interconnecting cells ina

module is also expected to be simpler with both contacts on the back side of

the cell in that surface mount technology can be used. The nt regions 424

adjacent silver contacts 412 may be formed in a separate step. Alternatively,

the source of this n-type dopant can be the contact material itself if a

self-doping contact metal, such as a silver-antimony alloy, is used rather than

pure silver. A prototype dendritic web silicon solar cell of this type with
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screen-printed metals, titanium dioxide anti-reflective coating and about 2.5

cm2 area had an efficiency of about 10.4%.

It is noteworthy that although the present invention is described in

terms of a silicon crystal substrate and aluminum, there is no reason why other

substrate and conductive materials cannot be similarly employed.

Furthermore, it can therefore be appreciated that new and novel structure and

processes for fabricating an aluminum alloy back junction solar cell has been

described. It will be appreciated by those skilled in the art that, given the

teaching herein, numerous alternatives and equivalents will be seen to exist

which incorporate the invention disclosed hereby. As a result, the invention is

not to be limited by the foregoing exemplary embodiments, but only by the

following claims.

21



WO 00/55923 PCT/US00/02609

CLAIMS

What is claimed is:

1, A solar cell, comprising:A

a base layer including dopant atoms ofn-type conductivity and

being defined by an illuminated surface and a non-illuminated surface, said

illuminated surface having light energy impinging thereon when said solar

cell is exposed to said light energy and said non-illuminated surface is

opposite said illuminated surface;

a back surface emitter layer including an aluminum alloy contact

and serving as a layer ofp-type conductivity; and

a p-n junction layer disposed between said non-illuminated

surface of said base layer and said back surface layer.

2. The solar cell of claim 1, further comprising a strongly doped n-type

layer that is disposed adjacent the illuminated surface of the base layer.

3. The solar cell of claim 2, wherein the strongly doped n-type layer

includes phosphorous atoms.

4. The solar cell of claim 2, further comprising an anti-reflective coating

layer that is disposed adjacent the strongly doped n-type layer.
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5. The solar cell of claim 4, further comprising metal contacts that fire

through the anti-reflective coating to reach the strongly doped n-type

layer.

6. The solar cell of claim 5, wherein the metal contacts include silver and

serve as ohmic contacts to the base layer.

7. The solar cell of claim 5, wherein the metal contacts have a thickness of

1 um to 20 pm.

8. The solar cell of claim 1, wherein a diffusion length of a hole through

said base layer is slightly less than a thickness of the base layer.

9. The solar cell of claim 8, wherein the diffusion length of the hole

through said base layer is substantially equal to the thickness of said

base layer.

10. The solar cell of claim 9, wherein the diffusion length of the hole

through the base layer exceeds the thickness of the base layer.

11. The solar cell of claim 10, wherein the n-type base layer is fabricated

using one technique selected from the group consisting of cast silicon

crystallized by directional solidification, edge-defined film-fed growth,

string ribbon growth, Czochralski, Float-zone, Bridgman and dendritic

web growth.
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12. The solar cell of claim 11, wherein the n-type base layer is a dendritic

web silicon layer.

13. The solar cell of claim 12, wherein the n-type base layer has a

resistivity that is between about 5 Q-cm and about 100 QO-cm.

14. The solar cell ofclaim 12, wherein the n-type base layer has a

resistivity that is about 20 Q-cm.

15. The solar cell of claim 12, wherein a thickness of the n-type base layer

is between about 30 um and about 200 um.

16. The solar cell of claim 15, wherein a thickness of the n-type base layer

is about 100 jum.

17. The solar cell of claim 1, wherein the aluminum alloy layer acts as a

self-aligned contact for the non-illuminated surface of the emitter layer.

18. The solar cell of claim 17, wherein the aluminum alloy layer is an

aluminum-silicon eutectic metal layer.

19. The solar cell of claim 17, wherein the aluminum-silicon eutectic metal

layer has a thickness that is between about 1 4m and about 30 pm.

20. The solar of claim 17, wherein the aluminum alloy layer substantially

covers the non-illuminated surface of the base layer.

24



WO 00/55923 PCT/US00/02609

21. The solar cell of claim 17, wherein the aluminum alloy layer partially

covers the non-illuminated surface of the base layer.

22. The solar cell of claim 21, wherein the aluminum alloy layer partially

covers the non-illuminated surface of the base layer in a segmented

fashion and interdigitated n-type metal contacts are disposed in spaces

between the segmented aluminum alloy layer.

23. The solar cell of claim 22, further comprising a strongly doped n-type

layer adjacent the metal contacts to facilitate connection to the base

layer.

24. A process for fabricating a solar cell, comprising:

providing a base layer, said base layer having n-type conductivity and

being defined by an illuminated surface and a non-illuminated surface,

said illuminated surface having light energy impinging thereon when said

solar cell is exposed to said light energy and said non-illuminated surface

is opposite said illuminated surface;

fabricating an emitter layer ofp-type conductivity on the same side as

said non-illuminated surface of said base layer to provide a strongly doped

p-type emitter layer and a p-n junction between said n-type base layer and

said p-type emitter layer.
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25. The process of claim 24, wherein said providing the base layer

includes fabricating a single crystal silicon substrate ofn-type

conductivity using one technique selected from a group consisting of

Czochralski, Float-zone, Bridgman, cast silicon crystallized by directional

solidification, edge-defined film-fed growth (EFG), string ribbon growth,

and dendritic web growth.

26. The process of claim 25, wherein said providing the base layer

includes fabricating a single crystal silicon substrate ofn-type conductivity

using dendritic web growth.

27. The process of claim 24, wherein said fabricating said emitter layer

includes:

providing an aluminum layer on said non-illuminated surface of

said base layer; and

alloying said aluminum from said back with at least a portion of

said base layer to transform said portion of said base layer into said

emitter layer.

28. The process of claim 27, wherein the base layer includes silicon and

said alloying forms the emitter layer which includes aluminum atoms as p-

26
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type dopant anda self-aligned contact layer for a back surface of thea

emitter layer that includes an aluminum-silicon alloy.

29. The process of claim 28, wherein said providing aluminum includes

screen-printing aluminum on the non-illuminated side of the base layer.

30. The process of claim 28, wherein said alloying is accomplished at a

temperature ofbetween about 700°C and about 1000°C.

31. The process of claim 28, wherein said alloying is accomplished by

maintaining said temperature for a time that is between about | minute

and about 30 minutes.

32. The process ofclaim 28, wherein the illuminated surface of the base

layer is passivated by a phosphorus-doped layer having a thickness of

between about 0.1 um and about | um.

33.The process of claim 32, further comprising forming an anti-reflective

coating that includes preferably titanium dioxide or silicon nitride is

formed above the phosphorus-doped layer.

34. The process of claim 33, wherein n-type metal contacts are formed

above the base layer to provide ohmic contact to the base layer.

35. The process of claim 34, wherein n-type metal contacts are formed

27
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below the base layer to provide ohmic contact to the base layer.

36. The process of claim 27, wherein said providing aluminum layer

includes providing aluminum such that said aluminum alloy layer

formed in said alloying substantially covers the back side of the emitter

layer.

37. The process of claim 27, wherein said providing aluminum layer

includes providing an aluminum layer that partially covers the non-

illuminated surface of the base layer such that said alloying forms an

emitter layer that covers the non-illuminated surface of the base layer in

a segment fashion.

38. The process of claim 37, further comprising forming interdigitated n-

type metal contacts that are disposed in spaces between the segmented

aluminum alloy layer.

39. The process of claim 24, further comprising passivating substantially

all exposed illuminated and non-illuminated surfaces of the base layer

with a dielectric layer.

28
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SOLAR CELL HAVING DOPED SEMICONDUCTOR
HETEROJUNCTION CONTACTS

BACKGROUND OF THE INVENTION

[0001] This invention relates generally to photovoltaic solar cells, and more

5 particularly the invention relates to a solar cell structure which is efficient in operation

and economical to manufacture.

{0002] The use of photovoltaic cells for the direct conversion of solar radiation into

electrical energy is well known, see Swanson, U.S. Patent No. 4,234,352 for example.

Briefly, the photovoltaic cell comprises a substrate of semiconductive material having

10 ap-n junction defined therein. In the planar silicon cell the p-n junction is formed

near a surface of the substrate which receives impinging radiation. Radiated photons

‘create mobile carriers (holes and electrons) and the substrate which can be directed to

an electrical circuit outside of the cell. Only photons having at least a minimum

energy level (e.g., 1.1 electron volt for silicon) can generate an electron-hole pair in

15 the semiconductor pair. Photons having less energy are either not absorbed or are

absorbed as heat, and the excess energy of photons having more than 1.1 electron volt

energy (e.g. photons have a wavelength of 1.1 ym and less) create heat. These and

other losses limit the efficiency of silicon photovoltaic cells in directly converting

solar energy to electricity to less than 30%.

20 [0003] Solar cells with interdigitated contacts ofopposite polarity on the back surface

of the cell are known and have numerous advantages over conventional solar cells

with front side metal grids and blanket or grid metallized backside contacts, including

improved photo-generation due to elimination of front grid shading, much reduced

grid series resistance, and improved “blue” photo-response since heavy front surface

25 doping is not required to minimize front contact resistance because there are no front

contacts. In addition to the performance advantages, the back-contact cell structure

allows simplified module assembly due to coplanar contacts. See Swanson U.S.
Patent No. 4,927,770 for example.

[9004] While interdigitated back-contact (IBC) solar cells have been fabricated, cost

30 considerations have limited commercialization of the IBC solar cell. Heretofore,

conventional microelectronics (integrated circuit) processing has been employed in
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fabricating IBC solar cells, including the use of backside diffusions, contacts, and

metal lines fabricated by conventional microelectronics photolithography, thin film

metallization, and etching processes. This fabrication process is capable of producing
high efficiency solar cells, but the process is not cost effective for application in

5 conventional low-cost, flat-plate solar panels. The key problem with practical

realization of an IBC solar cell by this process is the high cost of fabrication,

including etching, doping and mask alignment, and the use of thick metal conductor

deposition by vacuum evaporation or sputtering. Further, the processing must be

carried out in a clean room environment. Thus IBC solar cells fabricated using these

10 methods have been restricted to application in high concentration solar cells or in very

high value one-sun applications.

{0005} Copending application serial no. 11/306,510 combines a semiconductor

substrate with acceptor and donor polymer contacts to provide a solar cel! which is

economically fabricated. Importantly, fabrication of the solar cell, is improved in cost

15 and in reduced temperature cycling through use of inkjet application of the polymer
contacts without the need for photoresist masking, etching, and dopant diffusion and

annealing as is required in prior art solar cells.

[0006] The present invention utilizes a semiconductor such as amorphous silicon as

donor and acceptor contact in a silicon solar sell which can be readily and cost

20 effectively fabricated.

2
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SUMMARY OF THE INVENTION

[9007] The invention utilizes doped amorphous silicon, Si-Ge, or II] - V compounds

as a donor or an acceptor contact in silicon solar cell. The contact material can be

vapor deposited along with the dopant as necessary for donor or acceptor application.

Vv

5 As used herein, “amorphous” silicon includes “poly crystalline” silicon.

[0008] When deposited on a single crystal silicon substrate, a tunnel oxide is first

grown and separates a deposited amorphous silicon from the substrate to prevent re-

crystallization of the amorphous silicon.

(0009] In an interdigitated back contact (IBC) cell, the front surface can be textured

10 by chemical or physical abrasion to provide a radiation capturing surface with an anti-

reflective and passivating coating such as silicon nitride, doped silicon carbide, or a

thin coating of amorphous silicon over the textured surface.

{0010} The invention and object and features thereof will be more readily apparent

from the following detailed description and appended claims when taken with the

15 drawings.

3
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Fig. 1 is a side view in section of an interdigitated back contact solar cell

including doped amorphous contact in accordance with one embodiment of the

invention.

§ (0012) Figs 2A - 2D are side views in section illustrating the solar cell of Fig. 1

during fabrication.

4
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

{0013} In accordance with one embodiment of the invention, an interdigitated back

contact (IBC) solar ce!l comprising a silicon semiconductor body having first and

second opposing major surfaces receives radiation through the first surface and has

5 first and second patterns of acceptor doped amorphous silicon and donor doped

amorphous silicon, respectively, on the second or back surface for receiving electron

and hole carriers created in the silicon substrate by radiated photons. The structure is

similar to prior art back contact solar cells which utilize doped P and N conductivity

contacts formed in the substrates for receiving the holes and electrons created by
10s radiation. However, the use doped P and N contacts in the substrate requires

photoresistmasking, etching, dopant diffusion, and high temperature processing in the

fabrication of the solar cell. The use of acceptor and donor amorphous silicon

contacts on the structure, in accordance with an embodiment of the invention,

obviates the need for photoresist masking and dopant diffusion and the high
15 temperature processing required in annealing the diffused dopants, A tunnel silicon

oxide can be placed between the contacts and the substrate to prevent epitaxial growth

of the amorphous silicon on the substrate.

[0014] Consider now Fig. 1 which is a side view in section of an interdigitated back

contact (IBC) solar cell in accordance with one embodiment of the invention. The

20 cell’ includes a light n-type monocrystalline or polycrystalline substrate 10 having a

front surface which receives radiation and a textured surface on which is formed a

thin (e.g. 10-150 angstrom) tunnel silicon oxide layer 12 with a passivation coating 14

over tunnel oxide 12 which can comprise silicon nitride, doped silicon carbide, or a

doped amorphous silicon layer.

25 [0015] On the back surface of substrate 10 is a second tunnel oxide layer 16 over

which is formed P+ amorphous silicon contacts 18. A dielectric such as silicon oxide

20 separates P+ amorphous silicon 18 from N+ amorphous silicon 22 which is formed

in openings through P+ amorphous silicon iayer 18 and in contact with tunnel oxide

16. While the amorphous silicon layers 18, 22 are formed by low temperature vapor
30 deposition, tunnel oxide 16 prevents any re-crystallization of the amorphous silicon

by epitaxial growth from silicon substrate 10. Metal contact 24 engages P+
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amorphous silicon layer 18, and metal contacts 26 engage N+ amorphous silicon

layers 22,

{0016] The back contact heterojunction enhances the rear passivation of the solar cell

by the inclusion of tunnel oxide 16, heterojunction field provided by the amorphous

5 silicon contacts, and contact passivation. As will be described further herein below, a

process benefit in making the device is.that high temperature dopant drive is not

required.

[0017] Figs. 2A-2D are section views illustrating the solar cell of Fig. 1 during
fabrication. Initially, as shown in Fig. 2A, silicon substrate 10, which can be either

10 intrinsic or light doped, has a thin tunnel oxide 16 grown thereon which can have a

thickness of from 10-20 angstrom, for example. Amorphous silicon layer 18 is then

deposited with a boron dopant and a dopant concentration of 107°-10"! or 10E20 -

10E21 atoms per cubic centimeter and to a thickness of 500 to 2000 angstroms. The

growth of a doped silicon layer by vapor deposition is a known silicon process.

15 Inclusion of an intrinsic layer under the p-type doped silicon layer can be made if a
PIN structure is desired.

{0018] Thereafter, an insulating layer of silicon oxide 20 is deposited by low pressure

chemical vapor deposition (LPCVD, PECVD, APCVD), or by a spin on glass process.

Silicon oxide layer 16 is 500 to 1000 angstroms in this illustrative embodiment.

20 [0019] Thereafter, as illustrated in Fig. 2B, the front surface of substrate 10 is

textured by chemical or mechanical abrasion. This process step can precede the

process steps of Fig. 2A, if desired. A photoresist mask is then formed on the back

surface of the substrate 10 and etched to form openings through silicon oxide layer 20

and amorphous silicon 18 to substrate {0. The thin tunnel oxide is removed in the

25 etching process also, and a new layer of tunnel silicon oxide is then applied on the

exposed surface of substrate 10 through the etched openings by chemical growth, In

forming tunnel oxide 16 in Fig. 2B, tunnel oxide layer 12 can be simultaneously
formed on the front surface. Following the growth of the thin tunne! oxide in the

etched openings, again to a thickness of 10-20 angstroms, an N+ doped amorphous
30 silicon layer 22 is deposited over the back surface, as shown in Fig. 2C.

6
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{0020} The layer 22 is doped with an N dopant such as phosphorous with a

concentration of 107°-107' or 10E20 -10E21 atoms per cubic centimeter. This can be

deposited using plasma enhanced chemical vapor deposition (PECVD, LPCVD,
APCVD). N+ amorphous silicon 22 is then masked and selectively etched to expose

5 the underlying P+ amorphous silicon 18 for reception ofmetal contacts. In Fig. 2D,
metal contacts 24 and 26 are made to P+ amorphous silicon 18 and N+ amorphous

silicon 22 by metal deposition and photoresist masking and etching. The contacts can

be formed by first scattering a seed layer of a conductive metal such as aluminum or

copper and then pattern plating the seed metal to increase thickness. The cell is then

10 completed by depositing a passivating layer 14 on tunnel oxide 12 on the front surface
of substrate 10 using silicon nitride, doped silicon carbide, or N+ doped amorphous

silicon.

[0021] A heterojunction solar cell in accordance with the invention, using doped

amorphous silicon contacts is readily fabricated using conventional semiconductor

15 processing techniques without the for high temperature processing. While the

invention has been described with reference to an interdigitated back contact solar cell

in which both P+ and N+ contacts are employed, the invention can be applied to solar

cells having a single doped amorphous silicon on the back surface. Further, while the

heterojunction is provided by amorphous silicon, other high band gap material such as

20 germanium-silicon alloy, doped silicon carbide, or other [II-V compound material can

be employed in the contact structures. Thus, while the invention has been described

with reference to specific embodiments, the description is illustrative of the invention

and is not to be construed as limiting the invention. Various modifications and

applications may occur to those skilled in the art without departing from the spirit and

25 scope of the invention as defined by the appended claims.

7
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CLAIMS

What is claimed is:

1. A solar cell comprising:

a) a semiconductor body having first and second opposing major surfaces,

b) a first dielectric layer on the first surface and a second dielectric layer onSs

the second surface, the second dielectric layer comprising a tunnel oxide,

c) a first pattern of acceptor doped semiconductor material over the tunnel

oxide on the second surface, and a second pattern of donor doped semiconductor

material over the tunnel oxide on the second surface and interleaved with the first

pattern, and

d) a first conductive pattern interconnecting the acceptor doped semiconductor

material and a second conductive pattern interconnecting the donor doped

semiconductor material.

2. The solar cell as defined by claim 1 wherein the semiconductor material is

selected from the group consisting of amorphous silicon, silicon-germanium, and III -

V compound semiconductors.

3. The solar cell as defined by claim 2 wherein the semiconductor material

comprises amorphous silicon.

4, The solar cell as defined by claim 3 wherein the acceptor doped amorphous

silicon is boron doped.

5. The solar cell as defined by claim 4 wherein the donor doped amorphous

silicon is phosphorous doped.

8
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6. The solar cell as defined by claim 5 wherein the first major surface is textured.

7. The solar cell as defined by claim 6 wherein the semiconductor body

comprises silicon and the tunne! oxide comprises silicon oxide.

Ss

8. The solar cell as defined by claim 7 wherein the first and second conductive

patterns are selected from the group consisting of aluminum and copper.

9. The solar cell as defined by claim 3 wherein the semiconductor body

comprises silicon and the tunnel oxide comprises silicon oxide.

10. The solar cell as defined by claim 9 wherein the first and second conductive

patterns are selected from the group consisting of aluminum and copper.

11. In a silicon solar cell in which mobile carriers can be created in a silicon

substrate by impinging radiation, a contact for receiving mobile carriers comprising a

tunnel oxide on a surface of the substrate, and a doped semiconductor material layer

on the tunnel oxide.

12.‘ The contact as defined by claim 11 wherein the semiconductor material is

selected from the group consisting of amorphous silicon, silicon-germanium, and II] -

V compounds semiconductors.

13. The contact as defined by claim 12 wherein the semiconductor material

comprises amorphous silicon.

14, The contact as defined by claim 13 wherein the tunnel oxide comprises silicon

oxide.

9
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15. The contact as defined by claim 14 wherein the silicon oxide has a thickness in

the range of 10-20 angstroms.

16. The contact as defined by claim 14 wherein the amorphous silicon is doped

with a donor dopant.S

17, The contact as defined by claim 16 wherein the donor dopant is phosphorous.

18. The contact defined by claim 14 wherein the amorphous silicon is doped with
an acceptor dopant.

19. The contact as defined by claim 18 wherein the acceptor dopant is boron.

20. In amethod of fabricating a silicon solar cell, the steps of fabricating carrier

acceptor contacts comprising:

a) providing a silicon substrate having first and second opposing major

surfaces,

b) forming a tunnel silicon oxide layer on the first major surface, and

c) forming a doped amorphous silicon layer on the tunnel silicon oxide.

21. The method steps ofclaim 20 wherein the doped amorphous silicon has

dopant in excess of 10'? atoms per cc.

22. The method steps of claim 21 wherein the dopant is a donor dopant.

23. The method steps of claim 22 wherein the dopant comprises phosphorus.

10
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24. The method steps of claim 21 wherein the dopant is an acceptor dopant.

25. The method steps of claim 24 wherein the dopant comprises boron.

5 26. The method steps ofclaim 20 wherein the tunnel silicon oxide has a thickness

on the order of 10-20 angstroms.

10
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(57) Abstract: The amorphous
emitter of known heterocontact solar
cells is arranged on the top of the
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and absorbs incident light which
therefore cannot contribute to the
generation of charge carriers in the
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absorber. A transparent conductive
oxide layer (TCO) as the cover layerai) which has a negative effect on the

pn transition, can be avoided. The
inventive heterocontact solar cell
(HKS) has an inverted geometry of
its layer structure and thus an inverted
heterocontact. The amorphous emitter
(EM) is arranged on the bottom
(LU) of the crystalline absorber (AB)
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4 facing away from the light. The

absorber (AB) is only covered by
a transparent antireflection coating
(ARS) on its top (LO) facing the
light, said coating, due to the material
chosen, is at the same time the
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electrically effective passivation layer
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regarding the material, time and
energy requirements can be reduced

by the low-temperature production of the emitter (EM) and the antireflection coating (ARS) by plasma CVD processes at 250 °C
to 350 °C. The upper contact structure (OKS) penetrates the transparent antireflection coating (ARS) digitately, the lower contact
structure (UKS) is configured as a thin large-surface metal layer (MS).
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(57) Zusammenfassung: Bei bekannten Heterokontaktsolarzellen ist der amorphe Emitter auf der lichtzugewandten Oberseite des
kristallinen Absorbers angeordnet und absorbiert einfallendes Licht, das somit nicht mehr im Absorber zur Ladungstrigererzeugung
beitragen kann. Eine transparente leitfihige Oxidschicht (TCO) als Deckschicht, die sich negativ auf den pn-Ubergang auswirkt,
kann vermieden werden. Die erfindungsgemaBe Heterokontaktsolarzellen (HKS) weist eine invertierte Schichtstrukturgeometrie
und damit einen invertierten Heterokontakt auf. Der amorphe Emitter (EM) ist auf der lichtabgewandten Unterseite (LU) des kris-
tallinen Absorbers (AB) angeordnet. Der Absorber (AB) wird auf der lichtzugewandten Oberseite (LO) nur von einer transparenten
Antireflexschicht (ARS) abgedeckt, die aufgrund ihrerMaterial wah! gleichzeitig als elektrisch wirkende Passivierungsschicht (PS)
arbeitet. Somit werden die Absorptionsverluste minimiert. Die Energieriicklaufzeit beziiglich Material-, Zeit- und Energieeinsatz
kann durch die niedertemperierteHerstellung von Emitter (EM) und Antireflexschicht (ARS) durch Plasma-CVD-Prozesse bei 250°C
bis 350°C verringert werden. Die obere Kontaktierungsstruktur (OKS) durchdringt die transparente Antireflexschicht (ARS) finger-
férmig, die untere Kontaktierungsstruktur (UKS) ist groBflachig als diinne Metalischicht (MS) ausgebildet.
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Heterokontaktsolarzelle mit invertierter Schichistrukturgeometrie

Beschreibung

Die Erfindung bezieht sich auf eine Heterokontaktsolarzelle in Schichtstruktur
mit einem Absorber aus p- oder n-typ dotiertem kristallinem Halbleitermaterial,
einem Emitter aus einem zum Absorber entgegengeseizt dotierten amorphen

Halbleitermaterial, einer intrinsischen Zwischenschicht aus amorphem Halblei-

termaterial zwischen Absorber und Emitter, einer Deckschicht auf der lichtzu-

gewandten Seite des Absorbers, einer ein Minoritatsladungstrager reflektie-

rendes Oberflachenfeld ausbildenden Schicht sowie mit einer ohmschen

Kontaktierungsstruktur mit einer minimierten Beschattungsflache auf der

lichtzugewandten Seite des Absorbers und einer ohmschen Kontaktierungs-
struktur auf der lichtabgewandten des Absorbers.

Stand der Technik

Heterokontaktsolarzelien mit kristallinem und amorphem Silizium gewinnen
zunehmend an technischer Bedeutung. Der Gbliche Aufbau einer Hetero-

kontaktsolarzelle ist beispielsweise aus der Verdffentlichung I von K. Brendel
et al.: interface properties of a-Si:H/c-Si heterostructures‘ (Annual Report
2003, Hahn-Meitner-Institut, 78/79) bekannt. Auf der lichtzugewandten Seite
des zentralen Absorbers aus kristallinem, p-dotierten Silizium (c-Si{p)) und
mikrokristallinem Silizium (uc-Si) sind ein Emitter aus amorphem, mit Wasser-
stoff ,legiertem* bzw. angereichertem, n-dotiertem amorphem Silizium (a-
Si:H(n+)) und eine transparente leitfahige Oxidschicht (TCO) als Deckschicht
unter fingerférmigen Frontkontakten angeordnet. Der Emitter auf der lichtzu-

gewandien Oberseite des Absorbers absorbiert Strahlung, die den Absorber

entsprechend nicht mehr erreichen kann. Auf der lichtabgewandien Unterseite



WO 2006/111138 PCT/DEZ006/000670

2

befindet sich zwischen dem Absorber und einem ganzflachigen RUckkontakt

eine amorphe, mit Wasserstoff angereicherte p-hochdotierte amorphe Silizium-

schicht (a-Si:H(p+)) zur Ausbildung eines Minoritatsladungstrager reflektieren-

den Oberflachenfeld (Back Surface Field BSF).

Wie bei jedem Solarzellentyp leidet auch die Heterokontaktsolarzelle mit

bekannter Schichtstrukturgeometrie mit einer Positionierung des Emitters auf

der lichtzugewandten Oberseite des Absorbers an Verlusten bei der Umwand-

lung der in die Solarzelle eindringenden Lichtenergie in elektrische Energie.
Grunds&tzlich zeigen amorphe Bereiche aufgrund ihrer ungeordneten Struktur

schlechtere Transporteigenschaften fir Ladungstrager als kristalline Bereiche.
Ein Verlustprozess in der Umwandlungskette besteht darin, dass nicht alle

Photonen der einfallenden Strahlung in einem ,aktiven* Bereich der Solarzelie
zu Elektronen-/Loch-Paaren gewandelt werden. Unter ,aktivem Bereich* ist

dabei diejenige Zone in der Solarzelle zu verstehen, in der die Elektronen und

Lécher aufgrund hinreichend groBer Lebensdauer gesammelt werden und

nachfolgend Uber die ohmschen Kontaktierungssysteme abflieBen kénnen.

Notwendige Voraussetzung fur eine effizient arbeitende Solarzelle ist, dass ein

méglichst groBer Strahlungsanteil im aktiven Bereich absorbiert wird. Bei

Heterokontaktsolarzellen ist dieser aktive Bereich der Absorber aus kristallinem

Silizium, wahrend der hochdotierte Emitter aus amorphem Silizium, durch den

das Licht in den Absorber einfallt, dem entgegen als ,,inaktiver Bereich* zu

bezeichnen ist, weil die in dieser Schicht erzeugten Elektronen und Lécher nur
eine vergleichsweise geringe Lebensdauer haben und daher kaum einge-
sammelt werden kénnen. Durch den hohen Absorptionskoeffizienten des

amorphen Emittermaterials wird ein erheblicher Anteil des auftreffenden
Sonnenlichts im Emitter absorbiert.

Zur Verringerung der genannten Verlustprozesse bei Heterokontaktsolarzellen
mit einer konventionellen Schichtstrukturgeometrie mit einem Emitter auf der

lichtzugewandten Oberseite des Absorbers ist es aus der EP 1 187 223 A2,
von der die Erfindung als nachstliegendem Stand der Technik ausgeht, fur die
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so genannte ,HIT“-Solarzelle (Heterojunction with Intrinsic Thin-layer) der

Firma Sanyo bekannt, entweder die Dicke des Emitters aus hochdotiertem

amorphem Silizium zu verringern, wobei eine Mindestschichtdicke von 5 nm

zur volistandigen Ausbildung des pn-Heterokontaktes eingehalten werden

muss, oder die Lichtabsorption im Emitter durch eine VergréBerung der

Bandlticke zu reduzieren. Dazu wird das amorphe Silizium des Emitters mit

Kohlenstoff legiert. Die in der EP 1 187 223 A2 offenbarte gattungsgemaBe
Heterokontakt-solarzelle weist eine Schichtstruktur mit einem n-typ dotierten

kristallinen Siliziumwafer in der Mitte als Absorber auf. Auf beiden Seiten des
Absorbers ist ein Heterokontakt zu benachbarten amorphen Siliziumschichten

aufgebaut. Auf der lichtzugewandten Seite des Absorbers sind zwei intrin-

sische Zwischenschichten, der amorphe Emitter und eine transparente
leitfahige Elektrode (ITO) als Deckschicht vorgesehen. Auf der lichtab-

gewandten Seite des Absor-bers sind vor einer sammelnden Rickelektrode
zur Ausbildung eines BSF zumindest zwei weitere amorphe Schichten vorge-
sehen, von denen die eine undotiert und die andere wie der Absorber n-typ,
jedoch stark dotiert ist. Auf beiden Seiten weist die Heterokontaktsolarzelle

gitterférmige Kontaktierungssysteme auf den Ladungstrager sammelnden ITO-
Schichten auf.

Somit weist auch die bekannte HIT-Solarzelle eine transparente Leitschicht

(TCO, ITO) auf der lichtzugewandten Oberseite auf, um die im schlechter

leitenden, amorphen Emitter gesammelten Ladungen abzuftthren. Der

Ver6éffentlichung II von A.G. Ulyashin et al.: “The influence of the amorphous
silicon deposition temperature on the efficiency of the 1TO/a-Si:H/c-Si

Heterojunction (HJ) solar cells and properties of interfaces” (Thin Solid Films
403-404 (2002) 259-362) ist zu entnehmen, dass die Abscheidung dieser

transparenten Leitschicht auf dem amorphen Emitter im Verdacht steht, die

elektronischen Eigenschaften an der Grenzflache zwischen amorphem und

kristallinem Silizium (Emitter/Absorber) zu verschlechtern.
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Weiterhin ist aus der DE 100 45 249 At eine kristalline Solarzelle bekannit, bei

der der kristalline Emitter auf der lichtabgewandten Seite des Absorbers ange-
ordnet ist. Dort ist er streifenférmig unter Anwendung eines Herstellungs-

prozesses bei hoher Temperatur ausgebildet und wird mit kristallinen Streifen

gegensaizlicher Dotierung verschachtelt, die ein BSF ausbilden. Diese rein-

kristalline, interdigitale Halbleiterstruktur ist nur in einem sehr komplizierten

Herstellungsprozess erzeugbar und dient der ausschlieBlichen Ruckseiten-

kontaktierung, bei der beide ohmschen Kontaktierungsstrukturen auf der

lichtabgewandten Unterseite der Solarzelle angeordnet und ebenfalls inein-

ander verschachtelt sind. Unterhalb der auf der lichtzugewandten Oberseite
des Absorbers vorgesehenen Antireflexschicht, die in eine Verkapselung
integriert ist, weist die bekannte Solarzelle noch eine zusatzliche Passivie-

rungsschicht auf, die der Verringerung der Rekombination von lichterzeugten

Ladungstragern auf der Vorderseite der Solarzelle dient, jedoch auch zusatz-
lich Licht absorbiert. Weitere interdigitale Solarzellen sind auch aus der

US 4.927.770 mit sehr kleinen Emitterbereichen und aus der

US 2004/0200520 A1, bei der gréGere Emitterbereiche in Graben vorgesehen
sind, bekannt. Bei beiden bekannten interdigitalen Solarzellen ist auf der

lichtzugewandten Oberseite neben einer Passivierungsschicht und einer
Antireflexschicht auch eine dotierte Frontschicht zur Ausbildung eines

Minoritatsladungstrager reflektierenden Oberflachenfelds (Front Surface Field

FSF) vorgesehen. Insbesondere die das Oberflachenfeld ausbildende Schicht
wirkt, wenn es sich um eine stark dotierte Si-Schicht handelt, stark absorbie-
rend und verringert damit den Lichteinfall in den aktiven Bereich der Solarzelle
und die Ladungstragerausbeute. Auf der lichtzugewandten Oberseite ist die

Ausbildung eines FSF jedoch von besonderer Bedeutung, da hier durch den

starken Lichteinfall eine hohe Ladungstragererzeugung auftritt, deren

Rekombination minimiert werden muss.

Aus der DE 100 42 733 A1 ist eine ebenfalls reinkristalline Dunnschicht-Solar-

zelle mit einem transparenten Glassuperstrat auf der Lichteinfallsseite bekannt,
die einen p-typ dotierten polykristallinen Absorber (p-pc-Si) mit einer Kontaktie-
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rungsschicht zwischen dem Absorber und dem Glassupersitrat aus p-hoch-
dotiertem polykristallinen Silizium (p*-pc-Si), die gleichzeitig als transparente
Elektrode und als Schicht zum Aufbau eines FSF dient, aufweist. Die Erzeu-

gung des FSF und die Stromsammlung durch die transparente Elektrode auf

der lichtzugewandten Seite werden jedoch auch hier mit Absorptionsverlusten
im Eintrittsfenster erkauft. Eine Antireflexschicht auf der lichtzugewandten
Seite ist nicht vorgesehen, deren Funktion muss von dem Glassuperstrat iiber-
nommen werden. Auf der lichtabgewandten Seite des Absorbers befindet sich

direkt auf dem Absorber der Emitter aus n-hochdotiertem mikrokristallinem

Silizium (n*-yc-Si) mit einer rauen abgewandten Oberflache, auf der eine
Aluminiumschicht als riickreflektierender Kontaktschicht und Elektrode

angeordnet ist.

Aufgabenstellung

Ausgehend von der gattungsgemaBen Heterokontaktsolarzelle, wie sie im

Zusammenhang mit der HIT-Solarzelle oben naher beschrieben ist, besieht die

Aufgabe fiir die vorliegende Erfindung darin, eine méglichst einfach herstell-
bare Schichtstrukturgeometrie fiir eine Heterokontaktsolarzelle mit geringen
optischen Verlusten zu schaffen, die ohne eine transparent leitfahige Elektrode

(TCO) auf der lichtzugewandten Seite auskommt und trotzdem eine zu

bekannten Heterokontaktsolarzellen mit konventioneller Schichtstruktur-

geometrie vergleichbare Umsetzungseffizienz bei der Gewinnung von

elektrischem Strom aus Sonnenenergie liefert. Es soll eine mdglichst kurze

Energiertcklaufzeit fur die erzeugten Heterokontaktsolarzellen durch einen

méglichst geringen Material-, Zeit- und vor allem Energieeinsatz bei einfacher
und kostengiinstiger Herstellungsweise erreicht werden. Die erfindungs-

gemaBe Lésung fiir diese Aufgabe ist dem Hauptanspruch zu entnehmen.
Vorteilhafte Modifikationen der Erfindung werden in den Unteranspriichen
aufgezeigt und im Folgenden im Zusammenhang mit der Erfindung naher

erlautert.
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Die erfindungsgemaBe Heterokontaktsolarzelle weist im grundsatzlichen
Unterschied zu bekannten Heterokontaktsolarzellen eine invertierte Schicht-

strukturgeometrie und damit einen invertierten Heterokontakt auf. Der amorphe
Emitter ist auf der lichtabgewandten Unterseite des Absorbers angeordnet.
Hinter dem Absorber ist die Intensitat des einfallenden Lichts schon so stark

verringert, dass in den Emitter kaum noch Strahlung eindringt und dort absor-

biert wird, sodass die Absorptionsverluste gering gehalten werden k6nnen. Auf

der lichtzugewandten Oberseite des Absorbers ist bei der erfindungsgemaBen
Heterokontaktsolarzelle lediglich eine einzelne transparente Antireflexschicht

mit verbesserten Antireflexeigenschaften als Deckschicht angeordnet, die

aufgrund der Materialwahl gleichzeitig als elektrisch wirkende Passivierungs-
schicht eine Ladungstragerrekombination durch Ausbildung eines

Minoritatsladungstrager riickstreuenden Oberflachenfeldes (FSF) verhindert.
Die Antireflexeigenschaften der Antireflex-schicht werden durch die Wahl ihres
Materials bedingt, das einen Brechungsindex (nags) aufweisen muss, der

gréBer als der Brechungsindex von Luft(n_), aber kleiner als der

Brechungsindex des kristallinen Halbleitermaterials des Absorbers (nag) ist

(N_<Nars<Nas). Durch die doppelte Funktion der Deckschicht als transparente
Antireflexschicht und als Passivierungsschicht entfallt insbesondere eine

transparent leitfahige Elektrode (TCO) auf der lichtzugewandten Seite, da
deren Funktion der Stromableitung durc ein feines Kontakigitter als oberes

Konatkierungssystem Ubernommen werden kann. AuBerdem entfallen weitere

Schichten, insbesondere hochdotierte Si-FSF-Schichten und damit stark
absorbierende Passivierungsschichten, und deren Préparation auf der Solar-
zellenoberseite. Durch den Wegfall zusatzlicher Deckschichten wird der

Herstellungsaufwand beztglich Material-, Zeit- und Energieeinsatz bei der

Heterokontaktsolarzelle nach der Erfindung bedeutsam reduziert und
vereinfacht.

lm Unterschied zu den bekannten interdigitalen kristallinen Solarzellen, die
einen kristallinen, streifenférmigen Emitter auch auf der lichtabgewandten
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Absorberseite aufweisen, ist der amorphe Emitter der erfindungsgemaBen
Heterokontaktsolarzelle als durchgangige Schicht ausgebildet, sodass er

einfacher herstellbar ist, effizient arbeitet und einfach kontaktiert werden kann.

Dartiber hinaus wird der Emitter bei der Heterokontaktsolarzelle nicht durch

Eindiffusion der entsprechenden Dotierspezies bei Temperaturen Uber 900°C

gebildet, sondern beispielsweise durch plasmagestitztes Abscheiden aus der

Gasphase (PECVD) bei Substrattemperaturen von unter 250°C erzeugt.

Weiterhin kénnen bei der erfindungsgemaBen Heterokontaktsolarzelle durch

die Separation von transparenter Antireflexschicht und Emitter deren Schicht-
dicken unabhangig voneinander optimiert werden. So kann der Emitter auf der

lichtabgewandten Unterseite des Absorbers in gréBerer Schichtdicke ausge-
fihrt werden als auf dessen lichtzugewandter Oberseite, wodurch eine guie,
stabile Raumladungszone erzeugt wird. Die elektronischen Eigenschaften der

aktiven Grenzflache zwischen Emitter und Absorber werden dadurch ver-

bessert. Bei der Erzeugung der transparenten Antireflexschicht wiederum
muss keine Ricksicht mehr auf darunter liegende Schichten und einen

Einfluss auf deren elektronische Eigenschaften genommen werden.

Die im Absorber generierten Ladungstrager werden am Heterokontakt
zwischen kristallinem Absorber und amorphen Emitter in der Raumladungs-
zone getrennt und Uber die ohmschen Kontaktierungsstrukturen abgefthrt.
Dabei durchdringt die eine ohmsche Kontaktierungsstruktur auf der lichtzu-

gewandten Oberseite des Absorbers, die mit einer minimierten Beschattungs-
flache ausgebildet ist, die transparente Antireflexschicht. Die andere ohmsche

Kontaktierungsstruktur ist groBflachig auf dem Emitter auf der lichtabge-
wandten Unterseite des Absorbers ausgebildet. Vorieilhaft kGnnen auch

unterhalb der die transparente Antireflexschicht durchdringenden Kontaktie-

rungsstruktur im Absorber Ladungstrager reflektierende Zonen ausgebildet
sein, sodass zusammen mit dem von der transparenten Antireflexschicht

bewirkten Ladungstrager rickstreuenden Oberflachenfeld (FSF) auf der
gesamten Oberflache des Absorbers ein geschlossenes Oberflachenfeld
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erzeugt wird. Es wird zur Kontaktierung des Emitters keine transparent

leitfahige Oxidschicht (TCO : z.B. ITO) als Elektrode mehr bendtigt, deren

Abscheidung auf dem amorphen Emitter in Verdacht steht, die elektronischen

Eigenschaften am Heterotibergang zu verschlechtern (s.o.). Diese technolo-

gische Schwierigkeit wird bei der Erfindung durch eine sanfte Metallisierung
des amorphen Emitters, der eine gute groBflachige Kontaktierung erlaubt, zur

Erzeugung der groBflachigen Kontaktierungsstruktur Uber beispielsweise
thermische Verdampfung vermieden. Dabei kann die groBflachige Kontaktie-

rungsstruktur die gesamte Unterseite des Emitters Gberdecken oder durch

Anwendung einer Maskentechnik gréBere Flachenbereiche davon.

Besonders gunstig wirken sich die zuvor aufgefihrten Vorteile auf die

Heterokontaktsolarzelle nach der Erfindung mit invertiertem Heterotbergang
aus, wenn der Absorber aus n-typ dotiertem kristallinem Silizium und der
Emitter aus p-typ dotiertem amorphem Silizium mit einer intrinsischen, d.h.

undotierten, amorphen Zwischenschicht bestehen. Bei einer derartigen
Materialwahi kann ein technisch gut beherrschbarer, n-leitender Absorber aus
Silizium mit sehr guten Transporteigenschaften und einer hohen Ladungs-
tragerlebensdauer, das mono-, multi- oder auch mikro-kristallin ausgebildet
sein kann. Bei der Wahl eines solchen Materialsystems ist es méglich, die

FSF-bildende Passivierungsschichi nicht — wie aus dem Stand der Technik
bekannt - aus Siliziumoxid, sondern aus Siliziumnitrit zu erzeugen. Dessen

optischer Brechungsindex liegt zwischen dem von Luft und Silizium, sodass die

Passivierungsschicht gleichzeitig als gute transparente Antireflexschicht
wirksam ist. Eine entsprechend doppeltfunktionelle transparente Antireflex-

schicht ist auch méglich, wenn der Absorber p-leitend dotiert ist. Der

Brechungsindex des gewahiten Materials muss wieder zwischen dem von Luft

und Absorber liegen und das Material muss passivierend auf den Absorber
einwirken. Weiterhin kann der Silizium-Absorber auf seiner lichtabgewandten
Unterseite in einfacherWeise in einem Niedertemperaturprozess durch den

Emitter aus amorphem Silizium passiviert werden, wodurch eine sehr geringe
Grenzflachenrekombination bedingt wird, da offene Bindungen, so genannite
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»dangling bonds“ sehr effizient chemisch abgesaitigt werden. Die Absattigung
mit amorphem Silizium, dessen Bandliicke weit oberhalb der des kristallinen

Siliziums liegt, ergibt einen sehr guten pn-HeterokontaktUbergang. Das

amorphe Silizium des Emitters hingegen zeigt starkes Absorptions- und
Rekombinationsverhalten. Die Anordnung eines diinnen Emitters hinter dem

aktiven Bereich ist somit optimal.

Weiterhin kann die eine ohmsche Kontaktierungsstruktur auf der lichtzuge-
wandten Oberseite des Absorbers als Kontaktfinger oder -gitter aus Silber oder
Aluminium und die andere ohmsche Kontaktierungsstruktur auf dem Emitter

als dinne, flachige Metalischicht aus Gold oder einem anderen geeigneten
Material ausgebildet sein. Beide Edelmetalle sind zwar relativ teuer, werden

aber in so geringen Mengen verwendet, dass ihren sehr guten Leit- und

Verarbeitungseigenschaften der Vorzug zu geben ist. Zudem ist bei groB-

flachigen Strukturen eine Verdickung der Kontakte mit kostenglinstigeren
Metallen denkbar. AuBerdem kann der Absorber als selbsttragenderWafer,
insbesondere Siliziumwafer, in relativ groBer Schichtdicke ausgefihrt sein. Die
Solarzelle nach der Erfindung kann aber auch in Dinnschichttechnik, d.h. mit

einzelnen Schichten von Schichtdicken im nm- bis um-Bereich, ausgeftihrt sein
und durch ein Glassubstrat auf der lichtabgewandten Unierseite des Absorbers
die erforderliche Stabilitat erhalten. Weitere Anordnungen, Materialsysteme
und Herstellungsprozesse kénnen dem nachfolgenden speziellen Beschrei-

bungsteil entnommen werden.

Ausfihrungsbeispiele

Ausbildungsformen der Heterokontaktsolarzelle mit invertierter Schichtstruktur-

geometrie nach der Erfindung werden nachfolgend anhand der schematischen

Figuren naher erlautert. Dabei zeigt :



WO 2006/111138 PCT/DE2006/000670

10

Figur 1 einen Schichtstrukturquerschnitt durch die

Heterokontaktsolarzelle,

Figur 2 ein Diagramm mit einer Dunkel- und Hellkennlinie einer

hergesteliten Heterokontaktsolarzelle und

Figur 3 ein Diagramm zur spektralen Quantenausbeute der

Heterokontaktsolarzelle gemaB Figur 2.

Die Figur 1 zeigt eine Heterokontaktsolarzelle HKS mit einem Absorber AB, in
dessen lichtzugewandter Oberseite LO Lichistrahlung (natirlich oder kiinstlich,
sichtbar und/oder unsichtbar) einfallt (Pfeile). Der Absorber AB besteht aus

einem selbsttragenden Wafer der Schichtdicke dag aus n-typ dotiertem

kristallinem Silizium n c-Si. Dabei kann das verwendete Silizium mono-, poly-,
multi- oder mikrokristallin ausgebildet und entsprechend hergestellt sein.

Auf der lichtzugewandten Oberseite LO des Absorbers AB ist als Deckschicht
DS eine transparente Antireflexschicht ARS aus Siliziurmnitrit SigN,

angeordnet, die gleichzeitig als Passivierungsschicht PS auf dem Absorber AB
wirkt und ein Ladungstrager rickstreuendes Oberflachenfeld FSF (in Figur 1

gestrichelt dargestellt) ausbildet zur Vermeidung von Ladungstrager-
rekombination auf der Lichteinfallsseite. Die Doppelfunktion der Deckschicht
DS ergibt sich durch deren Materialwahl in Abhangigkeit vom
Absorbermaterial. Die Antireflexeigenschaften der transparente
Antireflexschicht werden durch die Wahl ihres optischen Brechungsindex nars
zwischen dem Brechungsindex nz, von Luft und dem Brechungsindex nap des

Absorbermaterials bedingt (nL<nars<Nnas). Die Passivierungseigenschaften
hangen von der elektrischen Wirkung des gewahlten Materials auf die

Absorberoberflache ab. Durch die einzige Deckschicht DS auf dem Absorber
AB werden die Photonenverluste durch Absorption gegeniber einem
konventionellen Heterokontaktsolarzellenaufbau mit einer Anordnung des
Emitters EM auf der lichtzugewandten Oberseite LO des Absorbers AB
erheblich reduziert. AuBerdem besteht beim Aufbau der transpareniten
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Antireflexschicht ARS keine Gefahr, die darunter liegende Schichten und deren

elektronische Eigenschaften zu stéren.

Bei der Heterokontaktsoilarzelle HKS mit invertierter Schichtstrukturgeometrie
ist der Emitter EM auf der lichtabgewandten Unterseite LU des Absorbers AB

angeordnet. Im gewahliten Ausfiihrungsbeispiel besteht der Emitter EM aus mit

Wasserstoff H angereichertem amorphem Silizium mit einer p-typ Dotierung p
a-Si:H. Aufgrund seiner invertierten Positionierung hinter dem Absorber AB
kann der Emitter EM kein Licht absorbieren und somit in seiner Schichtdicke

aot individuell, insbesondere auch ausreichend dick, bemessen werden. Da

die Beweglichkeit der Ladungstrager in amorphem Silizium sehr viel geringer
ist als in kristallinen Silizium, darf dao: aber auch nicht zu dick sein. Somit kann

daot im Hinblick auf einen geringen Serienwiderstand der Heterokontakt-

solarzelle HKS optimiert werden. Eine sehr diinne intrinsische (nicht dotierte)
Zwischenschicht {ZS mit der Schichtstarke d; zwischen Absorber AB und

Emitter EM ist im gewahlten Ausfihrungsbeispiel aus amorphem Silizium i a-

Si:H ausgebildet.

Die Heterokontaktsolarzeile HKS mit invertierter Schichtstrukturgeometrie weist
auf ihrer lichtzugewandten Oberseite eine obere Kontaktierungsstruktur OKS
auf, die so ausgelegt ist, dass sie den Absorber AB mit nur einer minimalen

Flache abschattet, sodass ein maximaler Lichteinfall méglich ist. Dazu kann die

Kontaktierungsstruktur OKS finger- oder gitterférmig ausgebildet sein. Im

gewahiten Ausfihrungsbeispiel wird die obere Kontaktierungsstruktur OKS von

einem Kontaktgitter KG aus Silber Ag gebildet. Im Bereich des Kontaktgitters
KG wird die transparente Antireflexschicht AR durchdrungen, sodass direkt

unter den Kontaktfingern zunachst kein Minoritaétsladungstrager reflektierendes

Oberflachenfeld FSF ausgebildet ist. Bei der Erzeugung des Kontaktgitters KG
k6nnen aber MaBnahmen (s.u.) ergriffen werden, die zu einer im gewahlten

Ausfihrungsbeispiel hoch n-dotierten n* Einlagerung unterhalb des Kontakt-

gitters KG im Absorber AB fihren, sodass auch hier ein Minoritatsladungs-
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trager reflektierendes Oberflachenfeld FSF (in Figur 1 strichpunktiert

dargestellt) ausgebildet wird. Somit kann die gesamte Oberflache des

Absorbers AB passiviert werden.

Auf der Unterseite des Emitters EM befindet sich eine untere Kontaktierungs-
struktur UKS, welche nicht dem Lichteinfall ausgesetzt ist. Folglich muss sie in

ihrer Beschattungsflache auch nicht minimiert sein, sondern kann den schlecht

leitenden amorphen Emitter EM méglichst groBflachig zur Sammlung der

getrennten Ladungstrager kontaktieren. Im gewahliten Ausfthrungsbeispiel ist
die untere Kontaktierungsstruktur UKS als diinne flachige Metallschicht MS
aus Gold Au ausgebildet.

Die in der Figur 1 dargestellte Heterokontaktsolarzelle HKS mit invertierter

Schichtstrukturgeometrie kann beispielsweise nach folgendem Ablauf

hergestellt werden. Andere Herstellungsverfahren sind jedoch ebenfalls
anwendbar.

Auf einen absorbergroBen Abschnitt eines 0,7 bis 1,5 OQcm n-dotierten Silizium-

Wafers zur Bildung des Absorbers AB der Schichtdicke dag werden nach

bekannter StandardrezepturWasserstoff (H)-terminierte Oberflachen nass-

chemisch prapariert. Auf die praparierte Oberflache wird anschlieBend bei

325°C bis 345°C mittels Plasma-CVD eine etwa 70 nm dicke Schicht Silizium-
nitrit SigN4 als transparente Antireflexschicht ARS abgeschieden. Diese kann

anschlieBend von dem durch Siebdruck einer kommerziell erhaltlichen

Silberleitpaste mit Phosphorquelle aufgebrachte Kontakigitter KG bei 600°C
bis 800°C durchdrungen (Durchfeuern der Kontakte durch die transparente
Antireflexschicht ARS) werden. Dabei entstehen unterhalb des Kontaktgitters
KG durch das lokale Eindiffundieren des Phosphors stark n-dotierte Bereiche

n*, die als Minoritaétsladungstrager reflektierendes Oberflachenfeld FSF die

Rekombination der lichtgenerierten Ladungstrager reduzieren und das Minori-

tatsladungstrager refiektierendes Oberflachenfeld FSF von der transparenten
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Antireflexschicht ARS im Bereich des Kontaktgitters KG schlieBen. Alternativ

kann die transparente Antireflexschicht ARS beispielsweise mit photolithogra-

phischen Schritten partiell geéffnet werden, um das Silizium des Absorbers AB
auf der lichtzugewandten Oberseite LO mit aufgedampftem Aluminium als

Kontaktgitter KG ohmsch zu kontaktieren.

Auf der lichtabgewandten Unterseite LU des Absorbers AB wird dann nach

einem Atzreinigungsschritt dieser Oberflache in verdtinnter Flusssaure ebenso

mit Plasmadeposition amorphes Silizium als Emitter EM der Soilarzelle SZ
abgeschieden. Dies erfolgt in zwei Etappen : Zunachst wird eine wenige nm

diinne intrinsische Zwischenschicht IS der Schichtdicke d, undotiertes Silizium

(i a-Si:H) aufgewachsen und anschlieBend eine mit etwa 10000 ppm Bor

dotierte 20 nm - 40 nm dicke (Schichidicke dgor) Emitterschicht (p a-Si:H)
aufgebracht.

Der Emitter EM wird auf der lichtabgewandten Unterseite LU im nachsten

Schritt durch Aufdampfen einer etwa 150 nm dicken Metallschicht MS aus

Gold Au metallisiert und auf diese Weise die untere Kontaktierungsstruktur
UKS gebildet, wobei deren laterale Ausdehnung durch Verwendung
verschieden groBer Masken festgelegt werden kann.

Alternativ hierzu kann bei Raumtemperatur eine manuelle Praparation der

oberen Kontaktierungsstruktur OKS auf der transparenten Antireflexschicht

ARS durch partielles Fortatzen der transparenten Antireflexschicht ARS aus

SisN.z, durch die Benetzung dieser freigelegten Stellen mit Galliumindium-
Eutektikum Galn und deren anschlieBendes Verkapseln mit silberhaltigen
Leitklebern erfolgen.

Erste nach dem vorbeschrieben Verfahren hergestellte Heterokontaktsolar-

zellen HKS mit invertierter Schichtstrukturgeomeitrie gemaB Figur 1 zeigen
einen Wirkungsgrad von Uber 11,05 % auf (Figur 2, Diagramm mit einer
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Dunkel- und Hellkennlinie, Stromdichte SD in A/cm? Gber dem Potenzial P in

V) bei einer fir kristallines Silizium typischen externen spektralen Quanten-
ausbeute (Figur 3, Diagramm spektrale Quantenausbeute flr die Solarzelle

gemaB Figur 2, externe Quantenausbeute eQA tiber der Wellenlange in

nm). Der durch den relativ hohen Serienwiderstand begrenzte Wirkungsgrad ist

durch eine Optimierung der oberen Kontaktierungsstruktur OKS noch deutlich

Ss

steigerbar.

Ersatzbiatt
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Bezugszeichenliste

AB Absorber

ARS transparente Antireflexschicht

das Schichtdicke Absorber

duot Schichtdicke dotierter Emitter

dj Schichtstarke intrinsische Zwischenschicht
DS Deckschicht
EM Emitter

FSF Minoritatsladungstrager reflektierendes Oberflachenfeld

HKS heterogene Heterokoniaktsolarzelle
IZS intrinsische Zwischenschicht
i a-Si:H intrinsisches amorphes Silizium

KG Kontakigitter
LO lichtzugewandte Oberseite
LU lichtabgewandite Unterseite
MS Metallschicht

Nas optischer Brechungsindex Absorber

Nars optischer Brechungsindex Antirefiexschicht
n c-Si n-typ dotiertes kristallines Silizium.

ni optischer Brechungsindex Luft

OKS obere Kontaktierungsstruktur
p a-Si:H p-typ dotiertes amorphes Silizium

Pp Potenzial
PS Passivierungsschicht
eQA externe Quantenausbeute
SD Stromdichte

UKS untere Kontaktierungsstruktur

Ersatzblatt
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Patentanspriiche

1. Heterokontaktsolarzelle in Schichtstruktur mit einem Absorber aus p- oder n-

typ dotiertem kristallinem Halbleitermaterial, einem Emitter aus einem zum

Absorber entgegengesetzt dotierten amorphen Halbleitermaterial, einer intrin-

sischen Zwischenschicht aus amorphem Halbleitermaterial zwischen Absorber
und Emitter, einer Deckschicht auf der lichtzugewandien Seite des Absorbers,
einer ein Minoritatsladungstrager reflektierendes Oberflachenfeld ausbildenden
Schicht sowie mit einer ohmschen Kontaktierungsstrukiur mit einer minimierten

Beschatiungsflache auf der lichtzugewandten Seite des Absorbers und einer
ohmschen Kontaktierungsstruktur auf der lichtabgewandten des Absorbers,
dadurch gekennzeichnet, dass
in einer invertierten Schichtstrukturgeometrie der Emitter (EM) auf der

lichtabgewandten Unterseite (LU) des Absorbers (AB) angeordnet ist, dass die

Deckschicht (DS) auf der lichtzugewandten Seite des Absorbers (AB) durch
eine Materialwahl in Abhangigkeit vom Absorbermaterial sowohl als transpa-
rente Antireflexschicht (ARS) als auch als eine ein Minoritatsladungstrager -

reflektierendes Oberflachenfeld (FSF) ausbildende Passivierungsschicht (PS)
des Absorbers (AB) ausgebildet ist und dass die onmsche Kontaktierungs-
struktur (OKS) auf der lichtzugewandten Oberseite (LO) des Absorbers (AB)
die transparente Antireflexschicht (ARS) durchdringt und die andere ohmsche

Kontaktierungsstruktur (UKS) groBflachig auf dem Emitter (EM) auf der

lichtabgewandten Unterseite (LU) des Absorbers (AB) ausgebildet ist.

2. Solarzelle nach Anspruch 1,

dadurch gekennzeichnet, dass
unterhalb der die transparente Antireflexschicht (ARS) durchdringenden
Kontaktierungsstruktur (OKS) im Absorber (AB) Ladungstrager reflektierende
Bereiche (n*) ausgebildet sind.
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3. Solarzelle nach Anspruch 1 oder 2,
dadurch gekennzeichnet, dass
der Absorber (AB) aus n-typ dotiertem kristallinem Silizium (n c-Si), der Emitter

(EM) aus p-typ dotiertem amorphem Silizium (p a-Si:H) und die intrinsische

Zwischenschicht (IZS) aus undotiertem amorphem Silizium (i a-Si:H) bestehen.

4. Solarzelle nach einem der Anspriche1 bis 3,
dadurch gekennzeichnet, dass
die transparente Antireflexschicht (ARS) aus Siliziumnitrit (SigN4) besteht.

5. Solarzelle nach einem der Anspriiche 1 bis 4,
dadurch gekennzeichnet, dass
die eine ohmsche Kontaktierungsstruktur (OKS) auf der lichtzugewandten
Oberseite (LO) des Absorbers (AB) als Kontaktfinger oder —gitter (KG) aus
Sitber (Ag) und die andere ohmsche Kontaktierungsstruktur (UKS) als diinne
flachige Metallschicht (MS) aus Gold (Au) ausgebildet ist.

6. Solarzelle nach einem der Anspriche 1 bis 5,
dadurch gekennzeichnet, dass
der Absorber (AB) aus einem selbsttragenden Wafer besteht.

7. Solarzelle nach einem der Anspriche 1 bis 6,
dadurch gekennzeichnet, dass
ein Dunnschichtaufbau fir die Schichten der Solarzelle (SZ) und ein tragendes
Glassubstrat auf der lichtabgewandten Unterseite (LU) des Absorbers (AB)
vorgesehen sind. ;
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Application/Control Number: 14/504,771 Page 2

Art Unit: 1755

1. The present application is being examined under the pre-AlA first to invent

provisions.

DETAILED ACTION

Election/Restrictions

2. Restriction to one of the following inventions is required under 35 U.S.C. 121:

|. Claims 1-14, drawn to a solar cell, classified in HO1L31/022425.

Il. Claims 15-20, drawn to a method of fabricating a solar cell, classified in

H01L31/182.

The inventions are distinct, each from the other because of the following reasons:

3. Inventions II and | are related as process of making and product made. The

inventions are distinct if either or both of the following can be shown: (1) that the

process as claimed can be used to make another and materially different product or (2)

that the product as claimed can be made by another and materially different process

(MPEP § 806.05(f)). In the instant case the product as claimed can be made by another

and materially different process. For example, the substrate can be formed on the first

tunnel dielectric.

4. Restriction for examination purposes as indicated is proper because all these

inventions listed in this action are independent or distinct for the reasons given above

and there would be a serious search and/or examination burden if restriction were not

required because one or more of the following reasons apply:
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(a) the inventions have acquired a separate status in the art in view of their

different classification;

(b) the inventions have acquired a separate status in the art due to their

recognized divergent subject matter;

(c) the inventions require a different field of search (for example, searching

different classes/subclasses or electronic resources, or employing different search

queries);

(d) the prior art applicable to one invention would not likely be applicable to

another invention;

(e) the inventions are likely to raise different non-prior art issues under 35 U.S.C.

101 and/or 35 U.S.C. 112, first paragraph.

Applicant is advised that the reply to this requirement to be complete must

include (i) an election of a invention to be examined even though the requirement

may be traversed (37 CFR 1.143) and (ii) identification of the claims encompassing

the elected invention.

The election of an invention may be made with or without traverse. To reserve a

right to petition, the election must be made with traverse. If the reply does not distinctly

and specifically point out supposed errors in the restriction requirement, the election

shall be treated as an election without traverse. Traversal must be presented at the time

of election in order to be considered timely. Failure to timely traverse the requirement

will result in the loss of right to petition under 37 CFR 1.144. If claims are added after
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the election, applicant must indicate which of these claims are readable upon the

elected invention.

Should applicant traverse on the ground that the inventions are not patentably

distinct, applicant should submit evidence or identify such evidence now of record

showing the inventions to be obvious variants or clearly admit on the record that this is

the case. In either instance, if the examiner finds one of the inventions unpatentable

over the prior art, the evidence or admission may be used in a rejection under 35 U.S.C.

103 or pre-AlA 35 U.S.C. 103(a) of the other invention.

5. The examiner has required restriction between product or apparatus claims and

process claims. Where applicant elects claims directed to the product/apparatus, and all

product/apparatus claims are subsequently found allowable, withdrawn process claims

that include all the limitations of the allowable product/apparatus claims should be

considered for rejoinder. All claims directed to a nonelected process invention must

include all the limitations of an allowable product/apparatus claim for that process

invention to be rejoined.

In the event of rejoinder, the requirement for restriction between the

product/apparatus claims and the rejoined process claims will be withdrawn, and the

rejoined process claims will be fully examined for patentability in accordance with 37

CFR 1.104. Thus, to be allowable, the rejoined claims must meet all criteria for

patentability including the requirements of 35 U.S.C. 101, 102, 103 and 112. Until all

claims to the elected product/apparatus are found allowable, an otherwise proper

restriction requirement between product/apparatus claims and process claims may be



Application/Control Number: 14/504,771 Page 5

Art Unit: 1755

maintained. Withdrawn process claims that are not commensurate in scope with an

allowable product/apparatus claim will not be rejoined. See MPEP § 821.04.

Additionally, in order for rejoinder to occur, applicant is advised that the process claims

should be amended during prosecution to require the limitations of the

product/apparatus claims. Failure to do so may result in no rejoinder. Further, note

that the prohibition against double patenting rejections of 35 U.S.C. 121 does not apply

where the restriction requirement is withdrawn by the examiner before the patent

issues. See MPEP§ 804.01.

Conclusion

6. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to DEVINA PILLAY whose telephone number is (571)270-

1180. The examiner can normally be reached on Monday thru Friday 7:30am -5:00epm

(EST). Examiner Fax Number is (571)-270-2180.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, Jeffrey T. Barton can be reached on 571-272-1307. The fax phone number

§

§

for the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/DEVINA PILLAY/
Primary Examiner, Art Unit 1755
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1. The present application is being examined under the pre-AlA first to invent

provisions.

DETAILED ACTION

Election/Restrictions

2. Claims 15-20 are withdrawn from further consideration pursuant to 37 CFR

1.142(b) as being drawn to a nonelected method of fabricating a solar cell, there being

no allowable generic or linking claim. Election was made without traverse in the reply

filed on 05/06/2016.

3. Applicant’s election without traverse of claims 1-14, drawn to a solar cell, in the

reply filed on 05/06/2016 is acknowledged.

Claim Rejections - 35 USC § 112

4. The following is a quotation of 35 U.S.C. 112(b):
(b) CONCLUSION.—The specification shall conclude with one or more claims particularly
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor
regards as the invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:
The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

5. Claims 9-14 rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA), second

paragraph, as being indefinite for failing to particularly point out and distinctly claim the

subject matter which the inventor or a joint inventor, or for pre-AlA the applicant regards

as the invention.

6. Claim 9 recites “a back surface” in line 3 and later recites "a back surface” in line

6. It is unclear if these are the same back surfaces or not. Further clarification and

a

appropriate correction is required.
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Claim Rejections - 35 USC § 103

7. The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

8. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148

USPQ 459 (1966), that are applied for establishing a background for determining

obviousness under pre-AlA 35 U.S.C. 103(a) are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating

obviousness or nonobviousness.

9. This application currently names joint inventors. In considering patentability of the

claims under pre-AlA 35 U.S.C. 103(a), the examiner presumes that the subject matter

of the various claims was commonly owned at the time any inventions covered therein

were made absent any evidence to the contrary. Applicant is advised of the obligation

under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was

not commonly owned at the time a later invention was made in order for the examiner to

consider the applicability of pre-AlA 35 U.S.C. 103(c) and potential pre-AIA 35 U.S.C.

a

102(e), (f) or (g) prior art under pre-AlA 35 U.S.C. 103(a).
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10. Claims 1-14 are rejected under pre-AlA 35 U.S.C. 103(a) as being

unpatentable over Okayasu (JP 07-106611, Machine Translation) in view of Ohmi

(US 5,563,092) in further view of Foglietti (US 2002/0142500 A1).

Regarding claims 1-6, Okayasu disclosesa solar cell (See Fig. 1), comprising:

a substrate (1);

an emitter (2) disposed over the substrate:

a front electrode (either 4 or 6) disposed over a front surface (top or bottom

surface) of the substrate; and a back electrode (6 or 4) disposed over a back surface

(bottom or top) of the substrate ([0044)).

However, Okayasu does not discloses a tunneling dielectric oxide between the

emitter and the substrate.

Ohmi discloses that that when growing an amorphous silicon layer on a

monocrystalline substrate a thin tunneling oxide layer is placed between so that

crystalline growth is suppressed (C1/L20-25, C3/L50-55 and C4/L5-65) which is

applicable to solar cells (C2/L20-23).

Foglietti discloses that polycrystalline growth directly on crystalline silicon results

in partial realignment of the polycrystalline grains and to suppress this effect a thin oxide

can be grown similar to that disclosed by Ohmi ([0046)).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the solar cell of Okayasu by providing a thin tunneling oxide

between the emitter layer (2, formed of polysilicon or amorphous silicon) and the

a

substrate (1 formed of single crystalline silicon) and the BSF layer (5 polysilicon layer or
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amorphous layer) and the substrate (1 formed of single crystalline silicon) because as

disclosed by Ohmi and Foglietti it suppresses realignment of polysilicon emitter and

BSF layers.

Regarding claim 7, modified Okayasu discloses all of the claim limitations as set

forth above.

In addition, Okayasu discloses that the back electrode (4) includes silver [0044].

Regarding claim 8, modified Okayasu discloses all of the claim limitations as set

forth above.

In addition, Okayasu discloses that there is an anti-reflection layer (3 [0044])

disposed over the front surface (top) of the substrate.

Regarding claims 9-13, Okayasu discloses a solar cell (See Fig. 1), comprising:

a substrate (1);

an emitter (2) disposed over a back surface (top surface) of the substrate;

a front electrode (6) disposed over a front surface (bottom surface) of the

substrate;

and a back electrode (4) disposed over the back surface (top) of the substrate

([0044)).

However, Okayasu does not discloses a tunneling dielectric oxide between the

emitter and the substrate.

bottom or top) of the substrate ([0044)).

However, Okayasu does not discloses a tunneling dielectric oxide between the

emitter and the substrate.
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Ohmi discloses that that when growing an amorphous silicon layer on a

monocrystalline substrate a thin tunneling oxide layer is placed between so that

crystalline growth is suppressed (C1/L20-25, C3/L50-55 and C4/L5-65) which is

applicable to solar cells (C2/L20-23).

Foglietti discloses that polycrystalline growth directly on crystalline silicon results

in partial realignment of the polycrystalline grains and to suppress this effect a thin oxide

can be grown similar to that disclosed by Ohmi ([0046)).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the solar cell of Okayasu by providing a thin tunneling oxide

between the emitter layer (2, formed of polysilicon or amorphous silicon) and the

substrate (1 formed of single crystalline silicon) and the BSF layer (5 polysilicon layer or

amorphous layer) and the substrate (1 formed of single crystalline silicon) because as

disclosed by Ohmi and Foglietti it suppresses realignment of polysilicon emitter and

BSF layers.

Regarding claim 14, modified Okayasu discloses all of the claim limitations as set

forth above.

In addition, Okayasu discloses that the back electrode (4) includes silver [0044].

11. Claims 1-14 are rejected under pre-AlA 35 U.S.C. 103(a) as being

unpatentable over Okayasu (JP 07-106611, Machine Translation) in view of

Borden (WO 2009/094578 A2, please note provisional filing date).

Regarding claims 1-6, Okayasu discloses a solar cell (See Fig. 1), comprising:a

a substrate (1);
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an emitter (2) disposed over the substrate:

a front electrode (either 4 or 6) disposed over a front surface (top or bottom

surface) of the substrate; and a back electrode (6 or 4) disposed over a back surface

(bottom or top) of the substrate ([0044]).

However, Okayasu does not discloses a tunneling dielectric oxide between the

emitter and the substrate.

Borden discloses that tunnel oxides can be used in solar cells between doped

polysilicon and monocrystalline substrates [0016].

Furthermore, Borden discloses that by providing the tunneling layer it prevents

epitaxial growth of the emitter layer and further it protects the surface from plasma

damage of the deposited emitter layer [0008].

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the interface between polycrystalline layers and monocrystalline

substrates of Okayasu by having a tunneling oxide because it prevents epitaxial growth

of the emitter layer and further it protects the crystalline surface from plasma damage of

the deposited emitter layer.

Regarding claim 7, modified Okayasu discloses all of the claim limitations as set

forth above.

In addition, Okayasu discloses that the back electrode (4) includes silver [0044].

Regarding claim 8, modified Okayasu discloses all of the claim limitations as set

forth above.
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In addition, Okayasu discloses that there is an anti-reflection layer (3 [0044])

disposed over the front surface (top) of the substrate.

Regarding claims 9-13, Okayasu discloses a solar cell (See Fig. 1), comprising:

a substrate (1);

an emitter (2) disposed over a back surface (top surface) of the substrate;

a front electrode (6) disposed over a front surface surface) of the substrate;

and a back electrode (4) disposed over the back surface (bottom or top) of the

substrate ([0044]).

However, Okayasu does not discloses a tunneling dielectric oxide between the

emitter and the substrate.

Borden discloses that tunnel oxides can be used in solar cells between doped

polysilicon and monocrystalline substrates [0016].

Furthermore, Borden discloses that by providing the tunneling layer it prevents

epitaxial growth of the emitter layer and further it protects the surface from plasma

damage of the deposited emitter layer [0008].

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the interface between polycrystalline layers and monocrystalline

substrates of Okayasu by having a tunneling oxide because it prevents epitaxial growth

of the emitter layer and further it protects the crystalline surface from plasma damage of

the deposited emitter layer.

Regarding claim 14, modified Okayasu discloses all of the claim limitations as set

a

forth above.
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In addition, Okayasu discloses that the back electrode (4) includes silver [0044].

Double Patenting

12. |The nonstatutory double patenting rejection is based ona judicially created

doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the

unjustified or improper timewise extension of the “right to exclude” granted by a patent

and to prevent possible harassment by multiple assignees. A nonstatutory double

patenting rejection is appropriate where the claims at issue are not identical, but at least

one examined application claim is not patentably distinct from the reference claim(s)

because the examined application claim is either anticipated by, or would have been

obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d

1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir.

1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); /n re Van Ornum,

686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619

(CCPA 1970); and /n re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321 (c) or 1.321 (d)

may be used to overcome an actual or provisional rejection based on a nonstatutory

double patenting ground provided the reference application or patent either is shown to

be commonly owned with this application, or claims an invention made as a result of

activities undertaken within the scope of a joint research agreement. See MPEP §

717.02 for applications subject to examination under the first inventor to file provisions

a

a

of the AIA as explained in MPEP § 2159. See MPEP §§ 706.02(I)(1) - 706.02(I)(3) for



Application/Control Number: 14/504,771 Page 10

Art Unit: 1755

applications not subject to examination under the first inventor to file provisions of the

AIA. A terminal disclaimer must be signed in compliance with 37 CFR 1.321 (b).

The USPTO Internet website contains terminal disclaimer forms which may be

used. Please visit www.uspto.gov/forms/. The filing date of the application in which the

form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or

PTO/AIA/26) should be used. A web-based eTerminal Disclaimer may be filled out

completely online using web-screens. An eTerminal Disclaimer that meets all

requirements is auto-processed and approved immediately upon submission. For more

information about eTerminal Disclaimers, refer to

http:/Awww.uspto.gov/patents/process/file/efs/guidance/eTD-info-|.jsp.

13. Claims 1-14 are rejected on the ground of nonstatutory double patenting as being

unpatentable over claims 1-11 of U.S. Patent No. 8,207,444. Although the claims at

issue are not identical, they are not patentably distinct from each other because they

discloses a similar solar cell with a backside polysilicon emitter and tunnel oxide at the

interfaces between the monocrystalline substrate and the emitter and the

monocrystalline substrate and the front side electrode.

14. Claims 1-14 are rejected on the ground of nonstatutory double patenting as being

unpatentable over claims 1-12 of U.S. Patent No. 8,222,516. Although the claims at

issue are not identical, they are not patentably distinct from each other because they

discloses a similar solar cell with a backside polysilicon emitter and tunnel oxide at the

interfaces between the monocrystalline substrate and the emitter and the

monocrystalline substrate and the front side electrode.
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Conclusion

15. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to DEVINA PILLAY whose telephone number is (571)270-

1180. The examiner can normally be reached on Monday thru Friday 7:30am -5:00pm

(EST). Examiner Fax Number is (571)-270-2180.

If attempts to reach the examiner by telephone are unsuccessiul, the examiner's

supervisor, Jeffrey T. Barton can be reached on 571-272-1307. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/DEVINA PILLAY/
Primary Examiner, Art Unit 1755
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CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e}(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

[_] See attached certification statement.

[|] The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

[] <Acertification statement is not submitted herewith.
SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d)} for the
form of the signature.

Signature {Patrick D. Benedicto/ Date (YYYY-MM-DD) 2015-10-29

Name/Print PATRICK D. BENEDICTO Registration Number 40909

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, te whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
te the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[_] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the

information disclosure statement. See 37 CFR 1.97(e}(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
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1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, te whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
te the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

2.

3.

4,

6.

7.

8.

9.



EAST Search Hisory

EAST Search History

EAST Search History (Prior Art)

Stamp

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

Search Query Default
Operator

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
18:47

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
18:51

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
18:54

(anti?reflect$4) with (stack) with 1TO
and (solar photovoltaic)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
19:15

(aluminum Al) with (silver Ag) with
electrode and (solar photovoltaic).ab.

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2016/06/08
20:20

(aluminum Al) with (silver Ag) with
electrode and (solar photovoltaic).ab.
and BSF

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
20:21

("4403392" | "4502206").PN. OR
("5057439") .URPN.

US-PGPUB;
USPAT;
USOCR

2016/06/08
20:40

(polycrystalline polysilicon) near2
emitter and (solar photovoltaic)

Plurals iTime

ON

ON

ON

ON

ON

ON

ON

ON

Ref Hits Search Qi
#

L1 142 "5011565"

L2 72 "5057439"

L3 6 "7858430"

L5 17 (anti?refler
and (solar

L9 #4439 (aluminum
electrode

Li0 #660 (aluminum
electrode
and BSF

L13 51 ("4403392
("5057439

L25 #212 (polvervsté

OR

OR

OR

OR

OR

OR

USPAT: i i 120:51
USOCR
FPRS
EPO: JPO



EAST Search History

ON

30 not 29

{33 not 30

699

186

172

L27

L29

L30

L31

L32

L34

DERWENT
IBM TDB

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

(polycrystalline polysilicon) and BSF and
(single near crystal$4 monocrystalline)
near5 substrate and (solar
photovoltaic)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
20:52

(polycrystalline polysilicon) and (FSF
BSF) and (single near crystal$4
monocrystalline) near5 substrate and
(solar photovoltaic)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
20:53

(polycrystalline polysilicon) and (FSF
BSF) and (single near crystal$4
monocrystalline) near5 substrate and
(solar photovoltaic).ab.

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
20:53

(polycrystalline polysilicon) and (FSF)
and (single near crystal$4
monocrystalline) near5 substrate and
(solar photovoltaic).ab.

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
20:54

(FSF) and (single near crystal$4
monocrystalline) near5 substrate and
(solar photovoltaic).ab.

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
20:55

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2016/06/08
20:56

(FSF front near2 surface near field) and
(single near crystal$4 monocrystalline)
near5 substrate and (solar
photovoltaic).ab.

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

2016/06/08
20:57

(FSF front near2 surface near field) and
(single near crystal$4 monocrystalline
water) near5 substrate and (solar
photovoltaic).ab.

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
20:58

ON

63

93

30

126 689

L27 699

L30 93

L31 30

(32

L33

186

OR

OR HON

OR iON

OR iON

OR iON

OR iON

1265 OR iON

USPAT: i i 120:58
USOCR
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L35 71 Veschetti.in.

L36 53

ON

L37

ON

2008D39688NRAN
EEDERWENT

L38

ON

L39 19

ON

5134000"34090" ‘TUS-PGPUB;:OR
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;

_|[BM_TDB

ON

L53 OR ON

L54

L55

ON

L56

ON

ON

$1 OR

t

N

ON

ON

"10353261" USPAT OR ON

"10/353261" USPAT OR

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

ON

FPRS
EPO: JPO
DERWENT
IBM TDB

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
21:02

OR

Veschetti.in. and photovoltaic US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
21:02

OR

2008-D39688.NRAN. OR 016/06/08
03

"2003083955" US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
21:04

OR

2016/06/08
21:06

("20030183270" | "5057439").PN. US-PGPUB;
USPAT

2016/06/08
21:21

"20030183270"
SPAT i i 21:25

("8222516" | "8878053").PN. US-PGPUB: #OR 16/06/08
SPAT 29

(HO1L31/0236 HO1L31/0745
HO1L31/1804 HO1L31/022425
H01L31/068 HO1L31/182
HO1L31/056).cpc. and (YO2E10/52
Y02P70/521 YO2E10/547).cpc. and
(polysilicon polycrystalline) near emitter
and tunnel$3 near oxide

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
21:44

"20030134469" US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07
11:43

("2003/0134469") .URPN. 2009/12/07
11:56

SPAT

2009/12/07
11:57

[2009/
1 2/07:
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OR19

O
O

O
O

10

120

18

S7

S10 #65

S11

$12

S13 454

S15 33
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("2999240" |
"4001864"

|

"4104091"
|

"4133698"
|

"4142200"
|

"4152824"
|

"4156822"
|

"4201798"
|

"4377901"
|

"4478879"
|

"5013396"
|

"5543333"
|

"6096968"
|

"6136673"
|

"6146483"
|

"6206996"
| "6278053").PN. OR

("6825104"). URPN.

US-PGPUB;
USPAT;
USOCR

2009/12/07
11:58

(back near surface near field) and
texture and dielectric

(back near surface near field) and
texture and dielectric and anti near
reflective

(back near surface near field) and
texture and dielectric and anti near
reflective

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07
12:06

(back near surface near field) and
texture and antireflective and emitter

US-PGPUB;
USPAT;
USOCR

2009/12/07
12:09

texture and antireflective and emitter

texture and antireflective and emitter US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07
12:10

textur$4 and antireflective and emitter US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07
12:11

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2009/12/07
12:11

$13 and dielectric US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2009/12/07
12:12

"20070082206"

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

R

R

R

R

39

OR

18

18

66

R

R$12 not $1

OR

R

|

|

57

U

USPAT: i i 11:58
USOCR

US-PGPUB
USPAT
USOG

US-PGPUB
USPAT
USOC

S14

USPAT: i j

USOCR
FPRS
EPO: JPO
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ON

132

192

11/263159

124

7

S16 4443

S17

S18

S19

$20

221

$22

$23 4346

$24 4347

$25

S26
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dielectric and antireflective and emitter US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07
12:17

dielectric and antireflective and emitter
and ((solar near cell) (photovoltaic))

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07
12:18

(back near surface near field) and
dielectric

US-PGPUB;
USPAT;
USOCR

2009/12/07
12:18

"20030134469" US-PGPUB;
USPAT;
USOCR

2009/12/07
12:28

("3413157" |
"4012235"

|

"4239810"
|

"4313768"
|

"4604791"
|

"4624045"
|

"4633031"
|

"4781766"
|

"4836861"
|

"4910153"
|

"5879977"
|

“6111191").PN. OR ("6210991") .URPN.

US-PGPUB;
USPAT;
USOCR

2009/12/07
12:51

"20060196535" US-PGPUB;
USPAT;
USOCR

2009/12/07
12:55

"20030070707" |

"4070097"
|

"4084099"
|

"4278831"
|

"4496788"
|

"5057439"
|

"5066340"
|

"5213628"
|

"5468652"
|

"5728230"
|

"6013582"
|

"6118258"
|

"6210991"
|

"6465724").PN. OR ("7554031") .URPN.

US-PGPUB;
USPAT;
USOCR

2009/12/07
13:13

dielectric and (antireflection or anti near|
reflection or ARC) and emitter and :

textur$5
dielectric and (antireflection or anti near
reflection or ARC) and emitter and
textur$5

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

2009/12/07
13:17

$23 and ((solar near cell)
(photovoltaic))

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07
13:17

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07
13:50

2009/12/07
12:17

2009/12/07
12:18

2009/12/07
12:18

2009/12/07
12:28

2009/12/07
12:51

2009/12/07
12:55

2009/12/07
13:13

2009/12/07
13:17

2009/12/07
13:17

2009/12/07
13:17

[2009/12/07
13:50

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

DERWENT;
IBM_TDB
US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OR

OR

19 OR

OR

14 OR

US-PGPUB:OR
USPAT
USOG

OR

OR

OR
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$27 29 $24 and optoelectronic US-PGPUB; #OR ON 2009/12/07
USPAT; 14:08
USOGR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

$28 479 ON

$29 133 [S28 not S24 ON

$30 32 ON

$31 19 ON

$3214 “TON

$33 #1092 ON

$34 233 ON

$35 215 ON

S36 215 1835 not S29 ON

$37 0 ON

5

:
:
:
i

;
:
:

:
:
;
;
:
:
:

;
:
:
3

:
:
;
:

:

:
:
;

}

:
;
:
i
:
:
;

:
:
;

:
ii

:
:
:
3

;
:
:
;
;

:
:
3

:
:
:

:
:
:
;
:
:
:
;
:
3

:
:
;
;
:
:
:

:
:
:
;
:

:
:
;

:
:
;

i
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dielectric and (antireflection or anti near:
reflection or ARC) and (emitter or
collector) and textur$5 USOCR

US-PGPUB;
USPAT;
USOCR

2009/12/07
14:09

$29 and ((solar near cell)
(photovoltaic))

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07
14:09

OR

("4090213" |
"4131486"

|

"4133698"
|

"4232245"
|

"4255211"
|

"4315097"
|

"4316049"
|

"4341918"
|

"4365262"
|

"4367368"
|

"4385198"
|

"4427839").PN. OR ("4665277") .URPN.

US-PGPUB;
USPAT;
USOCR

2009/12/07
14:32

OR

("3150999" |
"4227942"

|

"4348254").PN. OR ("4427839").URPN.
US-PGPUB;
USPAT;
USOCR

2009/12/07
14:35

OR

(antireflection or anti near reflection or
ARC) and emitter and textur$5

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07
14:47

OR

$33 and (solar near cell) US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07
14:47

OR

$34 not (S17) US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
|1BM_TDB

2009/12/07
14:47

OR

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

2009/12/07
14:48

OR

2004/0112426

USOCR
FPRS



EAST Search History

ONsean OR
a

EPO; JPO;

S41 not S40

SA1 not $36

175

138

"5258077"

19

14

15

$38

$39

SAI

S42 487

S43

S44 426

S45

S46

7
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"20040112426" US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07
15:08

("20040200520" |

"4234352"
|

"4478879"
|

"4920639"
|

"4927770"
|

"5053083"
|

"5320684"
|

"5538564"
|

"5641362"
| "6624737").PN. OR

("7339110") .URPN.
(back near surface near field) and
antireflective and emitter

2009/12/07
15:23

(back near surface near field) and
(antireflective ARC (anti near
reflective)) and emitter

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07
15:24

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07
15:24

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2009/12/07
15:24

("2841860" |
"2854363"

|

"3134906"
|

"4070689"
|

"4341589"
|

"4428783"
|

"4523966"
|

"4665277"
|

"4703553"
|

"5156978").PN. OR ("5928438").URPN.

US-PGPUB;
USPAT;
USOCR

2009/12/07
15:30

("4090213" |
"4131486"

|

"4133698"
|

"4232245"
|

"4255211"
|

"4315097"
|

"4316049"
|

"4341918"
|

"4365262"
|

"4367368"
|

"4385198"
|

"4427839").PN. OR ("4665277") .URPN.

US-PGPUB;
USPAT;
USOCR

2009/12/07
16:00

("3081370" |
"3757123"

|

"3948682"
|

"3969746").PN. OR ("4131486") .URPN.
US-PGPUB;
USPAT;
USOCR

2009/12/07
16:02

ON

ON

ON

ON

ON

ON

ON

ON

DERWENT;
IBM TDB

10 US-PGPUB: iOR
HON

12009/ 12/07
USPAT: i i 115:14
USOCR

USPAT;
USOCR
FPRS;

PO;EPO; JPO;
DERWENT;
IBM_TDB

OR

OR

OR

OR

OR

S40 188

OR

OR

USPAT: i 117
USOCR
FPRS
EPO: JPO
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848 14

S49

ON

$50 10

ON

ON

$51 15

$52 1984

ON

$53 67

ON

S54

ON

ON

$55 14 ("3895975" |
"4056879"

|

"4106047"
| US-PGPUB;}

"4131486"
|

"4226017"
|

"4916503"
| USPAT; ;

"5538564"
|

"5641362"
|

"5951742"
| #USOCR

"5973260"
| "6071753").PN. OR

("6262359") .URPN.
$56 163

ON

ON

N i
3 :
g i

8 i

i
:
i
N

3

i
Ny

i
N

:
i
5
§

:
:
i
Ny

3

i
:
i
3

i
:
i
3

i
3

§
:
i
N

i
i
:
i
N

3

i
:
i
N

3

i
§

4
3

i
N

i
:
i
N

i
i
:
i
N

3

i
:
3

3
3

i
:
i
3

i
N

i
:
i
N

i
i
:
3

:
i
:
i
N

3

i
:
i
N

3

i
Ny

i
N

:

3

i
:
i
N

3

i
:
i
N

3

i
:
i
N

3

i
N

:
i
Ny
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:
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:
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:
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:
i
N

3

i
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i
N

:
i
Ny
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4
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DERWENT
IBM TDB

("3895975"| "4056879" | "4106047" |
"4131486"| "4226017" | "4916503" |
"5538564"| "5641362" | "5951742" |
"5973260"| "6071753").PN. OR

("6262359").URPN.

US-PGPUB;
USPAT;
USOCR

2009/12/07OR
17:13

(back near junction) and (passiv$4 with
"3O.sub.2")

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07OR
18:25

(back with surface with field) and
(passiv$4 with "SiO.sub.2")

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07OR
18:27

(passiv$4 with "SiO.sub.2" with
emitter)

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07OR
18:28

(passiv$4 with ("SiO.sub.2" or (silicon
near dioxide) ))

US-PGPUB;
USPAT;
USOGR;
FPRS
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07OR
18:31

(passiv$4 with (“SiO.sub.2" or (silicon
near dioxide))) and solar near cell

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2009/12/07OR
18:31

"20070082206" US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07OR
18:37

2009/12/07OR
19:00

(back near junction) and (solar near
cell)

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2009/12/07OR
19:13
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ON

141

US-PGPUB; #}OR

USOGR;

$59 not S56182

16

16

$57

S60

S61

$62

$63

$64 1346

$65

S66 #251
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(back near junction) and (photovoltaic) US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07
19:29

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07
19:29

(back near2 junction) and (solar near
cell or (photovoltaic))

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07
19:31

2009/12/07
19:31

S60 and emitter US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07
19:31

(US-20050268963-$ or US-
20020153039-$ or US-20060196535-$
or US-20090101 199-$ or US-
20040097062-$ or US-20040112426-$
or US-20070186970-$).did. or (US-
4379944-$ or US-4665277-$ or US-
5320684-$ or US-6210991-$ or US-
5792280-$ or US-5899704-$ or US-
6262359-$ or US-5258077-$).did. or
(US-20090205712-$) did.

US-PGPUB;
USPAT;
DERWENT

2009/12/07
19:33

$62 and (isolation near2 trench) US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

2009/12/07
19:34

dielectric and (antireflection or anti near
reflection or ARC) and emitter and
textur$5

US-PGPUB;
USPAT;
USOCR

2009/12/07
19:34

$64 and (isolation near trench) US-PGPUB;
USPAT;
USOCR

2009/12/07
19:34

solar near cell and (isolation near
trench)

ON

ON

ON

ON

ON

ON

ON

ON

ON

OR

$57 not $56

USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM TDB

FPRS;

32 OR

OR

OR

OR

OR

OR

S58 139 OR

$59 4345 OR

US-PGPUB
USPAT: i i 19
USOCR
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ON

USOCR;
FPRS;
EPO; JPO;
DERWENT;

S67 and solar near cell

lan)
LOive]

NN
e
x

a
oc

oc

Nfap)
N

S68

S71

$72 332

$73 429

S74 40
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(back with surface with field) and
(isolation near trench)

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07
19:36

2009/12/07
19:36

(back with surface with field) and
(isolation near2 edge) and (solar near
cell)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07
19:40

("20030134469"| "20040200520" |"20040200520"| "20060130891" |"20070082206"| "3961997" |
"3961997"| "4927770" | "4927770"
"5030295"| "5053083" | "5057439"

|

|

"5164019"| "5217539" | "5360990" |
"5369291"| "5641362" | "5030295" |
"5053083"| "5057439" | "5164019" |
"5217539"| "5266125" | "5360990" |
"5369291"| "5641362" | "6274402" |
"6313395"| "6333457" | "6387726" |
"6423568"| "6998288" | "6998288" |
"6274402"| "6313395" | "6333457" |
"6337283"| "6387726" | "6423568" |
"6524880"| "6998288" | "7135350" |
"7135350").PN.

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07
19:54

oxide with passiv$5 with emitter US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07
20:00

$71 and ((solar near cell) photovoltaic) US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07
20:00

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2009/12/07
20:29

(back with surface with field) and
(isolat$3 near5 edge with trench) and
(solar near cell)

ONOR

ON

ON

ON

ON

ON

ON

US-PGPUB; JOR
USPAT;

IBM TDB

2

ORS69 124

OR288

$70 #49 OR

USPAT: i i 120:34
USOCR
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ON

S76 439

S77 420

S78 4304

S79 47

S80 424

$81

FPRS
EPO: JPO
DERWENT
IBM TDB
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(back with surface with field) and
(isolat$3 near5 edge) and (solar near
cell)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07
20:34

(back with surface with field) and
(isolation near5 trench with etch)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2009/12/07
20:40

(solar near cell) and (isolation near5
trench with etch)

US-PGPUB;
USPAT;
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21:07

i((silver or Ag) near5 ("SiO.sub.2" or (2009/12/07:
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USOCR



EAST Search History

$93 584 :
i
:

:

$94 565 N

:
N

N

895 25 H

i

;i

$96 29

$97 18

i
:
N
3

;
N

3#"5479018"

$98 1822

i
{: ti
}{

;
i
;i

i

i

;i

i

;i

S99 54 H

;i

i

;i

i;

i;

;
i

$100 296

$101

i;

;i

i

;i

i

;i

;
i

t{6262359B1

$102

OR ON

OR ON

OR ON

OR ON

OR ON

OR ON

OR ON

OR ON

OR ON

$103 "6262359"

S1 04 14

$105 11 :13081370" | "3757123"| "3948682"|| [US-PGPUB;:
‘s9¢0746"), PN OR (4191486,URPN. JUSPAT;

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

ON

ON

ON

ON

:
:
:
:
:

:
:

i

:

:
:
:

:
:
:
:
:
:

:
:
:
:
:

:
:
3

:
:
:
:
:
:
:
:
:
:

:
:

:
:
:
3

:
:
:
:
:
i

:
:

:
:

:
:
:
:
:
:

:
:
:
:
:
:

:
:

:
:

:
:

:
:
:
:
:
:

:
:

:
:
::

:
:
:
:
:
:
:
:
:

:
:

:
3

silver near5 infrared with reflect$4 US-PGPUB;
USPAT;
USOCR

2009/12/07
21:38

silver near5 infrared near5 reflect$4 US-PGPUB
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|
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"4133698"
|

"4232245"
|

"4255211"
|

"4315097"
|

"4316049"
|

"4341918"
|

"4365262"
|

"4367368"
|

"4385198"
|
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US-PGPUB;
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|
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|
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|
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|
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|
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|
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|
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|
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US-PGPUB;
USPAT;
USOCR
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(battery device cell))
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USPAT;
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10:43
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EPO: JPO
DERWENT



EAST Search History

;;;;;;;

OFF

"12070742"

"12070742"

or
fam

fam
or

[am
fam

O
O

O
o

O
o

O
o

O

"4989059"
4HA

$121 1

$122 441

$126 1343

$127 4297

IBM TDB

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2010/05/20
11:44

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2012/03/15
16:12

polysilicon near2 emitter and
(photovoltaic solar near2 (Cell device
battery))

2012/03/15
16:28

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2012/03/15
16:34
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emitter and (photovoltaic solar near2
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US-PGPUB;
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USOCR;
FPRS;
EPO; JPO;
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IBM_TDB

2012/03/15
16:35

$124 not $122 US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2012/03/15
16:35
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emitter and (photovoltaic solar near2
(Cell device battery))

US-PGPUB;
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USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

2012/03/15
16:37
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emitter and (photovoltaic solar near2
(Cell device battery)) and (dielectric
oxide)

US-PGPUB;
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USOCR;
FPRS;
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device battery)) and (dielectric oxide)
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and (photovoltaic solar near2 (Cell
device battery)) and (dielectric oxide)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2012/03/15
16:37

$129 not $124 US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2012/03/15
16:38

"200901591 11" US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2012/03/15
16:43

"2008004791" US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2012/03/15
16:46

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2012/03/15
16:47
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|
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|
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|
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|
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|
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|
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|
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|
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|
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|
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|

"6423568"
|
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USPAT;
USOCR
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US-PGPUB;
USPAT;
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$126 not $129 US-PGPUB;
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USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2012/03/15
17:03

emitter and (photovoltaic solar near2
(Cell device battery)) and tunnel near
oxide

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2012/03/15
17:04

emitter and (photovoltaic solar near2
(Cell device battery)) and tunnel$3 near
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US-PGPUB;
USPAT;
USOCR;
FPRS;
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DERWENT;
IBM_TDB

2012/03/15
17:10

$141 not S140 US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2012/03/15
17:10

emitter and (photovoltaic solar near2
(Cell device battery)) and tunnel$3
near5 (oxide barrier)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2012/03/15
17:11

$143 not S141 US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2012/03/15
17:12

emitter and (photovoltaic solar near2
(Cell device battery)) and tunnel$3
near2 (oxide barrier)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

2012/03/15
17:22

(photovoltaic solar near2 (Cell device
battery)) and tunnel$3 near2 (oxide
barrier)

US-PGPUB;
USPAT;
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DERWENT;
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DERWENT;
IBM_TDB
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2012/03/15
17:40
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US-PGPUB;
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FPRS;
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DERWENT;
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2012/03/15
17:40
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(photovoltaic solar near (Cell battery))
and ((passivat$4 near2 oxide) dielectric
) and silicon and (passivat$4 near2
oxide dielectric)with (reflect$4 metal)
and tunnel$3

US-PGPUB;
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USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2012/03/15
17:40
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US-PGPUB;
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IBM_TDB
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and ((passivat$4 near2 oxide) dielectric
) and silicon and (passivat$4 near2
oxide dielectric)with (reflect$4 metal)
and tunnel$3 and emitter

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2012/03/15
17:41

$160 not S148 US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2012/03/15
17:41

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2012/03/15
17:57

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2012/03/15
17:58

"20060130891" US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2012/03/15
17:59

Borden.in. and emitter US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2012/03/15
18:00

2012/03/16
10:33

OFF

OFF

HOR

Me OR

JOR

OR

OR

te OR

OR

DERWENT;
IBM TDB

$158 612

S159 (612

S160 301

$161 {301

S162 (8

8163 5358

$164 #2

S165 #50

OFF

OR OFF

OR OFF

OFF

OR HOFF

OFF

$166 13 SPAT



EAST Search History

$167 #0 OFF

S168 #2 OFF

$169 #2 OFF

S170 {24 OFE

Si7t 14 OFF

S172 11 OFF

$173 #1 OFF

$174 1 OFF

S175 #114 OFF

$176 2 OFF

$177 367 OFF

$178 {2 ORE

S179 #6 OFF

$180 10 OFF

$181 17 OFF

$182 0 OFF

:

::

:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:

:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:

:
:
:
:
:
:
:
:
:
:
:
:
:
:

:
:
:
:
:
:
:

:
:
:
:
:
:
3

:
:
:
:
:
:
:

:
:
:
:
:
:
:

:
:
:
:
:
:
:

:
:
:
:
:
:

:
:
:
:
:
:
:
3

:
:
:
:
:
:
:

:
:
:
:
:
:
:

:
:
:
:
:
::

:
:
:
:
:
:
:
:
:

:
:
3

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

"20090159111" 2012/03/16USPAT
10:36

"20090159111" US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2012/03/16OR
10:36

"20050268963" US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2012/03/16OR
10:38

("3961997" |
"4927770"

|

"5030295"
|

"5053083"
|

"5057439"
|

"5164019"
|

"5360990"
|

"5369291"
|

"5641362"
|

"6274402"
|

"6313395"
|

"6333457"
|

"6337283"
|

"6387726"
|

"6423568"
|

"6998288").PN. OR ("7468485") .URPN

US-PGPUB;
USPAT
USOCR

2012/03/16OR
10:45

("4403392" | "4502206").PN. OR
("5057439") .URPN.

US-PGPUB
USPAT;
USOCR

2012/03/16
10:47

"20060096635" US-PGP
USPAT

U;

USOCR

2012/03/16
10:49

2012/03/1620090159111" IUS-PGPUB:OR
10:49USPAT

USOG

"20050268963" US-PGPUB;
USPAT;
USOCR

2012/03/16
10:54

polysilicon near emitter and native near
oxide

US-PGPUB;
USPAT;
USOCR

2012/03/16
11:12

polysilicon near emitter and native near }

oxide and (photovoltaic and solar near2
|(battery cell device))
USPAT
US-PGPUB;

USOCR

2012/03/16
11:13

polysilicon near emitter and
"SiO.sub.2"

US-PGPUB;}
USPAT;
USOCR

2012/03/16
11:14

polysilicon near emitter and "SiO.sub.2”
|

and (photovoltaic and solar near2
(battery cell device))

US-PGPUB
USPAT;
USOCR

2012/03/16
11:15

Borden.in. and polysilicon near emitter US-PGPUB;
USPAT;
USOCR

2012/03/16
14:15

polysilicon near emitter and
(photovoltaic and solar near2 (battery
cell device))

US-PGPUB;
USPAT;
USOCR

2012/03/16
11:17

(polycyrstalline multicrystalline
polysilicon) near2 emitter and
(photovoltaic and solar near2 (battery
cell device))

US-PGPUB;.
USPAT;
USOCR

2012/03/16OR
11:19

"2008004791"
USPAT;
US-PGPUB; 2012/03/16

11:27



EAST Search History

OFF
USOCR

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

"20080004791" US-PGPUB;
USPAT;
USOCR

2012/03/16
11:28

"2008004791"

"2008004791" US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2012/03/16
11:28

438/72.ccls. 438/57.ccls. 438/69.ccls.
438/97.ccls. 438/98.ccls. 257/461 .ccls.
257/436.ccls.

2012/03/19
11:37

438/72.ccls. 438/57.ccls. 438/69.ccls.
438/97.ccls. 438/98.ccls. 257/461 .ccls.
257/436.ccls.

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2012/03/19
11:37

$187 and emitter and (photovoltaic
solar near (cell device battery))

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2012/03/19
11:37

$188 and oxide US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2012/03/19
11:38

$188 and oxide and polysilicon US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2012/03/19
11:38

$188 and oxide and silicon US-PGPUB;
USPAT;
USOGCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2012/03/19
11:45

$188 and oxide and (light near incident
front) nearS (contact wir$4 connect$4)

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2012/03/19
11:46

$188 and oxide and (light near incident
|

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OR

OR

OR

OFF

8186 553869

$187 #7338

$183 2

S1 84

$185

$186

$187

386

733

$188

$189

552

426

$190

S191

39

419

USPAT: i i 111:28
USOCR

USPAT iOR

OR

OR

OR

OR

OR

S192
|

287 OR HOFF

$193 412 S-PGPUB: OFF 2012/03/19



EAST Search History

and tunnel$3 near5 oxide
front) near5 (contact wir$4 connect$4) USPAT;

}USOCR;
FPRS; i

HEPO; JPO; :

DERWENT;}
HIBM_TDB

$194 #2 "12707042" :
t
:
:
:
:
t
‘
:
:
:
t
‘
:
:
:
:

OFF

S195 16 "1270742" US-PGPUB;
USPAT;
USOGCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S196 2 "12070742"

8197 5331

S198 41

S199 #2 "11915984"

$200 2

$201 42

$202 26 "5057439"

OR

ON

ON

ON

ON

ON

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

53

US-PGPUB;
USPAT;
USOGCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
13:10

OR

2013/09/11
13:10

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
13:10

("20030134469" |

"20040200520"
|

"20050268963"
|
"20060130891"

|

"20060157103"
|
"20070082206"

|

"3961997"
|

"4427839"
|

"4665277"
"4927770"

|

"5030295"
|

"5053083"
|

|

"5057439"
|

"5164019"
|

"5217539"
|

"5266125"
|

"5360990"
|

"5369291"
|

"5449626"
|

"5479018"
|

"5641362"
|

"6262359"
|

"6274402"
|

"6313395"
|

"6333457"
|

"6337283"
|

"6387726"
|

"6423568"
|

"6524880"
|

"6998288"
|

"7135350").PN. OR ("8222516") .URPN.

US-PGPUB;
USPAT;
USOCR

2013/09/11
13:11

"20040055894" US-PGPUB;
USPAT;
USOCR

2013/09/11
13:26

"20090159111" US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2013/09/11
13:32

("3961997" |
"4927770"

|

"5030295"
|

"5053083"
|

"5057439"
|

"5164019"
|

"5360990"
|

"5369291"
|

"5641362"
|

"6274402"
|

"6313395"
|

"6333457"
|

"6337283"
|

"6387726"
|

"6423568"
|

"6998288").PN. OR ("7468485").URPN. |

2013/09/11
13:41

OFF

OFFOR

ONOR

USPAT: i i 113:26
USOG

OR

USPAT: i i 13:35
USOCR

US-PGPUB:
USPAT
USOCR



EAST Search History

ON

ON

"12983846"

"7468482"

"7468485"

OR

OR

PRS;ne

OR

$203 126

$204 41

$206 43

$207 130

$209 41

$210 43

$211 92074

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

("4403392" | "4502206").PN. OR
("5057439").URPN.

US-PGPUB;
USPAT;
USOCR

2013/09/11
13:42

polysilicon near emitter and (solar
photovoltaic) .ab.

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
13:51

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
13:54

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
13:54

"20090288704" US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

2013/09/11
14:01

2009-P84539.NRAN.

"20070256728" US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
14:03

polysilicon near emitter US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
14:08

polysilicon near emitter and (solar
photovoltaic)

2013/09/11
14:08

polysilicon near5S emitter and (solar
photovoltaic)

ON

ON
USPAT: i i 413:50
USOCR

ON

ON

ON

ON

ON

ON

ON

FPRS;
EPO; JPO;

US-PGPUB; OR
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
1BM_TDB

$205 133 OR

OR

OR

$208 #2 OR

DERWENT #OR 3/09/
01

$212 155

$213 #72
USPAT: i

USOCR



EAST Search History

ON

$213 not S212$214 417

$215 36

$216 #24

$218 40

$221 420

$222 46

FPRS
EPO: JPO
DERWENT
IBM TDB

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
14:14

"2008004791" US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
14:15

(polycyrstalline multicrystalline
polysilicon) near2 emitter and
(photovoltaic and solar near2 (battery
cell device))

US-PGPUB;
USPAT;
USOCR

2013/09/11
14:17

lindholm.in. and solar near cell US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
14:54

lindholm.in. and "136." US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
14:56

lindholm.in. and "136".clas. US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2013/09/11
14:56

polysilicon near solar same emitter US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2013/09/11
14:59

("3900943" |
"4062038"

|

"4171997"
|

"4197141"
|

"4219368"
|

"4230508"
|

"4249957"
|

"4278473"
|

"4283589"
|

"4320168"
| "4366338").PN. OR

("4431858") .URPN.

US-PGPUB;
USPAT;
USOCR

2013/09/11
15:00

("20030183270" |

"20090255574"
|

"20090283138"
|
"3969163"

|

"4431858"
| "4571448").PN. OR

("8283557") .URPN.

US-PGPUB;
USPAT;
USOCR

2013/09/11
15:02

("4403392" | "4502206").PN. OR
otsrosit

1

ONOR

ONOR

OFFOR

ON

ON

ON

ON

ON

ON

$217 #4 OR

OR

$219 43 OR

$220 #2 OR

OR

OR

$223 126 S-PGPUB:



EAST Search History

ON

ON

") URPN.

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
16:43

polysilicon near5 emitter same oxide
same dopant

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
16:45

polysilicon near5 emitter same oxide
with dop$3

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
16:45

polysilicon near5 emitter same oxide
with dop$3 same phosphorus

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
16:45

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

2013/09/11
16:48

Swanson near Richard and solar near
cell

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2013/09/11
16:52

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2013/09/11
16:53

("20040200520" |

"4234352"
|

"4478879"
|

"4920639"
|

"4927770"
|

"5053083"
|

"5320684"
|

"5538564"
|

"5641362"
| "6624737").PN. OR

("73391 10").URPN.

US-PGPUB;
USPAT;
USOCR

2013/09/11
17:03

phosphosilicate near glass same
(dielectric oxide) with (passivation
capping)

US-PGPUB;
USPAT;
USOCR

2013/09/11
17:14

phosphosilicate near glass same
otsrosit

1

6:29

ON

ON

ON

ON

ON

ON

ON

("5057439").

$224 2 "12166266"

$225 395 polysilicon ne
same dopant

$226 377 polysilicon ne

with dop$3

$227 26 polysiliconne
with dop$3

$228 6 "11201817"

$229 53 Swanson nee
cell

$230 #158 "5053083"

$231 38 ("200402005
"4478879"|
"5053083"

|

"5641362"
|

("7339110").
$232 1687 "phosphosilice

(dielectric ox
capping)

$233 41

USPAT
USOCR

OR

OR

OR

OR

OR

OR HON

OR

OR

OR

phosohosilice S-PGPUB:



EAST Search History

ON

ON

ON

"5693578"

:
:
i
;i

$238 not $237

$242 not $238

:
:
:

ORUS-PGPUB;
i

USPAT;

$238 414

$240 381

$241 481

$244 1476

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

"2008004791"

"20080004791"

US-PGPUB;
USPAT;
USOCR

2013/09/11
17:17

(back near surface near field BSF) same
polysilicon

US-PGPUB;
USPAT;
USOCR

2013/09/11
17:19

(back near surface near field BSF) same
polysilicon

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
17:21

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
17:21

(back near surface near field BSF) same
polycrystalline near silicon

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2013/09/11
17:23

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2013/09/11
17:23

(back near surface near field BSF) and
polysilicon

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
17:35

US-PGPUB;
USPAT;
USOGCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
17:35

ON

ON

ON

ON

ON

ON

ON

ON

apping) same polysiliconc
(dielectric oxide) with (passivation USPAT: i j 17:15

USOCR

(back near surface near field BSF) same
passivat$4 and (solar photovoltaic).ab.

$234
|

$235
|

$236 }

USPAT: i i 17:17
USOCR

USPAT: i i 17:17
USOCR

$237 411 OR

OR

$239 13 OR

OR

$242 1157 OR

$243 4143 OR

2013/09/11
17:45

FPRS



EAST Search History

DERWENT;
IBM_TDB

"4315097"

iiHi O
O
o

$252 not £251

$245 4108

$246 126

$250 4717

$252 4114

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

(back near surface near field BSF) same
passivat$4 and (solar photovoltaic).ab.
and heterojunction

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
17:45

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
18:00

"20040205520" US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
18:02

"20040200520" US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
18:02

2013/09/11
18:09

(back near surface near field BSF) same
passivat$4 and (solar photovoltaic).ab.
and polysilicon

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

(back near surface near field BSF) same
(capping oxide dielectric passivat$4)
and (solar photovoltaic).ab.

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
18:10

(back near surface near field BSF) same
(capping oxide dielectric passivat$4)
and (solar photovoltaic).ab. and
Phosphosilicate

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2013/09/11
18:11

(back near surface near field BSF) same
(capping oxide dielectric passivat$4)
and (solar photovoltaic).ab. and
(Phosphosilicate PSG)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

2013/09/11
18:16

ON

ON

ON

ON

ON

ON

ON

ON

ON

EPO; JPO;

(back near surface near field BSF) same
passivat$4 and (solar photovoltaic).ab.
and heterojunction

R

R

R

R

R

$247 2

$248 43

$249 125

$251 475

$253 139 US-PGPUB 3/09/
SPAT 16



EAST Search History

O
O

$254 1158

$255 444

USOCR
FPRS
EPO: JPO
DERWENT
IBM TDB

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

(back near surface near field BSF) same
(capping oxide dielectric passivat$4)
and (Phosphosilicate PSG)

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
18:18

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
18:18

(back near surface near field BSF) same
(capping oxide dielectric passivat$4)

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
18:20

(back near surface near field BSF) same
(capping oxide dielectric passivat$4)
and (solar photovoltaic
photoelectric).ab.

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
18:21

(back near surface near field BSF) same
(capping oxide dielectric passivat$4)
and (solar photovoltaic
photoelectric).ab. and polysilicon

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
18:21

polysilicon with PSG with (dielectric
oxide)

2013/09/11
18:30

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

polysilicon with PSG with (dielectric
oxide) and emitter

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
18:31

polysilicon with PSG with (dielectric
oxide) same dop$3

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2013/09/11
18:33

ON

ON

ON

ON

ON

ON

ON

ON

R$254 not $252

R

R

R

R

R

$256 #1163

$257 4727

$258 133

$259 1703

$260 #81

$261 #225



EAST Search History

ON

O
O

8266 not 8265

"4927770"

$262 42

$264 #161

$266 #103

$267 #41

S269 43

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

polysilicon with PSG with (dielectric
oxide) same dop$3 and (solar
photovoltaic)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
18:34

polysilicon with PSG with (dielectric
oxide) and (solar photovoltaic)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

2013/09/11
18:34

(phosphosilicate PSG) with (dielectric
oxide) same dop$4 and (solar
photovoltaic)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
18:35

(phosphosilicate PSG) with (dielectric
oxide) same dop$4 and (solar
photovoltaic).ab.

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
18:35

(phosphosilicate PSG borosilicate BSG)
with (dielectric oxide) same dop$4 and
(solar photovoltaic).ab.

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
18:42

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
18:42

"20080173347" US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
18:43

"20060196535" US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
18:45

ON

ON

ON

ON

ON

ON

ON

ON

R

R

R

R

R

R

"20080173347"

"20060196535"

$263 144

$265 162

$268 #2

$270 #179
USPAT: i

USOG
FPRS
EPO: JPO



EAST Search History

ON

ocO

IBM_TDB

USOCR;

(phosphosilicate PSG borosilicate BSG)
oxide cap$4) with (dop$4) with (burn$4

$271 not 271

$272 not 271

$271 457

$272 4145

$273 40

$274 388

DERWENT

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

(phosphosilicate PSG borosilicate BSG)
with (dielectric oxide cap$4) same
dop$4 and (back near surface near field
BSF)

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
18:50

(phosphosilicate PSG borosilicate BSG)
with (dielectric oxide cap$4) and (back
near surface near field BSF)

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
18:52

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
18:52

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/11
18:53

(phosphosilicate PSG borosilicate BSG)
with (dielectric oxide cap$4) with
(dop$4) with (burn$4 escap$4 leav$4
diffus$4)

US-PGPUB;
USPAT;
USOGR;
FPRS,

EPO; JPO;
DERWENT;
IBM_TDB

2013/09/12
10:22

(phosphosilicate PSG borosilicate BSG)
with (dielectric "SiO.sub.2" silicon near
oxide cap$4) with (dop$4) with (burn$4
escap$4 leav$4 diffus$4)

US-PGPUB;
USPAT;
USOGR;
FPRS
EPO; JPO;
DERWENT;
|BM_TDB

2013/09/12
10:28

(phosphosilicate PSG borosilicate BSG)
with (dielectric "SiO.sub.2" silicon near
oxide cap$4) and (solar photoelectric
photovoltaic) ab.

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2013/09/12
10:39

(phosphosilicate PSG borosilicate BSG)
with (dielectric "SiO.sub.2" silicon near
oxide cap$4) with (dop$4) with (burn$4
escap$4 leav$4 diffus$4) and (solar
photoelectric photovoltaic).ab.

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/12
10:42

2013/09/12
10:44

ONOR

OR HON

OR

OR

OR

ON

OR HON

US-PGPUB: #OR
{with (dielectric "SO.sub.2" silicon near

$275 190

$276 130

8277 341

$278

$279 :

ON

ON

OR HON

23
USPAT



EAST Search History

ON

escap$4 leav$4 diffus$4) and (solar
photoelectric photovoltaic)

$284 not 2283

"4272641"

OR(oxide with tunnel$5) and (solar
photovoltaic) .ab.

$281 435

$282 46

$283 36

$286 43

$287 #52

$288 4211

FPRS
EPO: JPO
DERWENT
IBM TDB

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

(phosphosilicate PSG borosilicate BSG}
with (cap$4) with (dop$4) and (solar
photoelectric photovoltaic)

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/12
10:46

("3895975" |
"4056879"

|

"4106047"
|

"4131486"
|

"4226017"
|

"4916503"
|

"5538564"
|

"5641362"
|

"5951742"
|

"5973260"
| "6071753").PN. OR

("6262359") .URPN.

US-PGPUB;
USPAT;
USOCR

2013/09/12
12:04

(oxide with tunnel) same (pn near
junction) and (solar photovoltaic).ab.

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/12
12:08

(oxide with tunnel$5) same (pn near
junction) and (solar photovoltaic).ab.

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/12
12:10

(oxide with tunnel$5) same (junction)
and (solar photovoltaic).ab.

US-PGPUB;
USPAT;
USOGR;
FPRS,

EPO; JPO;
DERWENT;
IBM_TDB

2013/09/12
12:10

US-PGPUB;
USPAT;
USOGR;
FPRS
EPO; JPO;
DERWENT;
|BM_TDB

2013/09/12
12:10

"20070256728" US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2013/09/12
12:12

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/12
12:14

2013/09/12
12:15

ON

ONOR

ONOR

ONOR

ON

ON

ON

ON

US-PGPUB;
USPAT;
USOCR;

$285 180 OR

OR

OR
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$289 88

$290 87

$291 1100

$292 301

$293 243

$294

$295

$289 not $287

"4495375"

ON

ON

ON

ON

ON

ON

ON

$296 24 ("3559281" |
"4013485"

|

"4062102"
| US-PGPUB;;

"4253881"
|

"4403239"
|

"4404421"
|

"4404422"
|

"4495375"
|

"4640002"
|

"4806496"
| "4828628").PN.OR

("4891325") .URPN.

\JUSPAT;
‘|USOCR

$297 60 "6998288"

ON

: :
: :

;
: :

:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

ON

FPRS
EPO: JPO
DERWENT
IBM TDB

thin same (oxide with tunnel$5) and
(solar photovoltaic).ab.

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/12
12:15

OR

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/12
12:15

OR

(oxide with tunnel$5) and (solar
photovoltaic photoelectric)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/12
12:22

OR

(oxide with tunnel$5) same (pn junction
p-type n-type) and (solar photovoltaic
photoelectric)

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/12
12:24

OR

(S292 not S289) US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/12
12:24

OR

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2013/09/12
12:31

OR

("3990097" | "4338482").PN. OR
("4495375") .URPN.

US-PGPUB;
USPAT;
USOCR

2013/09/12
12:31

OR

12:32

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/12
12:41

OR



EAST Search History

412070742":
i
i
:
i
:
i

fam
or

[am

O
o

O
o

O

$803 not $302

"7468485"

"6262359"

o1O
__.

$298 153

$299 123

$300 #5

$303 4210

$304 45

$305 #238

$307 466

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

("20040200520" |

"4927770"
|

"5053083"
|

"5164019"
|

"5217539"
|

"5360990"
|

"5369291"
|

"6274402"
|

"6313395"
|

"6333457"
|

"6337283"
|

"6387726"
| "6423568").PN. OR

("6998288").URPN.

US-PGPUB;
USPAT;
USOCR

2013/09/12
12:55

Sunpower.as. and oxide.clm. US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2013/09/12
13:35

US-PGPUB;
USPAT;
USOCR

tunneling near2 oxide

tunnel$4 near2 oxide and (solar
photovoltaic) and (rear$4 back$4)
near2 (electrode contact) and
(passivat$4 anti?reflect$4 ARC)

US-PGPUB;
USPAT;
USOCR

2016/06/08
12:20

tunnel$4 near2 oxide and (solar
photovoltaic) and (rear$4 back$4)
near2 (electrode contact) and
(passivat$4 anti?reflect$4 ARC)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
12:29

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

2016/06/08
12:29

(heterojunction) and (solar
photovoltaic) and (rear$4 back$4)
near2 (electrode contact) and
(passivat$4 anti?reflect$4 ARC) and
(polysilicon polycrystalline) same (wafer
monocrystalline)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
12:31

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
12:46

US-PGPUB;
USPAT;
USOGCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
12:49

(heterojunction) and (solar
photovoltaic) and (passivat$4 anti?

ON

ON

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OR

OR

OR

OR

OR

OR

$301 #5181
USPAT: i 12:19
USOG

$302 1205

OR

$306 #99

$308 #421
USPAT: i i 113:20



EAST Search History

reflect$4 ARC) and (polysilicon
polycrystalline) same (wafer
monocrystalline)

USOCR;
FPRS; i

EPO; JPO; ;

DERWENT;}
IBM TDB

$309 183 $308 not S305 OFF

$310 49 "5030295"

$311 129

$312 248

$313 199

ON

OFF

OFF

$314 105 $313 not $302

$315 516

$316 115

$317 635 solar photovoltaic) and (polysilicon
olycrystalline multicrystalline silicon)
ith emitter and heterojunction

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

OFF

OFF

OFF

|USPAT;
JUSOCR;

'|US-PGPUB; {OR OFF

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
13:21

OR

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
13:23

("4602120" |
"4675468"

|

"4703553"
|

"4726850"
|

"4781766"
|

"4824489"
|

"5030295"
|

"5053083"
|

"5346850").PN. OR ("5538564"). URPN.

US-PGPUB;
USPAT;
USOCR

2016/06/08
13:25

tunnel$4 near2 oxide and (solar
photovoltaic) and (rear$4 back$4)
near2 (electrode contact)

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
13:43

tunnel$4 near2 oxide and (solar
photovoltaic) and (polysilicon
polycrystalline) same (wafer
monocrystalline)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
13:44

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2016/06/08
13:44

(solar photovoltaic) and (polysilicon
polycrystalline) with emitter

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

2016/06/08
13:48

(solar photovoltaic) and (polysilicon
polycrystalline) with emitter and
heterojunction

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
13:49

OFFOR

OR

OR

OR

OR

OR

OR

2016/06/08
13:59



EAST Search History

$318 442

$319 327 $318 not S316

$320 51

$321

$322 34 "5030295"

$323 1803

$324 380

;i

i

OFF

OFF

ON

ON

ON

OFF

OFF

$325 275 $324 not S319

$326

$327

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

807

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;

OR OFF

ON

OFF

FPRS
EPO: JPO
DERWENT
IBM TDB

(solar photovoltaic) and (polysilicon
polycrystalline multicrystalline silicon Si)
with emitter and heterojunction and
(polysilicon polycrystalline
multicrystalline)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
13:59

OR

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
14:00

OR

(°4403392" | "4502206").PN. OR
("5057439").URPN. USPAT: i i 114:09

USOG

("20030089393" |

"20060255340"
|

"20060263642"
|
"4703553"

|

"5011565"
|

"5057439"
|

"6403877"
|

"7858430").PN. OR ("8207443") URPN.

US-PGPUB;
USPAT;
USOCR

2016/06/08
14:12

OR

US-PGPUB;
USPAT;
USOCR

2016/06/08
14:16

tunnel$4 and (solar photovoltaic) and
heterojunction

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
14:20

OR

tunnel$4 and (solar photovoltaic) and
heterojunction and emitter and
heterojunction and (polysilicon
polycrystalline multicrystalline)

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
14:20

OR

2016/06/08
14:20

IBM TDB
"20060263642" US-PGPUB;

USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

2016/06/08
14:22

OR

tunnel$4 and (solar photovoltaic) and
heterojunction and emitter USPAT: i i 914:23

USOCR
FPRS



EAST Search History

IBM_TDB
DERWENT;
EPO; JPO;

$327 not $324

"5563092"

$331 411587

$333 4147

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
14:23

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
15:23

polycrystalline and (thin tunnel$3) oxide
and crystalline

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
15:25

polycrystalline and (thin tunnel$3)
near2 oxide and crystalline

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
15:25

polycrystalline same (thin tunnel$3)
near2 oxide same (monocrystalline
wafer crystalline)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
15:25

polycrystalline same (thin tunnel$3)
near2 oxide same (monocrystalline
wafer crystalline) and (solar
photovoltaic)

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
15:25

(polysilicon polycrystalline) same (thin
tunnel$3) near2 oxide same
(monocrystalline wafer crystalline) and
(solar photovoltaic)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2016/06/08
15:30

(emitter) with (thin tunnel$3) near2
oxide same (monocrystalline wafer
crystalline) and (solar photovoltaic)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

2016/06/08
15:39

(emitter) with (thin tunnel$3 interfacial) |

near2 oxide same (monocrystalline

OFF

ON

ON

ON

ON

ON

ON

ON

ON

JOR

$328 1427 OR

$329 135

$330 #516761 OR

OR

$332 11066 OR

OR

$334 1282 OR

$335 127 OR

$336 128
SPAT: i i 115:40
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ON

$839 not $328
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(thin tunnel$3) near2 oxide and
heterojunction and (solar photovoltaic)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
15:42

(thin tunnel$3) near2 oxide and
heterojunction and (solar
photovoltaic).ab.

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
15:43

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
15:43

(interfacial interface tunnel$3) near2
oxide and heterojunction and (solar
photovoltaic).ab.

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
15:46

"20070256728" US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
15:49

emitter with interfacial near oxide and
(solar photovoltaic)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

2016/06/08
16:02

("3919639" |
"4296372"

|

"4431460"
|

"4464627"
|

"4467519"
|

"4483726"
|

"4598249"
|

"4609867"
|

"4695794"
|

"4709141"
|

"4859939"
|

"4956603").PN. OR ("5138256").URPN. |

(interfacial interface tunnel$3) near2
oxide same (polysilicon polycrystalline)
and (solar photovoltaic)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

2016/06/08
16:06

(interfacial interface tunnel$3) near2
oxide same (polysilicon polycrystalline

ON

ON

wafer crystalline) and (solar USOCR
photovoltaic FPRS

EPO: JPO
DERWENT
IBM TDB

$345 353

$346 1356

$337 #1098

$339 #432

$340 #405

$341 176

$342 3

$343 16

OR

OR ION

OR iON

OR iON

OR iON

OR iON

$344 124
USPAT: i 116:05
USOG

OR iON

S-PGPUB: #OR 016/06/08
USPAT 09
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USOGR;

FPRS;

multicrystalline) and (solar

DERWENT;
[|BM_TDB

etd4

$352 not S350

"5563092"

$347 4449

$350 #123

$354 435

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

(interfacial interface tunnel$3 silicon)
near2 oxide with (interfac$3 tunnel$)
same (polysilicon polycrystalline) and
(solar photovoltaic)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
16:14

tunneling near oxide and (solar
photovoltaic).ab.

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
16:23

(inversion tunneling near oxide) and
(solar photovoltaic).ab.

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
16:25

(inversion with oxide tunneling near
oxide) and (solar photovoltaic).ab.

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
16:25

(inversion with oxide tunnel$3 near
oxide) and (solar photovoltaic).ab.

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
16:26

(tunnel$3 near oxide) and (solar
photovoltaic).ab.

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

2016/06/08
16:27

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

2016/06/08
16:27

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

2016/06/08
16:37

ON

ON

ON

ON

ON

ON

ON

ON

photovoltaic

OR

OR

OR

OR

OR

OR

$348 162 OR

$349 #2632

$351 #276

$352 1222

$353 #153

OR



EAST Search History

EAST Search History (Interference)

<This search history is empty>

6/ 8/2016 9:49:48 PM
C:\ Users\ dpillay\ Documents\ EAST\ Workspaces\ 14504771.wsp

EASTSearchHistory.14504771_AccessibleVersion.htm[6/8/2016 9:49:53 PM]

$355 84638 polysilicon with interfac$4 oxide with
growth

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR ON 2016/06/08
16:38

$356 17344 polysilicon with interfac$4 oxide with
growth with (crystalline single near
crystal wafer)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

OR ON 2016/06/08
16:38

$357 polysilicon with interfac$4 near3 oxide
with growth with (crystalline single near
crystal wafer)

US-PGPUB;
USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR ON 2016/06/08
16:38

$358 62 ‘ipolysilicon with interfac$4 near3 oxide
with (crystalline single near crystal
water)

US-PGPUB;
USPAT;
USOGR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR ON 2016/06/08
16:38



(19) CTP) am ZS BSEAHA C11)

BAE7— 106611
(43)469 7 46 (1995) 4 A210ERK

(51) Int.Cl.* Salics
HO1L 31/04

7376—4M

FI Hema

HO1L 31/ 04 A

AER ARROWS OL (#10 B)

BS FRAME OBER(54)

(57) (384
(BY) BS FRAes Be

Cs SHES STE.
(fink) on Beas Ua (PIR. Si) SRL.
COP RIT Stu pHORUSIB2L. BOA
HR BRLOPICHLRAG ERTS nt
RUSS 182 SBS FRABEMORMEAETA

bidntaUSUBe BeHe “SiHi/Si Fath
BAAEP SRC VDE OBRI SOLE RBET
4, CORRICLAW, NOFY RES RMTAS IF
4 SAL CS lbw oPRRSAC ESHER
ARALHIETS . POL MC VDEREBAL THSle
615TREO eS TE URES Bre
©, nt RU SiBORA S hl HEWES
WBS FRA SwWe BELTREC ALT
Wad,

linBARSRAYUo > oe
2: pHRYYY avi
hn RUS Vay

fA df,
SSS
a

(21)HR

(22) tHE

REDES— 243040

5 4F (1993) 9 A298

(71) HBA,

(72)AO

(72)BAS

(74)RALA

390022998

Ret
RRRTRER—Yi 1 TA1B815
Sil ee
APRA BAA is 3 1

5 Swe
Rize Beet

ARR as A
3 1

H Ste
FHL ARH BEE Gt1%)

By Es

Es

wi

HELPERS
S5

ra
ASHE

>
I B

15Ie

iateaea
Be

x



1

ee ]
(R81) nM Rid Bike, COL
YRROI ARAN CER Se U YEE OTC P

nie PRT S pH Ming Vayige. bees
ERORWAICRIONY ay ei: ORICHL

4 nt Xispt>VaIVmt HzSBSF
HAM BHORGS .

HY ) AS SAY Ua
YVRTPPENSAMBARZESIFsFARU nS

BAAS EBL, po. ERAT Ae
P72) oy BATE CHAIRS ES LEZ Bh

ADS ARE LS i Fs A
LORIE yRRIL AN eLy Fy PR
EL CHAS CaS nH Xip By

YU
a Ie

bint Mikp > Vay Beet RHE TS
BSFHAGEMOMEAE.

2) ni Rip BH? Vay COyvya
YEROEANMAICRNSHY U ay EL OTS

eT S pH Man Vayiee. bees
IYERORWMICRN6hY) ay BRE ORICHL
HAE BRIS ntMipt> VIVBe eHeZz4BSF
BAB EWOBGEAEIZBWT .

nFXiip Wy
VY
ay BAe BL ESA ok SL

HERS Ema LT ABRA AL SiH Fs-0 (AL mis
1~3) CRHENS? yRUMY FY AARU nip
MARINY RARE L. deo. eh
BLS Tey V my BARE CHS ES CHIT. Fy
SLY oY ROR RIAL OAL vy BROY
Wh. RU, BUNA AOS YA bad
Dv SEY OVA AL BUBL CEL? v RADY IL
ely Fy ARS LUCHA S eas nip By
Ua kitn' Klip' > UayY Bees oc
Le HL TABS FHABSWOMSE,

) IE SANICHE hire Va
> SEO AM le Lec bi} LD HBR
ARAN SAE Lee & & PRL TS BRIA 1 RITZ
ACO BS FR ABBWORGEAE.
(R84) pH Vay CML
VERO] ay BERL ORC P
NEST TS pMi nH Vayme,
2YERORWAMICRNONY VU ay EBL OMICHL
RAESBKTSnt Rlaptyvaywe SH2z4BSF
AK SwOBEAHIZBWT .

MBS tue) U2 dele kz n*Ritp+>Ua>B
EHC VDEICLOPRIACLERRLTSBSFR

(RAS) nM Rid pH Vay CML ua
YEROKARMANCRH U TY BAL OFS

pMRinB Varese, bp

(2)

10

RPE 7T—106611
2

BSPPRITAnt Xip* > VAIYRLewzZSBSF
RAD SORE AGICBVWT .

ni Xite HY Vay Rae LAR SAICS iH
oFa-a ((ALmls1~3)CHERS7 YY IVA
ARMS i Fs PWAEHBL. OL COP

vy RY?
YHAMIES LPs PADRES Soa 4

YFU—FAYPRITEOMS REY ay eRe
bint IY BeBe SOL RARE TS
BS FE AGSHORE.

FRHA BEHH )
{0001}
(eS AGRHAIEBSF (Back Surface F

ield) HAREMOBGEARITY. RIC, SEBZE ES
HOBBS FHAB EWA ae LCHECASBSF
HAGE OREAE IAT SE OCHS,
[0002}
(PEROT) COMOBSFHABBIEY Lis, Al
20. 7 ~Slond 5 3 ltp RY U oy
k, COL Ya ER a ONS Ua

LOM S nt) UIY Bb
&. COn'y Vay Bb Lic—micmkRSei21 TO

(BHET + YAS) ORNMILB ck. CORABUE
Jc Lichtton7vchiaekEikd&. bits U >a
aMR AMZ oh U ay LORICHL
(High-Low) #HALBMRSSpt>UayBekk. 2a
pty YU

ay Be OSM RIT Ete
fb CZAERRPMMSH.SEAN CO CREEL:
LV hover biteted, fro Bat LT
RHSRSMEMLOPHMSNTWYS,
[0003) M. MOMCOBS FEABEWORRE
EFC ae LEAR CHO Eee. Old
COME ATS BS FRABEHOLAVY ONY KB

BeamtT WS.
[O004)4€LT. pt? Yay Be
MOAB BSWL BCT COBSFMABEMicbWe
id, HLS estes, UayEewakpt ya
YB e S A RLS UP COO
@& D7 boy) ORME WORM BEL
ABI EDL? hoy . to Lat
YU IY Be BR OLMONL

— AEB IS
LOT Y RSTO LL. flo C. SOSH
SPARE METS ZURCATSZEOCHSLSRT
Fz,

[O0OO05) LRSS bap?
YU AY Me teow ls. FER (Ck OR

Tebb, B CRY) $+ etrpHK-
AY bAA CHC SHERI le Eat Uy

TORINY bAARL VU IY Ra
Alliz 1 0 0 O°CRIRO BREE PF

CHUA S °C FKL

uy

a
at77

oeAE

yes EVCA

i+
ao

AE

JK &
ZAKaEl

Ke
ea

i Pp

NE
3

(=e

Carell]D)A
Su

Lf
nv)B

E30y
L

aqi
H

@

Blae
40 AEZa

ECAC.a:yd
rat BEL

B

1YRRORWRRRNONYUIY RRC ORMICTHL 50 20. BS U9 YRRamicaAl
nike SRT S i



3
SOpH RNY }RERBLONE 1 00 OCHA
NRE PCHERRL TC pt Be Sm LOW
re,
[O006) LAL, 2m EN
UVB ee ptr UaYge ORARIH
RL <<fOREMRAAYZAROQ—A~BumkeX
BC QOB<. POL MRO LIL CB.
AL¥E-ANYb FAOPRTERED SE L BV ew LU
IYER a OPMEDNE 508 BRAD HOF,
[OO007) Biz, bat "ethkaeks Cla RY ha
AMM VAALHS OAS. VU Oe n

nt ay BbANSG EER hb

AAPRUERLTLEDC EPH).
A281 OO O°CHITEMSRIZISNS CE PHM

MITSFORAGHON,
(0008) PF.
ain ii Xiip Hy VU RRLOMCHLESA BRT
4ntvUIYyBxlipt) Vay Berg aecvdDEe
(CEO BRT S BS FRA SWORE AES Bch
LtW4A, TebHb, CMBLEHHICLH, FERRO
beac T at VU va
VEE REN BU Ze PAS UY
FOR DFE eS ERIC. bint yy
IYeRip > Vay BOBS sees Byatt
VYFARO—A~REAYTAR -ARECERTS!
CEMA SRM SOM LAM S
ALS ATSAECH OF.
fo009]}
(AAARRL ED ESS] ECAC, PI RVC
VDERSMALA Lithethicawtidnt
Mid pt) VaV BOHR S MNS
CkPSERLAALREAL ZOR. bid
nyUaY expt VU aY BORE THRICE WT
BRO ee ee Be Alc SICA CO
BA Lon? Vay eRXitpt > vay BA
(HASNT SOMES BILE CC LES RAH
ke.

[O01L0) S4hb, VIRVCVDECBAL LS
ARGS RICH AOI AVC

ADRS POLAT IR
VICS PERE ARB (2 oh S70, RA

CREAAPAVMCRIOL TLUY
ARMA AR LZ: 0. BRL ORS hb bMS
ANEMICBVYCPIAMESHNAREAAAREIB LT
YU TY ASAT L CPU CHET SSK

ISS BCAEL BV UREEIZAS.
[OO1l1) #2, PIAVCVDECSVCRRER
ACHSSi Hs FABCHMATASYHARA
SBERHY), LONISYRTOLy Fy SPRIZE
ORES OANA PARAS RHABE Sh

(3)

10

50

EPET—106611
4

EL C_ LIRR CMbS ©

[0012] ZARM, FIAVCVDESWALLE
ate AICS VY Cl LA AE AL TSR,
Rant > UaY Blip PU ay Reems ace
PRP S FAB
ATS L AS SMA re,
[0013) BRISCOLISHBARICSALTHA
HELOC, EOMMBLTALCAL, (ERE O
Rat nt YU AY Rip t) Ua CR SoM
CVDE. HCVDEL BULA AY FA PH
EBERT 4 CHIE OER LLABS
FHABEWIEBe L CHE CA SHERRI SCE
icHS,
[0014]
(AES ARR S ROOFER) WTA LIC
ARAL. ni Hl Uaveige. CMOyUayY
SROKA MMC ONY) AY OMe n

pM RnB Varewe. bya
YEROR AMC Ua YER OMPCHLE

SZ nt yVUaIVy BL Siz SBSFe
ABBEMOSGEHE®BRS L. nt RiipHy Vay
ZR SAE LS Ale>
AAESIiFs FARUNMRIpPHOK-NY EAA
SHOAL. go. Lettie 2% Meaty Ua
AGS CHLISS EHC, MRS NEMA AD
SUA LAST Fs FALORIILONAALR

VANE Do FY ARSE
6 pal YU

ay Bigic ken’? Midpty Vay
SAIL ERR Ke, PK

AQIS AS, HL Vay ee. ID
YU AYEROEAMMMR Oh?) a YEE D
falCp 4 pW Rig ny Uavige. £
ay UY MICE ORY) oY Sat OF
CHLEGSZPRTSn' Xap Vy VUIY BL eiwizS
BS FE ABEMORMEAEEHRL L. nip
YU ay Rie Ae L RSA oR ER
ED SBIBATALS i Ha Fe-0 (ELmls1~3) CH
SHS? vy HEY FY AAR nM Xd
KAAS L. to. bathe 2 eda nky
TY BARGE CBU SUS LICL Pv RLY OY

OAL? yRRIVAIL, RU By
PARA RURAAND VANDI Lal v ALY 9

AAERIGL TELL? vy RI VANE D
yy FY TR

aye L CHES eA nH RitpH? Ua Ek

aint Mlkpt +) U2Y BERIT SOL ERME TSR
ACHS,
[OO1LS) ELT, MRA LICMARRicbWcls
WP YERTERWTSAZELCR OHS 1
Fe FASMHSNTHY.£7. HRA cA FEA

TERT SH AL LT LIRR

La+UEE

Yayay
hy

wa tka KJEAE62anL

She
By

ZEL
Th

ay

vA<2

#8

)#
Ms RE

a
he25

ht3AB
x6

sgL
a:

yUayY A330ae
CORREAAE

nS SRS
AEa:

4

| R
A

(‘H

1 34
Ti VVC xR ce

om

BU
Sh#

7
a:EI

i>



5

OV AAS
FIL TWA), BRE AOBR
{RV CIES 1 Fa RUD

vy
PY AAD

SURE ORES. CO, COMMOTyBRI
JUUR BEVERY MRE ITZ 0TVS,
{0016) f€&oC, PIAVCV DEFIA LR ICE

C. BRS
ACR ADT y BARS VALE RIL CPU a BHR
REERLZZN. HOS, RRZONSACABAR
RMD LE y BRIA LOMA SIC BRS HA
TY eu, NOY ERM SS 1 Fak
a7 oY HARAL TS lc TRS
ACB SAA MORES IES So EDO REL
be

[O0017) —H, AiR 1 ic LES
i Fs ee Sitio BNR Shey
5 MACS BU A205 AiR e ORS EOE
ARG RABES RS RO ESL A Os
iM. thbb nM Miip BH? Vay
CHS SID < COMMS BEO? 1 BRO Y a
PRIEST SC Kio. BORA 2 (chs RAIL
vat E30S i He Poe? Sy

eH aline Rip
FLY) 2 ARO TAT SC PE SET

BUYER AAS YA ay (Si
Hi HRY AVE) CORI
RRDMES TZ fo, REO 7 vy BH
GVAMIARTED SC

[0018) fio Cl. LOI Y RAIL
) ni pH SRE nt
aptLPU IY She PHOAD ERIC L
PUA RRS MRS FLIES RM, AR, SF

AAS ER < Fee OB a & Ze B BUC
VDESMALTiS lb is SA 1 XS 21S
FAC BVCLEA EO NS
(0019) Hi. MIS 2 (chs ABW TR
PSA ORTHO Ze Mir le Lacs & Mees 4 FRB

MET AZOSUNRI ESN
ARAN RE SCL A, HORIAS
(RS FAMICOM KS ELEN TW
4.
[O020) ARIAScS RS. AR
1 Rid 2ICROFEAI IRS BS FRA AH
eRe LL. RSAC Since ne pH Ua
UFO AMS Late INS £3 HR
ARMM EAE LIL TS LOTHAS.
[OO21)Z4LT, nBXlspHL YU

ay
FTIR ICA SS bac elk, RSH TE
DEDCHMBASNTOn Rip > VIY ROMBICE
RASS AVL 3 ARE A. 2 O7k REE OB

(4)

10

RAZA EAGLES UR CAS US RICARS SM 50

PE 7—106611
6

ECHRSTLTWSLOC,Atkhle DTI Y FAT
Yo AAS Y SPS 4 7X

SRS,
[0022] £2, MOA 1~ TAHORC VD
RIZHVVCL, HIRE AIH OBIS AO BEE Sw
SEILHAET SLD TA FUNC YC HE L CHER
We iToCB), Ly Fy OPA

HOR VAS bee
(ZK YR SSM ERS RTS,
[0023] C2 CL RA] ~ Sits AIC
nH Xlip HY Vay BRLOMCHLEALERIS

>
BEL TIS, nip

WEN Y hAARBHBASHRST EI PALYUAY
IB Ras, BDU IV
FACS S. COMA. AMS EMU LY

Yard DSC ORPIBOR BS U

EL<. £$R. THI PAY VAY BL
{AOR eR UY UY BASEL,
[0024] nBOAK-NYhKAALL THOR
HIBSRERIII ROSb (PYFEY). As (O58).
RU. PUY) Se . Bile
Ltik, SbHs. SbC 13. AsH3, Asz:Hs, &

OU, PHs SiS, Riz, PHAR NY KA
ALLTISICRAMBRAVROGa(7UTA). B
(Roy) In (4 RU Al CFE
WA) Se Stele Lid, B

Hs. Ga (CHs)3, In (CH3)3, RU. Al
(CHe) s#22airon4,
[0025] £27. MA 1 RUZ CRSRMICBWT
YU AYRFU SENS LMA AL LC, Bak
SnBvWS SizHs, RU. SisHs FORKR
(ties? S i He Xe-n CEL, mid1~3. BEL<E
2~3, XliC | RISFRT. BEL<SIUFRTCH
4) CRENSNOTVYIELYFY SECA 4. TAL

COMETANCKRAASRBMLTOL, CORR
RIVAVOESIFe AACHEAL CZ ES
UARPSCHS,COC, MRT AZLL
MME FY

AH
COMO YY oY

& RSAC be LEE
PPESTSOLBBA,floT. SiHaXs-atman
ANOS PY HALA ORal
Se batS i Fs LOWS BETS CLAMS LW,
[0026] $22. MRAZ RI 3IcRS RMAC BWT
hati 2 OSE SEER TBR SS CSL LIS.
SiHs, SizHs, RU, SisHe SAs8ATRA.

PPR 1 X33 (RS AS AR, Le A
ACK ASML TOE, CORBRILANY
adS i He FeSO? SYAALRIGLEOM
HE (BESUAYSTCHS,
([O027) mM. WRIA1L~ Ric Bit Le

t=7712 5 O ZCODEBEBBE(i VW 14

VW B

ti72
oF

vy it4iB

Rea =aFE‘|
IEE

Fi
teBia

7IEI

a
11452 ‘AHi

ik AAH

Pp
I7

Wi

VEOH B&H
La

BG

Ald
RIGA 30

s2
Hiri

1 5 FE
a

tk
PRE %

7)

nee <i‘&

4:(2
>

RC EHL

BEa
>

an
H

4



7
SRT AP CRA ALLE. AUDA. PI
TY SOREAAZEMZA TOE,
[OO28) 24LC, FPR 1~ 3 eROMAITIRAB
SFHABSHOSeAEICBV Cis, BARRA RTICE
HARE OBZ ES OMS
TSHE cel. Po. Ae
Shen lip HY ) ay BRON S 5 O0C~7
O OCHRE He Lea. bese b ALS
iFs PARUn Rs pHOAK ONY AAS HET
Sb. Havas, ee< b> LER AL Si He F
4-0 ((ALmIx1~3) CHENG? v RLY FY AA
RU KAAS ELT LE nn
Migp ay Big bien Xikp > vay Bee
GH. COLES, LAIMA 5 0 0°C~700°CH
ROU LC RRO OLY
FY 7 AZ L O ASP SH Bre.
HAOKRELHCHO nt Xap Puay BAAS
AD HS OSV bet ntKid pt > BORE
PELTED RIE TORRE AEA,
(0029) ICEL BS
FRABEWEAEL CEGECA ZAR EAL TUS.
(0030) Kic, RS REA, BAB
1~ SIRS nt Xlipt> Vay
PRIA Sree VDEHITHA THC VDERUY FT

YTV
FH

4 Y PRES L ZC BS
S.

(0031) SP. ARH 4 icRA RAMI.
WLU COD IY ROA ZF
WoRLU IY RRS OMT p DEE ERTS pH
only UaVige. Uy ERROR ICR

VIVES OMCH LESS BRIS nt Rik
SBS FABRE

eHES LL MBSR YU Leo n+ Ris
Pty IY BEsHtC VDRICELOBRTACL ER
ETSLOCHS.
[O032) F4hHb, CMHC VDSS, BS ica

LL, CORRE 1 1 ACRE 0
eT LB SY 731 EL COSINE
HANS 73 LOM mM One 1 SAHA

—-134, ARE LIAAS i He FO
RA AL. WE RONY hAAL. ABA ASe he
TAA ARIUR1 6. 172. OBST CBR
SHAMERYTS 1 8k CLOERRMIHR SITS
), 1 1 Alicn Ridp HM? aye 1 4
SATA LH, COL) 44500~6
0 OCHRE Lei. bit? 6.
SBYRA A, BONY hA ABE EAL . PO,

LC bin Rs pM VU
ay B11 Able nt

Rlipt>V AYES SHETCHS.

(5)

10

RPE 7T—106611
8

writ khit, (Be CRE RS nt Kidp+
YU UY pH? a> Ri 1 4 bic Ck SR
O, MIA 1~ sco RAL RR. ee
icMELABSFHA Be L CBbECS SFI
BAL TWA,
[O034) ic, MRS nBXlip
WP COLD IY aeRO SIR
WORRY IY RRL ORS pr nBASBRTS pw
jan? Uavet, be Ua YeRORMMIcRIT

YyERLORCHLEASH A nt Ms
pr> Yay By HZ ABS
PHBL L. Vay
AICS i Ho Fs-0 GELEmid1~3) GRANDS?y
FLY PY HARES i Fs HAPAAL. OL
Py REY SY AARIS TFs
BWwO4 AYP Fy FICE OMSK Y
a> bet n* Ridkpt)> VU a2Y oc ce

EHBLTALOCHS,
[O035) debs, CMO4AYILFt y FRE
ix, bs +, COMBS 1L 1A
AFH STURM E CA S KN Y MBAS
iy—» }DRAS OL. CD
PIR 4 OMLARIZEREMCRITSNARE A
4NVA1S. 4 OP OOK ETH

9-426, BRS 1LADLAMMICHI
6ny 114e600~7 00°;CHEIZMAT
SEMA SY —4A 3 CEOEBMPHMSRTBY.
Po, RFIU4/-4 Lida AD, gre.
MVS — 4 ZIZIIEOSESI (BRET) ARS
HWS. ELC, 1 1 Acne Rap

14 Po, CORRE 11 Ale
yvHHLY IVA ARMIES i Fe HALTS! LA,
430) U 2 die 1 44600~7 0O'CHEIZMEL
rote, FRIIS OPS RNY RELUIE
RRS C p BLY ay Re 1 4 bic Ks
PtLUIY REBT ZAETCAS.
[0036] CORRESIAS ADR

TH 1~ 31CRS HAL AR. NO SY Re RWS SH
AE LTRS SHI? vy HEY 9A ARIS i
Fit RH pH VIVE
ATOR BV YC RIREO? » BRS YA
AxrkICeS!,TebS, nM Xiip BL

BV VCS SREY UA Y

UR IBTEL THAR, CASY AMR LA?
ySHEY oS YAARIES i Fa PALORMICLOSE
BO? Rae YAVIMEL TIS, SLT. TOP
y see VY EO) ni Rid py UY Bi

REHO nt Rd pt) U GY

PMHOA DARI CL vy FY eI CRBRPILS =

ik
LJLi

E37ze
eyaS

‘H&ap
|

AE
ZR? LZ

vu HAE
ee aA)bpa

1te
nm it KE

bFi

Vv
EtEFFII

cH
Jy

aAp
FE

30

HE

4
Dl

R

AE

Bt ABa
1

LIES

b
a2Bs

F
[OO33) 2LC, COMRA4AGMRORAICHRSN 50 Llek Sr, (eR CREAR nt Mlapty



9

Uovigt pH Vay eRmEICPRIACL
ZO. BIA 1 ~ 4 (HRSA LR, SEE

PB cL LABS SEL Cw
CHAFRIBEAL TIS,
[0037]
(HERR) FPA LICR SI Eid, OF Ye
RMS SHALL CRS SITES i Fs HAD
FAASHCTBY, AOAAPERSHREVUy, BSA
(ZBI DF ySh 7 YAR 0 TIS
RO. SIAC V DEF LeFEROMEHEIR
NCRRSAOLROZICB VIC RRA ART » BA
SVYANVERIGLTY Jay BRREARLEO. BA
Vid, RES OW Ame bal? y RAD
YA VOMEA ESET CBB SIS FREED IZA < Ze
0 AOFVRP RRS SSi Ps PASHAL TH
Sicbi6PRRSNICH SRRMORES HR
BEF SO EA MREL eS.

Fs FARM
Biase (SiH: HRY AIA) LOR
IZ LY ZORA GES NAC ED EIAGY AIL
KAAS nH Rip wy ) 12> AAG HAR SBE
A? 1 BRS YA VIATEL AS 20, COD vA
YA MOWERS E O ER ba L <a HO nt X
iptLU OY BBA ShirePROAD RIL L
YPYERY RY, AE COPS EX

ER< MO SAIS & SRC V DIES A
LOWS bs TARE OURS BIS = & aT
ELS.
(0039) #7. Pyle 2 RA A EE,

S7AL LC LIRA EO BOR
REDE? vy ILS SY HAL CBO, B

5 RUE IOP RIT BV TIS
AIBA COP yAADB

2) EX 2 y FSR VA LIBRIS MRR 2 TN
Are, PIRVCVDETIBALCHEROMEAKI
RATRRANOEBOZENCBVYCRIYA oH
RIV AIVERIGL TY UAL RRR ERLEYD. DB

4\.i, RRSONSHONG RE bal vy

BVA NVOMEAS Set CRESTS S & 9

ATS YRFERUT SI vy HEL oY AAR T
bf5 PRBSAC SI A ® Bie

TATEMMRBERS,
[0040) —A, bi? vette oY A Alan
PHY U2 RTO BE RIB VC BONS SF
BVVE AIP SRR AOSV Amar (Si
Hit VAI, HRSY ANE) CORRE VEOS
RDU EPS nA Rip We VU BGA
RU REO? y BROAN 20.
A? BIAS YA VOMEFAZ E 4) bate ESL < bank
RHO n' Ript) VAY BBA SRR PMO ALS

(6)

10

50

EPET—106611
10

PARNICE yy PY RSI CMDR
S}’N
RD, HRA 1 ic

fRS FEF ER, PLC VDSS L CWS CLF
OMI BS REL A! ,

[0041) Bic, MRS BE
BACHE Size nd p BL VY ROE

LEER DHS
LOWE LEDS. CORAM ZRLRLED

EO ba RIC VC ER AOR
HSL <IBESN CAR, LET

vy BRILL HIV
ALy ty SEAL HL TC RS IS
Ho LS,
[004 2) Riz, (RA Kee. Ae
Sher U ay n'tXap tyUay BestCV
Deck OBUEL TIA zee, (SURE CH ae
Zent Mldpt > Udy see bn Xie HP Uavk
MERI S OL HS,
(0043) #7, MRS (RANI LU. Py
PLY FY HARIES i Fe AAMT SREP ICE
WCLAY IL F4 yr FRick Vay

bain Xidpt)
VU
ay Bee

a. CIE BE nt Mid pty UY Be
bin pH? Yay Ra LIBRE! = RE

[0044]
(Sh) DIF. AFH OV YC SBS
AL IMORHMAM TAA BS FRABBAS. TORR,
BMilicrg koicn Behe) ays (1008
fH. tht 1~1O0Q-+-cm) 1k, CAL Y ayBiKk1

ONL AYR 1 LOR Cp ne
SeBRT A pMP EVI FALYUIAYRERYLYUa
YR26, CMpHPEVIr ALY VayYRRULY
TY 2 RITA S ELI TO (BMEA YA
SH) IO 3b. CORLISS
HIZB STEN — A RISC HR STC REE
&. bit? Vay 1 ORM Vay
#1 CORICTHLAALBRI Sn TAY
YAyYRISRULSUAYBSL, COM
YURYRMIEUSUY eS S
AT VSAVAICTBRS bE

RHR ARTIZALMTCAS.
(0045) ZLTCMOBSFHRABSHWIDTIOLE
Pho THHESHRRLATHAS,
(0046) (Rill ] Ms CASH
722LC V DEORE TER eos LCRA C. Bo 1 1

(HIBS. 1 BIE — J
. 14K COL —1 Behe nw

UV SE, 16. 1 TIRE OR

U. 1 Sikes 1 OST LARS 1 1 cee
ERY THIS,
(O04 7] FS. CMHRS1 1 T1 x10

E
58 aVv

As
bea

RET

C
pics| es

& THe

ZJEif
m

Ff

75

ey&H
AEth

ieiA
iz

arrw
AE

tPRS 3a73Pe
a

1‘E
5373

30Rea:

Et

)

ox
A

al HEE IORAL

ve D3)Etar

1&H

Lda < Liz
as

AE



11
STorrOSetel, Kuve, CORRS1 1 AIP
AURELASAT 6 EFS icte 7 TE
A—MM2 pH RUL Vay B22, tyronenta
YLUIYRSttnenBLle (M2ABHE).
(0048) (pHERUL 2 BE)
ety Aneel: BeHe “SiHsi/Si Fa=
0.1/410/500
EDT AOHHAE : Ssceom~100scem
REFAZORA: 50Omtorr~ltorr
nnBRS UYROE: 7 00°C

(nt RUS Vay )
RRL?2 pees & HbR: PH3“SiHi/Si Fa=
0.1/10/330
RD? 2OPRAHE : 5sccm~100sccm
REAZORA: SOmtorr~ltorr
n- BRS UYROE : 7 00°C
tei, [2 (B) cape kh aitany PUY PRT p
EGRUL

UV aye 2 Hz21 TOs BRS tC RAIL
SRBRL. Po, CO bICHN— MCE OR
Bind GHZ. Boon
HW 2INy PUY ABIL OP S27 eC
UCRM 6 2 nt BS FEA

(BI1 Sie).

[OOA9 CMBMORHS HARE CA,
AY SAC V DESH

FALFEROLADHRHEBO. S7TV~O. SEV. 3
5mA~3 7TmATH ROMML., CORHANZRS
BSF HLABEHWORHIIO. 59V~0. GOV, 3
7TmA~3 9IMATAML,
(0050) (Rhil2] pBKVUL Vay e2Zknt
RULYUIYESIRAT PHP EV? FALUAVE
entPEevyyAyYUIY Po. tow
BREDPat CH Se IRS hPa 1 & MBI CAS,
(OO51] 4L 7, CORAM BS FHABE
MIZBWTEZOREO. 59OV~O. GOV, 37
mA~3 9MATA DFERPIZBST RCH OZ.
[0052] BS
fF)
ALY ARAL Ame: BeHs(SiHi/SiFa/H
2=0. 1/10/100/400
RET ACOH: Ssccm~100sccm
BeFAOHA: 5SOmtorr~ltorr
noBeha VY 6 00°C

(nt PENI AYU AYESOME)
Fey AOR MR: PHsSiHs/S i Fa He
=0. 1/10/100/400
RET AOHIGRE : Ssccm~100scem
REFAMORA: 5Omteorr~ltorr
noBagh U > 6 00°C
[Shehl3] pT EVI FAL UIYe2entrst

(7)

10

50

—106611
12

WIFAY VU AYES Pal CH SERS
aA 2 & S

[OOS53) CMRHIZHS BS FHABS
HUZBVYTL S8V~O. 59V, 36
mA~3 8mATCH 9 FER T RCH,
[0054] (pHTElrrAzL Vaya
fF)
RL 2A Ree kes In (CH3)3/SiHe/S
iHaF2/Pratyr=0. 1/10/100/400
OED 2OPRE Oo

sccm~100sccm
REAZORA: SOmtorr~itorr
noBhima Uy SOE: 6 5 O'C

(nt PE? 7 ALU IY 5
JRE 2 HR SbC13/SiHs/Si H:
Fe/Fieay=0.1/10/100/400
OR : Sssccm~100sccm
BEAAZORA: SOmtorr~ltorr
no

yy U
2 > SCO 2 6 50°C

] pHFENVIFAYUAYE2eEntPt
WIAFAY VAY ES Tal Ch SALES
RHA 2 & S

[OO55)]4L. CMRHAIZHS BS FHABS
WUZEBVIT& COPED O. SBV~O. 59V. 36
mA~3 8mATH 9 FERAIZRNT RCH,
[0056] (pHTery7ray UayY eB 2ORRR
fF)
FRE 2DLHR Al (CH3)3/SiHi/S
iH:F:/H:/7WaIY=0.1/10/100/3
00/100
REA AZOUE: Ssccm~1O0sccm
BEFAZORAD: SOmtorr~ltorr
no UYSOE 7 00°C
(nt AYU ORBLE)
EL 2O RL HR: PHs “Si Hi/SiH2F:/
He/Fraty=0. 1/10/100/300/10
0
BEF Sscceom~100sccm
BEAAZORA: 5SOmtorr~ltorr
no U

2 > : 700°C
(RGIS ] Sica CMA teak
SEBO FOZ REMUS YP AP YOR? 19 RY

0PM VD RES BATS cic, £
aipRLPULUIYB2b ay eso
SER Pal CH Se BREHEA 1 CHS
([OOS57) ELT, CMRI CHS BS FRABS
HUZCBVYT6 TOREBO. 59OV~O. GOV, 37
mA~3 9mMATA OFERPICRATRE TH 072.
[0058] (pHORULU IY 2OBR)
FRR AOR LHR: Ga (CHs)3/SiHsi/S
iFa/“H2=0. 1/10/100,/400

eae75

Ja5

Fe

FAO
kK

Hueat
2

CSS 4DiwR

YE
Iv

ELT
Sy Ai

Fe

30

ce
1
tS I vAP2

91

HaBHE

ARSHARC Al
if3

5
AiWy

iki 1FWh

3
at3

ZEROES



13
RL AOE: Ssccom~100sccm
REL AOHRA: 5O0mtorr~ltorr
n- Bia UY : 6 50°C
(nt MUD VIYIBS MBURAEF )

REA ADR AR: AsHs/Sili/SiFa/
Hze=0. 1/10/100/400
RETF AZORWE: Sscem~100sccm
RELDTAOHA: 5Omtorr~ltorr
BR? UY : 6 50°C

[hilo ] BAtorStu7cFtcV DB HAL
&, pPRPUL nt Room
Berta Pat Ch 22S SH 1 & BRI CBS
[OO59) ELC, CMR EPIIZHS BS FHABE
HUEWYCLAOHEDO. 58V~0. 59V. 36
mA~3 8mATA RCH O72,
([OO060) 2
JOEL 2 Ra PR: BeHe “SiHs/“SiH2F2

PVIYH=0.1/410/1007400/1
00
RL Ssccm~100sccm
FRPP AORA: SOmtorr~ltorr
n° ) oY SOE 2 6 50°C
(nt#WULUa OB Bett)
JEL? 2 Rete Ap: PH3s Hs/S i H2F2/7
H/(7TIty=0. 1/10/100/7400/10
0

EDTADEE: Ssccm~100sccem
RRETAOHRA: 5O0mtorr~ltorr
no UY OUR : 6 50°C
(eh! 7 ] BIS lon Si7e3stC V DB
4, PHPEMI PFALYUIYBQ2Ent*PTENITA
YU Ye 5 Pal Ch 6 ie BRS Khel 2

LER CHS ,
(OO61I SLT, CHRMMIZHSBS FHABE
HCH LORE O. F9V~O. GOV, 37
mA~3 9MATA DFERPIZBST RCH OZ.
(0062) razr UIY R2OR BS
fF)

1~1O0mTorr
JED 2 ORR & Mme: Be He “SiHs/“H2=0. 1
4/10/4300
JRE : Ssccm~100sccem
REF A2OHRA: 5SOmtorr~ltorr

: He a7
no Beha VY SORE 6 00°C
(n*PEVI PAY AYES OME)
MRAANOAA: 1~1OmTorr
BELT AREY Hpk: PHs“S i Hs/“H2=0. 1

410/300
BRED : Ssccm~100sccm

(8)

10

20

30

50

EPET—106611
14

REAFAMRA:
He py

n° U2 > ROME : 6 00°C
[SES ] M6 AY OF FRE

Oo, COAAY IL FP PHREANZS
iFs FARA Le AL, pHRUL Vay B2en
‘HU LUIS ORR PEC

Hh
SERS

We] 1
LE BRIBE]CHS.

[0063] LC, CORMAIZHSBS FEABE
HIZEY ZOPEDO. SBV~O. 59V. 36
mA~3 8mA TA ) FERMICRNTRE CH O72.
[0064) (pRRUL Vay B2OR RSF)
Bes AORA: l~1OmTorr

yb: BeHeMR-VSRLSi
RE IANVAORABA: 50~200W
n- Beh U2 7 00°C
(ntRUYVay 5 OBR)
PRS AOR: 1~10mTorr

bh: PHsBE-VSHeS I
REF I4VAMRAEH : 50~200W
n- BRAY UY + 1 00°C
{0065}
(FeO) ARIA 1 ~ 2 RS AAAI hE, ava
FYRETERHTASI Fs HABA?
YHARMALCWS (2bfS PRS A Bit 4 ae

2 . PORC VDE RAL
WSFRAO Rie BS © ARE

Led.
(0066) £2, MES BE
SAVCHE Sir7e nip Hy Vay ROS
ARON OPER Ic kM ABs
HIPS L <HES NAR, 7 y RRP AIVOLy F
+7 OF YL ASE LC SE & PRM SST E
PAUTHEL ZS.
[0067] fé> 7. CRE RES nt X
lip YU Avie nals pM Ue LIK
THILMURICESRO, HEE EO RIBS F
RABE BEL TRS CH AMEE AL TINS.
(0068) Ric, MRA RIC LTS,
Shey) ay se bed Xie te EH
CV DEE OMBL, Ere, BRIS ITAA RAAT KE

RUE, Fv FHL 7 YA ARIS i Fe HADPETS
WCA AY I OF 4 PRIZE ONS

FeLU ay Bile bein Mldpt> Vay
1L~3 ics HAL AR,

ECHR RS n* Klip?) ay Be ne RlipH
YU IY SS EDEL SY | HEB
HOS BS RKB Be CRE CE OR
RALTWS,
Ba Be RH)

BGR 06is
FeBFFJA)

44775

PFLFi
fra2

ZK ODT
Be

IYI ae8Pp

42
1Fsi

3 E

8Bte54
1te

ERO MENDES 0
ARK

P

ra]IVa8353

za
Pp

xq

(ia

IP EF ufa
in1

>
|B<A

7h >
FAC RTE

AE
>

15H

(ia
'®
es1

VW BabesFaLH

PACH Ul



(9) ihe 7—106611
15 16

(B41) Sieliz KS BS FHABEMORTE, YFREORAAL,
[B21] Bl2 (A) ~ (B) EBS FHABS HORE [E17] HEROABEHMORRE,
THE, H#ROABEMRAE,
(E43 ) VD REBOR [E19] fEROABEWOREeEPL aL oe
FAA. Re,
(B44 ) IPBVVC VDBBOR [Bd1 0) HEROAM SMOL FY,
FAG. (SORE)
[E15 ] 7 VCASH VDEBOR 1 n-

U
o> tie

FAG. 2 pHeruy vay

FEa
ilkK

5 wafiTe

(B16 ) SHPIS SNe AY OFA 10 5 nt RULUIY EB

(41) (B12) (471

lin BBY)
2: pH

2> > 4
Bint #2 27 @ LLL ELELLL

AN
} heh SSS 4Ce,©

EYE LLL

{Hi3] (B14}

BB 5 By
14 1414 4g 1 aan) 1

can Ct
3

20

16 17 16 17

(B45 } {13}
15_13~—O

16

O0000Q

4

30

i?



(10) hE 7—106611

] (E19)

. 3

“a n*
Pp

; PB
I

d 5, 4 a

'
(
b ag Se

13

11

14

42

41
44

PURGE OB

RRA ER

The
RTH



PTO/SB/26
Doc Code: DIST.E.FILE U.S. Patent and Trademark Office
Document Description: Electronic Terminal Disclaimer - Filed Department of Commerce

Electronic Petition Request TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING REJECTION OVERA
“PRIOR” PATENT

Application Number 14504771

Filing Date 02-Oct-2014

First Named Inventor Peter COUSINS

Attorney Docket Number 10031.004211

Title of Invention

FRONT CONTACT SOLAR CELLWITH FORMED EMITTER

mM
Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding
Office Action

DX] This electronic Terminal Disclaimer is not being used for a Joint Research Agreement.

Owner Percent Interest

SunPower Corporation 100%

The owner(s) with percent interest listed above in the instant application hereby disclaims, except as provided below, the
terminal part of the statutory term of any patent granted on the instant application which would extend beyond the expiration
date of the full statutory term of prior patent number(s)

8222516

8207444

as the term of said prior patent is presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so
granted on the instant application shall be enforceable only for and during such period that it and the prior patent are commonly
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors
or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant
application that would extend to the expiration date of the full statutory term of the prior patent, "as the term of said prior patent
is presently shortened by any terminal disclaimer,” in the event that said prior patent later:
- expires for failure to pay a maintenance fee;
- is held unenforceable;
- is found invalid by a court of competent jurisdiction;
- is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;
- has all claims canceled by a reexamination certificate;
- is reissued; or
- is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.
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*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner).
Form PTO/SB/96 may be used for making this certification. See MPEP § 324.

@© Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request.

O I certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d)
required for this terminal disclaimer has already been paid in the above-identified application.

Applicant claims the following fee status:

© Small Entity

©. Micro Entity

@ Regular Undiscounted

| hereby declare that all statements made herein ofmy own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under Section 1001 ofTitle 18 of the United States Code and
that such willful false statements may jeopardize the validity of the application or any patent issued thereon.

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES

I certify, in accordance with 37 CFR 1.4(d)(4) that | am:

© An attorney or agent registered to practice before the Patent and Trademark Office who is of record in
this application

Registration Number 40909

©. Asole inventor

O Ajoint inventor; | certify that | am authorized to sign this submission on behalf of all of the inventors as evidenced by the
power of attorney in the application

© Ajoint inventor; all ofwhom are signing this request

Signature /Patrick D. Benedicto/

Name PATRICK D BENEDICTO
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Filer: Patrick D. Benedicto/jina mangaoangj

Attorney Docket Number: 10031.004211

Filed as Large Entity
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Basic Filing:
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Pages:
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Petition:
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Extension-of-Time:
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Applicant/Patent under Reexamination: COUSINS etal.

Electronic Terminal Disclaimer filed on September 19, 2016

xX APPROVED

This patent is subject to a terminal disclaimer

[I DISAPPROVED

Approved/Disapproved by: Electronic Terminal Disclaimer automatically approved by EFS-Web

U.S. Patent and Trademark Office



Payment information:

Electronic Acknowledgement Receipt

EFS ID: 26961032

Application Number: 14504771

International Application Number:

Confirmation Number: 3342

Title of Invention: FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

First Named Inventor/Applicant Name: Peter John COUSINS

Customer Number: 74254

Filer: Patrick D. Benedicto/jina mangaoangj

Filer Authorized By: Patrick D. Benedicto

Attorney Docket Number: 10031.004211

Receipt Date: 19-SEP-2016
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Time Stamp: 12:05:17

Application Type: Utility under 35 USC 111{a)

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $160

RAM confirmation Number 09191 6INTEFSW1 2051500

Deposit Account
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
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Docket No. 10031.004211
Response To Office Action

INTHE UNITED STATES PATENTAND TRADEMARKOFFICE

First Named Inventor:

Peter John COUSINS

ApplicationNo.: 14/504,771 Examiner: PILLAY, DEVINA

Filing Date: October 2, 2014 Art Unit: 1755

Je

Title: FRONT CONTACT SOLAR CELL WITH FORMED EMITTER:

RESPONSE TO OFFICE ACTION AND AMENDMENT

INTRODUCTORY COMMENTS

This paper is responsive to the office action mailed on June 29, 2016 (“last office

action’’).

Please amend the above-identified application as follows:

1



Docket No. 10031.004211
Response To Office Action

AMENDMENTS TO THE SPECIFICATION

A. Please insert the following section on page 1 of the specification, after the

“REFERENCE TO RELATED APPLICATIONS” and before the “BACKGROUND OF

THE INVENTION”.

STATEMENTREGARDING FEDERALLY SPONSORED RESEARCH OR

DEVELOPMENT
The invention described herein was made with Governmental support under

contract number DE-FC36-07GO17043 awarded by the United States Department

ofEnergy. The Governmentmay have certain rights in the invention.

B. Please replace the paragraph beginning on page 1, line 6 with the following

paragraph:

This application is a continuation ofU.S. Application No. 13/495,577, filed on

June 13, 2012, now U.S. Patent No. 8,878,053, which is a divisional ofU.S.

Application No. 12/070,742, filed on February 20, 2008, now U.S. Patent No.

8,222,516. The just-mentioned disclosures are incorporated herein by reference

in their entirety.
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Docket No. 10031.004211
Response To Office Action

AMENDMENTS TO THE CLAIMS

1. (Currently amended) A solar cell, comprising:A
a substrate having a front surface that faces the sun to collect solar radiation

during normal operation and a back surface opposite the front surface;

a first tunnel dielectric disposed over the back surface of the substrate;

an emitter disposed over the first tunnel dielectric, the emitter forming a backside

junction with the substrate;

a front electrode disposed over [[a]]the front surface of the substrate; and

a back electrode disposed over [[a]]the back surface of the substrate.

2. (Original) The solar cell of claim 1, wherein the emitter is a polysilicon emitter.

3. (Original) The solar cell of claim 1, wherein the substrate is a monocrystalline

silicon substrate.

4. (Original) The solar cell of claim 1, wherein the first tunnel dielectric is a tunnel

oxide.

5. (Canceled)

6. (Currently amended) The solar cell of claim 1, further comprising a second tunnel

dielectric disposed on an-oppesite-side-of the front surface of the substrate than+the-first

7. (Original) The solar cell of claim 1, wherein the back electrode includes silver.

8. (Original) The solar cell of claim 1, further comprising an antireflective layer

disposed over the front surface of the substrate.

9. (Currently amended) A solar cell, comprising:A.

3



Docket No. 10031.004211
Response To Office Action

a substrate having a front surface that faces the sun to collect solar radiation

during normal operation and a back surface opposite the front surface;

an emitter over [[a]]the back surface of the substrate, the emitter forming a

backside junction with the substrate;

a first dielectric between the emitter and the back surface;

a front electrode disposed on [[a]]the front surface of the substrate selar-cell; and

a back electrode disposed on [[a]]the back surface of the substrate selar-cell.

10. (Original) The solar cell of claim 9, wherein the emitter is a polysilicon emitter.

11. (Original) The solar cell of claim 9, wherein the substrate is a monocrystalline

silicon substrate.

12. (Original) The solar cell of claim 9, wherein the first dielectric is an oxide.

13. (Currently amended) The solar cell of claim 9, further comprising a second

dielectric disposed on an-eppesite-side the front surface of the substrate than-the first

14. (Original) The solar cell of claim 9, wherein the back electrode includes silver.

15-20. (Canceled)
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Docket No. 10031.004211
Response To Office Action

REMARKS

With the above amendments, claims 1-4 and 6-14 remain in the application.

Claims 5 and 15-20 are canceled without prejudice.

Claim amendments have been made to expedite prosecution. Applicant expressly
. reserves the right to pursue the original version of an amended claim in a continuing

application.

Terminal Disclaimer

An eTerminal Disclaimer has been submitted to obviate the nonstatutory double

patenting rejection that is based on US 8,207,444 and US 8,222,516.

Claim Rejection -- 35 U.S.C. §112

Claim 9 is amended to address the rejection under pre-AIA 35 U.S.C. §112,
second paragraph.

Claim Rejection -- 35 U.S.C. § 103

Claims 1-4 and 6-14 are rejected under pre-AIA 35 U.S.C. §103(a) as being

unpatentable over Okayasu (JP 07-106611) in view ofOhmni (US 5,516,092) and

Foglietti (US 2002/0142500). The rejection is respectfully traversed.

Claim1 is patentable over the combination ofOkayasu, Omnhi, and Foglietti at

least for reciting: “an emitter disposed over the first tunnel dielectric, the emitter forming

a backside junction with the substrate.”

In the embodiment of claim 1, the emitter is disposed over the tunnel dielectric

and forms a backside junction with the substrate. It is respectfully submitted that this

feature of claim 1 is not taught or suggested by the combination ofOkayasu, Ohmni, and

Foglietti.

5
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To the extent the applicant understands the machine translation of the disclosure

ofOkayasu, Okayasu FIG. 1 showsa solar cell with an N-type substrate 1, a layer 2 on

the front side, anN+ BSF layer 5, an electrode 6 on the backside, and an electrode 4 on

the front side. It is respectfully submitted that because the layer 5 is a back surface field

layer, the layer 5 is necessarily on the back surface and has the samepolarity as the

substrate 1. Accordingly, the BSF layer 5 cannot form a backside junction with the

substrate, and thus cannot correspond to the recited emitter. It is respectfully submitted

that Ohmni and Foglietti do not add to Okayasu regarding the recited emitter feature of

a.

claim 1.

Therefore, it is respectfully submitted that claim 1 is patentable over the

combination ofOkayasu, Ohmni, and Foglietti.

Claims 2-4 and 6-8 are patentable over the combination ofOkayasu, Ohmni, and

Foglietti at least for depending from claim 1.

Claim 9 is patentable over the combination ofOkayasu, Ohmni, and Foglietti at

least for reciting: “an emitter over the back surface of the substrate, the emitter forming a

backside junction with the substrate; a first dielectric between the emitter and the back

surface.” It is respectfully submitted that the combination ofOkayasu, Ohmni, and

Foglietti does not teach or suggest a solar cell with an emitter that is over a dielectric that

forms a backside junction with the substrate.

Claims 10-14 are patentable over the combination ofOkayasu, Ohmni, and

Foglietti at least for depending from claim 9.

Claims 1-4 and 6-14 are rejected under pre-AIA 35 U.S.C. §103(a) as being

unpatentable over Okayasu in view ofBorden (WO 2009/094578). The rejection is

respectfully traversed.

Claim 1 is patentable over the combination ofOkayasu and Borden at least for

reciting: “an emitter disposed over the first tunnel dielectric, the emitter forming a

backside junction with the substrate.” It is respectfully submitted that Okayasu does not

disclose an emitter that is disposed over a tunnel dielectric and forms a backside junction

with the substrate. Instead, Okayasu discloses a solar cell with a back surface field layer,a:

which is necessarily a back surface layer that has the same polarity as the substrate. It is

6
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respectfully submitted that Borden does not add to Okayasu regarding the recited emitter

feature of claim 1.

Claims 2-4 and 6-8 are patentable over the combination ofOkayasu and Borden at

least for depending from claim 1.

Claim 9 is patentable over the combination ofOkayasu and Borden least for

reciting: “an emitter over the back surface of the substrate, the emitter forming a backside

junction with the substrate; a first dielectric between the emitter and the back surface.” It

is respectfully submitted that the combination ofOkayasu and Borden does not teach or

suggest a solar cell with an emitter that is over a dielectric that forms a backside junction

with the substrate.

Claims 10-14 are patentable over the combination ofOkayasu and Borden at least

for depending from claim 9.

Conclusion

For at least the above reasons, it is believed that the pending claims are in

condition for allowance. The Examiner is invited to telephone the undersigned for any

questions and to resolve any remaining concerns regarding allowability of the present

application.

Respectfully submitted,

pated: SEPT 14, 2OV Pairen Res
Patrick D. Benedicto, Reg. No. 40,909
Okamoto & Benedicto LLP
P.O. Box 641330
San Jose, CA 95164
Tel.: (408)436-2112
Fax.: (408)436-2114
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1. The present application is being examined under the pre-AlA first to invent

provisions.

DETAILED ACTION

Claim Rejections - 35 USC § 103

2. The following is a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102, if the differences between the subject matter sought to be patented
and the prior art are such that the subject matter as a whole would have been obvious at the
time the invention was made to a person having ordinary skill in the art to which said subject
matter pertains. Patentability shall not be negatived by the manner in which the invention was
made.

3. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148

USPQ 459 (1966), that are applied for establishing a background for determining

obviousness under pre-AlA 35 U.S.C. 103(a) are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating

obviousness or nonobviousness.

4. This application currently names joint inventors. In considering patentability of the

claims under pre-AlA 35 U.S.C. 103(a), the examiner presumes that the subject matter

of the various claims was commonly owned at the time any inventions covered therein

were made absent any evidence to the contrary. Applicant is advised of the obligation

under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was

not commonly owned at the time a later invention was made in order for the examiner toa



Application/Control Number: 14/504,771 Page 3

Art Unit: 1757

consider the applicability of pre-AIA 35 U.S.C. 103(c) and potential pre-AIA 35 U.S.C.

102(e), (f) or (g) prior art under pre-AlA 35 U.S.C. 103(a).

5. Claims 1-4 and 6-14 are rejected under pre-AlA 35 U.S.C. 103(a) as being

unpatentable over Meier (US 6,262,359) in view of Okayasu (JP 07-106611,

Machine Translation) in view of Ohmi (US 5,563,092) in further view of Foglietti

(US 2002/0142500 A1).

Regarding claims 1-4, 6, and 9-13, Meier discloses a solar cell comprising (see

Fig. 3D, C5/L38-C6/L55):

a substrate (218 n-type) having a front surface that faces the sun to collect solar

radiation during normal operation and a back surface opposite the front surface;

an emitter (220 p-type) forming a backside junction with the substrate;

a front electrode disposed over the front surface of the substrate (212);

a back electrode disposed over the back surface of the substrate (222).

However, Meier does not disclose that the emitter is a polysilicon emitter and that

there is a first tunnel dielectric formed between the emitter and the back surface of the

substrate.

Okayasu discloses that instead of forming an emitter or surface field froma

portion of a substrate which is doped an emitter can be formed using a doped

polysilicon layer ([0005][0009]) and by forming an emitter or surface field this way the

thickness can be more accurately controlled and it prevent generation of floating foreign

a

matter.
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It would have been obvious to one of ordinary skill in the art at the time of the

invention to replace the method of forming the emitter and front surface field from a

portion of a substrate of Meier and instead forming the emitter and front surface field by

using a doped polysilicon layer as disclosed by Okayasu because the thickness can be

more accurately controlled and it prevent generation of floating foreign matter.

Foglietti discloses that polycrystalline growth directly on crystalline silicon results

in partial realignment of the polycrystalline grains and to suppress this effect a thin oxide

can be grown similar to that disclosed by Ohmi ([0046)).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the solar cell of modified Meier by providing a thin tunneling oxide

between the emitter layer and the substrate and the FSF layer and the substrate

because as disclosed by Ohmi and Foglietti it suppresses realignment of polysilicon

emitter and BSF layers.

Regarding claims 7 and 14, modified Meier discloses all of the claim limitations

as set forth above.

However, Meier does not disclose that the electrode that is in contact with the p-

type polysilicon layer is silver.

Okayasu discloses that the back electrode on the polysilicon emitter is formed of

a silver electrode [0044].

It would have been obvious to one of ordinary skill in the art at the time of the

invention to replace the aluminum electrode of Meier with the silver electrode of
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Okayasu because one of ordinary skill in the art would have been able to carry out such

a substitution, and the results would be reasonably predictable.

Regarding claim 8, modified Meier discloses all of the claim limitations as set

forth above.

In addition, Meier discloses an antireflection layer (214) disposed over the top

surface of the substrate (C6/L20-25).

Conclusion

6. Applicant's amendment necessitated the new ground(s) of rejection presented in

this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37

CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE

MONTHS from the mailing date of this action. In the event a first reply is filed within

TWO MONTHS of the mailing date of this final action and the advisory action is not

mailed until after the end of the THREE-MONTH shortened statutory period, then the

shortened statutory period will expire on the date the advisory action is mailed, and any

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of

the advisory action. In no event, however, will the statutory period for reply expire later

than SIX MONTHS from the date of this final action.

Any inquiry concerning this communication or earlier communications from the

a

examiner should be directed to DEVINA PILLAY whose telephone number is (571)270-
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1180. The examiner can normally be reached on Monday thru Friday 7:30am -5:00epm

(EST). Examiner Fax Number is (571)-270-2180.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, Jeffrey T. Barton can be reached on 571-272-1307. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/DEVINA PILLAY/
Primary Examiner, Art Unit 1757
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Application No.: 14/504,771

ARGUMENTS

Claims 1-4 and 6-14 remain in the application and stand rejected.

Reconsideration of the rejection is respectfully requested in light of the following reasons.

Claim Rejection -- 35 U.S.C. § 103

Claims 1-4 and 6-14 are rejected under pre-AIA 35 U.S.C. §103(a) as being

unpatentable over Meier (US 6,262,359), in view ofOkayasu (JP 07-106611), in view of

Ohmi (US 5,563,092), and further in view of Foglietti (US 2002/0142500). The rejection

is respectfully traversed.
.

IS

Claim 1 is patentable over the combination ofMeier, Okayasu, Ohmi, and

Foglietti at least for reciting: “an emitter disposed over the first tunnel dielectric, the

emitter forming a backside junction with the substrate.” -

In the embodiment of claim 1, the emitter is disposed over the tunnel dielectric

and forms a backside junction with the substrate. It is respectfully submitted that this

feature of claim 1 is not taught or suggested by the combination ofMeier, Okayasu,

Ohmi, and Foglietti.

The final office action suggests that in the cited combination, Meier discloses the

recited backside junction. Meier FIG. 3D is reproduced below for ease of discussion.

216 12 142

7) 4 Z2]

n-Si 218

4

a 224

C
220 FIG. 3D 222

Meier discloses a solar cell with an aluminum alloy back junction (Meier, Title). More

specifically, Meier discloses forming a p+ layer 220 (“emitter”) that forms a backside

junction with the n-Si base layer 218 (“substrate”) within the base layer 218 by doping

using the aluminum contact layer 222 (Meier, col. 6, lines 51-54). That is, the main

l
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teaching ofMeier is to form an aluminum alloy back junction by forming the p+ layer

220 within the substrate by diffusion into the substrate using the aluminum alloy

electrode, thereby providing a strongly doped p-type emitter (Meier, abstract).

Accordingly, Meier does not teach an emitter over a tunnel oxide and that forms a

backside junction with the substrate. In Meier, the emitter that forms a backside junction

with the substrate is within the substrate and in contact with the electrode. There can be

no intervening layer (such as a tunnel dielectric) between the emitter and the electrode

because of the required diffusion of aluminum from the electrode to the emitter.

Okayasu does not cure the deficiencies ofMeier. To the extent the appellant

understands the machine translation of the disclosure ofOkayasu, Okayasu FIG. 1 shows

a solar cell with an N-type substrate 1, a layer 2 on the front side, an N+ BSF layer 5, an

electrode 6 on the backside, and an electrode 4 on the front side. It is respectfully

submitted that because the layer 5 is a back surface field (BSF) layer, the layer 5 is

necessarily on the back surface and has the same polarity as the substrate 1. Accordingly,

theBSF layer 5 cannotform a backsidejunction with the substrate, and thus cannot

correspond to the recited emitter. As Okayasu further explains, in such a BSF structure,
thejunction isformed on thefront side ofthe solar cell, not on the backside where the

BSF is (Okayasu, paragraph 2; paragraph 14, lines 1-6). It is thus respectfully submitted

that Okayasu has no teaching regarding a backside junction, external to the substrate or

otherwise.

The final office action suggests that it would have been obvious to use the BSF

formation technique ofOkayasu to form the backside junction emitter ofMeier. As

explained, Okayasu has no relevant teaching regarding formation ofa backside junction.
There is no teaching or suggestion in Meier and Okayasu that the BSF layer ofOkayasu

may be employed as an emitter. Such amodification would use the BSF layer of

Okayasu fora totally different function and structure in Meier, would require a change of

polarity relative to the substrate, and would require substantial redesign of the process of

Meier and Okayasu, as it is not clear how the internal aluminum alloy junction ofMeier

al

can be changed to an external polysilicon junction.

2
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Furthermore, Meier modified with Okayasu does not teach or suggest a tunnel

dielectric between the backside junction emitter and the substrate. The final office action

suggests that Foglietti and Ohmi disclose the benefits of using a thin oxide with

polysilicon. It is respectfully submitted that there is no teaching in Meier, Okayasu,

Foglietti, and Ohmi that this thin oxide can be advantageously implemented with a

backside junction emitter. Such a teaching is only in the present application, not in the

cited combination.

It is to be noted that Meier, Okayasu, Foglietti, and Ohmi disclose very different

processes. In Meier, the backside aluminum alloy back junction is achieved by diffusing

aluminum of an electrode into the substrate. In Okayasu, the BSF layer is formed by

reaction of SiF4 gas with the silicon substrate (Okayasu, paragraph 14). It is respectfully

submitted that the there is no teaching or suggestion in Meier, Okayasu, Foglietti, and

Ohmi that the processes ofMeier and Okayasu would work with an intervening thin

dielectric between the silicon substrate and the emitter.

Therefore, it is respectfully submitted that claim 1 is patentable over the

combination ofMeier, Okayasu, Ohmi, and Foglietti.

Claims 2-4 and 6-8 are patentable over the combination ofMeier, Okayasu,

Foglietti, and Ohmi at least for depending from claim 1.

Claim9 is patentable over the combination ofMeier, Okayasu, Ohmi, and

Foglietti at least for reciting: “an emitter over the back surface of the substrate, the

emitter forming a backside junction with the substrate; a first dielectric between the

emitter and the back surface.” It is respectfully submitted that the combination ofMeier,

Okayasu, Ohmi, and Foglietti does not teach or suggest a solar cell with an emitter that is

over a dielectric that forms a backside junction with the substrate.

Claims 10-14 are patentable over the combination ofMeier, Okayasu, Ohmi, and

9

Foglietti at least for depending from claim 9.

3
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This is in response to the Pre-Appeal Brief Request for Review filed 16 December, 2016.

1. Improper Request — The Request is improper and a conference will not be held for the following
reason(s):

[J The Notice of Appeal has not been filed concurrent with the Pre-Appeal Brief Request.
[1 The request does not include reasons whya review is appropriate.1 A proposed amendment is included with the Pre-Appeal Brief request.
(C Other:

The time period for filing a response continues to run from the receipt date of the Notice of Appeal or from the
mail date of the last Office communication, if no Notice of Appeal has been received.

2. (] Proceed to Board of Patent Appeals and Interferences — A Pre-Appeal Brief conference has been
held. The application remains under appeal because there is at least one actual issue for appeal. Applicant is
required to submit an appeal brief in accordance with 37 CFR 41.37. The time period for filing an appeal brief
will be reset to be one month from mailing this decision, or the balance of the two-month time period running
from the receipt of the notice of appeal, whichever is greater. Further, the time period for filing of the appeal
brief is extendible under 37 CFR 1.136 based upon the mail date of this decision or the receipt date of the
notice of appeal, as applicable.

(1 The panel has determined the status of the claim(s) is as follows:
Claim(s) allowed:
Claim(s) objected to:
Claim(s) rejected:
Claim(s) withdrawn from consideration:

3. [J Allowable application — A conference has been held. The rejection is withdrawn and a Notice of
Allowance will be mailed. Prosecution on the merits remains closed. No further action is required by applicant
at this time.

4. X] Reopen Prosecution — A conference has been held. The rejection is withdrawn and a new Office
action will be mailed. No further action is required by applicant at this time.

o

All participants:

(1) DEVINA PILLAY.

(2) Jeffrey Barton. (4)___.
(3) Christine Tierney.

/DEVINA PILLAY/ /Jeffrey Barton/ /Christine Tierney/
Primary Examiner, Art Unit 1757 Supervisory Patent Examiner, Art Supervisory Patent Examiner, Art

Unit 1757 Unit 1700



UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
www.uspto.gov

14/504,771 10/02/2014 Peter John COUSINS 10031.004211 3342

74254 7590 02/17/2017 EXAMINER
Okamoto & Benedicto LLP | |

P.O. Box 641330 PILLAY, DEVINA

San Jose, CA 95164-1330

1757

02/17/2017 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)

APPLICATION NO. FILINGDATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

ART UNIT PAPERNUMBER

MAIL DATE DELIVERY MODE



U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20170127

Application No. Applicant(s)
14/504,771 COUSINS, PETER JOHN

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
DEVINA PILLAY 1757 No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

Period for Reply
A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF

THIS COMMUNICATION.
Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status
1)K] Responsive to communication(s) filed on 09/19/2016.
1 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon____.

2a)X] This action is FINAL. 2b) This action is non-final.

3) An election was made by the applicant in response to a restriction requirement set forth during the interview on

; the restriction requirement and election have been incorporated into this action.

4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-4 and 6-14 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.

6) Claim(s) is/are allowed.

7)X] Claim(s) 1-4 and 6-14 is/are rejected.
8)0 Claim(s) is/are objected to.

9\[] Claim(s) are subject to restriction and/or election requirement.
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see

nite /Awww.uspto.dov/patenis/init_ events/pph/index.isp or send an inquiry to PPHieedback@uspto.qov.

Application Papers
10)L] The specification is objected to by the Examiner.

11) The drawing(s) filed on is/are: a)L_] accepted or b)] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d).

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)LJ Some** c)L] None of the:

1.1] Certified copies of the priority documents have been received.
Certified copies of the priority documents have been received in Application No.

3.01 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.
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1. The present application is being examined under the pre-AlA first to invent

provisions.

DETAILED ACTION

Claim Rejections - 35 USC § 103

2. The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102, if the differences between the subject matter sought to be patented
and the prior art are such that the subject matter as a whole would have been obvious at the
time the invention was made to a person having ordinary skill in the art to which said subject
matter pertains. Patentability shall not be negatived by the manner in which the invention was
made.

3. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148

USPQ 459 (1966), that are applied for establishing a background for determining

obviousness under pre-AlA 35 U.S.C. 103(a) are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating

obviousness or nonobviousness.

4. This application currently names joint inventors. In considering patentability of the

claims under pre-AlA 35 U.S.C. 103(a), the examiner presumes that the subject matter

of the various claims was commonly owned at the time any inventions covered therein

were made absent any evidence to the contrary. Applicant is advised of the obligation

under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was

not commonly owned at the time a later invention was made in order for the examiner to
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consider the applicability of pre-AIA 35 U.S.C. 103(c) and potential pre-AIA 35 U.S.C.

102(e), (f) or (g) prior art under pre-AlA 35 U.S.C. 103(a).

5. Claims 1-4 and 6-14 are rejected under pre-AlA 35 U.S.C. 103(a) as being

unpatentable over Meier (US 6,262,359) in view of Okayasu (JP07-106611,

Machine Translation) in view of Borden (WO 2009/094578 A2).

Regarding claims 1-4, 6, and 9-13, Meier discloses a solar cell comprising (see

Fig. 3D, C5/L38-C6/L55):

a substrate (218 n-type) having a front surface that faces the sun to collect solar

radiation during normal operation and a back surface opposite the front surface;

an emitter (220 p-type) forming a backside junction with the substrate;

a front electrode disposed over the front surface of the substrate (212);

a back electrode disposed over the back surface of the substrate (222).

However, Meier does not disclose that the emitter is a polysilicon emitter and that

there is a first tunnel dielectric formed between the emitter and the back surface of the

substrate.

Okayasu discloses that instead of forming an emitter or surface field from a

portion of a substrate which is doped, an emitter or surface field can be formed using a

doped polysilicon layer ([0005][0009], Abstract) and by forming an emitter or surface

field this way the thickness can be more accurately controlled and it prevents generation

of floating foreign matter ([0008] [0009}).

It would have been obvious to one of ordinary skill in the art at the time of the

a

invention to replace the method of forming the emitter and front surface field from a
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portion of a substrate of Meier and instead forming the emitter and front surface field by

using a doped polysilicon layer as disclosed by Okayasu because the thickness can be

more accurately controlled and it prevent generation of floating foreign matter.

However, modified Meier does not discloses a tunneling dielectric oxide between

the emitter and the substrate.

Borden discloses that tunnel oxides can be used in solar cells between doped

polysilicon and monocrystalline substrates [0016].

Furthermore, Borden discloses that by providing the tunneling layer it prevents

epitaxial growth of the emitter layer and further it protects the surface from plasma

damage of the deposited emitter layer [0008].

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the interface between polycrystalline layers and monocrystalline

substrates of modified Meier by having a tunneling oxide because it prevents epitaxial

growth of the emitter layer and further it protects the crystalline surface from plasma

damage of the deposited emitter layer.

Regarding claims 7 and 14, modified Meier discloses all of the claim limitations

as set forth above.

However, Meier does not disclose that the electrode that is in contact with the p-

type polysilicon layer is silver.

Okayasu discloses that the back electrode on the polysilicon emitter is formed of

a silver electrode [0044].
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It would have been obvious to one of ordinary skill in the art at the time of the

invention to replace the aluminum electrode of Meier with the silver electrode of

Okayasu because one of ordinary skill in the art would have been able to carry out such

a substitution, and the results would be reasonably predictable.

Regarding claim 8, modified Meier discloses all of the claim limitations as set

forth above.

In addition, Meier discloses an antireflection layer (214) disposed over the top

surface of the substrate (C6/L20-25).

6. Claims 1-4 and 6-14 are rejected under pre-AlA 35 U.S.C. 103(a) as being

unpatentable over Meier (US 6,262,359) in view of Okayasu (JP07-106611,

Machine Translation) in view of Foglietti (US 2002/0142500 A1) in view of Gan

(Polysilicon Emitters for Silicon Concentrator Solar Cells).

Regarding claims 1-4, 6, and 9-13, Meier discloses a solar cell comprising (see

Fig. 3D, C5/L38-C6/L55):

a substrate (218 n-type) having a front surface that faces the sun to collect solar

radiation during normal operation and a back surface opposite the front surface;

an emitter (220 p-type) forming a backside junction with the substrate;

a front electrode disposed over the front surface of the substrate (212);

a back electrode disposed over the back surface of the substrate (222).

However, Meier does not disclose that the emitter is a polysilicon emitter and that

there is a first tunnel dielectric formed between the emitter and the back surface of thea

substrate.
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Okayasu discloses that instead of forming an emitter or surface field from a

portion of a substrate which is doped, an emitter or surface field can be formed using a

doped polysilicon layer ([0005][0009], Abstract) and by forming an emitter or surface

field this way the thickness can be more accurately controlled and it prevent generation

of floating foreign matter ([0008] [0009}).

Gan further discloses that solar cell performance can be improved when a

doped-emitter is replaced with a polysilicon emitter (see pg. 245 second column).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to replace the method of forming the emitter and front surface field from a

portion of a substrate of Meier and instead forming the emitter and front surface field by

using a doped polysilicon layer as disclosed by Okayasu because the thickness can be

more accurately controlled and it prevent generation of floating foreign matter and

furthermore because as disclosed by Gan this results in a solar cell with better

performance.

However, modified Meier does not discloses a tunneling dielectric oxide between

the emitter and the substrate.

Foglietti discloses that polycrystalline growth directly on crystalline silicon results

in partial realignment of the polycrystalline grains and to suppress this effect a thin oxide

can be grown ([0046)]).

Gan discloses that the presence of a stable thermal oxide between a polysilicon

emitter and a CZ wafer (See pg. 248, first column, and Table 1) results in recombination

a

occurring primary at the oxide interface and that the presence of this oxide at the



Application/Control Number: 14/504,771 Page 7

Art Unit: 1757

interface can be useful for silicon solar cells with polysilicon emitters (See Conclusion,

pg. 249).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the interface between the doped polysilicon regions and the

monocyrstalline substrate by adding an interfacial oxide as disclosed by Fogiletti and

Gan because it will allow for optimal grown of the polysilicon region and furthermore will

result in recombination primarily occurring at the oxide interface.

Regarding claims 7 and 14, modified Meier discloses all of the claim limitations

as set forth above.

However, Meier does not disclose that the electrode that is in contact with the p-

type polysilicon layer is silver.

Okayasu discloses that the back electrode on the polysilicon emitter is formed of

a silver electrode [0044].

It would have been obvious to one of ordinary skill in the art at the time of the

invention to replace the aluminum electrode of Meier with the silver electrode of

Okayasu because one of ordinary skill in the art would have been able to carry out such

a substitution, and the results would be reasonably predictable.

Regarding claim 8, modified Meier discloses all of the claim limitations as set

forth above.

In addition, Meier discloses an antireflection layer (214) disposed over the top

surface of the substrate (C6/L20-25).
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Response to Arguments

7. Applicant argues that Okayasu cannot cure the deficiencies of Meier because the

backside junction of Meier is formed integrally with the substrate and therefore there

can be no interfacial oxide. Since Okayasu is concerned with a front side emitter and

therefore Okayasu is not possible because it would require a total redesign of Meier.

8. Examiner respectfully disagrees. Meier discloses method of forming a junction

which consists of an emitter formed on a substrate which comprises using the electrode

as a dopant material and driving in those dopants through annealing. Okayasu

discloses an alternative method of forming an emitter which comprises depositing a

doped polysilicon emitter over a single crystalline substrate. Okayasu also discloses

that this method is preferable to that of heating and driving in dopants because it can be

performed at lower temperatures which prevents damage to the substrate and

furthermore the thickness of the emitter can be more accurately controlled ([0008}).

Therefore, it would have been obvious to one of ordinary skill in the art at the time of the

invention to replace the emitter of Meier with the emitter of Okayasu because of the

above advantages.

9. Applicant further argues that neither Foglietti nor Ohmi disclose that a thin oxide

can be used in a backside junction solar cell.

10. Asdisclosed above Gan, Foglietti and Borden disclose that a thin oxide can be

provide advantageous properties between a doped polysilicon emitter and a

monocrystalline substrate.
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Conclusion

11. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time

policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE

MONTHS from the mailing date of this action. In the event a first reply is filed within

TWO MONTHS of the mailing date of this final action and the advisory action is not

mailed until after the end of the THREE-MONTH shortened statutory period, then the

shortened statutory period will expire on the date the advisory action is mailed, and any

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of

the advisory action. In no event, however, will the statutory period for reply expire later

than SIX MONTHS from the mailing date of this final action.

12. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to DEVINA PILLAY whose telephone number is (571)270-

1180. The examiner can normally be reached on Monday thru Friday 7:30am -5:00pm

(EST). Examiner Fax Number is (571)-270-2180.
Examiner interviews are available via telephone, in-person, and video

conferencing using a USPTO supplied web-based collaboration tool. To schedule an

interview, applicant is encouraged to use the USPTO Automated Interview Request

(AIR) at http:/Awww.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessiul, the examiner’s

supervisor, Jeffrey T. Barton can be reached on 571-272-1307. The fax phone number

a

a

for the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/DEVINA PILLAY/
Primary Examiner, Art Unit 1757
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Application No.: 14/504,771

ARGUMENTS

Claim Rejection -- 35 U.S.C. § 103 (Meier/Okayasu/Borden)

Claims 1-4 and 6-14 are rejected under pre-AIA 35 U.S.C. §103(a) as being

unpatentable over Meier (US 6,262,359), in view ofOkayasu (JP 07-106611), and in

view of Borden (US WO 2009/094578 A2). The rejection is respectfully traversed.

L. External emitter that forms a backside junction with the substrate

Claim 1 is patentable over the combination ofMeier, Okayasu, Ohmi, and

Foglietti at least for reciting: “an emitter disposed over the first tunnel dielectric, the

emitter forming a backside junction with the substrate.”

Claim 1 recites a structure of a solar cell. In the embodiment of claim 1, the solar

cell has an emitter that is disposed over a tunnel dielectric and forms a backside junction
with the substrate. It is respectfully submitted that this feature of claim 1 is not taught or

suggested by the combination ofMeier, Okayasu, and Borden.

The final office action suggests that in the cited combination, Meier discloses the

recited backside junction. Meier FIG. 3D is reproduced below for ease ofdiscussion.

216 212 944

4
n-Si 218

wi
f

220 FIG. 3D 82

224
L

Meier discloses a solar cell with an aluminum alloy back junction (Meier, Title). More

specifically, Meier discloses forming a p+ layer 220 (“emitter”) that forms a backside

junction with the n-Si base layer 218 (“substrate”) within the base layer 218 by doping

using the aluminum contact layer 222 (Meier, col. 6, lines 51-54). That is, the primary

teaching ofMeier is to form an aluminum alloy back junction by forming the p+ layer

220 within the substrate by diffusion into the substrate using the aluminum alloy

electrode, thereby providing a strongly doped p-type emitter (Meier, abstract).

1
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Meier discloses a solar cell structure where the emitter that forms a backside

junction with the substrate is within the substrate and in contact with the electrode. In the

solar cell structure ofMeier there is no intervening layer (such as a tunnel dielectric)

between the emitter and the electrode because of the required diffusion of aluminum from

the electrode to the emitter. Accordingly, Meier does not disclosea solar cell structurea:

where an external emitter forms a backside junction with the substrate.

Okayasu does not disclosea solar cell structure that cures the deficiencies ofa.

Meier. Okayasu FIG. 1 is reproduced below.

The purpose ofOkayasu is “to realize aBSF type solar cell having high photoelectric

conversion efficiency by forming an n+ poly-Si layer by thermal CVD using

B2H6/SiH4/SiF4 as a material gas thereby improving the qualityofn+ poly-Si layer”

(Okayashu abstract) (emphasis added). More particularly, to the extent the appellant

understands the machine translation of the disclosure ofOkayasu, Okayasu FIG. 1 shows

a solar cell with an N-type substrate 1, a layer 2 on the front side, anN+ BSF layer 5, an

electrode 6 on the backside, and an electrode 4 on the front side. Because the layer 5 is a

back surface field (BSF) layer, the layer 5 is necessarily on the back surface and has the

same polarity as the substrate 1. Accordingly, the BSF layer 5 cannot form a backside

junction with the substrate.

Therefore, like Meier, Okayasu does not disclosea solar cell structure where an

external emitter forms a backside junction with the substrate. In the solar cell of

Okayasu, the backside is a BSF layer in accordance with the purpose ofOkayasu and, in

such a BSF structure, the junction is formed on the front side of the solar cell, not on the

a:

backside where the BSF layer is (Okayasu, paragraph 2; paragraph 14, lines 1-6).

2
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The final office action suggests that it would have been obvious to use the BSF
formation technique ofOkayasu to form the backside junction emitter ofMeier. The

appellant respectfully disagrees.

First, Meier’s solar cell is not a BSF type solar cell. Okayasu does not teach or

suggest that its method is applicable to non-BSF type solar cells -- Okayasu has no

relevant teaching regarding formation of a backside junction. The suggestion to use the

BSF method ofOkayasu to form the emitter ofMeier would use the BSF method of

Okayasu for a totally different function and structure in Meier.a

Second, Okayasu discloses a method of forming the high-low junction (HL) on
the front side of a BSF solar cell structure (Okayasu, paragraphs 1 and 2) . Instead of

using thermal diffusion (Okayasu, paragraphs 5-7) or plasma CVD (Okayasu, paragraphs

8-12), Okayasu suggests forming the HL junction by thermal CVD (Okayasu, paragraph

14) to minimize foreign matter or to control deposition thickness. It is respectfully

submitted that this suggested method ofOkayasu pertains to manufacture of the HL

junction of a BSF type solar cell, i.e., structures on the front side of a BSF solar cell. The

method ofOkayasu is for the structure taught by Okayasu, which is a BSF solar cell. In

other words, Okayasu does not teach or suggest solar cell structure where an external

emitter forms a backside junction with the substrate.

2. Backside junction with tunnel dielectric

It is respectfully submitted that Meiermodified with Okayasu does not teach or

suggest a tunnel dielectric between the backside junction emitter and the substrate. The

final office action suggests that Borden (paragraphs 8 and 16) discloses use of a tunnel

oxide between polysilicon and substrate.

First, it is respectfully submitted that the final office action has not established

that Borden is prior art to the present application. Borden has an international filing date

of January 23, 2009, whereas the present application has a priority date ofFebruary 20,
2008 by claiming priority to US 8,878,053 and US 8,222,516. It is acknowledged that

Borden claims priority from a provisional application 61/023,342. However, the final

office action cites to the international publication ofBorden (which on its face is not prior

a

art to the present application as explained), not to the provisional application.

3
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Furthermore, the provisional application ofBorden does not appear to be publicly
accessible.

Second, Borden does not disclose that the polysilicon/tunnel oxide/substrate is for

forming a backside junction. There is no teaching or suggestion in Borden that such

tunnel oxide structure may be applied to the teachings ofMeier and Okayasu to read on

the solar cell of claim 1.

Claims 2-4 and 6-8 are patentable over the combination ofMeier, Okayasu, and

Borden at least for depending from claim 1.

Claim 9 is patentable over the combination ofMeier, Okayasu, and Borden at

least for reciting: “an emitter over the back surface of the substrate, the emitter forming a

backside junction with the substrate; a first dielectric between the emitter and the back

surface.” It is respectfully submitted that the combination ofMeier, Okayasu, and

Borden does not teach or suggest a solar cell with an emitter that is over a dielectric that

forms a backside junction with the substrate.

Claims 10-14 are patentable over the combination ofMeier, Okayasu, and Borden

at least for depending from claim 9.m1n.

Claim Rejection -- 35 U.S.C. § 103 (Meier/Okayasu/Foglietti/Gan)

Claims 1-4 and 6-14 are rejected under pre-AIA 35 U.S.C. §103(a) as being

unpatentable over Meier (US 6,262,359), in view ofOkayasu (JP 07-106611), in view of

Foglietti (US 2002/0142500), and further in view ofGan (Polysilicon Emittersfor Silicon

Concentrator Solar Cells). The rejection is respectfully traversed.

1. External emitter that forms a backside junction with the substrate

Claim 1 is patentable over the combination ofMeier, Okayasu, Foglietti, and Gan

at least for reciting: “an emitter disposed over the first tunnel dielectric, the emitter

forming a backside junction with the substrate.”

Claim1 recites a structure ofa solar cell. In the embodiment of claim 1, the solar

cell has an emitter that is disposed over the tunnel dielectric and forms a backside

4
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junction with the substrate. It is respectfully submitted that this feature of claim 1 is not

taught or suggested by the combination ofMeier, Okayasu, Foglietti, and Gan.

The final office action suggests that in the cited combination, Meiermodified

with the teachings ofOkayasu discloses the above-recited features of claim 1. As

explained, the combination ofMeier and Okayasu does not teach or suggest a solar cella

structure where an external emitter forms a backside junction with the substrate.

2. Backside junction with tunnel dielectric

It is respectfully submitted that Meiermodified with Okayasu does not teach or

suggest a tunnel dielectric between the backside junction emitter and the substrate. The

final office action suggests that Gan discloses that doped emitter can be replaced with a

polysilicon emitter and that Foglietti discloses using a thin oxide. It is respectfully

submitted that Gan and Foglietti does not disclose structures where polysilicon emitters

and tunnel oxides are employed in backside junctions. There is no teaching or suggestion

in Gan and Foglietti to apply their teachings to arrive at a structure where an external

polysilicon emitter separated from the substrate by a tunnel oxide forms a backside

junction with the substrate.

Therefore, it is respectfully submitted that claim 1 is patentable over the

combination ofMeier, Okayasu, Foglietti, and Gan. Claims 2-4 and 6-8 are patentable

over the combination ofMeier, Okayasu, Foglietti, and Gan at least for depending from

claim 1.

Claim9 is patentable over the combination ofMeier, Okayasu, Foglietti, and Gan

at least for reciting: “an emitter over the back surface of the substrate, the emitter forming

a backside junction with the substrate; a first dielectric between the emitter and the back

surface.” Jt is respectfully submitted that the combination ofMeier, Okayasu, Foglietti,
and Gan does not teach or suggest a solar cell with an emitter that is over a dielectric that

forms a backside junction with the substrate.

Claims 10-14 are patentable over the combination ofMeier, Okayasu, Foglietti,

9

and Gan at least for depending from claim 9.
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Docket No. 10031.004211

IN THEUNITED STATES PATENTAND TRADEMARKOFFICE .

First Named Inventor:

Peter John COUSINS

Application No.: 14/504,771 Examiner: PILLAY, DEVINA

Filing Date: October 2, 2014 Art Unit: 1757

Title: FRONT CONTACT SOLAR CELL WITH FORMED EMITTERFC

REQUEST FOR CONTINUED EXAMINATION AND AMENDMENT

INTRODUCTORY COMMENTS

This paper is responsive to Notice ofPanel Decision From Pre-Appeal Brief

Review mailed on April 28, 2017.

Please amend the above-identified application as follows:
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AMENDMENTS TO THE CLAIMS

1, (Currently amended) A solar cell, comprising:

a substrate having a front surface that faces the sun to collect solar radiation

during normal operation and a back surface opposite the front surface;

a first doped region and a second doped region in the substrate on the front

surface of the substrate, the first doped region having a sheet resistance that is higher than

a sheet resistance of the second doped region:

a frst tunnel dielectric disposed over the back surface of the substrate;

an emitter disposed over the first tunnel dielectric, the emitter forming a backside

junction with the substrate;

a front electrode dispesed-over that is coupled to the second doped region on the

front surface of the substrate; and

a back electrode disposed over the back surface of the substrate.

2. (Original) The solar cell of claim 1, wherein the emitter is a polysilicon emitter.

3. (Original) The solar cell of claim 1, wherein the substrate is a monocrystallinea

silicon substrate.

4. (Currently) The solar cell of clatm 1, wherein the first tunnel dielectric is a tunnel

oxide.

5. (Canceled)

6. (Canceled)

7. (Original) The solar cell of claim 1, wherein the back electrode includes silver.

8. (Original) The solar cell of claim 1, further comprising an antireflective layer

disposed over the front surface of the substrate.
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9. (Currently amended) A solar cell, comprising:

a substrate having a front surface that faces the sun to collect solar radiation

during normal operation and a back surface opposite the front surface;

a first doped region and a second doped region in the substrate on the front

A!

surface of the substrate, the first doped region having a sheet resistance that is higher than

a sheet resistance of the second doped region:

an emitter over the back surface of the substrate, the emitter forming a backside

junction with the substrate;

a first dielectric between the emitter and the back surface;

a front electrode disposed on the front surface of the substrate and is coupled to

the second doped region:

a second dielectric on the front surface of the substrate; and

a back electrode disposed on the back surface of the substrate.

10. (Original) The solar cell of claim 9, wherein the emitter is a polysilicon emitter.

11. (Original) The solar cell of claim 9, wherein the substrate is a monocrystalline

silicon substrate.

12. (Original) The solar cell of claim 9, wherein the first dielectric is an oxide.

13. (Canceled)

14. (Original) The solar cell of claim 9, wherein the back electrode includes silver.

15-20. (Canceled)

21. (New) The solar cell of claim 1, wherein the first and second doped regions are

N-type, and the emitter is P-type.

3
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22. (New) The solar cell of claim 1, wherein the sheet resistance of the first doped

region is 100 to 500 Q/sq, and the sheet resistance of the second doped region is 10 to 50

Q/sq.

4
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REMARKS

With the above amendments, claims 1-4, 7-12, 14, 21, and 22 remain in the

application.

Claim amendments have been made to expedite prosecution. Applicant expressly

reserves the right to pursue the original version of an amended claim in a continuing

application.

Claim Amendments

The applicant maintains the arguments presented in the Pre-Appeal BriefRequest
for Review submitted by the applicant onMarch 28, 2017.

In the interest of compact prosecution, claim 1 has been amended to recite “a first

doped region and a second doped region in the substrate on the front surface of the

substrate, the first doped region having a sheet resistance that is higher than a sheet

resistance of the second doped region.” Support for this feature of claim 1 may be found

at least on FIG. 1 of the specification, showing an N-type doped region 105 and an N-

type doped region 106 in the substrate 101 on the front surface of the substrate 101. As

explained in the specification, the N-type doped region 105 may havea sheet resistance

of 100 to 500 Q/sq, and the N-type doped region 106 may havea sheet resistance of 10 to

50 Q/sq (specification, page 4, lines11-13).

a

ai

It is respectfully submitted that the above-noted feature of claim 1 are not taught

__

or suggested by the references of record. More particularly, Meier (US 6,262,359),

Okayasu (JP07-106611), Borden (WO 2009/094578), Foglietti (US 2002/0142500), and

Gan (Polysilicon Emittersfor Silicon Concentrator Solar Cells) individually or in

combination do not disclose a solar cell with the recited first and second doped regions

on the front side of the substrate.

Conclusion

5



Docket No. 10031.004211

For at least the above reasons, it is believed that the pending claims are in

condition for allowance. The Examiner is invited to telephone the undersigned for any

questions and to resolve any remaining concerms regarding allowability of the present

application.

Respectfully submitted,

Dated: MAN S, 101% Poire hts
Patrick D. Benedicto, Reg. No. 40,909
Okamoto & Benedicto LLP
P.O. Box 641330
San Jose, CA 95164
Tel.: (408)436-2112
Fax.: (408)436-2114
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To Whom It May Concern,
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Primary Examiner, Art Unit 1757
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Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status
1)K] Responsive to communication(s) filed on 05/15/2017.

CA deciaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon__
2a)L] This action is FINAL. 2b)X] This action is non-final.
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; the restriction requirement and election have been incorporated into this action.
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Art Unit: 1757

1. The present application is being examined under the pre-AlA first to invent

provisions.

DETAILED ACTION

Continued Examination Under 37 CFR 1.114

2. A request for continued examination under 37 CFR 1.114, including the fee set

forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this

application is eligible for continued examination under 37 CFR 1.114, and the fee set

forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action

has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on

05/15/2017 has been entered.

Claim Rejections - 35 USC § 103

3. The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102, if the differences between the subject matter sought to be patented
and the prior art are such that the subject matter as a whole would have been obvious at the
time the invention was made to a person having ordinary skill in the art to which said subject
matter pertains. Patentability shall not be negatived by the manner in which the invention was
made.

4. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148

USPQ 459 (1966), that are applied for establishing a background for determining

obviousness under pre-AlA 35 U.S.C. 103(a) are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.
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4. Considering objective evidence present in the application indicating

obviousness or nonobviousness.

5. Claims 1-4, 7-12, 14 and 21 are rejected under pre-AlA 35 U.S.C. 103(a) as

being unpatentable over Meier (US 6,262,359) in view of Okayasu (JP07-106611,

Human Translation) in view of Borden (WO 2009/094578 A2) and in further view of

Wenham (6,429,037 B1).

Regarding claims 1-4 and 9-12, Meier discloses a solar cell comprising (see Fig.

3D, C5/L38-C6/L55):

a substrate (218 n-type) having a front surface that faces the sun to collect solar

radiation during normal operation and a back surface opposite the front surface;

an emitter (220 p-type) forming a backside junction with the substrate;

a front electrode disposed over the front surface of the substrate (212);

a back electrode disposed over the back surface of the substrate (222).

However, Meier does not disclose that the emitter is a polysilicon emitter and that

there is a first tunnel dielectric formed between the emitter and the back surface of the

substrate.

Okayasu discloses that instead of forming an emitter or surface field from a

portion of a substrate which is doped, an emitter or surface field can be formed using a

doped polysilicon layer ([0005][0009], Abstract) and by forming an emitter or surface

field this way the thickness can be more accurately controlled and it prevents generation

a

of floating foreign matter ([0008] [0009)).
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It would have been obvious to one of ordinary skill in the art at the time of the

invention to replace the method of forming the emitter from a portion of a substrate of

Meier and instead forming the emitter and front surface field by using a doped

polysilicon layer as disclosed by Okayasu because the thickness can be more

accurately controlled and it prevent generation of floating foreign matter.

However, modified Meier does not discloses a tunneling dielectric oxide between

the emitter and the substrate.

Borden discloses that tunnel oxides can be used in solar cells between doped

polysilicon and monocrystalline substrates [0016].

Furthermore, Borden discloses that by providing the tunneling layer it prevents

epitaxial growth of the emitter layer and further it protects the surface from plasma

damage of the deposited emitter layer [0008].

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the interface between polycrystalline layers and monocrystalline

substrates of modified Meier by having a tunneling oxide because it prevents epitaxial

growth of the emitter layer and further it protects the crystalline surface from plasma

damage of the deposited emitter layer.

However, modified Meier does not disclose that there is a first doped region and

a second doped region in the substrate on the front surface of the substrate, the first

doped region having a sheet resistance that is higher than a sheet resistance of a

second doped region.
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Wenham discloses a solar cell wherein the area beneath point contacts includes

areas of high doping which is important for reducing contact resistance (see Fig. 5,

portions 18 and 23) (C1/L25-41).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the front surface field formed in the substrate of modified Meier by

adding in highly doped regions under the metallic contacts as disclosed by Wenham

because doing so reduces the contact resistance and will improve the efficiency of the

solar cell.

Regarding claim 9, please note that the anti-reflective layer disposed over the

front surface (214 of Meier (C6/L20-25)) of the substrate is also a dielectric (SisN4 or

TiOz is a dielectric, see Wenham for further evidence C6/L50-55).

Regarding claims 7 and 14, modified Meier discloses all of the claim limitations

as set forth above.

However, Meier does not disclose that the electrode that is in contact with the p-

type polysilicon layer is silver.

Okayasu discloses that the back electrode on the polysilicon emitter is formed of

a silver electrode [0044].

It would have been obvious to one of ordinary skill in the art at the time of the

invention to replace the aluminum electrode of Meier with the silver electrode of

Okayasu because one of ordinary skill in the art would have been able to carry out such

a substitution, and the results would be reasonably predictable.
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Regarding claim 8, modified Meier discloses all of the claim limitations as set

forth above.

In addition, Meier discloses an antireflection layer (214) disposed over the top

surface of the substrate (C6/L20-25).

Regarding claim 21, modified Meier discloses all of the claim limitations as set

forth above.

In addition, Meier discloses that the first and second doped regions are n-type

(since the n-type contacts make direct contact to FSF region, the higher doped regions

are also n-type and the emitter region (220 is p-type, C5/L38-C5/L55).

6. Claim 22 is rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable

over Meier (US 6,262,359) in view of Okayasu (JP07-106611, Human Translation)

in view of Borden (WO 2009/094578 A2) and in further view of Wenham (6,429,037

B1) as applied to claims 1-4, 7-12, 14 and 21 above and in further view of Fath

(WO 2007/082760 A1) with English Translation provided by Fath (US 2009/0017606

A1).

Regarding claim 22, modified Meier discloses all of the claim limitations as set

forth above.

Meier discloses that the a highly doped region in the n-type substrate can have a

sheet resistance between 100/o -2000/a.

However, Meier does not disclose the sheet resistance of the first doped region

is 100 to 500 O/o and that the sheet resistance of the second doped region is 10 to 50

O/o.



Application/Control Number: 14/504,771 Page 7

Art Unit: 1757

Fath discloses a higher doped region formed under metallic contacts and a lower

doped region which is between contacts and further discloses that typical sheet

resistance values of these areas relative to one another which include the lower sheet

resistance are being 10 to 30 O/o and the higher sheet resistance area being 80 to 140

O/o ([0042)).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the sheet resistance of the first and second doped regions of

modified Meier so that they are within the overlapping portions of the ranges of Fath and

the instant claim because selection of overlapping portion of ranges has been held to be

a prima facie case of obviousness. /n re Malagari, 182 USPQ 549.

7. Claims 1-4, 7-12, 14 and 21 are rejected under pre-AlA 35 U.S.C. 103(a) as

being unpatentable over Meier (US 6,262,359) in view of Okayasu (JP07-106611,

Machine Translation) in view of Foglietti (US 2002/0142500 A1) in view of Gan

(Polysilicon Emitters for Silicon Concentrator Solar Cells) and in further view of

Wenham (6,429,037 B1).

Regarding claims 1-4 and 9-12, Meier discloses a solar cell comprising (see Fig.

3D, C5/L38-C6/L55):

a substrate (218 n-type) having a front surface that faces the sun to collect solar

radiation during normal operation and a back surface opposite the front surface;

an emitter (220 p-type) forming a backside junction with the substrate;

a front electrode disposed over the front surface of the substrate (212);

a back electrode disposed over the back surface of the substrate (222).
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However, Meier does not disclose that the emitter is a polysilicon emitter and that

there is a first tunnel dielectric formed between the emitter and the back surface of the

substrate.

Okayasu discloses that instead of forming an emitter or surface field from a

portion of a substrate which is doped, an emitter or surface field can be formed using a

doped polysilicon layer ([0005][0009], Abstract) and by forming an emitter or surface

field this way the thickness can be more accurately controlled and it prevent generation

of floating foreign matter ([0008] [0009}).

Gan further discloses that solar cell performance can be improved when a

doped-emitter is replaced with a polysilicon emitter (see pg. 245 second column).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to replace the method of forming the emitter from a portion of a substrate of

Meier and instead forming the emitter by using a doped polysilicon layer as disclosed by

Okayasu because the thickness can be more accurately controlled and it prevent

generation of floating foreign matter and furthermore because as disclosed by Gan this

results in a solar cell with better performance.

However, modified Meier does not discloses a tunneling dielectric oxide between

the emitter and the substrate.

Foglietti discloses that polycrystalline growth directly on crystalline silicon results

in partial realignment of the polycrystalline grains and to suppress this effect a thin oxide

can be grown ([0046)).
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Gan discloses that the presence of a stable thermal oxide between a polysilicon

emitter and a CZ wafer (See pg. 248, first column, and Table 1) results in recombination

occurring primary at the oxide interface and that the presence of this oxide at the

interface can be useful for silicon solar cells with polysilicon emitters (See Conclusion,

pg. 249).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the interface between the doped polysilicon regions and the

monocyrstalline substrate by adding an interfacial oxide as disclosed by Fogiletti and

Gan because it will allow for optimal grown of the polysilicon region and furthermore will

result in recombination primarily occurring at the oxide interface.

Regarding claim 9, please note that the anti-reflective layer disposed over the

front surface (214 of Meier (C6/L20-25)) of the substrate is also a dielectric (SisN4 or

TiOz is a dielectric, see Wenham for further evidence C6/L50-55).

a

Regarding claims 7 and 14, modified Meier discloses all of the claim limitations

as set forth above.

However, Meier does not disclose that the electrode that is in contact with the p-

type polysilicon layer is silver.

Okayasu discloses that the back electrode on the polysilicon emitter is formed of

a silver electrode [0044].

It would have been obvious to one of ordinary skill in the art at the time of the

invention to replace the aluminum electrode of Meier with the silver electrode of
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Okayasu because one of ordinary skill in the art would have been able to carry out such

a substitution, and the results would be reasonably predictable.

Regarding claim 8, modified Meier discloses all of the claim limitations as set

forth above.

In addition, Meier discloses an antireflection layer (214) disposed over the top

surface of the substrate (C6/L20-25).

Regarding claim 21, modified Meier discloses all of the claim limitations as set

forth above.

In addition, Meier discloses that the first and second doped regions are n-type

(since the n-type contacts make direct contact to FSF region, the higher doped regions

are also n-type and the emitter region (220 is p-type, C5/L38-C5/L55).

8. Claim 22 is rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable

over Meier (US 6,262,359) in view of Okayasu (JP07-106611, Machine Translation)

in view of Foglietti (US 2002/0142500 A1) in view of Gan (Polysilicon Emitters for

Silicon Concentrator Solar Cells) and in further view of Wenham (6,429,037 B1) as

applied to claims 1-4, 7-12, 14 and 21 above and in further view of Fath (WO

2007/082760 A1) with English Translation provided by Fath (US 2009/0017606 A1).

Regarding claim 22, modified Meier discloses all of the claim limitations as set

forth above.

Meier discloses that the highly doped region in the n-type substrate can have a

sheet resistance between 100/no -2000/z.
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However, Meier does not disclose the sheet resistance of the first doped region

is 100 to 500 O/no and that the sheet resistance of the second doped region is 10 to 50

O/a.

Fath discloses a higher doped region formed under metallic contacts and a lower

doped region which is between contacts and further discloses that typical sheet

resistance values of these areas relative to one another which include the lower sheet

resistance are being 10 to 30 O/no and the higher sheet resistance area being 80 to 140

O/o ([0042)).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the sheet resistance of the first and second doped regions of

modified Meier so that they are within the overlapping portions of the ranges of Fath and

the instant claim because selection of overlapping portion of ranges has been held to be

a prima facie case of obviousness. /n re Malagari, 182 USPQ 549.

Response to Arguments

9. Applicant’s arguments with respect to claims 1-4, 7-12, 14, 21 and 28 have been

considered but are moot because the arguments do not apply to the current rejection.

Conclusion

10. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to DEVINA PILLAY whose telephone number is (571)270-

1180. The examiner can normally be reached on Monday thru Friday 7:30am -5:00om

(EST). Examiner Fax Number is (571)-270-2180.
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Examiner interviews are available via telephone, in-person, and video

conferencing using a USPTO supplied web-based collaboration tool. To schedule an

interview, applicant is encouraged to use the USPTO Automated Interview Request

(AIR) at http:/Awww.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Jeffrey T. Barton can be reached on 571-272-1307. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/DEVINA PILLAY/
Primary Examiner, Art Unit 1757
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(57) Abstract: Method for fabricating a semiconductor com-

ponent (74; 140), particularly a solar cell (140), having regions
(70, 72; 120, 122) with different levels of doping, comprising
the method steps of forming (2; 14) a layer (58; 108) which
inhibits diffusion of a dopant and which can be penetrated by
a dopant on at least one portion (56; 106) of the surface of a
semiconductor component material (50; 100), of at least partial
removal (4:16a, 16b) of the diffusion-inhibiting layer (58; 108)
in at least one highly doped region (62; 112a, 112b), of forma-
tion (6; 18) of a dopant source (66; 116) on the diffusion-in-
hibiting layer (58; 108) and in the at least one highly doped
region (62; 112a, 112b), and of diffusion (8; 20) of the dopant
from the dopant source (66; 116) into the semiconductor com-
ponent material (50; 100) and also the use thereof in integrated
circuits, electronic circuits, solar cell modules and to produce
solar cells (140) with a selective emitter structure.

(57) Zusammenfassung: Verfahren zur Herstcllung cincs
I[albleiterbauelements (74; 140), insbesondere einer Solarzelle
(140), mit unterschiedlich stark dotierten Bereichen (70, 72;
120, 122) aufweisend die Verfahrensschritte des Ausbildens
(2; 14) einer die Diffusion eines Dotierstoffes hemmenden
und ftir cinen Dotierstoff durchdringbaren Schicht (58; 108)
auf zumindest einem Teil (56; 106) der Oberflache eines
Halbleiterbauvelementmaterials (50; 100), des wenigstens
teilweises Entfernens (4;16a, 16b) der diffusionhemmenden
Schicht (58; 108) in wenigstens einem Hochdotierungsbereich
(62; 112a, 112b), des Ausbildens (6; 18) ciner Doticrstoff
quelle (66; 116) auf der diffusionhemmenden Schicht (58;
108) und in dem wenigstens einen Hochdotierungsbereich
(62; 112a, 112b)
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Beschreibung

Verfahren zur Herstellung eines Halbleiterbauelements mit un-

terschiedlich stark dotierten Bereichen

Die Erfindung betrifft ein Verfahren zur Herstellung eines
Halbleiterbauelements, insbesondere einer Solarzelle, mit un-

terschiedlich stark dotierten Bereichen sowie dessen Verwen-

dung in integrierten Schaltungen, elektronischen Schaltungen,
Solarzellenmodulen sowie zur Herstellung von Solarzellen mit
selektiver Emitterstruktur.

Bei der Herstellung vieler Halbleiterbauelemente ist es erfor-
Gerlich, Bereiche mit unterschiedlich starker Dotierung vorzu-

sehen, wobei unter Halbleiterbauelementen im Sinne dieser Pa-

tentanmeldung nicht nur kommerziell eingesetzte elektronische
Bauelemente verstanden werden, sondern auch Halbfabrikate und
dotierte Halbleiterstrukturen. Im Extremfall also auch ein
Halbleiter, der lediglich unterschiedlich dotierte Bereiche
aufweist.

Beispielsweise werden bei der Herstellung von Solarzellen Be-
reiche unterschiedlich starker Dotierung vorgesehen, um auf
diese Weise eine Emitterstruktur auszubilden, welche in gewis-
sen Bereichen auf einer starken Dotierung, in den tibrigen Be-
reichen auf einer schwachen Dotierung beruht. Mit dieser so

genannten selektiven Emitterstruktur, bei welcher tiblicherwei-
se auf den hoch dotierten Bereichen Metallkontakte ausgebildet
werden, lasst sich bekanntermaBen eine effiziente Stromabfuhr
bei gleichzeitig geringer Ladungstragerrekombination in den

Ubrigen schwach dotierten Bereichen realisieren.

BESTATIGUNGSKOPIE

6/26/2017, EAST Version: 3.3.1.2
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Der vorliegenden Erfindung liegt daher das Problem zu Grunde,
ein einfaches und aufwandsgiinstiges Verfahren zur Herstellung
eines Halbleiterbauelements mit unterschiedlich stark dotier-
ten Bereichen zur Verfligung zu stellen.

Dieses Problem wird erfindungsgem&& gelést durch ein Verfahren
mit den Verfahrensschritten des unabhangigen Anspruchs 1.

Vorteilhafte Weiterbildungen sind Gegenstand abhangiger Unter-

anspriiche.

Der Grundgedanke der Erfindung besteht darin, auf zumindest
einem Teil der Oberflache eines Halbleiterbauelementmaterials
eine die Diffusion eines Dotierstoffes hemmende und ftir einen
Dotierstoff durchdringbare Schicht auszubilden. Diese wird an-

schlieRend in wenigstens einem Hochdotierungsbereich zumindest
teilweise entfernt. Im Weiteren wird eine Dotierstoffquelle
auf der diffusionhemmenden Schicht und in dem wenigstens einen
Hochdotierungsbereich ausgebildet. Aus dieser Dotierstoffquel-
le wird schlieBlich Dotierstoff in das Halbleiterbauelementma-
terial eindiffundiert.

Bei dieser Diffusion gelangt Dotierstoff aus der in dem we-

nigstens einen Hochdotierungsbereich ausgebildeten Teil der

Dotierstoffquelle vergleichsweise ungehindert in das Halblei-
terbauelementmaterial hinein, da hier die diffusionhemmende
Schicht wenigstens teilweise entfernt wurde. Nach einer gewis-
sen Diffusionsdauer ist an diesen Stellen relativ viel Dotier-
stoff in das Halbleiterbauelementmaterial gelangt. In den

Hochdotierungsbereichen liegt somit die erwiinschte hohe Dotie-
rung vor.
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In denjenigen Bereichen hingegen, in welchen der Teil der O-

berflache des Halbleiterbauelementmaterials unter der diffusi-
onhemmenden Schicht liegt, gelangt nur wenig Dotierstoff in
das Halbleiterbauelementmaterial. In Folge wird dieses in die-
sen Bereichen schwach dotiert.

Auf diese Weise kénnen einfach und aufwandsgiinstig Halbleiter-
bauelemente mit unterschiedlich stark dotierten Bereichen her-
gestelit werden, insbesondere ohne dass hierftir Maskierungs-
schritte notwendig waren, in welchen Teile der diffundierten
Bereiche des Halbleiterbauelementmaterials vor einem Abatzen
mittels eines gegeniiber dem Atzmedium inerten Material ge-
schtitzt werden, und ohne dass mehrere Diffusionen durchzufth-
ren wahren.

Ein derartig gefertigtes Halbleiterbauelement kann erfindungs-
gemaf& in integrierten Schaltkreisen oder elektronischen Schal-
tungen verwendet werden.

Darlber hinaus ist es Bestandteil der Erfindung, das erfin-
dungsgemde Verfahren zur Herstellung von Halbleiterbauelemen-
te darstellenden Solarzellen mit selektiver Emitterstruktur zu

verwenden.

Uberdies sieht die Erfindung vor, wenigstens eine nach dem er-

findungsgem&éBen Verfahren hergestellte Solarzelle zur Herstel-
lung von Solarzellenmodulen zu verwenden.

Als Halbleiterbauelementmaterial kann grundsatzlich jedes
Halbleitermaterial Verwendung finden, insbesondere Silizium
oder Gallium oder deren Verbindungen. Auch die Verwendung von

Verbindungshalbleitern ist selbstverstandlich denkbar.
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In den meisten Anwendungsfadllen weist das Halbleiterbauele-
mentmaterial eine Grunddotierung auf. So kann bspw. p-
dotiertes oder n-dotiertes Silizium Verwendung finden. Hierftr
konnen bekannte Dotierstoffe wie Phosphor oder Bor eingesetzt
werden. Die einzubringenden Dotierstoffe und die diesbeztigli-
chen Dotierstoffquellen sind unter Berticksichtigung der Funk-
tionsweise des Halbleiterbauelements auf die im Halbleiterbau-
elementmaterial vorherrschende Grunddotierung abzustimmen. So

ist beispielsweise bei der Herstellung einer Solarzelle mit
selektiver Emitterstruktur bei einem p-dotierten Solarzellen-
material ein n-Dotierstoff wie z.B. Phosphor zu wahlen.

Eine Weiterbildung des erfindungsgemdfen Verfahrens sieht vor,
dass die diffusionhemmende Schicht durch Aufspinnen und an-

schliefRende Trocknung, eine chemische Abscheidung aus der
Dampfphase (CVD-Abscheidung) oder ein thermisches Aufwachsen
in Ofenprozessen erfolgt. Solch ein thermisches Aufwachsen in
einem Ofenprozess kann dabei beispielsweise in einem Ofen nach
der Art eines aus der Halbleitertechnik bekannten Diffusions-
ofens erfolgen. Hierbei wird ein Stoff oder ein Stoffgemenge,
gegebenenfalis unter Zuhilfenahme eines Tragergases durch ein
Rohr des beheizten Ofens geleitet, wobei es mit in dem Rohr

angeordneten Halbleiterbauelementmaterial derart in Wechsel-
wirkung tritt, dass eine Anlagerung oder Abscheidung oder der-
gleichen der diffusionhemmenden Schicht auf dem Halbleiterbau-
elementmaterial eintritt.

Eine andere Ausgestaltungsvariante der Erfindung sieht vor,
dass die diffusionhemmende Schicht in dem wenigstens einen

Hochdotierungsbereich vollstandig entfernt wird. Auf diese
Weise kann an dieser Stelle ein besonders starker Dotierstoff-

eintrag erfolgen. Je nach Halbleiterbauelement und den zu des-
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sen Herstellung weiter erforderlichen Schritten kann eine
vollstandige Entfernung der diffusionhemmenden Schicht jedoch
auch nachteilig sein. So kénnen beispielsweise bei mechani-
schem Abtrag oder bei Abtrag mittels eines Lasers, dem so ge-
nannten Ablationslaser, Schddigungen der Kristalloberflache
entstehen, welche eine erhdéhte Ladungstragerrekombination an

Giesen Stellen zur Folge haben. Diese wiederum kann die Funk-
tion von Halbleiterbauelementen, beispielsweise Solarzellen,
beeintrachtigen. Vor diesem Hintergrund kann es zweckmahig er-

scheinen, die diffusionhemmende Schicht in dem wenigstens ei-
nen Hochdotierungsbereich nur teilweise zu entfernen und einen
Rest stehen zu lassen. Dieser Rest vermag zwar die Diffusion
zu behindern, doch fallt diese, bei entsprechender Auslegung
der Schichtdicken und Diffusionszeiten, in den Hochdotierungs-
bereichen dennoch deutlich st&4rker aus als in den tibrigen, von

einer diffusionhemmenden Schicht vollstandiger Dicke bedeckten
Bereichen.

Durch geeignete Technologien, beispielsweise einen Ablations-~-
laser mit ausreichend hohem Energieeintrag, kann das Entfernen
der diffusionhemmenden Schicht in Hochdotierungsbereichen ge-
gebenenfalls auch ohne Sch&digung der Kristalloberfldche er-

folgen. In diesen Fallen kann auf das Verbleiben einer restli-
chen, dtinnen diffusionhemmenden Schicht in den Hochdotierungs-
bereichen verzichtet werden.

Ein Ausfiihrungsbeispiel der Erfindung sieht vor, dass das
Halbleiterbauelement als Solarzelle ausgeftihrt wird, wobei zu-

mindest ein Teil von Metallkontakten in den Hochdotierungsbe-
reichen angeordnet wird, vorzugsweise Fingerkontakte. Dabei
sind unter Fingerkontakten feingliedrige Kontakte zu verste-

hen, die der Einsammlung des generierten Stromes bei gleich-
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zeitig geringstméglicher Abschattung der aktiven Solarzellen-
flache dienen.

Im Folgenden wird die Erfindung anhand von Figuren ndéher er-
’ lautert. Es zeigen:

Figur 1: Schematische Darstellung eines ersten Ausftihrungs-
beispiels des erfindungsgemdfen Verfahrens

Schematische Darstellung eines Verfahrens zur Her-iY
]Figur

stellung einer Solarzelle mit selektiver Emitter-
struktur als zweites Ausftihrungsbeispiel des erfin-
dungsgemdfien Verfahrens (Fortsetzung in Figur 2b)

Figur 2b: Fortsetzung des Verfahrens aus Figur 2a

Figur 1 zeigt schematisch ein erstes Ausftihrungsbeispiel des
Verfahrens gema& der Erfindung. Hierin wird zundchst auf einer
oberseitigen Oberflache 56 eines Halbleiterbauelementmaterials
50 eine diffusionhemmende und ftir einen Dotierstoff durch-
dringbare Schicht 58 ausgebildet 2. Im Weiteren wird die dif-
fusionhemmende Schicht 58 in wenigstens einem Hochdotierungs-
bereich 62 vollstandig entfernt 4.

Es folgt das Ausbilden 6 einer Dotierstoffquelle 66, aus wel-
cher unter bestimmten Bedingungen ein Dotierstoff heraus dif-
fundiert. Die Dotierstoffquelle 66 wird dabei auf der diffusi-
onhemmenden Schicht 58 wie auch in dem Hochdotierungsbereich
62 aufgebracht. Im letzteren Fall kommt sie aufgrund der voll-

standigen Entfernung der diffusionhemmenden Schicht 58 in die-
sem Bereich direkt auf der oberseitigen Oberflache 56 des

Halbleiterbauelementmaterials 50 zu liegen. Bei der Dotier-
stoffquelle 66 kann es sich beispielsweise um ein Phosphorglas

6/26/2017, EAST Version: 3.3.1.2



WO 2007/082760 PCT/EP2007/000463
7

handeln. Daneben ist jedoch prinzipiell jede andere Dotier-
stoffquelle denkbar.

Aus der Dotierstoffquelle 66 wird im Folgenden Dotierstoff
aus- und in die oberseitige Oberfldche 56 des Halbleiterbau-
elementmaterials 50 eindiffundiert 8. Dies erfolgt in den

meisten Fallen durch thermische Energiezufuhr. Im Falle der
von der diffusionhemmenden Schicht 58 bedeckten Bereichen der

oberseitigen Oberflache 56 des Halbleiterbauelementmaterials
50 hewegt sich hierbei Dotierstoff durch die diffusionhemmende
Schicht, wodurch nur ein gewisser Anteil des in der Dotier-
stoffquelle 66 freigesetzten Dotierstoffes in das Halbleiter-
bauelementmaterial gelangen kann.

Im Hochdotierungsbereich 62 hingegen gelangt der Dotierstoff
ungehindert in die oberseitige Oberflache 56 des Halberbauele-
mentmaterials. Infolgedessen stellt sich in der Umgebung der
Hochdotierungsbereichs 62 in der oberseitigen Oberfldche 56

des Halbleiterbauelementmaterials eine starke Dotierung 70

ein, wogegen in den unter der diffusionhemmenden Schicht 58

gelegenen Bereichen der oberseitigen Oberflache 56 eine schwa-
che Dotierung 72 resultiert.

Somit ergibt sich auf einfache Weise ein Halbleiterbauelement
mit unterschiedlich stark dotierten Bereichen.

Die Figuren 2a und 2b zeigen ein Verfahren zur Herstellung ei-
ner Solarzelle mit selektiver Emitterstruktur als weiteres
Ausftihrungsbeispiel des erfindungsgem&éfien Verfahrens. Den Aus-

gangspunkt des Verfahrens bildet das Bereitstellen 10 des Aus-

gangssolarzellenmaterials, was im vorliegenden Ausftihrungsbei-
spiel durch p-dotiertes Solarzellenmaterial, insbesondere Si-
lizium, gebildet wird. In analoger Weise kénnte auch n-
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dotiertes Solarzellenmaterial den Ausgangspunkt bilden. Die
verwendeten Dotierstoffe und Dotierstoffquelle waren sodann

entsprechend angepasst zu wahlen.

Im schematisch dargestellten Fall der Figur 2a weist das So-
larzellenmaterial 100 einen Sageschaden 102 auf, wie er Ubli-
cherweise bei Halbleiterscheiben vorkommt, die von einem ge-
gossenen Block bzw. einem gezogenen ingot durch Sagen abge-
trennt wurden. Dieser Sageschaden wird zunachst entfernt 12,
was Ublicherweise durch Uberdtzen der Siliziumscheibe bzw. des
Solarzellenmaterials 100 geschieht, und eine Textur 104 in die
oberseitige Oberflache 106 des Solarzellenmaterials 100 einge-
bracht 12. Die Textur 104 kann dabei unter Ausnutzung bekann-
ter Verfahren wie chemische oder mechanische Texturierung rea-

lisiert werden.

Im Folgenden wird die diffusionhemmende Schicht in Form einer
porésen Schicht 108 aus Solarzellenmaterial 100 ausgebildet
14. Im Falle von Silizium als Solarzellenmaterial kann dies
beispielsweise mittels einer Atzlésung erfolgen, welche Fluss-
saure (HF), Salpetersaure (HNO3) und Wasser (H2,0) enthalt, vor-

zugsweise in einem Mischungsverhdaltnis von HF : HNO;: H2,0 im

Bereich von 100 : 1 bis 2 : 5 bis 10. Dabei wird die porése
Schicht 108 in einer Dicke von weniger als 200 nm ausgebildet,
bevorzugt in einer Dicke im Bereich von 80 bis 120 nm.

Hernach wird Ablationslaserlicht 110 in Hochdotierungsberei-
chen 112a, 112b appliziert 16a. Unter diesem Energieeintrag
verdampft in den Hochdotierungsbereichen die porése Schicht
108, wobei diese jedoch im vorliegenden Ausftihrungsbeispiel
jedoch nur teilweise entfernt wird 16b, so dass ein Rest li4a,
114b der pordésen Schicht 108 bestehen bleibt. Auf diese Weise
wird ausgeschlossen, dass die Oberflache des Solarzellenmate-
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rials 100, geschadigt wird und in den Hochdotierungsbereichen
112a, 112b eine Erhéhung der Ladungstragerrekombination er-

folagt.

Im Weiteren wird eine Dotierstoffquelle ausgebildet. Da es

sich bei dem Solarzellenmaterial um p-dotiertes Material han-

deit, wird vorliegend Phosphor als gdangigster n-Dotierstoff
verwendet. Es k6nnen aber auch andere Dotierstoffe verwendet
werden. Die Dotierstoffquelle wird in diesem Ausftihrungsbei-
piel als Phosphorglas 116 ausgebildet. Dies kann beispiels-
weise in einem Ofenprozess erfolgen, in welchem das Solarzel-
lenmaterial einem POC13-Strom, gegebenenfalls ergadnzt um ein
Tragergas, ausgesetzt wird. Daneben Phosphor auch in anderer
Weise in einer Dotierstoffquelle zur Verfiigung gestellt wer-

den, beispielsweise durch Aufspinnen und anschliefendes Trock-
nen einer phosphorhaltigen Paste oder Lésung oder durch chemi-
sche oder physikalische Abscheidung von phosphorhaltigen Ver-

bindungen.

Sodann erfolgt die Diffusion 20 des Phosphors aus dem Phos-

phorglas, oder gegebenenfalls anderen Dotierstoffquellen, in
das Solarzellenmaterial. Dabei ist die Diffusion aus dem Phos-

phorglas 116 in die oberseitige Oberflache 106 des Solarzel-
lenmaterials 100 durch die porése Schicht aus Solarzellenmate-
rial 108 gehemmt. Da in diesem Ausftihrungsbeispiel auch in den

Hochdotierungsbereichen 112a, 112b noch pordses Siliziummate-
rial vorliegt, ist auch hier die Diffusion gehemmt. Allerdings
deutlich geringer als in denjenigen Bereichen, in denen die
porése Schicht 108 nach wie vor in ihrer gesamten Dicke vor-

liegt. Da in den Hochdotierungsbereichen 112a, 112b nur ein

geringer Rest 114a, 114b der porésen Schicht 108 vorliegt,
kann somit in diesen Bereichen in gleicher Zeit deutlich mehr

Dotierstoff in die oberseitige Oberflache 106 des Solarzellen-
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materials gelangen. Infolgedessen werden hier niederohmige
Emitterbereiche 120 ausgebildet. Im Ubrigen werden hochohmige
Emitterbereiche 122 ausgebildet. In der Summe ergibt sich eine
Emitterstruktur 118 mit hochohmigen 122 und niederohmigen 120

Bereichen, die tiblicherweise als selektiver Emitter bezeichnet
wird.

Nach der Diffusion 20 haben die pordése Schicht 108 wie auch
das als Dotierstoffquelle wirkende Phosphorglas 116 ihren
Pweck und werden gemeinsam entfernt 22. Dies erfolgt
bevorzugt in einem gemeinsamen Atzschritt.

Im Weiteren wird eine Antireflexionsbeschichtung 124 aufge-
bracht 24. Danach folgt das Ausbilden 26 von Metallkontakten
126,128, 130 auf der Vorderseite der Solarzelle 140 sowie auf
deren Rtickseite. Im vorliegenden Ausftihrungsbeispiel werden
dabei die Metallkontakte 126 der Vorderseite auf den niederoh-
migen Bereichen 120 der Emitterstruktur 118 angeordnet. Auf
diese Weise kann ein geringer Kontaktwiderstand zwischen der
Emitterstruktur 118 und den Metallkontakten 126 gewahrleistet
werden, wogegen in den tibrigen Bereichen ein geringe La-

dungstragerrekombination aufgrund der hochohmigen Emitterbe-
reiche 122 vorliegt. Typische Schichtwiderstandswerte ftir nie-
derohmige Emitterbereiche 120 liegen bei etwa 10 bis 30

Q/square, fiir hochohmige Emitterbereiche 122 bei etwa 80 bis

140 O/square.

Auf der Riickseite wird zur Verbesserung der Konversionseffi-
zienz ein an sich bekanntes back-surface-field aufgebracht,
welches vorliegend aus einer flachigen Riickseitenmetallisie-
rung aus Aluminium besteht. Dieses wird durchsetzt von wenigs-
tens einem lokalen riickseitigen Metallkontakt 130, welcher die
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Kontaktierung des p-dotierten Solrzellenmaterials 100 bewerk-

stelligt.

Das erfindungsgemdBe Verfahren lasst sich offensichtlich auch

auf andere Solarzellenkonzepte als das in Verbindung mit den

Figuren 2a und 2b beschriebene tibertragen. Insbesondere kann

es bei Bifacialzellen, bei welchen sowohl die Vorder- als auch
die Riickseite der Solarzelle ftir die Stromgeneration genutzt
werden, wie auch bei vollstandig riickseitig kontaktierten So-
larzellen Verwenduna finden
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Bezugszeichenliste

10

12

14

16a
16b

18

20

22

24

26

50

56

58

62

66

70

72

Ausbilden diffusionhemmende Schicht
vollstandiges Entfernen der diffusionhemmenden Schicht in

Hochdotierungsbereich
Ausbilden Dotierstoffquelle
Diffundieren des Dotierstoffes aus Dotierstoffquelle in

2

4

6

8

Halbleiterbauelementmaterial

Bereitstellen des Ausgangssolarzellenmaterials
Entfernen des Sdgeschadens und Texturierung der Oberfla-
che des Solarzellenmaterials
Ausbilden einer porésen Schicht aus Solarzellenmaterial
Applizieren von Ablationslaserlicht
teilweises Entfernen der pordésen Schicht in Hochdotie-
rungsbereichen
Ausbilden von Phosphorglas als Dotierstoffquelle
Diffundieren des Phosphors aus dem Phosphorglas in das
Solarzellenmaterial
Gemeinsames Entfernen des Phosphorglases und der porésen
Schicht
Aufbringen einer Antireflexionsbeschichtung
Ausbilden von Metallkontakten auf der Vorder- und Rtick-
seite

Halbleiterbauelementmaterial
oberseitige Oberflache des Halbleiterbauelementmaterials
diffusionhemmende Schicht
Hochdotierungsbereich
Dotierstoffquelle
stark dotierter Bereich
schwach dotierter Bereich
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74 Halbleiterbauelement

p-dotiertes Solarzellenmaterial
Sageschaden
Textur

oberseitige Oberfladche des Solarzellenmaterials
porése Schicht aus Solarzellenmaterial
Ablationslaserlicht
Hochdotierungsbereich
Hochdotierungsbereich
Rest der porésen Schicht
Rest der pordsen Schicht

Phosphorglas
Selektive Emitterstruktur
niederohmiger Emitterbereich
hochohmiger Emitterbereich
Antireflexionsbeschichtung
Metallkontakte auf der Vorderseite
flachige Ruckseitenmetallisierung
lokaler Metallkontakt auf der Riickseite

100

102

104

106

108

110

112a

li4a
114b

116

118

120

122

124

126

128

130

Solarzelle140
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Patentanspriiche

1. Verfahren zur Herstellung eines Halbleiterbauelen
(74;140) mit unterschiedlich stark dotierten Bereichen
(70,72) aufweisend die Verfahrensschritte
- Ges Ausbildens (2; 14) einer die Diffusion eines Do-

tierstoffes hemmenden und fiir einen Dotierstoff durch-

Gringbaren Schicht (58; 108) auf zumindest einem Teil
(56; 106) der Oberfladche eines Halbleiterbauelementma-
terials (50; 100);

- des wenigstens teilweises Entfernens (4; 16a, 16b) der
Giffusionhemmenden Schicht (58; 108) in wenigstens ei-
nemHochdotierungsbereich (62; 112a, 112b);

- des Ausbildens (6; 18) einer Dotierstoffquelle (66;
116) auf der diffusionhemmenden Schicht (58; 108) und

in dem wenigstens einen Hochdotierungsbereich (62;
112a, 112b);

- der Diffusion (8; 20) des Dotierstoffes aus der Dotier-

stoffquelle (66; 116) in das Halbleiterbauelementmate-
rial (50; 100).

2. Verfahren nach Anspruch 1,
dadurch gekennzeichnet, dass
die Ausbildung (2; 14) der diffusionhemmenden Schicht
(58; 108) durch Aufbringen einer Siliziumnitrid-, einer
Siliziumoxid-, einer Titanoxid-, einer Tantaloxidschicht
oder einer Schicht aus Oxiden anderer Ubergangsmetalle
erfolgt, wobei im Falle der Ubergangsmetalloxidschichten
vorzugsweise solche Ubergangsmetalle verwendet werden,
welche eine vergleichsweise kleine Diffusionskonstante im

Halbleiterbauelementmaterial (50; 100) aufweisen.
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3. Verfahren nach einem der Anspriiche 1 bis 2,
dadurch gekennzeichnet, dass
die diffusionhemmende Schicht (58; 108) in einer Dicke
von wenigen Nanometern bis zu wenigen Mikrometern ausge-
bildet wird, vorzugsweise im Dickenbereich von 20 nm bis
300 nm.

4. Verfahren nach einem der Ansprtiche i bis 3,
dadurch gekennzeichnet, dass
das Ausbilden (2; 14) der diffusionhemmenden Schicht (58;
108) durch Aufspinnen und anschlieBende Trocknung, eine
chemische Abscheidung aus der Dampfphase (CVD-

Abscheidung) oder thermisches Aufwachsen in Ofenprozessen
erfolgt.

5. Verfahren nach Anspruch 1,
dadureh gekennzeichnet, dass
als diffusionhemmende Schicht (108) eine pordése Schicht
(108) ausgebildet wird.

6. Verfahren nach Anspruch 5,
gekennzeichnet, dass die po-

rose Schicht (108) aus Halbleiterbauelementmaterial (100)
ausgebildet wird.

7. Verfahren nach einem der Anspriiche 5 bis 6,
dadurch gekennzeichnet, dass
die pordése Schicht (108) in einer Dicke von weniger als
200 nm ausgebildet wird, vorzugsweise in einer Dicke im

Bereich von 80 bis 120 nm.

8. Verfahren nach einem der Ansprtiche 6 bis 7,
dadurch dass
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10.

12.

zur Ausbildung der porésen Schicht (108) aus Halbleiter-
bauelementmaterial (100) wenigstens der Teil (106) der
Oberfladche des Halbleiterbauelements einer Atzldsung aus-

gesetzt wird.

. Verfahren nach Anspruch 8,
dadurch gekennzeichnet, dass
die Atzlésung Flusssdure (HF), Salpetersdure (HNO;) und

Wasser (H20) enthalt, vorzugsweise in einem Mischungsver-
haltnis von HF : HNO;: H,O im Bereich von 100 : 1 bis 2

5 bis 10.

Verfahren nach einem der Ansprtiche 6 bis 7,
gekennzeichnet, dass

zur Ausbildung der porésen Schicht (108) aus Halbleiter-
bauelementmaterial (100) wenigstens der Teil (106) der
Oberflache des Halbleiterbauelements einem atzenden Plas-
ma ausgesetzt wird.

Verfahren nach einem der Anspriiche 1 bis 10,
dadurch gekennzeichnet, dass
das wenigstens teilweise Entfernen (4; 16a, 16b) der dif-
fusionhemmenden Schicht (58; 108) in dem wenigstens einen
Hochdotierungsbereich (62; 112a, 112b) mittels Ablations-
laserlicht (110) erfolgt, vorzugsweise mittels Licht ei-
nes frequenzverdoppelten oder frequenzverdreifachten
Ablationslasers.

Verfahren nach einem der Anspriiche 1 bis 10,
gekennzeichnet, dass

das wenigstens teilweise Entfernen (4; 16b) der diffusi-
onhemmenden Schicht (58; 108) in dem wenigstens einen
Hochdotierungsbereich (62; 112a, 112b) mittels einer at-
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13.

14.

is.

16.

17.

zenden Paste, vorzugsweise einer Flusssaure enthaltenden
Paste erfolgt.

Verfahren nach Anspruch 12,
dadurch gekennzeichnet, dass
die &tzende Paste mittels einer Druck- oder Spritztechnik
auf den wenigstens einen Hochdotierungsbereich (62; 112a,
112b) aufgebracht wird, vorzugsweise mittels einer Sieb-
druck-, Stempeldruck-, Spritzendruck- oder Rollendruck-
technik.

Verfahren nach einem der Anspritiche 1 bis 13,
gekennzeichnet, dass

die diffusionhemmende Schicht (58) in dem wenigstens ei-
nen Hochdotierungsbereich (62) vollstadndig entfernt wird
(4).

Verfahren nach einem der Anspriiche 1 bis 14,
dadurch gekennzeichnet, dass
der Schichtwiderstand in unter der nicht entfernten dif-
fusionhemmenden Schicht (58; 108) gelegenen Bereichen
(72; 122) des Teils (56; 106) der Oberfldche des Halblei-
terbauelementmaterials (50; 100) durch die Dicke der dif-
fusionhemmenden Schicht (58; 108) bestimmt wird.

Verfahren nach einem der Ansprtiche 1 bis 15,

gekennzeichnet, dass
als Halbleiterbauelementmaterial (50; 100) Silizium ver-

wendet wird, vorzugsweise p-dotiertes (100) oder n-

dotiertes Silizium.

Verfahren nach einem der Ansprtiche 1 bis 16,
dadurch gekennzeichnet, dass
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18.

19.

20.

21.

nach der Diffusion (8; 20) des Dotierstoffes aus der Do-

tierstoffquelle (66; 116) in den Teil (56; 106) der Ober-
flache des Halbleiterbauelementmaterials (50; 100) die
Dotierstoffquelle (66; 116) zusammen mit der diffusion-
hemmenden Schicht (58; 108) entfernt wird.

Verfahren nach einem der Ansprtiche 1 bis 17,
dadurch gekennzeichnet, dass
das Halbleiterbauelement als Solarzelle (140) ausgeftihrt
wird, wobei zumindest ein Teil von Metallkontakten (126),
vorzugsweise Fingerkontakte, in Hochdotierungsbereichen
(112a, 112b) angeordnet wird.

Verfahren nach Anspruch 18,
dadurch dass
sowohl auf der Vorderseite der Solarzelle wie auch auf
deren Rlickseite Hochdotierungsbereiche (112a, 112b) vor-

gesehen werden.

Verfahren nach einem der Ansprtiche 18 bis 19,
dadurch dass
die Solarzelle als vorder- wie riickseitig lichtempfindli-
che Bifacialzelle ausgeftihrt wird.

Verfahren nach einem der Anspriiche 18 bis 20,
dadurch gekennzeichnet, dass
die Dotierstoffquelle (66; 116) aus Phosphorglas (116)

gebildet wird, als diffusionhemmende Schicht (58; 108)

poréses Solarzellenmaterial (108) verwendet wird und das

Phosphorglas (116) zusammen mit der Schicht pordsen So-
larzellenmaterials (108) durch Atzen in einer Atzldsung
oder einem Plasma entfernt wird.
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22.

23.

a4.

25.

26.

Verfahren nach einem der Anspriiche 18 bis 21,
dadurch gekennzeichnet, dass
die Hochdotierungsbereiche (62; 112a, 112b) breiter aus-

gefiihrt werden als die spater in diesen Bereichen aufge-
brachte Metallisierung (126).

Verwendung eines nach einem der Anspriiche 1 bis 17 gefer-
tigten Halbleiterbauelements (74) in integrierten Schalt-
kreisen.

Verwendung eines nach einem der Anspriiche 1 bis 17 gefer-
tigten Halbleiterbauelements (74) in elektronischen
Schaltungen.

Verwendung wenigstens einer nach einem der Ansprtiche 18

bis 22 gefertigten Solarzelle (140) zur Herstellung eines
Solarzellenmoduls.

Verwendung eines Verfahrens nach einem der Anspriiche 18

bis 22 zur Herstellung einer Solarzelle (140) mit selek-
tiver Emitterstruktur (118).
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Docket No. 10031.004211

IN THE UNITED STATES PATENTAND TRADEMARKOFFICE

First Named Inventor:

Peter John COUSINS

Application No.: 14/504,771 Examiner: PILLAY, DEVINA

Filing Date: October 2, 2014 Art Unit: 1757

Title: FRONT CONTACT SOLAR CELL WITH FORMED EMITTERFI

RESPONSE TO OFFICE ACTION AND AMENDMENT

INTRODUCTORY COMMENTS

This paper is responsive to the office actionmailed on June 30, 2017.

Please amend the above-identified application as follows:
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AMENDMENTS TO THE SPECIFICATION

A. Please replace the paragraph beginning on page 1, line 6 with the following

paragraph:

This application is a continuation ofU.S. Application No. 13/495,577, filed on

June 13, 2012, now U.S. Patent No. 8,878,053, which is a divisional ofU.S.

Application No. 12/070,742, filed on February 20, 2008, now U.S. Patent No.

8,222,516. The just-mentioned disclosures are incorporated herein by reference

in their entirety.
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AMENDMENTS TO THE CLAIMS

1. (Currently amended) A solar cell, comprising:

a substrate having a front surface that faces the sun to collect solar radiation

during normal operation and a back surface opposite the front surface;

a doped region-and-a second doped region in the substrate an oxide layer

disposed on the front surface of the substrate-the-firest doped-+egion having a-sheet

an anti-reflective coating on the oxide layer:

a tunnel dielectric disposed over the back surface of the substrate;

an emitter disposed over the tunnel dielectric, the emitter forming a backside

junction with the substrate;

a doped diffusion region in the substrate:

a front electrode that is coupled to the second doped diffusion region on the front

surface of the substrate; and

a back electrode that is coupled to the emitter on dispesed-over the back surface

of the substrate.

2. (Original) The solar cell of claim 1, wherein the emitter is a polysilicon emitter.

3. (Original) The solar cell of claim 1, wherein the substrate is a monocrystalline

silicon substrate.

4. (Currently) The solar cell of claim 1, wherein the frst tunnel dielectric is a tunnel

oxide,

5. (Canceled)

6. (Canceled)

7. (Original) The solar cell of claim 1, wherein the back electrode includes silver.

3
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8. (Canceled)

9. (Currently amended) A solar cell, comprising:

a substrate having a front surface that faces the sun to collect solar radiation

during normal operation and a back surface opposite the front surface;

a doped diffusion region in the substrate on the front surface of the substrate;

an emitter over the back surface of the substrate, the emitter forming a backside

junction with the substrate;

a first dielectric between the emitter and the back surface;

a front electrode disposed on the front surface of the substrate and is coupled to

the seeond-doped diffusion region;

a second dielectric on the front surface of the substrate;

an anti-reflective coating on the second dielectric: and

a back electrode disposed on theback surface of the substrate.

10. (Original) The solar cell of claim 9, wherein the emitter is a polysilicon emitter.

11. (Original) The solar cell of claim 9, wherein the substrate is a monocrystalline

silicon substrate.

12. (Original) The solar cell of claim 9, wherein the first dielectric is an oxide.

13. (Canceled)

14. (Original) The solar cell of claim 9, wherein the back electrode includes silver.

15-22. (Canceled)

4
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REMARKS

Claims 1-4, 7, 9-12, and 14 remain in the application and stand rejected.

Reconsideration of the rejection is respectfully requested in light of the following reasons.

Claim amendments have beenmade to expedite prosecution. Applicant expressly
reserves the right to pursue the original version of an amended claim in a continuing

application.

Claim Amendments

Applicant maintains the arguments presented in the Pre-Appeal Brief Request for

Review submitted by the applicant on March 28, 2017 for purposes of appeal.

As previously explained, the cited references do not disclose the recited external

emitter that forms a backside junction in a front contact solar cell. Meier (US 6,262,359)

does not disclose an externally formed emitter on the backside because Meier discloses

forming a backside junction by diffusion from the backside electrode. Accordingly, any

intervening material, such as tunnel oxide/polysilicon would prevent the diffusion,

rendering Meier’s process unworkable. Okayasu (JP07-106611) discloses an external

emitter for a high-low junction, i.e., an emitter with the same polarity as the substrate,

which is the opposite of a backside junction for a front contact cell. Like Okayasu, Gan

(Polysilicon Emittersfor Silicon Concentrator Solar Cells) does not disclose an external

emitter for a backside junction of a front contact cell. Gan discloses poly emitters

without further guidance on application to specific structures. For example, Gan’s poly
emitter could very well be for a high-low junction as in Okayasu. It is respectfully

submitted that without using the present application as a blueprint, there is no guidance in

the prior art to form a front contact solar cell with a formed backside junction emitter.

In the interest of compact prosecution, claims 1 and 9 have been amended to

recite an oxide layer on the front surface of the substrate and an anti-reflective coating on

the oxide layer. Support for this feature may be found at least on FIG. 1 of the

specification, showing an oxide 124 and an anti-reflective coating 103 on the front side of

the solar cell (specification, page 4, lines 14-18).

5
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It is respectfully submitted that the above-noted feature of claims 1 and9 are not

taught or suggested by the references of record. More particularly, Meier (US 6,262,359),

Okayasu (JP07-106611), Borden (WO 2009/094578), Foglietti (US 2002/0142500), Gan

(Polysilicon Emittersfor Silicon Concentrator Solar Cells), and Wenham (US 6,429,037)

individually or in combination do not disclose a front contact solar cell with the recited

external backside junction on the backside and the recited oxide/anti-reflective coating

9

structure on the front side.

The dependent claims are patentable at least for depending from patentable base

claims.

Conclusion

For at least the above reasons, it is believed that the pending claims are in

condition for allowance. The Examiner is invited to telephone the undersigned for any

questions and to resolve any remaining concerns regarding allowability of the present

application.

Respectfully submitted,

Sept, 21, Zor Pett’ Pres Ascd
Dated:

*
Patrick D. Benedicto, Reg. No. 40,909
Okamoto & Benedicto LLP
P.O. Box 641330
San Jose, CA 95164
Tel.: (408)436-2112
Fax.: (408)436-2114
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DETAILED CORRESPONDENCE

Notice ofPre-AlA or AIA Status

1. The present application is being examined under the pre-AlA first to invent

provisions.

Claim Rejections - 35 USC § 103

2. The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102, if the differences between the subject matter sought to be patented
and the prior art are such that the subject matter as a whole would have been obvious at the
time the invention was made to a person having ordinary skill in the art to which said subject
matter pertains. Patentability shall not be negatived by the manner in which the invention was
made.

3. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148

USPQ 459 (1966), that are applied for establishing a background for determining

obviousness under pre-AlA 35 U.S.C. 103(a) are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating

obviousness or nonobviousness.

4. Claims 1-4, 7, 9-12 and 14 are rejected under pre-AlA 35 U.S.C. 103(a) as

being unpatentable over Meier (US 6,262,359) in view of Okayasu (JP07-106611,

Human Translation) in view of Borden (WO 2009/094578 A2) and in further view of

Wenham (6,429,037 B1).
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Regarding claims 1-4 and 9-12, Meier discloses a solar cell comprising (see Fig.

3D, C5/L38-C6/L55):

a substrate (218 n-type) having a front surface that faces the sun to collect solar

radiation during normal operation and a back surface opposite the front surface;

an emitter (220 p-type) forming a backside junction with the substrate;

a front surface field (216), high doped concentration area (n+), on the front

surface of the substrate;

an anti-reflection (214) coating on the top most surface of the solar cell;

a front electrode disposed over the front surface of the substrate (212);

a back electrode disposed over the back surface of the substrate (222).

However, Meier does not disclose that the emitter is a polysilicon emitter or that

the front surface field is formed of polysilicon and that there is a tunnel dielectric formed

between the emitter and the back surface of the substrate or that there is a tunnel

dielectric formed between the front surface field and the substrate.

Okayasu discloses that instead of forming an emitter or surface field from a

portion of a substrate which is doped, an emitter or surface field can be formed using a

doped polysilicon layer ([0005] [0009], Abstract) and by forming an emitter or surface

field this way the thickness can be more accurately controlled and it prevents generation

of floating foreign matter ([0008] [0009)).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to replace the method of forming the emitter/front surface field from a portion

of a substrate of Meier and instead forming the emitter and front surface field by using a
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doped polysilicon layer as disclosed by Okayasu because the thickness can be more

accurately controlled and it prevent generation of floating foreign matter.

However, modified Meier does not discloses a tunneling dielectric oxide between

the emitter/front surface field and the substrate.

Borden discloses that tunnel oxides can be used in solar cells between doped

polysilicon and monocrystalline substrates [0016] and can be formed on both the front

and back surfaces of a monocrystalline substrate.

Furthermore, Borden discloses that by providing the tunneling layer it prevents

epitaxial growth of the emitter layer and further it protects the surface from plasma

damage of the deposited emitter layer [0015].

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the interface between polycrystalline layers and monocrystalline

substrate back and front surfaces of modified Meier by having a tunneling oxide at the

interfaces because it prevents epitaxial growth of the emitter layer and further it protects

the crystalline surface from plasma damage of the deposited emitter layer.

Modified Meier disclosesa first tunnel dielectric between the emitter and back

surface and a second tunnel dielectric at the front surface of the substrate.

However, modified Meier does not disclose that doped region in the substrate.

Wenham discloses a solar cell wherein the area beneath point contacts includes

areas of high doping which is important for reducing contact resistance (see Fig. 5,

portions 18 and 23) (C1/L25-41).

It would have been obvious to one of ordinary skill in the art at the time of the

a

a

invention to modify the front surface field formed in the substrate of modified Meier by
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adding in highly doped regions under the metallic contacts as disclosed byWenham

because doing so reduces the contact resistance and will improve the efficiency of the

solar cell.

Regarding claims 7 and 14, modified Meier discloses all of the claim limitations

as set forth above.

However, Meier does not disclose that the electrode that is in contact with the p-

type polysilicon layer is silver.

Okayasu discloses that the back electrode on the polysilicon emitter is formed of

a silver electrode [0044].

It would have been obvious to one of ordinary skill in the art at the time of the

invention to replace the aluminum electrode of Meier with the silver electrode of

Okayasu because one of ordinary skill in the art would have been able to carry out such

a substitution, and the results would be reasonably predictable.

5. Claims 1-4, 7, 9-12 and 14 are rejected under pre-AlA 35 U.S.C. 103(a) as

being unpatentable over Meier (US 6,262,359) in view of Okayasu (JP07-106611,

Machine Translation) in view of Foglietti (US 2002/0142500 A1) in view of Gan

(Polysilicon Emitters for Silicon Concentrator Solar Cells) and in further view of

Wenham (6,429,037 B1).

Regarding claims 14 and 9-12, Meier discloses a solar cell comprising (see Fig.

3D, C5/L38-C6/L55):

a substrate (218 n-type) having a front surface that faces the sun to collect solar

radiation during normal operation and a back surface opposite the front surface;

an emitter (220 p-type) forming a backside junction with the substrate;
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a front surface field (216), high doped concentration area (n+), on the front

surface of the substrate;

an anti-reflection (214) coating on the top most surface of the solar cell;

a front electrode disposed over the front surface of the substrate (212);

a back electrode disposed over the back surface of the substrate (222).

However, Meier does not disclose that the emitter is a polysilicon emitter or that

the front surface field is formed of polysilicon and that there is a tunnel dielectric formed

between the emitter and the back surface of the substrate or that there is a tunnel

dielectric formed between the front surface field and the substrate.

Okayasu discloses that instead of forming an emitter or surface field from a

portion of a substrate which is doped, an emitter or surface field can be formed using a

doped polysilicon layer ([0005][0009], Abstract) and by forming an emitter or surface

field this way the thickness can be more accurately controlled and it prevents generation

of floating foreign matter ([0008] [0009)).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to replace the method of forming the emitter/front surface field from a portion

of a substrate of Meier and instead forming the emitter and front surface field by using a

doped polysilicon layer as disclosed by Okayasu because the thickness can be more

accurately controlled and it prevent generation of floating foreign matter.

However, modified Meier does not discloses a tunneling dielectric oxide at the

interfaces between the emitter and the substrate and the front surface field and the

substrate.
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Foglietti discloses that polycrystalline growth directly on crystalline silicon results

in partial realignment of the polycrystalline grains and to suppress this effect a thin oxide

can be grown ([0046)).

Gan discloses that the presence of a stable thermal oxide betweena polysilicon

emitter and a CZ wafer (See pg. 248, first column, and Table 1) results in recombination

occurring primary at the oxide interface and that the presence of this oxide at the

interface can be useful for silicon solar cells with polysilicon emitters (See Conclusion,

pg. 249).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the interface between the doped polysilicon regions and the

monocrystalline substrate by adding an interfacial oxide as disclosed by Fogiletti and

Gan because it will allow for optimal grown of the polysilicon region and furthermore will

result in recombination primarily occurring at the oxide interface.

Modified Meier disclosesa first tunnel dielectric between the emitter and back

surface and a second tunnel dielectric at the front surface of the substrate.

However, modified Meier does not disclose that doped region in the substrate.

Wenham discloses a solar cell wherein the area beneath point contacts includes

areas of high doping which is important for reducing contact resistance (see Fig. 5,

portions 18 and 23) (C1/L25-41).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the front surface field formed in the substrate of modified Meier by

a

a

a

adding in highly doped regions under the metallic contacts as disclosed byWenham
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because doing so reduces the contact resistance and will improve the efficiency of the

solar cell.

Regarding claims 7 and 14, modified Meier discloses all of the claim limitations

as set forth above.

However, Meier does not disclose that the electrode that is in contact with the p-

type polysilicon layer is silver.

Okayasu discloses that the back electrode on the polysilicon emitter is formed of

a silver electrode [0044].

It would have been obvious to one of ordinary skill in the art at the time of the

invention to replace the aluminum electrode of Meier with the silver electrode of

Okayasu because one of ordinary skill in the art would have been able to carry out such

a substitution, and the results would be reasonably predictable.

Response to Arguments

6. In response to applicant's argument that the examiner's conclusion of

obviousness is based upon improper hindsight reasoning, it must be recognized that

any judgment on obviousness is in a sense necessarily a reconstruction based upon

hindsight reasoning. But so long as it takes into account only knowledge which was

within the level of ordinary skill at the time the claimed invention was made, and does

not include knowledge gleaned only from the applicant's disclosure, such a

reconstruction is proper. See {n re McLaughiin, 443 F.2d 1392, 170 USPQ 209 (CCPA

1971).

7. Applicant argues that Okayasu cannot cure the deficiencies of Meier because the

backside junction of Meier is formed integrally with the substrate and therefore there
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can be no interfacial oxide. An interfacial oxide coupled with a polysilicon emitter and

surface field would render the device of Meier unworkable. Applicant further argues that

since Okayasu is concerned with a front side emitter and therefore Okayasu is not

possible because it would require a total redesign of Meier.

8. Examiner respectfully disagrees. Meier discloses method of forming a junction

which consists of an emitter formed on a substrate which comprises using the electrode

as a dopant material and driving in those dopants through annealing and also forming a

front surface field through driving of dopants into substrate. Okayasu discloses an

alternative method of forming an emitter and surface field which comprises depositing a

doped polysilicon doped layers over back and front surfaces of a single crystalline

substrate. Okayasu also discloses that this method is preferable to that of heating and

driving in dopants because it can be performed at lower temperatures which prevents

damage to the substrate and furthermore the thickness of the emitter can be more

accurately controlled ([0008]). Therefore, it would have been obvious to one of ordinary

skill in the art at the time of the invention to replace the emitter of Meier with the emitter

of Okayasu because of the above advantages.

9. Applicant further argues that neither Foglietti nor Borden nor Gan disclose that a

thin oxide can be used in a backside junction solar cell.

10. Asdisclosed above Gan, Foglietti and Borden disclose that a thin oxide can

be provide advantageous properties between a doped polysilicon emitter and

a monocrystalline substrate.
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Conclusion

11. Applicant's amendment necessitated the new ground(s) of rejection presented in

this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37

CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE

MONTHS from the mailing date of this action. In the event a first reply is filed within

TWO MONTHS of the mailing date of this final action and the advisory action is not

mailed until after the end of the THREE-MONTH shortened statutory period, then the

shortened statutory period will expire on the date the advisory action is mailed, and any

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of

the advisory action. In no event, however, will the statutory period for reply expire later

than SIX MONTHS from the date of this final action.

12. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to DEVINA PILLAY whose telephone number is (571)270-

1180. The examiner can normally be reached on Monday-Friday 9:30-6:00.

Examiner interviews are available via telephone, in-person, and video

conferencing using a USPTO supplied web-based collaboration tool. To schedule an

interview, applicant is encouraged to use the USPTO Automated Interview Request

(AIR) at http:/Avww.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Jeffrey T Barton can be reached on 517-272-1307. The fax phone number

a

T

for the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/DEVINA PILLAY/
Primary Examiner, Art Unit 1757
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IN THE UNITED STATES PATENTAND TRADEMARKOFFICE

First Named Inventor:

Peter John COUSINS

Application No.: 14/504,771 Examiner: PILLAY, DEVINA

Filing Date: October 2, 2014 Art Unit: 1757

Ic

Assignee: SunPower Corporation

Title: FRONT CONTACT SOLAR CELL WITH FORMED EMITTERFC

APPEAL BRIEF FILED UNDER 37 C.F.R. § 41.37

This Appeal Brief is submitted with a Notice ofAppeal.

I. REAL PARTY IN INTEREST

The real party in interest is the SunPower Corporation, which is the assignee of

the present application.

IL. RELATED APPEALS AND INTERFERENCES

On information and belief, there are no appeals, interferences, or judicial

proceedings known to the appellant, the appellant’s legal representative, or assignee

whichmay be related to, directly affect or be directly affected by or have a bearing on the

Patent Trial and Appeal Board decision in the pending appeal.

Il. SUMMARY OF CLAIMED SUBJECTMATTER

1
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Claim 1 recites a solar cell that includes: (a) a substrate having a front surface that

faces the sun to collect solar radiation during normal operation and a back surface

opposite the front surface (specification, page 4, lines 3-14; FIG. 1, 101); (b) an oxide

layer disposed on the front surface of the substrate (specification, page 5, lines 1-3; FIG.

1, 124); (c) an anti-reflective coating on the oxide layer (specification, page 4, lines 22

and 23; FIG. 1, 103); (d) a tunnel dielectric disposed over the back surface of the

substrate (specification, page 5, lines 4 and 5; FIG. 1, 107); (e) an emitter disposed over

the tunnel dielectric, the emitter forming a backside junction with the substrate

(specification, page 4, lines 7-9; page 5, lines 4-8; FIG. 1, 108); (f) a doped diffusion

region in the substrate (specification, page 4, lines 12-21; FIG. 1, 106); (g) a front

electrode that is coupled to the doped diffusion region on the front surface of the

substrate (specification, page 5, lines 19-22; FIG. 1, 102); and (h) a back electrode that is

coupled to the emitter on the back surface of the substrate (specification, page 5, lines 10-

14; FIG. 1, 110).

Claim9 recites a solar cell that includes: (a) a substrate having a front surface that

faces the sun to collect solar radiation during normal operation and a back surface

-opposite the front surface (specification, page 4, lines 3-14; FIG. 1, 101); (b) a doped
diffusion region in the substrate on the front surface of the substrate (specification, page 4,

lines 12-21; FIG. 1, 106); (c) an emitter over the back surface of the substrate, the emitter

forming a backside junction with the substrate (specification, page 4, lines 7-9; page 5,

lines 4-8; FIG. 1, 108); (d) a first dielectric between the emitter and the back surface

(specification, page 5, lines 4 and 5; FIG. 1, 107); (e) a front electrode disposed on the

front surface of the substrate and is coupled to the doped diffusion region (specification,

page 5, lines 19-22; FIG. 1, 102); (f) a second dielectric on the front surface of the

substrate (specification, page 5, lines 1-3; FIG. 1, 124); (g) an anti-reflective coating on

the second dielectric (specification, page 4, lines 22 and 23; FIG. 1, 103); and (h) a back

electrode disposed on the back surface of the substrate (specification, page 5, lines 10-14;

FIG. 1, 110).

9

IV. ARGUMENT

2
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The appellant traverses the rejections in the Final Office Action mailed on

October 2, 2017 (“final office action”) for the following reasons.

A. CLAIMS 1-4 and 7

Claims 1-4, 7, 9-12, and 14 are rejected under pre-AIA 35 U.S.C. §103(a) as

being unpatentable over Meier (US 6,262,359), in view ofOkayasu (JP 07-106611), in

view ofBorden (US WO 2009/094578 A2) and further in view ofWenham (US

6,429,037). The rejection is respectfully traversed.

1, Backside junction emitter with tunnel dielectric

Claim 1 is patentable over the combination ofMeier, Okayasu, Borden and

Wenham at least for reciting: “a tunnel dielectric disposed over the back surface of the

substrate; an emitter disposed over the tunnel dielectric, the emitter forming a backside

junction with the substrate.”

Claim 1 recites a structure of a solar cell. In the embodiment of claim 1, the solar

cell has an emitter that is disposed over a tunnel dielectric and forms a backside junction

with the substrate. It is respectfully submitted that this feature of claim 1 is not taught or

suggested by the combination ofMeier, Okayasu, Borden, and Wenham.

The final office action suggests that in the cited combination, Meier discloses the

recited backside junction. Meier FIG. 3D is reproduced below for ease of discussion.

216 212, 214
‘a 4

n-Si 218

ZL n

o
220 FIG. 3D

224

222

Meier discloses a solar cell with an aluminum alloy back junction (Meier, Title). More

specifically, Meier discloses forming a p+ layer 220 that forms a backside junction with

the n-Si base layer 218, within the base layer 218, by doping using the aluminum contact

layer 222 (Meier, col. 6, lines 51-54). That is, the primary teaching ofMeier is to form

an aluminum alloy back junction by forming the p+ layer 220 by diffusion into the

3
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substrate using the aluminum alloy electrode, thereby providing a strongly doped p-type

emitter (Meier, abstract).

More particularly, the final office action suggests that the emitter 220 corresponds

to the recited emitter that forms a backside junction with the substrate. It is respectfully

submitted that in the embodiment of claim 1, the emitter is disposed over the tunnel

dielectric, which is disposed over the substrate. That is, in the embodiment of claim 1,

there is an intervening tunnel dielectric between the emitter and the substrate. It is

respectfully submitted that this emitter structure with tunnel dielectric is not possible in

Meier because of the required diffusion from the contact layer 222 to form the emitter

220 within the substrate 218. A tunnel dielectric would block diffusionfrom the contact

layer 222, which is contrary to the teaching ofMeier. Accordingly, any modification to

form a tunnel dielectric between the aluminum contact layer 222 and the substrate 218

will render Meier unsuitable for its intended purpose, and would involve amajor redesign

ofMeier’s process.

It is respectfully submitted that Okayasu does not cure the deficiencies ofMeier.

Okayasu discloses amanufacturing method for a Back Surface Field (BSF) type
solar cell (Okayasu, paragraph [0001]). The final office action suggests that it would have

been obvious to use the BSF formation technique ofOkayasu to form the backside

junction emitter ofMeier. The appellant respectfully disagrees.

Okayasu discloses amanufacturing method for a BSF type solar cell. As is well

known, a BSF layer is a backside layer that has the same polarity as the substrate. That is,

an n-type substrate would have an n-type BSF layer, and a p-type substrate would have a

p-type BSF layer (Okayasu, paragraph [0008]). More particularly, a BSF layer cannot

form a backside junction with the substrate because it has the same polarity as the

substrate.

Therefore, it is respectfully submitted that the proposed modification would use

the BSF manufacturing method ofOkayasu (to form a BSF layer on the backside) for a

totally different function and structure in Meier (to form a backside junction with the

substrate).

4
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Okayasu paragraph [0005], cited in the final office action, provides an overview

of a thermal diffusion method, which involves diffusion from a dopant gas introduced in

the chamber. Okayasu paragraph [0006] discloses that it is difficult to control the emitter

thickness with the thermal diffusion method. It is to be noted that the gas diffusion

method referred to in Okayasu is not the same as contact diffusion ofMeier. Like

Okayasu, Meier discloses that the conventional method of forming the layer makes it

difficult to control the depth, i.e., thickness, of the emitter (Meier, col. 2, lines13-25).

Okayasu paragraph [0008], cited in the final office action, discloses that the

thermal gas diffusion method to form the BSF layer can be replaced with plasma

chemical vapor deposition (CVD). It is important to reiterate that the diffusion method

referred to in Okayasu (gas diffusion) is not the same as the diffusion method ofMeier

(contact diffusion). More particularly, Okayasu is not advocating replacement ofMeier’s

fabrication process. In fact, Meier is solving the same problem as Okayasu.

Okayasu paragraph [0009], cited in the final office action, discloses that although

the plasma CVD method has its advantages, the plasma CVD method introduces

particulates that deteriorate the BSF layer. It is respectfully submitted that given the

problem ofparticulate contamination caused by plasma CVD, one ofordinary skill in the

art would not be motivated to replace the contact diffusion method ofMeier with the BSF

manufacturing method ofOkayasu.

Furthermore, it is respectfully submitted that the plasma CVD method ofMeier

would form the BSF layer on the silicon substrate (Okayasu, FIG. 1, BSF layer 5 to

substrate 1). Meier does not teach or suggest that a film from its CVD method would

adhere to a tunnel dielectric.

Borden, on paragraphs 15 and 16, discloses that a tunnel oxide may be employed

between polysilicon and substrate. It is respectfully submitted that Borden does not

disclose any particular structure or solar cell configuration where a polysilicon and tunnel

oxide may be employed. For example, Borden does not disclose using polysilicon/tunnel

oxide/substrate to form a backside junction. There is no disclosure in Borden to apply its

teaching to arrive at a structure where an emitter separated from the substrate by a tunnel

5
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oxide forms a backside junction with the substrate. Such teaching is only in the present

disclosure, not in any of the references of record.

As explained above, it is respectfully submitted thatMeiermodified with

Okayasu does not teach or suggest a tunnel dielectric between the backside junction

emitter and the substrate. A tunnel dielectric, as disclosed by Borden, would block

diffusion from the contact layer as taught by Meier. Like Meier, Okayasu does not

disclose a tunnel dielectric between its BSF layer and the substrate. It is respectfully

submitted that Okayasu has no disclosure regarding applicability of its BSF

manufacturing method to form the BSF layer on a tunnel dielectric as taught by Borden.

It is respectfully submitted that Wenham does not add to the teachings ofMeier,

Okayasu, and Borden with regards to a backside junction emitter with tunnel dielectric.

2. Anti-reflective Coating On An Oxide Layer

Claim | is patentable over the combination ofMeier, Okayasu, Borden, and

Wenham at least for reciting: “an oxide layer disposed on the front surface of the

substrate; an anti-reflective coating on the oxide layer.”
In the embodiment of claim 1, an oxide layer is disposed on the front surface of

the substrate, and an anti-reflective coating is on the oxide layer.

Meier discloses an anti-reflective coating 214 (Meier FIG. 3D). It is respectfully

submitted that Meier does not disclose that the anti-reflective coating 214 is on an oxide

layer. Instead, inMeier, the anti-reflective coating 214 is formed on the surface of the

substrate.

Borden, paragraph 16, discloses that a tunnel oxide may be employed between

polysilicon and substrate. It is respectfully submitted that Borden does not disclose an

anti-reflective coating formed on an oxide layer on the front surface of the substrate.

Borden discloses a polysilicon emitter, not an anti-reflective coating.

It is respectfully submitted that Okayasu and Wenham do not add to Meier and

Borden with regards to an anti-reflective coating on an oxide layer.

Therefore, it is respectfully submitted that claim 1 is patentable over the

combination ofMeier, Okayasu, Borden, and Wenham.

6
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Claims 2-4 are patentable over the combination ofMeier, Okayasu, Borden, and

Wenham at least for depending from claim 1.

Claim9 is patentable over the combination ofMeier, Okayasu, Borden, and

Wenham at least for reciting: “an emitter over the back surface of the substrate, the

emitter forming a backside junction with the substrate; a first dielectric between the

emitter and the back surface.”

As explained, it is respectfully submitted that the combination ofMeier, Okayasu,

Borden, and Wenham does not teach or suggest a backside junction emitter anda first

dielectric between the backside junction emitter and the back surface of the substrate.

Claim9 is further patentable over the combination ofMeier, Okayasu, Borden,

and Wenham at least for reciting: “a second dielectric on the front surface of the substrate;

an anti-reflective coating on the second dielectric.”

As explained, it is respectfully submitted that the combination ofMeier, Okayasu,

Borden, and Wenham does not teach or suggest an anti-reflective coating that is formed

9

a.

9

on a dielectric on the front surface of the substrate.

Claims 10-12 are patentable over the combination ofMeier, Okayasu, Borden,

and Wenham at least for depending from claim 9.

B. CLAIMS 1-4, 7, 9-12, and 14

Claims 1-4, 7, 9-12, and 14 are rejected under pre-AIA 35 U.S.C. §103(a) as

being unpatentable over Meier (US 6,262,359), in view ofOkayasu (JP 07-106611), in

view of Foglietti (US 2002/0142500), in view ofGan (Polysilicon Emittersfor Silicon

Concentrator Solar Cells), and further in view ofWenham (US 6,429,037). The

rejection is respectfully traversed.

1. Backside junction emitter with tunnel dielectric

Claim 1 is patentable over the combination ofMeier, Okayasu, Foglietti, Gan, and

Wenham at least for reciting: “a tunnel dielectric disposed over the back surface of the

substrate; an emitter disposed over the tunnel dielectric, the emitter forming a backside

junction with the substrate.”

7
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Claim1 recites a structure of a solar cell. In the embodiment of claim 1, the solar

cell has an emitter that is disposed over a tunnel dielectric and forms a backside junction

with the substrate. It is respectfully submitted that this feature of claim 1 is not taught or

suggested by the combination ofMeier, Okayasu, Foglietti, Gan, and Wenham.

The final office action suggests that in the cited combination, Meier discloses the

recited backside junction. Meier FIG. 3D is reproduced below for ease of discussion.

216 212 142
ZI~}. [~}. 4

n-Si 218

20 FIG. 3D 209

224

Meier discloses a solar cell with an aluminum alloy back junction (Meier, Title).
More specifically, Meier discloses forming a p+ layer 220 that forms a backside junction

with the n-Si base layer 218, within the base layer 218, by doping using the aluminum

_
contact layer 222 (Meier, col. 6, lines 51-54). That is, the primary teaching ofMeier is to

form an aluminum alloy back junction by forming the p+ layer 220 by diffusion into the

substrate using the aluminum alloy electrode, thereby providing a strongly doped p-type

emitter (Meier, abstract).

More particularly, the final office action suggests that the emitter 220 corresponds

to the recited emitter that forms a backside junction with the substrate. It is respectfully

submitted that in the embodiment of claim 1, the emitter is disposed over the tunnel

dielectric, which is disposed over the substrate. That is, in the embodiment of claim 1,

there is an intervening tunnel dielectric between the emitter and the substrate. It is

respectfully submitted that this emitter structure with tunnel dielectric is not possible in

Meier because of the required diffusion from the contact layer 222 to form the emitter

220 within the substrate 218. A tunnel dielectric would block diffusion from the contact

layer 222, which is contrary to the teaching ofMeier. Accordingly, any modification to

form a tunnel dielectric between the aluminum contact layer 222 and the substrate 218

8
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will render Meier unsuitable for its intended purpose, and would involve a major redesign

ofMeier’s process.

It is respectfully submitted that Okayasu does not cure the deficiencies ofMeier.

Okayasu discloses a manufacturing method for a Back Surface Field (BSF) type
solar cell (Okayasu, paragraph [0001]). The final office action suggests that it would have

been obvious to use the BSF formation technique ofOkayasu to form the backside

junction emitter ofMeier. The appellant respectfully disagrees.

Okayasu discloses a manufacturing method for a BSF type solar cell. As is well

known, a BSF layer is a backside layer that has the same polarity as the substrate. That is,

an n-type substrate would have an n-type BSF layer, and a p-type substrate would have a

p-type BSF layer (Okayasu, paragraph [0008]). More particularly, a BSF layer cannot

form a backside junction with the substrate because it has the same polarity as the

substrate.

Therefore, it is respectfully submitted that the proposed modification would use

the BSF manufacturing method ofOkayasu (to form a BSF layer on the backside) for a

totally different function and structure in Meier (to form a backside junction with the

substrate).

Okayasu paragraph [0005], cited in the final office action, provides an overview

of a thermal diffusion method, which involves diffusion from a dopant gas introduced in

the chamber. Okayasu paragraph [0006] discloses that it is difficult to control the emitter

thickness with the thermal diffusion method. It is to be noted that the gas diffusion

method referred to in Okayasu is not the same as contact diffusion ofMeier. Like

Okayasu, Meier discloses that the conventional method of forming the layer makes it

difficult to control the depth, i.e., thickness, of the emitter (Meier, col. 2, lines13-25).

Okayasu paragraph [0008], cited in the final office action, discloses that the

thermal gas diffusion method to form the BSF layer can be replaced with plasma

chemical vapor deposition (CVD). It is important to reiterate that the diffusion method

referred to in Okayasu (gas diffusion) is not the same as the diffusion method ofMeier

9
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(contact diffusion). More particularly, Okayasu is not advocating replacement ofMeier’s

fabrication process. In fact, Meier is solving the same problem as Okayasu.

Okayasu paragraph [0009], cited in the final office action, discloses that although

the plasma CVD method has its advantages, the plasma CVD method introduces

particulates that deteriorate the BSF layer. It is respectfully submitted that given the

problem ofparticulate contamination caused by plasma CVD, one of ordinary skill in the

art would not be motivated to replace the contact diffusion method ofMeier with the BSF

manufacturing method ofOkayasu.

Furthermore, it is respectfully submitted that the plasma CVD method ofMeier

would form the BSF layer on the silicon substrate (Okayasu, FIG. 1, BSF layer 5 to

substrate 1). Meier does not teach or suggest that a film from its CVD method would

adhere to a tunnel dielectric.

The final office action suggests that Gan and Foglietti disclose using a thin oxide

with polysilicon. It is respectfully submitted that Gan and Foglietti do not disclose

structures where polysilicon emitters and tunnel oxides are employed in backside

junctions. There is no disclosure in Gan and Foglietti to apply their teachings to arrive at

a structure where a polysilicon emitter separated from the substrate by a dielectric forms

a backside junction with the substrate. Such teaching is only in the present application,

not in the references of record.

As explained above, it is respectfully submitted that Meier modified with

Okayasu does not teach or suggest a tunnel dielectric between the backside junction

emitter and the substrate. A dielectric, as disclosed by Gan and Foglietti, would block

diffusion from the contact layer as taught by Meier. Like Meier, Okayasu does not

‘disclose a tunnel dielectric between its BSF layer and the substrate. It is respectfully

submitted that Okayasu has no disclosure regarding applicability of its BSF

manufacturing method to form the BSF layer on a dielectric as taught by Gan and

Foglietti.

It is respectfully submitted that Wenham does not add to the teachings ofMeier,

Okayasu, Gan, and Foglietti with regards to a backside junction emitter formed on a

dielectric.

10
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2. Anti-reflective Coating On An Oxide Layer

Claim 1 is patentable over the combination ofMeier, Okayasu, Gan, Foglietti, and

Wenham at least for reciting: “an oxide layer disposed on the front surface of the

substrate; an anti-reflective coating on the oxide layer.”
In the embodiment of claim 1, an oxide layer is disposed on the front surface of

the substrate, and an anti-reflective coating is on the oxide layer.

Meier discloses an anti-reflective coating 214 (Meier FIG. 3D). It is respectfully

submitted thatMeier does not disclose that the anti-reflective coating 214 is on an oxide

layer. Instead, in Meier, the anti-reflective coating 214 is formed on the surface of the

substrate.

Gan and Foglietti disclose that a tunnel oxide may be employed between

polysilicon and substrate. It is respectfully submitted that Gan and Foglietti do not

disclose an anti-reflective coating formed on an oxide layer on the front surface of the

substrate.

It is respectfully submitted that Okayasu and Wenham do not add to Meier, Gan,

and Foglietti with regards to an anti-reflective coating on an oxide layer.

Therefore, it is respectfully submitted that claim 1 is patentable over the

combination ofMeier, Okayasu, Gan, Foglietti and Wenham.

Claims 2-4 and 7 are patentable over the combination ofMeier, Okayasu, Gan,

Foglietti, and Wenham at least for depending from claim 1.

Claim 9 is patentable over the combination ofMeier, Okayasu, Gan, Foglietti and

Wenham at least for reciting: “an emitter over the back surface of the substrate, the

emitter forming a backside junction with the substrate; a first dielectric between the

emitter and the back surface.”

As explained, it is respectfully submitted that the combination ofMeier, Okayasu,

Gan, Foglietti and Wenham does not teach or suggest a backside junction emitter and a

first dielectric between the backside junction emitter and the back surface of the substrate.

11
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Claim9 is further patentable over the combination ofMeier, Okayasu, Gan,

Foglietti and Wenham at least for reciting: “a second dielectric on the front surface of the

substrate; an anti-reflective coating on the second dielectric.”

As explained, it is respectfully submitted that the combination ofMeier, Okayasu,

Gan, Foglietti and Wenham does not teach or suggest an anti-reflective coating that is

9

formed on a dielectric on the front surface of the substrate.

Claims 10-12 and 14 are patentable over the combination ofMeier, Okayasu, Gan,

Foglietti and Wenham at least for depending from claim 9.

V. CONCLUSION

For at least the above reasons, allowance of the pending claims is respectfully

requested.

Respectfully submitted,

Dated: _November 8, 2017 /Patrick D. Benedicto/
Patrick D. Benedicto, Reg. No. 40,909
Okamoto & Benedicto LLP
P.O. Box 641330
San Jose, CA 95164
Tel.: (408)436-2112
Fax.: (408)436-2114
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CLAIMS APPENDIX

CLAIMS INVOLVED IN THE APPEAL

1. A solar cell, comprising:

a substrate having a front surface that faces the sun to collect solar radiation

during normal operation and a back surface opposite the front surface;

an oxide layer disposed on the front surface of the substrate;

an anti-reflective coating on the oxide layer;

a tunnel dielectric disposed over the back surface of the substrate;

an emitter disposed over the tunnel dielectric, the emitter forming a backside

junction with the substrate;

a doped diffusion region in the substrate;

a front electrode that is coupled to the doped diffusion region on the front surface

of the substrate; and

a back electrode that is coupled to the emitter on the back surface of the substrate.

2. The solar cell of claim 1, wherein the emitter is a polysilicon emitter.

3. The solar cell of claim 1, wherein the substrate is a monocrystalline silicon

substrate.

4, The solar cell of claim 1, wherein the tunnel dielectric is a tunnel oxide.

7. The solar cell of claim 1, wherein the back electrode includes silver.

9. A solar cell, comprising:

a substrate having a front surface that faces the sun to collect solar radiation

during normal operation and a back surface opposite the front surface;

a doped diffusion region in the substrate on the front surface of the substrate;

13
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an emitter over the back surface of the substrate, the emitter forming a backside

junction with the substrate;

a first dielectric between the emitter and the back surface;

a front electrode disposed on the front surface of the substrate and is coupled to

the doped diffusion region;

a second dielectric on the front surface of the substrate;

an anti-reflective coating on the second dielectric; and

a back electrode disposed on the back surface of the substrate.

10. The solar cell of claim 9, wherein the emitter is a polysilicon emitter.

11. The solar cell of claim 9, wherein the substrate is amonocrystalline silicon

substrate.

12. The solar cell of claim 9, wherein the first dielectric is an oxide.

14. The solar cell of claim 9, wherein the back electrode includes silver.

14
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(1) Grounds of Rejection to be Reviewed on Appeal

Every ground of rejection set forth in the Office action dated 10/02/2017 from

which the appeal is taken is being maintained by the examiner except for the grounds of

rejection (if any) listed under the subheading “WITHDRAWN REJECTIONS.” New

grounds of rejection (if any) are provided under the subheading “NEW GROUNDS OF

REJECTION.”

The following ground(s) of rejection are applicable to the appealed claims.

Claim Rejections - 35 USC § 103

Claims 1-4, 7, 9-12 and 14 are rejected under pre-AlA 35 U.S.C. 103(a) as

being unpatentable over Meier (US 6,262,359) in view of Okayasu (JP07-106611,

Human Translation) in view of Borden (WO 2009/094578 A2) and in further view of

Wenham (6,429,037 B1).

Regarding claims 1-4 and 9-12, Meier discloses a solar cell comprising (see Fig.

3D, C5/L38-C6/L55):

a substrate (218 n-type) having a front surface that faces the sun to collect solar

radiation during normal operation and a back surface opposite the front surface;

an emitter (220 p-type) forming a backside junction with the substrate;

a front surface field (216), high doped concentration area (n+), on the front

surface of the substrate;

an anti-reflection (214) coating on the top most surface of the solar cell;

a front electrode disposed over the front surface of the substrate (212);

a back electrode disposed over the back surface of the substrate (222).
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However, Meier does not disclose that the emitter is a polysilicon emitter or that

the front surface field is formed of polysilicon and that there is a tunnel dielectric formed

between the emitter and the back surface of the substrate or that there is a tunnel

dielectric formed between the front surface field and the substrate.

Okayasu discloses that instead of forming an emitter or surface field from a

portion of a substrate which is doped, an emitter or surface field can be formed using a

doped polysilicon layer ([(0005] [0009], Abstract) and by forming an emitter or surface

field this way the thickness can be more accurately controlled and it prevents generation

of floating foreign matter ([0008] [0009)).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to replace the method of forming the emitter/tront surface field from a portion

of a substrate of Meier and instead forming the emitter and front surface field by using a

doped polysilicon layer as disclosed by Okayasu because the thickness can be more

accurately controlled and it prevent generation of floating foreign matter.

However, modified Meier does not discloses a tunneling dielectric oxide between

the emitter/front surface field and the substrate.

Borden discloses that tunnel oxides can be used in solar cells between doped

polysilicon and monocrystalline substrates [0016] and can be formed on both the front

and back surfaces of a monocrystalline substrate.

Furthermore, Borden discloses that by providing the tunneling layer it prevents

epitaxial growth of the emitter layer and further it protects the surface from plasma

damage of the deposited emitter layer [0015].
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It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the interface between polycrystalline layers and monocrystalline

substrate back and front surfaces of modified Meier by having a tunneling oxide at the

interfaces because it prevents epitaxial growth of the emitter layer and further it protects

the crystalline surface from plasma damage of the deposited emitter layer.

Modified Meier discloses a first tunnel dielectric between the emitter and back

surface and a second tunnel dielectric at the front surface of the substrate.

However, modified Meier does not disclose that doped region in the substrate.

Wenham discloses a solar cell wherein the area beneath point contacts includes

areas of high doping which is important for reducing contact resistance (see Fig. 5,

portions 18 and 23) (C1/L25-41).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the front surface field formed in the substrate of modified Meier by

adding in highly doped regions under the metallic contacts as disclosed by Wenham

because doing so reduces the contact resistance and will improve the efficiency of the

solar cell.

a

a

Regarding claims 7 and 14, modified Meier discloses all of the claim limitations

as set forth above.

However, Meier does not disclose that the electrode that is in contact with the p-

type polysilicon layer is silver.

Okayasu discloses that the back electrode on the polysilicon emitter is formed of

a silver electrode [0044].
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It would have been obvious to one of ordinary skill in the art at the time of the

invention to replace the aluminum electrode of Meier with the silver electrode of

Okayasu because one of ordinary skill in the art would have been able to carry out such

a substitution, and the results would be reasonably predictable.

Claims 1-4, 7, 9-12 and 14 are rejected under pre-AlA 35 U.S.C. 103(a) as

being unpatentable over Meier (US 6,262,359) in view of Okayasu (JP07-106611,

Machine Translation) in view of Foglietti (US 2002/0142500 A1) in view of Gan

(Polysilicon Emitters for Silicon Concentrator Solar Cells) and in further view of

Wenham (6,429,037 B1).

Regarding claims 1-4 and 9-12, Meier discloses a solar cell comprising (see Fig.

3D, C5/L38-C6/L55):

a substrate (218 n-type) having a front surface that faces the sun to collect solar

radiation during normal operation and a back surface opposite the front surface;

an emitter (220 p-type) forming a backside junction with the substrate;

a front surface field (216), high doped concentration area (n+), on the front

surface of the substrate;

an anti-reflection (214) coating on the top most surface of the solar cell;

a front electrode disposed over the front surface of the substrate (212);

a back electrode disposed over the back surface of the substrate (222).

However, Meier does not disclose that the emitter is a polysilicon emitter or that

the front surface field is formed of polysilicon and that there is a tunnel dielectric formed

between the emitter and the back surface of the substrate or that there is a tunnel

dielectric formed between the front surface field and the substrate.



Application/Control Number:14/504,771 Page7
Art Unit:1757

Okayasu discloses that instead of forming an emitter or surface field from a

portion of a substrate which is doped, an emitter or surface field can be formed using a

doped polysilicon layer ([0005][0009], Abstract) and by forming an emitter or surface

field this way the thickness can be more accurately controlled and it prevents generation

of floating foreign matter ([0008] [0009)).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to replace the method of forming the emitter/front surface field from a portion

of a substrate of Meier and instead forming the emitter and front surface field by using a

doped polysilicon layer as disclosed by Okayasu because the thickness can be more

accurately controlled and it prevent generation of floating foreign matter.

However, modified Meier does not discloses a tunneling dielectric oxide at the

interfaces between the emitter and the substrate and the front surface field and the

substrate.

Foglietti discloses that polycrystalline growth directly on crystalline silicon results

in partial realignment of the polycrystalline grains and to suppress this effect a thin oxide

can be grown ([0046)).

Gan discloses that the presence of a stable thermal oxide betweena polysilicon

emitter and a CZ wafer (See pg. 248, first column, and Table 1) results in recombination

occurring primary at the oxide interface and that the presence of this oxide at the

interface can be useful for silicon solar cells with polysilicon emitters (See Conclusion,

pg. 249).

It would have been obvious to one of ordinary skill in the art at the time of the

a

invention to modify the interface between the doped polysilicon regions and the
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monocrystalline substrate by adding an interfacial oxide as disclosed by Fogiletti and

Gan because it will allow for optimal grown of the polysilicon region and furthermore will

result in recombination primarily occurring at the oxide interface.

Modified Meier disclosesa first tunnel dielectric between the emitter and back

surface and a second tunnel dielectric at the front surface of the substrate.

However, modified Meier does not disclose that doped region in the substrate.

Wenham discloses a solar cell wherein the area beneath point contacts includes

areas of high doping which is important for reducing contact resistance (see Fig. 5,

portions 18 and 23) (C1/L25-41).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the front surface field formed in the substrate of modified Meier by

adding in highly doped regions under the metallic contacts as disclosed by Wenham

because doing so reduces the contact resistance and will improve the efficiency of the

solar cell.

a

Regarding claims 7 and 14, modified Meier discloses all of the claim limitations

as set forth above.

However, Meier does not disclose that the electrode that is in contact with the p-

type polysilicon layer is silver.

Okayasu discloses that the back electrode on the polysilicon emitter is formed of

a silver electrode [0044].

It would have been obvious to one of ordinary skill in the art at the time of the

invention to replace the aluminum electrode of Meier with the silver electrode of
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Okayasu because one of ordinary skill in the art would have been able to carry out such

a substitution, and the results would be reasonably predictable.

(2) Response to Argument

A. Arguments with respect to claims 1-4, 7, 9-12, and 14 under pre-AlA 35

U.S.C. §103(a) as being unpatentable over Meier (US 6,262,359), in view of

Okayasu (JP 07-106611), in view of Borden (US WO 2009/094578 A2) and further

in view of Wenham (US 6,429,037).

1. Backside junction emitter with tunnel dielectric

Appellant argues with respect to claim 1 that while Meier discloses a backside

junction formed between the emitter (220) and base (228) Meier does not disclose the

tunnel oxide between the base and emitter. Furthermore, if there were a tunnel oxide

present in Meier the formation of the emitter would not be possible since it is formed

from diffusion with the contact layer (222).

Appellant further argues that Okayasu discloses a BSF solar cell and that a BSF

layer cannot form a backside junction with the substrate and therefore the combination

of Meier and Okayasu is not possible.

Appellant further argues that Okayasu discloses that thermal diffusion method

which involves diffusion of dopant gas and that it is not the same as contact diffusion

and while Okayasu discloses that thermal gas diffusion can be replaced with plasma

CVD to form the BSF one would not have done the replacement for contact diffusion.

Furthermore, Appellant argues that plasma CVD also has disadvantages which include

particulate contamination so one of ordinary skill would have not been motivated to use

the plasma CVD of Okayasu.
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Appellant further argues that Borden does not disclose any particular structure of

a polysilicon/tunnel oxide/substrate which forms a backside junction.

Examiner respectfully disagrees and points to Figure below for discussion of

modifications made to Meier.
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Meier discloses method of forming a junction which consists of a p-type emitter

(220) formed on an n-type substrate (218) which comprises using the aluminum

electrode (222) as a p-type dopant material and driving in those dopants through

annealing (C6/L35-50). Meier discloses the presence of the junction (224) on the

backside of the solar cell.

In addition, Meier discloses the presence of a front surface field (216-n+-type

layer) which comprises the same type of dopant as the n-type substrate and that the

front surface field is formed through thermal diffusion (C5/L43-49)

Okayasu discloses an alternative method of forming a doped emitter or a surface

field on a doped substrate. Okayasu discloses depositing a doped polysilicon emitter

and a doped surface field on a doped single crystalline substrate ([0014] [0043)).

Okayasu also discloses that the method of depositing doped polysilicon layers is

preferable to that of thermal diffusion which involves heating and driving in dopants

because it can be performed at lower temperatures which prevents damage to the

substrate and furthermore the thickness of the emitter can be more accurately

controlled ([0008]).

Okayasu discloses that in thermal diffusion the dopant source can be provided in

one of two ways (see [0005] of Okayasu) either dopant gas (as in the case of the front

surface field formed by Meier, see Meier C5/L43-49) or a p-type Al layer (as in the

emitter formed by Meier, see Meier C6/L35-50) is laminated on the single crystal

substrate (see [0005] of Okayasu). Okayasu further discloses that after the dopant is

provided the substrate is heated to 1000°C ([0005)) and it is difficult to control the
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thickness of the doped layers provided this way and degradation of the substrate is

known to occur at high temperatures ([O0006]-[0008)).

Therefore, it would have been obvious to one of ordinary skill in the art at the

time of the invention to replace the emitter and surface field of Meier with the p-type

polysilicon layer and n-type polysilicon of Okayasu, respectively, because of the above

advantages.

Examiner notes that Borden was used to provide motivation for providing a

tunnel oxide between the polysilicon emitter/surface field and the monocrystalline

substrate not to teach the presence of a backside junction.

Borden discloses that tunnel oxides can be used in solar cells between doped

polysilicon and monocrystalline substrates [0016]. Furthermore, Borden discloses that

by providing the tunneling layer it prevents epitaxial growth of the emitter layer and

further it protects the surface from plasma damage of the deposited emitter layer [0008].

Thus it would have been obvious to modify the interfaces between polysilicon

layers of the emitter and front surface field and monocrystalline substrates of modified

Meier by having a tunneling oxide because it prevents epitaxial growth of the emitter

layer and further it protects the crystalline surface from plasma damage of the deposited

emitter layer.

2. Anti-reflective Coating On An Oxide Layer

Appellant further argues that anti-reflective layer of Meier (see Fig. 3D, 214) does

not disclose that the anti-reflective layer is formed on an oxide layer and is instead

formed on the surface of substrate.
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Appellant further argues that Borden does not alleviate this deficiency since

Borden discloses that there is a polysilicon on an oxide coating on the front surface not

an anti-reflective coating on an oxide coating.

Examiner finds that modified Meier discloses between the polysilicon front

surface field and the base substrate there is an oxide layer on the front surface of the

substrate (see Figure above, tunnel oxide on front and back surfaces). Therefore the

anti-reflection layer (214) of Meier is on the tunnel oxide layer which is provided on the

front surface of the substrate on the polysilicon layer (see Figure provided above).

B. Arguments with respect to claims 1-4, 7, 9-12, and 14 under pre-AlA 35

U.S.C. §103(a) as being unpatentable over Meier (US 6,262,359) in view of

Okayasu (JP07-106611, Machine Translation) in view of Foglietti (US

2002/0142500 A1) in view of Gan (Polysilicon Emitters for Silicon Concentrator

Solar Cells) and in further view of Wenham (6,429,037 B1).

1. Backside junction emitter with tunnel dielectric

Appellant argues with respect to claim 1 that while Meier discloses a backside

junction formed between the emitter (220) and base (228) Meier does not disclose the

tunnel oxide between the base and emitter. Furthermore, if there were a tunnel oxide

present in Meier the formation of the emitter would not be possible since it is formed

from diffusion with the contact layer (222).

Appellant further argues that Okayasu discloses a BSF solar cell and that a BSF

layer cannot form a backside junction with the substrate and therefore the combination

of Meier and Okayasu is not possible.
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Appellant further argues that Okayasu discloses that thermal diffusion method

which involves diffusion of dopant gas and that it is not the same as contact diffusion

and while Okayasu discloses that thermal gas diffusion can be replaced with plasma

CVD to form the BSF one would not have done the replacement for contact diffusion.

Furthermore, Appellant argues that plasma CVD also has disadvantages which include

particulate contamination so one of ordinary skill would have not been motivated to use

the plasma CVD of Okayasu.

Appellant further argues that neither Gan or Fogiletti disclose any particular

structure of a polysilicon/tunnel oxide/substrate which form a backside junction.

Examiner respectfully disagrees and points to Figure above for discussion of

modifications made to Meier.

Meier discloses method of forming a junction which consists of a p-type emitter

(220) formed on an n-type substrate (218) which comprises using the electrode (222) as

a p-type dopant material and driving in those dopants through annealing (C6/L35-50).

Meier discloses the presence of the junction on the backside of the solar cell.

In addition, Meier discloses the presence of a front surface field (216-n+-type

layer) which comprises the same type of dopant as the n-type substrate and that the

front surface field is formed through thermal diffusion (C5/L43-49)

Okayasu discloses an alternative method of forming a doped emitter or a surface

field on a doped substrate. Okayasu discloses depositing a doped polysilicon emitter

and a doped surface field on a doped single crystalline substrate ({0014] [0043)).

Okayasu also discloses that the method of depositing doped polysilicon layers is

preferable to that of thermal diffusion which involves heating and driving in dopants



Application/Control Number:14/504,771 Page15
Art Unit:1757

because it can be performed at lower temperatures which prevents damage to the

substrate and furthermore the thickness of the emitter can be more accurately

controlled ([0008)).

Okayasu discloses that in thermal diffusion the dopant source can be provided in

one of two ways either dopant gas (as in the case of the front surface field formed by

Meier, see Meier C5/L43-49) or a p-type Al layer (as in the emitter formed by Meier, see

Meier C6/L35-50) is laminated on the single crystal substrate (see [0005] of Okayasu).

Okayasu further discloses that after the dopant is provided the substrate is heated to

1000°C ([0005]) and it is difficult to control the thickness of the doped layers provided

this way and degradation of the substrate is known to occur at high temperatures

({0006]-[0008)).

Therefore, it would have been obvious to one of ordinary skill in the art at the

time of the invention to replace the emitter and surface field of Meier with the p-type

polysilicon layer and n-type polysilicon of Okayasu, respectively, because of the above

advantages.

Examiner notes that Gan and Fogiletti was used to provide motivation for

providing a tunnel oxide between the polysilicon emitter and the monocrystalline

substrate not to teach the presence of a backside junction.

Foglietti discloses that polycrystalline growth directly on crystalline silicon results

in partial realignment of the polycrystalline grains and to suppress this effect a thin oxide

can be grown ([0046)).

Gan discloses that the presence of a stable thermal oxide betweena polysilicona

emitter and a CZ wafer (See pg. 248, first column, and Table 1) results in recombination



Application/Control Number:14/504,771 Page16
Art Unit:1757

occurring primary at the oxide interface and that the presence of this oxide at the

interface can be useful for silicon solar cells with polysilicon emitters (See Conclusion,

pg. 249).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the interface between the doped polysilicon regions and the

monocrystalline substrate by adding an interfacial oxide as disclosed by Fogiletti and

Gan because it will allow for optimal grown of the polysilicon region and furthermore will

result in recombination primarily occurring at the oxide interface.

2. Anti-reflective Coating On An Oxide Layer

Appellant further argues that anti-reflective layer of Meier (see Fig. 3D, 214) does

not disclose that the anti-reflective layer is formed on an oxide layer and is instead

formed on the surface of substrate.

Appellant further argues that Gan and Fogiletti do not alleviate this deficiency

since neither discloses that there is a polysilicon on a oxide coating on the front surface

not an anti-reflective coating on an oxide coating.

Examiner finds that modified Meier discloses between the polysilicon front

surface field and the base substrate there is an oxide layer on the front surface of the

substrate (See Figure above). Therefore the anti-reflection layer (214) of Meier is on the

tunnel oxide layer which is provided on the front surface of the substrate (See Fig.

Above).
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For the above reasons, it is believed that the rejections should be sustained.

Respectfully submitted,

/DEVINA PILLAY/
Primary Examiner, Art Unit 1757

Conferees:
/JEFFREY T BARTON/
Supervisory Patent Examiner, Art Unit 1757

/Jennifer McNeil/
Primary Examiner, TC 1700

Requirement to pay appeal forwarding fee. In order to avoid dismissal of the instant

appeal in any application or ex parte reexamination proceeding, 37 CFR 41.45 requires

payment of an appeal forwarding fee within the time permitted by 37 CFR 41.45(a),

unless appellant had timely paid the fee for filing a brief required by 37 CFR 41.20(b) in

effect on March 18, 2013.
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This Reply Brief is responsive to the Examiner’s Answer mailed March 19, 2018,

and follows the Appeal Brief submitted by the appellant on November 8, 2017.
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REMARKS

This Reply Brief responds to the contentions in the Examiner’s Answer. Detailed

explanations why the pending claims are patentable over the references of record are

provided in the Appeal Brief, and not repeated here in the interest of clarity and brevity.

A. CLAIMS 1-4, 7, 9-12, and 14

Claims 1-4, 7, 9-12, and 14 are rejected under pre-AIA 35 U.S.C. §103(a) as

being unpatentable over Meier (US 6,262,359), in view ofOkayasu (JP 07-106611), in

view of Borden (US WO 2009/094578 A2) and further in view ofWenham (US

6,429,037). The rejection is respectfully traversed.

1. Backside junction emitter with tunnel dielectric

Claim 1 is patentable over the combination ofMeier, Okayasu, Borden and

Wenham at least for reciting: “a tunnel dielectric disposed over the back surface of the

substrate; an emitter disposed over the tunnel dielectric, the emitter forming a backside

junction with the substrate.” Claim 1 recites a structure of a solar cell. In the

embodiment of claim 1, the solar cell has an emitter that is disposed over a tunnel

dielectric and forms a backside (i.e., the side opposite the light incident side) junction

with the substrate.

The drawing on page 10 of the Examiner’s Answer shows the extent of the

proposed modification to Meier. Comparing Meir’s original structure,

216 12 1424
218

21

n-Si

220 FIG. 3D 230

to the modified structure,
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one can see immediate major differences.

First, in the original structure, the backside junction 224 is formed by anN-type
base layer 218 and a P-type layer 220, both ofwhich are within an N-type single crystal

silicon substrate (Meier, column 5, lines 43-49). There is no intervening material, such as

the tunnel oxide layer and the P-type polycrystalline layer in themodified structure,

between the P-type layer 220 and the N-type base layer 218 because it would block

contact of the aluminum contact layer 222 to the substrate to form the P-type layer 220

therein as taught by Meier (Meier, column 6, lines 46-66).

Second, the original structure has a P-type layer220 within the silicon substrate,

whereas the P-type layer 220 is external to the substrate in the modified structure. With

regards to solar cell backside structures, Okayasu discloses an alternative way of forming

a back surface field (BSF) layer (Okayasu, paragraph 1). A BSF layer forms a high-low

(HL) junction, i.e., the highly doped and lightly doped layers of the BSF have the same

polarity on the backside of the solar cell (Okayasu, paragraph 14) This is opposite to a

backside junction, whose layers have oppositepolarity on the backside of the solar cell.

In other words, the proposed modification uses Okayasu’s teaching of forming a BSF

layer on the backside of the solar cell for a totally different function (i.e., to form a

backside junction) in Meier.

Third, the original structure has no tunnel dielectric, whereas the modified

structure has a tunnel dielectric. The Examiner’s Answer indicates that Borden (or

Foglietti and Gan in the other set of rejections) was used to provide motivation for

providing a tunnel oxide between a polysilicon layer and amonocrystalline substrate. It

is respectfully submitted that just because a tunnel oxide can be used between a

3
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polysilicon layer and amonocrystalline substrate does notmean that one of ordinary skill

in the art would do so for a particular structure as claimed. Here, Okayasu itself, the

source of the polysilicon layer in the modified structure, does not teach a tunnel oxide

between polysilicon and the substrate.

It is thus respectfully submitted that, comparing the original structure to the

modified structure, the rejection is based on extensive modifications that could not have

been made without guidance from the present application.

2. Anti-reflective Coating On An Oxide Layer

Claim | is patentable over the combination ofMeier, Okayasu, Borden, and

Wenham at least for reciting: “an oxide layer disposed on the front surface of the

substrate; an anti-reflective coating on the oxide layer.”
In the embodiment of claim 1, an oxide layer is disposed on the front surface of

the substrate, and an anti-reflective coating is on the oxide layer.

As explained in the appeal brief, Meier and Borden do not disclose an anti-

reflective coating on an oxide layer.

The Examiner’s Answer indicates that “Examiner finds that modified Meier

discloses between the polysilicon front surface field and the base substrate there is an

oxide layer on the front surface of the substrate (see Figure above, tunnel oxide on front

and back surfaces)” (Examiner’s Answer, page 13). It is respectfully submitted that the

Examiner’s Answer does not provide articulated reasoning on how a tunnel oxide ends up

on the front side of the modified structure.

The modified structure has anN-type polycrystalline layer and a tunnel oxide on

the front or light incident side of the substrate. It is respectfully submitted that there is no

support for this modification. In the modified structure, a polycrystalline layer is on both

sides of the substrate, with a tunnel oxide on both sides of the substrate. It is respectfully

submitted that there is no teaching or suggestion in the prior art that a polycrystalline

layer with a tunnel oxide can be used on both sides of the substrate, or whether such as

solar cell structure would even work or would have practical efficiency given that the

4
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polycrystalline layer and the tunnel oxide would have to receive and allow light to pass

through on the front side (i.e., light incident side).

Therefore, it is respectfully submitted that claim 1 is patentable over the

combination ofMeier, Okayasu, Borden, and Wenham.

Claims 2-4 are patentable over the combination ofMeier, Okayasu, Borden, and

Wenham at least for depending from claim 1.

Claim9 is patentable over the combination ofMeier, Okayasu, Borden, and

Wenham at least for reciting: “an emitter over the back surface of the substrate, the

emitter forming a backside junction with the substrate; a first dielectric between the

emitter and the back surface.”

As explained, it is respectfully submitted that the combination ofMeier, Okayasu,

Borden, and Wenham does not teach or suggest a backside junction emitter anda first

dielectric between the backside junction emitter and the back surface of the substrate.

Claim 9 is further patentable over the combination ofMeier, Okayasu, Borden,

and Wenham at least for reciting: “a second dielectric on the front surface of the substrate;

an anti-reflective coating on the second dielectric.”

As explained, it is respectfully submitted that the combination ofMeier, Okayasu,

Borden, and Wenham does not teach or suggest an anti-reflective coating that is formed

9

a

on a dielectric on the front surface of the substrate.a

Claims 10-12 are patentable over the combination ofMeier, Okayasu, Borden,

and Wenham at least for depending from claim 9.

B. CLAIMS 1-4, 7, 9-12, and 14

Claims 1-4, 7, 9-12, and 14 are rejected under pre-AIA 35 U.S.C. §103(a) as

being unpatentable over Meier (US 6,262,359), in view ofOkayasu (JP 07-106611), in

view of Foglietti CUS 2002/0142500), in view ofGan (Polysilicon Emittersfor Silicon

Concentrator Solar Cells), and further in view ofWenham (US 6,429,037). The

rejection is respectfully traversed.
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The Examiner’s Answer provides substantially the same reasoning for this set of

rejection. Appellant accordingly replies as provided above.

C. CONCLUSION

For at least the above reasons, allowance of the pending claims is respectfully

requested.

Respectfully submitted,

Dated: MAT 7, 1018 Pin PY Orc. TO

Patrick D. Benedicto, Reg. No. 40,909
Okamoto & Benedicto LLP

Te

P.O. Box 641330
San Jose, CA 95164
Tel.: (408)436-2110
Fax.: (408)436-2114
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UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

Exparte PETER JOHN COUSINSJC

Appeal 2018-005662
Application 14/504,771
Technology Center 1700

Before KAREN M. HASTINGS, JEFFREY R. SNAY, and
DEBRA L. DENNETT, Administrative Patent Judges.

DENNETT, Administrative Patent Judge.

DECISION ON APPEAL!

' Tn our Decision, we refer to Application 14/504,771 filed October 2, 2012
as the “’771 Specification” (“Spec.”); the Final Office Action dated October
2, 2017 (“Final Act.”); the Appeal Brief filed November 8, 2017 (“App.
Br.”’); the Examiner’s Answer dated March 19, 2018 (“Ans.”); and the Reply
Brief filed May 8, 2018 (“Reply Br.”).
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STATEMENT OF THE CASE

Appellant” appeals under 35 U.S.C. § 134(a) froma rejection of

claims 1-4, 7, 9-12, and 14. We have jurisdiction under 35 U.S.C. § 6(b).

We AFFIRM.

The subject matter on appeal relates to bipolar solar cells that include

a backside junction formed by an N-type silicon substrate and a P-type

polysilicon emitter formed on the backside of the solar cell, and an anti-

reflection layer formed on a textured front surface of the silicon substrate.

Spec. 2, ll. 14-16. The Specification describes a negative polarity metal

contact on the front side of the solar cell making electrical connection to the

substrate, and a positive polarity metal contact on the backside of the solar

cell making electrical connection to the polysilicon emitter. Spec. 2, ll. 17—

19. The ’771 Specification explains that front contact solar cells with

electrical connection to a diffusion region on the front side of the solar cell

are less aesthetic, and thus less preferred, for residential applications. Spec.

2, ll. 3-8. Where aesthetics are not a major requirement, such as in power

plants and other applications where power generation is the main concern,

front contact solar cells such as the disclosed structures are said to provide a

relatively efficient and cost-effective device. Spec. 2, Il. 6-11.

Figure | of the ’771 Application, reproduced below, shows a

schematic cross-section of solar cell 100° in accordance with an embodiment

a

of the invention. Spec. 4, Il. 3-4.

2 Appellant identifies SunPower Corporation as the real party in interest.
App. Br. 1.
> Labels to elements are presented in bold font thru out this Decision,
regardless of their presentation in the original document.
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FIG. 4

Solar cell 100 has a front side where metal contact 102 is located and

a backside on a same side as metal contact 110. Spec. 4, Il. 4-5. The front

side faces the sun during normal operation to collect solar radiation. Spec.

4,1. 5. Solar cell 100 includes a backside junction formed by a P-type doped

polysilicon emitter 108 serving as a P-type diffusion region and an N-type

silicon substrate 101 serving as an N-type diffusion region. Spec. 4, Il. 7-9.

The front side surface of the substrate 101 is randomly textured (labeled as

113) and includes N-type doped regions 105 and 106 formed in the

substrate. Spec. 4, Il. 12-14. N-type doped region 105 provides low front

surface recombination and region 106 provides low contact resistance and

minimizes contact recombination. Spec. 4, ll. 14-17. Anti-reflective

coating of silicon nitride layer 103 is formed on the textured front side

surface of the substrate 101. Spec. 4, ll. 22-23. Passivating oxide 124 may

comprise silicon dioxide thermally grown on the front side surface of the

substrate 101. Spec. 5, Il. 1-2. Polysilicon emitter 108 may be formed on

tunnel oxide layer 107. Spec. 5, ll. 4-5. Metal contact 110 electrically

connects to polysilicon emitter 108 and provides a positive polarity terminal

to allow an external electrical circuit to be coupled to and be powered by

3
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solar cell 100. Spec. 5, ll. 10-14. On the front side of solar cell 100, metal

contact 102 electrically connects to region 106 through contact holes

through the silicon nitride layer 103 and provides a negative polarity

terminal to allow an external electrical circuit to be coupled to and be

powered by solar cell 100. Spec. 5, Il. 19-22.

Claim 1, reproduced below, illustrates the claimed subject matter:

1. A solar cell, comprising:

a substrate having a front surface that faces the sun to
collect solar radiation during normal operation and a back
surface opposite the front surface;

an oxide layer disposed on the front surface of the
substrate;

an anti-reflective coating on the oxide layer;

a tunnel dielectric disposed over the back surface of the
substrate;

an emitter disposed over the tunnel dielectric, the emitter
forming a backside junction with the substrate;

a doped diffusion region in the substrate;

a front electrode that is coupled to the doped diffusion
region on the front surface of the substrate; and

a back electrode that is coupled to the emitter on the back
surface of the substrate.

App. Br. 13 (Claims App.).
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REFERENCES
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on appeal:

Meier et al. US 6,262,359 Bl July 17, 2001
(“Meier”)

Wenham et al. US 6,429,037 Bl Aug. 6, 2002
(“Wenham’’)

Foglietti et al. US 20002/0142500 Al Oct. 3, 2002
(“Foglietti”)

Okayasu et al.

(“Okayasu’’)4 JP 07106611 Apr. 21, 1995
Borden WO 2009/094578 A2 July 30, 2009

Gan and Swanson, POLYSILICONEMITTERS FOR SILICON
CONCENTRATOR SOLAR CELLS, Stanford Electronics Laboratories,
Electric Power Research Institute, 1 Conf. Record of IEEE
Photovoltaic Specialists Conf., 245-250 (1990)

REJECTIONS
The Examiner maintains the following rejections under 35 U.S.C.

§ 103(a)°: (1) claims 144, 7, 9-12, and 14 over Meier in view ofOkayasu,

Borden, and Wenham; and (2) claims 1-4, 7, 9-12, and 14 over Meier in

view ofOkayasu, Foglietti, Gan, and Wenham. Final Act. 2-8.

* The Examiner refers to a human translation ofOkayasu (see Final Act. 2)
to which Appellant does not object.
> Because this application was filed before the March 16, 2013, effective
date of the America Invents Act, we refer to the pre-AIA version of the
statute.
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OPINION

Rejection I over Meier in view ofOkayasu, Borden, and Wenham

Appellant argues for patentability of claim 1 and its dependent claims

2—4 and 7 as a group, and for claim 9 and its dependent claims 10—12 as a

group. App. Br. 3—7. However, Appellant’s arguments regarding claim 9 do

not differ substantively from those made in support ofpatentability of claim

1. Compare App. Br. 3-6 with App. Br. 7. We, therefore, select claim 1 as

representative of the group. 37 C.F.R. § 41.37(c)(1)(iv).
With respect to claim 1, the Examiner finds that Meier teaches the

majority of the limitations. Final Act. 3. The Examiner finds that Meier

teaches a method of forming a junction consisting of a p-type emitter on an

n-type substrate which comprises using an aluminum electrode as a p-type

dopant material and driving the dopant in through annealing. Ans. 11 (citing

Meier col. 6, Il. 35-50). The Examiner further finds that Meier discloses the

presence of a front surface field formed through thermal diffusion and

comprised of the same type of dopant as the n-type substrate. /d. (citing
Meier col. 5, ll. 43-49),

The Examiner finds that Okayasu discloses an alternative method for

forming a doped emitter or a surface field on a dope substrate. Id. The

Examiner finds that Okayasu teaches depositing a doped polysilicon emitter

and dope surface field on a doped single crystalline substrate. Jd. (citing

Okayasu Jf 14, 43). The Examiner finds that Okayasu teaches that its

method of depositing doped polysilicon layers is preferable to that of

thermal diffusion (as taught in Meier) because it can be performed at lower

temperatures, preventing damage to the substrate, and allows more accurate

control of the emitter thickness. /d. (citing Okayasu § 8).
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The Examiner concludes that one ofordinary skill in the art at the

time of the invention would have found it obvious to employ Okayasu’s
method of forming an emitter or surface field in Meier’s back junction solar

cell for the advantages articulated by Okayasu. Jd. at 12.

The Examiner finds that Meier as modified by Okayasu does not

disclose a tunneling dielectric oxide between the emitter/front surface field

and the substrate. Final Act. 4. However, the Examiner finds that Borden

discloses that tunnel oxides can be used in solar cells between doped

polysilicon and monocrystalline substrates on both front and back surfaces

of the monocrystalline substrate. Jd. The Examiner finds that Borden

teaches that the tunnel oxide prevent epitaxial growth of amorphous silicon

and provides a layer to protect the surface from plasma damage of the

deposited emitter layer. /d.° The Examiner concludes that it would have

been obvious to the skilled artisan to modify the interface between

polycrystalline layers and a monocrystalline substrate front and back surface

by having a tunneling oxide at the interfaces for the benefits expressed by
Borden. Jd.

The Examiner provides annotated figures, reproduced on the next

page, in support of the rejection:

© The Examiner cites to paragraph 15 of Borden in support of the finding,
however, the disclosure is found at paragraph 8.
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Figure A is a reproduction ofMeier Figure 3D annotated by the

Examiner to identify a junction consisting ofp-type emitter 220 formed on

n-type substrate 218 which comprises using aluminum electrode 222 as a p-

type dopant material. /d. at 11 (citing Meier col. 6, ll. 35-50). The dopants

are driven into the substrate through annealing. /d. Junction 224 is shown

on the backside of the solar cell. /d. Front surface field 216 (n+-type

emitter) comprises the same type of dopant as the n-type substrate and is

formed through thermal diffusion. /d. (citing Meier col. 5, Il. 43-49).
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Figure B illustrates the Examiner’s modification ofMeier by

Okayasu. Figure B shows the result ofmodifying Meier such that the

emitter and surface field produced byMeier’s process are replaced with a p-

type polysilicon layer and a n-type polysilicon layer taught by Okayasu. See

Ans. 12.

Figure C shows modification of the combination ofMeier and

Okayasu (Figure B) with tunnel oxide layers taught by Borden. In Figure C

a tunnel oxide layer is shown between the n+-polycrystalline layer and the

substrate and between the p-polycrystalline layer and the substrate.

Appellant argues that the combined references fail to teach a backside

junction emitter with a tunnel dielectric. App. Br. 3—5; see also Reply Br.

2—4. Appellant contends that the original structure has the backside junction
224 formed by n-type base layer 218 and p-type layer 220, both ofwhich are

within the n-type single crystal silicon substrate. Reply Br. 3. Appellant

argues that an intervening layer (tunnel oxide layer) would block contact of

Meier’s aluminum layer contact layer 222 to substrate 218 to form p-type

layer 220.

We do not find Appellant’s arguments persuasive to show reversible

error. The rejection is based on combining Borden with the modified

structure that would result from altering Meier’s method with that of

Okayasu, not on applying Borden’s tunnel oxide layers to Meier’s structure.

See Ans. 11-12. The modifiedMeier solar cell does not require contact of

the aluminum layer with the substrate in order to form the p-type layer.

Rather, the p-type layer of the modified structure is formed by depositing a

doped polysilicon emitter on a doped single crystalline substrate. See

B

Okayasu Jf 14, 43. Appellant’s argument against combining Meier directly

9



Appeal 2018-005662
Application 14/504,771

with Borden thus fails to identify reversible error. In re Jung, 637 F.3d

1356, 1365 (Fed. Cir. 2011) (explaining that even if the examiner had failed

to make a prima facie case, the Board would not have erred in framing the

issue as one of reversible error because it has long been the Board’s practice

to require an appellant to identify the alleged error in the examiner’s

rejections). Each reference cited by the Examiner must be read, not in

isolation, but for what it fairly teaches in combination with the prior art as a

whole. See In re Merck & Co., Inc., 800 F.2d 1091, 1097 (Fed. Cir. 1986).

Appellant’s avoidance ofOkayasu’s disclosures fails to consider the

combination of the entirety of the art cited by the Examiner.

Appellant argues that Okayasu teaches forming a back surface field

(BSF) layer that forms a high-low junction with a highly doped and lightly

doped layer having the same polarity on the backside of the solar cell. Reply
Br. 4. Appellant contends that the proposed modification uses Okayasu’s

teaching of forming a BSF layer on the solar cell backside for a totally

different function (forming a backside junction) in Meier. App. Br. 4; see

also Reply Br. 3. Appellant argues that Meier and Okayasu solve the same

problem: that of the conventional method of forming doped layers. App. Br.

5. According to Appellant, one of skill in the art would not have been

motivated to replace Meier’s contact diffusion method with the BSF

manufacturing method ofOkayasu because Okayasu discloses the plasma

CVD method has advantages, but introduces particulates that deteriorate the

BSF layer. App. Br. 5.

Appellant again fails to persuade us of reversible error. The Examiner

employs Okayasu for its teaching of depositing a doped polysilicon layer on

a doped substrate. See Ans. 11. The rejection is not based ona finding thata

10
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the BSF layer (as opposed to the doped polysilicon layer) can be substituted

forMeier’s p-type emitter. Okayasu discloses that theprior art plasma

CVD method has advantages, but introduces floating foreign substances that

are mixed in the n+ silicon layer ofp+ silicon layer. Okayasu 9.

However, Okayasu addresses preventing generation of floating foreign

substances in the inventive process. /d. § 16. “The prior art must be

considered as a whole for what it teaches.” Medichem, S.A. v. Rolabo, S.L.,
437 F.3d 1157, 1164 (Fed. Cir. 2006). Okayasu would have given the

skilled artisan adequate motivation to combine its teaching with that of

Meier in disclosing the problems associated with the thermal diffusion

method. Jd. {6—8.
In disputing the rejection Appellant also argues that Meier’s original

structure has p-type layer 220 within the silicon substrate, whereas the

modified structure has the p-type layer external to the substrate. Reply Br.

3. However, other than a statement of that difference, Appellant does not

explain its importance.

Appellant contends that Meier’s original structure has no tunnel

dielectric, but the modified structure does. Jd. Appellant argues that merely

because a tunnel oxide can be used between a polysilicon layer and a

monocrystalline substrate does not mean that one of ordinary skill would do

so. Id. at4. Appellant urges that there is no teaching or suggestion in the

prior art that a polycrystalline layer with a tunnel oxide can be used on both

sides of the substrate, or whether such a solar cell structure would work or

have practical efficiency. Jd.

Borden’s invention concerns polysilicon emitter solar cells and

includes forming a masking oxide layer on the front and back of the cell.
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Borden Abstract. The Examiner’s explanation of the reasons one of

ordinary skill in the art would have had to combine Borden’s tunnel oxide

with the modified Meier structure (preventing epitaxial growth of

amorphous silicon and providing a layer to protect the surface from plasma

damage of the deposited emitter layer) is sufficient when an allowance is

made for “the inferences and creative steps that a person ofordinary skill in

the art would employ.” KSR Int’l Co. v. Teleflex Inc., 550 U.S. 398, 418

(2007).

Appellant argues that claim 1 recites an oxide layer disposed on the

front surface of the substrate and an anti-reflective coating on the oxide

layer. App. Br. 6. Appellant contends that Meier discloses an anti-reflective

coating formed on the surface of the substrate (not on an oxide layer) and

Borden does not disclose an anti-reflective coating. Reply Br. 6.

The argument fails to show reversible error. Appellant attacks Meier

and Borden individually, ignoring that the rejection is based on the

combined references. “Non-obviousness cannot be established by attacking

references individually where the rejection is based upon the teachings of a

combination of references.” Jn re Merck & Co., Inc., 800 F.2d 1091, 1097

(Fed. Cir. 1986).

We sustain the rejection of claim 1 for the reasons given above. For

these same reasons, we sustain the rejection of claims 2-4, 7, 9-12, and 14.

Rejection 2 over Meier in view ofOkayasu, Foglietti, Gan, and
Wenham

The Examiner’s findings and Appellant’s arguments in Rejection 2

regarding the combination ofMeier and Okayasu are identical to those in

our discussion of Rejection | supra. We do not repeat them here.
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The Examiner finds that Foglietti discloses that polycrystalline growth

directly on crystalline silicon results in partial realignment of the

polycrystalline grains and this effect can be suppressed by growth of a thin

oxide. Final Act. 7 (citing Foglietti § 46). The Examiner finds that Gan

teaches that he presence of a stable thermal oxide between a polysilicon

emitter and a CZ layer. Jd. The Examiner concludes that it would have been

obvious to one of ordinary skill in the art to modify the interface between the

doped polysilicon regions and the monocrystalline substrate by adding an

interfacial oxide as disclosed by Foglietti and Gan to allow for optimal

growth of the polysilicon region and result in recombination occurring

primarily at the oxide interface. Id.

Appellant’s arguments against combining Foglietti or Gan with the

modified Meier is substantially the same as that made in opposing Rejection

1. Compare App. Br. 10—11 with App. Br. 6-7.

For the reasons provided supra relating to Rejection 1, we do not find

Appellant’s arguments persuasive to show reversible error, and sustain

Rejection 2.
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DECISION

For the above reasons, the Examiner’s rejection of claims 1-4, 7, 9—

12, and 14 is affirmed.

No time period for taking any subsequent action in connection with

this appeal may be extended under 37 C.F.R. § 1.136(a)(1)(iv).

AFFIRMED
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1. C2) Applicant's failure to timely file a proper reply to the Office letter mailed on

(a) CJ A reply was received on (with a Certificate of Mailing or Transmission dated ), which is after the expiration of the

period for reply (including a total extension of time of month(s)) which expired on
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(a) C) The issue fee and publication fee, if applicable, was received on (with a Certificate of Mailing or Transmission dated
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Allowance (PTOL-85).
(b) CZ) The submitted fee of $ is insufficient. A balance of $ is due.

The issue fee required by 37CFR 1.18 is $ . The publication fee, if required by 37 CFR 1.18(d), is $ .

(c) (1) The issue fee and publication fee, if applicable, has not been received.

3. CF Applicant's failure to timely file corrected drawings as required by, and within the three-month period set in, the Notice of
Allowability (PTO-37).

(a} (J Proposed corrected drawings were received on (with a Certificate of Mailing or Transmission dated }, which is
after the expiration of the period for reply.

(b) C No corrected drawings have been received.

4. 2 The letter of express abandonment which is signed by the attorney or agent of record or other party authorized under 37 CFR 1.33
(ob). See 37 CFR 1.138(b).

5. The letter of express abandonment which is signed by an attorney or agent (acting in a representative capacity under 37 CFR
1.34) upon the filing of a continuing application.

6. 4 The decision by the Board of Patent Appeals and Interference rendered on 09 May 2019 and because the period for seeking court
review of the decision has expired and there are no allowed claims.

7. (J The reason(s) below:

/DEVINA PILLAY/
Primary Examiner, Art Unit 1726

Petitions to revive under 37 CFR 1.137, or requests to withdraw the holding of abandonment under 37 CFR 1.181, should be promptly filed to minimize
any negative effects on patent term.
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1. From: Peter John Cousins To: SUNPOWER CORPORATION

The document was recorded in the United States Patent and Trademark Office at

Reel 020595 , Frame 0792
, or for which a copy thereof is attached.

2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

Ifyou need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

4. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

5. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

‘Jackson Ho/ 08-16-2022
Signature Date

Jackson Ho 72,360
Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark
Office may not be able to process and/or examine your submission, which may result in termination of proceedings
or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.
A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.
A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.
A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.
A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).
A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (/.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.
A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to

public inspection or an issued patent.
A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450
Alexandria, Virginia 22313-1450
Www.uspto.gov

14/504,771 10/02/2014 Peter John COUSINS $0123US2
CONFIRMATION NO. 3342

144187 POA ACCEPTANCE LETTER
Schmidt Patent Law, Inc.
2635 N. First Street IhSuite 150 QO0000 360599

San Jose, CA 95134-2000
Date Mailed: 08/29/2022

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 08/16/2022.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the

requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450
Alexandria, Virginia 22313-1450
Www.uspto.gov

14/504,771 10/02/2014 Peter John COUSINS $0123US2
CONFIRMATION NO. 3342

POWER OF ATTORNEY NOTICE144187
Schmidt Patent Law, Inc.
2635 N. First Street IhSuite 150 OO00000 36059880

San Jose, CA 95134-2000
Date Mailed: 08/29/2022

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 08/16/2022.

« The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence
will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the

requirements it sets forth should be directed to the Office
ofData Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.
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