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FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

Inventor: Peter John Cousins

5

REFERENCE TO RELATED APPLICATIONS

This application is a continuation of U.S. Application No. 14/504,7771, filed on

October 2, 2014, which is a continuation of U.S. Application No. 13/495,577, filed on

June 13, 2012, now U.S. Patent No. 8,878,053, 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
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metal contacts coupled to them are on the backside of the solar cell. The metal

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

a

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

-2-



10

15

20

Attorney Docket No. 10031.004212

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

-3-
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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

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
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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

through a 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 anda thickness of about

‘5

a

15-35um.

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
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5mQ.cm anda thickness of about 15m. The pitch between adjacent metal contacts

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

a

4

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

In the example of FIG. 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

60-120um.

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 cell 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 vendorto 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

um 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
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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 a

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.

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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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

‘5

a back electrode disposed over a 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 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;
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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; anda

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

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:

forminga 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

a

a

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

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 dielectric‘5

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

‘5

reflecting layer with an underlying dielectric layer for increased solar radiation collection.
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Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Secrecy Order 37 CFR 5.2:

Inventor Information:

Correspondence Information:

Application Information:

EFS Web 2.2.13

Attorney Docket Number | 10031.004212
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | FRONT CONTACT SOLAR CELLWITH FORMED EMITTER

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

oO
Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor /1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
+l Peter Hohn COUSINS |

Residence Information (Select One) © US Residency Non US Residency Active US Military Service

City | Menlo Park State/Province | [CA | Country of Residencd | US

Remove

Mailing Address of Inventor:

Address 1 c/o SunPower Corporation

Address 2 77 Rio Robles

City
|

San Jose State/Province cA
Postal Code 95134 Countryi

| lus
All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[_] An Address is being provided for the correspondence Information of this application.

Customer Number 74254

Email Address
|

Add Email |Remove Email

Title of the Invention FRONT CONTACT SOLAR CELLWITH FORMED EMITTER

Attorney Docket Number} |10031.004212 Small Entity Status Claimed [_]
Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) i, Suggested Figure for Publication (if any)
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Publication Information:

Representative Information:

Domestic Benefit/National Stage Information:

EFS Web 2.2.13

Application Data Sheet 37 CFR 1.76
Attorney Docket Number 10031 .004212

Application Number

Title of Invention FRONT CONTACT SOLAR CELLWITH FORMED EMITTER

Filing By Reference:
Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information’).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country
filed application

[_] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under
35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Oo

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: e@ Customer Number US Patent Practitioner O Limited Recognition (37 CFR 11.9)

Customer Number 74254

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.
When referring to the current application, please leave the “Application Number’ field blank.

Prior Application Status | Pending ¥ Remove

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

Continuation of 14/504771 2014-10-02

|xm
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Foreign Priority Information:

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition
Applications

EFS Web 2.2.13

Application Data Sheet 37 CFR 1.76
Attorney Docket Number 10031 .004212

Application Number

Title of Invention FRONT CONTACT SOLAR CELLWITH FORMED EMITTER

Prior Application Status | Patented Remove

Application Prior Application Filing Date Issue Date

Number
Continuity Type

Number (YYYY-MM-DD) |
PatentNumber

| (yyyy-mM-DD)

14/504771 Continuation of | 13/495577 2012-06-13 8878053 2014-11-04

Prior Application Status | Patented Remove

Application Prior Application Filing Date Issue Date

Number
Continuity Type

Number (YYYY-MM-DD)
Patent Number =) (yyyy-MM-DD)

13/495577 Division of vy 12/070742 2008-02-20 18222516 2012-07-17

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)' the information will be used by the Office to

automatically attempt retrieval pursuant to 37 CFR 1.55(i){1) and (2). Under the PDX program, applicant bears the ultimate

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55{g){1).

Application Number Country! Filing Date (YYYY-MM-DD)

Remove

Access Codel (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March

[_] 16, 2013.
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined under the first inventor to file provisions of the AIA.

a
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Authorization or Opt-Out of Authorization to Permit Access:

EFS Web 2.2.13

Application Data Sheet 37 CFR 1.76
Attorney Docket Number 10031 .004212

Application Number

Title of Invention FRONT CONTACT SOLAR CELLWITH FORMED EMITTER

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)
(1).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[_] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with

any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[_] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant

application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.

A
B

B
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Applicant Information:

Assignee Information including Non-Applicant Assignee Information:

EFS Web 2.2.13

Application Data Sheet 37 CFR 1.76
Attorney Docket Number 10031 .004212

Application Number

Title of Invention FRONT CONTACT SOLAR CELLWITH FORMED EMITTER

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

e@ Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X]
Organization Name SunPower Corporation

Mailing Address Information For Applicant:
Address 1 7 Rio Robles

Address 2

City San Jose State/Province CA

Country | US Postal Code 95134

Phone Number Fax Number

Email Address

Remove

Clear

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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RemoveSignature:

EFS Web 2.2.13

Application Data Sheet 37 CFR 1.76
Attorney Docket Number 10031 .004212

Application Number

Title of Invention FRONT CONTACT SOLAR CELLWITH FORMED EMITTER

Assignee hy

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information” section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

Remove

If the Assignee or Non-Applicant Assignee is an Organization check here. x]
Organization Name SunPower Corporation

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1 Rio Robles

Address 2

City San Jose State/Province CA

Country US Postal Code 95134

Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c}.

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature Patrick D. Benedicto/ Date (YYYY-MM-DD)} 2019-07-02

First Name | PATRICK D. LastName | BENEDICTO Registration Number | 40909

Additional Signature may be generated within this form by selecting the Add button.
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This collection of information is required by 37 CFR 1.76. 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 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet 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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Application Data Sheet 37 CFR 1.76
Attorney Docket Number 10031 .004212

Application Number
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Privacy Act Statement

EFS Web 2.2.13

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
TrademarkOffice 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 TrademarkOffice 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 records.

Arecord 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.

Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, towhom
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
acontract. Recipients of information shall be required to complywith the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C.
552a(m).

Arecord 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 CooperationTreaty.

Arecord 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 byGSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of44 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 tomake determinations about
individuals.

Arecord 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.

Arecord 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 OFFIGE
UNITTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

16/460,035 07/02/2019 1757 . 10031.004212 20 3

CONFIRMATION NO. 5633
74254 FILING RECEIPT
Okamoto & Benedicto LLP
P.O. Box 641330 AAA KW WLU

|

San Jose, CA 95164-1330

Date Mailed: 07/17/2019

Receipt is acknowledged of this non-provisional utility 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 FIRST INVENTOR, 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 corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts” or
other Notice requiring a response for this application, please submit any request for correction 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 provided that the request is grantable.

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

Applicant(s)
SunPower Corporation, San Jose, CA;

Assignment For Published Patent Application
SunPower Corporation, San Jose, CA

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

Domestic Priority data as claimed by applicant
This application is a CON of 14/504,771 10/02/2014
which 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 htto://www.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 Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes

page 1 of 4

APPLICATION
NUMBER

FILING or

371(c) DATE
GRP ART
UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS



Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 07/17/2019

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/460,035
Projected Publication Date: To Be Determined - pending completion of Missing Parts

Non-Publication Request: No

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 countries where 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://“www.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:/Avww.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
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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).

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 onor 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
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technology, manufacture products, deliver services, and grow your business, visit http:/Awww.SelectUSA.gov or call
+1-202-482-6800.
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OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))

TOTAL OR TOTAL
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

16/460,035 07/02/2019 Peter John COUSINS 1003 1.004212
CONFIRMATION NO. 5633

74254 FORMALITIES LETTER
Okamoto & Benedicto LLP
P.O. Box 641330 ISan Jose, CA 95164-1330 000000109709822

Date Mailed: 07/17/2019

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

Filing Date Granted

ltems 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.)

* $ 300 basic filing fee.
*$ 160 surcharge.
* § 660 search fee.
* $ 760 examination fee.
* $( 0) previous unapplied payment amount.
*$ 1880 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/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 http:/Avww.uspto.gov/ebc.

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

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.

/hnguyen/
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Preliminary Amendment

IN THE UNITED STATES PATENTAND TRADEMARKOFFICE

First Named Inventor:

Peter John COUSINS

Application No.: 16/460,035 Examiner: unknown

Filing Date: July 2, 2019 Art Unit: unknown

Ic

Title: FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

PRELIMINARY AMENDMENT

INTRODUCTORY COMMENTS

Prior to examination, please enter the following amendments in the above-

identified application.
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Preliminary Amendment

AMENDMENTS TO THE CLAIMS

1-20 (canceled)

21. (New) A solar cell, the solar cell comprising:

a N-type silicon substrate having a front surface and a back surface, wherein the

front surface comprises a textured surface;

an antireflective layer over the front surface of the N-type silicon substrate;

a doped region in the front surface of the N-type silicon substrate;

an oxide region disposed on the back surface of the N-type silicon substrate;

a polysilicon emitter disposed on the oxide region;

a first metal contact disposed on the front surface of the N-type silicon substrate,

wherein the first metal contact is in electrical contact with the doped region; and

A

a second metal contact disposed on the polysilicon emitter.

22. (New) The solar cell of claim 21, wherein the antireflective layer comprises a

layer of silicon nitride.

23. (New) The solar cell of claim 21, wherein the polysilicon emitter comprises a P-

type doped polysilicon.

24, (New) The solar cell of claim 21, further comprising a dielectric layer over the

polysilicon emitter.

25. (New) The solar cell of claim 24, wherein the dielectric layer comprises silicon

dioxide.

26. (New) The solar cell of claim 24, further comprising a trench cutting through the

dielectric layer and the polysilicon emitter and into a portion of the N-type silicon

substrate on the backside of the solar cell.

2



Preliminary Amendment

27. (New) The solar cell of claim 21, wherein the second metal contact comprises a

metal forming an infrared reflecting layer with a dielectric layer.

28. (New) The solar cell of claim 21, wherein the second metal contact comprises a

metal formed in a plurality of contact holes to the polysilicon emitter.

29. (New) The solar cell of claim 21, wherein the first and second metal contacts

comprise a metal selected from the group consisting of silver or aluminum.

30. (New) A solar cell, the solar cell comprising:

a substrate having a front surface and a back surface, wherein the front surface

comprises a textured surface;

an antireflective layer over the front surface of the substrate;

a doped region in the front surface of the substrate;

an oxide region disposed on the back surface of the substrate;

a polysilicon emitter disposed on the oxide region;

a first bus bar disposed on the front surface of the substrate;

a first metal contact disposed on the front surface of the substrate, wherein the

first metal contact is in electrical contact with, and perpendicular to, the first bus bar; and

A

a second metal contact disposed on the polysilicon emitter.

31. (New) The solar cell of claim 30, further comprising a second bus bar disposed on

the front surface of the substrate, wherein the second bus bar is parallel to the first bus bar.

32. (New) The solar cell of claim 31, wherein the first metal contact is in electrical

contact with, and perpendicular to, the first bus bar and the second bus bar.

33. (New) The solar cell of claim 31, further comprising a third bus bar disposed on

the back surface of the substrate.
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Preliminary Amendment

34. (New) The solar cell of claim 33, further comprising a fourth bus bar disposed on

the back surface of the substrate, wherein the fourth bus bar is parallel to the third bus bar.

35. (New) The solar cell of claim 31, wherein the polysilicon emitter comprises a P-

type doped polysilicon.

36. (New) A solar cell array, the solar cell array comprising:A
a first solar cell, the first solar cell comprising:

a substrate having a front surface and a back surface, wherein the front surface

comprises a textured surface;

an antireflective layer over the front surface of the substrate;

a doped region in the front surface of the substrate;

an oxide region disposed on the back surface of the substrate;

a polysilicon emitter disposed on the oxide region;

a first bus bar disposed on the front surface of the substrate, wherein the first bus

bar is electrically connected to a corresponding bus bar of another solar cell;
a first metal contact disposed on the front surface of the N-type silicon substrate,

wherein the first metal contact is in electrical contact with, and perpendicular to, the first

bus bar; and

a second metal contact , disposed on the polysilicon emitter.

37. (New) The solar cell array of claim 36, further comprising a second bus bar

disposed on the front surface of the first solar cell, wherein the second bus bar is parallel

to the first bus bar.

38. (New) The solar cell of claim 37, wherein the first metal contact is in electrical

contact with and perpendicular to the first bus bar and the second bus bar of the first solar

cell.
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Preliminary Amendment

39. (New) The solar cell of claim 37, further comprising a third bus bar disposed on

the back surface of the first solar cell, wherein the third bus bar is electrically connected

to a corresponding bus bar of another solar cell.

40. (New) The solar cell of claim 39, further comprising a fourth bus bar disposed on

the back surface of the first solar cell, wherein the fourth bus bar is parallel to the third

bus bar.
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Preliminary Amendment

REMARKS

With the above amendments, claims 21-40 remain in the application.

This application is a continuing application ofprevious applications. No

arguments or disclaimers made in the previous applications apply to this application and,

consequently, it is asked that the Examiner review the new set of claims in view of all of

the prior art of record and any search that the Examiner deems appropriate.

Respectfully submitted,

Dated: September 17, 2019 /PatrickD. 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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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 fora 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 as a
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.
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

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

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

07/17/2019 for the above-identified patent application, please find the following:

A copy of the Notice to File Missing Parts ofNonprovisional Application; and

Payment of $1,880.00 for the filing fees and surcharge.

Also attached is a Preliminary Amendment.

Favorable action is respectfully solicited.

Respectfully submitted,

Dated: September 17, 2019 /Patrick D. Benedicto/

Patrick D. Benedicto, Reg. No. 40,909
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. 16/460,035 Art Unit: 1757

Filing Date: 07/02/2019 Attorney Docket No. 10031.004212

Title: FRONT CONTACT SOLAR CELLWITH FORMED EMITTER

Xx

x
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UnrITreD Stares PareENT 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
wwwusptogov

16/460,035 07/02/2019 Peter John COUSINS 10031.004212
CONFIRMATION NO. 5633

74254 FORMALITIES LETTER
Okamoto & Benedicto LLP
P.O. Box 641330 ISan Jose, CA 95164-1330 0 0 001 970 8 2

Date Mailed: 07/17/2019

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 smali 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.)

* $ 300 basic filing fee.
¢ $ 160 surcharge.
* $ 660 search fee.
«$760 examination fee.
*

$(0) previous unapplied payment amount.
*$ 1880 TOTAL FEE BALANCE DUE.

Items Required To Avoid Processing Delays:

page 1of2-

APPLICATIONNUMBER FILING OR 371(C) DATE
|

FIRST NAMED APPLICANT
|

ATTY, DOCKET NO./TITLE



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".
httos://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 http:/Avww.uspto.gov/ebc.

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

Questions about the contents of this notice and the

requirements it sets forth should be directed to the Office
of DataManagement, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/bnguyen/
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

16/460,035 07/02/2019 1757 1880 10031.004212 20 3

CONFIRMATION NO. 5633
74254 UPDATED FILING RECEIPT
Okamoto & Benedicto LLP
P.O. Box 641330 AAA My
San Jose, CA 95164-1330

Date Mailed: 09/18/2019

Receipt is acknowledged of this non-provisional utility 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 FIRST INVENTOR, 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 corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts” or
other Notice requiring a response for this application, please submit any request for correction 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 provided that the request is grantable.

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

Applicant(s)
SunPower Corporation, San Jose, CA;

Assignment For Published Patent Application
SunPower Corporation, San Jose, CA

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

Domestic Priority data as claimed by applicant
This application is a CON of 14/504,771 10/02/2014 ABN
which 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 htto://www.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 Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 07/17/2019

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/460,035
Projected Publication Date: 12/26/2019

Non-Publication Request: No

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 countries where 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://“www.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:/Avww.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
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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).

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 onor 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
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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 OFFIGE
UNITTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

16/460,035 07/02/2019 Peter John COUSINS 1003 1.004212
CONFIRMATION NO. 5633

74254 INFORMAL NOTICE
Okamoto & Benedicto LLP
P.O. Box 641330 ISan Jose, CA 95164-1330 0000001112335 1

Date Mailed: 09/18/2019

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

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.

/tnguyen/
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number

Substitute for Form PTO-875 16/460,035

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
(87 CFR 1.16(a), (b), or (c))

N/A N/A N/A N/A 300
SEARCH FEE
(87 CFR 116k), (), or (mm)

N/A N/A N/A N/A 660
EXAMINATION FEE
(87 CFR 1.16(0), (p), or (q))

N/A N/A N/A N/A 760
TOTAL CLAIMS *

(37 CFR 1.16(i))
20 minus 20= OR Ix 100 = 0.00

INDEPENDENT CLAIMS ;
*

(37 CFR 1.16(h))
3 minus 3 = x 460 = 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 sheets or 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 1720
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The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.



PTO/AIA/01 (06-12)
Approved for use through 11/30/2020. OMB 0851-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENTOF COMMERCE
Under the Paperwork Reduction Act of 1895, no persons are required to respond to a collection of information untess it displays a valid OMB contro! number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

R

Titleof |FRONT CONTACT SOLAR CELLWITH FORMED EMITTER
Invention

As the below named inventor, I hereby declare that:

This declaration The attached application, oris directed to:
16/460,035im United States application or PCT international application number

fied on 07/02/2019

The above-identified application was made or authorized to be made by me.

! believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:
Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: Peter John COUSINS Date (Optionay 14" SEP 2019

Signature:

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have
been previously filed. Use an additional PTO/AIA/01 form for each additional inventor.

Oo

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. 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 [s estimated to take 1 minute to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Timewill 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.



Payment information:

Electronic Acknowledgement Receipt

EFS ID: 37256829

Application Number: 16460035

International Application Number:

Confirmation Number: 5633

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: 10031.004212

Receipt Date: 24-SEP-2019

Filing Date: 02-JUL-2019

Time Stamp: 14:22:01

Application Type: Utility under 35 USC 11 1{a)

Submitted with Payment no

File Listing:
Document File Size(Bytes)/ Multi Pages
Number Document Description File Name

Message Digest | Part/.zip| (if appl.)
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Multipart Description/PDF files in .zip description

Document Description Start End

Applicant Response to Pre-Exam Formalities Notice 1 2

Oath or Declaration filed 3 3

Warnings:
Information:

Total Files Size (in bytes); 250976

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 fora 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 as a
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.
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IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

RESPONSE TO INFORMATIONAL NOTICE TO APPLICANT

In response to the Informational Notice to Applicantmailed 09/18/2019 for the above-
identified patent application, please find attached the following:

Copy of the Informational Notice to Applicant; and

Executed Declaration (PTO/AIA/01) from inventor, Peter John Cousins.

Favorable action is respectfully solicited.

Respectfully submitted,

Dated: _September 24, 2019 /Patrick D. Benedicto/
Patrick D. Benedicto, Reg. No. 40,909
Attorney ofRecord
OKAMOTO & BENEDICTO LLP
(408) 436-2110; (408) 436-2114 (Fax)

Enclosure(s)

In re Application of:

Peter John COUSINS

Examiner: not yet known

Application No. 16/460,035 Art Unit: 1757

Filing Date: 07/02/2019 Attorney Docket No. 10031.004212

Title: FRONT CONTACT SOLAR CELLWITH FORMED EMITTER

x
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

16/460,035 07/02/2019 _
Peter John COUSINS 1003 1.004212

CONFIRMATION NO. 5633
74254 INFORMAL NOTICE
Okamoto & Benedicto LLP
P.O. Box 641330 I00000011 2335San Jose, CA 95164-1330

Date Mailed: 09/18/2019

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

Questions about the contents of this notice and the

requirements it sets forth should be directed to the Office
ofDataManagement, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/tguyen/
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

16/460,035 07/02/2019 Peter John COUSINS 1003 1.004212
CONFIRMATION NO. 5633

74254 PUBLICATION NOTICE
Okamoto & Benedicto LLP
P.O. Box 641330 ISan Jose, CA 95164-1330 0000001 13552685

Title:FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

Publication No.US-2019-0393368-A1
Publication Date:12/26/2019

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:/Awww.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
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, 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
https ://portal.uspto.gov/pair/PublicPair. 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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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

16/460,035 07/02/2019 Peter John COUSINS 10031.004212 5633

74254
7590

07/06/2020
|

EXAMINER
Okamoto & Benedicto LLP (SunPower)
P.O. Box 641330 PILLAY, DEVINA

San Jose, CA 95164-1330

1726

07/06/2020 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. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

ART UNIT PAPER NUMBER

MAIL DATE DELIVERY MODE



U.S. Patent and Trademark Office

PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20200526

Application No. Applicant(s)
16/460,035 COUSINS, Peter John

Office Action Summary Examiner Art Unit | AIA (FITF) Status
DEVINA PILLAY 1726 No

-- TheMAILINGDATEofthis communication appears on the cover sheet with the correspondence address --

Perod 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) Responsive to communication(s) filed on 09/17/2019.

LC} A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2a)(J 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\(Z 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) 21-40 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.

6) (J Claim(s)____ is/are allowed.

7) Claim(s) 21-40 is/are rejected.
8) O 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

http:/Awww.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10) The specification is objected to by the Examiner.

11) The drawing(s) filed on is/are: a)() 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)0) Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)L) All b)L) Some** c)X None of the:

Certified copies of the priority documents have been received.
Certified copies of the priority documents have been received in Application No.

31 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.

Attachment(s)

1) Notice of References Cited (PTO-892) 3) (J Interview Summary (PTO-413)
Paper No(s)/Mail Date

2) (J Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b)
4) (Qj Other:

Paper No(s)/Mail Date

ie

w

w
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Application/Control Number: 16/460,035 Page 2
Art Unit: 1726

DETAILED ACTION

Notice of Pre-AlA or AIA Status

The present application is being examined under the pre-AlA first to invent

provisions.

Claim Rejections - 35 USC § 103

In the event the determination of the status of the application as subject to AIA 35

U.S.C. 102 and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any

correction of the statutory basis for the rejection will not be considered a new ground of

rejection if the prior art relied upon, and the rationale supporting the rejection, would be

the same under either status.

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.

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.



Application/Control Number: 16/460,035 
Art Unit: 1726 

Page 3 

This application currently names joint inventors. In considering patentability of the 

claims under pre-AIA 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-AIA 35 U.S.C. 103(c) and potential pre-AIA 35 U.S.C. 

102(e), (f) or (g) prior art under pre-AIA 35 U.S.C. 103(a). 

Claims 21-23 is/are rejected under pre-AIA 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 view of Wenham 

(6,429,037 81) in view of Jordan (US 2005/0268963 A1). 

Regarding claims 21 and 23, Meier discloses a solar cell comprising (see Fig. 

3D, C5/L38-C6/L55): 

a n-type silicon substrate (218 n-type, C5/L30-42) having a front surface that 

faces the sun to collect solar radiation during normal operation and a back surface 

opposite the front surface; 

an anti-reflection (214) coating on the front surface of the solar cell; 

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) 

a front surface field region on the front surface (216 high doped concentration 

area n+), on the front surface of the substrate. 
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However, Meier does not disclose that there is a textured surface on the N-type

silicon substrate on the front side of the solar cell.

Jordan discloses that the front surface of the solar cell is textured ([0022]). In

addition, Jordan discloses that texturizing the front surface increases light absorption

([0022]).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the front surface of Meier by texturizing the front surface as

disclosed by Jordan because it increases light adsorption.

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.
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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

invention to modify the front surface field formed in the substrate of modified Meier by

a

adding in highly doped regions under the metallic contacts as disclosed by Wenham



Application/Control Number: 16/460,035 Page 6
Art Unit: 1726

because doing so reduces the contact resistance and will improve the efficiency of the

solar cell.

Modified Meier now discloses a p-type polysilicon emitter and an n+-type

polysilicon FSF.

Regarding claim 22, modified Meier discloses all of the claim limitations as set

forth above.

In addition Meier discloses that the antireflective layer comprises silicon nitride

(C6/L20-25).

Claims 24, 25, and 27-29 is/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) in view of Jordan (US 2005/0268963 A1) as applied to

claims 21-23 above and in further view of Agnostinelli (US 2009/0301557 A1).

Regarding claim 24, 25, 27, 28, modified Meier discloses all of the claim

limitations as set forth above.

However, Meier does not disclose a dielectric over a polysilicon emitter.

Agnostinelli discloses a back contact structure which comprises a

dielectric/passivation layer structure formed on the back surface of the solar cell which

is patterned and back contacts touch the rear doped surface of the solar cell and a

continuous back contact layer is formed over the dielectric (SiOz [0116])/passivation

stack ([0049][0048][01 16)).

It would have been obvious to one of ordinary skill at the time of the invention to

modify the solar cell of Meier by having a dielectric/passivation layer structure formed
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on the back surface of the solar cell which is patterned and back contacts touch the rear

doped surface of the solar cell and a continuous back contact layer is formed over the

dielectric as disclosed Agnostinelli because it will improve the reflection and absorption

of light by the solar cell and furthermore improve the passivation of the rear surface.

Regarding claim 29, modified Meier discloses all of the claim limitations as set

forth above.

Meier discloses that the front contact can be silver (212, C7/L10-15).

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.

Claim 26 is/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) in view of Jordan (US 2005/0268963 A1) in view of

Agnostinelli (US 2009/0301557 A1) as applied to claims 24, 25, and 27-29 above

and in further view of Russell (US 2008/0216893 A1) and in view of Kray (Study on

the edge isolation of industrial silicon solar cells with waterjet-guided laser).
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Regarding claim 26, modified Meier discloses all of the claim limitations as set

forth above.

However, modified Meier does not disclose trench cutting through the dielectric

layer and the polysilicon emitter and into a portion of the n-type silicon substrate on the

back side of the substrate.

Russell discloses that edge isolations can be performed at different positions on

the solar cell including back sides and serve to electrically isolate the front and rear

solar cells from each other ([0042]).

Kray discloses an edge isolation process which includes cutting through the

passivation layer, doped layer and part of the substrate (See Fig. 1).

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 having the edge be isolated by

cutting through the rear passivation layer, rear emitter layer and part of the substrate as

disclosed by Russell and Kray because it will prevent a shunt between front and back

surfaces.

Claims 30-40 is/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 view of Wenham

(6,429,037 B1) in view of Jordan (US 2005/0268963 A1) in view of Tsunomura (US

2008/0121266 A1).

Regarding claims 30-35, Meier discloses a solar cell comprising (see Fig. 3D,

C5/L38-C6/L55):
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a n-type silicon substrate (218 n-type, C5/L30-42) having a front surface that

faces the sun to collect solar radiation during normal operation and a back surface

opposite the front surface;

an anti-reflection (214) coating on the front surface of the solar cell;

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)

a front surface field region on the front surface (216 high doped concentration

area n+), on the front surface of the substrate.

However, Meier does not disclose that there is a textured surface on the N-type

silicon substrate on the front side of the solar cell.

Jordan discloses that the front surface of the solar cell is textured ([0022]). In

addition, Jordan discloses that texturizing the front surface increases light absorption

([0022]).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the front surface of Meier by texturizing the front surface as

disclosed by Jordan because it increases light adsorption.

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
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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 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 backa

surface and a second tunnel dielectric at the front surface of the substrate.
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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.

Modified Meier now discloses a p-type polysilicon emitter and an n+-type

polysilicon FSF.

However, modified Meier does not discloses two bus bars on the front which run

perpendicular to electrodes and two bus bars on the rear of the cell.

Tsunomura discloses two bus bars on the front (20) which run perpendicular to

electrodes (30) and two bus bars on the rear of the cell (20) (see Figs. 2 and 3)

([0029][0030)).

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 Meier so that there bus bars as disclosed by

Tsunomura because it will improve the collection of photogenerated carriers because

there are additional contacts and conductivity of the electrode.

Regarding claims 36-40, Meier discloses a solar cell comprising (see Fig. 3D,

C5/L38-C6/L55):
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a n-type silicon substrate (218 n-type, C5/L30-42) having a front surface that

faces the sun to collect solar radiation during normal operation and a back surface

opposite the front surface;

an anti-reflection (214) coating on the front surface of the solar cell;

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)

a front surface field region on the front surface (216 high doped concentration

area n+), on the front surface of the substrate.

However, Meier does not disclose that there is a textured surface on the N-type

silicon substrate on the front side of the solar cell.

Jordan discloses that the front surface of the solar cell is textured ([0022]). In

addition, Jordan discloses that texturizing the front surface increases light absorption

([0022]).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the front surface of Meier by texturizing the front surface as

disclosed by Jordan because it increases light adsorption.

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
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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 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 backa

surface and a second tunnel dielectric at the front surface of the substrate.
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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.

Modified Meier now discloses a p-type polysilicon emitter and an n+-type

polysilicon FSF.

However, modified Meier does not discloses two bus bars on the front which run

perpendicular to electrodes and two bus bars on the rear of the cell.

Tsunomura discloses two bus bars on the front (20) which run perpendicular to

electrodes (30) and two bus bars on the rear of the cell (20) (see Figs. 2 and 3)

([0029][0030)).

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 Meier so that there bus bars as disclosed by

Tsunomura because it will improve the collection of photogenerated carriers because

there are additional contacts and conductivity of the electrode.

However, modified Meier does not disclose that the solar cell is part of an array

of cells and they are interconnected.
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Tsunomura discloses an array of solar cells that interconnected by attaching

wiring to the bus bars on the back and front of solar cells (see Fig. 1, interconnect 40

and Fig. 4 [0016)).

It would have been obvious to one of ordinary skill in the art at the time of

invention to modify the solar cell of modified Meier by including additional solar cells to

form an array of solar cells and interconnecting them as disclosed by Tsunomura

because doing so will harness more solar energy.

Conclusion

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:/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 517-272-1307. 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.

a

T

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
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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 1726

/DEVINA PILLAY/
Primary Examiner, Art Unit 1726



U.S. PATENT DOCUMENTS

FOREIGN PATENT DOCUMENTS

NON-PATENT DOCUMENTS

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20200526

Notice ofReferences Cited

Application/Control No.
16/460,035

Applicant(s)/Patent Under
Reexamination
COUSINS, Peter John

Examiner
DEVINA PILLAY

Art Unit
1726 Page 1 of 1

Country Code Number Rea Code MineWY Name CPC Classification US Classification

A | US-6262359-B1 07-2001 Meier, Daniel L. H0O1L31/022425 136/256

B | US-6429037-B1 08-2002 Wenham, Stuart Ross H0O1L31/022425 438/57

C | US-20050268963-A1 12-2005 Jordan, David B23K26/364 136/256

D | US-20090301557-A1 12-2009 Agostinelli; Guido HO1L31/1868 136/256

E | US-20080216893-A1 09-2008 Russell; Richard W.W. HO1L31/068 136/261

F | US-20080121266-A1 05-2008 Tsunomura; Yasufumi H01L31/0747 136/244

G

H

J
K

M

Document Number Date
Country Code-Number-Kind Code MM-YYYY Country Name CPC Classification

WO-2009094578-A2 07-2009 wo BORDEN PETER H0O1L31/0747

JP-07106611-A 04-1995 JP SAGAWA, YASUNORI

N

oO

Pp

Q

R

Ss

T

Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)

JP07106611, Human Translation (Year: 1995)

Kray, Study on the edge isolation of industrial silicon solar cells with waterjet-guided laser, Solar Energy Materials & Solar Cells 91 (

2007) 1638-1644 (Year: 2007)

Uu

Vv

Ww

xX



* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of
the search.

U.S. Patent and Trademark Office Part of Paper No.: 20200526
Page 1 of 1

Search Notes
Application/Conirol No.

16/460,035

Applicant(s)/Patent Under Reexamination

COUSINS, Peter John

Examiner

DEVINA PILLAY

Art Unit

1726

CPC - Searched*

Symbol Date Examiner

H01L31/0236 H0O1L31/0745 HO1L31/1804 H01L31/022425 HO1L31/
068 H01L31/182 HO1L31/056; text limited 05/27/2020 DP

CPC Combination Sets - Searched*

Symbol Date Examiner

US Classification - Searched’
Class Subclass Date Examiner

Search Notes

Search Notes Date Examiner

Inventor name search in EAST 05/27/2020 DP

EAST Text Search (See Search History) 05/27/2020 DP

Interference Search

US Class/CPC
Symbol

US Subclass/CPC Group Date Examiner



Bibliographic Data

Application No: 16/460,035
Foreign Priority claimed: O Yes @©No

35 USC 119 (a-d) conditions met: CL Yes No CLMet After Allowance

Verified and Acknowledged: | |

Examiner's Signature Initials

Title:

A)

APPLICANTS
SunPower Corporation, San Jose, CA, UNITED STATES

INVENTORS
Peter John COUSINS Menlo Park, CA, UNITED STATES

CONTINUING DATA
This application is a CON of 14504771 10/02/2014ABN

14504771 is a CON of 13495577 06/13/2012 PAT 8878053

13495577 is a DIV of 12070742 02/20/2008 PAT 8222516

FOREIGN APPLICATIONS
IF REQUIRED, FOREIGN LICENSE GRANTED**
07/17/2019

STATE OR COUNTRY
UNITED STATES

ADDRESS
Okamoto & Benedicto LLP (SunPower)
P.O. Box 641330

San Jose, CA 95164-1330

UNITED STATES
FILING FEE RECEIVED
$1,880

/DEVINA PILLAY/

FRONT CONTACT SOLAR CELLWITH FORMED EMITTER

FILING or 371(c) DATE
07/02/2019

RULE

CLASS
136

GROUP ART UNIT

1726

ATTORNEY DOCKET NO.

10031.004212

Jc

a



DERWENT— 1995-189164
ACC-NO:

DERWENT— 199525
WEEK:

Copyright ©2017 Thomson Reuters

TITLE: BSF type solar battery mfr. by forming poly:silicon@ layer on

N=type silicon substrate by CVD and using silicon fluoride as

etching gas

INVENTOR: OKAYASU Y; SAGAWA Y

PATENT-ASSIGNEE: TONEN CORP [TOFU]

PRIORITY-DATA: 1993JP-243040 (September 29, 1993)

PATENT—-FAMILY :

PUB-NO PUB-DATE LANGUAGE

JP 07106611 AApril 21, 1995 JA

APPLICATION-DATA:

PUB-NO APPL—DESCRIPTOR APPL-NO APPL—-DATE

JP 07106611AN/A 19933P-243040 September 29,

INT-CL-—
CURRENT:
TYPE IPC DATE

CIPP HO1l L 31/04 20060101

ABSTRACTED-—PUB-NO: JP 07106611 A

BASIC-ABSTRACT:

1/31/2017, EAST Version: 3.3.1.2

1993



The method involves forming a P type polysilicon layer (2) on the
light incident side of a N type single crystal silicon substrate (1).
Thus, a PN junction is formed. A N+ polysilicon layer (5) is set up
at the opposite side of the silicon substrate and forms a HL
junction. The N+ polysilicon layer is formed by CVD method which
applies B2H6 or SiF4 or SiH4 gas onto the heated silicon substrate.
When Sif4 is used as an etching agent, a halogen radical emitted near
the heated silicon substrate.

ADVANTAGE — The method prevents generation of floating foreign
material in a room; reduces substrate temp. of BSF type solar
battery; and enables mfr. of BSF type solar battery with high
photoelectric conversion efficiency and high stability.
CHOSEN- Dwg.1/10
DRAWING:
TITLE-TERMS : TYPE SOLAR BATTERY MANUFACTURE FORMING POLY SILICON@ LAYERAS

N=TYPE SILICON SUBSTRATE CVD FLUORIDE ETCH GAS

ADDL-INDEXING-— BACK SURFACE FIELD
TERMS:

DERWENT-CLASS: LO3 U12 X15

CPI-CODES: L03-E05; LO0O4-C02; L0O4-C10B;

EPI-CODES: U12-A02A3;

SECONDARY-ACC-NO:

CPI Secondary Accession Numbers: 1995-087785

Non-CPI Secondary Accession Numbers: 1995-148457

1/31/2017, EAST Version: 3.3.1.2



(19)ARPT CJ P) (12) 4s FR EPAHW (11) eS4
4 BA -7 — 106611#l

(43) BHA eRe 7 48.1995) 4 A218

(51) Int.Cl.* Baas
=|
TA

HO1L 31/04
7376—4M

Fl He Aa eTif

HO1L 81/ 04 A

FORROKRS5 OL (4 10B)

B S FEJKIS3MOM7EE(54) (EHO)

(57) (237
(BR) O SB S FR ABB BE
LCShECS BHEERET SCE,

Ura (DUP. Si)
CODE Sie pHORUSUB Bot
(Wat BA & OPP CH LEA nt
PUSUESH(izZ SBS PMABBMOMETETCH
). bZ¢n+USiB* BeHs “SiHs “Si Fatih
EAA EP SAC VDEICE BRS S CL PRET
4, RTE RMTASIF
4 TRB SAIC EY
AFERGIECS. PO, RC VDESMAL TS lc

kelp De Seni aes
nt PUSS BORARUESt

WBS FAREWELL SLE ALT
WS,

1/31/2017, EAST Version:

lin ) 2 > Rte
2:
bn RUS

ZA dP,LEELAa ee eeIN
STN

3.3.1.2

(21)Hes

(22)HR

FERRIES— 243040

5 4F (1993) 9 A298

(71) HALA,

(72)FAS

(72)FAG

(74) FBLA

390022998

et i 1 TA1B1e
Fel

BRR A aA ay aa + A} TB 3 1
5 RRAD ASRS ost
ize Be
BRA IAAF AT a I TA 3 1
BH RADAR
FHL ARH BRE Ot1%)

re Es

irriHb
FPA

p RY YY
y

(fine] FER

93

ae

rE |



CRO
(FH 1) nM UY ERE, CMT
Sa Tt TEA »

ma : yy “Ty ueaenf 4 te TP pmWYP pmentWats Lat:
Wig si vache sent

ee Wo BL BML ENS

AK iin
es EIB.

nel DAE Ur Te RE Pe yc
Sipe RACY Ac Si be 4AM La xs
PHA RNY bP Ae He Ld, Lacey 2%
AE Su oo TE PPS AED Fa

LORISICL WELT Sek
Spe LT cp Pet
begnt sy pol ete
BSF Es.
CRT ts

IS STI ee Pd
nfo AIRES 2, para aet

Tire om ot pe
asin
Tee

7. TEP APT TTT
qefee Tuese pT Wo BPS eT AS

'

Ws

RRna este ENCE) SS otePTE LA TMM ha
ee eed eee

PO,Eachtyp A GFE Dapay Saba
te thy

;

lee Fy HAMMEL DA Lio »BRILH
wh, BU,

BONE
SPA 9 Ya

aborts
bat

Sl Toph anHE MS eee
Mh

tapas
Ua iin! Xap) VIL AS

OP LS Pa
bree

(Stok S ) BUMPER Saute PAS Ya
SREP TDL? [TSO aR
ORL @ AU & & RARE OS IA] Xia 2

ALROBS ATK.
(HRA 4 ] ni Rise COL
YEAR OFA ALE YY ER &

Pp

nikeems 4 pH Xlink varie, bedi)
1 ONS USERS OCH L
faq re tl aE a Ss
TA EMOWEWBC
me Voy Ts bata oi Pat
Zea

ABSWORGEAE,
] pH? CAYUa
SIS ol oa SS Rt

nf pee ep MT Ae a agbio aul-
7 ROR Pee Pe oe RR PTT

1/31/2017,

(2)

10

40

al

EAST Version:

—106611
2

Hert 4n' BL eiZAaBSF
AUK EUOBGEARIZBVT|

1

HS

WAS MEL Oo EOP POPES Soi Aiy] At
Po (Math pee 7 LE 9 OF

PAE ee OT nt?
ae o>

VILA FY Pible OMB TS IS
Ldn Use vas BRT? Tet be
Bob Ab ak,
CHO A)
fo001]
Ciel Ty ee Sb kg Sapcaceb

WE Ape che Pr fp
bs ope

ns Tem preyeemie BBS F

LT7
a7

Thqia

mL a ate te Pd PLfe

fo002]
eatin 7B, “PS iIVEritines Ths "al

Uo. AT < httpMU oho. Teteoa. Naps HR. aia
Sana in 1

SOMES
WERE TIRESTa Bb

hed Le a
ate Fat

“TTO
a

fe 1
an

ia

Whe SUNT a PASE DE Te Lath ech Tg
DORISAMIE TIO 6D a SEP aT TTT
Widlud ap bh

sa Fee my
Bs

Yay Be OF MMC ORICA OF BER
Pel lo pea Sap ger lap hoes

Ze? TPs Bme LT
MHSRABEMOLOMMSNATWA.

HAR INY ba HE iFFE

Lie d fi
AAY IH) if

mp Myce eee LA
Sebi cele eee I el ene
~ OBES AF2 BS FUABEHOTA —INY

as

FEZ

(0004) 4L<, pt ©

EMBL
Vi

TE TAPS Rot PS OE AEE
Ik. HLEES Se SLU pts ua
LR THET SABRES UP ClO
@ ZLLZ hoy) MRE f WOO REL Hh

JuTELL? OYOpe eo. deo Fat p*
YUaY LCOat —

2 EB le

il > U—APA PL. flo 0. Sent

pet
ya

it
i

sfPp

oe,
FET.i

te

LAS LS LitesPU
anturk, Pebb. BCKaY) Seat
NY DAA CHT: SH RISE

ANC balay
‘PoaTer

}

te
eeetf

Wyte Ri ORI TORU Sac
2 CTD Bs Ad oe ter)
a ‘ieTf

i
Ty E!

3.3.1.2



3

hee RL OP 1 0 0 O'CHRA
Tanah ECHR LC pti Uy ie BIBL TW
72.

[O006)] LiL, 2m (ck pty
7 ve Ae aT tA price AE 2 all
ROTEL rou

no.
DES

an mn a cen ts aid Cian oeea Awaecan YY

aS ita ONBANE S38 Buona ot,
Pais PEPE lbp aes tt

ja LAPS ops Ape oyu
S nt) Ua LER

AAPSURRLT LEG ZTERBAYD. $e YL

P21 00 OCHBAORBICIPS14 TE PEM OM
FAC SOT SORTS Bor,
[CUPS] TORO ARTES EISELE |

ad nd id py UY RE ORICH LISS BRT
AntL Udy exlipt I RENEIZLOPRESBS Bich
LWA, Tebb, yee brig,

k IBS TT nt Rxipty ua
BU 4 S 11 Sew Vy

FIROPES CS ORES SH Etc. batnt >

epee Ee fo
DP yp RL Pt) ae rece ee,

OOS TEESEe ST SD
PETA

fo009]
CARA Foe PSR) FIREVW eg a Pei
exis pryud TOD RUE & COPPMLA RES
CeEPShRLAAREAL Tes, FOR. bil
nyUaYEXipt Ua Y BORE TEHIZB YC

VodeJy a AS Tk ek 2

Tepe ee fe Acie hel Ey
St SMES oe

Ta Cacia Co
rae

La ebb Lo
Bot. efile Dh ol bad ada dey

OYE FS S BA CAYE Lg RREIZ AA

COOLL) B%, PIAVCV DIRE CSR
SOR MS TT ALN OTe a ays
tae im

Fen TRT ow ye
1 RBC A PNA ELMIRA Be

1/31/2017,

(3)

20

50

EAST Version:

“BPE 7—106611
4

Pi STE
HIAE

LS LOL,[0012] ZAkM, PIAVCVDRSMALAE
UCB TS Lak LICALTE A LC BTL,

Rte nt SV pty VAY EL

BERRI IRL CA PPPS PE
SET LURE

TT Pe(0013) ARMIES 4 5 LCCES 2 cod Deen eee

seen 2) 17 REE

bachFe Pyleif
ai

ne ae

1.

weiet
Ash

Syn A Sh bo IR 2 WIL BS
AE LC CE

[0014]

A

[FS HRT |

AFR 1 MET ME Me

FROST A AMAR OFLU aS RE OTS pon
Rest PR SS pHRlinB
YERORWMCRIT ONLY a YER OUICHLE

4n'tXispt>Uayvee riz SBSFH
ASO we hike wee lL. ni XispHY UY
ZR A L SACD UI YRTAS Erne RE
AALSI Fs FARUnM RS pHOAK ONY RAR

fee LATER TSS bo)
SE TELS UOTE oP 7)

pap babs oP Pees7S Laer tor Peed
by pile) Lip Sy ay
STARS BL ETRE SO

EOCH).
BIC.TREEI LSTER Tp AD lis ARERRBOERNE BAY) ay BRL

falCp nfka ees 4 pM Vavige. £
als U > SEROBONMa StS UY ea Ola

aan 1 oth

ttLAgBe
J2Re

ha)B
BEEHTHZ Ta |

yo

Ez

apt1

WY

Fsa
it7

CUT NSE ts

ERIE: | IU pH
PTL PLE TL MES STP TD

AE
a

Gf
Py PE ee the

tI t
=F

ORBIALS
1

Ha

Bes
(illemisBabar tie pee AL Lig A

ie Ay 3 Ae Mintvoducy Y

) COR
pom

LaAe head

|
ys ot

t

re

1

La

BSE MU gt ILS
|

iks

bree b Ws op Ebel
PUL wey Te Peas

ACHS,
[0015] 4LT

q }

ao

APH LIS AMIS
Pa PUTS ETS i

Pe SRP AE
BAA LT

id?
T

NZ
M 5i!

3.3.1.2



5

AALOSOPBUSARBRE EA? vy SHES Ya A ee
FAL BRS AOR OREEa

Safede fe at tect Pea
JUBA MIRRB ICZe TWAS

PO oto} be ll tas
openVRE Pea

SERS ETO
=

AUPE SRS Sa RET ne
cad ee EEE eco
Afi Lap en hs pel Opeee oon

a
MT wt aad ye Wy Sak oa Dea

oe haPttedLtt Pe ae
Moke, ieel peteby Sb
4,
EC U1 ICRP et PES
CFs AAUGAUYIRERIS CUR

BOM
SAS

BTU AE om a nee MTEL
Ob

SIZ Laps Sm Val
ih. O25 nH Mis U 2 Ba
Soy er PRA SS ttt ae Pe op ote
PelkeyDe Bette hes fd tata

- sepWU lS +P smsili 2YL AF.Ato Leiner
AD, SEARO RITSC PL RE
Wa Pets PUSS DPR PP ema LL OS

Hi: FEF. HAT SOS) LORIE ZO
PRIDE S 2 Boy DASEET Sh
BUANMIRETSo LIA,

EC UPS] RE ot Tima RSS a
) ni Xd U a7 dog ba << X

es ee ANEa STE TIE Po Ray oth.Ue

DAB BS < Peas A: SAC

VDESMALTiS bf 6 FRR RS ZIT S
By CSE

(0019) Mi, Ris (chs ACSW TH
RRS yee PUT PRE SUE A Ape 2, FR
PReRItS & BIRT AOD ROBES 1A ede
PEE Ee Bz eT AZ

(Te EES Lee
4b.

EO ified aot
Los cee bs b Sen fet
PHS L. BRS CHB ahr ne ya
SEPT SUPA BEN Po fae

Fhe te Tepe Qe yer BD

fOO2Z1) LT, ne Xap Be ty EROPEP OPS SADASRP
4 BA TRUS to ont Fay ng +
Peak St UE beIS

1/31/2017, EAST Version:

SRE 7 —106611
6

ECHR SIT SLOC, Bike LCP VY AAT
Ys RYIRIYPAL LSP OR 49 2

LP Seid ode
ie pe © Sooper Gp

HIZBVYCd, BRU Ic ORS A) Be ee BS
Pe I oe Tala pe

TH TL RTP IS Po? US
PAUL 2 sy Seo SRS PAR LEE
TO RIS SE PRS EB

a?
ee ea ee ee

net Alap Heo as dk iW Callie CHATS
nhl WoL ae

ao wht 7 UZ tp
NW

IB OBUL rr OR aly. wane om Ie ai
FAT Ae ET PTT
Yavig ks Dik OFUBOR U aee
Se As dead ee

ae ROR eh
(Die ote YEU aypest Lvs,
[0024] m NY FAALL Cio

PY ATT Geos bo oP RR er i
ep ah yea dps Up
Lita. SuUIL, SLCIL. AxstIL, Rm

Oy oie. die, pROK-NY by
STOUR oa Pere SB
(hoy) In (4 RY. AL

eeeoHe. Ga
(CHs} 3.

n (CHs})3, RO. Al

Aled a7iet

te]ns

Vawe
Dy

he

iy

Le
cans ae1

PH 10

hy B

fer | ‘ CRATE,

vase Bete lek
onesa hades

as1

(SARA n 0 0 aA}5ae

{EHR eS i An X¢-0 CHL, mix1~3. BEL<IS
2~3. XUEC 1 RIS FRY. CH
4) CREREART MEY 2 SS. A,
“OWT AAICK ATARI Th EV, COAG

Wale WT TN EE ee (TR
TAPSCHS,, COC, REV AZELCROs

AARHALAS. bY oY
BPE T_T ag

TEBBS.Woe.
S i Ho X4-0

beside. IPS pop See OU Pa
fie ls bie IRE RE

(O00
26] BA. 2 XIE S Ihe UCTLEI SP 2 to LTT eo

SET 87 Tp mere Si Te se,
kfc. geek 1 Xl 3 (CRS RHA eR, Ea
PUR ae RATT ba MARS a ty

has Ung pee Sef Lo
Hy Free MME Sak 2,eee

i |

qe & £H

RAAB

are
casf

a3

40 H

1EI

aE

=

ial

3.3.1.2



7

WU ARICA AL LT AURAL foty. PIL
TY SORGEA AZeMATOLV,
[00 28) LC, 1 ~ 3 RRO B

SPEAMEMORGERIC BV Clk,
(2

BLEED ERE PY REL |
Le rt

fe tos 3
OC ORME A, te be LEAP 2s
ha 9 orn bce aa
Bir BAW DES’ b EMBO AES i HoP
a-n (itmt1~3
Reo wt WT,

) OBER 7 ARMY DAA
ATO joy ie aL Laat

Up A ae a
TA, CHES, 5 0 0°C~7 0 O'CFE

LC bE
PVP VERAC EO CRA STL. Ke.
PERO O09 SRO nt Kid pt BAA

eae at hand PL a aap
PIT rece orb

ou yeti
[0029] hot. ee EL S
BRUT ae ey a fp aa
EO Su) ets a

SRI ket on Sige Roan pes
| TN ES foe
LOL EPA BE Eyes
FRCATS .

anene ee ere
wil =n: Woy FE Te

bap U2 RIT
SY) OBICH LES S nt Rs

FERS 20SeT Ladu' AG
pol te Bee Pe Rape a py
EFALOCHA,
Cou sl] See Doe eS IS tty
PLU qo To phres
2st

LAGER Seopaht 3 7° 3 1
coORIHajper FS dec | Shaka

YY
— 13. RUE 1 i He $0)

WAAL. WE RONYhAAL. RAT AS Se

SAA OL 17. OSL CHR
7 1 8k CEOEBMD ARS ILTE

0). betes 1 1 Aicn LY aye 1 4
AA Zeit TM No BRD PR ENA

OG. Melt bate Mila Tt

1S fe

PRURI
A, DAA E ERTL. PO. SRTweigh Tt we AD ts TEER1 Lis

be
RIA4 FRE IS RS BE[OQO33) 4Lt, 2am

1/31/2017,

(5)

10

20

30

40

50

EAST Version:

—106611
8

LAU
(RRP CRERee nt Xa pt

YUTYIRS phy ) 2dR 1 4 LICH CS Ore
GRA 1 ~ S RHA ER, SES

BS FR Kas BL CBG CS AAA
BAL TWAS,
CoS bP) etic. SAS icf ) Weep

op. EWE| Booa. 2
PPS a FR pT pi Pye PSpe

Ng Voie def che at
SY) YR: ORICH LAER 4S nt Xs
Pp
YUGYELERZSOBS Shoe vk

eqs Lu ML aT Uri) DEES SE Se
ey Pb 1. 34

FEA RE

ll Fs}

TERS AUP aa PT
ry

AT
wn

dit
L#HEs

Bj

oF

bP SY AARIES i Fs po. lM
Ivy EY AMIS i Fe WAMPETABEE
(IZBVVOA AY Fae PRICE
ay dic bzint Xlgpt>U a> Aacems
TIL OP LOTR,

Ik, Boas k 5 WWE 1, LA
Ou AME ek ak 8

PPC Ged re
ona

Ph ba SUIS eth pesaa

cei
ERAS DSR 111

ae

RS DT ye Py

eeaie 4#600~7 00°CHEItItT
:

ibe oebe . sy tis ar
bk 4 (alae y acid
HWA, ELC, 1 1 tc ne p

14 eee. eo, COM 1 1 Alc?

PH ia

Ie
ie ae She ia dee lik

ih. Ja FJA

SEL SL PIES GR AP ER 2 Hehe
dati Ja. URL LEGO us 700 CFECHAL
Aes TEAS EL

seit LicenseRSET DMX pM 2H 4

pL Ua Te?
POs.) Toa PTS ae et hk

1 ~SITAR NO ALLE WALT
74

ee

pH
L

x1 |b1

Raa 2a nM Uae
YCRIBEOT BROIL AES

HrILEIHS,Febb. ni VU

PERM BV VC (SHES LeU AY YH
JARABE L CATO, DAL AAR bso?

PUA EARL H

1

75351405
Ray

FUEL SLPS epic
Petr Pagel ob ber 7

1 FRI
NOMEN

D OMX PMNS 29

Lat. a ob Ue
pre) Whe

a.

{a
ton

3.3.1.2



9

Yavige ntiXiph VU 2REICHERT SCE
Pomp th ay BS bie eda bite

LR ay PSP DEE Ie oS
CSEAMMEAL TIA.
[0037]
CEH] i TS LEMS ft a

bh
JASNTBY, COA AAAS TUE
AP EEE

susp
i) REDE Te,

aTaeaera) oe .

SUA ERIS TY Vay BHIKEERLIED bB
vaa RIGS ON REP Ams bal? vy38
Beebo 2 re SP Th

DINOS HESS Fs
Blok
Whi Bo Lame.
[0038] —A, LHSi Fs FAI
Abie OS tHe VLAN. Hee Ase
[le EA 2 ara EES Pa St

VAnex
> tS LSde

YAVOMERIC E 0 Eta ELS lie nx
by 2 Noes Mg oe Path

AL aey eee
bn an PTO Dee TT

Lomi err ie?UE 2 RPT.
HEE ZA,
[0039] £7. MK 2 cm o Bic ins,

LChe EO EOP
Er RIEL Po AP TL

FSB voidOSdike TL HE

Eaues Arla,MotWE tha
age fee bat

ca aera ale ae Wo OSE

RISANERIEL 2%Hvis eH sees Ae att Ara
oo tel p ieee leo

Bere 2,7 Sf aR a 7
fap le, fe ‘nl.

THI eS,
[0040] —45. Et? vy oe a Als nA RIS

NOMI

pes sr ERP os Cpe ETF
Shy RIE pp ap Lote phy
H vl fi la: riled ards tee aly

ote Loe Hl Shep Abe Mba hep
mitt yey t Sy Ah dey LR Dar
oT Te “(pts CEST EP thane

“he Morr FCM SP Tae Pp at

1/31/2017,

(6)

30

EAST Version:

RPE7T—-106611
10

mmc
yb Y REIT CS ed, BRIA 1 be

rth PT
Doe Sipe ohar PEC RE ame pA,

foo041 )le, 3 IRS Phe,
SAH Siu nw va

P ab takes 0 See
2)

bag Eh tel)
» Eig SRI 208DOP OTIS OTe,

pts ppekh ok
HEAT ery yee ee

[004 2) mic, MRA RA Re hes. Wee
Shey U ay 2 nt Rap > VAY BeHECV

Fy

JWT WHE

ae J ca
Rid RTO

aL
Le

ee
Zent Ridpt > U ayes ban Vays
pops eee
[0043] $72, MRA S EN, Py
PLY SY AARIES i Fa HADSEDA! ER ICS

AL Fema AKA USACE Ue
Sth bai nt Mit pt tet) le Bea aT ci Oe la

3. CWS Bae nt XI
oP

YUIYBE
eto HS or abybt df
“7B,
{io L by

COED PPE REN ate =

Pe PET RS LymeWe CESAR,
fPatit ye batt FAR tas FE oc nog
ra, TRL 1 ~~ 1 O2- cm) LE, TOY U AYR 1

UY LOR Cp nk
AvERTS pB@rirerALyUIYRARULUa

ee
Senne EL i es
Je Rt eS fo uid. 2 rs

aay oymAh CRS ME LS
pia ale. SL Pier b

ogi tit Pe pageite go
Hey SUPT SEAR? tee ae as
YAyRRULSUaY IBS e, FCOn'

ip

WyWB

HM

eZ

beA

an Te

smear
101

Fi
RS AAAS |

ya
Lr

— 7 fel

in

t

(Zf€> THB STE LATHAS,
fo046] LS 1 |] MSc OSS CAS it
PoP TT MRR ER TP A]ry 1

51

Re

fr]
011}id

3.3.1.2



(7)
11

i
EO al aris |

AD TAP SRE EMRE TE

AMUN pELR UL UY Bee, fifo ntb
WES RRS Beg os PO NET
(0048) (pHoRUL Vay 2 ORE)

HR bs
| Sa db sy

O. 11 0/500
tlt aS ee

Ble ole Sta rao Li
TS RO nr “wn

(nt KUL U ay iS )
RELA 2 Ope: HR PHe’SiHa“SiFa=
0.1/10/330
Wp far ss Ps 1

1) |
Vt. FO re oT ne

Pee et Os a Bs 0 PO
Rp a Po pbs PD ae ete Se
Sadho “bit
Ber |e Ae soph tea ha yey ct
{ts 7, roy PY ah te an n oy z= sre? a Pet BT FRY

LCHG 6 & nk BS ait
(1 Se).

FOO 19) PUT.
nick ROMMEL 9 2 CV DEES
FAL HEEMS OME O. STV~O. S8BV, 3
5mA~3 FmMACTH POMEL, ine
BSF HAGBUIORESO. S9OV~O. GOV, 3
TmA~39ImMATH7,
[0050] (Sheele2)] p#oRULSUaVeeent
RUS Ulivi OWI Oper tb sr Ab Joy ie
“nt PEevrr aL Ua po. tam
WR PP ER PT
[¢ ca el aie be
Pilon

ane
Oe SereBea Seu
3 MACH RIC fe,

fOOr 2] PE ee
fF)
WER teHR ds| Madd. My

2=0.1/10/100/400
MEPL ee ee TOs am

REA A2ZMHA:

30

0

ia

40

noelaihhe re. thats,

(mt PEVIT ALYY Al 5
Ing pte Paha th 1 sy |

:

=0. 1/10/100/400
Wp tke be

i ete
| PEPE 7 AL VAY mre 50

1/31/2017, EAST Version:

—106611
12

1 Fes TR {teroNate 3
+a, j Te if &

Eafe
[OCOS53) 4L7, CORMAICHSBS FHEABE
ice TL APRS RAW AS
mA~3 8mACH 4 fERPICHESN T RIF CH O72.

vtin

IJE

Le

fF)
Te ie

Ho SS

es ee
REPT PT ARETE Ss “iL

REFA2ZOHRA: 5SOmtorr~ltorr
no UY SOBRE 2 6 5 OC
(nt PELIT AYU IY IESOBB)
af pee afi Sb] sod so |

| oe)ee ee
mer sete Te STAM on

ay LAY bY Sei ere

oats ocr pat meow

IT ae
Pore RE a AS le ae eee pp
FPR 2 Me TE 2,

C

0,L

Ay

Ri ye

0 0L1L

BASRA Noa tention
asLL

edLh

(OOS5) SLC. CMR HS BS FAKE

MISE
VCE

SOREN
- 58V~0O. 59V. 36

frat I B
set 0

mew: SRWATE E POPP Tee otPoet oe
[0056] eee
fe)

Die7
aae

HLAolde 2 ah
iHeF2/“H:Y o.

00,,100
RRA Osccm~1lO00scecm
bute AOR: SOmtorr~ltorr
no UY SORE 2 7 OOS

Al Salli, SFea

1/10/100/3

5

Wap ft “falitabh SoH 5H
Too eh ML Te Ta 10
0
REP]?cm EERE ne on
BEAAORA: 5SO0mteorr~ltorr

ee

[REPS | BIS team Sh7ckseI CRIA ey

1

i al (RS9-
1

C2E

£2 ODE STURELC V LEC.
an Ur dep ep Op thn Wp de
seth Pall 2 uo te RS 1 <bId]CAA,[os pee Sta oS

be AEE?

CORED.
59V~O. GOV, 37

[Peas] ay ho pt pb)
WP akties be EL mo. S
iFa/He=0. 1/10/100/400

3.3.1.2

San

D fe 2SoO

TEA

SahPil3 10



(8)
13

RELY Ss cem~100sccem
BAA SOmtorr~ltorr
n- US eRORE : 6 50°C
(nt PUL ORB )
MAL ae AE

1-710 71 NN 490
Wpa tag de Se cs "

eee Ts
Topas Ui. USS Nie oy

THK 16 M4 leah PECVDEBSMALEA 10

Loop ee tes
WARPED FELCH FLEES Shell1 &

LOO59) SLC, CMRHPITHRS BS FAKES
WIT OTL ENN A Sa ae
we SS eile SOLU a,
[0060] (pHoOPUL U 2>B2 Oe

WP fee fab etic BeI Sadie osha
4£EAYPVIYH=0. 1410/100/400/1
00
WT cGMP So 1 u 4
ce
no U oY EROE: 6 5 OPC

(ntRUL U ay 5S BBS )
AT

H 1 aR TR ER
0

tr dE eT as i

mo alah oe. MA oS

Dime]> OTP SL

oy. Woreip tee 7 tbo po Say pt
LUD eR RE pe SI Pe aSBe Sit pal

TN?
7, CORONA BS FMABE

HIZB Cb FORHEDIO.SOV~O. GOV, 37
mA~3 9OmMACTHA YO FERENCN T RCA OPE.
[Coe 2) 6. PPS
)
BS AOA: 1~1O0mTorr
Wetl tr alle bat

/10,/300
Weel tad Ss Pas i
PP PA SB Ait ae Td
AVMCORRSER: Hea?

(TEL Mr IPPC
(me PUR

A FAL UAL IBS
he S dEA Joe i be oe

Ela 2 fede alk ET Spd. TP ot

£10300Weyl dt os ts Ds i Hs!

1/31/2017, EAST Version:

SRE 7 —106611
14

REF A2OQRA:5O0mtorr~ltorr
SU OCOH AGE : He pe
no UY SORE 2 6 00°C

J Mé6lemehittayo nee
{Ry AP eT perk

ney
SP, oo

[iol a) REPS
b ZOSTER. 5SV~O. 59V_ 36

5
H

Ra
Ja fF) S

oe:

pagers.
al ee hp

bedsif
uA SS ATE ACTOSSTU
[0064] (pb YSU 2 OMIT)

l~lOmTorr1B
Boe st PTT i
tiboa i ib: witty dd; - S J UW
n- US ROPE > 7 00°C

bof th Te OME ETP)
1~10mTorr

USAT) Ri ye

FA}He 1
4—y bh: PHswiROPVSAS i

=a. 2
np al MieOTP Weds Leute id

[0065]
[RHA aia 1~ RAC Ke

ee yates Po UE alg? 7
fs

Ait
ak

AP a APT 7) t
L tye, aiid +5 t+ ?, ay

BREECH IET& PoRC VD Pee aa L
itera1

fie 2UPLATE lee 2 han IB

“7B,
Cite) bes gh le is bata go

es cn A SB
bbe ee OE OTP EES 7

PRA CES 2A SRS Sa mr
DOTTED PRR OTHE PURETy Sb

ELA 8) t3

es

DURES 7S.
[0067] féo tC. (GRRE ECM nt Xx
ikp?vt n EAE DES 0 1 TERE IOIFL
PT ST 7 EE VBS F
ANEEwerELC MUECS BWREWL TOS.
fo 068]

ale
ae eH Al ite S AAC Les, AFA

Sipgch te Beteyiyplt ted 2 Jr.
CVDERELDmae aa det 5 (CRSRAAT
dug ce aL a ee Ie)

Lem te a a Ee RAPE

FeA:Bi1

IEF

aD)
21 Ln" XI BeBe

re
|rR

ae te] Pepe RHE fa hh ee TL
att elyet Avy * LU alge pe

EEE Le eye Sou De
Fly ule TOS TLL SEL Op oS

RAL TWS,
Chelie ty RA

3.3.1.2



(9) RPE 7—106611
15 16

(E41) SiiplichS BS FRE ABLMORTE. YA REO RH.
(2) E42 (A) ~ (B) FH ABS (7 ] SMOR HE
TE. [E18] fEROABEMO RAE
EPs) DIB fa Ch) te ee odie Je er
AEA. Hite.
ED 1) fof Sock BT pe Cd) oo) fehe AMR oe pel pa A

AR Cie aH AR)
EL =) fee I ue ag 1 en

AR 2 paLRULU avis
flo ] wot SW Gad ae Pb ma uo

(E41) {E12} (E17)

hit

lin BBY) AYR
2: DRE
Sanyo) a a)

Af,LLL Lon Ao— x i" aR
(B

[E13 } {Ei4]

5B }

f
15 13

14
19

14
19

12 20

16 17 16 17

(E45 ] [E18]

513-0 dae |
;
{-bES

LV

1/31/2017, EAST Version: 3.3.1.2

OOOOOCR
43

14
19

30

16 || 1?



(10) HP 7—106611

[b46] {E19}

+
Me, |

p
|

f
d

4
. 1

b 4g Se

13
pt

1
14

42

41
44

40

{B10}

ti

pt HEHB

1/31/2017, EAST Version: 3.3.1.2



94
57

8
A2

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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
30 July 2009 (30.07.2009) PCT (10) International Publication Number

WO 2009/094578 A2
(51) International Patent Classification:

HOLL 31/042 (2006.01)

(21) International Application Number:
PCT/US2009/03 1886

(22) International Filing Date: 23 January 2009 (23.01.2009)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
61/023,342 24 January 2008 (24.01.2008) US

(71) Applicant (for all designated States except US): AP-
PLIED MATERIALS, INC. [US/US]; 3050 Bowers
Avenue, Santa Clara, CA 95054 (US).

(72) Inventor: BORDEN, Peter; 118 Seville Way, SanMateo,
CA 94402 (US).

(74) Agent: DANIELSON, Mark, J.; Pillsbury Winthrop
Shaw Pittman LLP, P.O. Box 10500, McLean, VA 22102
(US).

(54) Title: IMPROVED HIT SOLAR CELL STRUCTURE

FIG. 2A

(31) Designated States (unless otherwise indicated, for every
kind ofnational protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, Mw,
MX, MY,MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
7W.

(34) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Hurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, IIR, ITU, IE, IS, IT, LT, LU, LV, MC, MK,
MT, NL, NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ,
CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN,
TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

TCO 222

7 ©Si(p) 224 (S0A)

__-— a-Si(i) 226 (50A)
—— SiO, 228 (12A)

__—— 206

= (57) Abstract: The present invention relates to improved HIT type or polysilicon emitter solar cells. According to certain aspects,
GN the invention includes forming amasking oxide layer on the front and back of the cell and then patterning holes in the masking oxide.
© AHIT cell structure or polysilicon emitter solar cell structure is then formed over the patterned oxide, creating the cell junction only
© in the areas where holes have been cut. Benefits of the invention include that it provides a controlled interface for the HIT cell

through insertion of a thin tunnel oxide. Moreover, the tunnel oxide prevents epitaxial growth of amorphous silicon, allowing it to
remain amorphous for the optimum band structure. Still further, it provides a layer to protect the surface from plasma damage during

= deposition of the a-Si layer. Further, it may be used in conjunction with a point contact structure to further increase efficiency.

5/27/2020, EAST Version: 4.1.5.3

WIPO
QMP



WO 2009/094578 PCT/US2009/031886

IMPROVED HIT SOLAR CELL STRUCTURE

CROSS-REFERENCE TO RELATED APPLICATIONS

{0001} The present application claims priority to U.S. Prov. AppIn. No. 61/023,342 filed

January 24, 2008, the contents ofwhich are incorporated herein by reference in their entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to photovoltaic devices, and more particularly to

methods and apparatuses for providing an improved structure of a HIT type or polysilicon emitter

type solar cells.

BACKGROUND

(0003) HIT type solar cells are high efficiency devices with relatively simple structures.

Sanyo Corporation of Japan has reported lab efficiencies of21.5% and manufacturing efficiency

in the mid-19% range. Many other groups have worked on this device, although none has shown

as high efficiencies.

[0004] A typical HIT type solar cell structure is shown in FIG. 1A and 1B. The device is

symmetric, with the front and back of the n-type substrate 106 both coated with a coating 102

and 110, respectively and metal grid lines 104 and 108, respectively. As shown in the blowup

portion of FIG. 1B, the coating 102 on the front consists of two amorphous silicon layers, an

intrinsic layer 126 under a p-type layer 124, both about 50 Angstroms thick. On the back, the

amorphous silicon layer consists of an intrinsic (i) layer under an n-type layer. As further shown

in FIG. 1B, the coating 102 further includes a layer of transparent conductive oxide (TCO) 122.

5/27/2020, EAST Version: 4.1.5.3
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[0005] The purpose of the thin a-Si layers is to both passivate the surface and to provide a

heterojunction with a wide bandgap window layer to improve the open circuit voltage, as shown

in FIG. 1C. More particularly, FIG. 1C illustrates the band structure of such a device. As shown

in FIG. 1C, there is a large potential step at the front surface, creating a junction much like a

junction found at the step between p- and n-type dopants. However, because this junction is

formed by depositing a layer of amorphous silicon, it is very abrupt, and nearly ideal.

[0006] Despite their benefits, these amorphous silicon layers also introduce considerable

complexity into the fabrication of the HIT cell. For example, the layers must be formed ona

carefully prepared surface, whose preparation details have not been published. Further, they

must not crystallize, as can happen when the amorphous silicon is seeded by the crystal silicon

substrate, as this will eliminate the beneficial passivation and heterojunction effects.

[0007] Therefore, there is a lingering need for an improved interface that is well

controlled and understood and easy to manufacture, and does not seed crystal growth.

SUMMARY

[0008] The present invention relates to improved HIT type or polysilicon emitter solar

cells. According to certain aspects, the invention includes forming a masking oxide layer on the

front and back of the cell and then patterning holes in the masking oxide. A HIT cell structure or

polysilicon emitter solar cell structure is then formed over the patterned oxide, creating the cell

junction only in the areas where holes have been cut. Benefits of the invention include that it

provides a controlled interface for the HIT cell through insertion of a thin tunnel oxide.

Moreover, the tunnel oxide prevents epitaxial growth of amorphous silicon, allowing it to remain

a

amorphous for the optimum band structure. Still further, it provides a layer to protect the surface
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from plasma damage during deposition of the a-Si layer. Further, it may be used in conjunction

with a point contact structure to further increase efficiency.

[0009] In furtherance of these and other aspects, a solar cell according to embodiments of

the invention comprises an amorphous semiconductor layer formed over a substrate; and a

dielectric layer interposed between the substrate and the amorphous semiconductor layer,

wherein the dielectric layer is sufficiently thin so as to support a tunneling current therethrough.

[0010] In additional furtherance of these and other aspects, a method of fabricating a

solar cell according to embodiments of the invention includes forminga dielectric layer on a

substrate, wherein the dielectric layer is sufficiently thin so as to support a tunneling current

a

therethrough; and forming an amorphous semiconductor layer formed over the dielectric layer.

BRIEF DESCRIPTION OF THE DRAWINGS

(0011 These and other aspects and features of the present invention will become

apparent to those ordinarily skilled in the art upon review of the following description of specific

embodiments of the invention in conjunction with the accompanying figures, wherein:

[0012] FIGs. 1A to 1C show a conventional HIT cell and its band structure.

(0013] FIGs. 2A and 2B show an example solar structure of the present invention and its

band structure, respectively.

(0014 FIG. 3 is a diagram illustrating an example process flow to form the structure of

FIG. 2 according to aspects of the invention.

DETAILED DESCRIPTION

(0015] The present invention will now be described in detail with reference to the

drawings, which are provided as illustrative examples of the invention so as to enable those
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skilled in the art to practice the invention. Notably, the figures and examples below are not meant

to limit the scope of the present invention to a single embodiment, but other embodiments are

possible by way of interchange of some or all of the described or illustrated elements. Moreover,

where certain elements of the present invention can be partially or fully implemented using

known components, only those portions of such known components that are necessary for an

understanding of the present invention will be described, and detailed descriptions of other

portions of such known components will be omitted so as not to obscure the invention. In the

present specification, an embodiment showing a singular component should not be considered

limiting; rather, the invention is intended to encompass other embodiments includinga plurality

of the same component, and vice-versa, unless explicitly stated otherwise herein. Moreover,

applicants do not intend for any term in the specification or claims to be ascribed an uncommon

or special meaning unless explicitly set forth as such. Further, the present invention

encompasses present and future known equivalents to the known components referred to herein

by way of illustration.

[0016] In general, the present inventors recognize that thin tunnel oxide layers can be

used in solar cells. For example, some MIS cells can be made using aluminum over tunnel

oxides. The present inventors further recognize that tunnel oxides can be used between a heavily

doped or insulating layer of polysilicon anda crystal silicon substrate, forming a polysilicon

emitter solar cell. Such a solar cell has a similar band structure to a HIT cell, essentially

replacing the T'CO and a-Si layers with polysilicon. However, such cells do not provide the

a

a.

heterojunction and its benefit of a higher cell voltage due to the higher bandgap of a-Si.

4
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[0017] An example solar cell structure according to embodiments of the invention and

the associated band structure is shown in FIGs. 2A and 2B, respectively.

[00138] As shown in FIG, 2A, which can be part of a front surface of a HIT-type solar cell

similar to that shown in FIG. 1, a thin dielectric layer 228 (e.g. tunnel oxide) is provided between

the a-Si layers 224 and 226 and the n-type substrate 206 in a HIT cell. The dielectric layer is

preferably thin, on the order of 8-15A, in order to support a tunneling current between the

substrate and a-Si layers. As will be described in more detail below, layer 228 can be formed

using conventional methods such as rapid thermal oxidation, furnace oxidation, or the Chemox

process (formation in an ozonated H2O> bath). In some cases, the layer may be nitrided or

formed using other materials such as silicon nitride or silicon oxynitride.

[0019] As shown in FIG. 2B, added dielectric layer at the interface provides a bandgap

much larger than the bandgap of the semiconductors. Carriers cannot get over the energy barrier,

but tunnel through if the layer is sufficiently thin (<15A). Note that oxide and nitride will have

different barrier heights, so the layer shown is not meant to represent any one material. The

barrier height for nitride is about 2.5 eV and is symmetric. The barrier height for oxide is

asymmetric (lower for electrons).

[0020] The benefits provided by dielectric layer 228 are several-fold. For example, it

may be formed using conventional surface cleaning and preparation methods, as are used to make

MOS gates for ICs. Therefore, the surface preparation is well known and understood, and

routinely implemented in high volume manufacturing. Moreover, as it is an amorphous layer, it

separates the subsequent a-Si layer from the substrate, preventing epitaxial seeding of crystal

Ss
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growth in the a-Si layer. Further, it provides an intervening layer to protect the crystal silicon

surface from plasma damage during deposition of the a-Si layer.

[0021] It should be noted that, although benefits of the invention are obtained with a-Si

layers formed over a crystalline silicon substrate, that this is not limiting, and that the invention

can be applied to other types of substrates and thin semiconductor layers. It should be further

noted that many solar cells use heterojunctions. So, for example, the invention could be used

with a thin film solar cell with amorphous silicon on micro-crystal silicon. It could also be used

on CdTe, CIGS or AlGaAs/GaAs cells, all ofwhich use heteroyunctions.

[0022] That said, it should be still further noted that amorphous silicon on silicon is

known to provide excellent passivation properties, nearly eliminating surface recombination.

This is because the high band bending at the surface repels carriers. Accordingly, this is one

advantage ofusing amorphous silicon on silicon.

[0023] FIG. 3 is a diagram illustrating an example process flow used to make the

structure of FIG. 2A. First, in step $302, the front surface of the n-type substrate is textured.

This may be accomplished using conventional etching, such as isopropyl alcohol and KOH.

Next in step $304, the surface is provided with a standard MOS clean to remove native oxides,

ionic contamination, and organics.

[0024] In one embodiment, a rapid thermal oxide process is then used in step $306 to

form a thin tunnel oxide, typically 12A thick, on the front surface. In another embodiment of the

invention, the oxide is formed on both front and back at the same time. Next the a-Si layers are

deposited on the front surface. In one embodiment, the a-Si is formed as a two layer stack on the

front surface, with an intrinsic a-Si, 20-50 A thick formed first in step S308, for example by

6
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plasma enhanced chemical vapor deposition (PE-CVD), which is the decomposition of silane in a

plasma, often with hydrogen present. These processes are well known in the literature. Boron

may be added to provide p-type doping, and phosphorous may be added to provide n-type

doping. Next, a p-type a-Si, 20-50 A thick is formed on top of the intrinsic a-Si layer in step

$312, for example by the same PE-CVD process. In another embodiment, only a doped p-type

layer is formed on the front surface in step $310, without the i-type layer. The TCO is deposited

in step S314, which may be a quarter wave thick layer of indium tin oxide.

[0025] The wafer is then flipped over in step S316, and the structure is deposited in the

same manner on the back side, now using n-type a-Si instead of p-type. As shown, depending on

whether the oxide layer has already been formed, processing returns to step S306 or step $308. It

should be further apparent that processing could also return to step $310 if the oxide layer has

already been formed. Finally, contacts are formed in step $318, for example by screen printing

or sputtering.

[0026] Additionally or alternatively to the process described above, a method to form

point contacts for HIT or polysilicon emitter solar cells, as described in co-pending application

No. (AMAT-12964), the contents ofwhich are incorporated herein by reference in their

entirety, may be performed.

[0027] Although the present invention has been particularly described with reference to

the preferred embodiments thereof, it should be readily apparent to those ofordinary skill in the

art that changes and modifications in the form and details may be made without departing from

the spirit and scope of the invention. It is intended that the appended claims encompass such

oOdvoPp

A

10

changes and modifications.

7
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WHAT IS CLAIMED IS:

1. A solar cell comprising:

an amorphous semiconductor layer formed over a substrate;

a dielectric layer interposed between the substrate and the amorphous semiconductor

layer, wherein the dielectric layer is sufficiently thin so as to support a tunneling current

therethrough.

2. A solar cell according to claim 1, wherein the substrate comprises silicon and the dielectric

layer comprises silicon dioxide.

3. A solar cell according to claim 1, wherein the substrate comprises silicon and the dielectric

layer comprises nitrogen.

4. A solar cell according to claim 1, wherein the amorphous semiconductor layer comprises

silicon.

5. A solar cell according to claim 1, wherein the amorphous semiconductor layer comprises a

two-layer stack of an intrinsic amorphous silicon layer and a doped amorphous silicon layer.

6. A solar cell according to claim 1, wherein the amorphous semiconductor layer is formed on a

front surface of the substrate, wherein the solar cell further comprises:

8
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another amorphous semiconductor layer is formed on an opposite back surface of the

substrate; and

another dielectric layer interposed between the substrate and the another amorphous

semiconductor layer, wherein the another dielectric layer is sufficiently thin so as to support a

tunneling current therethrough.

7. A solar cell according to claim 6, wherein both the amorphous semiconductor layer and the

another amorphous semiconductor layer comprise a two-layer stack of an intrinsic amorphous

silicon layer and a doped amorphous silicon layer.

8. A method of fabricating a solar cell, comprising:

forming a dielectric layer on a substrate, wherein the dielectric layer is sufficiently thin so

as to Support a tunneling current therethrough; and

forming an amorphous semiconductor layer formed over the dielectric layer.

9. A method according to claim 8, wherein the step of forming the amorphous semiconductor

layer includes forming a two-layer stack of an intrinsic amorphous silicon layer and a doped

amorphous silicon layer.

10. A method according to claim 8, further comprising:

texturing a surface of the substrate before forming the dielectric layer.

9
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11. A method according to claim 8, wherein a rapid thermal oxide process is used to form the

dielectric layer.

12. A method according to claim 9, wherein the intrinsic and doped amorphous silicon layers are

both about 20-50 A thick.A

13. A method according to claim 8, further comprising depositing a layer ofTCO over the

amorphous semiconductor layer.

14. A method according to claim 13, wherein the TCO comprises a quarter wave thick layer of

indium tin oxide.

15. A method according to claim 8, wherein the amorphous semiconductor layer is formed on a

front surface of the substrate, wherein the method further comprises:

forming another dielectric layer on an opposite back surface of the substrate, wherein the

another dielectric layer is sufficiently thin so as to support a tunneling current therethrough; and

forming another amorphous semiconductor layer over the another dielectric layer.

10

5/27/2020, EAST Version: 4.1.5.3



WO 2009/094578 PCT/US2009/031886

104 1B

{02
_

106

110

1G

FIG, 1A

INGY/N TCO 122O

\—~ a-Si(p) 124 (S0A)

a-Si} 126 GOA)

sngo 900% Gago GRP 25S! AMES GAS SEB onto smoo soom minniamED segs Aen Saoet wor 2000

n-Si 106

FIG. 1B

oeStHip) o-Si:Hap

> 8 F

ae e-
* |

SEH
Site)oe

Jront back

be

E

FIG 1c

V3

5/27/2020, EAST Version: 4.1.5.3



WO 2009/094578 PCT/US2009/031886

TCO 222

a-Si(p) 224 (50A)

a-Si(i) 226 (50A)
—— SiO, 228 (12A)

_—— 206

ll,
a-SiHip) a-Si) Hii}

he

~
+

+ . a-SiHiiy
* e-Sifn) E, o-SiHin}

—...,|
——_ ot ee ee ee ee oe om we

E;
-

Added tunnel -
oxide Ey >

Ly eat

FIG, 2A

front back

FIG. 2B

2/3

5/27/2020, EAST Version: 4.1.5.3



WO 2009/094578 PCT/US2009/031886

FIG. 3

3/3

5/27/2020, EAST Version: 4.1.5.3

Texture front
surface
$302

MOS clean
$304

RTO
$306

N

a-Si(i)
$308

a-Si(doped)
$310

Flip wafer
8316

y

a-Si(doped)
$312

y
TCO
$314

Contacts
$318



EAST Search History

EAST Search History (Prior Art)

Ref Hits
#

S1 2

S24

S¢ 1

S30

S6 39

55 19

s8 18

S7 18

Search Query

"20030134469"

("2003/0134469").URPN.

"10/353261"

"10353261"

(back near surface near field) and
texture and dielectric

("2999240" |
"4001864"

|
"4104091"

|

"4133698"
|
"4142200"

|
"4152824"

|

"4156822"
|
"4201798"

|
"4377901"

|

"4478879"
|
"5013396"

|
"5543333"

|

"6096968"
|
"6136673"

|
"6146483"

|

"6206996"
| "6278053").PN. OR

("6825104").URPN.

(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

DBs

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

USPAT

USPAT

USPAT

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR

Default
Operator

OR

OR

OR

OR

OR

OR

OR

OR

Plurals Time

ON

ON

ON

ON

ON

ON

ON

ON

Stamp

2009/12/07
08:43

2009/12/07
08:56

2009/12/07
08:57

2009/12/07
08:57

2009/12/07
08:58

2009/12/07
08:58

2009/12/07
09:06

2009/12/07
09:06



S10

S11

513

512

514

S16

65

5A

120

443

texture and antireflective and emitter

(back near surface near field) and

‘texture and antireflective and emitter

texture and antireflective and emitter

‘S12 not S11

‘textur$4 and antireflective and emitter

S13 and dielectric

dielectric and antireflective and emitter

(US-PGPUB;
USPAT;
USOCR

'US-PGPUB;
USPAT;
EUSOCR

US-PGPUB;
‘USPAT;
USOCR;
FPRS; EPO;
‘JPO;
DERWENT;
IBM_TDB

US-PGPUB;
‘USPAT;
'USOCR;
FPRS; EPO;
‘JPO;
DERWENT;
IBM_TDB

US-PGPUB;
‘USPAT;
'USOCR;
FPRS; EPO;
‘JPO;
DERWENT;
IBM_TDB

US-PGPUB;
‘USPAT;
'USOCR;
FPRS; EPO;
‘JPO;
DERWENT;
IBM_TDB

US-PGPUB;
‘USPAT;
USOCR;
FPRS; EPO;
‘JPO;
DERWENT;
IBM_TDB

‘OR

OR

OR

OR

OR

OR

OR

ON 2009/12/07 |

09:09

2009/12/0709:09
2009/12/07.
09:10

2009/12/07.
09:11

ON

2009/12/07.
09:11

ON

2009/12/07.
09:12

'2009/12/07 |

09:17
ON



S15

S18

S17

‘$20

S21

$22

S25

192

132

19

14

124

20070082206"

(back near surface near field) and
dielectric

dielectric and antireflective and emitter

and ((solar near cell) (photovoltaic))

(('3413157" |
"4012235"

|
"4239810"

|

"4313768" |
"4604791"

|
"4624045"

|

4633031" |
"4781766"

|
"4836861"

|

4910153" |
"5879977"

| "6111191").PN.
|

OR (6210991").URPN.

"20060196535"

(("20030070707" |
"4070097"

|

"4084099" |
"4278831"

|
"4496788"

|

"5057430" |
"5066340"

|
"5213628"

|

"5468652" |
"5728230"

|
"6013582"

|

"6118258" |
"6210991"

| "6465724").PN.
|

OR ("7554031").URPN.

$23 and ((solar near cell) (photovoltaic))
|

USPAT;

(US-PGPUB;
USPAT;
'USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

(US-PGPUB;
USPAT;
USOCR

'US-PGPUB;
USPAT;
‘USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

'US-PGPUB;
‘USPAT;
EUSOCR

US-PGPUB;
USPAT;
USOCR

(US-PGPUB;
USPAT;
USOCR

US-PGPUB;

'USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

‘OR

‘OR

OR

OR

OR

OR

‘OR

OR

ON

ON

on

ON

oN

2009/12/07 |

09:17

2009/12/07 |

09:18 :

2009/12/07 |

09:18

ON

2009/12/07 |09:28
2009/12/07.09:51

2009/12/07.

USPAT;
USOCR

09:55

2009/12/07 |

10:13

1209/12/07 |10:17



S24 347 dielectric and (antireflection or anti near US-PGPUB; ‘OR ‘ON 2009/12/07 |

reflection or ARC) and emitter and USPAT; 10:17
textur$5 USOCR;

'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

$23 346 dielectric and (antireflection or anti near US-PGPUB; ‘OR ON 2009/12/07 |

‘reflection or ARC) and emitter and 'USPAT; 10:17
textur$5 USOCR

S26 7 —11/263159 'US-PGPUB; OR (ON 2009/12/07 |

USPAT; 10:50
'USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

S27 29 $24 and optoelectronic 'US-PGPUB; OR ON —_2009/12/07 |

USPAT; 1108
'USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

S30 32 $29 and ((solar near cell) (photovoltaic)) US-PGPUB; OR ON —_.2009/12/07 |

USPAT; | 11:09
'USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

S29 133 $28 not $24 US-PGPUB; OR ON 2009/12/07.
USPAT; 11:09
USOCR

2

$28 479 dielectric and (antireflection or anti near US-PGPUB; OR ON 2009/12/07.
reflection or ARC) and (emitter or USPAT; 11:09
collector) and textur$5 ‘USOCR

‘S31 19 "4090213" |
"4131486"

|
"4133698"

| (US-PGPUB; :OR ON 2009/12/07
"4232245" |

"4255211"
|
"4315097"

| USPAT; (11:32
4316049" |

"4341918"
|
"4365262"

| 'USOCR



$32

$35

$34

$33

$36

$38

14

215

233

1092

215

"4367368"
|
"4385198"

| "4427839").PN.
OR ("4665277").URPN.

("3150999" |
"4227942"

|

"4348254").PN. OR ("4427839").URPN.

$34 not (S17)

$33 and (solar near cell)

(antireflection or anti near reflection or
ARC) and emitter and textur$5

$35 not $29

"20040112426"

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

2009/12/07
11:35

2009/12/07
11:47

2009/12/07
11:47

2009/12/07
11:47

2009/12/07
11:48

2009/12/07
12:08

2



‘S37

539

‘S40

$43

S42

541

10

88

138

87

175

2004/01 12426

("20040200520" |
"4234352"

|

"4478879" |
"4920639"

|
"4927770"

|

"5053083" |
"5320684"

|
"5538564"

|

"5641362" | "6624737").PN. OR

(("7339110").URPN.

(back near surface near field) and
antireflective and emitter

‘S41 not $36

‘S41 not $40

(back near surface near field) and
(antireflective ARC (anti near reflective)

|

and emitter

(US-PGPUB;
USPAT;
'USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

(US-PGPUB;
USPAT;
USOCR

'US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
‘USPAT;
'USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
‘USPAT;
'USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

'US-PGPUB;
USPAT;
USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

‘OR

‘OR

‘OR

‘OR

‘OR

‘OR

ON

on

ON

ON

ON

ON

2009/12/07 |

12:08

2009/12/07 |

12:14

2009/12/07 |

(12:23

2009/12/07 |12:24

2009/12/07 |12:24

2009/12/07 |

12:24



S44

S45

S46

S47

S48

S49

550

$51

26

19

11

15

14

10

15

("2841860" |
"2854363"

|
"3134906"

|

"4070689"
|
"4341589"

|
"4428783"

|

"4523966"
|
"4665277"

|
"4703553"

|

"5156978").PN. OR ("5928438").URPN.

("4090213" |
"4131486"

|
"4133698"

|

"4232245"
|
"4255211"

|
"4315097"

|

"4316049"
|
"4341918"

|
"4365262"

|

"4367368"
|
"4385198"

| "4427839").PN.
OR ("4665277").URPN.

("3081370" |
"3757123"

|
"3948682"

|

"3969746").PN. OR ("4131486").URPN.

"5258077"

("3895975" |
"4056879"

|
"4106047"

|

"4131486"
|
"4226017"

|
"4916503"

|

"5538564"
|
"5641362"

|
"5951742"

|

"5973260"
| "6071753").PN. OR

("6262359").URPN.

(back near junction) and (passiv$4 with
"SiO.sub.2")

(back with surface with field) and
(passiv$4 with "SiO.sub.2")

(passiv$4 with "SiO.sub.2" with emitter)

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;

OR

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2009/12/07
12:30

2009/12/07
13:00

2009/12/07
13:02

2009/12/07
14:11

2009/12/07
14:13

2009/12/07
15:25

7

2009/12/07
15:27

2009/12/07
15:28



$53

$52

‘S54

555

S56

S58

1984

14

163

*

(passiv$4 with ("SiO.sub.2" or (silicon

‘Near dioxide))) and solar near cell

(passiv$4 with ("SiO.sub.2" or (silicon

‘Near dioxide)))

"3895975" |
"4056879"

|
"4106047"

|

"4131486" |
"4226017"

|
"4916503"

|

"5538564" |
"5641362"

|
"5951742"

|

"5973260" | "6071753").PN. OR

("6262359").URPN.

(back near junction) and (solar near cell)
'USPAT;
'USOCR;
|FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

‘S57 not S56

JPO;
DERWENT;
IBM_TDB

US-PGPUB;
‘USPAT;
'USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
‘USPAT;
'USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
‘USPAT;
'USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

'US-PGPUB;
USPAT;
EUSOCR

US-PGPUB;

'US-PGPUB;
USPAT;
'USOCR;
|FPRS; EPO;
JPO;

OR

OR

OR

OR

TOR

TOR

on

on

2009/12/07 |15:31

2009/12/07 |15:31
ON

2009/12/07 |15:37

2009/12/07
16:00

ON

2009/12/07
16:13

2009/12/07.
16:29



‘S57

S61

S60

‘S59

562

141

32

182

345

16

DERWENT;
IBM_TDB

(back near junction) and (photovoltaic) US-PGPUB;
USPAT;
USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

S60 and emitter ‘US-PGPUB;
USPAT;
USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

S59 not S56 US-PGPUB;
USPAT;
USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

(back near2 junction) and (solar near cell US-PGPUB;
‘or (photovoltaic) ‘USPAT;

USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

(US-20050268963-$ or US- 'US-PGPUB;
20020153039-$ or US-20060196535-$ or USPAT;
US-20090101199-$ or US-20040097062- DERWENT
$ 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.

‘OR

‘OR

‘OR

‘OR

‘OR

on

on

on

on

on

2009/12/07 |

16:29

2009/12/07 |

16:31

2009/12/07 |

16:31

2009/12/07 |

16:31

2009/12/07 |

16:33



S65

S64

S63

S66

S68

S67

S69

S70

16

346

251

232

24

49

S64 and (isolation near trench)

dielectric and (antireflection or anti near
reflection or ARC) and emitter and
textur$5

S62 and (isolation near2 trench)

solar near cell and (isolation near trench)

S67 and solar near cell

(back with surface with field) and
(isolation near trench)

(back with surface with field) and
(isolation near2 edge) and (solar near
cell)

("20030134469" |
"20040200520"

|

"20040200520"
|
"20060130891"

|

"20070082206"
|
"3961997"

|
"3961997"

|
"4927770"

|
"4927770"

|
"5030295"

|

"5053083"
|
"5057439"

|
"5164019"

|

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;

OR

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2009/12/07
16:34

2009/12/07
16:34

2009/12/07
16:34

0

2009/12/07
16:35

2009/12/07
16:36

2

2009/12/07
16:36

2009/12/07
16:40

2009/12/07
16:54



S72

S71

S73

‘S75

S74

32

288

»

32

"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.|

S71 and ((solar near cell) photovoltaic)

oxide with passiv$5 with emitter

"4726850"

(back with surface with field) and

(isolat$3 near5 edge) and (solar near
cell)

(back with surface with field) and

(isolat$3 near5 edge with trench) and

(solar near cell)

DERWENT;
IBM_TDB

'US-PGPUB;
USPAT;
'USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

'US-PGPUB;
'USPAT;
'USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

'US-PGPUB;
'USPAT;
'USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

'US-PGPUB;
USPAT;
'USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

'US-PGPUB;
'USPAT;
'USOCR;
|FPRS; EPO;
JPO;

TOR

TOR

TOR

TOR

TOR

on

on

on

on

on

2009/12/07
17:00

2009/12/07.
17:00

2009/12/07 |

17:29

2009/12/07 |17:34

2009/12/07.
17:34

|

0



S76

S77

$79

$78

580

$81

39

20

304

24

41

(back with surface with field) and
(isolation near5 trench with etch)

(solar near cell) and (isolation near5
trench with etch)

(solar near cell) and (isolation near5
trench with edge)

(solar near cell) and (isolation near5
trench)

(trench with (electric$4 near isolat$4))
and emitter and (solar near cell)

(silver near5 ("SiO.sub.2" or silicon near
dioxide)) and (solar near cell) and
emitter

DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

2009/12/07
17:40

2009/12/07
17:41

2009/12/07
17:42

7

2009/12/07
17:42

2009/12/07
17:52

2009/12/07
18:06



583

582

S84

S86

585

S88

50

42

44

46

90

15

((silver or Ag) near5 ("SiO.sub.2" or
silicon near dioxide or passiv$4)) and
(solar near cell) and emitter

(silver near5 ("SiO.sub.2" or silicon near
dioxide or passiv$4)) and (solar near
cell) and emitter

((silver) near5 ("SiO.sub.2" or silicon
near dioxide or passiv$4)) and ((solar
near cell) or photovoltaic) and emitter

S85 not S84

((silver) near5 ("SiO.sub.2" or silicon
near dioxide or passiv$4)) and ((solar
near cell) or photovoltaic)

$87 not $85

DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

2009/12/07
18:07

2009/12/07
18:07

2009/12/07
18:08

2009/12/07
18:09

2009/12/07
18:09

2009/12/07
18:12



$87

S90

S89

$91

S95

S94

S93

S92

105

240

345

14

25

565

584

1122

((silver) near5 ("SiO.sub.2" or silicon
near dioxide or passiv$4)) and ((solar
near cell) or photovoltaic or
optoelectronic)

S89 not $87

((silver) with ("SiO.sub.2" or silicon near
dioxide or passiv$4)) and ((solar near
cell) or photovoltaic or optoelectronic)

("3150999" |
"4227942"

|

"4348254").PN. OR ("4427839").URPN.

S94 and solar near cell

silver near5 infrared near5 reflect$4

silver near5 infrared with reflect$4

silver with infrared with reflect$4

DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

OR

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2009/12/07
18:12

2009/12/07
18:13

2009/12/07
18:13

2009/12/07
18:17

2009/12/07
18:38

2009/12/07
18:38

2009/12/07
18:38

2009/12/07
18:38



S96 29

S07 18

$98 1822

soo 54

$100 296

$1035

$102 1

S1011

$94 and photovoltaic

"5479018"

dichroic near coating

dichroic near coating and (powder)

(fluorescent near powder) and (light
‘Near5 film)

"6262359"

2000-587576.NRAN.

626235981

(US-PGPUB;
USPAT;
USOCR

'US-PGPUB;
USPAT;
EUSOCR

(US-PGPUB;
‘USPAT;
'USOCR;
FPRS; EPO;
‘JPO;
DERWENT;
IBM_TDB

(US-PGPUB;
‘USPAT;
'USOCR;
FPRS; EPO;
‘JPO;
DERWENT;
IBM_TDB

(US-PGPUB;
‘USPAT;
'USOCR;
FPRS; EPO;
‘JPO;
DERWENT;
IBM_TDB

(US-PGPUB;
‘USPAT;
'USOCR;
FPRS; EPO;
‘JPO;
DERWENT;
IBM_TDB

“DERWENT

'US-PGPUB;
USPAT;
'USOCR;
'FPRS; EPO;
JPO;

‘OR

OR

OR

OR

OR

OR

OR

OR

ON 2009/12/07|
18:41 :

2009/12/07
18:56

ON

ON '2009/12/08
07:20

2009/12/08
07:21

ON

2009/12/08
07:22

ON

2009/12/1007:08
ON

2009/12/1007:08
ON

2009/12/10
07:08

ON



$105 11 ("3081370" |
"3757123"

|
"3948682"

|

"3969746").PN. OR ("4131486").URPN.

$104 14 ("3895975" |
"4056879"

|
"4106047"

|

"4131486"
|
"4226017"

|
"4916503"

|

"5538564"
|
"5641362"

|
"5951742"

|

"5973260"
| "6071753").PN. OR

("6262359").URPN.

$108 19 ("4090213" |
"4131486"

|
"4133698"

|

"4232245"
|
"4255211"

|
"4315097"

|

"4316049"
|
"4341918"

|
"4365262"

|

"4367368"
|
"4385198"

| "4427839").PN.
OR ("4665277").URPN.

$107 14 ("3150999" |
"4227942"

|

"4348254").PN. OR ("4427839").URPN.

$106 12 ("4090213" |
"4131486"

|
"4133698"

|

"4232245"
|
"4255211"

|
"4315097"

|

"4316049"
|
"4341918"

|
"4365262"

|

"4367368"
|
"4385198"

| "4427839").PN.

$109 9 floating same emitter same solar same
cell

$110 19 ("4090213" |
"4131486"

|
"4133698"

|

"4232245"
|
"4255211"

|
"4315097"

|

"4316049"
|
"4341918"

|
"4365262"

|

"4367368"
|
"4385198"

| "4427839").PN.
OR ("4665277").URPN.

$113 4 $112 and polycrystal$4

$112 16 ("3895975" |
"4056879"

|
"4106047"

|

"4131486"
|
"4226017"

|
"4916503"

|

"5538564"
|
"5641362"

|
"5951742"

|

"5973260"
| "6071753").PN. OR

("6262359").URPN.

DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

OR

OR

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

2009/12/10
07:09

2009/12/10
07:09

2009/12/10
07:11

2009/12/10
07:11

2009/12/10
07:11

2009/12/10
07:33

2009/12/10
07:35

2010/05/20
07:23

2010/05/20
07:23



S111 7

$114 9

$115 10

S116 6

$118 45

$117 414

$119 10

$120 1

$121 1

"6262359"

("4377901" |
"4478879"

|
"5082791"

|

"5665175").PN. OR ("6071753").URPN.

("20020011590" |
"5103851"

|

"5437734"
|
"5738732"

|
"6071753"

|

"6130380"
|
"6166320"

| "6548751").PN.
OR ("6927417").URPN.

("4837607" |
"5543333"

|

"5738732").PN. OR ("6130380").URPN.

$117 and ((solar photovoltaic) near
(battery device cell))

polycrystalline near5 substrate same
emitter

"4665277"

"12070742"

"12070742"

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;

OR

OR

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

2010/05/20
07:23

2010/05/20
07:26

2010/05/20
07:28

2010/05/20
07:29

2010/05/20
07:43

2010/05/20
07:43

2010/05/20
08:39

2010/05/20
08:44

2012/03/15
13:12



JPO;
DERWENT;
IBM_TDB

polysilicon near2 emitter and

(photovoltaic solar near2 (Cell device

battery)

$122 41 US-PGPUB;
USPAT;
'USOCR;
|FPRS; EPO;

JPO;
DERWENT;
IBM_TDB

$123 18 "4989059"

'USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

$1259 $124 not $122 'US-PGPUB;
‘USPAT;
'USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

(polysilicon polycrystalline) near2 emitter

and (photovoltaic solar near2 (Cell
device battery))

$124 50 US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
‘DERWENT;
IBM_TDB

(polysilicon polycrystalline) with emitter

and (photovoltaic solar near2 (Cell
device battery)) and (dielectric oxide)

$129 128 US-PGPUB;
‘USPAT;
'USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

$128 347591 (polysilicon polycrystalline) wiith emitter

and (photovoltaic solar near2 (Cell
device battery)) and (dielectric oxide)

US-PGPUB;
USPAT;
'USOCR;
'FPRS; EPO;

OR

OR

OR

OR

OR

OR

OFF

OFF

OFF

OFF

OFF

OFF

2012/03/15
13:28

2012/03/15 |

13:34
US-PGPUB;
USPAT;

2012/03/15 |

13:35

2012/03/15
13:35

2012/03/15 |

13:37

2012/03/15 |

13:37

JPO;



$127 297

$126 343

$130 86

$131 2

$132 6

$133 10

(polysilicon polycrystalline) same emitter
and (photovoltaic solar near2 (Cell
device battery)) and (dielectric oxide)

(polysilicon polycrystalline) same emitter
and (photovoltaic solar near2 (Cell
device battery))

$129 not $124

"20090159111"

"2008004791"

"7468485"

DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;

OR

OR

OR

OR

OR

OR

OFF

OFF

OFF

OFF

OFF

OFF

2012/03/15
13:37

2012/03/15
13:37

2012/03/15
13:38

2012/03/15
13:43

2012/03/15
13:46

2012/03/15
13:47



$134 24

$136 1

$135 14

$137 23

$139 215

$138 0

S140 74

("3961997" |
"4927770"

|
"5030295"

|

"5053083"
|
"5057439"

|
"5164019"

|

"5360990"
|
"5369291"

|
"5641362"

|

"6274402"
|
"6313395"

|
"6333457"

|

"6337283"
|
"6387726"

|
"6423568"

|

"6998288").PN. OR ("7468485").URPN.

"20090159111"

"5057439"

("4090213" |
"4131486"

|
"4133698"

|

"4232245"
|
"4255211"

|
"4315097"

|

"4316049"
|
"4341918"

|
"4365262"

|

"4367368"
|
"4385198"

| "4427839").PN.
OR ("4665277").URPN.

$126 not $129

$129 not $126

emitter and (photovoltaic solar near2
(Cell device battery)) and tunnel near
oxide

DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

OR

OR

OR

OR

OR

OR

OFF

OFF

OFF

OFF

OFF

OFF

OFF

2012/03/15
13:49

2012/03/15
13:55

2012/03/15
13:55

2012/03/15
13:58

2012/03/15
14:03

2012/03/15
14:03

2012/03/15
14:04



$142 1

$141 75

$143 222

$144 147

$145 188

$147 413

$141 not $140

emitter and (photovoltaic solar near2
(Cell device battery)) and tunnel$3 near
oxide

emitter and (photovoltaic solar near2
(Cell device battery)) and tunnel$3 near5
(oxide barrier)

$143 not $141

emitter and (photovoltaic solar near2
(Cell device battery)) and tunnel$3 near2
(oxide barrier)

(photovoltaic solar near2 (Cell device
battery)) and tunnel$3 near2 (oxide
barrier) and silicon

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

OR

OR

OR

OR

OR

OFF

OFF

OFF

OFF

OFF

OFF

2012/03/15
14:10

2012/03/15
14:10

2012/03/15
14:11

2012/03/15
14:12

2012/03/15
14:22

2012/03/15
14:27



S146 488

$148 238

$149 24

$151 10

$150 0

$152 23

$154 11442

$153 4089

(photovoltaic solar near2 (Cell device
battery)) and tunnel$3 near2 (oxide
barrier)

$147 not $145

("3961997" |
"4927770"

|
"5030295"

|

"5053083"
|
"5057439"

|
"5164019"

|

"5360990"
|
"5369291"

|
"5641362"

|

"6274402"
|
"6313395"

|
"6333457"

|

"6337283"
|
"6387726"

|
"6423568"

|

"6998288").PN. OR ("7468485").URPN.

Sah.in. and emitter

Sah.in. and emittter

("4090213" |
"4131486"

|
"4133698"

|

"4232245"
|
"4255211"

|
"4315097"

|

"4316049"
|
"4341918"

|
"4365262"

|

"4367368"
|
"4385198"

| "4427839").PN.
OR ("4665277").URPN.

(photovoltaic solar near2 (Cell device
battery)) and (passivat$4 near2 oxide
dielectric ) and silicon

(photovoltaic solar near2 (Cell device
battery)) and (passivat$4 near2 oxide
dielectric ) and silicon and (passivat$4

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;

OR

OR

OR

OR

OR

OR

OR

OR

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

2012/03/15
14:27

2012/03/15
14:28

2012/03/15
14:32

2012/03/15
14:35

2012/03/15
14:35

2012/03/15
14:36

2012/03/15
14:39

2012/03/15
14:39



S159 612

S158 612

S157 4063

S156 11276

S155 11442

S161 301

Near2 oxide dielectric ) with (reflect$4
metal)

(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 and silicon

(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

(photovoltaic solar near (Cell battery))
and ((passivat$4 near2 oxide) dielectric ) |

and silicon and (passivat$4 near2 oxide
dielectric ) with (reflect$4 metal)

(photovoltaic solar near (Cell battery)
and ((passivat$4 near2 oxide) dielectric )
and silicon

7

(photovoltaic solar near2 (Cell device

‘battery)) and ((passivat$4 near2 oxide)
dielectric ) and silicon

S160 not $148

JPO;
DERWENT;
IBM_TDB

USPAT;
'USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

USPAT;
'USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

USPAT;
'USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

USPAT;
USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
‘USPAT;
USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
‘USPAT;
'USOCR;
'FPRS; EPO;
JPO;

OR

OR

OR

OR

OR

OR

OFF

OFF

OFF

OFF

OFF

OFF

2012/03/15
14:40

US-PGPUB;

2012/03/15
14:40

US-PGPUB;

2012/03/15 |

14:40
US-PGPUB;

2012/03/15
14:40

US-PGPUB;

2012/03/15.
14:40

2012/03/15.
14:41



$160 301

$162 8

$163 58

$164 2

$165 50

$166 13

$168 2

(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 and emitter

"5956571"

"4200472"

"20060130891"

Borden.in. and emitter

"5057439"

"20090159111"

DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

USPAT

US-PGPUB;
USPAT;
USOCR;

OR

OR

OR

OR

OR

OR

OR

OFF

OFF

OFF

OFF

OFF

OFF

OFF

2012/03/15
14:41

2012/03/15
14:57

2012/03/15
14:58

2012/03/15
14:59

2012/03/15
15:00

2012/03/16
07:33

2012/03/16
07:36



S167 0

$169 2

$170 24

S171 14

$173 1

$172 1

$174 1

$175 114

$176 2

"20090159111"

"20050268963"

("3961997" |
"4927770"

|
"5030295"

|

"5053083"
|
"5057439"

|
"5164019"

|

"5360990"
|
"5369291"

|
"5641362"

|

"6274402"
|
"6313395"

|
"6333457"

|

"6337283"
|
"6387726"

|
"6423568"

|

"6998288").PN. OR ("7468485").URPN.

("4403392" | "4502206").PN. OR
("5057439").URPN.

"20090159111"

"20060096635"

"20050268963"

polysilicon near emitter and native near
oxide

polysilicon near emitter and native near
oxide and (photovoltaic and solar near2
(battery cell device))

FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

USPAT

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

OR

OR

OR

OR

OR

OR

OR

OR

OR

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

2012/03/16
07:36

2012/03/16
07:38

2012/03/16
07:45

2012/03/16
07:47

2012/03/16
07:49

2012/03/16
07:49

2012/03/16
07:54

2012/03/16
08:12

2012/03/16
08:13



5177

$179

$178

$180

$181

$182

$185

$184

$183

$188

367

10

17

552

polysilicon near emitter and "SiO.sub.2"

Borden.in. and polysilicon near emitter

polysilicon near emitter and "SiO.sub.2"
and (photovoltaic and solar near2
(battery cell device))

polysilicon near emitter and (photovoltaic
and solar near2 (battery cell device))

(polycyrstalline multicrystalline
polysilicon) near2 emitter and
(photovoltaic and solar near2 (battery
cell device))

"2008004791"

"2008004791"

"2008004791"

"20080004791"

$187 and emitter and (photovoltaic solar
near (cell device battery))

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

OR

OR

OR

OR

OR

OR

OR

OR

OR

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

2012/03/16
08:14

2012/03/16
08:15

6

2012/03/16
08:15

2

2012/03/16
08:17

2012/03/16
08:19

2012/03/16
08:27

0

2012/03/16
08:28

6

2012/03/16
08:28

0

2012/03/16
08:28

2

2012/03/19
08:37



S187 '7338

S186 3869

5190 39

$189 426

S191 419

$192 237

$193 12

438/72.ccls. 438/57.ccls. 438/69.ccls.
438/97.ccls. 438/98.ccls. 257/461.ccls.

257/436.ccls.

438/72.ccls. 438/57.ccls. 438/69.ccls.
438/97.ccls. 438/98.ccls. 257/461.ccls.

257/436.ccls.

$188 and oxide and polysilicon

S188 and oxide

$188 and oxide and silicon

S188 and oxide and (light near incident

front) near5 (contact wir$4 connect$4)

S188 and oxide and (light near incident

front) near5 (contact wir$4 connect$4)
and tunnel$3 near5 oxide

'US-PGPUB;
USPAT;
USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

|USPAT

US-PGPUB;
‘USPAT;
'USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
‘USPAT;
USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
‘USPAT;
'USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
'USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
'USOCR;
'FPRS; EPO;
JPO;

‘OR

‘OR

OR

OR

OR

OR

OR

OFF

OFF

OFF

OFF

OFF

OFF

OFF

2012/03/19 |

08:37

'2012/03/19 |

08:37

2012/03/1908:38

2012/03/1908:38

2012/03/19
08:45

2012/03/19
08:46

2012/03/1908:53



5196
52

S195 16

$1942

S197 31

$1992

$1981

"12070742"

"1270742"

12707042"

"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.

"11915984"

DERWENT;
IBM_TDB

'US-PGPUB; OR OFF
USPAT; |

USOCR;
'FPRS; EPO;
JPO;
‘DERWENT;
IBM_TDB

'US-PGPUB; OR OFF
USPAT; |

USOCR;

'FPRS; EPO;
JPO;
‘DERWENT;
IBM_TDB

'US-PGPUB; OR OFF
USPAT; |

USOCR;
'FPRS; EPO;
JPO;
‘DERWENT;
IBM_TDB

'US-PGPUB; OR (ON
USPAT; |

USOCR

US-PGPUB; OR ON
USPAT; |

USOCR

US-PGPUB; OR ON
USPAT;

2

|

EUSOCR

2013/09/11|
10:10

|

2013/09/11|
10:10

|

2013/09/11|
10:10

|

2013/09/11|
10:11

2013/09/11|
10:26

2013/09/11
10:26

20040055894



$2002

S201 42

S202 26

S203(26

$2041

$205 33

‘$20730

$2063

"20090159111"

(("3961997"| "4927770" | "5030295" |
"5053083"| "5057430" | "5164019" |
"5360990"| "5369291" | "5641362" |
"6274402"| "6313395" | "6333457" |
"6337283"| "6387726" | "6423568" |"6998288").PN.OR (""7468485").URPN.

"5057439"

("4403392" | "4502206").PN. OR

("5057439").URPN.

"12983846"

‘polysilicon near emitter and (solar

photovoltaic).ab.

"7468485"

"7468482"

'US-PGPUB;
USPAT;
USOCR;

'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

(US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
5USOCR

(US-PGPUB;
USPAT;
USOCR

'US-PGPUB;
USPAT;
USOCR

(US-PGPUB;
‘USPAT;
'USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

(US-PGPUB;
‘USPAT;
'USOCR;
|FPRS; EPO;
‘JPO;
DERWENT;
IBM_TDB

'US-PGPUB;
USPAT;
'USOCR;
'FPRS; EPO;
JPO;

‘OR

‘OR

OR

‘OR

‘OR

OR

OR

OR

ON

ON

on

on

on

2013/09/11|
10:32

2013/09/11|
10:35

(2013/09/1110:41

2013/09/11|
10:42

2013/09/11|10:50
2013/09/11.10:51

ON

2013/09/11.10:54
ON

2013/09/11
10:54

ON



$209 1

S208 2

S2103

$212 55

S211 2074

$214 17

$213 72

2009-P84539.NRAN.

*oorassr2e

‘polysilicon near emitter and (solar

Photovoltaic)

‘polysilicon
near emitter

‘$213not $212

‘polysilicon near5 emitter and (solar
photovoltaic)

DERWENT;
IBM_TDB

DERWENT

'US-PGPUB;
USPAT;
'USOCR;
FPRS; EPO;
‘JPO;
DERWENT;
IBM_TDB

'US-PGPUB;
USPAT;
'USOCR;
FPRS; EPO;
‘JPO;
DERWENT;
IBM_TDB

'US-PGPUB;
USPAT;
'USOCR;
FPRS; EPO;
‘JPO;
DERWENT;
IBM_TDB

'US-PGPUB;
SPAT;
'USOCR;
FPRS; EPO;
‘JPO;
DERWENT;
IBM_TDB

'US-PGPUB;
USPAT;
'USOCR;
FPRS; EPO;
‘JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
‘USOCR;

‘OR

OR

OR

OR

OR

OR

OR

on

on

on

on

on

on

on

2013/09/11|
11:01

(2013/09/11
1101

20090288704

(2013/09/1111:03

(2013/09/1111:08

(2013/09/1111:08

(2013/09/11

2013/09/11a4



S2156

S216 24

S2174

S2193

S2180

S2202

(polycyrstalline multicrystalline
polysilicon) near2 emitter and

(photovoltaic and solar near2 (battery
cell device))

lindholm.in. and solar near cell

lindholm in. and "136".clas.

lindholm in. and "136."

‘polysilicon near solar same emitter

'FPRS; EPO;
‘IPO;
DERWENT;
IBM_TDB

'US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
‘IPO;
DERWENT;
IBM_TDB

“US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
‘USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
'USPAT;
‘USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
‘USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

'US-PGPUB;
USPAT;
‘USOCR;
FPRS; EPO;
JPO;

OR

OR

TOR

TOR

TOR

TOR

on

OFF

on

(on

(on

on

2013/09/11
11:15

2008004791

2013/09/11
1117

2013/09/11
11:54

2013/09/11
11:56

2013/09/11
11:56

2013/09/11
11:59



$221 20

S2226

S223 26

S2242

S227 26

S226 377

S225 395

("3900943"| "4062038" | "4171997" |
"4197141"| "4219368" | "4230508" |
"4249957"| "4278473" | "4283589" |
4320168"| "4366338").PN. OR

(4431858").URPN.

(("20030183270"| "20090255574"|"20090283138"| "3969163" | "4431858" _
|| "4571448").PN.OR ("8283557").URPN,

"4403392"| "4502206").PN. OR

('5057439").URPN.

"12166266"

‘polysilicon near5 emitter same oxide

with dop$3 same phosphorus

‘polysilicon near5 emitter same oxide

‘with dop$3

polysilicon near5 emitter same oxide

‘Same dopant

DERWENT;
IBM_TDB

(US-PGPUB;
USPAT;
USOCR

(US-PGPUB;
USPAT;
USOCR

US-PGPUB;
‘USPAT;
'USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
'USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
'USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

‘OR

(OR

TOR

OR

OR

OR

OR

ON

ON

on

on

on

on

on

2013/09/11|
12:00

2013/09/11|
12:02

2013/09/11.13:29
US-PGPUB;
USPAT;
USOCR

'2013/09/11|
(13:43

'2013/09/11|
13:45

'2013/09/11|
134500

'2013/09/11|
134500



$228 6

$229 53

$230 158

$231 38

$232 687

$233 41

$236 59

$235 2

"11201817"

Swanson near Richard and solar near cell

"5053083"

("20040200520" |
"4234352"

|

"4478879"
|
"4920639"

|
"4927770"

|

"5053083"
|
"5320684"

|
"5538564"

|

"5641362"
| "6624737").PN. OR

("7339110").URPN.

phosphosilicate near glass same
(dielectric oxide) with (passivation
capping)

phosphosilicate near glass same
(dielectric oxide) with (passivation
capping) same polysilicon

"5693578"

"20080004791"

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

OR

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2013/09/11
13:48

2013/09/11
13:52

2013/09/11
13:53

2013/09/11
14:03

2013/09/11
14:14

2013/09/11
14:15

2013/09/11
14:17

2013/09/11
14:17



$2340

$237 11

$2393

$238 14

‘S24181

‘$24081

$243 143

"2008004791"

(back near surface near field BSF) same
Polysilicon

$238 not $237

(back near surface near field BSF) same
polysilicon

‘$240not $238

(back near surface near field BSF) same

‘Polycrystalline near silicon

‘$242not $238

(US-PGPUB;
USPAT;
USOCR

'US-PGPUB;
USPAT;
EUSOCR

(US-PGPUB;
‘USPAT;
'USOCR;
|FPRS; EPO;
‘JPO;
DERWENT;
IBM_TDB

(US-PGPUB;
‘USPAT;
'USOCR;
|FPRS; EPO;
‘JPO;
DERWENT;
IBM_TDB

(US-PGPUB;
‘USPAT;
'USOCR;
|FPRS; EPO;
‘JPO;
DERWENT;
IBM_TDB

(US-PGPUB;
‘USPAT;
'USOCR;
|FPRS; EPO;
‘JPO;
DERWENT;
IBM_TDB

(US-PGPUB;
‘USPAT;
'USOCR;
|FPRS; EPO;
‘JPO;
DERWENT;
IBM_TDB

‘OR

OR

OR

OR

OR

OR

OR

on 2013/09/11|
14:17

|

2013/09/11
1419

ON

2013/09/11.14:21
ON

2013/09/11.14:21
ON

2013/09/11.
(14:23

ON

2013/09/11.
(14:23

ON

2013/09/11
(14:35

ON



$242 157

$245 108

S244 476

S246 26

$248 3

$247 2

(back near surface near field BSF) and
polysilicon

(back near surface near field BSF) same
passivat$4 and (solar photovoltaic).ab.
and heterojunction

(back near surface near field BSF) same
passivat$4 and (solar photovoltaic).ab.

"4315097"

"20040200520"

"20040205520"

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

2013/09/11
14:35

2013/09/11
14:45

2013/09/11
14:45

2013/09/11
15:00

2013/09/11
15:02

2013/09/11
15:02



$249 25

$250 717

$251 75

$253 39

$252 114

S255 44

(back near surface near field BSF) same
passivat$4 and (solar photovoltaic).ab.
and polysilicon

(back near surface near field BSF) same
(capping oxide dielectric passivat$4) and
(solar photovoltaic).ab.

(back near surface near field BSF) same
(capping oxide dielectric passivat$4) and
(solar photovoltaic).ab. and
Phosphosilicate

$252 not $251

(back near surface near field BSF) same
(capping oxide dielectric passivat$4) and
(solar photovoltaic).ab. and
(Phosphosilicate PSG)

$254 not $252

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

2013/09/11
15:09

2013/09/11
15:10

2013/09/11
15:11

2013/09/11
15:16

2013/09/11
15:16

2013/09/11
15:18



$254 158

$256 1163

$258 33

$257 727

$259 703

$260 81

(back near surface near field BSF) same
(capping oxide dielectric passivat$4) and
(Phosphosilicate PSG)

(back near surface near field BSF) same
(capping oxide dielectric passivat$4)

(back near surface near field BSF) same
(capping oxide dielectric passivat$4) and
(solar photovoltaic photoelectric).ab. and
polysilicon

(back near surface near field BSF) same
(capping oxide dielectric passivat$4) and
(solar photovoltaic photoelectric).ab.

polysilicon with PSG with (dielectric
oxide)

polysilicon with PSG with (dielectric
oxide) and emitter

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

2013/09/11
15:18

2013/09/11
15:20

2013/09/11
15:21

2013/09/11
15:21

2013/09/11
15:30

2013/09/11
15:31



$261 225

$263 44

$262 2

$265 62

$264 161

$267 41

polysilicon with PSG with (dielectric
oxide) same dop$3

polysilicon with PSG with (dielectric
oxide) and (solar photovoltaic)

polysilicon with PSG with (dielectric
oxide) same dop$3 and (solar
photovoltaic)

(phosphosilicate PSG) with (dielectric
oxide) same dop$4 and (solar
photovoltaic).ab.

(phosphosilicate PSG) with (dielectric
oxide) same dop$4 and (solar
photovoltaic)

$266 not S265

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

2013/09/11
15:33

2013/09/11
15:34

2013/09/11
15:34

2013/09/11
15:35

2013/09/11
15:35

2013/09/11
15:42



$266 103

$268 2

$269 3

$270 179

S271 57

$273 0

(phosphosilicate PSG borosilicate BSG )
with (dielectric oxide) same dop$4 and
(solar photovoltaic).ab.

"20080173347"

"20060196535"

"4927770"

(phosphosilicate PSG borosilicate BSG )
with (dielectric oxide cap$4) same dop$4
and (back near surface near field BSF)

$271 not $271

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

2013/09/11
15:42

2013/09/11
15:43

2013/09/11
15:45

2013/09/11
15:46

2013/09/11
15:50

2013/09/11
15:52



$272 145

$274 88

$275 190

$276 130

$277 341

5278 14

(phosphosilicate PSG borosilicate BSG )
with (dielectric oxide cap$4) and (back
near surface near field BSF)

$272 not $271

(phosphosilicate PSG borosilicate BSG )
with (dielectric oxide cap$4) with
(dop$4) with (burn$4 escap$4 leav$4
diffus$4)

(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)

(phosphosilicate PSG borosilicate BSG )
with (dielectric "SiO.sub.2" silicon near
oxide cap$4) and (solar photoelectric
photovoltaic).ab.

(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;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

2013/09/11
15:52

2013/09/11
15:53

2013/09/12
07:22

2013/09/12
07:28

2013/09/12
07:39

2013/09/12
07:42



$279 23

S280 18

$281 35

S282 6

$285 80

S284 86

$283 6

(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)

(phosphosilicate PSG borosilicate BSG )
with (cap$4) with (dop$4) and (solar
photoelectric photovoltaic)

("3895975" |
"4056879"

|
"4106047"

|

"4131486"
|
"4226017"

|
"4916503"

|

"5538564"
|
"5641362"

|
"5951742"

|

"5973260"
| "6071753").PN. OR

("6262359").URPN.

(oxide with tunnel) same (pn near
junction) and (solar photovoltaic).ab.

$284 not $283

(oxide with tunnel$5) same (junction)
and (solar photovoltaic).ab.

(oxide with tunnel$5) same (pn near
junction) and (solar photovoltaic).ab.

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

2013/09/12
07:44

2013/09/12
07:46

2013/09/12
09:04

2013/09/12
09:08

2013/09/12
09:10

2013/09/12
09:10

2013/09/12
09:10



$2863

S287 52

$290 87

‘$28988

$288 211

$291 1100

"4272641"

$289 not $287

thin same (oxide with tunnel$5) and

(solar photovoltaic).ab.

(oxide with tunnel$5) and (solar
photovoltaic).ab.

(oxide with tunnel$5) and (solar

photovoltaic photoelectric)

|FPRS; EPO;
‘IPO;
DERWENT;
IBM_TDB

'US-PGPUB;
USPAT;
USOCR;
|FPRS; EPO;
‘IPO;
DERWENT;
IBM_TDB

'US-PGPUB;
USPAT;
USOCR;
|FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

'US-PGPUB;
USPAT;
USOCR;
|FPRS; EPO;
‘IPO;
DERWENT;
IBM_TDB

'US-PGPUB;
USPAT;
USOCR;
|FPRS; EPO;
‘IPO;
DERWENT;
IBM_TDB

'US-PGPUB;
USPAT;
USOCR;
|FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

'US-PGPUB;
USPAT;
USOCR;
|FPRS; EPO;

OR

OR

OR

OR

OR

OR

on

on

oN

oN

oN

oN

2013/09/12
09:12

20070256728

2013/09/12
09:14

'2013/09/12|
09:15

'2013/09/12|
09:15

2013/09/12
09:15

2013/09/12
09:22



$293 243

$292 301

S2956

$2947

$296 24

S297 60

(S292 not $289)

(oxide with tunnel$5) same (pn junction

‘p-type n-type) and (solar photovoltaic
photoelectric)

"3990097"| "4338482").PN. OR

("4495375").URPN.

"4495375"

("3559281"| "4013485" | "4062102" |
4253881"| "4403239" | "4404421" |
"4404422"| "4495375" | "4640002" |
4806496"| "4828628").PN. OR

(4891325").URPN.

"6998288"

JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
'USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
'USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

'US-PGPUB;
USPAT;
EUSOCR

(US-PGPUB;
‘USPAT;
'USOCR;
|FPRS; EPO;
‘JPO;
DERWENT;
IBM_TDB

“US-PGPUB;
USPAT;
EUSOCR

'US-PGPUB;
USPAT;
'USOCR;
FPRS; EPO;
‘JPO;
DERWENT;
IBM_TDB

OR

OR

OR

OR

OR

OR on

2013/09/12.09:24
ON

2013/09/12.09:24
ON

2013/09/12.
09:31

ON

2013/09/1209:31
ON

2013/09/1209:32
ON

12013/09/12|
09:41



$298 53

$299 23

$300 5

$301 5181

$302 205

$304 5

$303 210

$305 238

("20040200520" |
"4927770"

|

"5053083"
|
"5164019"

|
"5217539"

|

"5360990"
|
"5369291"

|
"6274402"

|

"6313395"
|
"6333457"

|
"6337283"

|

"6387726"
| "6423568").PN. OR

("6998288").URPN.

Sunpower.as. and oxide.clm.

"12070742"

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)

$303 not $302

tunnel$4 near2 oxide and (solar
photovoltaic) and (rear$4 back$4) near2
(electrode contact) and (passivat$4
anti?reflect$4 ARC)

(heterojunction) and (solar photovoltaic)
and (rear$4 back$4) near2 (electrode
contact) and (passivat$4 anti?reflect$4

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;

OR

OR

OR

OR

OR

OR

OR

OR

ON

ON

OFF

OFF

OFF

OFF

OFF

OFF

2013/09/12
09:55

2013/09/12
10:35

2016/06/08
09:05

2016/06/08
09:19

2016/06/08
09:20

2016/06/08
09:29

2016/06/08
09:29

2016/06/08
09:31



$306 99

$307 66

$308 421

$309 183

$310 49

$311 129

ARC) and (polysilicon polycrystalline)
same (wafer monocrystalline)

"7468485"

"6262359"

(heterojunction) and (solar photovoltaic)
and (passivat$4 anti?reflect$4 ARC) and
(polysilicon polycrystalline) same (wafer
monocrystalline)

$308 not S305

"5030295"

("4602120" |
"4675468"

|
"4703553"

|

"4726850"
|
"4781766"

|
"4824489"

|

"5030295"
|
"5053083"

| "5346850").PN.
OR ("5538564").URPN.

DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR

OR

OR

OR

OR

OR

OR

OFF

OFF

OFF

OFF

OFF

ON

2016/06/08
09:46

2016/06/08
09:49

2016/06/08
10:20

2016/06/08
10:21

2016/06/08
10:23

2016/06/08
10:25



$312 248

$314 105

$313 199

$315 516

$316 115

$318 442

tunnel$4 near2 oxide and (solar
photovoltaic) and (rear$4 back$4) near2
(electrode contact)

$313 not $302

tunnel$4 near2 oxide and (solar
photovoltaic) and (polysilicon
polycrystalline) same (wafer
monocrystalline)

(solar photovoltaic) and (polysilicon
polycrystalline) with emitter

(solar photovoltaic) and (polysilicon
polycrystalline) with emitter and
heterojunction

(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

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

OR

OR

OR

OR

OR

OFF

OFF

OFF

OFF

OFF

OFF

2016/06/08
10:43

2016/06/08
10:44

2016/06/08
10:44

2016/06/08
10:48

2016/06/08
10:49

2016/06/08
10:59



$317 635

$319 327

$320 51

$321 8

$322 34

$325 275

$324 380

$323 1803

(solar photovoltaic) and (polysilicon
polycrystalline multicrystalline silicon)
with emitter and heterojunction

$318 not $316

("4403392" | "4502206").PN. OR
("5057439").URPN.

("20030089393" |
"20060255340"

|

"20060263642"
|
"4703553"

|
"5011565"

|
"5057439"

|
"6403877"

|

"7858430").PN. OR ("8207443").URPN.

"5030295"

$324 not $319

tunnel$4 and (solar photovoltaic) and
heterojunction and emitter and
heterojunction and (polysilicon
polycrystalline multicrystalline)

tunnel$4 and (solar photovoltaic) and
heterojunction

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;

OR

OR

OR

OR

OR

OR

OR

OR

OFF

OFF

ON

ON

ON

OFF

OFF

OFF

2016/06/08
10:59

2016/06/08
11:00

2016/06/08
11:09

2016/06/08
11:12

2016/06/08
11:16

2016/06/08
11:20

2016/06/08
11:20

2016/06/08
11:20



$326 3

$328 427

$327 807

$329 35

$333147

$332 1066

"20060263642"

‘$327 not $324

tunnel$4 and (solar photovoltaic) and

‘heterojunction and emitter

"5563092"

polycrystalline same (thin tunnel$3)
‘near2 oxide same (monocrystalline wafer

|

crystalline) and (solar photovoltaic)

polycrystalline same (thin tunnel$3)
‘near2 oxide same (monocrystalline wafer

crystalline)

JPO;
DERWENT;
IBM_TDB

'USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

'USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

'US-PGPUB;
USPAT;
USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

'US-PGPUB;
‘USPAT;
'USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

'US-PGPUB;
USPAT;
USOCR;
‘FPRS; EPO;
JPO;
‘DERWENT;
IBM_TDB

'US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;

OR

OR

OR

OR

OR

OR

OFF

OFF

2016/06/08
(11:22USPAT;

2016/06/08
11:23

US-PGPUB;
USPAT;

2016/06/08
11:23

2016/06/08
12:23

ON

2016/06/08
12:25

00

ON

2016/06/08
12:25

00

ON

JPO;



$331 11587 polycrystalline and (thin tunnel$3) near2

$330 516761

$334 282

$335 27

$336 28

$337 1098

oxide and crystalline

polycrystalline and (thin tunnel$3) oxide
and crystalline

(polysilicon polycrystalline) same (thin
tunnel$3) near2 oxide same
(monocrystalline wafer crystalline) and
(solar photovoltaic)

(emitter) with (thin tunnel$3) near2
oxide same (monocrystalline wafer
crystalline) and (solar photovoltaic)

(emitter) with (thin tunnel$3 interfacial)
near2 oxide same (monocrystalline wafer
crystalline) and (solar photovoltaic)

(thin tunnel$3) near2 oxide and
heterojunction and (solar photovoltaic)

DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

2016/06/08
12:25

2016/06/08
12:25

2016/06/08
12:30

2016/06/08
12:39

2016/06/08
12:40

2016/06/08
12:42



$340 405

$339 432

$341 176

$342 3

$343 16

5344 24

$339 not $328

(thin tunnel$3) near2 oxide and

heterojunction and (solar
photovoltaic).ab.

(interfacial interface tunnel$3) near2
oxide and heterojunction and (solar
photovoltaic).ab.

"20070256728"

emitter with interfacial near oxide and
(solar photovoltaic)

("3919639" |
"4296372"

|
"4431460"

|

"4464627"
|
"4467519"

|
"4483726"

|

"4598249"
|
"4609867"

|
"4695794"

|

"4709141"
|
"4859939"

| "4956603").PN.
OR ("5138256").URPN.

DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

2016/06/08
12:43

2016/06/08
12:43

2016/06/08
12:46

2016/06/08
12:49

2016/06/08
13:02

2016/06/08
13:05



$345 353

$346 356

$347 449

$348 62

$350 123

$349 2632

(interfacial interface tunnel$3) near2
oxide same (polysilicon polycrystalline)
and (solar photovoltaic)

(interfacial interface tunnel$3) near2
oxide same (polysilicon polycrystalline
multicrystalline) and (solar photovoltaic)

(interfacial interface tunnel$3 silicon)
near2 oxide with (interfac$3 tunnel$)
same (polysilicon polycrystalline) and
(solar photovoltaic)

tunneling near oxide and (solar
photovoltaic).ab.

(inversion with oxide tunneling near
oxide) and (solar photovoltaic).ab.

(inversion tunneling near oxide) and
(solar photovoltaic).ab.

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

2016/06/08
13:06

2016/06/08
13:09

2016/06/08
13:14

2016/06/08
13:23

2016/06/08
13:25

2016/06/08
13:25



$351 276 (inversion with oxide tunnel$3 near US-PGPUB; OR ON 2016/06/08
oxide) and (solar photovoltaic).ab. USPAT; 13:26

USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

$353 153 $352 not $350 US-PGPUB; OR ON 2016/06/08
USPAT; 13:27
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

$352 222 (tunnel$3 near oxide) and (solar US-PGPUB; OR ON 2016/06/08
photovoltaic).ab. USPAT; 13:27

USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

$354 35 "5563092" US-PGPUB; OR ON 2016/06/08
USPAT; 13:37
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

$358 62 polysilicon with interfac$4 near3 oxide US-PGPUB; OR ON 2016/06/08
with (crystalline single near crystal USPAT; 13:38
wafer) USOCR;

FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

$357 0 polysilicon with interfac$4 near3 oxide US-PGPUB; OR ON 2016/06/08
with growth with (crystalline single near +USPAT; 13:38
crystal wafer) USOCR;

FPRS; EPO;
JPO;
DERWENT;
IBM_TDB



$356 17344

$355 84638

$359 142

$360 72

$361 6

$362 17

polysilicon with interfac$4 oxide with
growth with (crystalline single near
crystal wafer)

polysilicon with interfac$4 oxide with
growth

"5011565"

"5057439"

"7858430"

(anti?reflect$4) with (stack) with ITO
and (solar photovoltaic)

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

2016/06/08
13:38

2016/06/08
13:38

2016/06/08
15:47

2016/06/08
15:51

2016/06/08
15:54

2016/06/08
16:15



53634439

S364 (660

S365 51

$366 212

S367 689

$369 507

S368 699

(aluminum Al) with (silver Ag) with

electrode and (solar photovoltaic).ab.

(aluminum Al) with (silver Ag) with
‘electrode and (solar photovoltaic).ab.
and BSF

"4403392" | "4502206").PN. OR

("5057439").URPN.

(polycrystalline polysilicon) and BSF and

(single near crystal$4 monocrystalline)
‘near5 substrate and (solar photovoltaic)

|

2 FPRS; EPO;

(polycrystalline polysilicon) and (FSF
BSF) and (single near crystal$4
‘monocrystalline) near5 substrate and

(solar photovoltaic).ab.

(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

'US-PGPUB;
USPAT;
USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

(polycrystalline polysilicon) near2 emitter

and (solar photovoltaic)

(US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

'US-PGPUB;
‘USPAT;
USOCR;

JPO;
DERWENT;
IBM_TDB

US-PGPUB;
‘USPAT;
'USOCR;
|FPRS; EPO;
‘IPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
'USOCR;
'FPRS; EPO;
JPO;

‘OR

‘OR

‘OR

OR

OR

OR

OR

ON

ON

ON

'2016/06/08 |

17:20

'2016/06/08 |A721.

'2016/06/08 |

17:40 0 |

2016/06/08
1751

ON

2016/06/08
1752

ON

2016/06/08
17:53

ON

2016/06/08
17:53

ON



$370 63

$371 93

$372 30

$373 186

$375 172

$374 265

(polycrystalline polysilicon) and (FSF )
and (single near crystal$4
monocrystalline) near5 substrate and
(solar photovoltaic).ab.

(FSF ) and (single near crystal$4
monocrystalline) near5 substrate and
(solar photovoltaic).ab.

$371 not $370

(FSF front near2 surface near field) and
(single near crystal$4 monocrystalline)
near5 substrate and (solar
photovoltaic).ab.

$374 not $371

(FSF front near2 surface near field) and
(single near crystal$4 monocrystalline
wafer) near5 substrate and (solar
photovoltaic).ab.

DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

2016/06/08
17:54

2016/06/08
17:55

2016/06/08
17:56

2016/06/08
17:57

2016/06/08
17:58

2016/06/08
17:58



$377 53

$376 71

$378 1

$379 7

$380 19

$381 2

$382 2

$383 2

$384 32

Veschetti.in. and photovoltaic

Veschetti.in.

2008-D39688.NRAN.

"2003083955"

"5134090"

("20030183270" | "5057439").PN.

"20030183270"

("8222516" | "8878053").PN.

(HO1L31/0236 HO1L31/0745
H01L31/1804 HO1L31/022425

DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT

US-PGPUB;
USPAT

US-PGPUB;
USPAT

US-PGPUB;
USPAT;

OR

OR

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

2016/06/08
18:02

2016/06/08
18:02

2016/06/08
18:03

2016/06/08
18:04

2016/06/08
18:06

2016/06/08
18:21

2016/06/08
18:25

2016/06/08
18:29

2016/06/08
18:44



$3851

‘S387 19

‘$386 '76

‘HO1L31/068 H0O1L31/182
HO1L31/056).cpc. and (Y02E10/52
Y02P70/521 Y02E10/547).cpc. and
(polysilicon polycrystalline) near emitter

and tunnel$3 near oxide

"14504771"

S386 and emitter with (back$4 rear$4)

(US-20050268963-$ or US-
20020153039-$ or US-20060196535-$ or

|

US-20090101199-$ or US-20040097062-
|

$ or US-20040112426-$ or US-

20070186970-$ or US-20050272175-$ or
|

US-20040063326-$ or US-20100224238-
|

$ or US-20100000597-$ or US-

20070256728-$ or US-20060060238-$ or
|

US-20080092944-$ or US-20110162706-
'$ or US-20070151598-$ or US-

20080092951-$ or US-20110104618-$ or
|

US-20080223446-$ or US-20070151599-

$ or US-20090205712-$ or US-

20100186803-$ or US-20090142880-$ or
|

US-20060255340-$ or US-20050017257-
|

$ or US-20100186802-$).did. or (US-
20020142500-$ or US-20040003836-$ or

|

US-20100087031-$).did. or (US-
4379944-$ or US-4665277-$ or US-

5320684-$ or US-6210991-$ or US-

5792280-$ or US-5899704-$ or US-

6262359-$ or US-5258077-$ or US-

6071753-$ or US-7468485-$ or US-

7838400-$ or US-5641362-$ or US-

8222516-$ or US-3961997-$ or US-

5057439-$ or US-8207443-$ or US-

5138256-$ or US-7633006-$ or US-

USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
‘USPAT;
'USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
‘USPAT;
'USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

'US-PGPUB;
USPAT;
FPRS; EPO;
‘DERWENT

‘OR

‘OR

‘OR

ON

ON

ON

2016/10/0510:07

2016/10/0510:10
7

2016/10/0510:10



53885

$389 10

$3015

6130380-$ or US-5738731-$ or US-

4927770-$ or US-6624049-$ or US-

4152824-$ or US-6214743-$ or US-

7029943-$ or US-6998288-$).did. or

(US-8878053-$ or US-8207444-$ or US-

'5538564-$ or US-7566974-$ or US-

5030295-$ or US-6407012-$ or US-

5563092-$ or US-7858430-$ or US-

7554031-$).did.or (WO-2009094578-$
or WO-2009094578-$).did. or (WO-
2009094578-$).did. or (US-
20090205712-$ or US-20080121279-$ or|
WO-2007130188-$ or US-7468485-$ or

JP-07106611-$ or US-20040200520-$ or
|

JP-2004247364-$ or US-5030295-$ or

WO-03083955-$).did.

"20060048809"

"2007106611"

"07106611"

"07106611"

'US-PGPUB;
USPAT;
USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

'US-PGPUB;
USPAT;
USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

'US-PGPUB;
USPAT;
USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

'US-PGPUB;
USPAT;
USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

‘OR

‘OR

‘OR

‘OR

on

on

on

ON

(2016/10/06 |09:33

2017/01/10 |

15:14
:

2017/01/10 :

15:16

$390

2017/01/18 :

11:38



$392 2

$393 116

$394 70

$395 23

$396 1

$397 23

"12421570"

"7468485"

"6262359"

"2009094578"

"14504771"

"2009094578"

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

2017/01/31
10:50

2017/01/31
10:53

2017/04/14
09:47

2017/04/14
10:09

2017/04/17
11:21

2017/04/17
11:40



S399 18

S398 23

$4001

S401(73

S402 76

"2009031886"

"2009094578"

"14504771"

"6262359"

(US-20050268963-$ or US-

20020153039-$ or US-20060196535-$ or
|

US-20090101199-$ or US-20040097062-
|

'$ or US-20040112426-$ or US-

20070186970-$ or US-20050272175-$ or
|

US-20040063326-$ or US-20100224238-
|

$ or US-20100000597-$ or US-

20070256728-$ or US-20060060238-$ or
|

US-20080092944-$ or US-20110162706-
|

$ or US-20070151598-$ or US-

20080092951-$ or US-20110104618-$ or
|

US-20080223446-$ or US-20070151599-
$ or US-20090205712-$ or US-

20100186803-$ or US-20090142880-$ or
|

‘US-20060255340-$ or US-20050017257-
|

$ or US-20100186802-$).did. or (US-
20020142500-$ or US-20040003836-$ or

|

(US-PGPUB;
USPAT;
'USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

(US-PGPUB;
USPAT;
'USOCR;
'FPRS; EPO;
‘JPO;
DERWENT;
IBM_TDB

(US-PGPUB;
USPAT;
'USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

(US-PGPUB;
USPAT;
'USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

'US-PGPUB;
USPAT;
FPRS; EPO;
‘DERWENT

‘OR

‘OR

‘OR

‘OR

‘OR

ON

ON

ON

ON

ON

(2017/04/17 |

1534

2017/04/17 |

15:34

2017/06/26 |

09:27

2017/06/26 |

09:30

2017/06/26 |

09:33



S403 25

S404 787

S405 678

US-20100087031-$).did. or (US-
4379944-$ or US-4665277-$ or US-

5320684-$ or US-6210991-$ or US-

5792280-$ or US-5899704-$ or US-

6262359-$ or US-5258077-$ or US-

6071753-$ or US-7468485-$ or US-

7838400-$ or US-5641362-$ or US-

8222516-$ or US-3961997-$ or US-

5057439-$ or US-8207443-$ or US-

'5138256-$ or US-7633006-$ or US-

6130380-$ or US-5738731-$ or US-

4927770-$ or US-6624049-$ or US-

4152824-$ or US-6214743-$ or US-

7029943-$ or US-6998288-$).did. or
(US-8878053-$ or US-8207444-$ or US-

|

5538564-$ or US-7566974-$ or US-

5030295-$ or US-6407012-$ or US-

5563092-$ or US-7858430-$ or US-

7554031-$).did. or (WO-2009094578-$
‘or WO-2009094578-$).did. or (WO-
2009094578-$).did. or (US-
20090205712-$ or US-20080121279-$ or|
WO-2007130188-$ or US-7468485-$ or

JP-07106611-$ or US-20040200520-$ or
|

JP-2004247364-$ or US-5030295-$ or

WO-03083955-$).did.

$

$402 and (contact near2 (resistance 'US-PGPUB; OR ON
resistivi$3)) 'USPAT;

'USOCR;
'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

(solar photovoltaic).ab. and (contact 'US-PGPUB; OR ON
near2 (resistance resistivi$3)) near7 'USPAT;
(dop$3 diffus$4) USOCR;

'FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

(solar photovoltaic).ab. and (contact US-PGPUB; OR jON
Near2 (resistance resistivi$3)) near7 USPAT;
(dop$3 diffus$4) and (crystal$4 wafer) USOCR;

‘FPRS; EPO;
‘JPO;

2017/06/26 |09:34

2017/06/26 |09:39

2017/06/26 |09:43



S406 230

S409 196

S408 1

S410 14

S411 66

$413 153

(solar photovoltaic).ab. and (contact
near2 (resistance resistivi$3)) near7
(dop$3 diffus$4) and (crystal$4 wafer)
and ohms

(solar photovoltaic).ab. and (contact
near2 (resistance resistivi$3)) near7
(dop$3 diffus$4) and (crystal$4 wafer)
and omega

S400 and omega

("3620829" |
"4078945"

|
"4227942"

|

"4640001"
| "4675466").PN. OR

("5759292").URPN.

(solar photovoltaic).ab. and (contact
near2 (resistance resistivi$3)) near7
(dop$3 diffus$4) same omega

$412 not $411

DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

2017/06/26
09:46

2017/06/26
09:51

2017/06/26
09:51

2017/06/26
10:16

2017/06/26
10:20

2017/06/26
10:22



$412 219

S415 1

S414 9

S416 1

$417 120

S419 107

$418 209

$420 131

(solar photovoltaic).ab. and (contact
near2 (resistance resistivi$3)) same
omega

2007-797066.NRAN.

"20090017606"

2007-797066.NRAN.

"4152824"

$418 not $412

(solar photovoltaic).ab. and (contact
near2 (resistance resistivi$3)) near7
(dop$3 diffus$4) and omega

(solar photovoltaic).ab. and (contact
near2 (resistance resistivi$3)) near7

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;

OR

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2017/06/26
10:22

2017/06/26
10:26

2017/06/26
10:26

2017/06/26
10:28

2017/06/26
10:29

2017/06/26
11:07

2017/06/26
11:07

2017/06/26
11:18



S4213

S422 210

S424 34

S423 82

(dop$3 diffus$4) and (back rear) near2
Gunction)

"20100197126"

"6429037"

$423 and polysilicon

(US-20050268963-$ or US-

20020153039-$ or US-20060196535-$ or
|

US-20090101199-$ or US-20040097062-

$ or US-20040112426-$ or US-

20070186970-$ or US-20050272175-$ or
|

US-20040063326-$ or US-20100224238-
'$ or US-20100000597-$ or US-

20070256728-$ or US-20060060238-$ or
|

US-20080092944-$ or US-20110162706-
|

'$ or US-20070151598-$ or US-

20080092951-$ or US-20110104618-$ or
|

US-20080223446-$ or US-20070151599-
|

$ or US-20090205712-$ or US-

20100186803-$ or US-20090142880-$ or
|

US-20060255340-$ or US-20050017257-
|

'$ or US-20100186802-$).did. or (US-
20020142500-$ or US-20040003836-$ or

|

US-20100087031-$ or US-20090017606-
$ or US-20090183768-$ or US-

20110139231-$).did. or (US-4379944-$
‘or US-4665277-$ or US-5320684-$ or

US-6210991-$ or US-5792280-$ or US-

5899704-$ or US-6262359-$ or US-

|FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

“US-PGPUB;
USPAT;
USOCR;
|FPRS; EPO;
‘IPO;
DERWENT;
IBM_TDB

USOCR;
FPRS; EPO;
‘IPO;
DERWENT;
IBM_TDB

“US-PGPUB;
USPAT;
'FPRS; EPO;
DERWENT

'US-PGPUB;
USPAT;
FPRS; EPO;
‘DERWENT

OR

OR

OR

TOR

oN

oN

on

on

2017/06/2611:23

2017/06/26
11:25

US-PGPUB;
USPAT;

2017/06/26
(12:56

2017/06/26
12:56



5258077-$ or US-6071753-$ or US-
7468485-$ or US-7838400-$ or US-

5641362-$ or US-8222516-$ or US-

3961997-$ or US-5057439-$ or US-

8207443-$ or US-5138256-$ or US-

7633006-$ or US-6130380-$ or US-

5738731-$ or US-4927770-$ or US-

6624049-$ or US-4152824-$ or US-

6214743-$ or US-7029943-$ or US-

6998288-$).did. or (US-8878053-$ or

US-8207444-$ or US-5538564-$ or US-

7566974-$ or US-5030295-$ or US-

6407012-$ or US-5563092-$ or US-

7858430-$ or US-7554031-$ or US-

5759292-$ or US-6429037-$).did. or

(WO-2009094578-$ or WO-2009094578-
'$).did. or (WO-2009094578-$).did. or
(US-20090205712-$ or US-

20080121279-$ or WO-2007130188-$ or
|

US-7468485-$ or JP-07106611-$ or US- |

20040200520-$ or JP-2004247364-$ or

US-5030295-$ or WO-03083955-$ or

WO-2007082760-$).did.

ser 13

5426
1931

542
10572

s9 3

S428 '785

(silicon near nitride "Si.sub.3N.sub.4")
‘near5 dielectric and (solar
photovoltaic).ab.

(silicon near nitride "Si.sub.3N.sub.4")
with dielectric and (solar

photovoltaic).ab.

‘with dielectric

(silicon near nitride "Si.sub.3N.sub.4")
‘near8 (titanium dioxide "TiO.sub.2") with

|

‘dielectric and (solar photovoltaic).ab.
and HO1L31$.cpe.

(silicon near nitride "Si.sub.3N.sub.4")
‘near5 dielectric and (solar

photovoltaic).ab. and H01L31$.cpc.

(silicon near nitride "Si.sub.3N.sub.4")

'US-PGPUB;
USPAT;
|FPRS; EPO;
DERWENT

'US-PGPUB;
USPAT;
FPRS; EPO;
DERWENT

'US-PGPUB;
USPAT;
[FPRS; EPO;
DERWENT

‘US-PGPUB;
USPAT;
FPRS; EPO;
DERWENT

'US-PGPUB;
USPAT;
FPRS; EPO;
DERWENT

‘OR on

2017/06/26 |

13:59
OR ON

2017/06/26
(13:59

OR ON6

2017/06/26
13:59

OR ON

2017/06/26 |

14:00
OR ON

2017/06/26 |

14:00



S430 91

$432 17

S431 82

(silicon near nitride "Si.sub.3N.sub.4") |US-PGPUB; OR
near8 (titanium near dioxide "TiO.sub.2") USPAT;
with dielectric and (solar FPRS; EPO;
photovoltaic).ab. and H01L31$.cpc. DERWENT

S431 and omega 'US-PGPUB; OR
USPAT;
|FPRS; EPO;
DERWENT

(US-20050268963-$ or US- 'US-PGPUB; OR
20020153039-$ or US-20060196535-$ or USPAT;
US-20090101199-$ or US-20040097062- FPRS; EPO;
'$ or US-20040112426-$ or US- DERWENT
20070186970-$ or US-20050272175-$ or

|

US-20040063326-$ or US-20100224238-
|

$ or US-20100000597-$ or US-

20070256728-$ or US-20060060238-$ or
|

US-20080092944-$ or US-20110162706-
|

'$ or US-20070151598-$ or US-

20080092951-$ or US-20110104618-$ or
|

US-20080223446-$ or US-20070151599-
|

$ or US-20090205712-$ or US-

20100186803-$ or US-20090142880-$ or
|

US-20060255340-$ or US-20050017257-
|

'$ or US-20100186802-$).did. or (US-
20020142500-$ or US-20040003836-$ or

|

US-20100087031-$ or US-20090017606-
|

'$ or US-20090183768-$ or US-

20110139231-$).did. or (US-4379944-$
‘or US-4665277-$ or US-5320684-$ or

US-6210991-$ or US-5792280-$ or US-

5899704-$ or US-6262359-$ or US-

5258077-$ or US-6071753-$ or US-

7468485-$ or US-7838400-$ or US-

5641362-$ or US-8222516-$ or US-

3961997-$ or US-5057439-$ or US-

8207443-$ or US-5138256-$ or US-

7633006-$ or US-6130380-$ or US-

'5738731-$ or US-4927770-$ or US-

6624049-$ or US-4152824-$ or US-

'6214743-$ or US-7029943-$ or US-

6998288-$).did. or (US-8878053-$ or

US-8207444-$ or US-5538564-$ or US-

'7566974-$ or US-5030295-$ or US-

6407012-$ or US-5563092-$ or US-

7858430-$ or US-7554031-$ or US-

5759292-$ or US-6429037-$).did. or
(WO-2009094578-$ or WO-2009094578-

on

ON

ion

2017/06/26 |

14:01 :

2017/06/26
(14:59

2017/06/26
1459



$433 1

$434 1

$435 21

$436 27

$438 114

S437 667

$439 1

S440 692

$).did. or (WO-2009094578-$).did. or
(US-20090205712-$ or US-
20080121279-$ or WO-2007130188-$ or
US-7468485-$ or JP-07106611-$ or US-
20040200520-$ or JP-2004247364-$ or
US-5030295-$ or WO-03083955-$ or
WO-2007082760-$).did.

2007-797066.NRAN.

2007-797066.NRAN.

"8222516"

"8207444"

grad$4 with index same (oxide
"TiO.sub.2" silica SiO) and (solar
photovoltaic).ab.

grad$4 with index and (solar
photovoltaic).ab.

"14504771"

polysilicon with surface near2 field

DERWENT

DERWENT

US-PGPUB;
USPAT;
FPRS; EPO;
DERWENT

US-PGPUB;
USPAT;
FPRS; EPO;
DERWENT

US-PGPUB;
USPAT;
FPRS; EPO;
DERWENT

US-PGPUB;
USPAT;
FPRS; EPO;
DERWENT

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;

OR

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2017/06/26
15:03

2017/06/26
15:09

2017/06/26
15:27

2017/06/26
15:28

2017/06/26
16:39

2017/06/26
16:39

2017/09/28
11:59

2017/09/28
14:44



S441 71

S442 73

S443 146

5444 73

S445 1

S446 1

polysilicon with surface near2 field same
(crystalline wafer monocrystalline
crystal)

(polysilicon) with (surface near2 field
BSF FSF) same (crystalline wafer
monocrystalline crystal)

(polysilicon polycrystalline near2 silicon)
with (surface near2 field BSF FSF) same
(crystalline wafer monocrystalline
crystal)

S443 not $442

"14504771"

"14504771"

DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

2017/09/28
14:45

2017/09/28
14:47

2017/09/28
14:48

2017/09/28
14:49

2018/03/01
18:41

2018/03/05
16:07



S447 83

DERWENT;
IBM_TDB

(US-20050268963-$ or US- US-PGPUB; ‘OR (ON
20020153039-$ or US-20060196535-$ or USPAT;
US-20090101199-$ or US-20040097062- FPRS; EPO;
$ or US-20040112426-$ or US- DERWENT
20070186970-$ or US-20050272175-$ or

|

US-20040063326-$ or US-20100224238-
|

$ or US-20100000597-$ or US-

20070256728-$ or US-20060060238-$ or

US-20080092944-$ or US-20110162706-
|

$ or US-20070151598-$ or US-

20080092951-$ or US-20110104618-$ or
|

US-20080223446-$ or US-20070151599-
'$ or US-20090205712-$ or US-

20100186803-$ or US-20090142880-$ or
|

US-20060255340-$ or US-20050017257-
|

$ or US-20100186802-$).did. or (US-
20020142500-$ or US-20040003836-$ or |

US-20100087031-$ or US-20090017606-|
$ or US-20090183768-$ or US-

20110139231-$).did. or (US-4379944-$
or US-4665277-$ or US-5320684-$ or

US-6210991-$ or US-5792280-$ or US-

5899704-$ or US-6262359-$ or US-

5258077-$ or US-6071753-$ or US-

7468485-$ or US-7838400-$ or US-

5641362-$ or US-8222516-$ or US-

3961997-$ or US-5057439-$ or US-

8207443-$ or US-5138256-$ or US-

'7633006-$ or US-6130380-$ or US-

5738731-$ or US-4927770-$ or US-

6624049-$ or US-4152824-$ or US-

6214743-$ or US-7029943-$ or US-

6998288-$).did. or (US-8878053-$ or

US-8207444-$ or US-5538564-$ or US-

7566974-$ or US-5030295-$ or US-

6407012-$ or US-5563092-$ or US-

7858430-$ or US-7554031-$ or US-

5759292-$ or US-6429037-$ or US-

6146483-$).did. or (WO-2009094578-$
or WO-2009094578-$).did. or (WO-
2009094578-$).did. or (US-
20090205712-$ or US-20080121279-$ or
WO-2007130188-$ or US-7468485-$ or

JP-07106611-$ or US-20040200520-$ or
|

JP-2004247364-$ or US-5030295-$ or

2018/03/28 |

13:53 0 |

$



S448 47

S449 10

S451 4

$450 3

$453 10

$452 83

WO-03083955-$ or WO-2007082760-
$).did.

$447 and (Al aluminum) with (electrode
contact)

"20060157103"

"20100037936"

"20090205712"

$452 and edge near2 isolation

(US-20050268963-$ or US-
20020153039-$ or US-20060196535-$ or
US-20090101199-$ or US-20040097062-
$ or US-20040112426-$ or US-
20070186970-$ or US-20050272175-$ or
US-20040063326-$ or US-20100224238-

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

US-PGPUB;
USPAT;
FPRS; EPO;
DERWENT

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

2018/03/28
13:54

2020/05/26
16:56

2020/05/26
16:58

2020/05/26
16:58

2020/05/26
16:59

2020/05/26
16:59



$454 14

$ or US-20100000597-$ or US-
20070256728-$ or US-20060060238-$ or

|

US-20080092944-$ or US-20110162706-|
$ or US-20070151598-$ or US-

20080092951-$ or US-20110104618-$ or|
US-20080223446-$ or US-20070151599-
$ or US-20090205712-$ or US-

20100186803-$ or US-20090142880-$ or
|

US-20060255340-$ or US-20050017257-
|

‘$ or US-20100186802-$).did. or (US-
20020142500-$ or US-20040003836-$ or

'US-20100087031-$ or US-20090017606-
$ or US-20090183768-$ or US-

20110139231-$).did.or (US-4379944-$
or US-4665277-$ or US-5320684-$ or

US-6210991-$ or US-5792280-$ or US-

5899704-$or US-6262359-$ or US-
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ATTORNEY DOCKETNO. 10031.004212

IN THE UNITED STATES PATENTAND TRADEMARKOFFICE

First Named Inventor:

Peter John COUSINS

Application No.: 16/460,035 Examiner: PILLAY, DEVINA

Filing Date: July 2, 2019 Art Unit: 1726

Title: FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

RESPONSE TO OFFICE ACTION AND AMENDMENT

INTRODUCTORY COMMENTS

This submission is responsive to the office action mailed on July 6, 2020.

Please amend the above-identified application as follows.
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AMENDMENTS TO THE CLAIMS

1-20 (canceled)

21. (Currently amended) A solar cell, the solar cell comprising:

a N-type silicon substrate having a front surface and a back surface, wherein the

front surface comprises a textured surface;

an antireflective layer over the front surface of the N-type silicon substrate;

a deped-+region a plurality of dot-shaped N-type doped regions in the-frent-surface

ef the N-type silicon substrate under the antireflective layer, each of the plurality of dot-

shaped doped regions having a dot shape as seen from a plan view of the solar cell;

an oxide region disposed on the back surface of the N-type silicon substrate;

a polysilicon emitter disposed on the oxide region;

a first metal contact disposed on the front surface of the N-type silicon substrate,

wherein the first metal contact is in electrical contact with the plurality of dot-shaped N-

type doped regions regien; and

a second metal contact disposed on the polysilicon emitter.

22. (Previously presented) The solar cell of claim 21, wherein the antireflective layer

comprises a layer of silicon nitride.a.

23. (Previously presented) The solar cell of claim 21, wherein the polysilicon emitter

comprises a P-type doped polysilicon.

24. (Previously presented) The solar cell of claim 21, further comprising a dielectric

layer over the polysilicon emitter.

25. (Previously presented) The solar cell of claim 24, wherein the dielectric layer

comprises silicon dioxide.

26. (Previously presented) The solar cell of claim 24, further comprising a trench

cutting through the dielectric layer and the polysilicon emitter and into a portion of the N-

type silicon substrate on the backside of the solar cell.
2
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27. (Previously presented) The solar cell of claim 21, wherein the second metal

contact comprises a metal forming an infrared reflecting layer with a dielectric layer.

28. (Previously presented) The solar cell of claim 21, wherein the second metal

contact comprises a metal formed in a plurality of contact holes to the polysilicon emitter.

29. (Previously presented) The solar cell of claim 21, wherein the first and second

metal contacts comprise a metal selected from the group consisting of silver or

aluminum.

30. (Currently amended) A solar cell, the solar cell comprising:

a substrate having a front surface and a back surface, wherein the front surface

comprises a textured surface;

an antireflective layer over the front surface of the substrate;

a doped+egion plurality of dot-shaped doped regions in the-frent surface-of the

A

substrate under the antireflective layer, each of the dot-shaped doped regions having a dot

shape as seen from a plan view of the solar cell;

an oxide region disposed on the back surface of the substrate;

a polysilicon emitter disposed on the oxide region;

a first bus bar disposed on the front surface of the substrate;

a first metal contact disposed on the front surface of the substrate perpendicular to

the first bus bar, wherein the first metal contact is in electrical contact with the plurality

of dot-shaped doped regions-and-perpendicularte, and the first bus bar; and

a second metal contact disposed on the polysilicon emitter.

31. (Previously presented) The solar cell of claim 30, further comprising a second bus

bar disposed on the front surface of the substrate, wherein the second bus bar is parallel

to the first bus bar.
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32. (Previously presented) The solar cell of claim 31, wherein the first metal contact

is in electrical contact with, and perpendicular to, the first bus bar and the second bus bar.

33. (Previously presented) The solar cell of claim 31, further comprising a third bus

bar disposed on the back surface of the substrate.

34. (Previously presented) The solar cell of claim 33, further comprising a fourth bus

bar disposed on the back surface of the substrate, wherein the fourth bus bar is parallel to

the third bus bar.

35. (Previously presented) The solar cell of claim 31, wherein the polysilicon emitter

comprises a P-type doped polysilicon.

36. (Currently amended) A solar cell array, the solar cell array comprising:

a first solar cell, the first solar cell comprising:

a substrate having a front surface and a back surface, wherein the front surface

comprises a textured surface;

an antireflective layer over the front surface of the substrate;

a plurality of dot-shaped doped regions deped-region in the front of the

A

substrate under the antireflective layer, each of the plurality ofdot-shaped doped regions

having a dot shape as seen from a plan view of the first solar cell;

an oxide region disposed on the back surface of the substrate;

a polysilicon emitter disposed on the oxide region;

a first bus bar disposed on the front surface of the substrate, wherein the first bus

bar is electrically connected to a corresponding bus bar of another solar cell;
a first metal contact disposed on the front surface of the N-type silicon substrate

perpendicular to the first bus bar, wherein the first metal contact is in electrical contact

with the plurality of dot-shaped doped regions;and-perpendicularte_the-firstbus-bar; and

a second metal contact [[,]] disposed on the polysilicon emitter.
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37. (Previously presented) The solar cell array of claim 36, further comprising a

second bus bar disposed on the front surface of the first solar cell, wherein the second bus

bar is parallel to the first bus bar.

38. (Previously presented) The solar cell of claim 37, wherein the first metal contact

is in electrical contact with and perpendicular to the first bus bar and the second bus bar

of the first solar cell.

39. (Previously presented) The solar cell of claim 37, further comprising a third bus

bar disposed on the back surface of the first solar cell, wherein the third bus bar is

electrically connected to a corresponding bus bar of another solar cell.

40. (Previously presented) The solar cell of claim 39, further comprising a fourth bus

bar disposed on the back surface of the first solar cell, wherein the fourth bus bar is

parallel to the third bus bar.

5
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REMARKS

With the above amendments, claims 21-40 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 Rejections -- 35 U.S.C. § 103

Claims 21-23 are rejected under pre-AIA 35 U.S.C. §103(a) as being unpatentable

over Meier (US 6,262,359) in view ofOkayasu (JP07-106611) in view ofBorden (WO

2009/094578) in view ofWenham (US 6,429,037) in view of Jordan (US 2005/0268963).

The rejection is respectfully traversed.

Claim 21 is patentable over the combination ofMeier, Okayasu, Borden,

Wenham, and Jordan at least for reciting: “a plurality of dot-shaped N-type doped regions

in the N-type silicon substrate under the antireflective layer, each of the plurality of dot-

shaped doped regions having a dot shape as seen froma plan view of the solar cell” and

“a first metal contact disposed on the front surface of the N-type silicon substrate,

wherein the first metal contact is in electrical contact with the plurality of dot-shaped N-

type doped regions.”

During prosecution, pending claims are given their broadest reasonable

interpretation consistent with the specification as interpreted by one of ordinary skill in

the art. In re Am. Acad. ofSci. Tech. Ctr., 367 F.3d 1359, 1364 (Fed. Cir. 2004). Here, in

the embodiment of claim 21, a first metal contact on the front surface of the substrate is

in electrical contact with a plurality of dot-shaped N-type doped regions. Support for this

feature of claim 21 may be found at least on page 4, lines 17-19 and FIG. 2 (see 106) of

a

the specification.

Meier FIG. 3D is reproduced below for ease of discussion.
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216 212214

Si 224

m
J

™

220 FIG. 3D 222

Meier addresses a problem in the prior art where a heavily-doped emitter layer on the

front is needed to avoid shunting of the PN junction of the solar cell (Meier, column 2,

lines 13-25). Meier teaches moving the PN junction 224 near the back of the solar cell,

instead of the front, to avoid the aforementioned shunting problem (Meier, column 5,

lines 11-22). It is respectfully submitted, however, that Meier and the references of

record in combination do not teach or suggest that the N-type layer 216 ofMeier has or

can be modified to have a dot shape.

Therefore, it is respectfully submitted that claim 21 is patentable over the

references of record. Independent claims 30 and 36 are similarly patentable. The

remaining claims are patentable at least for depending from patentable base claims.

Conclusion

It is believed that the present application is in condition for allowance. The

Examiner is invited to telephone the undersigned for any questions and to resolve any

remaining concems regarding allowability of the present application.

/II

/I/

Hf
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Respectfully submitted,

Dated: Set 24, frreBeow
Patrick D. Benedicto, Reg. No. 40,909
Okamoto & Benedicto LLP
P.O. Box 641330
San Jose, CA 95164
Tel.: (408)436-2112
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DETAILED ACTION

Notice of Pre-AlA or AIA Status

The present application is being examined under the pre-AlA first to invent

provisions.

Claim Rejections - 35 USC § 103

The text of those sections of Title 35, U.S. Code not included in this action can

be found in a prior Office action.

Claims 21-23 is/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 view of Wenham

(6,429,037 B1) in view of Jordan (US 2005/0268963 A1) in view of Xi (US

4,865,999).

Regarding claims 21 and 23, Meier discloses a solar cell comprising (see Fig.

3D, C5/L38-C6/L55):

a n-type silicon substrate (218 n-type, C5/L30-42) having a front surface that

faces the sun to collect solar radiation during normal operation and a back surface

opposite the front surface;

an anti-reflection (214) coating on the front surface of the solar cell;

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)

a front surface field region on the front surface (216 high doped concentration

area n+), on the front surface of the substrate.
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Meier discloses point style contacts but does not disclose that under the point

contacts there is a highly doped region which are dot shaped.

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.

Modified Meier does not disclose that the point contacts are dot shaped.

Xi discloses that either point contacts or electrical contact dots can be used as

electrical contacts for solar cells (C3/L40-45).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the shape of the point contacts to have dot contact shape because

as disclosed by Xi having a dot like point contact shape is known and one of ordinary

skill in the art would have been able to carry out such a substitution, and the results

would be reasonably predictable.

Note that the cross-sectional shape of the point contact of modified Meier will

have the corresponding the plurality of dot-shaped doped regions having a dot shape as

seen from a plan view of the solar cell.

However, Meier does not disclose that there is a textured surface on the N-type

a

silicon substrate on the front side of the solar cell.
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Jordan discloses that the front surface of the solar cell is textured ([0022]). In

addition, Jordan discloses that texturizing the front surface increases light absorption

([0022]).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the front surface of Meier by texturizing the front surface as

disclosed by Jordan because it increases light adsorption.

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 between

the emitter/front surface field and the substrate.
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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.

Modified Meier now discloses a p-type polysilicon emitter and an n+-type

polysilicon FSF.

a

Regarding claim 22, modified Meier discloses all of the claim limitations as set

forth above.

In addition Meier discloses that the antireflective layer comprises silicon nitride

(C6/L20-25).

Claims 24, 25, and 27-29 is/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) in view of Jordan (US 2005/0268963 A1) in view of Xi (US
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4,865,999) as applied to claims 21-23 above and in further view of Agnostinelli (US

2009/0301557 A1).

Regarding claim 24, 25, 27, 28, modified Meier discloses all of the claim

limitations as set forth above.

However, Meier does not disclose a dielectric over a polysilicon emitter.

Agnostinelli discloses a back contact structure which comprises a

dielectric/passivation layer structure formed on the back surface of the solar cell which

is patterned and back contacts touch the rear doped surface of the solar cell and a

continuous back contact layer is formed over the dielectric (SiOz [0116])/passivation

stack ([0049][0048][01 16)).

It would have been obvious to one of ordinary skill at the time of the invention to

modify the solar cell of Meier by having a dielectric/passivation layer structure formed

on the back surface of the solar cell which is patterned and back contacts touch the rear

doped surface of the solar cell and a continuous back contact layer is formed over the

dielectric as disclosed Agnostinelli because it will improve the reflection and absorption

of light by the solar cell and furthermore improve the passivation of the rear surface.

Regarding claim 29, modified Meier discloses all of the claim limitations as set

forth above.

Meier discloses that the front contact can be silver (212, C7/L10-15).

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.

Claim 26 is/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) in view of Jordan (US 2005/0268963 A1) ) in view of Xi (US

4,865,999) in view of Agnostinelli (US 2009/0301557 A1) as applied to claims 24,

25, and 27-29 above and in further view of Russell (US 2008/0216893 A1) and in

view of Kray (Study on the edge isolation of industrial silicon solar cells with

waterjet-guided laser).

Regarding claim 26, modified Meier discloses all of the claim limitations as set

forth above.

However, modified Meier does not disclose trench cutting through the dielectric

layer and the polysilicon emitter and into a portion of the n-type silicon substrate on the

back side of the substrate.

Russell discloses that edge isolations can be performed at different positions on

the solar cell including back sides and serve to electrically isolate the front and rear

solar cells from each other ([0042]).

Kray discloses an edge isolation process which includes cutting through the

passivation layer, doped layer and part of the substrate (See Fig. 1).
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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 solar cell of modified Meier by having the edge be isolated by

cutting through the rear passivation layer, rear emitter layer and part of the substrate as

disclosed by Russell and Kray because it will prevent a shunt between front and back

surfaces.

Claims 30-40 is/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 view of Wenham

(6,429,037 B1) in view of Xi (US 4,865,999) in view of Jordan (US 2005/0268963 A1)

in view of Tsunomura (US 2008/0121266 A1).

Regarding claims 30-35, Meier discloses a solar cell comprising (see Fig. 3D,

C5/L38-C6/L55):

a n-type silicon substrate (218 n-type, C5/L30-42) having a front surface that

faces the sun to collect solar radiation during normal operation and a back surface

opposite the front surface;

an anti-reflection (214) coating on the front surface of the solar cell;

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)

a front surface field region on the front surface (216 high doped concentration

area n+), on the front surface of the substrate.

Meier discloses point style contacts but does not disclose that under the point

contacts there is a highly doped region n-type region which are dot shaped.
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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.

Modified Meier does not disclose that the point contacts are dot shaped.

Xi discloses that either point contacts or electrical contact dots can be used as

electrical contacts for solar cells (C3/L40-45).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the shape of the point contacts to have dot contact shape because

as disclosed by Xi having a dot like point contact shape is known and one of ordinary

skill in the art would have been able to carry out such a substitution, and the results

would be reasonably predictable.

Note that the cross-sectional shape of the point contact of modified Meier will

have the corresponding the plurality of dot-shaped doped regions having a dot shape as

seen from a plan view of the solar cell.

However, Meier does not disclose that there is a textured surface on the N-type

a

silicon substrate on the front side of the solar cell.
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Jordan discloses that the front surface of the solar cell is textured ([0022]). In

addition, Jordan discloses that texturizing the front surface increases light absorption

([0022]).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the front surface of Meier by texturizing the front surface as

disclosed by Jordan because it increases light adsorption.

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 between

the emitter/front surface field and the substrate.
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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.

Modified Meier now discloses a p-type polysilicon emitter and an n+-type

polysilicon FSF.

However, modified Meier does not discloses two bus bars on the front which run

perpendicular to electrodes and two bus bars on the rear of the cell.

Tsunomura discloses two bus bars on the front (20) which run perpendicular to

electrodes (30) and two bus bars on the rear of the cell (20) (see Figs. 2 and 3)

({0029][0030)).

It would have been obvious to one of ordinary skill in the art at the time of the

a

invention to modify the solar cell of Meier so that there bus bars as disclosed by
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Tsunomura because it will improve the collection of photogenerated carriers because

there are additional contacts and conductivity of the electrode.

Regarding claims 36-40, Meier discloses a solar cell comprising (see Fig. 3D,

C5/L38-C6/L55):

a n-type silicon substrate (218 n-type, C5/L30-42) having a front surface that

faces the sun to collect solar radiation during normal operation and a back surface

opposite the front surface;

an anti-reflection (214) coating on the front surface of the solar cell;

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)

a front surface field region on the front surface (216 high doped concentration

area n+), on the front surface of the substrate.

Meier discloses point style contacts but does not disclose that under the point

contacts there is a highly doped region n-type region which are dot shaped.

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

a

solar cell.
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Modified Meier does not disclose that the point contacts are dot shaped.

Xi discloses that either point contacts or electrical contact dots can be used as

electrical contacts for solar cells (C3/L40-45).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the shape of the point contacts to have dot contact shape because

as disclosed by Xi having a dot like point contact shape is known and one of ordinary

skill in the art would have been able to carry out such a substitution, and the results

would be reasonably predictable.

Note that the cross-sectional shape of the point contact of modified Meier will

have the corresponding the plurality of dot-shaped doped regions having a dot shape as

seen from a plan view of the solar cell.

However, Meier does not disclose that there is a textured surface on the N-type

silicon substrate on the front side of the solar cell.

Jordan discloses that the front surface of the solar cell is textured ([0022]). In

addition, Jordan discloses that texturizing the front surface increases light absorption

([0022]).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the front surface of Meier by texturizing the front surface as

disclosed by Jordan because it increases light adsorption.

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.
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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 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 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.
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Modified Meier disclosesa first tunnel dielectric between the emitter and back

surface and a second tunnel dielectric at the front surface of the substrate.

Modified Meier now discloses a p-type polysilicon emitter and an n+-type

polysilicon FSF.

However, modified Meier does not discloses two bus bars on the front which run

perpendicular to electrodes and two bus bars on the rear of the cell.

Tsunomura discloses two bus bars on the front (20) which run perpendicular to

electrodes (30) and two bus bars on the rear of the cell (20) (see Figs. 2 and 3)

([0029][0030)).

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 Meier so that there bus bars as disclosed by

Tsunomura because it will improve the collection of photogenerated carriers because

there are additional contacts and conductivity of the electrode.

However, modified Meier does not disclose that the solar cell is part of an array

of cells and they are interconnected.

Tsunomura discloses an array of solar cells that interconnected by attaching

wiring to the bus bars on the back and front of solar cells (see Fig. 1, interconnect 40

and Fig. 4 [0016]).

It would have been obvious to one of ordinary skill in the art at the time of

invention to modify the solar cell of modified Meier by including additional solar cells to

form an array of solar cells and interconnecting them as disclosed by Tsunomura

a

because doing so will harness more solar energy.
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Response to Arguments

Applicant argues that the prior art does not disclose a plurality of dot-shaped N-

type doped regions in the N-type silicon substrate under the antireflective layer, each of

the plurality of dot- shaped doped regions having a dot shape as seen from a plan view

of the solar cell" and "a first metal contact disposed on the front surface of the N-type

silicon substrate, wherein the first metal contact is in electrical contact with the plurality

of dot-shaped N- type doped regions.

Examiner respectfully disagrees. The combination of Wenham and Xi disclose

the above feature as noted in the above rejection.

Conclusion

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

a

a

than SIX MONTHS from the date of this final action.
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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

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 https://ppair-

my.uspto.gov/pair/PrivatePair. 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.

T

/DEVINA PILLAY/
Primary Examiner, Art Unit 1726
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Attorney Docket No. 10031.004212
Appeal Brief

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

First Named Inventor:

Peter John COUSINS

Application No.: 16/460,035 Examiner: PILLAY, DEVINA

Filing Date: July 2, 2019 Art Unit: 1726

Assignee: SunPower Corporation

Title: FRONT CONTACT SOLAR CELL WITH FORMED EMITTER

APPEAL BRIEF FILED UNDER 37 C.E.R. § 41.37

This Appeal Brief is submitted with aNotice ofAppeal.

I. REAL PARTY IN INTEREST

The real party in interest is the SunPower Corporation, which is the assignee of

the present application.

I. 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

which may 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.

UI. SUMMARY OF CLAIMED SUBJECTMATTER

1
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Claim 21 recites a solar cell that includes an N-type silicon substrate

(specification, page 4, lines 7-9; FIG. 1, 101) having a front surface and a back surface,

wherein the front surface comprises a textured surface (specification, page 4, lines 12-14;

FIG. 1, 113). An antireflective layer is over the front surface of the N-type silicon

substrate (specification, page 4, lines 22 and 23; FIG. 1, 103). Dot-shaped N-type doped

regions are in the N-type silicon substrate under the antireflective layer, each of the dot-

shaped doped regions having a dot shape as seen froma plan view of the solar cell

(specification, page 4, lines 17-19; FIG. 1, 106; FIG. 2, 106). An oxide region is

disposed on the back surface of the N-type silicon substrate (specification, page 5, lines 4

and 5; FIG. 1, 107). A polysilicon emitter is disposed on the oxide region (specification,

page 5, lines 4 and 5; FIG. 1, 108). A first metal contact is disposed on the front surface

of the N-type silicon substrate, wherein the first metal contact is in electrical contact with

the dot-shaped N-type doped regions (specification, page 5, lines 19-21; FIG. 1, 102;

FIG. 2, 102). A second metal contact is disposed on the polysilicon emitter

(specification, page 5, lines 10-12; FIG. 1, 110).

Claim 30 recites a solar cell that includes a substrate (specification, page 4, lines

7-9; FIG. 1, 101) having a front surface and a back surface, wherein the front surface

comprises a textured surface (specification, page 4, lines 12-14; FIG. 1, 113). An

antireflective layer is over the front surface of the substrate (specification, page 4, lines

22 and 23; FIG. 1, 103). Dot-shaped N-type doped regions are in the N-type silicon

substrate under the antireflective layer, each of the dot-shaped doped regions having a dot

shape as seen from a plan view of the solar cell (specification, page 4, lines 17-19; FIG.

1, 106; FIG. 2, 106). An oxide region is disposed on the back surface of the substrate

(specification, page 5, lines 4 and 5; FIG. 1, 107). A polysilicon emitter is disposed on

the oxide region (specification, page 5, lines 4 and 5; FIG. 1, 108). A first bus bar is

disposed on the front surface of the substrate (specification, page 6, lines 7-9; FIG. 2,

201). A first metal contact is disposed on the front surface of the substrate perpendicular

to the first bus bar (specification, page 6, lines 10-12; FIG. 2, 102), wherein the first

metal contact is in electrical contact with the dot-shaped doped regions and the first bus

bar (specification, page 5, lines 19-21; FIG. 1, 102; FIG. 2, 102). A second metal contact

is disposed on the polysilicon emitter (specification, page 5, lines 10-12; FIG. 1, 110).

a
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Claim 36 recites a solar cell array that includesa first solar cell (specification,

page 6, lines 15-17). The first solar cell includes a substrate (specification, page 4, lines

7-9; FIG. 1, 101) having a front surface and a back surface, wherein the front surface

comprises a textured surface (specification, page 4, lines 12-14; FIG. 1, 113). An

antireflective layer is over the front surface of the substrate (specification, page 4, lines

22 and 23; FIG. 1, 103). Dot-shaped doped regions are in the substrate under the

antireflective layer, each of the dot-shaped doped regions having a dot shape as seen from

a plan view of the first solar cell (specification, page 4, lines 17-19; FIG. 1, 106; FIG. 2,

106). An oxide region is disposed on the back surface of the substrate (specification,

page 5, lines 4 and 5; FIG. 1, 107). A polysilicon emitter is disposed on the oxide region

(specification, page 5, lines 4 and 5; FIG. 1, 108). A first bus bar is disposed on the front

surface of the substrate (specification, page 6, lines 7-9; FIG. 2, 201), wherein the first

bus bar is electrically connected to a corresponding bus bar of another solar cell

(specification, page 6, lines 15-17). A first metal contact is disposed on the front surface

of the N-type silicon substrate perpendicular to the first bus bar (specification, page 6,

lines 10-12; FIG. 2, 102), wherein the first metal contact is in electrical contact with the

dot-shaped doped regions (specification, page 5, lines 19-21; FIG. 1, 102; FIG. 2, 102).
A second metal contact is disposed on the polysilicon emitter (specification, page 5, lines

a

10-12; FIG. 1, 110).

IV. ARGUMENT

Appellant traverses the rejections in the Final Office Action mailed on October

21, 2020 (“final office action”) for the following reasons.

A. CLAIMS 21-40

Claims 21-23 are rejected under pre-AIA 35 U.S.C. §103(a) as being unpatentable

over Meier (US 6,262,359) in view ofOkayasu (JP07-106611), Borden (WO

2009/094578), Wenham (US 6,429,037), Jordan (US 2005/0268963), and Xi (US
4,865,999). The rejection is respectfully traversed.

There are three requirements to establish a prima facie case of obviousness. First,

there must be some suggestion or motivation to modify a reference or to combine

3
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references. Second, there must be a reasonable expectation of success. Third, the prior

art reference or combined references must teach or suggest all the claim limitations. See

MPEP § 2143. As will be explained fully below, the references of record do not teach or

suggest the recited dot-shaped doped regions.

Claim 21 is patentable over the combination ofMeier, Okayasu, Borden,

Wenham, Jordan, and Xi least for reciting: “a plurality of dot-shaped N-type doped

regions in the N-type silicon substrate under the antireflective layer, each of the plurality
of dot-shaped doped regions having a dot shape as seen froma plan view of the solar

cell” and “a firstmetal contact disposed on the front surface of the N-type silicon

substrate, wherein the firstmetal contact is in electrical contact with the plurality of dot-

shaped N-type doped regions.”

During prosecution, pending claims are given their broadest reasonable

interpretation consistent with the specification as interpreted by one ofordinary skill in

the art. In re Am. Acad. ofSci. Tech. Ctr., 367 F.3d 1359, 1364 (Fed. Cir. 2004). Here, in

the embodiment of claim 2, a first metal contact on the front surface of the substrate is

in electrical contact with a plurality ofdot-shaped N-type doped regions. Support for this

feature of claim 21 may be found at least on page 4, lines 17-19 and FIG. 2 (see 106) of

ay

the specification.

Meier FIG. 3D is reproduced below for ease of discussion.

216 212 14

— —} TI 4 Z

n-Si 218
Lf) 224

ZL r

f

2

220 FIG. 3D 222

Meier addresses a problem in the prior art where a heavily-doped emitter layer on the

front is needed to avoid shunting of the PN junction of the solar cell (Meier, column 2,

lines 13-25). Meier teaches moving the PN junction 224 near the back of the solar cell,
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instead of the front, to avoid the aforementioned shunting problem (Meier, column 5,

lines 11-22). It is respectfully submitted, however, that Meier and the references of

record in combination do not teach or suggest that the N-type layer 216 ofMeier has or

can be modified to have a dot shape.

The final office action suggests that in the combination ofMeier, Okayasu,

Borden, Wenham, Jordan, and Xi, Xi teaches the recited dot -shaped N-type doped

regions. Appellant respectfully disagrees. Xi FIG. 1a is reproduced below for ease of

discussion.

10

FIG la

24

32

22
3475 20

18
16

14

252Z5ZZ7T7

Xi discloses a solar cell with point contacts 22 (Xi, column 3, lines 40-46), which

the final office action suggests correspond to the recited dot-shaped doped regions. As is

evident from Xi, the point contacts 22 are contacts, not doped regions of the solar cell.

Doped regions and contacts that electrically connect to the doped regions are different

structures of a solar cell. Xi does not teach or suggest that the TCO layer 14, which is

electrically connected to the point contacts 22, is dot-shaped. In marked contrast, claim

21 recites a first metal contact that is in electrical contact with the plurality of dot-shaped

N-type doped regions. It is respectfully submitted that Xi and the references of record do

not disclose dot-shaped doped regions as recited.

The final office action suggests “that the cross-sectional shape of the point contact

ofmodified Meier will have the corresponding plurality of dot-shaped doped regions

5
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having a dot shape as seen from a plan view of the solar cell” (final office action, page 3,

lines19-21). Appellant respectfully disagrees.

It is respectfully submitted that there is no support for the conclusion that a

doped-region will necessarily have the same shape as its contact. There is no reason why
a point contact cannot be used to connect to planar regions. For example, Xi does not
teach or suggest that the TCO layer 14 that is electrically connected to the point contacts

22 is dot -shaped. That is, modifying Meier to have point contacts as taught by Xi will
result in the modified Meier having point contacts connected to the N-type layer 216 of

Meier. The modified Meier will still have the same N-type layer 216, which is not an N-

type dot-shaped doped region as recited.

It is respectfully submitted that Okayasu, Borden, Wenham, and Jordan do not

add to Meier and Xi regarding the recited dot-shaped doped regions.

Therefore, it is respectfully submitted that claim 21 is patentable over the

combination ofMeier, Okayasu, Borden, Wenham, Jordan, and Xi.

Claims 22 and 23 are patentable over the combination ofMeier, Okayasu,

Borden, Wenham, Jordan, and Xi at least for depending from claim 21.

Claims 24, 25, and 27-29 are rejected under pre-AIA 35 U.S.C. §103(a) as being

unpatentable over Meier (US 6,262,359) in view ofOkayasu (JP07-106611), Borden

(WO 2009/094578), Wenham (US 6,429,037), Jordan (US 2005/0268963), Xi (US
4,865,999), and Agnostinelli (US 2009/0301557). The rejection is respectfully traversed.

Claims 24, 25, and 27-29 are patentable over the combination ofMeier, Okayasu,

Borden, Wenham, Jordan, and Agnostinelli at least for depending from claim 21.

Claim 26 is rejected under pre-AIA 35 U.S.C. §103(a) as being unpatentable over

Meier (US 6,262,359) in view of Okayasu (JP07-106611), Borden (WO 2009/094578),

Wenham (US 6,429,037), Jordan (US 2005/0268963), Xi (US 4,865,999), Agnostinelli

(US 2009/0301557), Russell (US 2008/0216893), and Kray (Study on the Edge Isolation

of Industrial Silicon Solar Cells With Waterjet-Guided Laser).

6
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Claim 26 is patentable over the combination ofMeier, Okayasu, Borden,

Wenham, Jordan, Xi, Agnostinelli, Russell, and Kray at least for depending from claim

21.

Claims 30-40 are rejected under pre-AIJA 35 U.S.C. §103(a) as being unpatentable

over Meier (US 6,262,359) in view ofOkayasu (JP07-106611), Borden (WO

2009/094578), Wenham (US 6,429,037), Jordan (US 2005/0268963), Xi (US 4,865,999),

and Tsunomura (US 2008/0121266). The rejection is respectfully traversed.

Claim 30 is patentable over the combination ofMeier, Okayasu, Borden,

Wenham, Jordan, Xi, and Tsunomura at least for reciting: “a plurality of dot-shaped

doped regions in the substrate under the antireflective layer, each of the dot-shaped doped

regions having a dot shape as seen from a plan view of the solar cell” and “a first metal

contact disposed on the front surface of the substrate perpendicular to the first bus bar,

wherein the first metal contact is in electrical contact with the plurality of dot-shaped

doped regions and the first bus bar.”

As explained above, the combination ofMeier, Okayasu, Borden, Wenham,

Jordan, and Xi does not teach or suggest the recited plurality of dot-shaped doped regions

that are connected to a metal contact. It is respectfully submitted that Tsunomura does

not add to the combination ofMeier, Okayasu, Borden, Wenham, Jordan, and Xi
regarding the recited dot-shaped doped regions that are connected to the metal contact.

Therefore, it is respectfully submitted that claim 30 is patentable over the

a

combination ofMeier, Okayasu, Borden, Wenham, Jordan, Xi, and Tsunomura.

Claims 31-35 are patentable over the combination ofMeier, Okayasu, Borden,

Wenham, Jordan, Xi, and Tsunomura at least for depending from claim 30.

Claim 36 is patentable over the combination ofMeier, Okayasu, Borden,

Wenham, Jordan, Xi, and Tsunomura at least for reciting: “a plurality of dot-shaped

doped regions in the substrate under the antireflective layer, each of the plurality of dot-

shaped doped regions having a dot shape as seen froma plan view of the first solar cell”

and “a first metal contact disposed on the front surface of the N-type silicon substrate

perpendicular to the first bus bar, wherein the first metal contact is in electrical contact

a

with the plurality of dot-shaped doped regions.”
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As explained above, the combination ofMeier, Okayasu, Borden, Wenham,

Jordan, and Xi does not teach or suggest the recited plurality of dot-shaped doped regions

that are connected to a metal contact. It is respectfully submitted that Tsunomura does

not add to the combination ofMeier, Okayasu, Borden, Wenham, Jordan, and Xi

regarding the recited dot-shaped doped regions that are connected to the metal contact.

Therefore, it is respectfully submitted that claim 36 is patentable over the

combination ofMeier, Okayasu, Borden, Wenham, Jordan, Xi, and Tsunomura.

Claims 37-40 are patentable over the combination ofMeier, Okayasu, Borden,

Wenham, Jordan, Xi, and Tsunomura at least for depending from claim 36.

V. CONCLUSION

For at least the above reasons, allowance of the application is respectfully

requested.

Respectfully submitted,

Dated:
DEC. 1,2020 fouin Bescured

Patrick D. Benedicto, Reg. No. 40,909
Okamoto & Benedicto LLP
P.O. Box 641330
San Jose, CA 95164
Tel.: (408)436-2110
Fax.: (408)436-2114
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CLAIMS APPENDIX

CLAIMS INVOLVED IN THE APPEAL

21. A solar cell, the solar cell comprising:

al

a N-type silicon substrate having a front surface and a back surface, wherein the

front surface comprises a textured surface;

an antireflective layer over the front surface of the N-type silicon substrate;

a plurality of dot-shaped N-type doped regions in the N-type silicon substrate

under the antireflective layer, each of the plurality of dot-shaped doped regions having a

dot shape as seen froma plan view of the solar cell;

an oxide region disposed on the back surface of the N-type silicon substrate;

a polysilicon emitter disposed on the oxide region;

a first metal contact disposed on the front surface of the N-type silicon substrate,

wherein the first metal contact is in electrical contact with the plurality of dot-shaped N-

type doped regions; and

a

a second metal contact disposed on the polysilicon emitter.

22. The solar cell of claim 21, wherein the antireflective layer comprises a layer of

silicon nitride.

23. The solar cell of claim 21, wherein the polysilicon emitter comprises a P-type

doped polysilicon.

24, The solar cell of claim 21, further comprising a dielectric layer over the

polysilicon emitter.

25. The solar cell of claim 24, wherein the dielectric layer comprises silicon dioxide.

26. The solar cell of claim 24, further comprising a trench cutting through the

dielectric layer and the polysilicon emitter and into a portion of the N-type silicon

substrate on the backside of the solar cell.

9
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27. The solar cell of claim 21, wherein the second metal contact comprises ametal

forming an infrared reflecting layer with a dielectric layer.

28. The solar cell of claim 21, wherein the second metal contact comprises ametal

formed in a plurality of contact holes to the polysilicon emitter.

29. The solar cell of claim 21, wherein the first and secondmetal contacts comprise a

metal selected from the group consisting of silver or aluminum.

30. A solar cell, the solar cell comprising:

a substrate having a front surface and a back surface, wherein the front surface

comprises a textured surface;

an antireflective layer over the front surface of the substrate;

a plurality of dot-shaped doped regions in the substrate under the antireflective

layer, each of the dot-shaped doped regions having a dot shape as seen from a plan view

of the solar cell;

an oxide region disposed on the back surface of the substrate;

a polysilicon emitter disposed on the oxide region;

a first bus bar disposed on the front surface of the substrate;

a first metal contact disposed on the front surface of the substrate perpendicular to

the first bus bar, wherein the first metal contact is in electrical contact with the plurality

of dot-shaped doped regions and the first bus bar; and

a second metal contact disposed on the polysilicon emitter.

31. The solar cell of claim 30, further comprising a second bus bar disposed on the

front surface of the substrate, wherein the second bus bar is parallel to the first bus bar.

32. The solar cell of claim 31, wherein the first metal contact is in electrical contact

with, and perpendicular to, the first bus bar and the second bus bar.

10
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33. The solar cell of claim 31, further comprisinga third bus bar disposed on the backa

surface of the substrate.

34. The solar cell of claim 33, further comprising a fourth bus bar disposed on the

back surface of the substrate, wherein the fourth bus bar is parallel to the third bus bar.

35. The solar cell of claim 31, wherein the polysilicon emitter comprises a P-type

doped polysilicon.

36. A solar cell array, the solar cell array comprising:

a first solar cell, the first solar cell comprising:

a substrate having a front surface and a back surface, wherein the front surface

comprises a textured surface;

an antireflective layer over the front surface of the substrate;

a plurality of dot-shaped doped regions in the substrate under the antireflective

layer, each of the plurality of dot-shaped doped regions having a dot shape as seen from a

plan view of the first solar cell;

an oxide region disposed on the back surface of the substrate;

a polysilicon emitter disposed on the oxide region;

a first bus bar disposed on the front surface of the substrate, wherein the first bus

bar is electrically connected to a corresponding bus bar of another solar cell;
a first metal contact disposed on the front surface of theN-type silicon substrate

perpendicular to the first bus bar, wherein the first metal contact is in electrical contact

with the plurality of dot-shaped doped regions; and

a second metal contact disposed on the polysilicon emitter.

37. The solar cell array of claim 36, further comprising a second bus bar disposed on

the front surface of the first solar cell, wherein the second bus bar is parallel to the first

bus bar.

11
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38. The solar cell of claim 37, wherein the first metal contact is in electrical contact

with and perpendicular to the first bus bar and the second bus bar of the first solar cell.

39. The solar cell of claim 37, further comprising a third bus bar disposed on the back

surface of the first solar cell, wherein the third bus bar is electrically connected to a

corresponding bus bar of another solar cell.

40. The solar cell of claim 39, further comprising a fourth bus bar disposed on the

back surface of the first solar cell, wherein the fourth bus bar is parallel to the third bus

bar.

12
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(1) Grounds of Rejection to be Reviewed on Appeal

Every ground of rejection set forth in the Office action dated 10/21/2020 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.

Claims 21-23 is/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 view of Wenham

(6,429,037 B1) in view of Jordan (US 2005/0268963 A1) in view of Xi (US

4,865,999).

Regarding claims 21 and 23, Meier discloses a solar cell comprising (see Fig.

3D, C5/L38-C6/L55):

a n-type silicon substrate (218 n-type, C5/L30-42) having a front surface that

faces the sun to collect solar radiation during normal operation and a back surface

opposite the front surface;

an anti-reflection (214) coating on the front surface of the solar cell;

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)

a front surface field region on the front surface (216 high doped concentration

area n+), on the front surface of the substrate.
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Meier discloses point style contacts but does not disclose that under the point

contacts there is a highly doped region which are dot shaped.

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.

Modified Meier does not disclose that the point contacts are dot shaped.

Xi discloses that either point contacts or electrical contact dots can be used as

electrical contacts for solar cells (C3/L40-45).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the shape of the point contacts to have dot contact shape because

as disclosed by Xi having a dot like point contact shape is known and one of ordinary

skill in the art would have been able to carry out such a substitution, and the results

would be reasonably predictable.

Note that the cross-sectional shape of the point contact of modified Meier will

have the corresponding the plurality of dot-shaped doped regions having a dot shape as

seen from a plan view of the solar cell.

However, Meier does not disclose that there is a textured surface on the N-type

silicon substrate on the front side of the solar cell.



Application/Control Number: 16/460,035 Page 5
Art Unit: 1726

Jordan discloses that the front surface of the solar cell is textured ([0022]). In

addition, Jordan discloses that texturizing the front surface increases light absorption

([0022]).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the front surface of Meier by texturizing the front surface as

disclosed by Jordan because it increases light adsorption.

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 between

the emitter/front surface field and the substrate.
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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.

Modified Meier now discloses a p-type polysilicon emitter and an n+-type

polysilicon FSF.

a

Regarding claim 22, modified Meier discloses all of the claim limitations as set

forth above.

In addition Meier discloses that the antireflective layer comprises silicon nitride

(C6/L20-25).

Claims 24, 25, and 27-29 is/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) in view of Jordan (US 2005/0268963 A1) in view of Xi (US
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4,865,999) as applied to claims 21-23 above and in further view of Agnostinelli (US

2009/0301557 A1).

Regarding claim 24, 25, 27, 28, modified Meier discloses all of the claim

limitations as set forth above.

However, Meier does not disclose a dielectric over a polysilicon emitter.

Agnostinelli discloses a back contact structure which comprises a

dielectric/passivation layer structure formed on the back surface of the solar cell which

is patterned and back contacts touch the rear doped surface of the solar cell and a

continuous back contact layer is formed over the dielectric (SiOz [0116])/passivation

stack ([0049][0048][01 16)).

It would have been obvious to one of ordinary skill at the time of the invention to

modify the solar cell of Meier by having a dielectric/passivation layer structure formed

on the back surface of the solar cell which is patterned and back contacts touch the rear

doped surface of the solar cell and a continuous back contact layer is formed over the

dielectric as disclosed Agnostinelli because it will improve the reflection and absorption

of light by the solar cell and furthermore improve the passivation of the rear surface.

Regarding claim 29, modified Meier discloses all of the claim limitations as set

forth above.

Meier discloses that the front contact can be silver (212, C7/L10-15).

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.

Claim 26 is/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) in view of Jordan (US 2005/0268963 A1) ) in view of Xi (US

4,865,999) in view of Agnostinelli (US 2009/0301557 A1) as applied to claims 24,

25, and 27-29 above and in further view of Russell (US 2008/0216893 A1) and in

view of Kray (Study on the edge isolation of industrial silicon solar cells with

waterjet-guided laser).

Regarding claim 26, modified Meier discloses all of the claim limitations as set

forth above.

However, modified Meier does not disclose trench cutting through the dielectric

layer and the polysilicon emitter and into a portion of the n-type silicon substrate on the

back side of the substrate.

Russell discloses that edge isolations can be performed at different positions on

the solar cell including back sides and serve to electrically isolate the front and rear

solar cells from each other ([0042]).

Kray discloses an edge isolation process which includes cutting through the

passivation layer, doped layer and part of the substrate (See Fig. 1).
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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 solar cell of modified Meier by having the edge be isolated by

cutting through the rear passivation layer, rear emitter layer and part of the substrate as

disclosed by Russell and Kray because it will prevent a shunt between front and back

surfaces.

Claims 30-40 is/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 view of Wenham

(6,429,037 B1) in view of Xi (US 4,865,999) in view of Jordan (US 2005/0268963 A1)

in view of Tsunomura (US 2008/0121266 A1).

Regarding claims 30-35, Meier discloses a solar cell comprising (see Fig. 3D,

C5/L38-C6/L55):

a n-type silicon substrate (218 n-type, C5/L30-42) having a front surface that

faces the sun to collect solar radiation during normal operation and a back surface

opposite the front surface;

an anti-reflection (214) coating on the front surface of the solar cell;

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)

a front surface field region on the front surface (216 high doped concentration

area n+), on the front surface of the substrate.

Meier discloses point style contacts but does not disclose that under the point

contacts there is a highly doped region n-type region which are dot shaped.
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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.

Modified Meier does not disclose that the point contacts are dot shaped.

Xi discloses that either point contacts or electrical contact dots can be used as

electrical contacts for solar cells (C3/L40-45).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the shape of the point contacts to have dot contact shape because

as disclosed by Xi having a dot like point contact shape is known and one of ordinary

skill in the art would have been able to carry out such a substitution, and the results

would be reasonably predictable.

Note that the cross-sectional shape of the point contact of modified Meier will

have the corresponding the plurality of dot-shaped doped regions having a dot shape as

seen from a plan view of the solar cell.

However, Meier does not disclose that there is a textured surface on the N-type

a

silicon substrate on the front side of the solar cell.
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Jordan discloses that the front surface of the solar cell is textured ([0022]). In

addition, Jordan discloses that texturizing the front surface increases light absorption

([0022]).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the front surface of Meier by texturizing the front surface as

disclosed by Jordan because it increases light adsorption.

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 between

the emitter/front surface field and the substrate.
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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.

Modified Meier now discloses a p-type polysilicon emitter and an n+-type

polysilicon FSF.

However, modified Meier does not discloses two bus bars on the front which run

perpendicular to electrodes and two bus bars on the rear of the cell.

Tsunomura discloses two bus bars on the front (20) which run perpendicular to

electrodes (30) and two bus bars on the rear of the cell (20) (see Figs. 2 and 3)

({0029][0030)).

It would have been obvious to one of ordinary skill in the art at the time of the

a

invention to modify the solar cell of Meier so that there bus bars as disclosed by
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Tsunomura because it will improve the collection of photogenerated carriers because

there are additional contacts and conductivity of the electrode.

Regarding claims 36-40, Meier discloses a solar cell comprising (see Fig. 3D,

C5/L38-C6/L55):

a n-type silicon substrate (218 n-type, C5/L30-42) having a front surface that

faces the sun to collect solar radiation during normal operation and a back surface

opposite the front surface;

an anti-reflection (214) coating on the front surface of the solar cell;

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)

a front surface field region on the front surface (216 high doped concentration

area n+), on the front surface of the substrate.

Meier discloses point style contacts but does not disclose that under the point

contacts there is a highly doped region n-type region which are dot shaped.

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

a

solar cell.
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Modified Meier does not disclose that the point contacts are dot shaped.

Xi discloses that either point contacts or electrical contact dots can be used as

electrical contacts for solar cells (C3/L40-45).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the shape of the point contacts to have dot contact shape because

as disclosed by Xi having a dot like point contact shape is known and one of ordinary

skill in the art would have been able to carry out such a substitution, and the results

would be reasonably predictable.

Note that the cross-sectional shape of the point contact of modified Meier will

have the corresponding the plurality of dot-shaped doped regions having a dot shape as

seen from a plan view of the solar cell.

However, Meier does not disclose that there is a textured surface on the N-type

silicon substrate on the front side of the solar cell.

Jordan discloses that the front surface of the solar cell is textured ([0022]). In

addition, Jordan discloses that texturizing the front surface increases light absorption

([0022]).

It would have been obvious to one of ordinary skill in the art at the time of the

invention to modify the front surface of Meier by texturizing the front surface as

disclosed by Jordan because it increases light adsorption.

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.
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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 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 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.
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Modified Meier disclosesa first tunnel dielectric between the emitter and back

surface and a second tunnel dielectric at the front surface of the substrate.

Modified Meier now discloses a p-type polysilicon emitter and an n+-type

polysilicon FSF.

However, modified Meier does not discloses two bus bars on the front which run

perpendicular to electrodes and two bus bars on the rear of the cell.

Tsunomura discloses two bus bars on the front (20) which run perpendicular to

electrodes (30) and two bus bars on the rear of the cell (20) (see Figs. 2 and 3)

([0029][0030)).

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 Meier so that there bus bars as disclosed by

Tsunomura because it will improve the collection of photogenerated carriers because

there are additional contacts and conductivity of the electrode.

However, modified Meier does not disclose that the solar cell is part of an array

of cells and they are interconnected.

Tsunomura discloses an array of solar cells that interconnected by attaching

wiring to the bus bars on the back and front of solar cells (see Fig. 1, interconnect 40

and Fig. 4 [0016]).

It would have been obvious to one of ordinary skill in the art at the time of

invention to modify the solar cell of modified Meier by including additional solar cells to

form an array of solar cells and interconnecting them as disclosed by Tsunomura

a

because doing so will harness more solar energy.
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(2) Response to Argument

Regarding claim 21, Appellant argues that Xi discloses a solar cell with point

contacts 22 (Xi, column 3, lines 40-46), which the final office action suggests

correspond to the recited dot-shaped doped regions and that he point contacts 22 are

contacts, not doped regions of the solar cell. Doped regions and contacts that

electrically connect to the doped regions are different structures of a solar cell.

Applicant argues that Xi does not teach or suggest that the TCO layer 14, which is

electrically connected to the point contacts 22, is dot-shaped, and that this differs from

instant claim 21, which recites a first metal contact that is in electrical contact with the

plurality of dot-shaped N-type doped regions. Applicant argues that that Xi and the

references of record do not disclose dot-shaped doped regions as recited.

While Examiner does agree that doped regions and contacts that electrically

connect to the doped regions are different structures of a solar cell, Examiner disagrees

that Xi was solely used to teach both the doped regions and contacts as alleged by

Appellant.

Examiner notes that Wenham was used to modify Meier to provide a plurality of

N-type regions. As noted in the rejection, Meier discloses metal contacts (front

electrode contacts, 212, please see Figure below, C7/L28-29), however, Meier does not

disclose that under each of the contacts there exists a highly doped N-type dot shaped

a
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Wenham discloses a solar cell wherein the areas (see Fig. 5, portions 18 and 23)

beneath contacts (see Fig. 5, below, contacts 19 and 24) are highly doped, and

providing these highly doped areas under contacts reduces contact resistance (C1/L25-

41).

Wenham further discloses (see Figs. 1-3) that the areas of high doping beneath

the contacts have shapes which correspond to the shape of the contacts because the

high doped regions localized regions (15) are formed by patterning the plating mask

(see mask 12, Fig. 2, C4/L20-40), and the localized regions (15) are subsequently

plated with metal (19 see Fig. 3) to form contact (see area 18 of Fig. 3, which

corresponds to where metal contact (19) is placed, C4/L20-40).

Highly doped region under
contact having same contact
corresponding shape
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Modification of Meier with Wenham results in a plurality of N++-type doped

regions which have corresponding shapes to the contacts of Meier. Examiner notes that

Meier was combined with Wenham to have these regions of high n-type doping under

each of the contacts to reduce contact resistance similar to the regions shown in Fig. 5

of Wenham. As can be seen in the annotated figure the region of high doping (18 and

23) correspond in shape to the contacts (19 and 24).

Modified Meier does not explicitly disclose dot shaped contacts or dot shaped

contact regions. Instead, Meier modified with Wenham discloses contacts with

correspondingly shaped highly doped regions beneath the contact.

Xi discloses that point contacts can have a dot shape (See C3/L40-45 and Fig. 2

as produced below). Meier was modified with Xi so that the contacts will have a dot

shape. Due to the previous modification of Meier with Wenham, the plurality of contacts

will have a plurality of correspondingly shaped highly doped regions beneath the

contacts. The plurality of dot shaped n-type doped regions will be present in modified

Meier beneath the dot shaped metal contacts because as disclosed by Wenham the

regions of high doping correspond in shape to the metal contacts.
FIG 2 ge
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Appellant argues that there is no support for the conclusion that a doped-region

will necessarily have the same shape as its contact. Applicant argues that there is no

reason why a point contact cannot be used to connect to planar regions.

Examiner notes that Wenham discloses a solar cell wherein the areas (see Fig.

5, portions 18 and 23) beneath contacts (see Fig. 5, below, contacts 19 and 24) are

highly doped, and providing these highly doped areas under the contacts reduces

contact resistance (C1/L25-41). Examiner notes that in addition to the highly doped

regions (p++ and n++ regions directly under contact, 23 and 18) there also exists planar

p+ and n+ regions (22 and 13) in the substrate of Wenham. Examiner notes that the

addition of the highly doped regions under the contacts is disclosed by Wenham as

reducing contact resistance (C1/L25-41) and these contact shaped regions are in

addition to planar regions (p+ and n+ regions 22 and 13).

Wenham further discloses (see Figs. 1-3) that the areas of high doping beneath

the contacts have shapes which correspond to the shape of the contacts because the

high doped regions localized regions (15) are formed in a plating mask (See mask 12)

and the localized regions (15) are subsequently plated with metal (19 see Fig. 3) to form

contact (see area 18 of Fig. 3, which corresponds to where metal contact (19) is placed,

C4/L20-24).

a

Regarding claims 22 and 23, Appellant further argues that the claims are

patentable over the combination of Meier, Okayasu, Borden, Wenham, Jordan, and Xi

at least for depending from claim 21.
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With respect to Appellant’s arguments for claims 22 and 23, as set forth above

Examiner finds that the above combination of prior art teaches all of the claim elements

as recited in claim 21.

Regarding claims 24, 25, and 27-29, Appellant argues that the claims are

patentable over the combination of Meier, Okayasu, Borden, Wenham, Jordan, and

Agnostinelli at least for depending from claim 21.

With respect to Appellant’s arguments for claims 24, 25, and 27-29 as set forth

above, Examiner finds that the above combination of prior art teaches all of the claim

elements as recited in claim 21.

Regarding claim 26, Appellant argues that the claims is patentable over Meier,

Okayasu, Borden, Wenham, Jordan, Xi, Agnostinelli, Russell, and Kray at least for

depending from claim 21.

With respect to Appellant’s arguments for claim 26 as set forth above, Examiner

finds that the above combination of prior art teaches all of the claim elements as

recited in claim 21.

Regarding claim 30, Appellant argues that the combination of Meier, Okayasu,

Borden, Wenham, Jordan, and Xi does not teach or suggest the recited plurality of dot-

shaped doped regions that are connected to a metal contact, and Tsunomura does not

add to the combination of Meier, Okayasu, Borden, Wenham, Jordan, and Xi regarding

the recited dot-shaped doped regions that are connected to the metal contact.

Examiner notes that the combination of Meier, Okayasu, Borden, Wenham,

Jordan, and Xi does teach or suggest the recited plurality of dot-shaped doped regions
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that are connected to a metal contact as set forth above (please see response to

arguments with respect to claim 21).

Regarding claims 31-35, Appellant further argues that the claims are patentable

over the combination of Meier, Okayasu, Borden, Wenham, Jordan, Xi, and Tsunomura

at least for depending from claim 30.

With respect to Appellant’s arguments for claims 31-35 as set forth above,

Examiner finds that the above combination of prior art teaches all of the claim elements

as recited in claim 30.

Regarding claim 36, Appellant argues that the claim is patentable over the

combination of Meier, Okayasu, Borden, and Tsunomura at least for reciting: “a plurality

of dot-shaped doped regions in the substrate under the antireflective layer, each of the

plurality of dot shaped doped regions having a dot shape as seen from a plan view of

the first solar cell’ and “a first metal contact disposed on the front surface of the N-type

silicon substrate perpendicular to the first bus bar, wherein the first metal contact is in

electrical contact with the plurality of dot-shaped doped regions". Appellant argues as

explained above, the combination of Meier, Okayasu, Borden, Wenham, Jordan, and Xi

does not teach or suggest the recited plurality of dot-shaped doped regions that are

connected to a metal contact. It is respectfully submitted that Tsunomura does not add

to the combination of Meier, Okayasu, Borden, Wenham, Jordan, and Xi regarding the

recited dot-shaped doped regions that are connected to the metal contact.

Examiner notes that the combination of Meier, Okayasu, Borden, Wenham,

a

Jordan, and Xi does teach or suggest the recited plurality of dot-shaped doped regions
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are connected to a metal contact as set forth above (please see response to arguments

with respect to claim 21).

Regarding claims 37-40, Appellant further argues that the claims are patentable

over the combination of Meier, Okayasu, Borden, Wenham, Jordan, Xi, and Tsunomura

at least for depending from claim 36.

With respect to Appellant’s arguments for claims 37-40 as set forth above,

Examiner finds that the above combination of prior art teaches all of the claim elements

as recited in claim 36.

For the above reasons, it is believed that the rejections should be sustained.

Respectfully submitted,

/DEVINA PILLAY/
Primary Examiner, Art Unit 1726

Conferees:
/JEFFREY T BARTON/
Supervisory Patent Examiner, Art Unit 1726

/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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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 21-40

Claims 21-23 are rejected under pre-AIA 35 U.S.C. §103(a) as being unpatentable

over Meier (US 6,262,359) in view of Okayasu (JP07-106611), Borden (WO

2009/094578), Wenham (US 6,429,037), Jordan (US 2005/0268963), and Xi (US
4,865,999). The rejection is respectfully traversed.

Claim 21 is patentable over the combination ofMeier, Okayasu, Borden,

Wenham, Jordan, and Xi least for reciting: “a plurality of dot-shaped N-type doped

regions in the N-type silicon substrate under the antireflective layer, each of the plurality

of dot-shaped doped regions having a dot shape as seen from a plan view of the solar

cell” and “a first metal contact disposed on the front surface of the N-type silicon

substrate, wherein the first metal contact is in electrical contact with the plurality of dot-

shaped N-type doped regions.”

As fully explained in the Appeal Brief, the combination ofMeier, Okayasu,

Borden, Wenham, Jordan, and Xi does not teach or suggest a metal contact on the front

side that is in electrical contact with a plurality of dot-shaped N-type doped regions under

the antireflective layer.

As noted in the Examiner’s Answer, “Modified Meier does not explicitly disclose

dot shaped contacts or dot shaped contact regions” (Examiner’s Answer, page 19).

Furthermore, the Examiner’s Answer does not contend that Xi discloses dot-shaped

doped regions. The gist of the Examiner’s Answer is that “Meier modified with Wenham

discloses contacts with correspondingly shaped highly doped regions beneath the

contact” and “Meier was modified with Xi that the contacts will have a dot shape”

(Examiner’s Answer, page 19). Appellant respectfully submits that there is no support

for this conclusion.

2
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Wenham does not teach or suggest that a doped region follows the shape of its

contact. In fact, Wenham has no discussion regarding the shape of a doped region

relative to its contact. As shown in Wenham FIG. 5, reproduced in the Examiner’s

Answer with annotations, Wenham discloses a planar N-type doped region 13, which

serves as a lightly-diffused emitter (Wenham, col. 4, lines 29-35), across the surface of

the P-type substrate. The planar shape of the N-type doped region 13 is due to the

diffusion ofN-type dopants from the dielectric layer 12, which is across the surface of the

substrate (Wenham, col. 4, lines 20-40; FIGS. 2-5). The laser 14 heats the same

dielectric layer 12, which causes N-type dopants from the dielectric layer 12 to diffuse

more heavily on regions directly hit by the laser 14. However, Wenham does not teach or

suggest that the N-type doped region 13 has the same shape as the contact 19 (see

Wenham FIG. 5).

As noted in the Appeal Brief, the point contacts 22 of Xi, which the Examiner’s

Answer relies on to show dot-shaped doped regions, are contacts as opposed to doped

regions. As shown in Xi, FIG. 3C, the openings in the amorphous layer 16 are formed by

first forming the contacts 22 and then depositing the amorphous layer 16 to surround the

contacts 22 (Xi, col. 4, lines 27-46). So, in Xi, it is clear that the contacts 22 are contacts

— there are no doped region in the openings where the contacts 22 are formed.

Furthermore, the TCO layer 14 under the contacts 22 are not dot-shaped doped regions.

It is thus respectfully submitted that there is no support for the conclusion that a

doped-region will necessarily have the same shape as its contact. There is no reason why

a point contact cannot be used to connect to planar doped regions. That is, modifying

Meier to have point contacts as taught by Xi will result in the modified Meier having

point contacts connected to the N-type layer 216 ofMeier. The modified Meier will still

have the same N-type layer 216, which is not an N-type dot-shaped doped region as

recited.

CONCLUSION

For at least the above reasons, allowance of the pending claims is respectfully

requested.
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UNITED STATES PATENT AND TRADEMARKOFFICE

BEFORE THE PATENT TRIALAND APPEAL BOARD

ExpartePETER JOHN COUSINSJ

Appeal 2021-002647
Application 16/460,035
Technology Center 1700

Before ERIC B. GRIMES, GEORGEC. BEST, andDEBRAL. DENNETT,
Administrative Patent Judges.

BEST, Administrative Patent Judge.BF

DECISION ON APPEAL
Pursuant to 35 U.S.C. § 134(a), Appellant! appeals from the

Examiner’s decision to reject claims 21—40 ofApplication 16/460,035. Final

Act. (October 21, 2020). We have jurisdiction under 35 U.S.C. § 6.

For the reasons set forth below, we affirm.

' “Appellant” refers to “applicant” as defined in 37 C.F.R. § 1.42. Appellant
identifies SunPower Corp. as the real party in interest. Appeal Br. 1.
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I. BACKGROUND
The ’035 Application describes improvements to solar cell structures

and fabrication processes. Spec. 1. In particular, the Specification describes

a front contact bipolar solar cell. 7d. Sucha solar cell includes backside

junctions formed byN-type and P-type diffusion regions. /d. at 1-2. The

solar cell further comprises metal contacts coupled to the diffusion regions.

Id. Thesemetal contacts allow an external electrical circuit to be coupled to

and powered by the solar cell. /d. at 2. In a front contact solar cell, at least

one of themetal contacts that is electrically connected to diffusion regions is

located on the front side of the solar cell. /d.

Claim 21 is representative of the ’035 Application’s claims and is

reproduced below from the Appeal Brief’s Claims Appendix.

21. Asolar cell, the solar cell comprising:

a

aN-type silicon substrate having a front surface and a
back surface, wherein the front surface comprises a textured
surface;

an antireflective layer over the front surface of the N-type
silicon substrate;

aplurality ofdot-shapedN-type doped regions in theN-
type Silicon substrate under the antireflective layer, each ofthe
plurality ofdot-shapeddoped regionshavinga dot shape as
seenfrom a plan view ofthe solar cell;

an oxide region disposed on the back surface of theN-
type silicon substrate;

a polysilicon emitter disposed on the oxide region;

a first metal contact disposed on the front surface of the
N-type silicon substrate, wherein the first metal contact is in
electrical contactwith the plurality of dot-shapedN-type doped
regions; and

2
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a secondmetal contact disposed on the polysilicon
emitter.

Appeal Br. 9 (emphasis added).

Il. REJECTIONS
On appeal, the Examiner maintains the following rejections:

1. Claims 21—23 are rejected under 35 U.S.C. § 103(a) as

unpatentable over the combination ofMeier,” Okayasu,* Borden,* Wenham,”

Jordan, *° andXi.’ Final Act. 2.
2. Claims 24, 25, and 27—29 are rejected under 35 U.S.C. § 103(a)

as unpatentable over the combination ofMeier, Okayasu, Borden, Wenham,

Jordan, Xi, and Agnostinelli.? Final Act. 5—6.

US 6,262,359 B1, issued July 17, 2001.
3 JP 07106611 A, published April 21, 1995. We rely upona translation made
of record on July 6, 2020.

a

* WO 2009/094578 A2, published July 30, 2009.
> US 6,429,037 B1, issued August 6, 2002.
® US 2005/0268963 Al, published December 8, 2005.

TUS 4,865,999, issued September 12, 1989.

US 2009/0301557 Al, published December 10, 2009.

(Contd)

8
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3. Claim 26 is rejected under 35 U.S.C. § 103(a) as unpatentable

over the combination ofMeier, Okayasu, Borden,Wenham, Jordan, Xi,
Agnostinelli, Russell,’ and Kray.'° Final Act. 7.

4, Claims 30—40 are rejected under 35 U.S.C. § 103(a) as

unpatentable over the combination ofMeier, Okayasu, Borden, Wenham,

Xi, Jordan, and Tsunomura.'! Final Act. 8.

Il. DISCUSSION
A. Rejection ofclaims 21—23 over the combination ofMeier, Okayasu,

Borden, Wenham, Jordan, and Xi

Claim 21 is an independent claim. Claims 22 and 23 depend from

claim 21. In arguing for reversal of this rejection, Appellant only presents

arguments with respect to the patentability of claim 21. See Appeal Br. 3-6.

Claims 22 and 23 are said to be allowable based on their dependence from

claim 21. See id. at 6. We, therefore, select claim 21 as representative of the

claims subject to this ground of rejection and limit our discussion

accordingly. 37 C.F.R. § 41.37(c)(1)(iv) (2019).

Appellant argues that the rejection of claim 21 should be reversed

because the combination of references relied upon by the Examiner does not

describe or suggest the plurality of dot-shapedN-type doped regions recited

in claim 21. Appeal Br. 4—6. According to Appellant, the Examiner relied

uponXi as describing the recited dot-shapedN-type doped regions. /d. at 5.

? US 2008/0216893 Al, published September 11, 2008.
‘© Daniel Kray et al., Study on the edge isolation ofindustrialsilicon solar
cells with waterjet-guided laser, 91 Solar Energy Materials & Solar Cells
1638-44 (2007).
US 2008/0121266Al, publishedMay 29, 2008.

4
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Appellant contends that Xi describes dot-shaped contacts rather than dot-
shapedN-type doped regions. /d. at 5—6.

We are not persuaded by this argument, which does not correctly

present the Examiner’s basis for the rejection.
In the Final Action, the Examiner found thatMeier describes point-

style contacts “but does not disclose that under the point contacts there is a

highly doped region which [is] dot shaped.” Final Act. 3. The Examiner

further found that Wenham describesa solar cell having point contacts and

areas ofhigh doping underneath the point contacts. /d. (citing Wenham

1:25—41; Fig. 5) The Examiner also found that Xi describes dot-shaped
electrical contacts for use in solar cells. /d. (citing X1 3:40-45). In the Final

Action, the Examiner states, in a conclusorymanner, that “the cross-

sectional shape of the point contact ofmodified Meier will have the

corresponding the [sic] plurality of dot-shaped doped regions having a dot

shape as seen from a plan view of the solar cell.” /d.

In the Examiner’s Answer, however, the Examiner responds to

Appellant’s arguments by providing a more reasoned explanation for the

finding regarding the dot shape of the doped regions underlying the dot-

shaped point contacts. See Answer 17—20. According to the Examiner, if the

point contacts in Meier as modified byWenham are dot-shaped as described

in Xi, the highly doped regions underneath the dot-shaped point contacts

will also be dot-shaped becauseWenham describes creating the highly

doped regions through the same plating mask used to control the shape of

the metal plating that creates the contact. /d. at 20.

Appellant does not address the Examiner’s argument in its Reply
Brief.

a

a
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We agree with the Examiner that the highly doped regions under the

dot-shaped electrodes in the Examiner’s proposed combination ofMeier,

Wenham, andXi would have the same shape as the electrodes. Wenham

describes using a laser to create the pattern in the metallization mask and

dope the region under the mask in a single process step. Wenham 4:21—40.

In view of the foregoing, we affirm the rejection of claim 21. Thus,

a

we also affirm the rejection of claims 22 and 23.

B. Rejection ofclaims 24, 25, and27-29 over the combination ofMeier,
Okayasu, Borden, Wenham, Jordan, Xi, andAgnostinelli
Appellant argues that the rejection of claims 24, 25, and 27—29 should

be reversed by virtue of the dependence ofthese claims from claim 21.

Appeal Br. 6. Because we have affirmed the rejection of claim 21, we also

affirm the rejection of claims 24, 25, and 27-29.

C. Rejection ofclaim 26 over the combination ofMeier, Okayasu,
Borden, Wenham, Jordan, Xi, Agnostinelli, Russell, andKrayAs

Appellant argues that the rejection of claim 26 should be reversed by
virtue of its dependence from claim 21. Appeal Br. 7. Because we have7.

affirmed the rejection of claim 21, we also affirm the rejection of claim 26.

D. Rejection ofclaims 30-40 over the combination ofMeier, Okayasu,
Borden, Wenham, Xi, Jordan, and Tsunamora

Appellant divides the claims subject to this ground of rejection into

two groups: Independent claim 30 and claims 31—35, which depend from

claim 30, and independent claim 36 and claims 37—40 which depend from

claim 36. Appeal Br. 7-8. We address each group of claims separately.

6
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1, Claims 30-35

Appellant only presents arguments for reversalof the rejection of

independent claim 30. We, therefore, choose claim 30 as representative of

this group of claims and limit our discussion accordingly. 37 C.F.R.

§ 41.37(c)(1)(iv).

Appellant argues that the rejection of claim 30 should be reversed on

the basis of the arguments presented for reversal of the rejection of claim 21

and because Tsunomura does not cure the defects in the rejection of claim

21. Appeal Br. 7.

For the reasons set forth above, we have affirmed the rejection of

claim 21. Thus, we also affirm the rejection of independent claim 30 and its

dependent claims 31-35.

2. Claims 36-40

Appellant only presents arguments for reversalof the rejection of

independent claim 36. We, therefore, choose claim 36 as representative of

this group of claims and limit our discussion accordingly. 37 C.F.R.

§ 41.37(c)(1)(iv).

Appellant argues that the rejection of claim 36 should be reversed on

the basis of the arguments presented for reversal the rejection of claim 21.

Appellant further contends that Tsunomuradoes not cure the defects in the

rejection of claim 21. Appeal Br. 7.

For the reasons set forth above, we have affirmed the rejection of

claim 21. Thus, we also affirm the rejection of independent claim 36 and its

dependent claims 37—40.

7
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IV. CONCLUSION

In summary:

V. TIMEPERIODFORRESPONSE
No time period for taking any subsequent action in connectionwith

this appealmay be extended under 37 C.F.R. § 1.136(a).

AFFIRMED

Claim(s) 35 US.CLS Reference(s) Basis Affirmed Reversed
Rejected

21-23 103
Meier,Okayasu,Borden,Wenham, 21-23Jordan,Xi

24, 25, 27-29 193:
(Meier,Okayasu, Borden, Wenham, 4, 45 27 29

Jordan, Xi,. Agnostinelli
Meier,Okayasu, Borden, Wenham,

26 103 Jordan, Xi, Agnostinelli, Russell, 26
Kray

30-40 103 Meier,Okayasu, Borden, Wenham, 30-40Xi, Jordan, Tsunamora
Overall Outcome 21-40

8
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U.S. Patent and Trademark Office

PTOL-1482 (Rev. 04-19) Notice of Abandonment Part of Paper No. 20220730

Application No. Applicant(s)

16/460,035 COUSINS, Peter JohnNotice ofAbandonment Examiner Art Unit

DEVINA PILLAY 1726
-- TheMAILINGDATEofthis communication appears on the cover sheet with the correspondence address--

This application is abandoned in view of:

1. Applicant's failure to timely file a proper reply to the Office letter mailed on

aya 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

(b) CIA proposed reply was received on , but it does not constitute a proper reply under 37 CFR 1.113 to the final rejection.
(A proper reply under 37 CFR 1.113 to a final rejection consists only of:(1) a timely filed amendment which places the

application in condition for allowance; (2) a timely filed Notice of Appeal (with appeal fee); or (3) if this is utility or plant
application, a timely filed Request for Continued Examination (RCE) in compliance with 37 CFR 1.114. Note that RCEs are not

permitted in design applications.)

(c) () A reply was received on but it does not constitute a proper reply, or a bona foe attempt at a proper reply, to the non-final
rejection. See 37 CFR 1.85(a) and 1.111. (See explanation in box 8 below).

(d) (1) No reply has been received.

2. LJ Applicant's failure to timely pay the required issue fee and publication fee, if applicable, within the statutory period of three months
from the mailing date of the Notice of Allowance (PTOL-85).

(a) 2 The issue fee and publication fee, if applicable, was received on (with a Certificate of Mailing or Transmission dated
), which is after the expiration of the statutory period for payment of the issue fee (and publication fee) set in the Notice of

Allowance (PTOL-85).
(b) 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) (] The issue fee and publication fee, if applicable, has not been received.

3. C 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) ‘i? 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) [ No corrected drawings have been received.

4. (J The letter of express abandonment which is signed by the attorney or agent of record or other party authorized under 37 CFR 1.33
(b). See 37 CFR 1.138(b).

5. CD 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 Patent Trial and Appeal Board rendered on 24 May 2022 and because the period for seeking court review of
the decision has expired and there are no allowed claims.

7.
CQ

The dismissal of the appeal in an application having no allowed claims. (When an appeal is dismissed in an application having no
allowed claims the application stands abandoned. See MPEP 1215.04 subsections I-V for an explanation of the reasons why an
appeal is dismissed.)

8. LJ 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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