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Attorney Docket No. 10031.004211 

FRONT CONTACT SOLAR CELL WITH FORMED EMITTER 

Inventor: Peter John Cousins 

5 REFERENCE TO RELATED APPLICATIONS 

10 

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

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

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

incorporated herein by reference in their entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

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

not exclusively to solar cell fabrication processes and structures. 

15 2. Description of the Background Art 

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

energy. Tt,ey 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 

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

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

metal contacts coupled to them are on the backside of the solar cell. The metal 

- 1 -
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contacts allow an external electrical circuit to be coupled to and be powered by the solar 

cell. 

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

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

5 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 

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

contact solar cell and processes for manufacturing same. 

SUMMARY 

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

15 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 

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

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

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

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

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

includes the accompanying drawings and claims. 

5 DESCRIPTION OF THE DRAWINGS 

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. 

1. 

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

1. 

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 

15 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, 

20 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 

5 metal contact 102 is located and a backside on a same side as the metal contact 110. 

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 

10 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 µmas 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 

15 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 

20 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 1 0 to 50 O/sq. 

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

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

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

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

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

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

5 107. 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 0/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 

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 

15 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 mO.cm and a thickness of about 

15-35µm. 

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

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

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

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

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

- 5 -
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5m0.cm and a thickness of about 15µm. The pitch between adjacent metal contacts 

102 may be about 1 to 4 mm. In one embodiment1 the metal contacts 102 are spaced 

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

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

5 silicon dioxide layer 109, the polysilicon emitter 108, and a portion of the substrate 101 

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 formed1 may each 

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

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

60-120µm. 

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 

15 contacts 110, run parallel on the backs.ide. 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 ceU 

20 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 

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

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

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

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

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

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

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 

15 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. 

20 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 

5 Angstroms also by APCVD. 

In FIG. 40, 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 µm 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 

10 461 , 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. Jn one embodiment, the front surface of the 

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

15 potassium hydroxide and isopropyl alcohol. 

In FIG. 4F, an N-type dopant source 412 is formed 011 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 

20 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. 

Page 10 of 466



Attorney Docket No. 10031.004211 

In one embodiment, the N-fype 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 

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

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 

10 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 

15 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 

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

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

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

- 9 -
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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, 

5 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 

other process steps disclosed herein remain essentially the same. 

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

10 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. 

15 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 

20 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 

5 101. 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 

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. 

10 The metal contact 110 may be formed using a printing process. The metal contact 11 O 

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 

15 the contact holes 120 and make el.ectrical 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 by a 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 

20 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 pe apparent to persons of ordinary skill in the art 

- 11 -
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reading this disclosure. 
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CLAIMS 

What is claimed is: 

1. A solar cell, comprising: 

a substrate; 

a first tunnel dielectric disposed over the substrate; 

an emitter disposed over the first tunnel dielectric; 

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

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

10 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. 

15 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. 

20 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. 

25 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; 

30 an emitter over a back surface of the substrate; 

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

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

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

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

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

substrate. 

10 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. 

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

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

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

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

20 forming an emitter over the first or second tunnel dielectric; 

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

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

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

25 polysilicon emitter. 

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

first silicon layer on the second tunnel dielectric. 

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

first tunnel dielectric. 

- 14 -

Page 16 of 466



Attorney Docket No 10031.004211 

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

comprises forming first and second polysilicon layers, respectively. 

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

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 

5 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 

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

- 16 -
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PTO/AIN14 (12-13) 
Approved for use through 01/31/2014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 10031.004211 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention FRONT CONTACT SOLAR CELL WITH FORMED EMITTER 

The application data sheet is part of the provisional or non provisional 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. 

Secrecy Order 37 CFR 5.2 
D 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 Information: 

Inventor 1 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Peter John COUSINS 

Residence Information (Select One) (!) US Residency 0 Non US Residency 0 Active US Military Service 

City Menlo Park I State/Province I CA I Country of Residence i I us 

Mailing Address of Inventor: 

Address 1 SunPower Corporation 

Address 2 77 Rio Robles 

City I San Jose I State/Province I CA 

Postal Code I 95134 I Country i I us 
All Inventors Must Be Listed - Additional Inventor Information blocks may be 
generated within this form by selecting the Add button. I Add I 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1_33(a). 

D An Address is being provided for the correspondence Information of this application. 

Customer Number 74254 

Email Address I I Add Email I !Remove Email I 

Application Information: 

Title of the Invention FRONT CONTACT SOLAR CELL WITH FORMED EMITTER 

Attorney Docket Number 10031.004211 I Small Entity Status Claimed □ 
Application Type Nonprovisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) I 7 I Suggested Figure for Publication (if any) I 

Filing By Reference: 
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PTO/AIN14 (12-13) 
Approved for use through 01/31/2014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0 MB control number. 

Attorney Docket Number 10031.004211 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention FRONT CONTACT SOLAR CELL WITH FORMED EMITTER 

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 1 

filed application 

Publication Information: 
D Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 

D 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. 

Representative Information: 

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: ® Customer Number I O US Patent Practitioner 10 Limited Recognition (37 CFR 11 .9) 

Customer Number 74254 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate National Stage 
entry from a PCT application. Providing this 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 blank. 

Prior Application Status I Remove I 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

Continuation of 13/495577 2012-06-13 

Prior Application Status Patented I Remove I 
Application 

Continuity Type 
Prior Application Filing Date Issue Date 

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

13/495577 Division of 12/070742 2008-02-20 8222516 2012-07-17 
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 10031.004211 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention FRONT CONTACT SOLAR CELL WITH FORMED EMITTER 

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

Foreign Priority Information: 

Add 

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(d). When priority is claimed to a foreign application 
that is eligible for retrieval under the priority document exchange program (POX) ithe information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(h)(1) and (2). Under the POX 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 ). 

I Remove I 
Application Number Country i Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

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

Statement under 37 CFR 1.55 or 1. 78 for AIA (First Inventor to File) Transition 
Applications 

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 

0 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. 

Authorization to Permit Access: 

[8] Authorization to Permit Access to the Instant Application by the Participating Offices 
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 10031.004211 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention FRONT CONTACT SOLAR CELL WITH FORMED EMITTER 

If 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 World Intellectual Property Office (WIPO), 
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application 
is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant 
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority 
to the instant patent application is filed to have access to the instant patent application. 

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect 
to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application 
claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of 
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is 
sought in the instant patent application. 

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing this Authorization. 

Applicant Information: 

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 I Remove I 
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. 

I Clear I 
(!) Assignee lo Legal Representative under 35 U.S.C. 117 lo Joint Inventor 

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

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

I 
Name of the Deceased or Legally Incapacitated Inventor :I 
If the Applicant is an Organization check here. lg] 

Organization Name I SunPower Corporation 

Mailing Address Information: 

Address 1 77 Rio Robles 

Address 2 

City San Jose State/Province CA 

Country iJ us Postal Code 95134 

Phone Number I Fax Number 

EFS Web 2.2.11 

I 

Page 31 of 466



PTO/AIN14 (12-13) 
Approved for use through 01/31/2014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 10031.004211 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention FRONT CONTACT SOLAR CELL WITH FORMED EMITTER 

Email Address I 

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

Assignee Information including Non-Applicant Assignee Information: 

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

Assignee 1 

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. 

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. [8] 

Organization Name I SunPower Corporation 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City I State/Provi nee 

Country i I Postal Code 

Phone Number Fax Number 

Email Address 

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

Signature: Remove 

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and 
certiti cations 

Signature /Patrick D. Benedicto, Reg. No. 40,909/ Date (YYYY-MM-DD) 2014-10-02 

First Name PATRICK D. I Last Name I BENEDICTO Registration Number 40909 

Additional Signature may be generated within this form by selecting the Add button. I Add I 
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10031.004211 Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention FRONT CONTACT SOLAR CELL WITH FORMED EMITTER 

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. 

EFS Web 2.2.11 

Page 33 of 466



Privacy Act Statement 

The Privacy Act of 197 4 (P .L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to 
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection 
of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is 
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not 
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the 
USPTO becomes aware of a violation or potential violation of law or regulation. 
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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Application Number 14504771 

Filing Date 2014-10-02 

INFORMATION DISCLOSURE First Named Inventor I Peter JOhn COUSINS 
STATEMENT BY APPLICANT 

Art Unit 1757 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number 10031 .004211 

U.S.PATENTS Remove 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number 

Code1 Issue Date 
of cited Document 

Relevant Passages or Relevant 
Figures Appear 

1 8222516 2012-07-17 Cousins 

2 8878053 2014-11-04 Cousins 

If you wish to add additional U.S. Patent citation information please click the Add button. Add 

U.S.PATENT APPLICATION PUBLICATIONS Remove 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Cite No Relevant Passages or Relevant 
Initial* Number Code1 Date of cited Document 

Figures Appear 

1 

If you wish to add additional U.S. Published Application citation information please click the Add button. Add 

FOREIGN PATENT DOCUMENTS Remove 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant 
T5 

Initial* No Number3 Code2 i Code4 Date 
Document 

Passages or Relevant 
Figures Appear 

1 2002539625 JP 2002-11 -19 EBARA SOLAR, INC. □ 

2 2009535845 JP 2009-10-01 SUNPOWER 
□ CORPORATION 
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Application Number 14504771 

Filing Date 2014-10-02 
INFORMATION DISCLOSURE First Named Inventor I Peter JOhn COUSINS 
STATEMENT BY APPLICANT 

Art Unit 1757 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number 10031.004211 

3 H07106611 JP 1995-04-21 TONEN CORP □ 

4 WO0055923 WO A1 2000-09-21 EBARA SOLAR, INC. □ 

5 WO2007130188 WO A2 2007-11 -15 SUNPOWER 
□ CORPORATION 

. 
If you wish to add additional Foreign Patent Document citation information please click the Add button Add 

NON-PATENT LITERATURE DOCUMENTS Remove 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS}, title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS 
publisher, city and/or country where published. 

1 □ 

If you wish to add additional non-patent literature document citation information please click the Add button Add 

EXAMINER SIGNATURE 

Examiner Signature I I Date Considered 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST. 16 if possible. 5 Applicant is to place a check mark here i1 
English language translation is attached. 
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Application Number 14504771 

Filing Date 2014-10-02 

INFORMATION DISCLOSURE First Named Inventor I Peter JOhn COUSINS 
STATEMENT BY APPLICANT 

Art Unit 1757 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number 10031 .004211 

CERTIFICATION STATEMENT 

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

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

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

OR 

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

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

D See attached certification statement. 

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

[8] A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10 .18. Please see CFR 1 .4( d) for the 
form of the signature. 

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

Name/Print PATRICK D. BENEDICTO Registration Number 40909 

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

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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t tlt*TA25 l 

fflH2 r - , ~ :.,, t- f.)~ * '7 ~ tJ' ; t.. ~ , i1u.1uJt 2 4 1c M ~ o) n It • 
(ai',i ;:JUfi 2 6 J 

lVT IJi) f- '1/ ;t, Jv 1/ 1) ::l '1/ ~ {t: !J"~ ti , ~1 ) ~ 2 n 111 ( 1 () ~ 2 d :;j· Y .If A 1-- P - L. ) (/) /1i- dJ. 
~~~6 . m~~2o~E~(I)~~ - ~ 

( Jt !l,Ej C1J iiH!ll 1J: ~ BJ;j) 

( tHIHt If ) 
( 0001 ] 

~ aJJ 0) 11 ii'< 
2t,; ~~ l:\f:l M: ~ I., T , -JK. ~~ 1c ~ ifil t.:: B!I L , J: tJ ~ {;f;. Mi Ii: t;t 1t,; ~ 1111 /;t , !liJJ /1p '/J~ ~I * a~ 1: , .El ? 

~~~m•~t..x.~m~••~~~Q . 
( 0002 ] 

~~aHe~•.I*~~-~G-~E-·96~~0)~-~ ( :t:~•~) O)~ffl~. ~ 
;U;f, Swansodc J: ~df{ ~ t.H'f ~ 4 , 2 3 4 , 3 5 2 ~ (!) J: ? !C Bl. < ~ 6 ft T 1,,-, ~ a fli'j .)ii 

lc ~ ? t . .Yt ~ tlfHL J1;J Ii~ I.: iiiii >E ~ tt tr. p - n m ft ~ 1i T ~ ¥ W it tt n 0) ~ ~ tJ, ; ~ ~ " 40 
3f- iii V 1) ::i :.,, o:, -1:! /v ( c e 11 : :t: l!JHR l1B ) IC fii 1,' ·c J.. ~,t T 6 ~ M Ml 1t 1'.t ~:t .f& 7-> .1H&: 0) « mi 
~ < I.::. . p - n a f, 'Ii m f1x. 'i!E n ,Q • 1& ~1 ~ ;/1. t::. 'J't + tJ~ nJ JlJj :r- -I' IJ "\' ( iI R t ffl: -f ) rt ~ rit 
L , ~ 'l1ii tJ1 i' n ; ~ -l! ,1, o) n ow 0) ~ • @I ll§ 1c ~ ~ L. c: tJ1 "(' !" ~ , 1,, t.t: < c: t 4i ,1, .r ~ ,1,, ~ 

- t., ~ Jv ( {§!J .it If , V I) :;:i ;,, (I) !~ -g, , 1 . I ~ r if- J\, r- ) ~ 't ~ ~ =f f:. It iJt , ¥ ~ {;f;. t,1- le 
:f3 v' T 11 r iF. lU1 tt- ~ lilG "t -Q ;:, t. t.it 7! ~ -Q • J: IJ 1,- tJ: 1,, x. ;t. Jt, .:I=' - tt ~- '9 Q :Ye -f ti , ~ llx 
'c!' ti. 7J: 1.,, iJ'. 5Z. Ii~ t l., T IWI till ~ tl . I . I li -r ;j{ 1v r- 0) .:i: ;t. Jt, :I!' - J: IJ t $- 1,, iffl ll!i .:i: * 
IV ::f - 1t :fir T Q W:. -r C /§!J ;t Ii , l . l µ. m & r.J -'f :h ~ lili (I) ti -!t ~ 1i 9 -ri 76 r ) l;t , ~~ tt ~ 
Ii£ -t Q o ;: ft ; NdJffil 0) m ~ 1;1; , :t: r~ i -t- iv ~ - 0) m m " (/) iii ~ ~ t.i ~ tt.uc .t.5 1,, --r , v 1J 
~Y*■ M0~$e30% ~-K~~~~ o 

( 0003 ) 50 
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( 4 ) JP 2009-535845 A 2009. JO. l 

t ,1, OJ~ rnHc &: t,t 0) .m ·Ii 0) 1i 1,, 1-i: 'IJ, h ~-; ( Hi 1i I&(_ ,g-) l:!Uii ~ ~ -t ~ :f.i: II.§ lR it!! iJt. ~ 6 
lf1. -r .lo ~ , iru fflJJ • ~ If ') ·Y I-" & rJ "1' '7 ✓ 'T •;i t-- , 3U;t: '/ V •;1 ~ ~ /iil {t ~ mi 'M! ffi ~ ~ "t oQ flt 
*O)~~~it!!~tt~-r§<OJ~~~~L. a~W~~~. OOW.J/~~~O)~~~-~D~ 
t c.. 1:. c. 1;:: J:. ~ ~ ~ c! tt ,.: * it ~ . J:. tJ 111 ~ c n t;:. .J/ 1J •:1 ~ 0) lli :111 m. m . & (f iPI 1m 11 ti < ::1 

:,,, ~ !1 t-- ) tJ, tt: :t£ L tJ: 1,,, L. t, n' ; , AA oo 0) iij iH 11t "" - I::'. >- 7' 1J1 M oo tii: tro 0) ~ m ~ ff¾ ,J, ~ ,c 
T oQ i., ~ 'IJ~ t.i:: v' >:. 1,, ? I.ll! al IC J.: ~~it?- C ..flt.:. r iii"~ J 0) ,;t r.t ~ '/JI 13 * ,ti. -6) 0 It mg 0) ~J .a IC 
1.1□ ~ -r , i)il mi * ii 0) t ,v :t,i ~ 1;:: J.: ~ . ~ -;p; mi m f!i 1.: ~ ~ L z im ~ ft '2' n r~ -1: :1 i - 1v 7 t 
:1/ 7' 1) If iJJ fiH:: tJ: G o l.f!J ~ tf'. Swansonl.: J.: ~ * 0011\J ~fffi 4. 9 2 7 , 7 7 0 ¥J 1i'. ~ P.{t <! 
,n t;: "' O 

( 0 0 0 4 J 10 
ffi:S::~ft!i:nm'iitti (interdigitated back contact'. !BC) O):;t;;:~U:H!!t:itffi'i)i;lcflt.:tl. 

::1 A I- il9 ~ t,t le J:. ".l -r I B C ~ llJil ai rf!! 0) jffi jdl:: ;bqj~Jfla ~ 11 z 1,, tt o ;: fl£'!', ;I mi 11./.; ~ , 
~*O)v~7C.::c.l.,,~l-c=~A0)7~l-VV3/57~~J.:~-~~hkffl.~J.:d·~ 
~. tW/ll)(95-1-t!-v3 ✓, Dtr1x'J-rY77' □ tAO)~i1Hrttu, v'O~OJ--r-170.::c. 
L.,7 f- o:::.?A Ct!Hi@~) O)lJ.Iillli. r 13 C:;t;;:1%~it!!O)~~l.:f1Jfflc:ti-r~t;:.o C:.O)!J!I! 
i1i :1 tJ t .7.. t;t: , tli v, AA $ 0) ;t ~ 1li rlli ~ ~ ~ "t Q c: t!::. /J~ '!' ~ 9 tJI . ;if 0) 7 □ -I! 7' /j: • t}Olt (!) 
{lt :.i A r ~ 3¥ ~~*II!\';~ il!l /~ * Jv 0) 5t ffl ID !l!H::: M LL ltL m 9JJ $ t)I ~ 1,, 0 C. 0) 7 0 -1:! A ic ~ 

~ I B C * ~ ffi till 0) ~ ,Efl ft le: W ? ffi ~ ~ /IH.t , .r. -:1 'r ✓ I}' , it - ~ -Y I/ , "& rJ ~ A 'J 7 -J 

-{ Y- :,1 t-- , Mi. a ,c a~?!.€ tt * rc t.t A 1{ •:1 ~ 1J 1/ 'I 1c. J: -?> ~ l,, ~ Iii!-# f,t; 0) ~ m 0) ff m tt ~ {!' 

. io~ tc 00 9 Q ilt 1,,, :J A I- '!' ts ~ 0 ~ Ii: ' 31& ®. !;I: ' 7 I} - ✓ Jl, - .L. m J:jl (' ~ fi ~ h- ;IJ:: ~:t fl 20 
1£ ~ ; tJ: t,, o :tt ".l -C . i:. ti f> 0) n '$. 1i'. Jtl 1,, 't" !]!! il'i. c! tt Q I B C ~ I'~ Eb: it!H;J;. iWi" j/;Ufl_ 0) Jl;: fllJi 
~rf!!O)m~*f.:.t.t~f:,ml.:jiljjfllli;IJ:: l -::,(J),J,;.imO)~ffj~~ (one-sun applications) IC:l'>H~~ 

-h "r 1..,, t.:.. o 

( 0005 ] 
)lcOOIEJ~f:f,llij/:IHiJO'lll l/306. 51 O~/;t, ¥~{t1ttiii~7-7-t!7~&(f~,t-(l) 

~IJ~-~-tM~L. a•~k ■2'2'hQ:;t;;:~ffl~tta•-t~. •-~~~ . .:f.i: ■ a~ 
0) ~ ~ tJ~ , ::::i A r IC:. to l..,' 't" ~ ~ ~ fl . fit * :It ffi 0) j;: i!JHI ft!rcs Z. ~ t!::. ~ tt t.: J: ? ~ 7 ,t r l.,, 

:) 7. 1-- 0) "i' A :} 1/ If, I ~ 1- Y lj, "& T} ~ - 1{ -Y 1-- 0) Jft. ~ t 7 =- - 1) :;_,t lj 1£: ~ ~ t!::. it "9 IC 

. ~IJ~---O)-{-y7 ~ z o/ f-O)~ms•~-ffl~-?>~t~J:~-•<!n~~~~-{'J 
/Id.: to 1,, -r ~~~,ti.~ • 30 
[ 0006 ) * ~ BJHt. ~ J» ic .§_? ::J A }- ~ $ 15! ( ~ ~ ~ tl m Q 1/ 1) ::J /#;I~= il!l IC ;j:j 1,, l , p j- -

~ ffi ~ J: U 7? ~ 7 ~ ~ - tL-r7~~777. V IJ ::J Y 0) ~ 3 ~ • -~ ~ ~ J:fl T Q o 

( 0007 ) 

~1:\5 0) !fln! 
* ~ aj:j t;t: ' V 1) :J y * ~ ~ lt!l IZ: ~ V' l ~ t- - m ~ii ~ t.:.. l;t: 7 7 -e 7 5t ~ ,Pi >:. L, l . ).: - ~ 

'/ -,, c! fl fc ( r - 7' P ) 7 -c Jv 7 7 A 1/ 1) ::J :;/ , S I - C e , X l;t I l I - V /m (t ,g- %J ~ ;filj 
.ffl T ~ " &1 l.l 0) :ti" ;f'4 1! , ~ t- - X 1! 7 'J t 7 -J1 0) 1it5 ffl m ~ 0) it:,~ I.: lit, t,;; -r , ¥ - 1~ ;,; 1-- t 
~ I.: !'IE n[ ~ ti. ,'Q mi 'A t T -?> ;:: l'. ti "c' ~ Q o * JJJHffl It -~ ~ IJ:l '2' tl Q J§ "fr , f 7 -c ;t, 7 7 J.- J 

1/1J::J1//l, r ~~~J V 1J::J 1/ ia':~U ., 40 

[ 0008 ) 
~ *'6 mi 1/ V J ;,; ~ tx IZ: ~ ffl <! tL -0 J:li, ,g- . ill m le. ,... '/ t- )V ft"ir {t ,~ 1)~ lil<'. tt c! h- l ' * :fP. C tl 

t.: 7 ~ IV 7 7 A :/ 1) :::J :,t 1t !is fl.Ii 1J' f, o/J' ~ L , 7 -1:: iv 7 7 :J.. V 1) ::I Y 0) jJj'. fij t#i (t ~ ~Jj J.l: "t Q 

(0009 ] 
fflsltt~iilm•~ (interdigitatcd ba ck contact' [BC) O)~Jvir: J;ii,,-r, 1lfJmHl:, {I:: 

!if- (l(J 7 -:I v - V 3 Y * t.:. t;t ~ IJil. Bk.I 7 'J' v - V 3 ::.t Ii.: J: iJ 7' 7 A =J- -v - I-' ha L ~ fl T , ~ {t 
'T -{ ~ , r - ~ ::., -7· c n tc ( r - 7' r ) IN {t 7 -{ * 0) J:. -3 IJ: liUHf.i rJ: /~ ~1 ll5! , X l;t 7 t Jv 
7 r A V lJ :::i '.:/ (J) t,i 1t, ~ 1.? f-f T ~ Ii.Hit ~ lilr ~ ~ oo :Ii:' T 7 A -r -\' - I-' ha I ~ ti. t.:. * clif .I: IC m 
~ T ~ c !:. -JJ, -Z. ~ Q • 50 
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( 0010 ] 
*~a,g,aJ; U:4;:~BJlO) § (.;(J tlLJ#.UL ~OOf.::.OOi/1! L, -r~~ ~:htc.mB-11:.. , i;)."fO)~.fi!lll 

m~.aJ:c'.f■ M0)•"•*0)•~~6J:l'JBB~~G~~tJ:~~~~1o 
[ 0 0 1 l ] 

ff•tJ:~8S~~~T~W~tJ:-~ 
~ff~O) -~•••~~?T. a1ta20)tt~T~~~~~"g~~~::i ✓ *•~O)* 

{i1'tJ,GtJ:~~liltx~1Hlii~~j (intcrdigitated back contact: !KC) ~~'11[/t.!HL a 1 (/J 

aooe~~T-M■ e~~-~--M~:hk*T~J:~:/U:JYa•~~d~n~~Tt 
1E :JL 0) :;\:- 1' 1) -\' ~ ~ ~t I& -?, t.. "WJ /t'.. , .ffi 2 0) a ilii , an '15 ~ oo tc , -'(- :h -t :h r - ~ Y '/' <! :h tc 
< r - 7' v ) '7' -E Jv 7 7 ,:;z 1/ 1J ::i ✓ o) -Y ? -t 1' '1il t F - 1' i.t 7 -E ,1, 7 7 ;z 1/ 1J ::i :; 0) i-: -r ,o 

- 0) ffi l t m 2 0) 1{ -$1 - :; Ii'. t-'f T 7-> o ~ 32i Pl- /i. Q5( :l!H~H.:: J: l'J ~lilt~ ti. tc 1E R t ii T t;t §t 

~~Qk~~£~~~-~ti.t..F - 1'FP~t5J:iJN~G~tt-ffi1;t~ffl~7.)~*ttffiO) 
:m Em tlU.n :t ~JH!i (i!n;:: ~JHJ;I. T -Q o L, tJ, L, ~ tJ~ 6 . ~ ~ le p· - 7" r P ~ .a J: tJ N ru i1t till 1i: ~ ffl 
T ~ c:: t ti. :t [~ ft n!J 0) ~ i!li /;::tot,, T, 7 :t I- l,.., ':J ;z I- '"'7 ;z ::\'-:; -3/. .:r:. 'Y 1- '/ ',/, r - ,~ 
✓ 1-~~- &u~mm•e~&tT~ - *R~O)-•••~~~?T, •~~7?-t1'~ 
& rJ r j- - 7 -E Iv 7 'i' A 1/ 1) _ ::I )I tit {lfi 1;t ~ .ffl T ¢ C: t I;:: J: l'J , 7 :t I- l,.., -:.J ;t. I- "C? A ;'f- ;/ '/' 

& r} ,~ - ,{ :.,, 1- tJA II!{ , .M rJ tc tJA Ill( ~ tl t.: r - 1, ✓ 1- e 7 ::: - 1J ✓ JJ -t Q ~ J;: d5 ~ tJ: lit i/Hll 
!i 0) ~, JlH'1 tJ~ ~ ( tj: Q ., t- ✓ .:z, JI., 1/ U :J ✓ ~ {t ¥lJ fl , ii i\ti ~ id& ~ 0Hei Ii: !fil 1ft ¢ ti. -c , ~ 
~J:Q)7~~77;t.VtJ::1::,;0)1~~~Y~~~-~M.ll:.~n~-?>. 
( 00 1 2 ) 20 
~~~- ~1~•MTQt. @1~ . *R~Q)-••s~~J:-~mli•~•im•Mc1 
BC)*■~~~ffi®~~™®~~~. ~~~- •M■~~~-~00~. &Uf-7A~~ 

- J: /Jo I ~ ti. t.: ~ iii tt ~ T 7.) '7 -1 t- N ~ :!ii M' It, * tr. ti ~ ~ m, ¥ f& 1 0 ~ ~ # , 7c 0) f- 7 ;;i. 

7 4;, - ~ hll I ~ tl t::. ~ clii K tt . m v' ( f~j ~ ~;f. l ~ 1 5 n m ( 1 0 ~ 1 5 0 .;t :; ',/ A t- □ 
- .L. ) J 1- ::,; * 11, -v ,; :::i :; l\li ft 4w ,m 1 2 n~ m 1ix. c n , ~ ft 'r ,{ #. , r - 1' i-: iM- ft 'r ...( * . 
5Z. /;!: p' - -.I r 7 t: Iv 7 7' A Y 1) ::i ✓ Ji 7J' ; t.l: ~ C: !:. ii ~ ~ Q 1 { ·:; V ~ - V 3 )I ( ~ ~~ ) ijl,!; 

l 4 tJ~ , I- ::,, 7,. Iv ml {I:: 1'!JJ I 2 J:. IC 6li Q o 

( 0013 ] 

~ ~ I O 0) MI ffti f;: , 1)g 2 0) I- Y :r- Iv (t ft ~ ~ l 6 ff 66 1'.J . :f (}) J: /;: P + 7 t /L, 7 7' A ~ 

tJ ::i '1/ llI ~ 1 8 IJ~ J~ lilt~ ti. T t,, Q ., Im ft; 'r ,( * 2 0 0) J: '? t,;. ~ti!~ '!J~· . N + 7 -'E ii,- 7 7 ;z 30 

1/ 1J ::1 Y 2 2 iJ, (;, P + 7 t Jv 7 7' 7. 1/ 1) ::J ::,; I 8 tt 7t $~ l., , N + 7 -E Jv 7 r A 1/ 1) ::I Y 2 

2 ,;t . P + 7 -l:- Jv 7 i' 7- 1/ 11 =i :-- Ji 1 s ~ .!!t ii T Q i,ij □ pi] 1c $ liJt ~ ~1. • t- -::,; :z. ,i., ~ ft !fw1 1 

6 C. ffl, mt T Q O 7 -E Jv 7 'J' A 1/ IJ ::i ✓ le l 8 ' 2 2 Ii (~ rl l/i; ft le J: ".) m d ~ n Q tJ' • I· y 

;t. JI., ilfi {t; 'jv)) I 6 -/.)~ Y tJ ::i :.,, ~ }Ii 1 0 n' 6 0) .x. ~ 1f( ~ 'l --\' ,1., /It. ~ le J:- ~ 7 -'E JI., 7 1' A V tJ :J 

;,; 0) ff: 7ifJ. 0) 1tJ. ~ Gii ft t;t ~15 .It T Q o ~ mt. ~ ~fi 2 4 tJi P + 7 -'E JI, 7 r ::Z. v 1; :::i ;.; ~ 1 8 1;: ~ ·ft 
G . ~ ~;:l 'II[ fi 2 G tJI N + 7 t Jv 7 '/' A 3/ IJ :J. )I Jri 2 2 I C: fKi S, "9 9 • 

( 0 0 I IJ 1 
5: iii ffl ti"' 'r CJ t& is ti . t- :,, ;z. JJ., Ni ft 1o/.i I 6 t.f'. '21 'a i! it ~ c:. !::. /;: J; ~ j.::, II~ ttft o) ~ mi 1~ 

·'J V "" - 1/ 3 Y , 7 -E /!,, 7 7 A V U :J. Y ~ f~ IC J: I) ~ {P; <! ti. ~ " 7 P ~ ,3-~ ~ • & '{} @ ~ 
0) I~ "/ 1/ ~ - 1/ ~ ::,; 1;t ~§ { t ~ ,Q O i;). 'f ~ !! It'.. ~ lljj <! :/1. ,Q J: ? IC • T I ~ .,( A ~ ~ {t T ~ ~ 0) 40 
7' o -1:! 7' 0) ft) J;'.Hl: , ilt ~ ~ r - ,~ :,, I· Ii: fT '!:i lb U it:,~ IJ, 1m v' gt' ;t,j Q • 

( 0 0 l 5 J 
~ 2 A~~ 2 D!i, iWJJ!ii:pO)f;'<J 1 O):,t~m:it!l«m-'>~.roi~"fa5~ . lrHJJ/.: , IEl 2 A 1.:~ 

i! ti Q .i: ; 1.: . n 11 * tt ~.t. 7 -< 1- r - 7' c! n tL t 0) t. T Q L.. 1::. tJ~ -r: ~ ,Q 1/ 1J ::1 / ~ ~ 1 o 
/;t • -f" 0) J:. IC /ix'. f'k t tL t::. 'iii 1,,, 1- :.,, ;t. Jv ~ {t !fo/.1 I 6 ~ i'i L • -t" O) I- ✓ ~ JI., ~ ft !f#;J 1 6 Ii WIJ ;t 
tf . 1 ~ 2 n m ( 1 0 ~ 2 0 ;i- '/ JJ' .?:. 1- CJ - b. ) 0) ~ 'JJ '£-~ T' ~ c.. !::. pt ~ ;:! ~ o ;Pi, 1,, ~ • 

7 -E 1v 7 7 A 1/ 1J ::i ;,, 111 1 s t.J~ . * ? ~ 0) i.: - , { :; t- c :!-t 1.: . 1 o 1 
" ~ 1 o • 1 x a_ 1 

O E 2 0 ~ I O E 2 l mt =r / c m ' Q) r - , ~ )I I- ila ~ ~ 5 O n m fJ, t:, 2 O O n m ( 5 O O 

~ 2 0 0 0 ;i- Y IJ' A f- □ - .b. ) Q) !fl. JJ. a: i: f1t ~ 't: ti. Q o {If,, ~ f;:: J: ·~ r - / ~ 1/ 1) ::J ::-' fl ~ 
~ :& l.t., ll;l; ~ 0) :/ U :::i -✓ 7° t:J -I! 7- -C- &.> ,Q o P I N :t;'li )l!i ·/:ii 'ii!. t t., 1,, t.§ '8- f;: tt ... P W 1.:- - 7° I-' 50 

Page 69 of 466



( 6 ) 

~9~1/~(1)~~-~~~~ti)~J:~~--~;/1..~Q. 
( 0 0 I 6 J 

JP 2009-535845 A 2009. 10, 1 

-t" CO ~1 , !ilHt 7 -{ * (1) ~ ~ ti 2 0 IJ~ , {!k J.£ {t $ ~ ti ( L P C V D , P E C V D , A P C 
V D ) /C. J: fJ , ::Z tt A ~ 1/ ~ 1/ # 7 .7- (1) 7' o -t! ::Z. le J: tJ .ti ~ ~ tl -?> o ~ { t 'T -{ ~ {W l 6 /a: 

, C: (1) /§IJ ii- (tJ tJ: ~ 1m ~ ~ t;:: ;(5 1,,, -C, 5 0 ~ l O O n m ( 5 0 0 ~ l O O O :t Y If .7. } □ -
L.) L'®~-
( 0017 ) 

-t" Q) {f , lg) 2 B t;:: ffi "t5 ;/1.. ~ J: 5 IC:: , .!;t ~ I O (1) !ru fin Ii , (t ~ CT~ 7 j L, - 1/ El Y * tc tt .mt 
-im (t\J 7 -;f L,, - Y 3 1/ le: .J; '.'.l T 7 .7. "f -\' - ~ bo :r: ~ ;/1.. 7.i , i: (1) :1 o -tr A T. ~ Ii , £, Ji! li: lit f.j 

'Z" , ~ 2 A (JJ -;f o -!! A Im Ii:~ rr T Q i: t IJ' L' ~ Q " ~ 1,, -r·, 7 :>t I- J,, :J .7- l-- '<7 .7- 7 -/J1 ~ 10 
ffi: 1 0 Q) lii mi t;: m ~ c! :h , ~ ~ 1 0 a: L' ~ {I:: 'T -{ ~ ~ 2 0 t. 7 t Jv 7 7 .7- -V 1) ::J Y 1 8 7i: 
:a: ii 't 7.i Ml o 7i: ~ 1£ T 7.i t:. t1J tc i ':I r 1/ JJ' ~ ~1. Q. a: ft, ti 1,, !-- 1/ * 1v ® fl:: ¥ll ~, i •:1 "f 

':/ JJ' :1 □ -!! A 1.- ltti * ~ ti. , * It' "'c' I- -✓ ;t', Iv V 1) :;i Y ® {I:: ~ Q) ,ffi tc tJ: If§ IJ~ , I. "/ =f ':/ J/ "t5 :ft 
fc. rifl P t.t- it L -C , fl:: 'if: rot & l'C J: '.'.l ~ ,f& 1 O (1) ffl /J1 L tc ~ ffi1 /;: N fr ~ :h ~ o l8l 2 B (I) !-- Y ::?-

Iv IHI::~ l 6 Q) ~ /j)l (C ;(5 1,, -C , I- Y * Iv /itI {t !IWJ l\lll l 2 tL an iii IC: lfrJ mn.: ~ lilt ~ ti.~~ ~ ,. I. 

•:J 7 ::,, J/' ~ ti t:. Pll'l O /;: ,;J=.3 It' -C , M rJ 1 ~ 2 n m ( I O ~ 2 0 ;,J- 1/ 1f .7. !-- □ - b. ) (I) ~ Jj. * 
"C' WJ v' 1- './ ;"t- Iv fit {I:: 'lo/) q_> 1oc & ~ tt tr: m , ~ 2 C Ii: ~ ~ ti. -?i J: ? le: , N + r - 7 i.: 7 'E- IV 7 

7AV9::JYM22~&fmQJ~~-ffl~hl. 
( 0018 ] 

I! 2 2 ,J. 1 o ' "~ 1 o • ' XI.I: 1 o E 2 o ~ 1 o E 2 1 l!F..r / cm' (f)iill.-f 1J Y 20 

(I) J:. -:, -J;;.. N ~ ~ - }'\ 1/ I- ~ r - ~ ~ ~- tE ti. 7.i ., i:. tu.t , 7 7 X ~ fl:: 1t 3itf§ !ix f.: rt ( P E C 

V D , L P C V D , A P C V D) ~ ffl t,, T fft ffl-.! ,ti. f~ ~ ., * v' 1:' , N + 7 t Jv 7 7 A 1/ 1) 

:JY22~VA*Y//'-.!nTMR~~Io/~Y~~n. •~~-~~BT9~~~- ~~ 
iif> Q P + Y 'E- Ill 7 7 A 1/ 1) :J Y l 8 Ii'. ~ ill T Q • ~ 2 D Ii: !i It' T , ~ ~ ti t§J 2 4 t 2 6 tt 
, ~ 1/f!i * t;J: J;J; f, rJ tc 7 ;t I- I,, :l 7. I- "'? :7. 4- )' //' "& r.J I •:) 7 ':/ //' IC: J:. ~ , P + Y -t: Jv 7 7 .7. 

::,, 1) ;:J 1/ I 8 "& {! N + 7 '£- Iv 7 7' A ::,, 1) ~ ✓ 2 2 IC m !oc ~ n 9 0 it Ii ii ' 7' Jv ~ .::. '7 b .x. 
tH!PJ co J;. ? tJ: ~ 1lt tt.1f .Iii (I) 1/ - I-' ( seed : ffl ) ~ ~ ii m t;: * ~ I& 6 ~ ( s c; a t t er in g) , /fj 
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Design 

PURPOSE: To realize a a BSF type solar cell having high photoelectric corwersion efficiency by 
(om,ing an n+ poly-St layer by thermal CVD using 82H6/SiH4/SiF4 as a material gas thereby 
improving the quality of n+ poly-Si layer. 
CONSTITUTION: A material gas of B2H6/SiH4/SIF4=0.1/10/SOO is introduced into a filmlng 
chc1mber evacuated to 1x10·S Torr by a thermal CVD system thus depositing a p type 
polys11icon layer 2 on one side of an n single crystal silicon substrate at 700°C and an n+ 
polysilicon layer 5 of PH3/SiH4/ SiF4=0.l/10/330 on the opposite side thereof, An ITO is 
further deposited on the p type polysilicon layer 2 to form an antireflection layer 3 and an 
interdlgltal electrode 4 Is formed of a silver paste on the surface thereof whereas a rear 
electrode 6 is formed on the rear side of the n+ polysilicon layer 5, Since a high quality n+or 

p+ silfcon layer can be formed on an n-type or a p type silicon substrate under low film 
deposition temperature, a BSF solar cell having high photoelectric conversion efficiency can be 

realized. 
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~) 1.:-rff3Ji.\t~tl.tc:,&:Ml!li!l::fi3 t, CO),n.tF,/i!l::~3 

J: lc~lr Gtl.ffl«-;t.. He "C~~t titdliill4[tk'it!titA •1 
t, J:~c!Y IJ ::z :.;l,U& 1 O)J~J':fiJl.tliiilc:~t:r &;,;/1. 3/ 1J ::i ::,1 

~.tR l l::O)f,ll-PH L :m-er-ttfgr&T~ n' 7-EJ\,7 7 7-.V 
11 ::i✓x~;1:;1t IJ ::,,1.J ::i ;;~ 5 t, .::O) n' 7-1=Jv7 r .7. 

v lJ ::JY.>Z.Wf-lJ v '.l ::i :::,.,~ 5 O)'M'miOOH.:-~!;::fill:tt '::> 

.tl.711.,:::.:: '7 bl.:. -C~llxi!ht.:Ktmii~ 6 t-C-f 0)±~ 
40 ~BIJ,~ia'c!ti.·n,~ t,0)-z,.t\i:,cg. 

[0045] -fGtC(J)BSF~~m•~~~~~Iffi 
l.:fit-:i T~~~:tl.tc. ,t(J)-f~~" 

( 0 0 4 6 ) [~tftH§IJ 1 J @ 3 (.t C O)~htfjj91J't'~ffi t tl 
tc:~C V D~iiWllllMf/iJi.\t~jrs L,t.::maJJ~1.', {g]lfl 1 J 
kt~~~- l 3t.:l:t.-111 5b1fflJ.bi:tlt..:H;f;J1,~ 
-. 1 4 /;tC: O):gfjf;t,;1,~·- l 3 IC:!fxf;-Jlt 0.ihtcn. ~ 
~ra:,11J:iYM.ti\i,. 16, I Ht/JJ'ff.Ji.tJ'J..O)~,reim(, & 
rJ, I 8 IJ::~J.±Jf 1 91i:'1r L~)m~ 1 11.:.~mtti.t.::~ 

0)7 'Y ..iul~5vn 1vO)f'f-H-11.:J: 1J Uc.!Jt4fil..'6 L < 1J::,ve 
,&.pd) n , .>Z.l;J: p' ~ lJ ::i ::;A'§1.:: l!V.. t htc-1-K-61i¥1J(J)J,;.iJt 50 

fE;f- ;,;"j'ft:t-~1:f n:;:f; L "'(\, '~a 

( 0 0 4 7 ) *"9• ;:O)~ll~'t l I tt1M[V[ l x 1 fl 
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11 
· ST Or ,O)~~li:~, :A'.li'°t', C:O)~~* l l 17,_m:.r 

[aJiR~klJA ;/t)J;l}.,_ T ,Qt ~/.::-H20J.m'~~#f.::{iE-::i T-t 
O)~ffi{AIHc. p:ru/;f, ') 1/ 1; ::r /~ 2 «, {{![lJOJi.liH.: n • if­
') 'l 1J :J Y!i 51t-.:f :ti-t'tt~filt l.,fc: (Ci?l2A$1!«) o 

( 0 0 4 8 ] ( p ~,I{ 1) V 1) -=i ✓l°i 2 O)~~td4) 

Jffi~;IJ)(.OJti~t~~: B, llo/S i H, /S i F,= 
0, 1/1 0/500 

~~.i;(.OJ~~~:Ssccm~!OOsc c m 
~~;IJAOJ/:En:50mtorr~ltorr 

n -..ll,i~~-Y 1J ::r /~~OJbn!M~rt: 7 o o ·c 
( n • ;f-1} 1/ I} :::1 ✓ /j 5 0)~~~1tj:) 

mt~tJAO)fiJ!'itffl/Vt: PH,/S i H, / S l F1 = 
0. l / 10/33 0 
)jj(:f,'4:,lj;z_O)~~m': 5 s c r:m~ 1 0 0 s r. cm 

liM~:Jj'AOJEEiJ : 5 Om tor- r~ l torr 

n .. ~tami-Y IJ ::r )'~,M{OJhOMi&lfi£ : 7 0 0 ·c 
.t-1:1.::, 1@2 CB) l.::,~-tJ::11.::;r,,~-y511J:;,,7';t1crp 
1W ;r, 1; :.-r 1J ::r )' /i 2 J: tc r r o Ii~ /Di '2" -It -r !5i:M!!fi 11:li 
3~mdL.~~. COJ00J:~ffi~-;z_~~J::9■•tt 
·i)iffi 4 «~/l.tj° Q t_t!;~, n • if- 1) 1/ 1) ::J ;//\fl 5 O.)~ifij 

jj11J!.:.;..1~•Y 7- 1) :.;~~li:J: 9 7' Iv~.=.') b.tt. -·t,')H.::~/~ 
L, T~ffi·!liti 6 ~Jf%~ L,~IJ'di#IH.:: ~-Q B .S F tililjfltrl!! 

:lt*WJ t;: (1:1?] l $!!«) • 

( OO49J ~L,T. LOJffl~OJ~tt~~~~tco. 
n • ;_j{1J -Y 1; ::r ;:.;1!50)~/j!.:J:t.5H.:: :1'7-X~ CV Of:li't-~ 
ffl L, t.:~OJt. OJOJ!t#ttiJ~ 0.. 5 7 V ~ 0. 5 8 V . 3 

5mA~37mA"t'~~~OJkNL,, CO)~-~~-~ 

BS F~~~l'lt!OJitt:HiO. 5 9 V~O. 6 0 V, 3 

7mA~3 9mA"t'N.>?f.:o 
( 0050 ) [~l\'f!ijfJ2] p~;f-l)1/1)::J)'~2C:n ' 

;f> IJ 1/ 1) ::J Y/i 51.::{~;l L p ~7'-T:-/L,7 )' A 1/ 1) ::r ::,,Ks 
tn- TE/v77'A1/ 1)::JY/i't-~ffll.,, h'-:J, f-0)~ 

~~fl!'bl"f&!"t'i!E>~a1i-M;'~~f§IJ l t~~-l'.f,,~o 

( 0 0 5 I ) ~ VC t'.. OJ~h1[1}1]i,: {~ ~ B S F ~;tllJ,\'iR 

i'it!lt;/31, ,zt>-tOJ~•l1tfO .. S9V~O. 60V, 3·/ 

mA~3 9 mA l'&>'.J~,Jl.:iJ5l"''L El/.ff"t'Jb-::if~c 
coos zl Cp™1Y.1:1v77'A1/ 1J::1 ✓@ zOJfflUmt~ 

f'I:) 
Ljj'.(:jEJjj'J...O)~Ju~.mliX'.: B, H, / S i H, / S i F,/H 

( 7 ) ~00~7-106611 
12 

Jv7 7 J... $/1) ::r ::,,Jfj 5 O'J~~~#->'Ffft!--C-i9.>7->£~~~ 
~fj/ff,J 2 C'. li/lll3}- -z:;© Q o 

( 0 D 5 3 ] ~ L ·c i: O)~Ji'ig(j1jf,:~~ B S F ~;tll,I!~ 

it!Hc.:131,,-r t i--OJ~tttJ~ 0. 5 8 V ~ 0. 5 9 V, 3 6 
m A~ 3 8 rn AL'&> l) UWJJl;:~"""T fl!ir°t'il&? t.:. 
r o o s 4 J c p~7'-c,v7 7.7. -Y'J :iY~ 2 OJ!.li'll~~ 

ft):) 

m{-F).;!f;z_O),ffll~til.loc: Io (C H,) ,/SI H, / S 
i H, F,/711.,:f;,,=Q. 1/ 1 0 / 100/ 400 

10 )m~;IJ;7..0){~~/lt: 5 s c cm~ l O O s c cm 

lf.i!:f.k:JfAOJ/:E7J : 5 Om torr~ Ito r r 
n .. !Ji~ffl.$, 1) :::i :.t~#i0)1JIJ~rilifi' :· 6 5 0 ·c 
( n .. F"Clv7 7 A Vl) :::J Y~ 5 O)~~~fll:) 

fiR~;iJ?.OJ~Mtlil:lioc ' S b C l , / S i H, / S i Hi 
F,/7/v'.:i1/=0. 1 / 1 0/100/4 00 

~~tJAO)*~~~:Ssccrn~lOOs cc m 
,W,;j(,~tJ.7-0JS::)J : 5 0 mt o r r ~ 1 c o r r 
n • ll!~mi:,, 1J ::i :.t~f&OJ1J□~i.W.t!t ; 6 5 o •c 
~Ji'ig{?!J 4] p ~TE Jl,7 7" A :-t I) :J >'fill 2 t n 7-T:-

20 Jv7 7 .7, V 1) :::i Yre5 5 O)~~~/tf.f7~~2L'<t7.>1.M:·ll.i~ 
~tJi!iJ91J 2 C:Jl'l}f,'lJ-c'cl&~o 

(0 0 5 5] -rL:r. CO)*li!!il;IH;:::~*,i.SB S F~;.tc~'ll! 
il!H.:::t;:;~,-rt-rOJ't#ttiiO. 5 8 V~O. 5 9 V. 3 6 

rn A·~ 3 8 m A "t-0 tJ ~*W!Hc~"{--C Afrt'&>~ tc.. 
( 0 0 5 6 ] ( p~7-'E:7v77AVIJ::J)l~20J~/ll~ 

{It:) 

lm:f4#;..0):fill~t*U/ix : A I (C H, ) /Sf f-l ., /S 
f Iii. [1 , / ll, /7;!,::f;:.t=O. 1/ 1 0 / 1 O 0/3 

0 0 / I O 0 

30 Jjj{;fi::IJAOJ#t~Jt : 5 s c cm~ l O O s c c m 
~~;lj';z_O)ffh:som r orr~ltorr 
a lti~Jli:,, 1J ::i ;..,~~O)bo~t.M.Ti': 1 o o ·c 
( n 7-'E-lv7 7?. V IJ ::i ;;iii 5 OJm:/~~f-t) 

)jj(Jl:;l-7.fJ...O)fflj~tffl/£ : PH,/S l H, / S 1 H, 11,/ 
H,/7Jv::l-✓:::::0. 1 / 1 0/1 00 / 300/1 0 

0 

.m't'Fl-i.J';..O){j:l;~ja!Jt : 5 s c c m~ 1 0 0 s c cm 
~f4;tJ;7..0)£EtJ : 5 Om tor r~l Lorr 

n • 11!~~-:'./ 1J ::i ::,,~~O)b0~b: 7 0 0 °C 
, =O. J/10/1 00/400 10 [~um01J s J l'i!l 3 !<:ff-~ nt.:~fflt.: /~;t -r~ 41.::.;r-T ~ 

/Jrtff;lj':7,0)~,tf,:ijH_l!'. : 5 S c C rn~ I O O S C CIT) 

~~f.J';..0)/f.;t] : 5 0 m t o t' r ~ 1 t o r r 

11 . ]li~if/1-Y I} ::i ::,,JH&OJb□~llMt : 6 0 0 "C 
( rl ' J'-f:-Jl.,7 7 A.;/ I} ::1 ✓~ 5 O)!Jl!./mf~ftj:) 

l.ii(t4;fJ7,.0)fflJU:::M}/iX'.: PHl/S i H,/S i F,/H, 
=O. 1/ 10/1 00/400 
W-M;/J;.,O)im€;jj!Jt ~ 5 s c c m~ l O O s c c m 

m{~jJAOJl.ffJ: 5 Om tor r~l torr 
n - .l¼i~fi/1-Y 1) ::i :;,.!,'H&:OJ/JU~il,j\JJ! : 6 o o °C 
[~ffilj@J 3] p l.~7-f:Jv7 7' A 1/ 1) ::i ::,,A!) 2 t n 7 -c 

? i.:~~ilifflOJ~ltll$-ll{v.1.:: ~::,, J/J... "r 'Y0)~7-< 7 :/. ✓ 
I, 2 0 tJ~ll2ffi~t1t~$1\C V D~~~~ffJ't~ tt!;lc. 1-. 

S2 p ~;f< 1) 1/ 1) ::11/Kir 2 t n. ;I{ IJ 1/ I} ::J ✓m 5 O)~JJ~ 
~ (1Fn~·H2"t'&>~.1Vi:~'!-~nt§f§ll 1 t~fi'/J-1:'a!>~o 

( 0 0 5 7 J -'c I_; -C, i: 0)~8!iiff!H.::f!fi~ B S F ~;.tcll§lm 
1fu1.::.to~,-rti-o:At•liiJ~o. 5 9 V~O. 6 0 V, 3 7 
m A~ 3 9mA"t'.15 1Hit*l91H.:.~""-r H!IT"t'a&-::i t.:. 
( O o 5 BJ (plJ.\!;f,1Jv1J::i;..,/f!l20J~IT~ft-) 

Jj,(*iJ.;IJ7.0J~MfjtffilRX: Ca (CH,, ) ,/S 1 11,/S 
:iO i F,/H,=O. l / 10 / 1 00/400 
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13 
~~jj'A©Wt~~:Ssccm~lOOsccm 
~~flA©ff;fJ:SOmtorr~ltorr 

n • .l!lifil~V 1J ::i 1/~ffi:©fJ~H : 6 5 0 'C 
( n ' ;f- ') yl) ::I :,lf€j 5 0~/Il~{!f:) 

/Etlr~fl;;:(Ofl.liffit~Jl~: A s H,/ S i 11• / S i F , / 
H, =O . l /1 0 / l 00 / 4 00 

)JjiJ{;/J?,.0\4ft~lit : 5 s c cm~ I O O s c cm 

J.mfljj'.'A.0.8:1J : 5 0 m t o r r ~ l t o r r 
n - !l!~lili1/ 1J ::i :,,Ji~c,)tJa~r~lt : 6 s o •c 

( 8 ) 

[~flfil~J 6] ~ 4 lc;"f;c!tlt.:MC V D~l'.fi:jlilf.l Lt..:~ JO 
C:, pim:f-!J 1/ !J :JY/il 2 t n' /jtl) 1/ 1) ::I ✓m 5 ©!!!I! 

~{H'T~c1:'~-Q;,a/i:~i'i~~b1M~J 1 t~lilJ-·N:iQo 
( 0 0 5 9 J 't LT, L ©~(M@H;: f;fi ~ B S fl ~;t~m 

rt!Hc:f-i1,·,·n.,)t-oiM'•r:t:1J~ o. s av~ o. s 9 v, 3 6 
m A~ 3 8 m A 1:'.ti ~ ~{9,Jt.::~..-Z't' &tff1:<Y;>? tr.. 

t.-11#1.lf.7-l 0661 I 
14 

~~.iA©EE1J:50mtorr~ltorr 
~)'j.7'tO)fil!Jlt:Ytlffi\ '. II g 7 '.,,Fj' 
n - .lj!~friy 1) ::z ;;¥~oha~U : 6 o o ·c 
~hffi01J 8] [!gJ 6 f.;:::jf-;~tlf.::-1';;t1/7"v- -f'-f ::,,tlMiti 

~J~m L, tJ,-::i, i:.O),(;t.:o·Lr-'7'1' :;;:1~1fl~t;: s 
i F, .i?..1i:ftlJ~L,t.::J!i(t, p~;rtrJ:,1 1)::JYl\!i2C:n 

ir-1J 1/ 1J =r>-'® s C1)~~~1t1J~~FNcc'®Q~~,~~~ 
hffiWlJ I tli!&fµJ--('of.>Q. 

( O O 6 3 ) -t L, t', c 0~blf91Jic ~~ B S F ~/!JJ,1g 
7ifl/;:fo1, 1Tt-'C'O)!f#-tttJto. 5 8 V~O. 5 9 V, 3 6 

m A~ 3 8 m A "Et> 1Ji£*WlJ1c~1~1:' &!if-C-~? t.:.,, 
( 0 0 6 4 ) ( p 1:l;f- 1) 1/ I) ::i ✓~ 2 ©W.~{tj=) 

~@Hl[l;/;J©ffjJ : L ~ I Om To r r 
~-1-/•y f- : B, H,tJ~~- ::1~tlt.::S I 

R F :J ,{ Jl,-"'©ts!'.AiRJJ : 5 0 ~ 2 0 0 W 
n -.iji~~~ 1J ::z ✓~t&obu~r.ml.lt: 7 o o <c 
C n - if-lJ 1/ IJ ::z ✓Fis QJW~#-) 

-~p;JO)Ff1J : 1 ~ l Om T o r r 
~-lj',;1 f- ; p H, t.JI ~- /~rtf.: S i 

( o o 6 o l C p ~;r, 1J 1/ IJ ::r1/ Jet 2 ©ffl/i~~f1t) 
11'{.,,.jj':7,,©8tffi.1£: B,, Ho/Si Hi/Si H, F1 

/H,/7;!,::i:Y=O. l/1 0 / 1 00/400/ 1 

00 

•MflAO•Ma■ :s~~ cm~l0Ds ccm 

lb(i!(,Hi:7..0lf;fJ: 5 0 rn t o r r ~ 1 t o r r 

20 R F :::i ,{ Jl,-"'.O)~ttitl : 5 0 ~ 2 0 OW 

n .. liita~V 1J ::z :;;~oba~!fi!lft: 6 5 D "C 
( n • .r- ') 1/ 1) ::i :,,JS 5 ©~~~{11') 

mt~jj'AU)~~t*.!l!it: PH,/$ I H, /S I H, Pz/ 

H,/7Jli:i1/=0. 1/1 0 / I 00/ 400/ 1 0 

0 

~,>MjJA©<Pii~ltl : 5 s c cm~ l O O s t cm 

/JKM:ti'.7..0H:7J: 5 Om tor r ~ l torr 
n -.!l!ttmiv 1J ::i :;;~4liiobn~ii/Jt: 6 sot 
[~1i'!l!W!J7 J ~51;:~~tlt.:J'tCVD~Jl~iOO!flL,t.:J!i( 30 

t, p~7-'E-1v77':7..V1J::i:;;Jffl2 t n' 7-'E-Jv7,'A 

~ 1; ::i:,,~ s 0•~#1rFac1:~~t.,;~~t-~~hrnf71J z 
t~§~- 1.'JS~. 
r a o 6 1 J -f- L. -r _ c:: 0;1;1M!iJ?,11;: <Ri~ s s F ~:tllti~ 

MJi;::~~,--rt.foJt-H1iJtQ. 5 9 V~O. 6 OV, 3 7 

mA ~ 3 9 rn A 1.'il& IJ 1~*01Hc~'"'-c ]!/,ffc'il.;?t.:< 
coo e 2 ) Cp~7.,E)v77A1/ 1J=i:,,m20~~~ 

{tj:) 

-~~O)ff)) : l ~ 1 0mT or r 
lm~nA©ffiffit,W:[nlt: B, 11./S I Hi / H, =O. 1 40 

/10/ 300 
W-~f.iAO~~~&!Ssccm~l00sccm 
Jm~f.i7-©[E1J : 5 0 mt o r r ~ 1 t o r r­

~9'1-Y{;O)~/MJ'timi : H g 7 :;;-J' 
n • Jfl~Mi 1/ IJ ::i :,,~~o/JoMffl!~ : 6 o o •c 
( n ' 7-'E-Jv7 7 :J., :/ 1J :J >'~ 5 O)~~~flf) 

.ll~l~OJ/£:tJ : 1 ~ I Om T o r r 

W-'#:1-iJ?-©ffll~tfflnx:: PH, / S i H,/H, = 0, 1 

/ 10/ 300 

~'lq;/j'7,0~~*'ll': 5 s c cm~ 1 0 0 s c: cm 50 

n - !):t~m,y 1} ::r >'IUl~©i.JIJ;l//11/ll.m'. : 7 0 0 t 
( 0 0 6 5 ) 

[~lljjO)~W.) ~il)J{JJi 1 ~ 2 lc~~~a}llCJ::tl.1!, 1, tJ 
1/:;;m(.:_r-~[&l.l.197., S I F 1 #J-..t~Hi7•;,~{t1/7 
::;jjA~~ffl L "t'~'Q/C tjl,"J; T!l\'.!~~r-Jli:1oH ?i~i/!i 
fffi!JIO)~~'i'1i!t.~l.::l!nll::.1:~, 7J'"?~C V D~«~Jf-1 L, 

-Cv '~ I.: t¥91:,-f !Hocha?.Ml.f!EO)fltl,i!l~~ ~ L .t ;lfiµJ~ 

~/J:G. 
[ 0 0 6 6 l ;t;t::, ~3/<1Ji3 li:~MlJVH.::J:..tU;f, ~~ 

*pl;jf;::lf(!~~tlt.:: n ~x,.t p lc\:!V IJ ::i /~~J!rf110:>~r,JJ 
$UL IC m¾'.11' ; ti. tdt~/Htjlfj' O)f1, JfHt J: I) m ti :7.. © ~71' 
mffi~L.<~•~n~~w.,.7~•~5~h~O)xo/~ 
:,, 7' fl= ffl i!:: ti=!* l., T ~ffi'./J □~~~it ]I!:/;:~~ -1:t G .:: t 
tJt'PJij~ t 1l .:fl. 
( o o 6 7l {lt-:i ·c fgiflllWl!.l~fF~~WA'a~ltfi:! n 3( 

!;I: p 1/1) ::J;_l}ij.)'i: nru3U.t p ~1/ IJ :J ::,,ff_tf;::~/,x 

9 0 C: t ;IJti:iJ~IC ~ -Q t.:W.,, 1'tffl:l!£~~1$©~\i' B S F 
~ii;~fflrl!!:lt'ti:~ l, -C~m1:'~ -Q'l)J*~1'J-l, -r v'Qo 

[ O O 6 8 ) ~IC, ~*I.rt4l-.:: {'Ri~§tW'Jl.::J:ttlf, Im~ 
~tlt.::1/1) ::1 Y~1&mil.::J:~cn' 3(1.:t p· 1/1.J ::IY~~}'t 

CV Dl'ilc J:: l:J.!WJ~ L, ~ t.::, ~n~rij 5 lcff;Q~E\f]I.:: J:: 
tl.li, 7·:1*{t1/'5:;;iJA3<1iS i F. ;liAtN.'f-:t-f:'9?;, 
~f1Fr,c~1t~-r--rt ::o'v--r-f' Y7'~1.::.1: IJh□~~n 
t:.1/'} ::r:,,~,lliool.:J:~a n • )<J;t p' 1/ 1) ::J :,,Jm~W L., 

't°\,'-Qt.::<Y.>, :fflJRJJi 1~3/C~~~llJitFc>J#t ffl;~~AA 
~f!f:-C-~~.Bt!fffJ: n Xii p 1/IJ ::i ::,,f!itt n~IDW: pM 
';/ 1J ::I y JU&J: !C * /ix'.T ,!, L t tliiJ filj t Tl ~ ' )t-1ji~ffl 

WJ~O)f.1i1t'B S F~~fl..l!fiilY't~~l,t~~'t'~GWJ* 
'i-ff l, 't'\.•''@o 

m cm o mi !It fl ~ijln 
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AN ALUMINUM ALLOY BACK JUNCTION 
SOLAR CELL AND A PROCESS FOR 

FABRICATION THEREOF 

BACKGROUND OF THE INVENTION 

PCT/US00/02609 

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

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

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

solar cell and a process for fabricating thereof. 

Solar cells are widely used because they convert easily accessible energy 

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

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

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

silicon solar ceU 10. Conventional silicon solar ce11 10 typically includes a p-n 

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

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

surface/' as used herein refers to the surface of a conventional solar cell that is 

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

the tenn "non- illuminated surface" refers to a surface that is opposite the 

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

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

i11uminated surface 11 and disposed above a moderately-doped (about 1015 cm-
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3) p-type base layer (p) 18. Commercial embodiments of conventional solar 

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

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

A typical depth of p-n junction 24 from the top of then+ emitter layer 

16 measures about 0.5µm. A shallow frontp-njunction 24 is desired in order 

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

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

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

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

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

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

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

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

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

will travel top-type silicon contact 22. 

In order to contribute to the solar cell curr,ent, photogenerated minority 

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

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

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

over which minority carriers can travel without being lost by recombining 

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

minority carrier diffusion length generally depends on such factors as the 

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

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

either defects or dopant atoms increases1 the minority carrier diffusion length 

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

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

moderately-doped p-type base layer 18. 

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

nearly a "dead layer" in that few minority charge carriers created in en1itter 

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

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

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

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

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

carriers created inn+ emitter layer 16 find themselves close enough to p-n 

junction 24 to have a reasonable chance of being collected (diffusion length~ 

junction depth). 

Unfortunately, in the conventional solar cell design, the depth of n+ 

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

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

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

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

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

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

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

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

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

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

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

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

SUMMARY OF THE INVENTION 

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

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

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

illuminated surface has light energy impinging thereon when the solar cell 

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

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

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

A 

Page 91 of 466



WO00/55923 PCT/US00/02609 

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

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

back surface layer. 

In another aspect, the present invention provides a process for 

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

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

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

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

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

conductivity and is defined by an illuminated surface and a non­

illuminated surface. The illuminated surface has light energy impinging 

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

illuminated surface is opposite the illuminated surface. 

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

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

conjunction with t~e following figures. 

5 
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BRIEF DESCRIPTION OF THE DRAWINGS 

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

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

Figure l shows a cross-sectional view of a conventional solar cell. 

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

an embodiment of the present invention. 

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

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

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

back junction dendritic web solar cell. 

Figure 5 shows a graph ofintemal quantum efficiency of an aluminum 

alloy back junction dendritic web solar cell. 

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

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

the back side of the solar cell. 

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

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

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

6 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

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

the presently preferred embodiments as illustrated in accompanying drawings. 

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

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

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

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

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

order to not unnecessarily obscure the present invention. 

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

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

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

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

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

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

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

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

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

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

defect can capture and hold an electron until one of the numerous majority 

7 
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carrier holes wanders by the defect whereupon the electron can fall into the 

hole in a recombination event. 

The present invention therefore recognizes that for a solar cell substrate 

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

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

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

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

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

p-type dopant. 

Unfortunately, it was found that boron diffusions frequently leave a 

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

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

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

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

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

present inventio~ for silicon materials in which n-type doping gives higher 

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

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

emitter layer. 

Referring back to Figure 1, commercial solar cells 10 have an n+pp+ 
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structure. Then-type emitter layer 16 is commonly made using phosphorus 

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

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

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

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

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

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

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

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

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

above1 therefore, n+ emitter layer 16 is forced to be deeper than desired to 

avoid shunting the front junction. If a silicon material with superior minority 

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

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

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

which can only be removed with additional and unwanted processing. 

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

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

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

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

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

junction. Since aluminum may be the choice of dopant in the silicon p+ layer, 

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

Solar cell layer stack 110 includes a base layer 118 of n-type 

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

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

base layer 118 near illwninated surface 126 is passivated by a shallow n+ 

layer I 16, which i~ typically formed by phosphorus diffusion into a silicon 

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

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

(AR) coating 114 is disposed atop n+ layer L 16. If the coating is present as 

shown in Figure 2, silver contacts 112 fire tlu-ough AR coating 114 to reach 

the surface of n+ silicon layer 116. 

A p-n junction J 24 is formed at non-illuminated surface 128 or the 

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

which functions asap+ emitter layer in the solar cell layer stack of the present 

invention . . J\n aluminum-silicon eutectic metal layer 122, which results when 

aluminum is a(loyed with silicon, is disposed beneath p+ layer 120 and serves 

as a self-aligned contact top+ emitter layer 120. It is noteworthy that boron 

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

boron stain to compromise the appearance of the front surface. 

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

unique feature of solar cell 1 JO shown in Figure 2. It should be borne in mind 

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

back junction. Furthermore, the depth ofn+ layer l 16 is of no real concern 

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

In accordance with one embodiment, n-type base layer l 18 is a 

dendritic web silicon crystal having a resistivity that is generally between 

about 5 O-cm and about 100 O-cm, and preferably about 20 n-cm. The 

thickness of the dendritic web silicon substrate crystal is generally between 

about 30 µm and about 200 µm, and preferably about l 00 µm. In order for 

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

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

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

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

the thickness of base layer 118 and more preferably exceeds the thickness of 

base layer 118. 

Locating the p-n junction near the back of the ceH instead of near the 

front of the cell is counterintuitive to one skilled jn the art. It is normaJly 

11 

Page 98 of 466



WO 00/55923 PCT/US00/02609 

desirable to have the p-njunction near the front of the cell because the number 

of photons absorbed per unit depth decreases as one proceeds from the 

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

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

illuminated surface, while about l 0% are absorbed within the second 5 µm 

slice of depth, and about 6% are absorbed within the third 5 µm slice. In fact, 

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

base 1ayer. 

Since the absorption of photons results in the generation of 

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

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

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

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

and so will not contribute to the solar cell photocurrent. 

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

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

the present invention. The illustrated embodiment of the inventive processes 

may begin when a single crystal silicon substrate of n-type conductivity is 

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

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

12 
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cast silicon crystallized by directional solidification. and dendritic web 

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

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

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

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

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

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

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

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

phosphorous is applied to the top surface of base layer 218 and the 

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

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

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

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

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

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

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

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

0.1 µ,m and about 1 µm, preferably about 0.3 µm, with a sheet resistance of 

generally between about 10 Q/square and about 

13 

Page 100 of 466



WO00/55923 PCT/US00/02609 

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

Alternatively> in another embodiment, the top surface of base layer 218 

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

surface of base layer is transformed into n+ layer 216. 

In accordance with yet another embodiment, base layer 218 is 

passivated with a transparent dielectric layer which may have an appreciable 

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

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

a thickness of between about 50 A and about 500 A, and preferably about 150 

A. In this embodiment, the passivation of base layer 21 8 may be carried out 

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

about 800 °C and about 1050 °C and preferably about l 000 °C. Such 

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

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

Regardless of how then+ layer is passivated, or whether it is passivated those 

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

a high-low junction (n+n) is formed at the top of base layer 218. 

An anti-reflective coating 214 may then be deposited on top of n+ layer 

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

14 
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vapor deposition (PECVD) of silicon nitride or atmospheric pressure chemical 

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

reflective coating 214. 

Next, conventional techniques may be employed to deposit an 

aluminum layer 222 on a bottom surface or non-illuminated surface of base 

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

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

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

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

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

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

radiantly-heated belt furnace to a temperature comfortably above the 

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

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

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

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

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

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

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

temperatures, a portion of the base layer that measures approximately one-

15 
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third the thickness of the aluminum layer is effectively dissolved to create p+ 

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

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

Consequently, p+ Jayer 220 is silicon doped with. aluminum and contact layer 

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

by weight the eutectic composition. 

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

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

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

between about 1018 and about 1019 aluminum atoms per cubic centimeter. The 

concentration of aluminum atoms is significantly less than the concentration 

of silicon atoms, which is about 10,000 times larger at about Sxl 022 atoms per 

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

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

doped p-type layer 220 (hereinafter referred to as a "p+ layer"), by liquid 

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

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

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

epitaxially regrown. 

The aluminum-silicon eutectic metal layer 222 is a good conductor (has 

16 
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a low electrical resistance), and serves as a self-aligned metal contact to the 

solar cell. The thickness of aluminum-silic.on eutectic metal layer 222 is 

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

Figure 3D shows the structure resulting after depositing metal contacts 

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

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

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

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

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

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

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

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

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

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

belt furnace is between about 0. l minutes and about 10 minutes. In a 

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

of silver ohmic contacts 212 ton+ layer216 is generally between about I µm 

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

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

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

realize high-throughput and low-cost manufacturing. 

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

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

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

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

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

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

mA/cm2, open-circuit voltage of about 0.595 V, and fill factor of about 0. 747. 

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

0.480V and Imp is about 0.653A. 

Figure 5 depicts measurements of spectral reflectivity (solid triangles) 

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

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

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

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

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

overall efficiency. Calculation of the internal quantum efficiency using the 

one-dimensional fi_nite element model PClD indicates a hole diffusion length 

of about 200 µm in the base of this cell. This is double the cell thickness, as 
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required for good performance. The internal quantum efficiency curve has a 

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

the p-njunction is at the back of the cell, which is also noteworthy. In a 

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

negative slope, indicating that the p-n junction is at the front of the eel 1. 

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

embodiment of the present invention, that is substantially s imilar to the solar 

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

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

300 is referred to ~shaving "partial" metal coverage on the back side as 

opposed to have "full" metal coverage, as shown in Figure 2 for solar cell 11 0, 

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

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

from a differential thermal contraction between the silicon and the 

aluminum-silicon eutectic metal layer upon cooling from the eutectic 

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

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

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

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

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

growing a thermal oxide of about 115 A thickness in a rapid thermal 

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

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

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

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

anti-reflective coating is about 9.9%. 

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

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

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

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

interdigitated fashion. 

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

zero the shadowing of the front surface by contacts. Interconnecting cells in a 

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

the cell in that s~ace mount technology can be used. Then+ regions 424 

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

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

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

pure si]ver. A prototype dendritic web silicon solar cell of this type with 
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screen-printed metals, titanium dioxide anti-reflective coating and about 2 .5 

cm2 area had an efficiency of about 10.4%. 

It is noteworthy that although the present invention is described in 

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

substrate and conductive materials cannot be similarly employed. 

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

processes for fabricating an aluminum alloy back junction solar cell h as been 

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

teaching herein, numerous alternatives and equivalents w ill be seen to exist 

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

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

following claims. 
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CLAIMS 

What is claimed is: 

1. A solar cell, comprising: 

a base 1ayer including dopant atoms of n-type conductivity and 

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

il1uminated surface having light energy impinging thereon when said solar 

cell is exposed to said light energy and said non-il1uminated surface is 

opposite said iU uminated surface~ 

a back surface emitter layer including an aluminum alloy contact 

and serving as a layer of p-type conductivity; and 

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

surface of said base layer and said back surface layer. 

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

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

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

includes phosphorous atoms. 

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

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

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

layer. 

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

serve as ohmic contacts to the base layer. 

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

I µm to 20 µm. 

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

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

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

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

base layer. 

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

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

\ 1. The solar cell of claim 10, wherein the n-type base layer is fabricated 

using one technique selected from the group consisting of cast silicon 

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

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

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

web silicon ~ayer. 

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

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

14. The solar cell of claim 12, wherein then-type base layer has a 

resistivity that is about 20 .0-cm. 

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

is between about 30 µm and about 200 µm. 

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

is about 100 µm. 

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

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

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

aluminum-silicon eutectic metal layer. 

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

layer has a thickness that is between about I µm and about 30 µm. 

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

covers the non-illuminated surface of the base layer. 
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21. The solar cell of claim 17, wherein the aluminum alloy layer partially 

covers the non-illuminated surface of the base layer. 

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

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

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

between the segmented aluminum alloy layer. 

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

layer adjacent the metal contacts to facilitate connection to the base 

layer. 

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

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

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

said illwninated surface having light energy impinging thereon when said 

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

is opposite saiq illuminated surface; 

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

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

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

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

includes fabricating a single crystal silicon substrate of n-type 

conductivity using one technique selected from a group consisting of 

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

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

and dendritic web growth. 

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

includes fabricating a single crystal silicon substrate of a-type conductivity 

using dendritic web growth. 

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

includes: 

providing an aluminum layer on said non-illuminated surface of 

said base layer; and 

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

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

emitter layer. 

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

said alloying forms the emitter layer which includes aluminum atoms as p-
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type dopant and a self-aligned contact layer for a back surface of the 

emitter layer that includes an aluminum-silicon alloy. 

29. The process of claim 28, wherein said providing aluminum includes 

screen-printing aluminum on the non-illuminated s ide of the base layer. 

30. The process of claim 28, wherein said alloying is accomplished at a 

temperature of between about 700°C and about 1000°C. 

31 , The process of claim 28, wherein said alloying is accomplished by 

maintaining said temperature for a time that is between about 1 minute 

and about 30 minutes. 

32. The process of claim 28, wherein the illuminated surface of the base 

layer is passivated by a phosphorus-doped layer having a thickness of 

between about 0.1 µm and about l µm. 

33.The process of claim 32, further comprising forming an anti-reflective 

coating that includes preferably titanium dioxide or s ilicon nitride is 

formed above the phosphorus-doped layer. 

34. The process of claim 33, wherein n-type metal contacts are formed 

above the base layer to provide ohmic contact to the base layer. 

35. The process of claim 34, wherein n-type metal contacts are formed 
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below the base layer to provide ohmic contact to the base layer. 

36. The process of claim 27, wherein said providing aluminum layer 

includes providing aluminum such that said aluminum alloy layer 

formed in said alloying substantially covers the back side of the emitter 

layer. 

37. The process of claim 27, wherein said providing aluminum layer 

includes providing an aluminum layer that partially covers the non­

illuminated surface of the base layer such that said alloying forms an 

emitter layer that covers the non-illuminated surface of the base layer in 

a segment fashion. 

38. The process of claim 37, further comprising forming interdigitated n­

type metal contacts that are disposed in spaces between the segmented 

aluminum alloy laye.r. 

39. The process of claim 24, further comprising passivating substantially 

all exposed il1uminated and non-illuminated surfaces of the base layer 

with a dielectric layer. 
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SOLAR CELL HA YING DOPED SEMICONDUCTOR 
HETEROJUNCTION CONTACTS 

BACKGROUND OF THE INVENTION 

10001 I This invention relates generally to photovoltaic solar cells, and more 

5 particularly the invention relates to a solar cell structure which is efficient in operation 

and economical to manufacture. 

(00021 The use of photovoltaic cells for the direct conversion of solar radiation into 

electrical energy is well known, see Swanson, U.S. Patent No. 4,234,352 for example. 

Briefly, the photovoltaic cell comprises a substrate of semiconductive material having 

10 a p•n junction defined therein. In the planar silicon cell the p·n junction is formed 

near a surface of the substrate which receives impinging radiation. Radiated photons 

create mobile carriers (holes and electrons) and the substrate which can be directed to 

an electrical circuit outside of the cell. Only photons having at least a minimwn 

energy level (e.g., 1.1 electron volt for silicon) can generate an electron-hole pair in 

15 the semiconductor pair. Photons having less energy are either not absorbed or are 

absorbed as heat, and the excess energy of photons having more than 1.1 electron volt 

energy (e.g. photons have a wavelength of l. l µm and less) create heat. These and 

other losses limit the efficiency of silicon photovoltaic cells in directly converting 

solar energy to electricity to less than 30%. 

20 100031 Solar cells with interdigitated contacts of opposite polarity on the back surface 

of the cell are known and have nwnerous advantages over conventional solar cells 

with front side metal grids and blanket or grid metallized backside contacts, including 

improved photo-generation due to eUmination of front grid shading, much reduced 

grid series resistance, and improved "blue" photo-response since heavy front surface 

2S doping is not required to minimize front contact resistance because there are no front 

contacts. In addition to the performance a~vantages, the back-contact cell structwe 

allows simplified module assembly due to coplanar contacts. See Swanson U.S. 

Patent No. 4,927,770 for example. 

100041 While interdigitated back-contact (IBC) solar cells have been fabricated, cost 

30 considerations have limited commercialization of the IBC solar cell. Heretofore, 

conventional microelectronics (integrated circuit) processing has been employed in 
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fabricating IBC solar cells, including the use of backside diffusions, contacts, and 

metal lines fabricated by conventional microelectronics photolithography, thin film 

metallization, and etchiog processes. This fabrication process is capable of producing 

high efficiency solar cells, but the process is not cost effective for application in 

5 conventional low-cost, flat-plate solar panels. The key problem with practical 

realization of an IBC solar cell by this process is the high cost of fabrication, 

including etching, doping and mask alignment, and the use of thick metal conductor 

deposition by vacuum evaporation or sputtering. Further, the processing must be 

carried out in a clean room environment. Thus IBC solar cells fabricated using these 

IO methods have been restricted to application in high concentration soJar cells or in very 

high value one-sun applications. 

(00051 Copending application serial no. l l /306,510 combines a semiconductor 

substrate with acceptor and donor polymer contacts to provide a solar cell which is 

economically fabricated. lmponantly, fabric;alion of the solar cell, is improved in cost 

l5 and in redticed temperatwe cycling through use of inkjet application of the .polymer 

contacts without the need for photoresist masking, etching, and dopant diffusion and 

annealing as is required in prior art solar cells. 

(0006) The present invention utilizes a semiconductor such as amorphous silicon as 

donor and acceptor contact in a silicon solar sell which can be readily and cost 

20 effectively fabricated, 
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SUMMARY OF THE INVENTION 

(0007) The invention- utilizes doped amorphous siHcon, Si-Ge, or Ill - V compounds 

as a donor or an acceptor contact in silicon solar cell.· The contact material can be 

vapor deposited along with the dopant as necessary for donor or acceptor application. 

5 As used herein, ''amorphous" silicon includes ''poly crystalline" silicon, 

100081 When deposited on a sjngle crystal silicon substrate, a tunnel oxide is first 

grown and separates a deposited amorphous silicon from the substrate to prevent re· 

crystallization of the amorphous silicon. 

(0009) In an interdigitated back contact (IBC) cell, the front surface can be textured 

t O by chemical or physical abrasion to provide a radiation capturing surface with an anti­

reflective and passivating coating such as silicon nitride, doped silicon carbide, or a 

thin coating of amorphous silicon over the textured surface. 

f00l0J The invention and object and features thereof will be more readily apparent 

from the following detailed description and appended claims when taken with the 

l.5 drawings. 

J 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0011) Fig. I is a side view in section of an interdigitated back contact solar cell 

including doped amorphous cont.act in accordance with one embodiment of the 

invention. 

5 (0012) Figs 2A - 2D are side views in section illustrating the solar cell of Fig. 

during fabrication. 

4 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

(0013) In accordance with one embodiment of the invention, an interdigitated back 

contact (JBC) solar cell comprising a silicon semiconductor body having first and 

second opposing major surfaces receives radiation through the first surface and has 

5 first and second pattems of acceptor doped amorphous silicon and donor doped 

amorphous silicon, respectively, on the second or back surface for receiving electron 

and hole carriers created in the silicon substrate by radiated photons. The structure is 

similar to prior art back contact solar cells which utHize doped P and N conductivity 

contacts fonned in the substrates for receiving the holes and electrons created by 

10 radiation. However, the use doped P and N contacts in the substrate requires 

photoresist masking, etching, dopant diffusion, Md h.igh temperature processing in the 

fabrication of the solar cell. The use of acceptor and donor amorphous silicon 

contacts on the structure, in accordance with an embodiment of the invention, 

obviales the need for photoresist mask.ing and dopant diffusion and the high 

15 temperature processing required in annealing the diffused dopants. A tunnel silicon 

oxide can be placed between the contacts and the substrate to prevent epilaxiaJ growth 

of the amorphous silicon on the substrate. 

10014) Consider now Fig. 1 which is a side view in section of an interdigilated back 

contact (IBC) solar cell in accordance with one embodiment of the invention. The 

20 ceJI Includes a light n-type monocrystalline or polycrystalline substrate 10 having a 

front surface which receives radiation and a textured surface on which is fonned a 

thin ( e.g. I 0-1 SO angstrom) tunnel silicon oxide layer 12 with a passivation coating 14 

over tunnel oxide 12 which can comprise silicon nitride, doped silicon carbide, or a 

doped amorphous silicon layer. 

25 (00ISJ On the back surface of substrate 10 is a second tunne1 oxide layer 16 over 

which is formed P+ amorphous silicon contacts 18. A dielectric such as silicon oxide 

20 separates P+ amorphous silicon 18 from N+ amorphous silicon 22 which is formed 

in openings through P+ amorphous silicon layer ) 8 and in contact with tunnel oxide 

16. While the amorphous silicon layers 18, 22 are formed by low temperature vapor 

30 deposition, tunnel oxide 16 prevents any re-crystallization of the amorphous silicon 

by epitaxial growth from silicon substrate I 0. Metal contact 24 engages P+ 
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amorphous silicon layer l 8, and metal contacts 26 engage N+ amorphous silicon 

layers 22. 

[00161 The back contact heterojunction enhances the rear passivation of the sofar cell 

by the inclusion of tunnel oxide 16, heterojunction field provided by the amorphous 

5 silicon contacts, and contact passivation. As will be described further herein below, a 

process benefit in making the device ,is that high temperature dopant drive is not 

required. 

(0017) Figs. 2A-2O are section views illustrating the solar cell of Fig. 1 during 

fabrication. Initially, as shown in Fig. 2A, silicon substrate I 0, which can be either 

l 0 Intrinsic or light doped, has a thln tunnel oxide 16 grown thereon which can have a 

thickness of from I0-20 angstrom, for example. Amorphous silicon layer 18 is then 

deposited with a boron dopant and a dopant concentration of 1020-1021 or IOE20 -

1 0E2 l atoms per cubic centimeter and to a thickness of 500 to 2000 angstroms. The 

growth of a doped silicon layer by vapor deposition is a known silicon process. 

I 5 Inclusion of an intrinsic layer under the p-type doped sHicon layer can be made if a 

PIN structure is desired. 

10018) Thereafter, an insulating layer of silicon oxide 20 is deposited by low pressure 

chemical vapor deposition (LPCVD, PECVD, APCYD), or by a spin on glass process. 

Silicon oxide layer 16 is 500 to 1000 angstroms in this illustrative embodiment. 

20 [0019) Thereafter, as illustrated in Fig. 2B, the front surface of substrate IO is 

textured by chemical or mechanical abrasion. This process slep can precede the 

process steps of Fig, 2A, if desired. A photoresist mask is then formed on the back 

surface of the substrate 10 and etched to fonn openings through silicon oxide layer 20 

and amorphous silicon I 8 to substrate I 0. The thin tunnel oxide is removed in the 

25 etching process also, and a new layer of tunnel silicon oxide is then applied on the 

exposed surface of substrate 10 through the etched openings by chemical growth. In 

forming tunnel oxide 16 in Fig. 2B, tunnel oxide layer 12 can be simultaneously 

formed on the front surface. FollowiQg the growth of the thin tunnel oxide in the 

etched openings, again to a thickness of I 0-20 angstroms, an N+ doped amorphous 

30 silicon layer 22 is deposited over the back surface, as shown in Fig. 2C. 
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[0020) The layer 22 is doped with an N dopant such as phosphorou~ with a 

con~entration of 1020 
- 1021 or 1 0E20 -1 0E2 I atoms per cubic centimeter. This can be 

deposited using plasma enhanced chemical vapor deposition (PECVD, LPCVD, 

APCVD). N+ amorphous silicon 22 is then masked and selectively etched to expose 

S the underlying P+ amorphous si !icon 18 for reception of metal contacts. Jn Fig. 20, 

metal contacts 24 and 26 are made to P+ amorphous silicon 18 and N+ amorphous 

silicon 22 by metal deposition and photoresist masking and etching. The contacts can 

be formed by first scattering a seed layer of a conductive metal such as aluminum or 

copper and then pattern plating the seed metal to increase thickness. The cell is then 

IO completed by depositing a pass.ivating layer 14 on tunnel oxide I 2 on the front surface. 

of substrate IO using silicon nitride, doped silicon carbide, or N* doped amorphous 

silicon. 

(00211 A heterojW1ction solar cell in accordance with the invention, using doped 

amorphous silicon contacts is readily fabricated using conventional semiconductor 

15 processing techniques without the for high temperature processing. While the 

invention has been described with reference to an inlerdigitated back contact solar cell 

in which both P+ and N+ contacts are employed, the invention can be applied to solar 

cells having a single doped amorphous silicon on the back surface. Further, while the 

heterojunction is provided by amorphous silicon, other high band gap material such as 

20 gennanium-silicon alloy, doped silicon carbide, or other llf-V compoWld material can 

be employed in the contact structures. Thus, while the invention has been described 

with reference to specific embodiments, the description is illustrative of the invention 

and is not to be construed as limiting the invention. Various modifications and 

applications may occur to those skilJed in the art mthout departing from the spirit and 

25 scope of the invention as defined by the appended claims. 
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5 

CLAlMS 

Whet( is claimed is: 

I . A solar cell comprising: 

a) a semiconductor body having first and second opposing major surfaces, 

b) a first dielectric layer on the first surface and a second dielectric layer on 

the second surface, the second dielectric layer comprising a tunnel oxide, 

c) a first pattern of acceptor doped semiconductor material over the tu.Mel 

oxide on the sec-0nd surface, and a second pattern of donor doped semiconductor 

material over the tunnel oxide on the second surface and interleaved with the first 

IO pattern, and 

d) a first conductive pattern interconnecting the acceptor doped semiconductor 

material and a second conductive pattern interconnecting the donor doped 

semiconductor material. 

15 2. The solar cell as defined by claim 1 wherein the semiconductor material is 

selected from the group consisting of amorphous silicon, silicon-germanium, and 111 • 

V compound semiconductors. 

3. The solar cell as defined by claim 2 wherein the semiconductor material 

20 comprises amorphous silicon. 

4. The solar cell as defined by claim 3 wherein the acceptor doped amorphous 

silicon is boron doped. 

25 5. The solar cell as defined by claim 4 wherein the donor doped amorphous 

silicon is phosphorous doped. 
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6. The solar cell as defined by claim 5 wherein the first major surface is textured. 

7. The solar cell as defined by claim 6 wherein the semiconductor body 

comprises silicon and the tuMel oxide comprises silicon oxide, 

5 

8. The solar cell as defined by claim 7 wherein the first and second conduct.ive 

panems are selected from the group consisting of aluminum and copper. 

9. The solar cell as defined by claim 3 wherein the semiconductor body 

10 comprises silicon and the tunnel oxide comprises silicon oxide. 

10. The solar cell as defined by claim 9 wherein the first and second conductive 

patterns are selected from the group consisting of aluminum and copper. 

15 11. In a silicon solar cell in which mobile carriers can be created in a silicon 

substrate by impinging radiation, a contact for receiving mobile carriers comprising a 

tunnel oxide on a surface of the substrate. and a doped semiconductor material layer 

on the tunnel oxide. 

20 12. The contact as defined by claim 11 wherein the semiconductor material is 

selected from the group consisting of amorphous silicon, silicon-germanium, and Ill • 

V compounds semiconductors. 

13. The contact as defined by claim 12 wherein the semiconductor material 

25 comprises amorphous silicon. 

14. The contact as defined by claim 13 wherein the tunnel oxide comprises silicon 

oxide. 
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l 5. The contact as defined by claim l 4 wherein the silicon oxide has a thickness in 

the range of I 0-20 angstroms. 

I 6. The contact as defined by claim 14 wherein the amorphous silicon is doped 

5 witti a donor dopant. 

17. The contact as defined by claim l 6 wherein the donor dopant is phosphorous. 

18. The contact defined by claim 14 wherein the amorphous silicon is doped with 

10 an acceptor dopant. 

l 9. The contact as defined by claim I 8 wherein the acceptor dopant is boron. 

20. In a method of fabricating a silicon solar cell, Ule steps of fabricating carrier 

15 acceptor contacts comprising: 

a) providing a silicon substrate having first and second opposing major 

surfaces, 

b) forming a tunnel silicon oxide layer on the first major surface, and 

c) fonning a doped amorphous silicon layer on the tunnel sHicon oxide. 

20 

21. The method steps of claim 20 wherein the doped amorphous silicon bas 

dopant in excess of 1019 atoms per cc. 

22. The method steps of claim 21 Wherein the dopant is a donor dopant. 

25 

2,. The me1hod steps of clatm 22 wherein the dopant comprises phosphorus. 

10 
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24. The method steps of claim 21 wherein the dopant is an acceptor dopanl. 

25. The method steps of claim 24 wherein the dopant comprises boron, 

S 26. The method steps of claim 20 wherein the tunnel silicon oxide has a thickness 

on the order of I 0-20 angstroms. 

10 
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Zur £rkliinmg der Zweibuchstab,m-Codes 1md der a11deren Ab­
kUrvmgen wirrl a11j' die £1-kflinmgen ("G11idw1ce Notes Oil Co­
des and llbbre11ia1io11s") amAnfangjeder reguliirenAu1,gabe der 
PC.wf.Ga:;:.etle verwiesen. 

(57) Zusammcnfassung: Bci bekannten I lcterokontalnsolarzelJen isl Llcr mnorphe Emitter auf der Lichtzugew.lndten Oberseite des 
kristal linen Absorbers angeorclnet und absorbiert einf-alJendcs Licht, das somit nichl mehr im Absorber zur Ladungstriigcrerzeugung 
beitrngcn kann. Einc transparcntc lcitf.<ihige Oxidschicht (TCO) als Deckschicht, die sich nc_galiv auf den pn-1.ibcrgang auswirln, 
kann vermieden werdcn. Die emndungsgemaBe Hcterokontakisolarzellen ( flKS) wcisL elne invertierte Schichtstrukturgeometric 
und damit einen invertierten Heterokontakt auf. Der amorphe Gmitter (!3M) isl auf der lichtabgewandte11 Unterseite ( LU) des lrns­
tallincn Absorbers (AB) angeordnet. Der Absorber (AB) wird auf der Uchtzugewandten Oberseite (LO) nur van ei ner lransparenten 
Antireflexsc.hicht (ARS) abgedeckl. die aufgru11d ihrer Material wah_l glcichzeitig als elcktrisch wirken<le Passivierungsschkhl (PS) 
arbcilet. Somil wcrden die Absorptionsvcrlu~tc minimicrL. Die Encrgierl:icldaufteil bezilglich Material-_ Zcil- und Encrgiceinsatt 
kann durch die niederlempcriertc Herstellung van Enuucr (EM) und Antircflexschichl (ARS) durch Plasma-CVD-Prozessc bci 250°C 
bis 350°C verringert wcrden. Die obere Kont:iktierungsslrukl'llr (OKS) durchdringl die transparcnte Antirellcxschicht (ARS) fingcr­
iormig, die unlere Kontaktferungsstruklur (llKS) isl gml3flachig als dlinne Metallschicht (MS) ausgeblldeL 
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Heterokontaktsolarzelle mit invertierter Schichtstrukturgeometrie 

Beschreibung 

Die Ertindung bezieht sich auf eine Heterokontaktsolarzelle in Schichtstruktur 

mit einem Absorber aus p- oder n-typ dotiertem kristallinem Halbleitermaterial, 

einem Emitter aus einem zum Absorber entgegengesetzt dotierten amorphen 

Halbleitermaterial, einer intrinsischen Zwischenschicht aus amorphem Halblei­

termaterial zwischen Absorber und Emitter, einer Deckschicht auf der lichtzu­

gewandten Seite des Absorbers, einer ein Minoritatsladungstrager reflektie­

rendes Obertlachenfeld ausbildenden Schicht sowie mit einer ohmschen 

Kontaktierungsstruktur mit einer minimierten Beschattungsflache auf der 

lichtzugewandten Seite des Absorbers und einer ohmschen Kontaktierungs­

struktur auf der lichtabgewandten des Absorbers. 

Stand der Technik 

Heterokontaktsolarzellen mit kristallinem und amorphem Silizium gewinnen 

zunehmend an technischer Bedeutung. Der 0bliche Aufbau einer Hetero­

kontaktsolarzelle ist beispielsweise aus der Veroffentlichung I von K. Brendel 

et al.: ,,Interlace properties of a-Si:H/c-Si heterostructures" (Annual Report 

2003, Hahn-Meitner-lnstitut, 78/79) bekannt. Auf der lichtzugewandten Seite 

des zentralen Absorbers aus kristallinem, p-dotierten Silizium (c-Si(p)) und 

mikrokristallinem Silizium (µc-Si) sind ein Emitter aus amorphem, mit Wasser­

stoff .,legiertem" bzw. angereichertem, n-dotierten, amorphem Silizium (a­

Si:H(n+)) und eine transparente leitfahige Oxidschicht (TCO) als Deckschicht 

unter fingerformigen Frontkontakten angeordnet. Der Emitter auf der lichtzu­

gewandten Oberseite des Absorbers absorbiert Strahlung, die den Absorber 

entsprechend nicht mehr erreichen kann. Auf der lichtabgewandten Unterseite 
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befindet sich zwische11 dem Absorber und einem ganzflachigen Ruckkontakt 

eine amorphe, mit Wasserstoff angereicherte p-hochdotierte amorphe Silizium­

schicht (a-Si:H(p+)) zur Ausbildung eines Minoritatsladungstrager reflektieren­

den Oberflachenfeld (Back Surface Field BSF). 

Wie bel jedem Solarzellentyp leidet auch die Heterokontaktsolarzelle mit 

bekannter Schichtstrukturgeometrie mit einer Positionierung des Emitters auf 

der lichtzugewandten Oberseite des Absorbers an Verlusten bai dar Urnwand­

lung der in die Solarzelle eindringenden Lichtenergie in elektrische Energia. 

Grundsatzlich zeigen amorphe Bereiche aufgrund ihrer ungeordneten Struktur 

schlechtere Transporteigenschaften fur Ladungstrager als kristalline Bereiche. 

Ein Verlustprozess in der Umwandlungskette besteht darin, dass nicht alle 

Photonen der einfallenden Strahlung in einem 1,aktiven" Bereich der Solarzelle 

zu Elektronen-/Loch-Paaren gewandalt warden. Unter ,,aktivem Bereich" ist 

dabei diejenige Zone in der Solarzelle zu verstehen, in der die Elektronen und 

Locher aufgrund hinreichend groBer Lebensdauer gesammeJt werden und 

nachfolgend Ober die ohmschen Kontaktierungssysteme abfliel3en konnen. 

Notwendige Voraussetzung fur eine effizient arbeitende Solarzelle ist, dass ein 

moglichst groBer Strahlungsanteil im aktiven Bereich absorbiert wird. Bei 

Heterokontaktsolarzellen ist dieser aktive Bereich der Absorber aus kristallinem 

Silizium, wahrend der hochdotierte Emitter aus amorphem Silizium, durch den 

das Licht in den Absorber einfallt, dem entgegen als ,,inaktiver Bereich" zu 

bezeichnen ist, weil die in dieser Schicht erzeugten Elektronen und Locher nur 

eine vergleichsweise geringe Lebensdauer haben und daher kaum einge~ 

sarnmelt werden konnen. Durch den hohen Absorptionskoeffizienten des 

amorphen Emittermaterials wird ein erheblicher Anteil des auftreffenden 

Sonnenlichts im Emitter absorbiert. 

Zur Verringerung der genannten Verlustprozesse bef Heterokontaktsolarzellen 

mit einer konventionellen Schichtstrukturgeometrie mit einem Emitter auf der 

lichtzugewandten Oberseite des Absorbers ist es aus der EP 1 187 223 A2, 

von der die Erfindung als nachstliegendem Stand der Technik ausgeht, fur die 
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so genannte ,,HIT"-Solarzelle (Heterojunction with l11trinsic Thin-layer) der 

Firma Sanyo bekannt, entweder die Dicke des Emitters aus hochdotiertem 

amorphem Silizium zu verringem, wobei eine Mindestschichtdicke von 5 nm 

zur vollstandigen Ausbildung des pn-Heterokontaktes eingehalten werden 

muss, oder die Uchtabsorption im Emitter durch eine VergroBerung der 

Bandlucke zu reduzieren. Dazu wird das amorphe Silizium des Emitters mit 

Kohlenstoff legiert. Die in der EP 1 187 223 A2 offenbarte gattungsgemaf3e 

Heterokontakt-solarzelle Weist eine Schichtstruktur mit einem n-typ dotierten 

kristallinen Siliziumwafer in der Mitte als Absorber auf. Auf beiden Seit en des 

Absorbers ist ein Heterokontakt zu benachbarten amorphen Siliziumschichten 

aufgebaut. Auf der lichtzugewandten Seite des Absorbers sind zwei intrin­

sische Zwischenschichten, der amorphe Emitter und eine transparente 

leitfahige Elektrode (ITO) als Deckschicht vorgesehen. Auf der llchtab­

gewandten Seite des Absor-bers sind vor einer sammelnden R0ckelektrode 

zur Ausbildung eines BSF zumindest zwei weitere amorphe Schichten vorge­

sehen, von denen die eine undotiert und die andere wie der Absorber n-typ, 

jedoch stark dotiert ist. Auf beiden Seiten weist die Heterokontaktsolarzelle 

gitterformige Kontaktierungssysteme auf den Ladungstrager sammelnden ITO­

Schichten auf. 

Samit weist auch die bekannte HIT-Solarzelle eine transparente Leitschicht 

(TCO, ITO) auf der lichtzugewandten Oberseite auf, um die im schlechter 

leitenden, amorphen Emitter gesammelten Ladungen abzutohren. Der 

Veroffentlichung II von A.G. Ulyashin et al. : "The influence of the amorphous 

silicon deposition temperature on the efficiency of the ITO/a-Si:H/c-Si 

Heterojunction (HJ) solar cells and properties of interfaces" (Thin Solid Films 

403-404 (2002) 259-362) ist zu entnehmen, dass die Abscheidung dieser 

transparenten Leitschicht auf dem amorphen Emitter im Verdacht steht, d ie 

elektronischen Eigenschaften an der Grenzflache zwischen amorphem und 

kristallinem Silizium (Emitter/Absorber) zu verschlechtern. 
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Weitemin ist aus der DE 100 45 249 A1 eine kristalline Solarzelle bekannt, bei 

der der kristalline Emitter auf der lichtabgewandten Seite des Absorbers ange­

ordnet ist. Dort ist er streifenformig unter Anwendung eines Herstellungs­

prozesses bei hoher Temperatur ausgebildet und wird mit kristallinen Streifen 

gegensatzlicher Dotierung verschachtelt, die ein BSF ausbilden. Oiese rein­

kristalline, interdigitale Halbleiterstruktur ist nur in einem sehr komplizierten 

Herstellungsprozess erzeugbar und dient der ausschlieBlichen Ruckseiten­

kontaktierung, bei der beide ohmschen Kontaktierungsstrukturen auf der 

lichtabgewandten Unterseite der Solarzelle angeordnet und ebenfalls inein­

ander verschachtelt sind. Unterhalb der auf der lichtzugewandten Oberseite 

des Absorbers vorgesehenen Antireflexschicht, die in eine Verkapselung 

integriert ist, weist die bekannte Solarzelle noch eine zusatzliche Passivie­

rungsschicht auf, die der Verringerung der Rekombination von lichterzeugten 

Ladungstragern auf der Vorderseite der Solarzelle dient, jedoch auch zusatz­

lich Licht absorbiert. Weitere interdigitale Solarzellen sind auch aus der 

US 4.927.770 mit sehr kleinen Emitterbereichen und aus der 

US 2004/0200520 A1 , bei der groBere Emitterbereiche in Graben vorgesehen 

sind, bekannt. Bei beiden bekannten interdigitalen Solarzellen ist auf der 

lichtzugewandten Oberseite neben einer Passivierungsschicht und e iner 

Anti~eflexschicht auch eine dotierte Frontschicht zur Ausbildung eines 

Minoritatsladungstrager reflektierenden Oberflachenfefds (Front Surface Field 

FSF) vorgesehen. lnsbesondere die das Oberfla.chenfeld ausbildende Schicht 

wirkt, wenn es sich um eine stark dotierte Si-Schicht handelt, stark absorbie­

rend und verringert damit den Lichteinfall in den aktiven Bereich der Solarzelle 

und die Ladungstragerausbeute. Auf der lichtzugewandten Oberseite ist die 

Ausbildung eines FSF jedoch von besonderer Bedeutung, da hier durch den 

starken Lichteinfall eine hohe Ladungstragererzeugung auftritt, deren 

Rel<ombination minimiert werden muss. 

Aus der OE 100 42 733 A1 ist eine ebenfalls reinkristalline Dunnschicht-Solar­

zelle mit einem transparenten Glassuperstrat auf der Lichteinfallsseite bekannt, 

die einen p-typ dotierten polykristallinen Absorber (p-pc-Si) mit einer Kontaktie-
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rungsschicht zwischen dern Absorber und dem Glassuperstrat aus p-hoch­

dotiertem polykristallinen Silizium (p+-pc-Si), die gleichzeitig als transparente 

Elektrode und als Schicht zum Aufbau eines FSF dient, aufweist. Die Erzeu­

gung des FSF und die Stromsammlung durch die transparente Elektrode auf 

der lichtzugewandten Seite werden jedoch auch hier mit Absorptionsverlusten 

im Eintrittsfenster erkauft. Eine Antireflexschicht auf der lichtzugewandten 

Seite ist nicht vorgesehen, deren Funktion muss von dem Glassuperstrat Ober­

nommen werden. Auf der lichtabgewandten Seite des Absorbers befindet sich 

direkt auf dem Absorber der Emitter aus n-hochdotiertem mikrokristallinem 

Silizium (n+-µc-Si) mit einer rauen abgewandten Oberflache, auf der eine 

Aluminiumschicht als ruckreflektierender Kontaktschicht und Elektrode 

angeordnet ist. 

Aufgabenstellung 

Ausgehend von der gattungsgema.Ben Heterokontaktsolarzelle, wie sie im 

Zusammenhang mit der HIT-Solarzelle oben naher beschrieben ist, besteht die 

Aufgabe fur die vorliegende Erfindung darin, eine tnoglichst einfach herstell­

bare Schichtstrukturgeometrie fur eine Heterokontaktsolarzelle mit geringen 

optischen Verlusten zu schaffen, die ohne eine transparent leitfahige Elektrode 

(TCO) auf der lichtzugewandten Seite auskommt und trotzdem eine zu 

bekannten Heterokontaktsolarzellen mit konventioneller Schichtstruktur­

geometrie vergleichbare Umsetzungseffizienz bei der Gewinnung von 

elektrischem Strom aus Sonnenenergie liefert. Es soil eine moglichst kurze 

Energierucklaufzeit fur die erzeugten Heterokontaktsolarzelleh durch eineh 

moglichst geringen Material-, Zeit- und vor allem Energieeinsatz bei einfacher 

und kostengOnstiger Herstellungsweise erreicht werden. Die erfindungs­

gemaBe Losung fOr diese Aufgabe ist dem Hauptanspruch zu entnehmen. 

Vorteilhafte Modifikationen der Erfindung werden in den UnteransprOchen 

aufgezeigt und im Folgenden im Zusamrnenhang mit der Ertindung naher 

erlautert. 
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Die erfindungsgemaBe Heterokontaktsolarzelle weist im grundsatzlichen 

Unterschied zu bekannten Heterokontaktsolarzellen eine invertierte Schicht­

strukturgeometrie und damit einen invertierten Heterokontakt auf. Der amorphe 

Emitter ist auf der lichtabgewandten Unterseite des Absorbers angeordnet. 

Hinter dem Absorber ist die lntensitat des einfallenden Lichts schon so stark 

verringert, dass in den Emitter kaum noch Strahlung eindringt und dort absor­

biert wird, sodass die Absorptionsverluste gering gehalten werden konnen. Auf 

der lichtzugewanqten Oberseite des Absorbers ist bei der erfindungsgemaBen 

Heterokontaktsolarzelle lediglich eine einzelne transparente Antireflexschicht 

mit verbesserten Antireflexeigenschaften als Deckschicht angeordnet, die 

aufgrund der Materialwahl gleichzeitig als elektrisch wirkende Passivierungs­

schicht eine Ladungstragerrekombination durch Ausbildung eines 

Minoritatsladungstrager r0ckstreuenden Oberflachenfeldes (FSF) verhindert. 

Die Antireflexeigenschaften der Antireflex-schicht werden durch die Wahl ihres 

Materials bedingt, das einen Brechungsindex (nARs) aufweisen muss, der 

groBer afs der Brechungsindex von Luft(nL), aber kleiner als der 

Brechungsindex des kristallinen Halbleitermaterials des Absorbers (nAs) ist 

(nL<nARs<nAa). Durch die doppelte Funktion der Deckschicht als transparente 

Antireflexschicht und als Passivierungsschicht entfallt insbesondere eine 

transparent leitfahige Elektrode (TCO) auf der lichtzugewandten Seite, da 

deren Fuhktion der Stromableitung durc ein feines Kontaktgitter als oberes 

Konatkierungssystem ubernommen werden kann. AuBerdem entfallen weitere 

Schichten, insbesondere hochdotierte Si-FSF-Schichten und damit stark 

absorbierende Passivierungsschichten, und deren Praparation auf der Solar­

zellenoberseite. Durch den Wegfall zusatzlicher Deckschichten wlrd der 

Herstellungsaufwand bezuglich Material-, Zeit- und Energieeinsatz bei der 

Heterokontaktsolarzelle nach der Erfindung bedeutsam reduziert und 

vereinfacht. 

Im Unterschied zu den bekannten interdigitalen kristallinen Solarzellen, die 

einen kristallinen, streifenformigen Emitter auch auf der lichtabgewandten 
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Absorberseite aufweisen, ist der amorphe Emitter der erfi17dungsgema.Ben 

Heterokontaktsolarzelle als durchgangige Schioht ausgebildet, sodass er 

einfacher herstellbar ist, efflzient arbeitet und einfach kontaktiert werden kann. 

Daruber hinaus wird der Emitter bei der Heterokontaktsolarzelle nicht durch 

Eindiffusion der entsprechenden Dotierspezies bei Temperaturen Ober 900QC 

gebildet, sondern beispielsweise durch plasmagestOtztes Abscheiden aus der 

Gasphase (PECVD) bei Substrattemperaturen von unter 250QC erzeugt. 

Weiterhin konnen bei der e1iindungsgemaBen Heterokontaktsolarzelle durch 

die Separation von transparenter Antireflexschicht und Emitter deren Schicht­

dicken unabhangig voneinander optimiert werden. So kann der Emitter auf der 

lichtabgewandten Unterseite des Absorbers in groBerer Schichtdicke ausge­

fOhrt werden als auf dessen lichtzugewandter Oberseite, wodurch eine gute, 

stabile Raumladungszone erzeugt wird. Die elektronischen Elgenschaften der 

aktiven Grenzflache zwischen Emitter und Absorber werden dadurch ver­

bessert. Bei der Erzeugung der transparenten Antireflexschicht wiederum 

muss keine ROcksicht mehr auf darunter liegende Schichten und einen 

Einfluss auf deren elektronische Eigenschaften genommen werden. 

Die im Absorber generierten Ladungstrager werden am Heterokontakt 

zwischen kristallinem Absorber und amorphen Emitter in der Raumladungs­

zone getrennt und Ober die ohmschen Kontaktierungsstrukturen abgefOhrt. 

Dabei durchdringt die eine ohmsche Kontaktierungsstruktur auf der lichtzu­

gewandten Oberseite des Absorbers, die mit einer minimierten Beschattungs­

flache ausgebildet ist, die transparente Antireflexschicht. Die andere ohmsche 

Kontaktierungsstruktur ist groBflachig auf dem Emitter auf der lichtabge­

wandten Unterseite des Absorbers ausgebildet. Vorteilhaft konnen auch 

unterhalb der die transparente Antireflexschicht durchdringenden Kontaktie­

rungsstrul<tur im Absorber Ladungstrager reflektierende Zonen ausgebildet 

sein, sodass zusammen mit dem von der transparenten Antireflexschicht 

bewirkten Ladungstrager ruckstreuenden Oberflachenfeld (FSF) auf der 

gesamten Oberflache des Absorbers ein geschlossenes Oberflachenfeld 
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erzeugt wird. Es wird .zur Kontaktierung des Emitters keine transparent 

leitfahige Oxidschicht (TCO : z.B. ITO) als Elektrode mehr benotigt, deren 

Abscheidung auf dem amorphen Emitter in Verdacht steht, die elektronischen 

Eigenschaften am Heteroubergang zu verschlechtern (s.o.). Diese technolo­

gische Schwierigkeit wird bei der Etfindung durch eine sanfte Metallisierung 

des amorphen Emitters, der eine gute groBflachige Kontaktierung erlaubt, zur 

Erzeugung der groBflachigen Kontaktierungsstruktur Ober beispielsweise 

thermische Verdampfung vermieden. Dabei kann die groBflachige Kontaktie­

rungsstruktur die gesamte Unterseite des Emitters 0berdecken oder durch 

Anwendung einer Maskentechnik groBere Flachenbereiche davon. 

Besonders g0nstig wirken sich die zuvor aufgefOhrten Vorteile auf die 

Heterokontaktsolarzelle nach der Erfindung mit invertiertem Heteroubergang 

aus, wenn der Absorber aus n-typ dotiertem kristallinem Silizium und der 

Emitter aus p-typ dotiertem amorphem Silizium mit einer intrinsischen, d.h. 

undotierten, amorphen Zwischenschicht bestehen. Bei einer derartigen 

Materialwahl kann ein technisch gut beherrschbarer, n-leitender Absorber aus 

Silizlum mit sehr guten Transporteigenschaften und einer hohen Ladungs­

tragerlebensdauer, das mono-, multi- oder auch mikro-kristallin ausgebildet 

sein kann. Bei der Wahl eines solchen Materialsystems ist es moglich, die 

FSF-bildende Passivierungsschicht nicht- wie aus dem Stand der Technik 

bekannt - aus Siliziumoxid, sondern aus Siliziumnitrit zu erzeugen. Dessen 

optischer Brechungsindex liegt zwischen dem von Luft und Silizium, sodass die 

Passivierungsschicht gleichzeitig als gute transparente Antireflexschicht 

wirksam ist. Eine entsprechend doppeltfunktionelle transparente Antireflex­

schicht ist auch moglich, wenn der Absorber p-leitend dotiert ist. Der 

Brechungsindex des gewahlten Materials muss wieder zwischen dem von Luft 

und Absorber liegen und das Material muss passivierend auf den Absorber 

einwirken. Weiterhin kann der Silizium-Absorber auf seiner lichtabgewandten 

Unterseite in einfacher Weise in einem Niedertemperaturprozess durch den 

Emitter aus amorphem Silizium passiviert werden, wodurch eine sehr geringe 

Grenzflachenrekombination bedingt wird, da offene Bindungen) so genannte 
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,,dangling bonds" sehr effizient chernisch abgesattigt werden. Die Absattigung 

mit amorphem Silizium, dessen BandlOcke weit oberhalb der des kristalllnen 

Siliziums liegt, ergibt einen sehr guten pn-HeterokontaktObergang. Das 

amorphe Silizium des Emitters hingegen zeigt starkes Absorptions- und 

Rekombinationsverhalten. Die Anordnung eines dOnnen Emitters hinter dem 

aktiven Bereich ist somit optimal. 

Weiterhin kann die eine ohmsche Kontaktierungsstruktur auf der lichtzuge­

wandten Oberseite des Absorbers als Kontaktfinger oder ~gitter aus Silber oder 

Aluminium und die andere ohmsche Kontaktierungsstruktur auf dem Emitter 

als dunne, flachige Metallschicht aus Gold oder einem anderen geeigneten 

Material ausgebildet sein. Seide Edelmetalle sind zwar relativ teuer, werden 

aber in so geringen Mengen verwendet, dass ihren sehr guten Leit- und 

Verarbeitungseigenschaften der Vorzug zu geben ist. Zudem ist bei grof3-

flachigen Strukturen eine Verdickung der Kontakte mit kostengunstigeren 

Metallen denkbar. AuBerdem kann der Absorber als selbsttragender Wafer, 

insbesondere Siliziumwafer, in relativ groBer Schichtdicke ausgefOhrt sein. Die 

Solarzelle nach der Erfindung kann aber auch in DCmnschichttechnik, d.h. rnit 

einzelnen Schichten von Schichtdicken im nm- bis µm-Bereich, ausgefuhrt sein 

und durch ein Glassubstrat auf der lichtabgewandten Unterseite des Absorbers 

die erforderliche Stabilitat erhalten. Weitere Anordnungen, Materialsysteme 

Lind Herstellungsprozesse konnen dem nachfolgenden speziellen Beschrei­

bungsteil entnommen werden. 

Ausfuhrungsbeispiele 

Ausbildungsformen der Heterokontaktsolarzelle mit inverUerter Schichtstruktur­

geometrie nach der Ertindung werden nachfolgend anhand der schematischen 

Figuren naher erlautert. Dabei zeigt: 
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Figur 2 

Figur 3 

10 

einen Schichtstrukturquerschnitt durch die 

Heterokontaktsolarzelle, 

PCT/DE2006/000G70 

ein Oiagramm mit einer Dunkel- und Hellkennlinie einer 

hergestellten Heterokontaktsolarzelle und 

ein Diagramm zur spektralen Quantenausbeute der 

Heterokontaktsolarzelle gemaB Figur 2. 

Die Figur 1 zeigt eine Heterokontaktsolarzelle HKS mit einem Absorber AB, in 

dessen lichtzugewandter Oberseite LO Lichtstrahlung (nat0rlich oder kCmstlich, 

sichtbar und/oder unsichtbar) einfallt (Pfeile). Der Absorber AB besteht aus 

einem selbsttragenden Wafer der Schichtdicke dAs aus n-typ dotiertem 

kristallinem Silizium n c-Si. Dabei kann das verwendete Silizium mono-, poly-, 

multi- oder mikrokristallin ausgebildet und entsprechend hergestellt sein. 

Auf der lichtzugewandten Oberseite LO des Absorbers AB ist als Deckschicht 
' OS eine transparente Antireflexschicht ARS aus Siliziumnitrit Si3N4 

angeordnet, die gleichzeitig a ls Passivierungsschicht PS auf dem Absorber AB 

wirkt und ein Ladungstrager ruckstreuendes Oberflachenfeld FSF (in Figur 1 

gestrichelt dargestellt) ausbildet zur Vermeidung von Ladungstrager­

rekombination auf der Lichteinfallsseite. Die Doppelfunktion der Deckschicht 

OS ergibt sich durch deren Materialwahl in Abhangigkeit vom 

Absorbermaterial. Die Antireflexeigenschaften der transparente 

Antireflexschicht werden durch die Wahl ihres optischen Brechungsindex nARS 

zwischen dem Brechungsindex nL von Luft und dem Brechungsindex n Aa des 

Absorbermaterials bedingt (nL<nARs<nAs). Die Passivierungseigenschaften 

hangen von der elektrischen Wirkung des gewahlten Materials auf die 

Absorberoberflache ab. Durch die einzige Deckschicht OS auf dem Absorber 

AB werden die Photonenverluste durch Absorption gegenuber einem 

konventionellen Heterokontaktsolarzellenaufbau mit einer Anordnung des 

Emitters EM auf der lichtzugewandten Oberseite LO des Absorbers AB 

erheblich reduziert. AuBerdem besteht beim Aufbau der transparenten 
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Antireflexschicht AAS keine Gefahr, die darunter liegende Schichten und deren 

elektronische Eigenschaften zu storen. 

Bei der Heterokontaktsolarzelle HKS mit invertierter Schichtstrukturgeometrie 

ist der Emitter EM auf der lichtabgewandten Unterseite LU des Absorbers AB 

angeordnet. Im gewahlten Ausfuhrungsbeispiel besteht der Emitter EM aus mit 

Wasserstoff H angereichertem amorphem Silizium mit einer p-typ Dotierung p 

a-Si:H. Aufgrund seiner invertierten Positionierung hinter dem Absorber AB 

kann der Emitter EM kein Licht absorbieren und somit in seiner Schichtdicke 

d dot individuell, insbesondere auch ausreichend dick, bemessen werden. 0a 

die Beweglichkeit der Ladungstrager in amorphem Silizium sehr viel geringer 

ist als in kristallinen Silizium, dart d dot aber auch nicht zu dick sein. Somit kann 

d dot im Hinblick auf einen geringen Serienwiderstand der Heterokontakt­

solarzelle HKS optimiert werden. Eine sehr dunne intrinsische (nicht dotietie) 

Zwischenschicht IZS mit der Schichtstarke d1 zwischen Absorber AB und 

Emitter EM ist im gewahlten Ausfuhrungsbeispiel aus amorphem Silizium i a­

Si: H ausgebildet. 

Die Heterokontaktsolarzelle HKS mit invertierter Schichtstrukturgeometrie weist 

auf ihrer lichtzugewandten Oberseite eine obere Kontaktierungsstruktm- OKS 

auf, die so ausgelegt ist, dass sie den Absorber AB mit nur einer minimalen 

Flache abschattet, sodass ein maximaler Lichteinfall moglich ist. Dazu kann die 

Kontaktierungsstruktur OKS finger- oder gitteriormig ausgeblldet sein. Im 

gewahlten Ausfuhrungsbeispiel wird die obere Kontaktierungsstruktur OKS von 

einem Kontaktgitter KG aus Silber Ag gebildet. Im Bereich des Kontaktgitters 

KG wird die transparente Antireflexschicht AR durchdrungen, sodass direkt 

unter den Kontaktfingern zunachst kein Minoritatsladungstrager reflektierendes 

Oberflachenfeld FSF ausgebildet ist. Bei der Erzeugung des Kontaktgitters KG 

konnen aber MaBnahmen (s.u.) ergriffen warden, die zu einer im gewahlten 

Ausfuhrungsbeispiel hoch n-dotierten n+ Einlagerung unterhalb des Kontakt­

gitters KG im Absorber AB fGhren, sodass auch hier ein Minoritatsladungs-
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trager reflektierendes Oberilachenfeld FSF (in Figur 1 strichpunktiert 

dargestellt) ausgebildet wird. Somit kann die gesamte Oberflache des 

Absorbers AB passiviert werden. 

Auf der Unterseite de~ Emitters EM befindet sich eine untere Kontaktierungs­

struktur UKS, welche nicht dem Lichteinfall ausgesetzt ist. Folglich muss sie in 

ihrer Beschattungsflache auch nicht minimiert sein, sondern kann den schlecht 

leitenden amorphen Emitter EM moglichst groBflachig zur Sammlung der 

getrennten Ladungstrager kontaktieren. Im gewahlten AusfOhrungsbeispiel ist 

die untere Kontaktierungsstruktur UKS als dunne fla.chige Metallschicht MS 

aus Gold Au ausgebildet. 

Die in der Figur 1 dargestellte Heterokontaktsolarzelle HKS mit invertierter 

Schichtstrukturgeometrie kann beispielsweise nach folgendem Ablauf 

hergestellt werden. Andere Herstellungsveriahren sind jedoch ebenfalls 

anwendbar. 

Auf einen absorbergroBen Abschnitt eines 0,7 bis 1,5 ncm n-dotierten Silizium­

Wafers zur Bildung des Absorbers AB der Schichtdicke dAs werden nach 

bekannter Standardrezeptur Wasserstoff (H)-terminierte Oberflachen nass­

chemisch prapariert. Auf die praparierte Oberflache wird anschlieBend bei 

325°C bis 345°C mittels Plasma-CVD eine etwa 70 nm dicke Schicht Silizium­

nitrit SiaN4 als transparente Antireflexschicht ARS abgeschieden. Diese kann 

anschlief3end von dem durch Siebdruck einer kommerziell erhaltlichen 

Silberleitpaste mit Phosphorquelle aufgebrachte Kontaktgitter KG bei 600°C 

bis 800°C durchdrungen (Durchfeuern der Kontakte durch die transparente 

Antiretlexschicht ARS) warden. Dabei entstehen unterhalb des Kontaktgitters 

KG durch das lokale Eindiffundieren des Phosphors stark n-dotierte Bereiche 

n+, die als Minoritatsladungstrager reflektierendes Oberflachenfeld FSF die 

Rekombination der lichtgenerierten Ladungstrager reduzieren und das Minorl­

tatsladungstrager reflektierendes Oberflachenfeld FSF von der transparenten 
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Antireflexschicht ARS im Bereich des Kontaktgitters KG schlieBen. Alternativ 

kann die transparente Antireflexschicht ARS beispielsweise mit photolithogra­

phischen Schritten partiell geoffnet werden, um das Silizium des Absorbers AB 

auf der lichtzugewandten Oberseite LO mit aufgedampftem Aluminium als 

Kontaktgitter KG ohmsch zu kontaktieren. 

Auf der lichtabgewandten Unterseite LU des Absorbers AB wird dann nach 

einem Atzreinigungsschritt dieser Oberflache in verdunnter Flusssaure ebenso 

mit Plasmadeposition amorphes Silizium als Emitter EM der Solarzelle SZ 

abgeschieden. Dies erfolgt in zwei Etappen : Zunachst wird eine wenige nm 

dunne intrinsische Zwischenschicht IS der Schichtdicke di undotiertes Silizium 

(i a-Si:H) aufgewachsen und anschlief3end eine mit etwa 10000 ppm Sor 

dotierte 20 nm - 40 nm dicke (Schichtdicke d dot) Emitterschicht (p a-Si:H) 

aufgebracht. 

Der Emitter EM wird auf der lichtabgewandten Unterseite LU im nachsten 

Schritt durch Aufdampfen einer etwa 150 nm dicken Metallschicht MS aus 

Gold Au metallisiert und auf diese Weise die untere Kontaktierungsstruktur 

UKS gebildet, wobei deren laterale Ausdehnung durch Ve1wendung 

verschieden grof3er Masken festgelegt werden kann. 

Alternativ hierzu kann bei Raumtemperatur eine manuelle Praparation der 

oberen Kontaktierungsstruktur OKS auf der transparenten Antireflexschicht 

ARS durch partielles Fortatzen der transparenten Antireflexschicht ARS aus 

SbN4, durch die Benetzung dieser freigelegten Stellen mit Galliumindium­

Eutektikum Gain und deren anschlieBendes Verkapseln mit silberhaltigen 

Leitklebern erfolgen. 

Erste nach dem vorbeschrieben Verfahren hergestellte Heterokontaktsolar­

zellen HKS mit invertierter Schichtstrukturgeometrie gemaB Figur 1 ze,igen 

einen Wirkungsgrad von Ober 11,05 % auf (Fig~r 2, Diagramm mit einer 
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Dunkel- und Hellkennlinie, Stromdichte SD in A/cm2 i.iber dem Potenzial P in 

V) bei einer fur kristallines Silizium typischen externen spektralen Quanten­

ausbeute (Figur 3, Diagramm spektrale Quantenausbeute tor die Solarzelle 

gemaB Figur 2, externe Quantenausbeute eQA Ober der Wellenlange .'A. in 

5 nm). Der durch den relativ hohen Serienwiderstand begrenzte Wirkungsgrad ist 

durch eine Optimierung der oberen Kontaktierungsstruktur OKS noch deutlich 

steigerbar. 

ErsatzbJatt 
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Patentanspruche 

1. Heterokontaktsolarzelle in Schichtstruktur rnjt einem Absorber aus p- oder n­

typ dotiertem kristallinem Halbleitermaterial, einem Emitter aus einern zurn 

Absorber entgegengesetzt dotierten amorphen Halbleitermaterial, einer intrin­

sischen Zwischenschicht aus amorphem Halbleitermaterial zwischen Absorber 

und Emitter, einer Deckschicht auf der llchtzugewandten Seite des Absorbers, 

einer ein Minoritatsladungstrager reflektierendes Oberflachenfeld ausbildenden 

Schicht sowie mit einer ohmschen Kontaktierungsstruktur mit einer minimierten 

Beschattungsflache auf der lichtzugewandten Seite des Absorbers und einer 

ohmschen Kontaktierungsstruktur auf der lichtabgewandten des Absorbers, 

dadurch gekennzeichnet, dass 

in einer invertierten Schichtstrukturgeometrie der Emitter (EM) auf der 

Jichtabgewandten Unterseite (LU) des Absorbers (AB) angeordnet ist, dass die 

Deckschicht (OS) auf der lichtzugewandten Seite des Absorbers (AB) durch 

eine Materialwahl in Abhangigkeit vom Absorbermaterial sowohl als transpa­

rente Antireflexschicht (ARS) als auch als eine ein Minoritatsladungstrager -

reflektierendes Oberflachenfeld (FSF) ausbildende Passivierungsschicht (PS) 

des Absorbers (AB) ausgebildet ist und dass die ohmsche Kontaktierungs­

struktur (OKS) auf der lichtzugewandten Oberseite (LO) des Absorbers (AB) 

die transparente Antireflexschicht (ARS) durchdringt und die andere ohrnsche 

Kontaktierungsstruktur (UKS) groBflachig auf dem Emitter (EM) auf der 

lichtabgewandten Unterseite (LU) des Absorbers (AB) ausgebildet ist. 

2. Solarzelle nach Anspruch 1 , 

dadurch gekennzeichnet, dass 

unterhalb der die transparente Antireflexschicht (ARS) durchdringenden 

Kontaktierungsstruktur (OKS) im Absorber (AB) Ladungstrager reflektierende 

Bereiche (n+) ausgebildet sind. 
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der Absorber (AB) aus n-typ dotiertem kristallinem Silizium (n c-Si), der Emitter 

(EM) aus p-typ dotiertem amorphem Silizium (p a-Si:H) und die intrinsische 

Zwischenschicht (IZS) aus undotiertem amorphem Silizium (i a-Si:H) bestehen. 

4. Solarzelle nach einem der AnsprOche 1 bis 3 , 

dadurch gekennzeichnet, dass 

die transparente Antireflexschicht (AAS) aus Siliziumnitrit (SisN4) besteht. 

5. Solarzelle nach einem der Anspruche 1 bis 4, 

dadurch gekennzeichnet, dass 

die eine ohmsche Kontaktierungsstruktur (OKS) auf der lichtzugewandten 

Oberseite (LO) des Absorbers (AB) als Kontaktfinger oder-gitter (KG) aus 

Silber (Ag) und die andere ohmsche Kontaktierungsstruktur (UKS) als dunne 

flachige Metallschicht (MS) aus Gold (Au) ausgebildet ist. 

6. Solarzelle nach einem der AnsprOche 1 bis 5, 

dadurch gekennzeichnet, dass 

der Absorber (AB) aus einem selbsttragenden Wafer besteht. 

7. Solarzelle nach einem der AnsprOche 1 bis 6, 

dadurch gekennzeichnet, dass 

ein DOnnschichtaufbau fur die Schichten der Solarzelle (SZ) und ein tragendes 

Glassubstrat auf der lichtabgewandten Unterseite (LU) des Absorbers (AB) 

vorgesehen sind. 
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Applicant(s) Application No. 
14/504,771 COUSINS, PETER JOHN 

Office Action Summary Examiner 
DEVINA PILLAY 

Art Unit 
1755 

AIA (First Inventor to FIie) 
Status 

No 

- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE g MONTHS FROM THE MAILING DATE OF 
THIS COMMUNICATION. 

Exteosions ol l ime may be available uoder 1he provisions of 37 CFR 1.136(a). lo oo eveot, however. may a reply be timely tiled 
after SIX (6) MONTHS from the rnaihng date of 1hls communication. 

• If NO pe/iod lor reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS lrom the mailing date ol this communication. 
Failure to reply wilhfn the se1 or extended period lor reply will, by statute. cause the applIoatlon to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Oltice later 1han three months after the mailing date of this communication, even II timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1. 704(b} 

Status 
1 )C8:I Responsive to communication(s) filed on 1-20. 

0 A declaration(s)/affidavlt(s) under 37 CFR 1.130(b) was/were filed on-----'-

2a)D This action is FINAL. 2b)D This action is non-final. 
3)0 An election was made by the applicant in response to a restriction requfrement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 
4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed In accordance wtth the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5)C8J Claim(s) 1-20 is/are pending in the application. 

5a) Of the above claim(s) __ is/are wlthdrawn from consideration. 
6)0 Claim(s) __ is/are allowed. 

7)0 Claim(s) __ is/are rejected. 
8)0 Claim(s) __ is/are objected to. 
9)C8J Claim(s) 1-20 are subject to restriction and/or election requirement. 

• Jf 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 

hftp./1www.uspto.gov1pateots/lnlt events/pph/indeicjsp or send an inquiry to PPHfeedback@uspto.gov. 

Application Papers 
10)0 The specification is objected to by the Examiner. 
11 )0 Thedrawing(s) filed on __ is/are: a)O accepted or b)O 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 drawtng sheet(s) includtng the correction is required if the drawtng(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)□ All b)D Some*"" c)D None of the: 
1 ,0 Certified copies of the priority documents have been received. 
2.D Certified copies of the priority documents have been received in Application No. __ . 
3.0 Copies at 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 

Attachmen1(s) 

1) D Notice of References Cited (PTO-892) 

'2) D lnfonnation Disclosure Statement(s) {PTO/S'8/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date __ 

U.S. Patent a~d Trademark Ofltca 
PTOL-326(Rev 11·13) Office Action Summary 

3) D Interview Summary (PTO·413) 

Paper No(s)/Mail Date. __ 

4) D Other: __ _ 

Pan of Paper No./Mail Date 20160317 
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Application/Control Number: 14/504, 771 

Art Unit: 1755 

1. The present application is being examined under the pre-AIA first to invent 

provisions. 

DETAILED ACTION 

Election/Restrictions 

Page 2 

2. Restriction to one of the following inventions is required under 35 U.S.C. 121: 

J. Claims 1-14, drawn to a solar cell, classified in H01 L31 /022425. 

II. Claims 15-20, drawn to a method of fabricating a solar cell, classified in 

H01 L31 /182. 

The inventions are distinct, each from the other because of the following reasons: 

3. Inventions 11 and I are related as process of makihg and product made. The 

inventions are distinct if either or both of the following can be shown: (1) that the 

process as claimed can be used to make another and materially different product or (2) 

that the product as claimed can be made by another and materially different process 

(MPEP § 806.05(f)). In the instant case the product as claimed can be made by another 

and materially different process. for example, the substrate can be formed on the first 

tunnel dielectric. 

4. Restriction for examination purposes as indicated is proper because all these 

inventions listed in this action are independent or distinct for the reasons given above 

and there would be a serious search and/or examination burden if restriction were not 

required because one or more of the following reasons apply: 
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Page 3 

(a) the inventions have acquired a separate status in the art in view of their 

different classification; 

(b) the inventions have acquired a separate status in the art due to their 

recognized divergent subject matter; 

(c) the inventions require a different field of search (for example, searching 

different classes/subclasses or electronic resources, or employing different search 

queries); 

(d) the prior art applicable to one invention would not likely be applicable to 

another invention; 

(e) the inventions are likely to raise different non-prior art issues under 35 U.S.C. 

101 and/or 35 U.S.C. 112, first paragraph. 

Applicant is advised that the reply to this requirement to be complete must 

include (I) an election of a invention to be examined even though the requirement 

may be traversed (37 CFR 1.143) and (ii) identification of the claims encompassing 

the elected invention. 

The election of an invention may be made with or without traverse. To reserve a 

right to petition, the election must be made with traverse. If the reply does not distinctly 

and specifically point out supposed errors in the restriction requirement, the election 

shall be treated as an election without traverse. Traversal must be presented at the time 

of election ,n order to be considered timely. Failure to timely traverse the requirement 

will result in the loss of right to petition under 37 CFR 1.144. If claims are added after 
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the election, applicant must indicate which of these claims are readable upon the 

elected invention. 

Page 4 

Should appl icant traverse on the ground that the inventions are not patentably 

distinct, applicant should submit evidence or identify such evidence now of record 

showing the inventions to be obvious variants or clearly admit on the record that this is 

the case. In either instance, if the examiner finds one of the inventions unpatentable 

over the prior art, the evidence or admission may be used in a rejection under 35 U.S. C, 

103 or pre-AIA 35 U.S.C. 103(a) of the other invention. 

5. The examiner has required restriction between product or apparatus claims and 

process claims. Where applicant elects claims directed to the product/apparatus, and all 

product/apparatus claims are subsequently found allowable, withdrawn process claims 

that include all the limitations of the allowable product/apparatus claims should be 

considered for rejoinder. All claims directed to a nonelected process invention must 

include all the limitations of an allowable product/apparatus claim for that process 

invention to be rejoined. 

In the event of rejoinder, the requirement for restriction between the 

product/apparatus claims and the rejoined process claims will be withdrawn, and the 

rejoined process claims will be fully examined for patentability in accordance with 37 

CFR 1.104. Thus, to be allowable, the rejoined claims must meet all criteria for 

patentability including the requirements of 35 U.S.C. 101 , 102, 103 and 112. Until all 

claims to the elected product/apparatus are found allowable, an otherwise proper 

restriction requirement between product/apparatus claims and process claims may be 
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maintained. Withdrawn process claims that are not commensurate in scope with an 

allowable product/apparatus claim will not be rejoined. See MPEP § 821.04. 

Additionally, in order for rejoinder to occur, applicant is advised that the process claims 

should be amended during prosecution to require the limitations of the 

product/apparatus claims. Failure to do so may result in no rejoinder. Further, note 

that the prohibition against double patenting rejections of 35 U.S.C. 121 does not apply 

where the restriction requirement is withdrawn by the examiner before the patent 

issues. See MPEP § 804.01 . 

Conclusion 

6. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to DEVINA PILLAY whose telephone number is (571 )270-

1180. The examiner can normally be reached on Monday thru Friday 7:30am -5:00prn 

(EST). Examiner Fax Number is (571 )-270-2180. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Jeffrey T. Barton can be reached on 571-272-1307. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 
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Page 6 

Information regarding the status of an application may be obtalned from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

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

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/DEVINA PILLAY/ 
Primary Examiner, Art Unit 1755 
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S0123 US2 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Appl. No.; 14/504,771 Confirm. No. 3342 

Applicant: Peter John Cousins Art Unit: 1755 

Filed: October 2, 2014 Examiner: Devina Pillay 

Docket No.~ 10031.004211 Customer No.: 74254 

Title: FRONT CONTACT SOLAR CELL WITH FORMED EMITTER 

RESPONSE TO MARCH 21, 2016 RESTRICTION REQUIREMENT 

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

Dear Sir: 

PATENT 

In response to the March 21, 2016 Restriction Requirement, Applicants respectfully submit 

the following response. 

-1-
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REMARKS 

Claims 1-20 are pending in th.e present application. 

Restriction Requirement 

A restriction requirement under 35 µ.S.C. 121 was made in the latest Office Action to one 

of the following two groups of claims: 

I. Claims 1-14, drawn to a solar cell, classified in H01L31/022425. 

TI. Claims 15-20, drawn to a method of fabricating a solar cell, classified in H01L31/182. 

In reply to this requirement, Applicants elect Group L encompassing claims 1-14 for 

examination. This election is made without traverse. 

Conclusion 

The Examiner is invited to call the undersigned for any questions. Favorable action is 

respectfully solicited. 

Respectfully submitted, 

Patrick D. Benedicto, Reg. No. 40,909 
OKAMOTO & BENEDICTO LLP 
P.O. Box 641330 
San Jose, California 95164 
(408) 436-2110 

-2-
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This Acknowledgement Receipt evidences receipt on the noted date by the US PTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

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

National Stage of an International Application under 35 U.S.C. 371 
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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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Applicant(s) Application No. 
14/504,771 COUSINS, PETER JOHN 

Office Action Summary Examiner 
DEVINA PILLA Y 

Art Unit 
1755 

AIA (First In ventor to FIie) 
Status 
No 

- The MAILING DATE of this communication appears on the cover sheet with the correspondence address -
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIREg_ MONTHS FROM THE MAILING DATE OF 
THIS COMMUNICATION. 

- Extensions of lime may be available under 1he provisions of 37 CFR 1 .136(a), In no event, however. may a reply be timely filed 
atter SIX (6) MONTHS fromihe mailing da1e of this communication. 

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from ihe mailing date of this communication. 
Failure to reply wnhrn 1he set or extended period tor reply Will , by statute, oause the applioatlon to beoome ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months afler the mailing dale of 1hls comm1mlcation, even ii timely filed, may reduce any 
earned patent 1erm adjustment. See 37 CFR 1. 704(b). 

Status 
1 )t81 Responsive to communication(s) filed on 05/06/2016. 

0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were fi led on-----" 

2a)O This action is FINAL. 2b)[81 This action is non-final. 
3)0 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)0 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)[81 Claim(s) 1-20 is/are pending in the application. 

5a) Of the above claim(s) 15-20 is/are withdrawn from consideration. 
6)0 Claim(s) __ is/are allowed. 

7)[81 Claim(s) 1-14 is/are rejected. 
8)0 Claim(s) __ is/are objected to. 
9)0 Claim(s) __ are subject to restriction and/or election requirement. 

• )f 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 

hftp.!IWWW.uspto.qoV!patent:s/lnit events/pph/index.isp or send an ;nquiry to PPHfeedback@uspto.gov. 

Application Papers 
10)0 The specification is objected to by the Examiner. 

11 )0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 
Applicant may not request that any objection tot.he drawing(s) be held in abeyance. See! 37 CFR 1.85(a). 

Replacement drawfng sheet(s) incJudfng the correction is required lf the drawfng(s) fs objected to. See 37 CFR 1.121 (d) 

Priority under 35 U.S.C. § 119 

i 2)O Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § ii 9(a)-(d) or (f). 
Certified copies: 

a)O All b)O Some~· c)O None of the: 
1.0 Certified copies of the priority documents have been received. 
2.0 Certified copies of the priority documents have been received in Application No. __ . 
3.0 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) 

2) t8:J 1nformation Disclosure S1alemen1(s) (PTO/SB/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date 10/29/2015 06/ 11/2015. 

U.S. Patent and Trademali< Office 
PTOL-326 (Rev. 11 -13) Office Action Summary 

3) 0 Interview Summary (PTO·413) 
Paper No(s)/Mail Date. __ 

4) 0 other: __ . 

Part of Paper No./Mall Date 20160608 
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1. The present application is being examined under the pre-AIA first to invent 

provisions. 

DETAILED ACTION 

Election/Restrictions 

2. Claims 15-20 are withdrawn from further consideration pursuant to 37 CFR 

1.142(b) as being drawn to a nonelected method of fabricating a solar cell , there being 

no allowable generic or linking claim. Election was made without traverse in the reply 

filed on 05/06/2016. 

3. Applicant's election without traverse of claims 1-14, drawn to a solar cell , in the 

reply filed on 05/06/2016 is acknowledged. 

Claim Rejections-35 USC§ 112 

4. The following is a quotation of 35 U.S.C. 112(b): 
(b) CONCLUSION.-The specification shall conclude with one or more claims particularly 
pointing out and distinctly claiming the subject matter which the Inventor or a joint Inventor 
regards as the invention. 

The following is a quotation of 35 U.S.C. 11 2 (pre-AIA), second paragraph: 
The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

5. Claims 9-14 rejected under 35 U.S.C. 11 2(b) or 35 U.S.C. 11 2 (pre-AIA), second 

paragraph, as being indefinite for failing to particularly point out and distinctly claim the 

subject matter which the inventor or a joint inventor, or for pre-AIA the applicant regards 

as the invention. 

6. Claim 9 recites "a back surface" in line 3 and later recites "a back surface" in line 

6. It is unclear if these are the same back surfaces or not. Further clarification and 

appropriate correction is required. 
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Claim Rejections - 35 USC§ 103 

Page 3 

7. The following is a quotation of pre-A IA 35 U.S.C. 103(a) which forms the basis 

for all obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described 
as set forth in section 102 of this title, if the differences between the subject matter sought to 
be patented and the prior art are such that the subject matter as a whole would have been 
obvious at the time the invention was made to a person having ordinary skill in the art to which 
said subject matter pertains. Patentability shall not be negatived by the manner in which the 
lnvention was made. 

8. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under pre-AIA 35 U.S.C. 103(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 

obviousness or nonobviousness. 

9. This application currently hames joint inventors. In considering patentability of the 

claims under pre-Al A 35 U.S.C. i 03(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). 
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10. Claims 1-14 are rejected under pre-AIA 35 U.S.C. 103(a) as being 

Page4 

unpatentable over Okayasu (JP 07-106611, Machine Translation) in view of Ohmi 

(US 5,563,092) in further view of Foglietti (US 2002/0142500 A1). 

Regarding claims 1-6, Okayasu discloses a solar cell (See Fig. 1), comprising : 

a substrate ( 1 ) ; 

an emitter (2) disposed over the substrate: 

a front electrode (either 4 or 6) disposed over a front surface (top or bottom 

surface) of the substrate; and a back electrode (6 or 4) disposed over a back surface 

(bottom or top) of the substrate ([0044]). 

However, Okayasu does not discloses a tunneling dielectric oxide between the 

emitter and the substrate. 

Ohmi discloses that that when growing an amorphous silicon layer on a 

monocrystalline substrate a thin tunneling oxide layer is placed between so that 

crystal line growth is suppressed (C1 /L20-25, C3/L50-55 and C4/L5-65) which is 

applicable to solar cells (C2/L20-23). 

Foglietti discloses that polycrystalline growth directly on crystalline silicon results 

in partial realignment of the polycrystalline grains and to suppress this effect a thin oxide 

can be grown similar to that disclosed by Ohmi ([00461). 

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

invention to modify the solar cell of Okayasu by providing a thin tunneling oxide 

between the emitter layer (2, formed of polysrncon or amorphous silicon) and the 

substrate (1 formed of single crystalline silicon) and the BSF layer (5 polysilicon layer or 
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amorphous layer) and the substrate (1 formed of single crystalline silicon) because as 

disclosed by Ohmi and Foglietti it suppresses realignment of polysilicon emitter and 

BSF layers. 

Regarding claim 7, modified Okayasu discloses all of the claim limitations as set 

forth above. 

fn addition, Okayasu discloses tnat the back electrode (4) 1nc1uaes silver I0044J. 

Regarding claim 8, modified Okayasu discloses all of the claim limitations as set 

forth above. 

In addition, Okayasu discloses that there is an anti-reflection layer (3 [0044]) 

disposed over the front surface (top) of the substrate. 

Regarding claims 9-13, Okayasu discloses a solar cell (See Fig. 1 ), comprising: 

a substrate ( 1 ) : 

an emitter (2) disposed over a back surface (top surface) of the substrate; 

a front electrode (6) disposed over a front surface (bottom surface) of the 

substrate; 

and a back electrode (4) disposed over the back surface (top) of the substrate 

([0044]). 

However, Okayasu does not discloses a tunneling dielectric oxide between the 

emitter and the substrate. 

bottom or top) of the substrate ([0044)). 

However, Okayasu does not discloses a tunneling dielectric oxide between the 

emitter and the substrate. 
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applicable to solar cells (C2/L20-23). 

Page 6 

Foglietti discloses that polycrystalline growth directly on crystalline silicon results 

,n partial realignment of the polycrystalline grains and to suppress this effect a thin oxide 

can be grown similar to that disclosed by Ohmi ([00461). 

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

invention to modify the solar cell of Okayasu by providing a thin tunneling oxide 

between the emitter layer (2, formed of polysilicon or amorphous sil icon) and the 

substrate (1 formed of single crystalline silicon) and the BSF layer (5 polysilicon layer or 

amorphous layer) and the substrate (1 formed of single crystalline silicon) because as 

disclosed by Ohmi and Foglietti it suppresses realignment of polysilicon emitter and 

BSF layers. 

Regarding claim 14. modified Okayasu discloses all of the claim limitations as set 

forth above. 

In addition, Okayasu discloses that the back electrode (4) includes silver [0044}. 

11. Claims 1-14 are rejected under pre-AIA 35 U.S.C. 103(a) as being 

unpatentable over Okayasu (JP 07-106611 , Machine Translation) in view of 

Borden (WO 2009/094578 A2, please note provisional filing date). 

Regarding claims 1-6. Okayasu discloses a solar cell (See Fig. 1 ), comprising : 

a substrate (1 ); 
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a front electrode (either 4 or 6) disposed over a front surface (top or bottom 

surface) of the substrate; and a back electrode (6 or 4) disposed over a back surface 

(bottom or top) of the substrate ([0044)). 

However, Okayasu does not discloses a tunneling dielectric oxide between the 

emitter and the substrate. 

Borden discloses that tunnel oxides can be used in solar cells between doped 

polysilicon and monocrystalline substrates [0016]. 

Furthermore, Borden discloses that by providing the tunneling layer it prevents 

epitaxial growth of the emitter layer and further it protects the surface from plasma 

damage of the deposited emitter layer [0008]. 

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

invention to modify the interface between polycrystalline layers and monocrystalline 

substrates of Okayasu by having a tunneling oxide because it prevents epitaxial growth 

of the emitter layer and further it protects the crystalline surface from plasma damage of 

the deposited emitter layer. 

Regarding claim 7, modified Okayasu discloses all of the claim limitations as set 

forth above. 

In addition, Okayasu discloses that the back electrode (4} includes silver [0044]. 

Regarding claim 8, modlfied Okayasu discloses all of the claim limitations as set 

forth above. 
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In addition, Okayasu discloses that there is an anti-reflection layer (3 [0044]) 

disposed over the front surface (top) of the substrate. 

Regarding claims 9-13, Okayasu discloses a solar cell (See Fig. 1 ), comprising : 

a substrate ( 1 ) : 

an emitter (2) disposed over a back surface (top surface) of the substrate; 

a front electrode (6) disposed over a front surface surface) of the substrate; 

and a back electrode (4) disposed over the back surface (bottom or top) of the 

substrate ([0044]). 

However, Okayasu does not discloses a tunneling dielectric oxide between the 

emitter and the substrate. 

Borden discloses that tunnel oxides can be used in solar cells between doped 

polysilicon and rnonocrystalline substrates [0016]. 

Furthermore, Borden discloses that by providing the tunneling layer it prevents 

epitaxial growth of the emitter layer and further it protects the surface from plasma 

damage of the deposited emitter layer [0008). 

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

invention to modify the interface between polycrystalline layers and monocrystalline 

substrates of Okayasu by having a tunneling oxide because it prevents epitaxial growth 

of the emitter layer and further it protects the crystalline surface from plasma damage of 

the deposited emitter layer. 

Regarding claim 14, modified Okayasu discloses all of the claim limitations as set 

forth above. 
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In addition, Okayasu discloses that the back electrode (4) lncludes silver [0044]. 

Double Patenting 

12. The nonstatutory double patenting rejection is based on a judicially created 

doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 

unjustified or improper timewise extension of the "right to exclude" granted by a patent 

and to prevent possible harassment by multiple assignees. A nonstatutory double 

patenting rejection is appropriate where the claims at issue are not identical, but at least 

one examined application claim is not patentably distinct from the reference claim(s) 

because the examined application claim is either anticipated by, or would have been 

obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPO2d 

1226 (Fed. Cir. 1998); In re Goodman1 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 

1993): In re Langi, 759 F.2d 8871 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 

686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 

(CCPA 1970): and In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321 (c) or 1.32.1 (d) 

may be used to overcome an actual or provisional rejection based on a nonstatutory 

double patenting ground provided the reference application or patent either is shown to 

be commonly owned with this application, or claims an invention made as a result of 

activities undertaken within the scope of a joint research agreement. See MPEP § 

717.02 for applications subject to examination under the first inventor to file provisions 

of the AIA as explained in MPEP § 2159. See MPEP §§ 706.02(1)(1) - 706.02(1)(3) for 
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applications not subject to examination under the first inventor to file provisions of the 

AIA. A terminal disclaimer must be signed in compliance with 37 CFR 1.321 (b). 

The USPTO Internet website contains terminal disclaimer forms which may be 

used. Please visit www.uspto.gov/forms/. The filing date of the application in which the 

form is tiled determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or 

PTO/AJA/26) should be used. A web-based eTerminal Disclaimer may be filled out 

completely online using web-screens. An eTerminal Disclaimer that meets all 

requirements is auto-processed and approved immediately upon submission. For more 

information about eTerminal Disclaimers, refer to 

http://www.uspto.gov/patents/process/file/efs/gUidance/eTD-info-l.jsp. 

13. Claims 1-14 are rejected on the ground of nonstatutory double patenting as being 

unpatentable over claims 1-11 of U.S. Patent No. 8,207,444. Although the claims at 

issue are not identical, they are not patentably distinct from each other because they 

discloses a similar solar cell with a backside polysilicon emitter and tunnel oxide at the 

interfaces between the monocrystalline substrate and the emitter and the 

monocrystalline substrate and the front side electrode. 

14. Claims 1-14 are rejected on the ground of nonstatutory double patenting as being 

unpatentable over claims i-12 of U.S. Patent No. 8,222,516. Although the claims at 

issue are not identical! they are not patentably distinct from each other because they 

discloses a similar solar cell with a backside polysilicon emitter and tunnel oxide at the 

interfaces between the monocrystalline substrate and the emitter and the 

monocrystalline substrate and the front side electrode. 
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15. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to DEVINA PILLAY whose telephone number is (571 )270-

1180. The examiner can normally be reached on Monday thru Friday 7:30am -5:00prn 

(EST). Examiner Fax Number is (571 )-270-2180. 

If attempts to reach the examiner by telephone are unsuccessfur, the examiner's 

supervisor) Jeffrey T. Barton can be reached on 571-272-1307. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications ,s available through Private PAIR only. 

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

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/DEVINA PILLAY/ 
Primary Examiner, Art Unit 1755 
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j (photovoltaic)} i USPAT; i 14:09 
! i uscx:;R; j 
l i FPRS· l 
l i Ee::,-"\· 

1

JPQ· l ~ ; rv. , :::: 

I
• l ! DERWENT;! I i l,_ 

j j IBM_TDB j 
:====~I 

'01 ·□9 i ("4090213" I "4131486" I "4133698" I 1 U&PGP\JB; ·□ION 12009/12/07 
\ . \ "4232245" I "4255211" I "4315097" I I USPAT; . • ) 14:32 
1 i "4316049" 1 "434; 918'' 1 "4365262" 1 ! uscx:;R • • i 
). • ' "4367368" I "4385198" I ! • • i 
( • I "4427839") .PN ... OR ("4665277") .URPN ... ! ........................ • ................ .J ......................... .. r l□·. 14 .1 ("3150999'' I "4227942" I • U&PGP\JB; ··□R •. 

1

0N 

1

2000/ 12/07! 
j "4348254").PN. OR ("4427839'') .URPN. USPAT; j 14:35 I 
l Uscx:;R . • l ! 

i S33 i 1092 i (antireflection or anti near reflection or i US-PGPUB; OR • ON i 2009/12/0i 
l l ARC) and emitter and textur$5 i USPAT; l 14:47 
l l i uscx:;R· l 
l l i FPRS; ' i 
i i i EPO· JPO· l 
i l ! DERWENT; l 

l i I BNt TDB • l .............. ..... . ......................................................................... _• , ...... - .. - ... - • .-...... _ ....... • ................... •~ ===! 
S34 233 (S33 and (solar near cell) ; U&PGP\JB· OR i ON i 2009/12/07 

j i USPAT; , 1 l 14:47 
, ! uscx:;R; j I 

I j I I EFPRPO~;JPO· j ! ;_: 
' i , i ' ' ! ! l i i ! DERWENT; ! i i 
i l l i I BNt TDB I l l 
: ........... • ............ ... ,: ................................... ,. ............................... ....... J . ..... - ............. • ................... .. ·" .................. . ....... ................... . 

j S35 ~215 IS34 not (S17) i U&PGPUB;[ OR ~ON \ 2009/ 12/07' 
; i i j USPAT; ' ' 114:47 
l l i uscx:;R; l 
I I ! FPRS; l 
• l i EPO; JPO; j 

l ! DERWENT; i 
l ! IBM TDB j 

n• • ,, u,un,,,.) ,n,,u-.,,u-.un,uu••n•••n••n••nn,nu•~•uuuu,-.uu,,uu,uuu-.,uuuu••••' __. ,u,• , u,uu,,u,,nn •n•••,.. , u uuu••n•••n• -,. •"',• u n ~n••n• •nn•n•u~ 

jS36 215 l S35 not S2.9 ! U&FGP\JB; OR ON i 2009/12/07' 
i l ! USPAT; 114:48 , •', ' : 

::;'':, i i U&X;R; j j [ FPRS; j 
i i EPO; JPO; l 
l l DERWENT; l l ! IBM TDB i 
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S42 87 l S41 not S40 ! US-PGRJB; OR ON l 2009/12/07 
l ! USPAT; j 15:24 
~ ! LJS)8R· ~ 
l i FPRS· , l 
', ' ' ~ 
l i EPO; JPO; j 
~ ; DERWENT; ! 
~ . ... 

"'"""·"' "'""''"'"""' "'"""''""'""""'""""""''""""'""'""""""'"""'"""""'"'" ! I, BM ___ TDB ... """""""""""". '"'"""'"""": "'""""'"""'"""'" 
;',,.·· S43 138 l S41 not S36 t US-PGPUB; l OR ON l 2009/ 12/ 07i 

l i USPAT; ! l 15:24 I 
I, i LJS)8R; 1 l: l 

!,,,:·,,_ ... ' : , I i FPRS; l 
~ ' EPO JPO ... 

' ! I DE~8'Ji; I 
l l i IBM TDB l r : .. r .i ("2841860" I "2854363" I ·.'3134906" I 1 US-ffiPUB;' OR '·ION i2ooe112107' 
j • j "4070689" I "4341589" I "4428783" I i USPAT; • j 15:30 
) l "4523966" I "4665277" I "4703553" ] i LJS)8R ) 
' j "5156978") .PN. OR ("5928438'').URPN. ! • 1 

::====:I 

D
□ 

.. 
19 l. ("4090213" I "4131486" I "4133698" I ! US-PGRJB;l'• .. □R 1 .. 10N i 2009/12/07! j"4232245" I "4255211" I "4315097" I ! USPAT; . . j 16:00 I 

j ! ''4316049" I "4341918" I "4365262" I ! LJS)8R • • j 
j j "4367368" I "4385198" I ! . ) 
j ) "4427839").PN. OR ("4665277").URPN. i i 
r6 l□• 11 1 ("3081370", "37571~3" I "3948682", --i US-PGPUB;··□R •. 

1

0N 1;=20=--0=9/ ..... --1--=21=07""'1
1 

' · j "3969746").PN. OR ("4131486").URPN. i USPAT; j 16:02 I 
l j USOCR j ! 

S47 15 l "5258077" l USFGPUB; OR ON !2009/12/07' 
j I USPAT; ) 17: 11 
i l USOCR· l 
~ l J ~ · 

! i FPRS· • t j ' . J • : ~ i 
i : EPO, JPO, : _:! , 
i l f i 
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l i{ 1l IIPs~~T;J[ l[_!j j 

D
-·-···..!•••114 7 i "38959 75" I • 4056879~ j :::; 10604 7" I i US-~s~ lffi ·-1· ... CN i 200.9112101·· 

l ''4,31486" I "4226017" I "4916503" I i USPAT; l 17:13 
j "5538564" I "5641362" I "5951742" I I UffiCR j 
l "5973260" I "'6071753") .FN. OR ! • ) 
j ("6262359") .URFN. ! • l 

::.===~I 
S49 j 7 l{back near junction) and (passiv$4 with 1 USPGPUB;i OR j ON } 2009/ 12/071 l 1 l "SO.sub.2") i USPAT; ) 18:25 

I l i UffiCR· l 

i,,,·. l ! FPRS; ' i 
I l ~;J~ l 

: ' l I DERWENT; l 
1 ............ 1 .............. ..l ................................... ·, N •••••••••• • ' ·············i 1.BM_TDB ................................................ J ................... ····· 
j S50 110 !{back with surface with field) and I U&PGR.JB;l OR ON l 2009/ 12/07 
j l (passiv$4 with "SiO.sub.2") i USPAT; f ) 18:27 

I I I ~~~ I I 
! 1 l i EFQ; JPO; 1 ·,1 l 
I I I i DERWENT· ! l 
l i I I I BM TDB ' i i l 
~ .......... L ................ ' ................................................................ ... ....... .J ........ -,. .......... J .......... ,. ....... .! ................... ' .......................... . 
l -851 H 5 l (passiv$4 with "SiO.sub.2" with i US-PGR.JB; OR ON l 2009/ 12/07' 
j l l emitter) i USPAT; j 18:28 

I I , ~R; I 
1 I I EFD; JPO; l 
I l i DERWENT- l 
l l i I BM TDB ' l 
., nn,nn,n ,n,h,,nn,nn ;, ,,n,,nnnn,nn,nnnn,nn,n,,nn,nn.._.n,nn,nn,n,,nnnn,nn,nn,nn, \ ,n,,n - ,,nn..,..,n, nn,,nn,,n,nn,nn,,._ nnn,nnnnnn.. ,,nnhnnnn,nnnn,,. i S52 , 1984 I (passiv$4 with ("SiO.sub.2" or (silicon l USPGPUB;' OR ' ON l 2009/12/07· 
I j near dioxide))) I USPAT; i 18:31 

!,':,:• I, l ~R; I i EPO·, ,JPO·, l 
~ ~ 
~ l DERWENT; ~ 
l ! IBM_TDB l 

;::====1 l (passiv$4 with ("SiO.sub.2" or (silicon 1 U&PGR.JB; OR ON ) 2009/12/07 
i near dioxide))) and solar near cell ! USPAT; ) 18:31 
' i UffiCR; l ~ ' ~ . ! , i FPRS· , , 

! ., ' • ' ' 
I i I EPO; JPO; l 
l I I DERWENT; l 
~ ~ ~ I Bfv1 TDB ~ 
' ., ...... , ........ ,, .... ,, ...... ,, .... ,, ...... ,, .... ,, ...... ,, ...... , ...... ,, .. , ..... , ............ , ...................... , ...................................... ~ ................ - '''"'''"''''''' .................................... , ......................................................................................................... .. 

S53 67 

1S54 3 l "20070082206" i US-PGPUB; OR ON l 2009/ 12/07' 
I l, I USPAT; l i8:37 
' 1 umc~ 1 

! . . l . . . . . _____ . .. .I ~?s+; =····=· =· = · ··"'· · . . 1. -·· r .
0

4 !("3895975" I "4056879" I "4106047" I i US-PGR.JB; i:RJ .

0
N / 2009/12/ 07• 

j "4131486" I "42.26017" I "4916503" I I USPAT; • • ) 19:00 
) "5538564" I "5641362" I "5951742," I I UffiCR . • ) 

"""'""" """·"'""' . .J ~~~;~i;~~ .. \ .S~:53") .FN ... OR """""""...! 1 ......................... .. 

S56 163 l (back near Junction) and (solar near I US-PGPUB; OR ON ) 2009/ 12/07 
I cell) I USPAT; l 19:13 
, i USOCR; l 
l i FPRS· l 
I i EPO· 'JPO· l 

! l l j DERWENT;·! ·1 I 
1 , ! i I BM_ TDB l , 

: ........................ .................................. ............................................................................................................................................................... ........... ........................ ........................................ .. .............................. > ....................................... . 
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,,---,,-----,,---------------a----,------.,----,,----
) (back near junction) and (photovoltaic) U&PGPUB; OR ON 2009/ 12/0T 
i USPAT; 19:29 
l US:X:::R; 
~ l FPRS; 
l ERJ; JPO; 
i DERWENT; 
l IBM TDB : 

S57 141 

l S59 not S56 t U&PGPUB; OR ON l 2009/ 12/ 07! 
l t USPAT; i19:31 i 
' t US:X:::R; l i 

i I l~~i; I l i 
';::· =--=--=--"':~=:=::;;':=============:=::::;::=:::::::.~===~::===::::;· 
f S61 ! 32 (S60andernitter ! U&PGP\JB·, OR ! ON l 2009/ 12/07i 
i j t USPAT; , ! l 19:31 
i ! t USCX::R; i 1 

I I 1~~+, I I 
................................. l .......................................................................................... t I BM_ TDB ..... ......................... ! .................. ! .......................... ! 

S60 182 

S62 16 l (U&20050268963-$ or U& 1 U&PGPUB; OR ON l 2009/ 12/071 
i \ 20020153039-$ or U&20060196535-$ i USPAT; l 19:33 
l Lor U&20090101199-$ or U& I,, DERWENT !, I , \ 20040097062-$ or U&20040112426-$ , 
l ! or U&20070186970-$).did. or (U& j • j 
i l 4379944-$ or U&4665277-$ or U& t l 
l j 5320684-$ or U&621 0991-$ or U& ' ' 
l l 5792280-$ or U&5899704-$ or U& I \ 
! . l 6262359-$ or U&5258077-$).did. or ! ! 
i ! 1 ( U&20090205712-$) .did. t , l , .............. • ................ .l .......................................................................................... • ................................................... • ....................•.........................• 

! S63 j O l S62 and (isolation near2 trench) \ U&PGPUB; OR ON j 2009/ 12/07 
l I l t USPAT; l 19:34 

I j I , ~~R;. I 
: • l ! EPO, JPO, ' : 
l i ! i DERWENT- I I,_ l i 
~ : i t 'i ~ l 
, I l i I BM TDB I , l , 

ilffi4 
1
1346 1 dielectric and ( anti reflect ion or anti Oeari U&PGFUs;□R ·uN. • i 2009/ 12/ 07j 

l · l reflection or ARC) and emitter and t USPAT; · • i 19:34 i 
l ............ ~• ................ J tex1ur$5 ····························-········································ ! USCX::R •• l I 

!LJ .. S65 []·16 \ S64 and (isolation near trench) ; U&FGPUB; •□OR ·.[ON ! 2009/ 12/07j 
i • i i USPAT; • • l 19:34 i 
l • . J l USCX::R • - .. J I 
,~6 l.j"' i solar near cell and (isolation near U&FGRJB;jn.OR ! .. ,ON j 2009/12/07 

j prench) USPAT; j f j 19:35 
i 1 uc:v-v-R i i , 
f i ~ ! t' ~ 
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'2B7 ' 232 l{backwithsurfacewithfield) and i US-PGRJB; OR 
1
0N 12009/ 12/07 

l (isolation near trench) 1 USPAT· I 19:36 
l 1 USX:R; l 
l ,,' FPRS·, l 
~ t l l~:J~ I 

; l ! DERWENT; t 1 l 
~ ~ } I BM TDB ~ ~ ~ 
, _ (, ••••--••••• •••n, ,,,,,n,,n,~ nun, ........... .., ... ~ ,., ... , ,,.,..,, , " ""' n,,.,,.,•,; (. ,,,._..,......._.,_..,,.,..._..._...,.,.,..._..._..,,.,..._..._ • ..,.,..._...__.._..._ • ..,,, •• n,,,n, '" . A, W:,. , .:-,nun•,~ • nn,.,,-.~...._...._..,......._....__...._..._..,._"/"' ""I" ' • '""" ' , •, //" , .. ,..,,.,,,,.., ... , '"""' , ,, q,-,(•• 

::.'.• S68 t 2 I S67 and solar near cell I ~B;! OR l ON !,:.• ~~~~ 12/ 071 

l \ EFD; JPO; 
I l ' DERWENT; i 
1 1 I IBM TDB l 
' " ,n,,n,nnnn••' ' n,nnnn,nnn,nn,nnnn,,n,n,n,n,..-.s.,,n,nhnn•nnn,nnnn,nn,nn,..., ,nn,n --n,,,n,,,n,? '"•nnn,nnn,nhn• ~ ,nn,nn,nnn, "' n,nn,nn,nnnn,,n ~ 

j 869 24 l (back with surface with field) and i US-PGRJB; OR ON l 2009/ 12/ 07 
j I :if)lation near2 edge) and (solar near j ~~~. j 19:40 

i l ! FPRs; ' ! 
j ! Effi; JPO; 1 l 
l l DERWENT; ! I 
! l IBM TDB ! l 

:::===~I 
l (''20030134469" I "20040200520" I j US-PGRJB; OR ON 12009/ 12/07 
!"20040200520" I "20060130891" ] j USPAT; 119:54 
l "20070082206" I "3961997" I 1 USX:R; 1 
l "3961997" "4927770" I "4927770" I FPRS; I 
\ "5030295" "5053083" I "5057439" i Effi· JPO· i 
l "5164019" "5217539'' I "5360990" 1 DERW8'JT; l 

1 ::i~~iiii: ::~mif ! ::m~m: 1 IBM_TDB 1 
\"5369291" "5641362'' I "6274402" !, j 
j "6313395'' "6333457" "6387726" t j 
\ "6423568" "6998288" "6998288" i l 
l "6274402'' ''6313395" "6333457" i l 
l ''6337283" ''6387726" I "6423568" 1.',,.' ;':,::,· 
\ "6524880" "6998288" I "7135350" , 

l "7135350") PN. ···············- ----··············- _ -··········--· 

S70 49 

l oxide with passiv$5 with emitter l US-PGRJB;]OR ! ON 12009/12/071 
, t USPAT; j _I. i,', 20:00 _I. 

! ! USX:R; ! I I FPRS; 1 
l I EPO; JPO; I 
i i DERWENT· ~ 

.J ................................................................................... j 1.BM_TDB • .......................... l ................ j ......................... . 

S71 288 

l S71 and ((solar near cell) photovoltaic) ! US-PGPUB; OR ON l 2009/ 12/07' 
j i USPAT; 120:00 
l.· t,' USX:R·, l 

~ 
l i FPRS·, .i. ~ t 

l i EPO; JPO; 1 
l t DERW8'JT· l ! ~ ~ ! ' i .. t ~ , ; l , I BM_TDB t g , l 

, • , ••nn,nn ,nno,,nn,nn • nnnnnn,nnnn,nnnnn:,.:,,:,,•H:,,••>:,,:,,••n•nnn,nnnn,-,., ; _..,.,-:,,n, ,; , •:>-'•••'"0..,..,,.,.1 • , · f'"' nn•••••nn • nnn••:,.:,.:,,,,-,.:,,:,,,-:,.:,.:,,:,,•>• • •nnnnn,nnn..,._ ,nnn,nnnnnnnnn 

\S73 129 \ "4726850'' i US-PGRJB} OR ~ON i 2009/ 12/07~ \ ! [ USPAT; ' ' j 20:29 , 
; ~ I USX:R; ~ 
; ~ [ FPRS· ~ 
; .l. ~ , .. 
1 t EPO; JPO; ' ♦ ~ ~ 
; l I DERW8'JT; i 
1 l ! I BM TDB ; 

r !n·.o i (back with surface With field) and ! US-PGPUB;]nOR ' ·ION 1""'2=00=9=1,=21= 0=7""·1
1 

l ! l (isolat$3 near5 edge with trench) and t USPAT; ! ! i 20:34 ! 
1 l ~ (solar near cell) I USX:R; l l i 1 
I !: ~ i f !: ~ I 

S72 i 32 
i 
! 
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I • I 'l~;JP()- I 
l ______________ J ________________________________________________________________________________________ I ~B~j~;-- ------------------------~ ___________________ ! -------------------------~ 
j S75 32 l (back with surface with field) and ! USPGRJB;l OR ON i 2009/ 12/07' 
j l (isolat$3 near5 edge) and (solar near ! USPAT; I j 20:34 
i l cell) ! UroGR; ! l 
I l ! FPRS; i l 
i 1 1 ! EFO· JPO· j i l 
i I! 1 i DEn:•1ENT

1

• ! _1,! l ; ~ } nvv 1 ! ~ 
I 1 1 t I BM TDB ! l ,~ • - ·::::::===1 
l S76 39 l (back with surface with field) and USPGPUB; OR t ON f 2009/ 12/07 
i l (isolation near5 trench with etch) ! USPAT; 1 l 20:40 
i , ! UroGR; \ 

I I !~~+, I 
l l ! IBM TDB l 
' ,,..,.,.,.,.,,.,.,.,..,., "' ,,,,,,.,.,,,"'""'''' ' ,,,,,,,,,,.,,.,,,,.,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,.,,,,.,,n, > .-. ,,,,.._ ,,.,.,,.,.,.,,,,,,,,,,,,,,,,,,,,,,,,.._ ,.,.,.,,,,,v,,.,.,,,,,,,,' ''''''"'''"'"''''''"'''''"'''''"' 

• S77 '20 l (solar near cell) and (isolation near5 : USPGRJB;' OR 'ON I 2009/12/07' 
l trench with etch) ! USPAT; l 20:41 
1 t US<XR; l 
I t FPRS; ! 
, i ~-J~ I 

I t DERWENT; ! 
~ ' ' .. 
t - -- -. -. ---. ~ ---- ----. --. ___ _j ---------------- . -- . --- --- . ----------------------------------... -- . --. ••-_ _J i __ ~-~- ~Q_§_ --- -- ---. ----------------~ -- . --- ---- . -· .. l -. -----------------._ 
! S78 304 j(solarnearcell) and(isolationnear5 t USPGPUB;, OR ON l 2009/ 12/07' 
I l. t rench) ! USPAT; I l 20:42 
I ! UffiCR· ! l 
t
i l i FPRS,· ' I . ___ l 

-_;_- ' I ! EFO: JPO; l 
i I ! DERWENT; l 
,_ i \ IBM TDB l 

:===~I 
S79 7 , (solar near cell) and (isolation nears i USPGRJB; OR ON l 2009/ 12/ 07 

j trench with edge) 1 USPAT; j 20:42 
l ! US<XR; l 
l t FPRS- l 

! I : EPO; 'JPO; i I I 
~ : ~ [ DERWB\JT; i : ~ 

l _____________ i ·-------------- j ···--··--------·---··-------·----··--···--··---··-------·-------------·--------·----------! I BM_ TDB __ _j ---·----··-------·----· i _________________ _J -·-----·----·--------·-----
880 j 24 l (trench with (electric$4 near isolat$4)) I USPGPUB; \ OR !ON ) 2009/ 12/07 

j I and emitter and (solar near cell) j USPAT;_ ! ! 120:52 
, , , UroGR, , 
i I I FPRS; i 
' , i EPO· JPO· I t ~ ~ I ' ~ 

i i l ! DERWENT; l 
l I • ' I D~. TDB ' 
' _____________ ! ----- __________ _) -, " , .. " . ' , . ' . , .. " . , . ' , " ,--, . . ' . h _______ ___! DI~!-:- , . ----· -----------------------------------------· j -----·--- ,.., . """' -

!':_',, S81 41 l (silver near5 ("SiO.sub.2" or silicon near! USPGPUB; OR ON j 2009/ 12/07' 
l dioxide)) and (solar near cell) and ! USPAT; l 21 :06 
l emitter ! US<XR; i 

;_:, • j ! FPRS; \_._ i ! EPO; JPO; 

~ ~ l DERW8'JT; ~ 
I l ! IBM TDB l 

,n,.,_nn,nn,n,' Son,nnn,nnn,nnnn,nnn,nnn,,,.nn..-nn,,,n,n,n,nnn,,.,nn,nnnn,n._.J ,nnn, _..n,nn,"o,n,"? ._._._,n,n,nnn,nnn• ;> n,,nnn,•hnn, ' n,n,,n,n,,,nn,,n,, ;> 

' 42 l (silver near5 ("SiO.sub_2" or silicon near! USPGPUB; OR ON f 2009/ 12/07! 
l dioxide or passiv$4)) and (solar near ! USPAT; l 21 :07 
l cell) and em11ter ! US<XR; l 
l ! FPRS; i 
l ! EPO; JPO; l 
l ! DERWENT; l 

i I i IBM TDB l 
11S83 i l5oi f((silver or Ag) near5 ("SO.sub.2'' or nusR3PUB;!IOR !loN ll2009/ 12/07j 
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:,~'. If!~~~:: t~~;"~~o~::!:$4)) and I i~; 1. 121 07 l 
l [ DERWENT; , , 

. , ! I BM TDB t l 1 

l S84 !44 l((silver)neac5 ("Si0.sub.2" orsilicon i usffiPUB;[ OR ! ON l 2009/ 12/07i 
l J I near dioxide or passiv$4)) and ((solar ! USPAT; ! j I 21 :08 ! 
! 1_ near cef~ or photovoltaic) and emitter • U&XR; ' I 
l FPRS·, l 
' ~- -~ ~ l I ~; J~ I 

1. ........... ' .... -......... ..J ............................................... -.................................... ...I ~B~~:~'.. .. ...................... ... ........... ! ....................... . 
I ((silver) near5 ("SO.sub.2'' or silicon U&PGPUB; OR ON ) 2009/ 72/07' 
I near dioxide or passiv$4)) and ((solar USPAT; I 21 :09 
j near cell) or photovoltaic) USOCR; I 
l t FPRS; l 
l i ERJ; JPO; l 

. l 
- I,.· ! DERWENT;! ·.:' ! l 

i::-=~:===;'; =============:!:: l:;::BM::;:::::;T=DB=~~==~•::===~l:====~!1 
S86 46 l.· S85 not S84 ! U&PGRJB; OR I, ON ! 2009/ 12/ 07! 

I USPAT; l 21 :09 : 
l ! U&XR; l ' ' 

I l5i:+; I I i 
, .................. 1 .......................................................................................... i I BM_TDs ... · ......................... l ................... i .......................... , 

S85 90 

j S87 j 105 l((silver) near5("Si0.sub.2" or silicon i U&PGPUB;j OR ! ON 12009/ 12/07! 
I i l near dioxide or passiv$4)) and ((solar ! USPAT; ! l ( 21:12 i 
l I near cell) or photovoltaic or t U&XR· l l j optoelectronic) i FPRS; ' I 
l l [ ERJ; JPO; l 
i i ! DERWENT; I 
l ! j - " - " -- " ----- -- - ........ J I B~•l,, T~B ..... -------- - .. ----·----·------ j ·------ _ .... 
j S88 ' 15 i •$3 7 not S85 ! U&PGPUB; OR ON ) 2009/ 12/ 07' 

!,.·,. I 1 ~~~ 12, :12 
~ ~ FPRS; ~ 
l [ EPO; JPO; l 

i ' l !. DERWENT·, ,. I ·.1 - ·.1 - ·.1 I . I i I BM TDB i . I I 
' ~n ; ,~n~~~n,nn~~~~ • • n,nn~nn~~n,~~n~~n,nn~~~n~~n,nn~ ~~n~~~n~~n,nn~nn••n•nn•nn•n; •n••n• - ••n••• •nn•; "'••••n•••n••n•••n•.,; •n•••n••n•••n• .. •••n••~•••••n••n•••n• :; 

' $39 345 l ((silver) with ("SO.sub.2" or silicon \ U&PGPUB; OR ON 12009/ 12/071 
l near dioxide or passiv$4)) and ( ( solar ! USPAT; l 21 : 13 I 
l near cell) or photovoltaic or ! U&XR; I ! 

I optoelectronic) i :;;s;JPO; ! ::,_~:_ l,

11

, 

l ! DERWENT; l 

l l IBM TDB ! 
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jLJ3 ·1584 I silver nears infrared with reflect$4 i U&ffifUB; □··ION I 2009/12/0?j 
i i i USPAT; ) 21 :38 i 
i ___ j ! LJS)CR • i I 
□1565 ! silver nears infrared nears reflect$4 l U&ffifUB;!□R ION ! 2009/ 12/07! 

i l USPAT; I • l 21 :38 I 
! l usx;R ! • i j 

995 125 r ;g4 and solar near cell i U&ffifUB:j□R ~ON ·1 2009/12/07i 
l 1 l USPAT, l i 1 21.38 1 

_._I ·-·-j . . . ····-···-···-··-' LJSCrn i ... __ ._! ···-····i ·-·--·-..! 

LJ□9 Ir• and photovoltaic ! U&ffifUB;i□R , ON ! 2009/ 12/07 
, l i usPAT· ~ l ~21-41 
~ j ~ ' ~ ~ ~· • 
' l ' LJS)CR , , ~ ; ... .............. ............. ... .... _ ....... _ .. . ........ .... .... _ ........................ , ... . ... - ...................... .. 

LL]'5479018" . - .. . J ~ .B;r-=u~~o:~12/071 

i 898 11 822 i dichroic near coat ing I U&PGPUB;I OR I ON t 2009/12/08l 
~ i ~ t t t ::: t , : , , USPAT· i i ~ 10·20 i 
I 1 ! i usx;Fi. ! l i • 1 
i l i FPRS· ' l l ! 
~ ~ ~ j i ~ ~ 
i I i EPO; JPO; i , i 

~ ' l ::: • 
i i DERWENT; i l i 
i l I Btv1 TDB I l I ; • - .. .. t 

54 ! US-PGPUB; OR ON j 2009/12/ 081 

i USPAT; I 10:21 

l ~~R; I 
i EPO; JPO; j 

....................... ! fs~~~.'.l ......................... ! ................... !· ........................... ! 
S100 296 j (fluorescent near powder) and (light l US-PGRJB; OR I ON 

i ! near5 fllm) ! USPAT; l j 2009/12/08! 
l1i0:22 ) 

i ' i USOCR; !. !. ~. 
i i i FPRS; ! 
i i i EPO; JPO; l. 
i i I DERWENT; , 

~ ~ ., ......... L •m> »m>m>m»m> >m> » m> > ,mu .i ~.§.~- T~~->' >m»m> ,_.,J .. .,m, 

! s101 H j 6262359B1 t US-PGRJB;f OR ,,,,,,,,. ON l 2009/12/10l I I I ! usPAT; ~ " 110:08 ! 
i i i USOCR; j • 1 

I ! I~'=, ' I I 
1 .............. -. .............. .J .......................................................................................... 1.fsE:~~1{ .......................... 1 ................... , .......................... ; 

"I __ I 

![s102 j; l[:2000-587576.NRAN. !!DERWENT l~j°N i 200911211oj 
i ! i I !L ..................... .J j 10:08 ! 
• S103 5 ! "6262359" i US-PGRJB; OR ON ! 2009/12/101 

j I USPAT; i 10:08 I 
, i USOCR· , i 
i ! J ! ~ 

i l ! FPR~; . i j 1 
i i , EfD, JFO, , l , 
, i i DERWENT i l i 
·---~-_........_ __ ! l I BM TDB ' ! j I 
S104 · 14 j("3895975" [ "4056879" 1 "4106047" J j US-PGPUB; OR !ON ) 2009/ 12/10! 

i • ! "4131486" l "4226017" I "4916503" l i USPAT; • ! i 10:09 ! 

l j i "3969746''),PN. OR ("41 31486").URPN. i USPAT; j j j 10:09 j 
i !: i l f t ~ I 
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1;=1 =~u:=: =====ii~ =========:::11==1=BM:::::::::;=:To=s= ::a:=:: ==:::::11:==:;1:=1 ===!ii 
l "12070742" l US-PGRJB; OR ON 12010/ 05/ 201 
l j USPAT; l 11 :44 I , ~ 
l ! USJCR; j 
~ ~ FPRS; ~ 
l ' EPO; JPO; I 

l DERWENT; ! ' I:: 

! IBM TDB l i ........ ..... ·······--•· J -·····•·,--.......... ---- ..... ~ ............................. ··••> • . . ................................ . 

S120 1 

j "12070742" i US-PGPUB; OR ON l 2012/03/ 15' 
! !USPAT; j 16:12 
~ l USJCR; ~ 
l l FPRS·, l 
~ ~ 
l t EPO; JPO; l 

l l t DERWENT; l l 
~ •••••••••••••• ••••••••••••••H••; ,u, ,rr ,, r-.., ;-ru, .rr-..-.., rr-..• ,r•, rr-.. ,, r r-.., rr••r• ,, r• .rr,-..••• -.., .,_,.x,.,_.._.._. ,.,,. ••••••• ".J 1 8

~ m '!~8 ••••• ••••••••.>-• ~c.,,~ .. .,! r• ••rr-..-.., •u,•J"r', .~ ,u _.-.., u-..,, r -..• J"r'I ,n·,t. •• 

! S122 41 j polysilicon near2 emitter and ! US-PGPUB; OR %OFF } 2012/ 03/ 15 
! (photovoltaic solar near2 (C.ell device [ USPAT; _I,, i 16:28 
! battery)) ! USCCR; l 

' • j ! FPRS; ! 
l l i EPO· JPO· l 
! I i DERWENT; ! 
l l ! IBM TDB l 

i 8123 , 18 i "4989059'' . US-PGPUB;, OR , OFF i 2012/ 03/ 151 
\ j USPAT; l 16:34 
I l USOCR· l 
I l FPRS· ' l 
I l EPO· 'JPO· l 
! ~ I ; ;-:; 

1 j DERWENT; j 
; ' j I BM TDB ; ' l 

S121 ! 1 

S124 50 ! (polysilicon polycrystalline) near2 ! US-PGRJB; OR OFF l 2012/03/ 151 
l emitter and (photovoltaic solar near2 l USPAT; j 16:35 
l, (Cell device battery)) ! USOCR· l ; i FPRS· , j 
', ' ' ~ 
l t EPO; JPO; j 
l ! DERWENT· : 
l i IBM TDB' j 

"-".,_.,_.,_.,_,._.,_.,_., l .,_.,_, ............ .,_,._.,_.,_.,_._,._.:, ........... ,,,,.,_.,_.,_.,_,.,_.,_.,_.,_.,_.,_.,_.,_.,_H.,_.,_.,_.,_.,_.,_,,.,_.,_.,_,.,_.,_.,_,.,_.,_,.,_._.,_.,_._,,,,.,_.,_,._,_.,_,,._,_.,_,.,_._.,_.,_,,,.,_.,_,,.,_H,,.,_.,_ ...... , .... .,_._._,, .,_.,_.,_,H.,_.,_ ....... .,_,.,_,,.,_._.,_.,_,.,_.,_, '-'-'-'>'<'-'-.,_.,_.,_.,_.,_.,_".,_.,_.,_.,_.,_.,_.,_.,_.,_-, ,._.,_.,_._,.,_.,_.,_._._.,_.,_,,.,_.,_,,' , ,._.,_.,_.,_._,..,_,".,_.,_,.,_.,_,.,_.,_.,_.,_.,_,,.,_.., 

1S125 19 ! S124 not S122 i US-PGPUB;I OR OFF ( 2012/03/ 15] 
j j ! USPAT; l 16:35 I 
l . ! j USOCR; . l l 
j j \ FPRS; j 
, , , EPO· JPO· : 
! j i DERWENT; i 
l l [ I BNT TDB l 
.,_ s,.,_,n.,_.,_.,_.,_.,_.,_.,_.,_.:, .,_.,_.,_.,_.,_.,_.,_.,_nn.,,n.,_.,_' • .,_,,n.,_,.,_.,_.,_.,_.,_n.,_,.,_.,_.,_.,_.,_n.,_,.,_n.,_,.,_.,_.,_.,_.,_n.,_,., .............. ,,n.,_,.,_.,_.,_.,_.,_n.,_,., ................ ,n.,_n.,_.,_.,_.,_n.,_,.,_.,_.,_.,_,J .,_,,n.,_,.,_ - .,_.,_.,_.,_.,_.,_.,_ ,n.,_.,_.,_~ .,_,,n.,_,.,_.,_.,_.,_.,_n.,_,.,_.,_.,_.,_.,_.,_.,_.,_.:, .,_.,_.,_.,_.,_.,_.,_.,_n.,nn.,_,.,_ ,n.,_n.,_.,_.,_,n.,_,.,_.,_.,_.,_.,_.,_.,_.,_.,_.,_.,_.,_.:, 

(S126 ! 343 l (polysilicon polycrystalline) same ! US-PGPUB; OR OFF l 2012/03/ 151 
) ! emitter and (photovoltaic solar near2 ! USPAT; l 16:37 
1 ! (Cell device battery)) ! USOCR; ! 
1 l i FPRS- l 
I I i EPO; 'JPO; l 
) , ! DERWENT; i 
! ; j ! I BM TDB , 1 : ; 

l S127 297 ! (polysilicon polycrystalline) same ! US-PGPUB; OR OFF l 2012/03/ 15! 
l l emitter and (photovoltaic solar near2 l USPAT· l 16:37 
I j (Cell device battery)) and (dielectric i usoa=i· l 
l j oxide) i FPRS; ' l 
' 1 jEPO; JPO; i 

l I DERWENT; I l 
! i IBM TDB i l 

, .,_ .,,• u..-..~un•un .. u.) ,., ..... , .... ,., .... , ., ... , ., ... , ..... , ., .............. "' .... ._. ...... ., .... , ...... ., .. , •• ., ....... , I - ' . ~ n ... ., .. ,,.., .. ._. ...... ,._,,• 

l S1 28 i·r 7591 ! I polysilicon polycrystamne) wnth emitter! U&FGFUB; i·nR 1Clff j 20121031151 
j I j and (photovoftarc solar near2 (C.ell i USPAT; I i j 16:37 I 
l 1 l device battery)) and ( dielectric oxide) I USOOR; l { l j 
l i ! ! FPRS· i i l i 
! :: f : ' i f ! i 
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1 ........ 1 .. _ ...... 1 .. __ •·•·------ __ J 5:~+:j _ -- __ ! ___ _ 
! S129 ' 128 l (polysilicon polycrystalline) with emitter i U&PGPUB; OR OFF : 2012/ 03/ 15' 
l l and (photovoltaic solar near2 (C-ell ! USPAT; i 16:37 
;':,.:: l device battery)) and (dielectric oxide) ! US:XR; l 

, i FPRS· l 
! I EFO; ,JPO; I 

i i! l ! DERWENT; j l. l !, 
l l i I BM TDB I : l : i 81 30 ' 86 ; 8129 not 81.24··· .. ••• .. ••••• .......................................... i U&.ffiPUB;.i OR·············· ; OFF·········; 20·1'21·03;·1·51 

!,=.·'. I, 1~; ::i_.16:38 
[ EFQ; JPO; I t DERWENT; I 

l ! IBM_TDB : 
::==.==~I 

S131 j 2 ! "20090159111" j U&PGPUB;j OR l OFF 12012/03/ 151 
, ! ! USPAT; • ' \ 16:43 ' 
l l i us:x:H l 
l l ! FPRS· ' l 
I,,· I I EFO; 'JPO; I 

l l DERWENT; l 
i , .......... ) .... , .. __,__, .. .J __,__, .......... , ................. , ........................... , .... , ........ , .. __,,__, .. J !.!?~-1-Q!?...... ..__,................. . .......... __, .... .J . ".,. ................... . 
! S132 6 l ''2008004791" i U&PGPUB; OR OFF 12012/03/ 15 
j l ! USPAT; l 16:46 . ,~ ' ~ 
1 i U8:XR; ' • ~ ' i 1 ., i, FPRS; ! i l ~ EFO; JPO~ ; t 
l ] ! i DERWENT; I I '. I 
!. ........... .! ............... I ............................................ . _ ...................................... .J ~.~~ _ '!..~§ .. ..! ....................... .l .................. l ....................... j 
• S133 10 • \ "7468485" ! U&PGPUB; OR OFF j 2012/ 03/ 151 

l i USPAT; l 16:47 
l iLJscx;R- l 
l ! FPRS· ' l 
l ! EF\:} ,JP()· l 
~ t l j ~ 

l i DERWENT; l 
l ! IBM TDB l 
~ , - ::==.-==~I 

!("3961997" I "4927770" I ''5030295" I 1 U&PGPUB;l OR ) OFF l 2012/03/ 15) 
! "5053083" I "5057439" I "5164019" I : USPAT; ) 16:49 
j "5360990" I "5369291" I "5641362" I i U8:XR l 
l "6274402" I "6313395" I "6333457" I ! l 
j "6337283" I "6387726" I "6423568" I ! I 
j "6998288") .PN. OR ("7468485").URFN. i l 

S134 !24 

1s1s5 l·l~,.-~.i,,,,,·1 .. sos1439'' u&PGRJB; OR ··[OFF 1::::20=1=21=0=3;=15:::::!i 
USPAT; l 16:55 I 
U8:XR • i ! 

.ror··20090,59rn • _ =.B;r_R __ J OFF 

1
~~1~03/15

1 

r 37

1 

.. 

1

23 : ("409□.213" I "413148.6" I "4133698" I U&PGPUB; □·· .. OR 

1 

... 0FF \ 2012/03/ 15 . i • ! "4232245" I "4255211 '' I "4315097" I USPAT; • l 16:58 
) • l ,, 4316049" I "4341918" I "4365262" I USOCR • • j 
1 \ "4367368" I "4385198" I l 

1 j "4427839'' ).FN. OR ("4665277").URFN. \ 
::==.==::::::I 

S138 0 l S129notS126 U&ffiPUB;iOR OFF 12012/03/151 
l USPAT; ! ) 17:03 

:l USOCR· i l 
J l ~· 

l FPRS· , ' 
l EP(} 'JP(} j i l 
l I ' i .l ~ 
~ ! ~ 
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l JL. 
j S126 not S129 I US PGPUB; OR OFF i 2012/03/ 15 
! ! USPAT; I 17:03 
~ i USCCR; ~ 
i ' .. , I FPRS; , 

'
l I, EFO; JPO; l 

~ ! i DERWENT; : 
! 1 1 I I BM TDB 1 1 l , 
: ' ..... .-............ • .......................................................................................... J ........ - ............. , ......................... , .............................................. , 

j S140 ' 74 j emitter and(photovoltaic solarnear2 [ USPGPUB; OR OFF j. 2012/03/ 151 
j j (Cell device battery)) and tunnel near ! USPAT; i 17:04 

1 l oxide I USCCR; l 
1 ! ! FPRS· l : ~ ! j ~ 
, , 1 EFO· JPO· , 
I l ! DERWENT· l 
1 ............................. .J ......................................................................................... ! I BM_ TDB . .'. ........................ ................ j ..................... .. 

S139 215 

l S141 I 75 j emitter and {photovoltaic solar near2 I USPGPUB;J OR OFF l 2012/03/ 151 
j I j (Cell device battery)) and tunnel$3 near[ USPAT; ! l 17:10 I 
t .. ! ~ t , • l oxide , USCCR; • j 
1 j i FPRS· j 
I l ! EFO· 'JPO· l 
• ~ ; t ' ~. l i DERWENT; . 

. j 1I BM_TDB j 
:======:::;·1 

S142 1 \ S141 not S140 I U&PGPUB; OR OFF l 2012/ 03115 
j ! USPAT; 117:10 
i ! USCCR; l 
l ! FPRS; l 

. I l~~t . I 
! , I BM TDB i ! l ! 

.. ,w, ................ -.._ ..................... "'''"''' ~ ................................................................................................ , ............................ "..................................................... .. ............. - ................ "'' ._ "''"'''""""'"""'W• .......... -,. ........................................ .. ............ , .................................. -,. 

S143 222 j emitter and (photovoltaic solar near2 1 U&PGPUB; OR OFF l 2012/ 03/ 151 
l (Cell device battery)) and tunnel$3 ! USPAT· l 17:11 
! nears ( oxide barrier) ! USCCR; I 
! I FPRS; l 
l ! EPO; JPO; l 
l ! DERWENT; ' 

. l i IBM TDB I 
' . • , • , ··••, . ·1" ·••, .. ••. ·••, ••••• J • ................................................................................ ·•• .. •••.• • ........ - ...... ..., ••••.•••••• _ ················•· .• • .. ·••. •, ••. ···• .............................. . 

l s144 ! 147 l S143 not S141 i U&PGPUB;] OR l OFF ! 2012/03/ 151 

:,. I I I ~; j ) 117 12 I 

I ! EPO; 'JPO; l 
l I DERWENT- 1 I ! IBM TDB' I 

.~ - - :====1 
S145 188 l emitterand (photovoltaicsolarnear2 i USPGPUB; OR OFF ) 2012/03/ 151 

j (Cell device battery)) and tunnel$3 i USPAT· ) 17:22 
l near2 (oxide barr1er) ! USCCR; l 
' :,· FPRS; l 
i ~ 
! ! EFO; JPO; 1 

I 1 li i DERWB\ff;, 1 1 , 
' i i I BM TDB i i i i 
~ ! ........................ .. .................................................................................................................................. 1 - . .. .... ! .............................. ! ..........................~ ................................ ! 

! S146 488 l (photovoltaic solar near2 (Cell device 1 U&PGPU8; OR OFF l 2012/03/ 151 
l battery)) and tunne1$3 near2 (oxide i USPAT; l 17:27 ' 
! barrier) ! USCCR; ! 
! I FPRS; j 
l ! EFO; JPO; l 

~ ...................... j ................. __. .......... w••· ............. _...w .................... w • . • .. •• ... 1 Ps~1~~'. % ....... __ . % ................... 1 .......................... .. 

IIS,47 i.1413 I (photovoltaic solar near2 (Cell device i U&R3AJB;!i7R ~ ... OFF §2012/03/ 151 
l j { battery)) and tunnel$3 near2 (oxide ! USPAT; \ j h 7:27 i 
1 ! ~ barrier) and silicon j USOCR; ! ! ! ! 
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1 · I I[~~+ I 
l ............ r ................ ..J ......................................................................................... 1 IBM_TDB' ......................................... ~ .... , .................. .. 
l S148 238 l 8147 not S145 i USPGRJB; OR OFF l2012/03/15l 
l l i USPAT; i 17:28 • 
1 l i LJS'.)CR· l 
i_: l,

1 
i,
1 FPRS·, , j 

~ I i 1 ! EFO· JPO· 1 l 

I I I I ~~~~T; I I 
::====1 

S149 24 l ("3961997" I "4927770" I "5030295" I l USPGRJB; OR j OFF \ 2012/03/15! 
l "5053083" I "5057439" I "5164019" I l USPAT; l 17:32 
\ "5360990" I "5369291" I "5641362" I i US'.)CR j 
\ "6274402'' I "6313395" I "6333457" I ! l 
l "6337283" I "6387726" I "6423568" I ! l 

,~-·---·j "6998288").PN. OR("7468485").URPN. j i 
fsof□\ISah.in. and emittter j U&PGRJB;J□R rF !::=20=1=21=0=3/=15~l

1 

L ......... J i ! USPAT; 1 l l 17:35 1 

11:::11:_j~:~-==~~tt .. ~- - . _ Ji .. 8-:i~_J: .i~:1~~::

1 

□[ ! ("4090213• 1 • 4131486" 1 ·•413359a• I ! U&PGAJB; !DR IOR" ! 2012103115; 
j "4232245" I "4255211" I "4315097" I [ USPAT; I \17:36 

' r'4316049" "4341918" I "4365262'' I i US'.)CR t ' j 
l j "4367368" I "4385198" I ; ! j 

j .......... .J "4427839'').PN. OR ("4665277").URPN. 1 ............... ..J ............ .J j ............... -
S153 ! 4089 l (photovoltaic solar near2 (Celf device U&PGRJB; OR OFF j 2012/03/15 

! jbattery)) and (passivat$4 near2 oxtde USPAT; i 17:39 
! 1 dielectric) and silicon and (passivat$4 LJS'.)CR; \ 
! l near2 oxide dielectric) with {reflect$4 FPRS; l 
! l mefal) EPO; JPO; l 

; k l . DERWENT; l l 
~ ~ ~~ I Bfv1_ TDB ~ ~ ~ 
! S154 i 11442 l(ph~tovolta~ solar near2 (ee11 device ""i US-PGPUB; OR • •• • i OFF ·~ 2012/03/ 15) 
1 i l battery)) and (passivat$4 near2 oxide ! USPAT; I , 17:39 ! I j I dielectric) and silicon I ~~R; j j j 
j I ! EPO; 'JPO; l 
) t, i DERWENT; l 
• ' ~ 
'. ............. • ................ ..J ....................................................................................... ! .1 Bfv1_ TDB ..... .......................... ... ............. l ........................ . 
\S155 111442 l (photovoltaic solar near2 (Cell device ! U&PGRJB; OR OFF l 2012/03/15' 
j l battery)) and ((passivat$4 near2 oxide} \ USPAT; j 17:40 
\ l dielectric) and silicon I USCCR; l 
1 l ! FPRS; I 
, l i EPO· JPO· 
I ! i DERWENT; I 
1 _________ ., l i I BM TDB _______ _,, ............. ~...J 

::===::::;I 
S156 11276 l (photovoltaic solar near ( Cell battery)) j U&FGRJB; OR OFF l 2012/03/151 

l and ((passivat$4 near2 oxide) dielectric j USPAT; l 17:40 
l ) and silicon I USOCR; I 

! l i FPRS; j 
! l i EPO; JPO; j I i i DERWENT; l 
! l ......................................................................................... J I BM_ TDB ' ! .......................... . 

n

· .••. r63 ! (photovoltaic solar near (0,11 battery)) ! U&PGAJB;nOR ·n·. OFF j 2012/03/15] 
l and ((passivat$4 near2 oxide) dielectric l USPAT; . ) 17:40 I 
l ) and silicon and (passivat$4 near2 j USOCR; . • l ! 
i oxide dielectric) with (retlect$4 metal) ! FPRS; l l l l 
~ i f !: ! f 
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I _I _ _ ] ___ . ... ______ J ~it+:] ____ J_ . __ _ 

j S158 612 l(photovoltaicsolarnear(Cellbattery)) i U&PGPUB; OR OFF 12012/ 03/ 151 

l l and ((passivat$4 near2 oxide) dielectric : USPAT; i 17:40 
I,,,, l) and silicon and (passivat$4 near2 ' U9JCR; I 

j oxide dielectric ) with (reflect$4 metal) FPRS; 1 l and tunnel$3 EFO: JPO; i 

I S159 

1

612 ! (photovoltaic sol~;,;~~ ;::;;;;-;;;;;;;;;; 1 e~:1 oo-· j m-! 201mi3i!s! 
!,'=,::. I ):~d(~~i~~~~ (;:~v~~~:~~~~~ctric J ~~~; 117:40 

S160 l 301 
l 

l oxide dielectric ) with (reflect$4 metal) ! FPRS; i 
l and tunnel$3 and silicon ! ERJ; JPO; l 
j ! DERWENT; l 
l j IBM TDB l , • - ~==~I 
l (photovoltaic solar near (Cell battery)) U&PGPUB;l OR I OFF l 2012/03/ 151 
j and ((passivat$4 near2 oxide) dielectric USPAT; j 17:41 ' 
\) and silicon and (passivat$4 near2 U9JCR; l 
l oxide dielectric ) with (reflect$4 metal) FPRS; I 
j and tunne1$3 and emitter I EFO; JPO; i 
l i DERWENT: i 

~ """""".' """'"'"'".J """"""'""'""""""'""'""""'"""'""""'""'""'"""'"""'"J I, BM_ TDB , ...... """""""""""". """'"mm• • .J .. """"""""'"""" 
l S161 301 l 8160 not S148 ; U&PGPUB; OR OFF i 2012/ 03/ 15 
j l t USPAT; l 17:41 . ,~ ' ~ 
i i UED::;R; ' . .l. : 
,.· 1,· FPRS·, ' i ~ 
~ ~ i EFO; JPO; ; ~· 
j l I i DERWENT· ! I i I 
! .. ,,,,.,, .. J, ... , .......... J . ........... ............. . ... , •.• .. •.· ............. .J 1.BM_TDB .. • j ....................... J .................. l ....................... , .. ! 
S162 8 l "5956571" i U&PGPUB; OR OFF 12012/ 03/ 151 

l ! USPAT; l 17:57 
I i U9JCR; ! 
~ ~ FPRS; ~ 
j i EPO; JPO; j I I DERWENT; I 
l j lBM TDB , _ 

~===::I 
S163 j 58 l "4200472" 1 U&PGPUB;l OR 1 OFF l 2012/03/151 

; j i USPAT; j 17:58 I. . , , 
~ l U9JCR; ~ I. . , , 

i 1 i FPRS; l 
! I i EPO; JPO; j 
i j i DERWENT· ! 

i ........... J ...... , ......... .J .. ,, ................................... ,, ................................................ I '· ™-TDB. ' .............. ,, .. ,, .............. ......... } ........................... . 
l S164 2 l "20060130891" i U&PGPUB; OR OFF j 2012/03/ 15' 
j j i USPAT; l 17:59 
• ~ : uc,-..,-.R ~ i ,' i vvv; ' . ' ~ 

j j i FPRS; l 
! . j I EPO; JPO; j • i 
l I ! ( DERWENT;! I l I 
! ..... ... . .J ................. J .................................................................................... .... 1 IBNl_TDB .. J . ................... ..i .............. l ........................ .l 
S165 50 \ Borden.in.and emitter i U&PGPUB; OR OFF 12012/03/151 

j i USPAT; l 18:00 
! i U9JCR; ! 
~ l FPRS· ~ 
j i EPO; ,JPO; l 

j l i DERWENT; l 
I l i IBM TDB ( 

IE61Ll[''5057 439•·· .................. , ............................................. l[USP~ T ........ , l!GR ................ l lOFF ...... i,=~~=\----2~-0-3/=1.6""'1' 
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IEJ□t··.2.~~~~.~.~~~.~.~~:·············-································••. •···· i~r=J~ ~~;{~.~~~.~.~! 
! s16s .2 l "200901s9111" 1u&PGPUB; OR OFF \ 2012103/ 16' 
i i i USPAT; l 10:36 
l l i usocR· l 
l l i FPRS· ' l 
l l I ED'"\- 'JPO· i : ~ : ru1 ' ~ 

l l i DERWENT; l 
.-1 l 11 BM TDB l l i I 

S169 2 l "20050268963" i U&PGPUB; OR j OFF j 2012/ 03/ 16! 

!, l ! USPAT; i,,,,_ \ 10:38 i I uscx;R; ' ' 

i I I~;;+, i I I 
' .................. I .......................................................................................... I IBM_TDB ..... ......................... l ................... ' .......................... ' 
j S170 j 24 !("3961997" I "4927770" I "5030295" I i U&PGPUB;! OR ] OFF ) 2012/03/ 161 
j j l "5053083" I "5057439" [ ''5164019" I i USPAT; I l,_ ) 10:45 ! 
' j "5360990" I "5369291" I "5641362" I [ Uscx;R ' ' ; 

I j "6274402" I "6313395" I "6333457" I !, l !_;':,_ I,:,,, l l "6337283" I "6387726" I ''6423568" I i 1 , 
l l ''6998288").PN. OR (''7468485") .URFN. i I====' 
ilS17'T4- 7 ("4403392" 1 ·•so2206"J.FN. oR -; U&PGFUB;ilffi -lOFF !.=-20=1=21=0=31=15""1

1 

l • l ("5057439").URFN. I USPAT; i I l 10:47 ! 
i • l t ucv·v·,R t , l ' 
~ n;,;,;,;,h•••••· • ,. .......... n ;,;,;,h;,;,;,h 1 "'"· .>•h,-;,• .. •H~• . ,h . / Oo>•h. h . ••· . ••h•• '""'-• '"'"-•,-•••;•,- "~• . ~,. .. .,.,.,. •••• h;,;,;, ! ••h~ ;,h;, .. -.;,nn;,J ,-, . . . .. ,h . . ;,;, . ._._J -"""· ,;,· . o;,• . ............ ~ ................ n,n;,n. h . ... .._._ ... ~ 

1 • j I USPAT; ! ! \ 10:49 ! 
r172 1 1

1

:.20060096635" i U&PGPUB;~oR rR" , 2012103/16! 

:rs,73~1=:i~ =====-i~ '.lrn ==Jm···· i~ 
1r1• i□·· 1 !

1

~20050268963" l U&PGPUB; □OR .. 

1

0FF 

1

2012103/16j 
, ! i USPAT; • l 10:54 I 

- · l l Uscx;R • • l - ! 
□·•.1114 ! poly~licon near emitter and native near ! U&FGRJB; IOR 1•10FF i 2012/03/16j 

!oxide ! USPAT; • 111:12 1 

-·--·l l USOCR • ! I 

LJ
□l polysilicon near emitter and native near ! U&FGPUB;j□R I OFF i 2012103116! 

l • ! oxideand (photovoltaicandsolarnear2 j USPAT; i ! l 11:13 i 
: ~ • t. •• ~· • 

! ............................... l (bat1ery. cell.device) ) ........................................... J Uscx;R ....... J ....................... .J ................ 1 ....................... ! 

LJ
· .. 1367 ! poly~licon near emitter and j U&FGRJB; j□R j OFF i 2012'03/16j 

l "SO.sub.2" \ USPAT; l ! ) 11:14 I 
' ' USOOR ' ' ' ' t ~ ! !- ~ ~ 

IL□ ~i~~~~~~E\~er ~~1 ~~,;;r 2· I ~B;DrJ ~~11¾031161 

l 8179 j 6 l Borden.in. and polysilicon near emrtter I U&R3PUBJ OR ~ OFF % 2012/03/16! 
i 1 l ! USPAT l 1 l 11 • 15 i 

! ........... .J ................. ! . ...................................................................................... ..1 LJS()CR ...... ..l ...................... ..l ...............1 ...... -.................. J 
j□S180 []10 ·l.polysilicon ~ear emitter and j U&R3PUB;□OR ., .. OFF \ 2012/03/161 
! • ! (photovoltaic and solar near2 (battery i USPAT; • • j 11 : 17 j 
' ' II d ' ) ) , Uscx;R • ' ' , . ! ce ev,ce . ...! , . .. ....... l j 

□□7 ! (polycyrstalline multicrystalline ! U&R3PUB; ·□R !OFF i 2012103/ ,si 
l polysilicon) near2 emitter and I USPAT; • . ) 11 : 19 

! • ...... _ I ~~~~~~1!D~.:.~ .. ~.~~~~ .. ~.~~~.~ .. ~.~.~~.~.~ry I .~~----· .,• _ ................ •. I... .. .................. . 

:

1

s,a2 ,no )

1

:.2008004791" ! U&R3PUB;)i70R , OFF j 2012103/16i 
i ! i I USPAT; ! ! 111 :27 ! 
i !: 1 f !: ~ I 
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S192 j 237 l S188 and oxide and ( light near incident ! U&FGRJB;i OR I OFF ~ 2012/03/19' 
· l front) near5 (contact wir$4 connect$4) 1 USPAT; ' - % 11 :46 

j i USOCR; I 
l i FPRS· l 
~ : ' " , i EPC)' JR'.)· l I I I DERWENT; I 

i , j i IBM_TDB , l , 

11s193 1112 jfS188 and oxide and (light near incident !IU&FGRJB; l!OR !!OFF ~12012/03/1'9! 
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! j front) near5 (contact w1r$4 connect$4) USPAT; ! 11:53 j 
l l and tunne1$3 near5 oxide UEDCR; j l 
l l FPRS; j l 
l l I EFD; JFD; I l ! 
l l ! DERWENT; l l l 

l "'"''"'"'' '""""'"'"""! """"""'"'"""""""'"'"'"'"'""""""'""""'""""'"""""""' J I BM - TDB "'" """'""'"'""""' '. """""""'"'' I ""'"""'""""""' l 
S194 !2 l"12707042" i U&PGPLIB; [OR !OFF ) 2013/09/ 11 [ 

j l l USPAT· i j 113:10 I 
' l I UEDCR; ! I j j 

I I i ~:Jro, , 1,: i,,,. 

l ! ! DERWENT; I ; 
l ----------,--- . --· ----------__] ---------------------------------------------------------------------------------------- ! I BM_ TDB .... --· . ------------------· I ---- ---- --· . . ~ . ------------ -- ----· .. I 
S195 ' 16 l "1270742" I U&PGPUB; OR OFF l.2013/ 09/11 l 

l t USPAT; h3:10 I 
l ' UEDCR ',, .! ' l ; 
l ! FPRS; I 
l l ~;J~ l 
·,! ! DERWENT;! - l 
' j IBM TDB I l 

:.===~I 
S196 2 1"12070742" ! U&PGPUB; OR !OFF ! 2013/09/ 11 j 

' l, ! USPAT·, ! l,.13:10 l .'. . . l t LJS(X:;R; l , • 

I I I~:+, I l i 
: --.... , .... --· .................. 1 .................................. --.............................. , ...... , .............. J I BM__ TDB_ ........... ----........... .J .................. .l .............. , .... , .... --' 

l ! 
i I 

'_J 

l s197 j 31 !("20030134469" 1 "20040200520" 1 I U&PGPUB;j oR l oN 1201310911 11 
• • • I • ' ' ' 

j ) I "20050268963" I "20060130891" ] ! USPAT; ! l,,,',,,,,,,,,_ l 13: 11 l , l "20060157103" I "20070082206" I I Uscx:;R I j "3961997" I "4427839" I "4665277" I ! 
l ! ''4927770'' I "5030295" I "5053083" I 1 
l l "5057439" I "5164019'' I "5217539" I ! 
l \ "5266125'1 I "5360990" I "5369291" I I I l "5449626" I "5479018" I "5641362" I I l 
l l ''6262359" I ''6274402" I "6313395'' I , I 
l \ "6333457" I "6337283" I "6387726'' I ! ! 

\ "6423568" I "6524880" I "6998288" I 1 I,, 

_ j "7135350").PN. OR("8222516").URPN. j 

,1S198 :01 !1"20040055894" ! U&PGPUB;j□OR l_lON 12013/09111j 
l i l I USPAT; ! I 113:26 ! 
l I I ! LJscx:;R , i l , ._______!· ~ l t , ~ t 

,LLJ''915984· ............................................................... i ~B;_r=u~~,:~09,,, _ 

!S200 12 \ "20090159111" I U&PGPUB;OR ON l2013/09/11 
l ! l ! USPAT; l 13:32 

I ! I I ~PRscx:;S· R; I 
~ ! 1 ! ' ~ 
' i l I EFD· JFD· ' : ! I [ ~ I ' • I i ~ ~ , , 1 , DERWENT, , , , , 
' 

1 1 
' I BM TDB ' ' ' ' ~ ............. ! ..... ·······"··"· ~ .......... "''"'''''''''••· .. ················ ............................................. J ........ - ............. 1 ......................... ! ................... ~ ........................... ! 

8201 42 H"3961997" I ''4927770" I ''5030295" I t U&PGPUB; OR j ON ••• j 2013/09/ 11 I 
j "5053083" I "5057439" I "5164019" I t USPAT; ! j 13:35 ! 

, ) "5360990" "5369291" I "5641362" I t USOCR ! i ! 
l l ''6274402" "6313395" I "6333457" I ! l l l 
l l ''6337283" "6387726" I "6423568" I 1 ' 1 ! 1 
! \ ''6998288'') .FN. OR ("7468485'').URPN. ! t t l ! 

lr02 j[.]6 !1"5057439" , : U&FGAJB;l°R '!ON )2013/09111 ! 
! 1· t ! USPAT; '1• ·1· l 13:41 j 
i : 1 ! USOCR • : ! f: 
! ....................... ............................. ........................................................................................................................................................... .,.,,..... ,.. .................................................................................................... > ............................... . 
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S215 6 

j lindholm.in. and "136." i US-PGRJB; OR ON ! 2013/ 09/ 11 
l i USPAT; j 14:56 
~ ~ USCXR· ~ 
l i FPRS· , j 
', ' ' ~ 
l i EPO; JPO; j 
~ i DERWENT; ~ 

.,, .... "···, .. " .. '""' .. ""; ,, ................. " ............ ,, .... "',, .. ,, .......... " .. """""""" ...... .,, .. 1 I, BM ..... TDB ......................... , ... ........ " ...... .,,: ., .... ,,.,, ...... ,.,,,. . 

1S219 !
1
3 l lindholm.in. and "136".clas. \ US-PGPUB;I OR ON 12013/09/11 

i i l i USPAT; l 14:56 

i,,,:·,,_ l I ! USCXR; • l • I i FPFlS; l 
l i EPO·, JPO·, l, 
~ 

: .................. ! ........................................................................................ .1 f :1~~~., ........................ , .................. 1 ........................... , 
! 2 l polysilicon near solar same emitter i US-PGPUB; OR ON 12013/09/ 11 
! l i USPAT; l 14:59 
i • t,· ucrY'R•, ' i ~ ~ ~ 

l ! FPRS; l I i EPO; JPO; ! 
j i DERWENT; l 

i 1 ! l I BM_ TDB j l j l •= - - :=:==i============:::;:;~===~~===~;:::::==::;;a===~l 
1021 •□O l (''3900943" I "4062038" I "4171997" I l US-PGPUB; DOR ION i2013/09/11 
i • l "4197141" J "4219368"1"4230508" J j USPAT; . • l15:00 

1.J ;;E;J}f ~ .. \ :=~~~:/~2~~89" I J U&XR __ , --- - _I_ -- __ , 
r22 _· •. r ;.; ("20030183270" I "20090255574" I i US-FGPUB; 

0
... . .. ,ON f 2013/ 09/11 ' ! "20090283138" I "3969163" I i USPAT; j 15:02 

l "4431858" I "4571448").FN. OR l USOCR • ) 
l ("8283557'').URFN. l • f :===:::::::I 

IS223 ll26 W"4403392" 1 "4502206") .FN. oR llus-FGPUB;JIOR lloN 112013709111 ! 
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1 JL. 
S224 12 

! 
! 

j "12166266" i U&PGAJB; OR ON i 2013/ 09/11 
l I USPAT; I "16:43 
l i UroGR; \ 
l [ FPRS; I 
l I EFD; JPO; j 
l i DERWENT; I 

............. 1 .................. 1 ........................................................................................ J i.§~-"I.Q§ .... l ......................... ! ................... 1 .......................... 1 
S225 ' 395 l polysilicon near5 emitter same oxide i U&PGAJB; OR ON j 2013/ 09/ 11 

l same dopant i USPAT; i 16:45 
~ ! UroGR,· ! 
~- ' l I FPRS; l 
I !~;J~ I 
l I DERWENT; j 
j i IBM TDB i 

,nnnn•n•• ••n"-nnnnnn,,) •nnn,nnnnn•n•••n••nn•n•••n••nn•"-••••n••nn•n••nn,nn•n••nn,nn• \ - n,,.. nn,nn•n•••n••nn• ••n••nnnn•n• ", •••n•hn••nnnn,nn 

8226 1 377 l polysilicon near5 emitter same oxide i U&PGAJB; I OR ON j 2013/ 09/11 
j l with dop$3 I USPAT; ! i 16:45 

l ! US<XR; ' l 
i i FPRS· I, 
'· ' ' I ER'.); JPO; I 
l ,.· DERWENT, j i ~· 
i ! IBM TDB i 

:=====:::;1 
S227 26 l polysilicon near5 emitter same oxide 1 U&PGAJB; OR ON j 2013/ 09/11 

l with dop$3 same phosphorus I USPAT; i 16:45 
l I US<XR; I 
' ! FPRS; j I t ER'.); JPO; I 

1 I i DI BEMRWTB\IDBT; l j i ! 
,..,.,,,,.,.,,,,., 1 ''''""'''''''''''' I """"""""""""""""'""""''""''"""''""'''""'''""'''"""''"""""".,_"""''""""""''""""''""'"''"J ...... n .... , - ,,,,.,,,.,.,.,,, J '''"''''"""'""""'"""'"" 1 ,.,,.,,,,,,,,,.,.,,,.,..,., ~ ,,,,._,,,.,..,.,,.._.._,, ................ , ~ 
-8228 6 1"11201817" i U&PGPUB; OR ON l 2013/ 09/ 11 

l ! USPAT; i 16:48 
l I US<XR; j 
l t FPRS· j 
I I EPO· 'JPO· l 
j ! DERWB\IT; l 

........ ~ ............. .l . ......................................... - .................................... 1 IBM_TD§ .......... ................... , .............. l .................... .. 
S229 1. 53 l SNanson near Richard and solar near i U&PGAJB;] OR l ON l 2013/09/ 111 

! ( cell i USPAT; ) l l16:52 ! 
! i US<XR; l 
1 t FPRS· ,.· ~, ' ' I EPO; JPO; j 
l i DERWENT- I I ! IBM TDB' I 

.~ - - :===~I 
S230 158 l "5053083" i U&PGAJB; OR l 2013/09/ 11 

j 16:53 l I USPAT; 
l I US<XR; 
i t,' FPRS·, i . 
' I EPO; JPO; 

. l I DERWB\IT; i I ! i I BM TDB ! 

n
-□8 l (''20040200520" I "4234352" I I U&~AJB;. OR ON ! 2013/09/11 

•. .j "4478879" I ''4920639" I "4927770" I i USPAT; i 17:03 
l "5053083" I "5320684" I "5538564" I I USOCR l 
l "5641362" I "6624737").PN. OR !,, j 

·- l ("733911 O"). URPN. j 
:====:::;1 

LJ•.1687 .j phosphosilicate near glass same ! U&FGRJB; •.□RION 12013/ 09/1 1 
l (dielectric oxide) with (passivation l USPAT; · • j 17:14 
I capping) j USOCR • i 

:=====:I 
18233 1141 llphosphosilicate near glass same IIU&FGRJB;llOR !ION 112013/09/111 

ON 

t 
! 
! 
t 
' ' ! 
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l S238 not S237 i US-PGPIJB· OR ON ) 2013/09/ 11 
l 1 USPAT; , l 17:21 
i_i_ i,· u~R-, l 

~ 
i [ FPRS; ! 
i [ EPO; JPO; l 

, l ! DERWENT; ! 
l l ! I Btv1 TDB l 
~ ••••»:,,..,.,-:,.,- 7' ...,..,.,. .. • •••••n•••n~ •,,.,...,_.,.,.,...,_,.,....,.,.,.,...,_,.,.,,.,.,.,....,.,.,.,...,_,.,....,..,.»,-.,.>:,.»•.,..,. .. ...,.,.,.,....,.,.,.,.,.,.»,-.,.,.:,,••>>>-...,..,.,.>..,,.,.••••n••· ? ,._..,_» - ..,.,.,.,._..,__. ,...,_.,.,. • ,,,....,.,.,.,., ,.,.,., ,..,..,.,., ,.,.,.,,.,.,.• <'» •>>:,,.»•,:,,.:,,...,.,.:,.:,,.J,' n ,>:,,:,....,. •»..,,.,.,....,.,.,.,. .... ,.,.,._• 

j S240 l 81 !(back near surface near field BSF) same[ US-PGPIJB;~OR ~ON t 2013/09/ 11 
j 1 j polycrystalline near silicon [ USPAT; ! l ~ 17:23 
• - • · u~R; , • I I I F~;. . I 
1 i i EPO, JPO, i 
i i i DERWENT; l 
l l ; IBM TDB i 
~ ............... > ····~"············.) ................................................................................................................... ' ........ - ..... . ............ ... .............................. + ........................... , " . ...................... ... + 

S241 81 \S2.40 not S238 ! US-PGPIJB; OR ON \ 2013/09/ 11 
l [ USPAT; l 17:23 
i ! U~R.· l 1 t ~ 
i i FPRS; j 
l ! EPO; JPO; l 
l ; DERWENT; l 
l l IBM TDB i 

:====1 
S242 157 l(back near surface near f ield BSF) and l US-FGPUB; OR ON j 2013/09/11 

l polysilioon t USPAT; l 17:35 
l [ USOCR; i 
i l FPRS; l 
~ i EPO; JPO; ~ 
l ! DERWENT; i 

............ : ... ,........... l ............................................... , .... , ............. , ..................... .J !.§~-!E~§ .... , ........................ .' ................ J ........................ ..' 

S239 3 

S243 1
• 143 j S242 not S238 l US-ffiPUB; OR ON l 2013/09/ 11 

j 1 USPAT; ( 17:35 
i t LJSOCR· l I i FPRS; I i 
, , EPO' JFO· , 

! ! I DERWENT; l 
i l ! IBM TDB j 

'n·• .. r6 .l (back near surface near field BSF) same' US-ffiPUB;)n R r i""'2'--'01-"3"""'10""'"9""'1"""'11'"'1
1 

j passivat$4 and (solar photovoltaic) .ab. USPAT; I I j 17:45 I 
j USCCR; l ) j ] 
] FPRS: i [ ~ I 
~ ! t' ~ t 
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• • i i EFD; JPO; 1 

I _ L_ l " ______ _ __ ,, ___ Jf;:~~~ _ _ _ J _ ___ _ 

! S245 .108 l (back near surface near field BSF) same! U&PGPUB; OR ON l 2013/ 09/ 11 
l l passivat$4 and (solar photovoltaic) .ab. [ USPAT; i 17:45 
1 j and heterojunction t US:XR; l 

I I i ~ 'JFD; I 
! j , t DERWENT; j j , 1 
' 

1 ! ' I BM TDB ' 1 
' ' ~ . ! ,.,n, .. n._._._._._._,.n : '-,nnn,nn,n,,,,,,,n,,n,,,,n,,n,,,,,,n~>,nn,,nnnnnn,,n,nn,,n,n,,,n,-J n,,n,, - ,,n,n "---,.' ! ""''"'''"''"''nuns J ,,,,,,,,,nn,,,,, ~ n,nn,,,,n,,,n,,n,,,,j 

j S246 26 l "4315097" i U&PGPUB; OR ON j 2013/ 09/ 11 
! j I USPAT; ( 18:00 
I ! ! LJgJCR; l 
I ! ! FPRS; l 
, , ' EFQ· JPO· ' 
; ~ ~ I ) ~ 
, , ! DERWENT· , 

l l IBM TDB ' i 
' . -
! "20040205520" U&PGPUB;j OR j ON ! 2013/ 09/ 11 ! 
j ! USPAT; • ! 18:02 ' 
i ~ LJg)8R· ~ 
l t FPRS· ' l 
l ,.' ER:}, ,JPO,· l 
~ ~ , t DERWENT; l 

l ""'"'"".' ""'""'"'"J """"""""" .. " .. '""" .. """'""' .. """"""""""""'"""" , J !,!?!YI-"IQ,~ m --• ""'"" .. '"'""""'•• •""""mm• •••• l """" .. """"""•" 

S247 j 2 

! S248 3 l ''20040200520" t U&PGPUB; OR ON 12013/ 09/ 11 
i l I USPAT; j 18:02 

! I !u~R; I 
. . , FPRS, , 
1 l ! Er:Y"'\· JPO· ' ; .. t t rv1 • , ~ t' 

l I j I DERWENT; ! I i I 
' 

1 
' ' I BM TDB ' ' ' ' ! ,.,._n,n,,n,J . -..,,,,-.n._,,n,. _ ' - ~ •••n••n••••n••n••n•nn•••n••n•••n••n•••"""''"'"""'''"''''"'''''''''''n,,J ,nun, - nnn~,,,n,J nnnnnn,nnn,,n,J "'""'""'"'"" ~ """''"""'""''""'1 

S249 25 j (back near surface near field BSF) same! U&PGPUB; OR ON f 2013/ 09/ 11 
j passivat$4 and ( solar photovoltaic) .ab. ! USPAT; j 18:09 
j and polysilicon . LJg)8R; l 
! t FPRS· l 
l t EPO· 'JPO· i 
~ t l j ~ 

l ! DERWENT; l 
l l IBM TDB l 

·~ • - ~ -::::· ==~I 
S250 j 717 l(back near surface near f ield BSF) samej U&PGPUB;l OR ) ON l 2013/09/11! 

i (capping oxide dielect ric passivat$4) I USPAT; i 18: 10 
l and (solar photovoltaic).ab. I LJg)8R; l 
l ! FPRS; l 
!.' ,.' EPO·, JPO·, l 

~ ~ ~ DERWB\JT; ~ 
1 I l ! I 8(vl TDB i 
: ................... -. .......... • .............. w • w . . ...................................................... , ........ - ............................................................ • ......................... .. 

( S251 ' 75 l{bacl( near surface near f ield BSF) samel U&PGPUB; OR ON l 2013/09/ 11 
\ j (capping oxide dielectric passivat$4) \ USPAT; l 18:11 
j j and (solar photovoltaic).ab_ and [ LJg)8R; i 
j j Phosphosilicate I FPRS; i 
i i j ! EPO; JPO; , l 
' I l ! DERWENT· I I ' I ~ t_ i : ' t t_ ~ t 

1 l I I I BM_TDB j I i j . . ... .. ... .............. .................. ................. ... .......... .. ........ .. . ............ , . ' . .. .................. ...... ... ... . .. ... ...... . .. . 
S252 114 j (back near surface near field BSF) same! U&PGPUB; OR ON l 2013/09/ 11 

j (capping oxide dielectric passivat$4) ! USPAT; i 18:16 
j and ( solar photovoltaic) .ab. and ! LJg)8R; i 
l (Phosphosilicate PSG) t FPRS; l 
! i EPO· JPO· l 
~ : I l ~ 

l ! I DERWENT; l 
! l i IBM TDB i 
j1
1
S253 l1139 j'S252 not 8251 j U& ~ PUB;j,GR I.ION i.=20=1=3/ ...... 0 ...... 9/ ..... 11""';' 

1 i I USPAT; I I l 18:16 I 
: . .. ~ l , .. : t 
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! USOCR; 
\ FPRS; 
! EFO; JPO; 1LlJ l DERWENT; 
! IBM TDB 

!LJi I I 
l l 

::====::;I 
S254 j 158 l (back near surface near field BSF) same! US-PGAJB; OR CN l 2013/ 09/11 

i l ( capping oxide dielectric passivat$4) ! USPAT; i 18: 18 
J l and (Alosphosillcate ffi?i) i USOCR; l 

, l ! FPRS; • l 
l j ! EFD; JPO; l 
l l ! DERWENT; j 
j l i IBM TDB i 

._._._._,,,,,.,.,,-, ,,,, .................. ,,,, ' ,_,.,.,,,.,.._,._._,.._,n._,,_H._,._._._._,_._._._,._._._._,_._._._._._,.,.,.,._,u._._._u,._u,._,,.,.._._u,,._u._._u,._,,.,.,.._._._._,_,.,. • n,,,.,.,.,._ - ,,..,_.,.,_,_,,,,,,,., ,,,,,,,,.,._,.,,,.,_,,,,.._,,,.,_ ...... , .................. , .... ,.,,' ,,,,,.,,,._,,,.,_,,,,.,,,,_._.,_._,,.,• 

l S255 44 j S254 not S252 i US-PGPUB; OR ] ON l 2013/ 09/ 11 i 

l l t USPAT; i,',,. i 18:18 ! 
\ l [ USOCR; i 
1 l , FPRS· l 
i I I EFD· >JPO· : i i 
i ' t DERWENT· i j ! 
~ ~ ~ ' ! ~ ! 1 , l I I Brvl_TDB , , , ; 

j S256 ' 1163 • l (back near surface near field BSF) same] US-PGPUB;, OR i oN l 2013/ 09/11 i 
j j ( capping oxide dielectric passivat$4) ! USPAT; I ! 18:20 I 

1 l t USCCR; l j 1 
l l ! FPRS; l ! ! 
: ' l ! EFD; JPO; j i I 

II l l DERWENT; ! j ! 
.. l i IBM_TDB l l l 

l $257 ! 727 l (back near surface near field BSF) samej US-PGAJB; j OR i ON i 2013/ 09/11 I 
l i l (capping oxide dielectric passivat$4) ! USPAT; I .!

1 
l 18:21 l 

! i l and (solar photovoltaic i USCCR; ! i ! 
l j photoelectric) .ab. ! FPRS; l l l. i EFD; JPO; j 
' : ~ I I ~ DERWENT; ~ 

l •• l ...... v ............. , .... , ........ , .... , .......... •••••••••••• .. ••i 1.BN!_TDB .... , .................. , . .,, ................. J ............... , • .. .,• 
l S258 33 l(baclrnearsurfacenearfield BSF) same\ US-PGPUB; OR ! ON j 2013/ 09/11 ! 
j j(cappingoxidedielectricpassivat$4) \ USPAT; j ( 18:21 j 
j l and (solar photovoltaic ! USCCR; j i j 
j l photoelectric) .ab. and polysilicon i FPRS; i l i 
1 l t EPQ·JPO· i l i 
: ~ t I ' f ~ t 
: , , DERWENT· , ! , 
I , I i I BM TOB ' , 1 i l 
: ........... .l . ................ ·' ..................................................................................... .. .J ........ - ...... • .... .l ... ................ '". 3 .................. 3 ......................... .l 
j S259 • 703 l polysilicon with ffi?iwith (dielectric ! US-PGAJB; OR ~ ON ~2013/09/ 11 ! 
l l oxide) ! USPAT; j j 18:30 ! 

I I I ~~~ I I I 
1 j I EPO; JPO; i l 
l ! I DERWENT· ! l 
' " ' ' t ~ 
l I 11 BM TDB l j 
.................... ............ $ .......................................................................................... . ....... - ...... - .............................. • ............................................ .. 

j S260 ! 81 j polysilicon with ffi?iwith (dielectric j US-PGPUB;j OR j ON i 2013/09/ 1 i J 
l i l oxide) and emitter i USPAT; i i j 18:31 i 
l ' l ! LJSCCR- ! ' l ' 
l l i FPRS· ' l 
l l ! EPO· >JPO· i 
~ ~ t • , ~ 

l l DERWENT; j 
l ! IBM TDB i 

)::=:==~I 
l polysilicon with ffi?i with (dielectric I US-PGAJB; OR ON l 2013/09/ 11 
(oxide) same dop$3 i USPAT· i 18:33 
, 1 USCCR; 1 
~ ' ~. 
l i FPRS; j 
l t EPO; JPO; l 
l t DERWENT- j 

C ~. '? i 1; • ' • 

; ' ' ' I BM TDB ' ' l ' j,-----; .................. ' ......................................................................................... ; ........ - ............. ' ........................ : ................ ! .......................... ! 

S261 225 
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! polysilicon with PS3 with (dielectric t USPGPUB· OR ON j 2013/ 09/ 11 
j oxide) same dop$3 and (solar I USPAT; ' l 18:34 
j photovoltaic) \ UroGR; l 
' \ FPRS; l 
I i. EFO: JPO·, l ~ .. • ~ 

: i ~ DERWENT; ~ 
! ............ , ............... ..i .................................................................. ..J 1.BM_TDB .... , ....................... , ................. l ......................... , 
(S263 ! 44 j polysilioon with PS3 with (dielectric i USPGPUB;! OR ! ON i 2013/ 09/ 11 ! 
l • j oxide) and (solar photovoltaic) I USPAT; • • l 18:34 
i l i UroGR- l 
I I I FPRS· ' l 
\ I \ El:Y"I· 'JPO· l : ~ : ru1 , ~ 

1 l i DERWENT· l 
( j ! I BM TDB ' i : ,...,......_.,..,. ~~ 

• S262 j 2 

l S264 161 j (phosphosilicate PS3) with (dielectric l USPGPUB; OR ON l 2013/ 09/11 
l j oxide) same dop$4 and (solar j USPAT; l 18:35 
1 j photovoltaic) i UroGR; l 
1 I i FPRS· l : ~ : ' ~ 1 • I I EFO; JPO; , 

'· - J ........... J,. ···········"· - - - - -- .... "-••·················· ......... i r~~~T; . - ................. •,. ......... ...1 .......... , ............ .. 
S265 62 l (phosphosilicate Pffi) with (dielectric I U&PGPUB; OR ON j 2013/ 09/ 11 

(oxide) same dop$4 and (solar I USPAT; j 18:35 
j photovoltaic) .ab. i USCCR; l 
' \ FPRS; l 
I \ EFO; JPO; I 

. I i DERWENT; l 
I I i IBM TDB l 
: ............. - ................... : ........................................................................................... J ........ - ....................... ..... .................................................. . 

l S266 l 103 I (phosphosilicate Pffi borosilicate BSG) ! U&PGPUB;i OR JON l 2013/ 09/ 11 j 
\ { with ( dielectric oxide) same dop$4 and \ USPAT; l 18:42 
\ i (solar photovoltaic).ab. i USCCR; l 
i i i FPRS· l 
I l \ ED'"'\· 'JPO· l . ~ : r-v, > ~ 

) I i DERWENT; l 
! l \ IBM TDB l 
j S267 41 l S266 not S265 ; U&~B; OR • ON l 2013/ 09/ 11 
\ l \ USPAT; \ 18:42 

I I , ~~R; I 
I • I i EPO· 'JPO· ; l 
l !! I ! DERWB'JT;! ! 
\_ l i lBMTDB I l 

::===~l 
S268 2 j "20080173347" i USPGRJB· OR ON l 2013/09/ 11 

I i USPAT; , \ 18:43 
i ! USCCR; l 
I \ FPRS; l 
I \ EPO; JPO; I 
j \ DERWENT; l 

, j i I Bfv1 TDB l 
,.,.n._.,.,.n._,..,.,. • ,.u._,.,.n._,..,.,..,..,..,.,..,.,.,., n•n.,.,..,.,u,..,.u.,.-.u .. -.-.n.,.,.,.n,.,.n,.,.,.n.,.-. .. n,.,.n,.n,,.nn,.n,n,.nnnn .. nnnn .. u .............. ' ................ - .... .,. ............ ..._ ...... ..._ .. ..._ .. .,. .... ..._ ........ nnnno .. .,...,. ........ .,. ........ .,. ...... .,. .......... .,. .. ..._..._ .. ..._.,. .. ..._ .. .,. .... ...,. ...... "' 

S269 ' 3 i "20060196535" I U&PGPUB;' OR ' ON l 2013/09/ 11 ! 
I i USPAT; \ 18:45 
I I uscx;R; I 
i I FPRS; l 
I \ EPO; JPO; l 
' I DERWENT; ' 

' I I i I ™ TDB l 
' ........ . , , .... .., . .. , • • .... ,..,n .......... .., )' _ ... ,u .. ..,.., .... ..,.., .. ...,..., ; , . ........ .. • •nnnn•nn...,h ..,nn,nnnn.., .. n• .. n•nn..,n . ....... , .......... . ' . ......... ... -:-:-.... ..,...,..,...h..,• _ . .. , ......... ........ ...,nn .... n, . ' .. ....... ... , . .. _ • ..,...,_ .. . . .... .. , ...... .. _ .. -; • • . " • " ' 

lS270 179 I "4927770" i U&PGPUB;!OR ON l 2013/09/ 11 

~',.;: l \ USPAT; [ I,· 18:46 ' I USCCR; I ' 
'
~ ' ' 

[ FPRS; ! l 
i i i EPO; JPO; t l i ] i f ~ 
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t . .Jt. Jl. '!DERWENT; il 11 
! IBM TDB t I 

,nnnnnn-..O •nnnnn ' •• ,..,: ••h ';::;,,,~••• : h ••f ,,nnnn, ~ 

8271 ! 57 
! 

j (phosphosilicate PSGborosilicate BSG ) ' USPGPUB; OR ON i 2013/ 09/ 11 
l with (dielectric oxide cap$4) same USPAT; I 18:50 
l dop$4 and (back near surface near field U::DCR; j 
l BSF) ! FPRS;J l.l 
l i ERJ; PO; 
l i DERWENT; I 

i 1 I i I BM TDB \ 1 i , 
; ' .................. ' .......................................................................................... J ........ - ............. , ......................... , ................... ' .......................... , 

j S272 145 j(phosphosilicate PSG borosilicate BSG ) i USPGPUB; OR ON l 2013/ 09/ 11 ' 
\ l with ( dielectric oxide cap$4) and (back ' USPAT; i 18:52 
) l near surface near field BSF) UEOCR; ) 
j j FPRS; j 
l l 1 EPO- JPO· l 
i l i DERWENT· i 
1 ............ J ......................................................................................... ! 1 BM~TDB . .'_ ........................................ J ...................... . 
l 8273 ! o l 8271 not 8271 ! USPGPUB; ! OR ON l 2013/ 09/11 
l I l i USPAT· I ) 18:52 
l ! ! ! USOCR; ! ! 
i l ! FPRS; l 
l j i ERJ· JPO· l 
• ~ t t ' .. 

l ! DERWENT; j 
l 1 IBM_TDB l 

:=====:::;1 
S274 88 j S272notS271 f U&PGPUB; OR ON j 2013/ 09/11 

j i USPAT; i 18:53 
l ! USOCR; l 
j i FPRS; j 
I i ERJ; JPO; I 

. j ! DERWENT;, . , 
! l I BM TDB ! ! j ! 

""u"''"'"''" "' ,v, ............. "''''""' ~ "'''"""''"""""""""""""""""'""""'""""''""'"'"""'"""'"""""""""""""""""'"""""""""""""""""""""..' ,,,n,.,, - ,,.,.,.,u,,,,, "' '''"''''""''"'"''""''"" "' ,,.,.,,,,,,,,,,,,,,,,' ,,,,,.,,,.,.,,.,.,.,,., .. ,,,.,.,..,.,, .. 

8275 190 l (phosphosilicate PSG borosilicate BSG) U&PGPUB; OR ON l 2013/ 09/121 
l with ( dielectric oxide cap$4) with USPAT; l 10·22 
l (dop$4) with (burn$4 escap$4 leav$4 USOCR; j • 
l diffus$4) FPRS; I 
j ! EFO; JPO; j 
l ! DERWENT; ' 

' l ' IBM TDB ! 
l S276 1130 ! (phosphosilicate PSG borosilrcate BSG) i U&PGPJB;] OR l ON • I 2013/09/ 121 

!=,=,.·: • I I with (dielectric ''SiO.sub.2" silicon near ! USPAT; ) l ;.;'',.· 10:28 I 
j oxide cap$4) with (dop$4) with (burn$4l USOCR; 
j escap$4 leav$4 dlffus$4) l FPRS; 
1 1 EPO; JPO; j 
l i DERWENT; I 
l [ IBM TDB l 

~ ., - ·~ :====1 
8277 341 l (phosphosilicate FSG borosilicate BSG ) j US PGPUB; OR ON l 2013/09/ 12t 

l with (dielectric "SiO.sub.2'' silicon near j USPAT; j 10:39 
l oxide cap$4) and (solar photoelectric j USOCR; 1 
l photovoltaic) .ab. i FPRS; l 
j i EPO; JPO; j 

, • ,, i DERW°'·'T· • • ' i i : t □~ 1 i i ~ i 
' I • ' I BM TDB ! ! ' ' ~ ! ;.,.u,.un._n._,.,.n,. : n,.,n,.,.n,.,.n,.,.n,_,.,.nn,nnnn,.n,_,.,.n._,.,.,,.n,n,.,.n,.,.nn,.nnnn,.nnn,_n,.,n._n,.,. ~ - . " Y! n,.n,.,.n,_,.,.,n,.,.nn,n ! n,.,.n,.,.n,_,.,.n,.,.,~ n,.,.,.n,,.nn,.n,.,.nn"n" ! 

l S278 14 j (phosphosilicate PSG borosilicate BSG) [ U&PGPU8; OR ON j 2013/09/12 
l with (dielectric "SiO.sub.2" silicon near l USPAT; i 10:42 
l oxide cap$4) with (dop$4) with (burn$4j UEOCR; i 
l escap$4 leav$4 ditfus$4) and (solar ! FPRS; j 
j photoelectric photovoltaic).ab. i EPO; JPO; j 
l i DERWENT; l 

: l i I BM TDB t ~ i 
ir79 1_123 i (phosphosmcate PSG borosWcate BSG) i u&R3flJB,rR i ....... O~N~""""'i ,....2=01~3~/o=' 9~/=12-.j

1 

1 1 i with (dielectric "SiO.sub.2" silicon near ! USPAT; \ j i 10:44 i 
j I l oxide cap$4) with (dop$4) with (burn$4j USOCR; I I ! ! 
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i • l escap$4 leav$4 diffus$4) and (solar !IFPRS; • ! 
j l photoelectric photovoltaic) [ EFO; JPO; i 
1 ! t DERWENT· l 

! ........... J ..... -. ......... .J ............................................... -........................................ ! I BM_ TD~ .......................... ~ ................. J .. A ............... ~ 
j S280 18 l (phosphosilicate Pffi borosilicate BSG) I USPGRJB;j OR ON ~ 2013/09/ 12 
j j with (cap$4) with (dop$4) and (solar i USPAT; [ i 10:46 
j l photoelectric photovoltaic) I LJS'.)CR; : l 
I j i FPRS; i l 
! i I i EFO· JPO· 1 i l 
~ t ~ t J t : t ~ 

! !! ! ! DERWENT- ! !,. l ~ ~ t ) i ~· 
! 1 ! ! I BM TDB ! 1 l 

j l "4131486" I "4226017" I "4916503'' I j USPAT; l 12:04 
r 1 □5 i (03895975" I "4056879" I "4106047" I 1 US~RJB; 0 ·10N i::=20=1=31=0=9;=12::::::1

1 

I ___ J;~~1JJ;;_\:~~~~~~~·2

~

1 _I= --- I __ 
j S282 I 6 l (oxide with tunnel) same (pn near I USPGPUB; OR 1 ON i 2013/ 09/ 12] 
l I l junction) and (solar photovoltaic) .ab. i USPAT; ! i 12:08 ! 
• • ' ' USOCR· ' ' ' l I i FPRS· ' ! 
l I i EFO· 'JPO· l 
' ~ ' t ' ~ l ! DERWENT; i 

l !I BM TDB i 

S283 6 l (oxide with tunnel$5) same (pn near i U&PGRJB; OR 
l junction) and (solar photovoltalc) .ab. i USPAT; 

ON 
:======::1 
j 2013/ 091121 
l 12: 1 o 

l i USOCR; 
' i FPRS; I ! EFO; JPO; 

' ~ 
~ 
~ 
~ · j i DERWENT;. . 

........... , j ""'"""""'" ! ................................................................................ """"' j I BM_ TDB .. , j ........................ j """'""'""'" l _______ ,,, .. , .... , .... .__ j 
S284 86 l (oxide with tunnel$5) same (junction) I U&PGPUB; OR ON j 2013/ 09/ 121 

l and (solar photovoltaic) .ab. i USPAT; 112:10 
l I USOCR; l 
! i FPRS· l 
l i EPO· 'JPO· i 
l ! DERWENT; l 

, l I IBM TDB l 
' . ·••, ··••,. ·1' ................ , ·••, J ................................................. "····························•• ................. ~.- . ... ........... .. ... _ ................... "' ............. ...... i ..... ·--~. ' ... •, • ....... .. 

! S2ss 1so l~84 not ~83 I U&PGRJB;] OR l ON l 2013/09/ 12j 
I l I i USPAT; j l 112:10 ! 
, ,, t, ucrY'R,· ' -
~ ~ ~ , l, ,,,' FPRS· • 
~ ~-~ ' J 

! ' i EPO; JPO; l 
! I DERWENT- l 
I, ! I BM TDB ' ! 

- - :====1 
S286 3 ('20070256728" I USPGPUB; OR ON l 2013/09/ 12! 

! i USPAT; j 12: 12 
l i USOCR; l 
l i FPRS; l 
! i EPO; JPO; l 

I I __ I __ - - - - - - __ I p~~r;_i - _! __ J_······-·····-··.! 
! S287 52 ) "4272641" [ U&PGRJ8; OR ' ON ) 2013/09/ 12 

i I USPAT; l 12:14 
l i, USOCR·, l 
~ ~ 
~ [ FPRS; t 
~ ~ EPO; JPO; ~ I i DERWENT; l 

! , .. , , .. "" '"""' ... ' j "W' . ,•"w••"W""w,•••W"""''."'""'."'""'""••--•••""" ... i I BM ef TDB ... % •'W""" __ ,w ~ • .. , ..... ,,w .. J ..... ,., ..... ,, .... w .... •• 

rBB r 1 i (oxide with tunne1$5) and (solar i U&R3PUB,i10R !•. ON §2013/09/ 12! 
, 1 i photovoltaic) .ab. ! USPAT,, 1 !:;,_ 12: tS li, 
l i I 1 LJS'.)CR· ! i ! :: } i ' i ! 
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I • I 'l~;JP()- I 
I l i DERWENT· I 
j ............ ; ................ ..J ................................................ -. ....................................... l I BM_ TDB ' ........................................... J ..... . p===~I 
j S289 88 jthinsarne(oxidewithtunnel$5) and I USPGRJB; OR ON %2013/ 09/12 
j l (solar photovoltaic).ab. : USPAT; i 12:15 
' ' ! US'.)CR· l l l i FPRS; ' I 
I 1 i EFO· JP()- l 
! ~ ; ' t 

i.• _l ,i DERWENT; l t i I l ! I BM TDB 1 ,_ ' - ::====1 
j S290 87 l 8289 not S287 l USPGRJB; OR !ON f 2013/ 09/121 

l 1 USPAT; i 12:15 
i , ! LJS'.)CR; • 

I I 1~~+, I 
l l i IBM TDB l 

: S291 ; 1100 i(oxidewithtunnel$5) and (solar [ US~B;; OR ; ON i 2013/ 09/ 121 
l photovoltaic photoelectric) : USPAT; i 12:22 
i ! US'.)CR· ' 
r I FPRS; • 1 
, i ~-J~ I 

l I DERWENT; l 
t ~ l i I BM_TDB l 
l S292 [ 30i • • i (~xide with tunnel$5} same (pn junction! USPGRJB;i OR ON • f 2013/ 09/ 12' 
l I j p-type n-type) and (solar photovoltaic I USPAT; i l12:24 
i i 1 photoelectric) LJS'.)CR; i I 
i i l I FPRS· i •.•.· 
:,,':,.:: ·? t ' ) • l i ~:J~ l 

! i DERWENT; l 
.. ' ~ 

l _ j l I BM TDB 1:====~I 

1S293 243 j(S292notS289) ! USPGRJB; OR ON ) 2013/ 09/12! 
i • j USPAT; 112:24 

I I I~~,. I 
~ : ~ [ DERWB\JT; t : ~ 
l ............. l ............... j .......................................................................................... ! IBM_TDB .. J ....................... l ................... l .......................... · 
S294 17 j "4495375" j USPGRJB; jOR ' ON j 2013/09/12' 

l l l USPAT; i l 12:31 

I I I U~R; ' I 
, , i FPRS, : 
! l ! EPO· JPO· l t ~ ~ I ' ~ 
I l i DERWENT; j 

' .......... ...! ....... , ....... l.,. ... " .. ,. .. ,, ................. ... ,., .... , . . ,. __ ....... ..J r~--:-:-TDB .......................................... , l ......... ,. . ,, ... . 
r5 •0 j ("3990097" I "4338482").A\I. OR i USPGRJB; □OR 10N it2013/09/ 12j 
j • j ("4495375") .URA\I. I USPAT; • j 12:31 I 
' • 1 ! US'.)CR ' . l ! 
~ ' ,' ' .... , ' ... .... , ' , ' .... ,. .... ,.' ' .... ,' ' .. .$ ...... , ' ' .' ' u,, ' ' . ... u,,, u,, .. _ .. , ' .. _ .. , ........ , ...... , ' "'""· .. , ' ...... _ ' .... ,' ' .... , ' .. _ .. , . .... , . ..... '' ... '' ' ... : . ..... _ .. , ....... _ .............. _ .. , .. _ . .. .. , .... '' . . . . . . . ' ' . ' ... ' .... , .... , - .. _ ' ... .. , ...... , . ......... t 

□·□4 l ("3559281 " I "4013485" I "4062102" I : U&PGRJB; [RJ ION ! 2013/ 09/12' 
] "4253881 " I "4403239" I "4404421 " I i USPAT; • . ) 12:32 
} "4404422" I "4495375" I "4640002" I : USIXR . • i 

"'" '·"---------------- I ~~:~~{i~~ .. ~ -·=~28") .PN ... OR"'""""""..J '"'""'"""""""" "'----------------------- """'""'"""' 1 ................... , ...... , 
S297 60 l "6998288" ! USPGRJB; OR ON j 2013/09/12! 

l l USPAT; ) 12:41 
l ! USOCR; l 
l i FPRS· i 
' ' J .. 

l ! EPO· JPO· l 
• ~ : J J ~ 

! J· j ! DERWENT;· • i 1 
l . ! i I BM_ TDB l I j ! 
: ................................................................ , ............................................................................................................................................................................................................................................................................................................................. > ............................................... .... 
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j ("20040200520" I "4927770" I [ US-PGRJB; OR ON l 2013/ 09/ 12' 
l ''5053083" I "5164019" I "5217539" I [ USPAT; i 12:55 
\ "5360990'' I "5369291" I "6274402" I t us:x::;R l 
l "6313395" I "6333457" I "6337283" I ' 1 

j "6387726" I "6423568").PN. OR I ! 
; . l (''6998288") .URPN. ! i I S29T 3 j SJnpoweraUd oxide dm j if Br I ON 1 ...... ~-~;-; -~0=9~~,- 2""'1

1 

I l ~ ; J~ l 
j j DERWENT; 1 
I IBM TDB ) 

r□ ··,20101•2· ____ _ _ __

1 

~B, .cu:::::::~~=;0=6,=0=6/=08:::::::

1

, 

LJ5181 I tunneHng near2 oxide I ~~Br l OFf I ~~',~06/0Bi 

; ............. = ... . ............ '. ............................................... ~ ......................................... j ~§()<?.~ ......... ! ................... ., ! ................... ~· ........................ ~ 
!r02 r 05 i tunnel$4 near2 oxide and (solar ! U&PGR.JB;'D R [ OFF (2016/06/0Bi 
j j j photovoltaic) and (rear$4 back$4) t USPAT; l j f 12:20 l 

I.......... l ............... ..J ~;:~~:;;~1~~~~~~~1~~ ~~) .......... ...1 US)CR . .-... J ...................... J .................. 1 .......... j 

S298 53 

S303 210 l tunnel$4 near2 oxide and (solar US-PGRJB; OR OFF l 2016/06/ 0Bi 
l photovoltaic) and (rear$4 back$4) l USPAT; i 12:29 
j near2 (electrode contact) and 1 USOCR; i 
j (passivat$4 anti?reflect$4 ARC) I FPRS; \ 
' ! EPO; JPO; l 

I 
I ! DERWENT;I l l 
! l IBM TDB , l 

.. .,,..,n.,.,.,,. .. ,..,,. "'""""""""""""" """"" ............................. """"""""""'"'""'"""""'"'""'""'""'""""'""""""""" • ""'""'""" - """""""""""",. """""""""""""""""""' """"""'""""""""""'' .,.,.,.,..,. .... , ................................... .,.. 

S.'304 5 1 US-PGPUB; OR OFF l 2016/06/08! 
! USPAT; ] 12:29 
t uscx::R- l 
t FPRS· , l 
[ EPO; ,JPO; l 

·~·-........................................ ..1 Ps~~~~ ..................... J ................ 1 .................... " _ 

\ S305 ~238 j (heteroj unction) and (solar l, UUS-S.
0
PG'AJPU; B;I_OR i OFF \ 2016/06/08j 

!,:,:• ' I photovoltaic) and (rear$4 back$4) ' ,, • 112:31 • 
! near2 (electrode contact) and ! USOCR; j 
j (passivat$4 anli?reflect$4 ARC) and [ FPRS; l 

j j (polys1licon polycrystalline) same (wafer[ EPO; JPO; j 
\ l monocrystalline) ! DERWENT; l 
1 . l t I BM TDB l i 5306 ] 99 i "7468485" . •• ••• • ! U&~B: OR , OFF i 2016/06/08; 
l I ! USPAT; l 12:46 

I l I~; I 
, l t EPO· JPO· l .., ~ t I J .., t 

I ! ; DERWENT; I,,. l I,,, 

I l 1 IBM TDB i -~ ...................................... . ............. ~ .................. ... 

j "6262359" US-FGPUB; OR OFF l 2016/06/08! 
l USPAT; \ 12:49 
~ U~; ! 
l ~; l 
~ ~ 
~ EPO; JR); ~ 
~ DERWENT; ! 
I l~TOO __ I 
~ (heterojunction) and (solar 'LJ&ffiFLJs,jlOR .... _ ...... j.lCJFF i~2=01=··6=/0=6=/0=B::::j

1 

I I! J photovoltaic) and (pass,vat$4 anti? USPAT; I I 113:20 I 

S307 66 
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iLJ •• Li reflect$4 ARC) and (polysiHcon ! USOCR; ' ·•.I 1,,,:-1 l polycrystalline) same (wafer ! FPRS; l 
\ · l monocrystalline) [ EFQ; JPO; 

' j DERWENT; l ! IBM TDB l 
::====:::;I 

&109 183 l s.308 not &105 i US-PGFUB; OR OFF l 2016/ 06/ 08j 
l j USPAT; 113:21 i 
l l USOCR; i ! 

, 1 i FPRS· , l 
l l ! EFO·, 'JPO,· l 
'~ ! .. ' ! DERWENT; f I l i IBM TDB i 
' ,._,.._,,,,,,,,,,.., ,,.,,,,,,v,,,,,,,,,3' ,.,.,,,._,,,,._,,,._,.,_,,,,.,u,.,_,,,,,.,_,,,,,,,,,n,,,,,,n,,,,u,,u,,,,,._,u,,,u,,n,,,,,,,,,,._,,• n,,,.,.,,._ - ,,.,_.,.,,,,,,,,,. , ...... , ...... ,,,,,,,,,,,,,,,,.,. ,,,,,,.,,._,,,,,,,,,,' ,,,,,,,,,,,,._,,,,._n,,,,,,,• 

!,'.. Sl10 49 I,, '5030295" I ~B; OR OR' l.~~~;~06/ 08i 

[ EFO; JPO; j 
\ l ! DERWENT; \ 
1 < l i I BM TDB · · l , 

r 11 :.r9 • i .("4602120" I "4675468'' I "4703553" I ! U&~PlJB;;□OR '· •. ION i.2016/ 06/08\ 
j l "4726850'' I "4781766" I "4824489" I [ USPAT; • j 13:25 
l • !"5030295" I "5053083" I l USOCR • j 
i j "5346850").PN. OR("5538564").URPN. l j 

;:=====:I 
&112 248 l tunnel$4 near2 oxide and (solar 1 U&PGPlJB; OR OFF 12016/06/08 

l photovoltaic) and (rear$4 back$4) [ USPAT; j 13:43 
l near2 (electrode contact) i USOCR; j 

l. l ! FPRS· 1 
~ l , ~ 

! l i EFD; JPO; j 
I l ! DERWENT; l l i 
t 1 : I BM TDB i t ~ f 

........................ ~ ..................................... ~ .................................................................................................................................................................................... J ................ - ........................ ~ ................................................ ~ ........................................ .... ............................................. ~ 

S313 I 199 )tunnel$4 near2 oxide and (solar i U&PGPUB; OR OFF l 2016/ 06/ 08! 
i photovoltaic) and (polysilicon ! USPAT· l 13:44 
j polycrystalline) same (wafer i USOCR; I 
j monocrystalline) i FPRS; i 
l ! EPO; JPO; j 
l [ DERWENT; 1 

, l i IBM_TDB i 
. ·••. ··••, ··1" ............... ..... ~ .................................................................................. ·•·. ••••. • . ••••• • ••••• .,..... • •••• _ ················•· . .. • . . ' ••. • , ••. ··•• . •• ~ ··••, ..................... . 

l &114 ! 105 l S313- not s.302 i U&PGFUB;] OR l OFF l 2016/06/ 08l 
I l j j USPAT; ) j l 13:44 ! 
• I !. LJCYV'R,· ' ~ ~ ~ ! 
l ' ,,· FPRS,· ,_. 

',, l i EPO; JPO; j 
' ! DERWENT- \ 
I ! I Btv1 TDB ' I 

-............J - - :===~I 
&115 ! 516 i (solar photovoltaic) and (polysilicon i U&PGFUB; OR OFF j 2016/06/08\ ! l polycrystalline) with emitter ! USPAT; i 13:48 

l !,· USOCR,· 1 I. . , 
i l !,' FPRS; 1 

i ~ 
! l ! EFQ; JPO; \ 

1 ........... J .................. t ........................................................................................ ..1 ~:~,g~rJ ...................... .J ................... 1 ........................ ..1 

!,:.: Sl16 115 1_· ~;~~£:if'!~~ ~~;/(:1:~con i ~8; OR 'a'f 1_!,_ ~~;:~06/0B! 

i DERWENT; 
~ , , ! I BM_TDB % ~ ' 

ir,i 1.r5 i (s□-lar phOtovoltaic) and (polysilicon : u&R3ft.JB;li7R ~ ..... O~FF~.......,;.--2-01~6=/0~6=/0=8-.j
1 

\ j l polycrystalline multicrystalline silicon) i USPAT· 1 l I 13:59 i 
1 ! j with emitter and heterojunction I USOCR; ! ! j ! 
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1 .............. ... . ........ ...J ................................................ -. ....................................... I ~B~j~ __ ...................... J ............. ...1 ...... -................. .. 
j S318 442 I (solar photovoltaic) and (polysilicon I USPGRJB;\ OR ~ OFF I 2016/ 06/ 081 

j l polycrystalline multicrystalline silicon Si) I USPAT; [ j f 13:59 
j j with emitter and heterof unction and I USJCR; I ! j 
1 i (polysilicon polycrystalline I FPRS; j j j 
1 i j rnufticrystalline) [ EFO; JPO; ! ' j 
i II l I DERWENT; ! II i 
1 I I I BM_TDB ! j 

::====1 
S319 327 I 8318 not 8316 j US-PGRJB; OR OFF j 2016/ 06/ 08 

I 1 USPAT; l 14:00 
I t USJCR; l 
I ; FPRS; l 

i I I ERJ; JRJ; I 
, I I DERWENT; , 
I . I j I BM_TDB i 
L□ ~::;6~~~~~:/ ~=2206") IN OR 

1 
~~Br r 

1
;;.o.:~~=~

0
=6~=0=6/=08=

1
, 

,1 ! ...................................................................................... ..J LJS()CR . j . .. " ,. . J ....... J ........................ ..! r, i□.8 .! ("20030089393" I "20060255340" l I U&PGPUB; □ ..... QR 

1 

.. 0N i 2016/ 06/DB' I g j "20060263642" I "4703553" J I USPAT; • j 14:12 
j ! "5011565" I "5057439" I "6403877" I j LJS()CR • • j 
i i "7858430").PN. OR ("8207443") .URR\J. j • l 

'I.S322 1.L il"5030295" j USPGRJB; D ION l:=20=1=6/=0=6/=08~jl 
I . j USPAT; l 14:16 ! 
' ' LJS()CR ' • i .. , ......... , ............. .1 , ......... ,............................... . . . ' ~ ~ 
S323 1803 j tunnel$4 and (solar photovoltaic) and I U&PGPUB; OR OFF j 2016/06/08 

i heterojunct1on I USPAT; j 14:20 
1 I USJCR· , 
I I FPRS· ' i 
~ ~ ) ~ 

I I ERJ; JPO; l 
; • I I DERWENT;, l l 
i I 1 11 BM_TDB ~ ' ~ . 
1
S'.324 ll 380 i ~.~~~run:~~~~~,:~~:~~~~~c) and 1, ~ut;R;~B;~l oR' ••• • ;_i,,_oFF ·, ~~~:~06/ 081 

1 
I heterojunction and (polysilicon ,

1 
FPR.::,,.JvS· _ I j 

j polycrystalline multicrystalline) , 
j i EPO; ,JPO; I 
1 I DERWENT; .l , ' 

'. ..... ....... .... .......... ..J ............................................... -........................................ ! .1 BM_ TDB ..... .......................... ••, ......... ... l ..... -. ................ .. 
I S325 f 275 l S324 not 8319 I U&PGRJB; OR OFF l 2016/06/ 08• 
\ ! l [ USPAT; \ 14:20 
~ : ~ ~ LJS()CR· ~ 
'.i ' 1 ',1 FPRS; , l 

~ t 
i I I EPO; JPO; j 
I I I DERWENT; l 

i ---·••-" I 11 BM TDB ·-·------------------· i 
S326 ! 3 

; 
; 

::=====:I 
i "20060263642" j U&FGRJB; OR ON l 2016/06/08i 
I l USPAT; l 14:22 
I 1,· USOCR; l 
! t 
I I FPRS; l 
I I EPO; JPO; l 
I I DERWENT; l 
.1 .......................................................................................... 1 I.BM_TDB .................................................. \ ......................... .. 

S327 j..r7 ! tunne1$4 and (sola, photovoltaic) and U&FGPUB; n·•· OR ·•.jOFF j 2016/06/0Bj 
i I heterojunction and emitter USPAT; • . l 14:23 ! 
i I USOCR· · . l ! 
l i FPRS; J 1 l ~ i 
i· ~ t t" ~ t 
f ~ ! t' ~ t 
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! m2s· 427 .......... l i2?·~;t .. SJ2.4"- xv, ...................... 1 u·sPciru·s;· or: ................. oFF .......... i 201.61061·oa·• 

l l t USPAT; \ 14:23 
' l [ USXR; l 

I I i r~;JFD; l 
! 1 1 I DERWENT-1 l , , 
' i ' 11 BM TDB ' i i ' i ~ . ! ,,n~,n,,,n,,,,. •~ '-,n,n,,n,,,,n,,n,,nnn,,,,n,,n,,,n,n~>,nn,nnnn,nn,,n,nn,,n,n,,,n,-J ,,.,.,n,, - ,,n,n._,~,. ! """"n,,,n,,n,,nnn, J ,,.,.,n,,,nn,n,, ~ n,nn._,,.,nn,,,,,.nnnJ 

j 8329 35 l "5563092'' i US-PGPUB; OR ON j 2016/ 06/ 08l 
! l I USPAT; j 15:23 
I l ! LJgJCR; l 
l ! ! FPRS; l 
1 l ! EFQ; JFD; l 
1 l I DERWENT· l 

~ ~ I ~· l j IBM TDB l 
:::===~I 

S330 516761 l polycrystalline and (thin tunne1$3) oxide! US-PGPUB; j OR l ON l 2016/ 06/081 
\ and crystalline ! USPAT; • l 15:25 ' 
l ! LJgJCR; l 
l t FPRS; l 
l.
1 

1.• ~-.~.- l 
~ 

~ ~ DERWENT; ~ 
i .,.. ........ .' •m, .... ,.. .... ,J ""' ...... ,.. .. ., .... , ...... ,.. .. m ...... ., .. ._ .......................... ,,.. .. ,.,.,.,,.1 !,!?!YI-"IQ,~••w• .. m ...... , .. ,., .. ,., ....................... .l ·" .. "' .... "' .. "' .. "" 
j S331 11587 l polycrystalline and (thin tunnel$3) [ U&PGPUB; OR ON f 2016/ 06/ 08' 
l l near2 oxide and crystalline I USPAT; i 15:25 

I I !~~Ft I 
i . l ! EFQ; JFD; . l 
l I j I DERWENT; ! I i I 
' 1. ' i I BM TDB ' ' ' ' ~ ,._._ ,nn,n,J ,.,.,~,n,,nn, ~ • ,n,,n,,,,,,,,,,.,,,n,,,,,,,n,,,,,,n,,,n,~>,nn,nnnn,,,,n,,,n,,n,,,n,,n,,,J •n••••• - n•n•~••"""J ••n•••n••n••nnnn,J ,.,nn,nnnn•n ~ nnn,,,,u,n,u, .. un, j 
• S332 • 1066 )polycrystalline same (thin tunne1$3) l U&PGPUB; OR ON l 2016/ 06/ 08l 

l near2 oxide same (monocrystalline ! USPAT; i 15:25 
1 wafer crystalline) • Uscx:;R; l 
l [ FPRS; \ 
l i.' EFD·, JFD,· l 
l ! DERWENT·, l 
~ . ' 

. j l IBM_TDB l 
- ;::=-::=· ===::I 

S333 ] 147 l polycrystalline same (thin tunnel$3) l US-PGPUB; l OR ) ON l 2016/06/ 08, 
l near2 oxide same (monocrystalline t USPAT; • i 15:25 
I wafer crystalline) and (solar ! uscx:;R; l 
!. photovoltaic) i FPRS; l 
l t EFD; JFD; l 

' ' i DERWENT; l 
i .......... J ................ ..J ....................................................................................t 1.srvt_TDB .... , ............................................ l ........................... . 
j S334 282 l (polysilicon polycrystalline) same (thin I U&PGPUB; OR ON j 2016/06/08 
! l tunnel$3) near2 oxide same I USPAT; i 15:30 
j l (monocrystalline wafer crystalline) and t LJgJCR; l 
j l (solar photovoltaic) t FPRS; i 
1 ' i i EFD· JPO- , • l 
j I ! I DERWENT; ! I i I 
l l l t lB'vl_TDB j l l j • .. ' •. ...... ·•• .... u.............. ..................... ... ............................................... •• ........... _ ~ '' ,(, . .. . '' ••. ................................. .. ........ _ ...... ' ...... _. .. ••. ...... .. 
S335 27 ! (emitter) with (thrn tunnel$3) near2 I U&PGPUB; OR ON l 2016/06/ 081 

! oxide same ( monocrystalline wafer i USPAT; l 15:39 
l crystalline) and (solar photovoltaic) t LJgJCR; l 
~ l FPRS· ~ ! I EFD; 'JFD; l 

j l i DERWENT; i 
l l ! IBM TDB ) 
!1S336 ]128 l (emitter) with (thin tunnel$3 interfadal) i LJ&.~rus;j,0R···· .. ••• .. •••• .. 1.10N·· ...... i,=2·=01 ...... 6 ... /0...; .. 6..,.·/o"" .. a .... ·{1 

! ! ~ near2 oxide same (monocrystalline i USPAT; i ! l 15:40 I 
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ilJ•LI ;;~;~:ar.:i~llne) aoo (solar 
1 
~~; ·u 1 ILJ 

l j DERWENT; • i l j IBM TDB • l 
.......... -------=~ 

S337 1098 l (thin tunneI$3) near2 oxide and , US-PGAJB; OR CN ) 2016/ 06/08j 
l heteroj unction and (solar photovoltaic) l USPAT; l 15:42 i 
l i USCCR· l i 
1 l FPRS· J ~ t 

I i EFD; 
1

JPO; i 
l ! DERWENT; l 
l ! IBM TDB l 

• ,,.._,.,,,,,,.,,_, ,,.,,._,.,..,.,,...,,,,,,.,. ' n,,,._,._,.,.._._._,._._._,.,_ .............. """""'"""'""""""""''""''-"""""""'.,_._._._,._._._,.,.,,,,,,,,.,.,,,,,,,,._,,• n,,,..,.,.,_ - ,,._._._._,,,,,,,., ,,,,,,,, ................................ ., .,_.,.,,,,,,,,,,,,,.,.,,,.,. ' - . ._,,.,.,,,._,,,._,,,,._,,,.,.,,,,,• 

! S339 432 l (thin tunnel$3) near2 oxide and i US-PGAJB; OR ON \ 2016/ 06/ 08. 
1 l heterojunction and (solar i USPAT· j 15:43 
j l. photovoltaic) .ab. ! USCCR; l 
1 , t FPRS; l 
I l i EFD; JPO; I 
) l i DERWENT- : 

1 ............ .l .............. _.! ................................................................................. .J 1.BM_TDs .. ' j ...................... ; ............... i .......................... , 
! S340 . 405 i S339 not S328 i U&PGAJB; OR ON l 2016/ 06/ 081 
l l i USPAT; ( 15:43 
1 l , USCCR- l 
: ~ ~ J ~· 

: : : FPRS· ' 
I l i EFO- 'JP()· l 

l ! DERWENT; l 
l j IBM_TDB l 

~==::::::;I 
l (interfacial interface tunnel$3) near2 I U&PGAJB; ! OR i ON l 2016/ 06/ 08j 
joxide and heleroj unct ion and (solar USPAT; i .1 l 15:46 i 
l photovoltaic) .ab. , USCCR; ] l j 
~ l FPRS· ~ I i EPO; 

1

JPO; l 
: l i DERWENT; l 
l . l ...... , .... ...... v ......................................................... ! 1.BM_TDB ....................... , ..................... .J ........................... . 
t S342 3 l "20070256728" i U&PGAJB; OR ON l 2016/06/08 
) l i USPAT; i 15:49 
1 l t LJSCCR· l ; ~ l , ~ 
, , : FPRS· • 
i l i . 1J . l , , , EPO, PO, : 
\ I ! DERWENT; i 
'. % l i I BM TDB ~ ~ ~ 1 
: .......... , .................. •• ......................................................................................... .1 ........ - ............. , .................. "". , ................... ' .......................... . 

l S343 i 16 l emitter with interfacial near oxide and i U& PGAJBJ OR i ON ~ 2016/06/ 08! 
\ '" l (solar photovoltaic) i USPAT; ' ' I 16:02 

I I l ~~R; I 
I l t Ec::Y'\· 'Jc::Y'\· l : i ! rv, ru1 ~ 

1 j i DERWENT; l 
i I ! I Bfv1 TDB l 
: ,nn,nnn,.. n,,,<o.HH,uH<o<o4 $ <,HHH<.UHUUUUH<,U .. uu,uuuu,uu .. U-UU"""""'"""""""""""""""""""""""""""""""' """"""" - """"""-"""" """"""""""""""""""""""""""' """"""""""""""""""".. """"""""'""""""""""""""""",,. 

S341 1176 

r4 1□4 l ("3919639" I "4296372" I 
11

4431460" I l U&PGAJB;l□R r N , 2016/06/0Bi 
j i l "4464627'' I "4467519" I ''4483726" I i USPAT; j I ( 16:05 j 
j j j "4598249" I ''460986'7'' I "4695794" I ! USCCR j j j j 
l ! l "4709141" I "4859939'' I t i i. l i ' . \ ' . . .. . 
i ......... J ... .. ....... J "495669~') . PN •. OR r s 138256"). URFN..J ........................ i_ .................. J ............ ) ...................... ...1 
S345 353 j (interfacial interface tunnel$3) near2 j U&PGAJB; OR ON j 2016/06/ 08i 

l oxide same (polysilicon polycrystalline) ! USPAT; f 16:06 
l and (solar photovoltaic) ! USCCR; i 
l t FPRS· l 
l i EPO· 

1

JPO· l 
~ l I t ~ 

l l i DERWENT; l 
l l i IBM TDB l 
ijS346 j,356 i (interfacial interface tunnel$3) near2 i U&~ PUB;j,GR l.lON i,=; ·=0 1 ...... 6 .... /0...; .. 6 ..,.·/o""' .. s"'·i, 
1 ! i oxide same (polysilicon polycrystalline j USPAT; i ! l 16:09 I 
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·uL· I · u.. !,',,,,,,,:· 

l .•. l multicrystalllne) and (solar , USOCR; 
j . l photovoltaic) i FPRS; 
l l i EFO; JPO; 

l j DERWENT; 
l ! IBM TDB l 

::====:;I 
S347 449 l (interfacial interface tunnel$3 sificon) j US-PGFUB; OR CN l 2016/ 06/08l 

i near2 oxide with (interfac$3 tunnel$) ! USPAT; ) 16: 14 ! 
i same (polysilicon polycrystalline) and i USOCR· l ! 

1 
- I (solar photovoltaic) I r~7;J~; -

1 
l , ! DERWENT; l 
l ! , IBM TDB i 

._._._._,.,,.,,,,,,;, ,,.,_,._,,,,,,,,,,,., ' .,.._._._.,.._._._,._._,._,._._._,._._._._._,._._._,._._._,._._._._,._._._,._._._._,._,._,,._._._,._._._._,._._._._._._._._,.._._._._._._._._,._._._._,._._._._._._._• n,,,..,_._.,_ - ._._._._._._,,,,,,,., ,._,,,,,,.,.,._._,,,._,,,._._,,,._,;, .,_._,,,,,,,,,,,,,,,._,,' . . ,._,._,,,._,,,._,,,,._,,,,,,,,,• 
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PTO/SB/26 
Doc Code: DIST.E.FILE U.S. Patent and Trademark Office 
Document Description: Electronic Terminal Disclaimer - Filed Department of Commerce 

Electronic Petition Request TERMINAL DISCLAJMER TO OBVIATE A DOUBLE PATENTING REJECTION OVER A 
"PRIOR" PATENT 

Application Number 14504771 

Filing Date 02-0ct-2014 

First Named Inventor Peter COUSINS 

Attorney Docket Number 10031.004211 

Title of Invent ion 

FRONT CONTACT SOLAR CELL WJTH FORMED EMITTER 

IZI 
Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding 
Office Action 

~ This electronic Terminal Disclaimer is not being used for a Joint Research Agreement. 

Owner Percent Interest 

Sun Power Corporation 100% 

The owner(s) with percent interest hsted above in the instant application hereby disclaims, except as provided below, the 
terminal part of the statutory term of any patent granted on the instant application which would extend beyond the expiration 
date of the full statutory term of prior patent number(s) 

8222516 

8207444 

as the term of said prior patent is present ly shortened by any terminal disclaimer. The owner hereby agrees that any patent so 
granted on the instant application shall be enforceable only for and during such period that It and the prior patent are commonly 
owned. This agreement runs w ith any patent granted on the instant application and is binding upon the grantee, its successors 
or assigns. 

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant 
application that would extend to the expiration date of the full statutory term of the prior patent, "as the term of said prior patent 
is presently shortened by any terminal disclaimer," in the event that said prior patent later: 
- expires for failure to pay a maintenance fee; 
- is held unenforceable; 
- is found invalid by a court of competent jurisdiction; 
- is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321; 
- has all claims canceled by a reexamination certificate; 
- is reissued; or 
- is in any manner terminated prior to the expiration of its full statutory term as presently shortened by·any terminal disclaimer. 
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Terminal disclaimer fee under 37 CFR 1.20(d) [s included with Electronic Terminal Disclaimer request-

0 
I certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d) 
required for this terminal disclaimer has already been paid in the above-identified application. 

Applicant claims the following fee status: 

Q Small Entity 

Q Micro Entfty 

@ Regular Undiscounted 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were made with the knowledge that willful fa lse statements and 
the like so made are punishable by fine or imprisonment, or both, under Section 7001 of Title 18 of the United States Code and 
that such willful false statements may jeopardize the validity of the application or any patent issued thereon. 

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES 

I certify, in accordance wlth 37 CFR 1 .4(d)(4) that I am: 

@ An attorney or agent registered to practice before the Patent and Trademark Office who is of record in 
this application 

Registration Number 40909 

0 A sole inventor 

O A joint inventor; I certify that I am authorized to sign this submission on behalf of all of the inventors as evidenced by the 
power of attorney in the application 

Q A joint inventor; all of whom are signing this-request 

Signature 
/Patrick D. Benedicto/ 

Name 
PA TRICK D BENEDICTO 

4 S tatement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner). 
Form PTO/SB/96 may be used for making this certification. See MPEP § 324. 
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Doc Code: DISQ.E.FILE 
Document Description: Electronic Terminal Disclaimer - Approved 

App lication No.: 14504771 

Filing Date: 02-0ct-2014 

Applicant/Patent under Reexamination: COUSINS et al, 

Electronk Terminal Disclairner flied on September 191 2016 

[81 APPROVED 

This patent is subject to a terminal disclaimer 

0 DISAPPROVED 

Approved/Disapproved by: Electronic Terminal Disclaimer automatically approved by EFS-Web 

U.S. Patent and Trademark Office 
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DocketNo. 1003 1.00421 l 
Response To Office Action 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor: 

Peter John COUSINS 

Application No.: 14/504,771 Examiner; PILLA Y, DEVINA 

Filing Date: October 2, 2014 Art Unit: 1755 

Title: FRONT CONTACT SOLAR CELL WITH FORMED EMITTER 

RESPONSE TO OFFICE ACTION AND AMENDMENT 

INTRODUCTORY COMMENTS 

This paper is responsive to the office action mailed on June 29, 2016 ("last office 

action"). 

Please amend the above-identified application as follows: 
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AMENDMENTS TO THE SPECIFICATION 

A. Please insert the following section on page I of the specification, after the 

"REFERENCE TO RELATED APPLICATIONS" and before the "BACKGROUND OF 

THE INVENTION". 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR 

DEVELOPMENT 

The invention described herein was made with Governmental support under 

contract number DE-FC36-07G017043 awarded by the United States Department 

of Energy. The Government may have certain rights in. the invention. 

B. Please replace the paragraph beginning on page l _. line 6 with the following 

paragraph: 

This application 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 

{n their entirety. 

1 
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AMENDMENTS TO THE CLAIMS 

l, (Currently amended) A solar cell, comprising: 

a substrate having a front surface that faces the sun to collect solar radiatiotl 

during normal operation and a back surface opposite the front surface; 

a first tunnel dielectric disposed over the back surface of the substrate; 

an emitter disposed over the first tunnel dielectric. the emitter forming a backside 

junction with the substrate; 

a front electrode disposed over [[ a ]Jthe front surface of the substrate; and 

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

2. (Original) The solar cell of claim l, wherein the emitter is a polysilicon emitter. 

3. (Original) The solar cell of claim 1, wherein the substrate is a monocrystalline 

silicon substrate. 

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

oxide. 

5. (Canceled) 

6. (Currently amended) The solar cell of claim 1, further comprising a second tunnel 

dielectric disposed on an opposite side of the front surface of the substrate than the first 

tunnel dielectric. 

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

8. (Original) The solar cell of claim 1, further comprising an antireflective layer 

disposed over the front surface of the substrate. 

9. (Currently amended) A solar cell, comprising: 

., 
.) 
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a substrate having a front surface that faces the sun to collect solar radiation 

dming normal operation and a back surface opposite the front surface; 

an emitter over [[ a]]the back surface of the substrate, ihe emitter forming a 

backside junction with the substrate; 

a first dielectric between the emitter and the back surface; 

a front electrode disposed on ([a]]the front surface of the substrate solar eeU; and 

a back electrode disposed on [(a]]the back surface of the substrate solar eell. 

10. (Original) The solar cell of claim 9, wherein the emitter is a polysilicon emitter. 

11 . (Original) The solar cell of claim 9, wherein the substrate is a monocrystalline 

silicon substrate. 

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

13. {Currently amended) The solar cell of claim 9, further comprising a second 

dielectric disposed on an opposite side the front surface of the substrate than the first 

dielcetric. 

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

15~20. (Canceled) 

4 
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REMARKS 

With the above amendments, claims 1-4 and 6-14 remain in the application. 

Claims 5 and 15-20 are canceled without prejudice. 

Claim amendments have been made to expedite prosecution. Applicant expressly 

reserves the right to pursue the original version of an amended claim in a continuing 

application. 

Terminal Disclaimer 

An eTerminal Disclaimer has been submitted to obviate the nonstatutory double 

patenting rejection that is based on US 8,207,444 and US 8,222,516. 

Claim Rejection-- 35 U.S.C. §112 

Claim 9 is amended to address the rejection under pre-AJA 35 U.S,C. §112, 

second paragraph. 

Claim Rejection --35 U.S.C. § 103 

Claims 1-4 and 6-14 are rejected under pre-AJA 35 U.S.C. § 103(a) as being 

unpatentable over Okayasu (JP 07-106611) in view of Ohmni (US 5,516,092) and 

Foglietti (US 2002/0142500). The rejection is respectfully traversed. 

Claim 1 is patentable over the combination of Okayasu, Omnhi, and Foglietti al 

least for reciting: "an emitter disposed over the first tunnel dielectric, the emitter forming 

a backside junction with the substrate." 

In the embodiment of claim 1, the emitter is disposed over the tunnel dielectric 

and forms a backside junction with the substrate. It is respectfully submitted that this 

feature of claim I is not taught or suggested by the combination of Okayasu, Ohmni, and 

Foglietti. 

j 
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To the extent the applicant understands the machine translation of the disclosure 

of Okayasu, Okayasu FIG. 1 shows a solar cell with anN-type substrate 1, a layer 2 on 

the front side, an N+ BSF layer 5, an electrode 6 on the backside, and an electrode 4 on 

the front side. It is respectfully submitted that because the layer 5 is a back surface field 

layer, the layer 5 is 11ecessarily on the back surface and hos the same polarity as the 

substrate 1. Accordingly, the BSF layer 5 cannot form a backside junction with the 

substrate, and thus cannot oorrespond to the recited emitter. It is respectfully submitted 

that Ohmni and Foglietti do not add to Okayasu regarding the recited emitter feature of 

claim 1. 

Therefore, it is respectfully submitted that claim 1 is patentable over the 

combination ofOkayasu, Ohmni, and Foglietti. 

Claims 2-4 and 6-8 are patentable over the combination of Okayasu, Ohmni, and 

Foglietti at least for depending from claim 1. 

Claim 9 is patentable over the combination of Okayasu, Ohmni, and F oglietti at 

least for reciting: "an emitter over the back surface of the substrate1 the emitter forming a 

backside junction with the substrate~ a first dielectric between the emitter and the back 

surface.'' It is respectfully submitted that the combination of 0kayasu, Ohmni, and 

Foglietti does not teach or suggest a solat cell with an emitter that is over a dielectric that 

forms a backside junction with the substrate. 

Claims 10-14 are patentable over the combination of Okayasu, Ohmni, and 

Foglietti at least for depending from claim 9. 

Claims 1-4 and 6-14 are rejected under pre-AIA 35 U.S.C. §103(a) as being 

unpatentable over Okayasu in view of Borden (WO 2009/094578). The rejection is 

respectfully traversed. 

Claim 1 is patentable over the combination of Okayasu and Borden at least for 

reciting: "an emitter disposed over the first tunnel dielectric, the emitter forming a 

backside jw1ction with the substrate.'' It is respectfully submitted that Okayasu does not 

disclose an emitter that is disposed over a tunnel dielectric and forms a backside junction 

with the substrate. Instead, Okayasu discloses a solar cell with a back surface field layer, 

which is necessarily a back surface layer that bas the same polarity as the substrate. lt is 

6 
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respectfully submitted that Borden does not add to Okayastl regarding the recited emitter 

feature of claim 1. 

Claims 2-4 and 6-8 are patentable over the combination of Okayasu and Borden at 

least for depending from claim 1. 

Claim 9 is patentable over the combination of Okayasu and Borden least for 

reciting: "an emitter over the back surface of the substrate, the emitter forming a backside 

junction with the substrate; a first dielectric between the emitter and the back surface." It 

is respectfully submitted that the combination of Okayasu and Borden does not teach or 

suggest a solar cell with an emitter that is over a dielectric that forms a backside junction 

with the substrate. 

Claims 10-14 are patentable over the combination of Okayasu aild Borden at least 

for depending from claim 9. 

Conclusion 

For at least the above reasons, it is believed that the pending claims are in 

condition for a1lowance. The Examiner is invited to telephone the undersigned for an) 

questions and to resolve any remaining concerns regarding allowability of the present 

application. 

Dated: -------

7 

Respectfully submitted, 

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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Applicant(s) Application No. 
14/504,771 COUSINS, PETER JOHN 

Office Action Summary Examiner 
DEVINA PILLAY 

Art Unit 
1757 

AIA (First Inventor to FIie) 
Status 

No 

- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE J MONTHS FROM THE MAILING DATE OF 
THIS COMMUNICATION. 

Exteosions ol l ime may be available uoder 1he provisions of 37 CFR 1.136(a). lo oo eveot, however. may a reply be timely tiled 
after SIX (6) MONTHS from the rnaihng date of this communication. 

• If NO pe/iod lor reply is specified above, the maximum statutory period will apply and Will expire SIX (6) MONTHS lrom the mailing date ol this communication. 
Failure to reply wilhfn the se1 or extended period for reply will, by statute. cause the application to become ABANDONED (35 U,S.C. § 133). 
Any reply received by the Oltice later than three months after the mailing date of this communication, even II timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1. 704(b) 

Status 
1 )C8:I Responsive to communication(s) filed on 09/09/2016. 

0 A declaration(s)/affidavlt(s) under 37 CFR 1.130(b) was/were filed on -----'-

2a)l2J This action is FINAL. 2b)O This action is non-final. 
3)0 An election was made by the applicant in response to a restriction requfrement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 
4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed In accordance wtth the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5)1'8] Claim(s) 1-4 and 6-74 is/are pending in the application. 

5a) Of the above clalm(s) __ is/are wlthdrawn from conslderatlon. 
6)0 Claim(s) __ is/are allowed. 

7)C8J Claim(s) 1-4 and 6-14 is/are rejected. 
8)0 Claim(s) __ is/are objected to. 
9)0 Claim(s) _ _ are subject to restriction and/or election requirement. 

• )f 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 

hftp./1\Nv.iw.uspto.qovtpatents/lnit events/pph/lndex.jsp or send an inquiry to PPHfeedback@uspto.gov. 

Application Papers 
10)0 The specification is objected to by the Examiner. 
11 )0 Thedrawing(s) filed on __ is/are: a)O accepted or b)O 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 drawtng sheet(s) includfng the correction is required if the draW1ng(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)□ All b)O Some ... c)D None of the: 
1 ,0 Certified copies of the priority documents have been received. 
2.0 Certified copies of the priority documents have been received in Application No. __ . 
3.0 Copies of the certified copies of the priority documents have been received ln -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_ 

Attachmen1(s) 

1) l2J Notice of References Cited (PTO-892) 

·2) 0 lnfonnation Disclosure Statement(s) {PTO/S'8/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date __ 

U.S. Patent a~d Trademark Ofltca 
PTOL-326(Rev 11·13) Office Action Summary 

3) 0 Interview Summary (PTO·413) 

Paper No(s)/Mail Date. __ 

4) 0 Other: _ _ _ 

Pan of Paper No./Mail Date 20161005 
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1. The present application is being examined under the pre-AIA first to invent 

provisions. 

DETAILED ACTION 

Claim Rejections - 35 USC§ 103 

Page 2 

2. The following ls a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis 

for all obviousness rejectfons 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. Patentabillty shall not be negatived by the manner In which the invention was 
made. 

3. The factual inqulries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 

USPQ 459 (i 966), that are applied for establishing a background for determining 

obviousness under pre-A IA 35 U.S.C, 103(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 

obviousness or nonobviousness. 

4. This application currently names Joint inventors. In considering patentability of the 

claims under pre-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 
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consider the applicability of pre-Al A 35 U.S.C. 103(c) and potential pre-Al A 35 U.S.C. 

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

5. Claims 1-4 and 6-14 are rejected under pre-AJA 35 U.S.C. 103(a) as being 

unpatentable over Meier (US 6,262,359) in view of Okayasu (JP 07-106611 1 

Machine Translation) in view of Ohmi (US 5,563,092) in further view of Foglietti 

(US 2002/0142500 A1). 

Regarding claims 1-4, 6, and 9-13, Meier discloses a solar cell comprising (see 

Fig. 30, C5/L38-C6/L55): 

a substrate (218 n-type) having a front surface that faces the sun to collect solar 

radiation during normal operation and a back surface opposite the front surface: 

an emitter (220 p-type) forming a backside junction with the substrate; 

a front electrode disposed over the front surface of the substrate (212); 

a back electrode disposed over the back surface of the substrate (222). 

However, Meier does not disclose that the emitter is a polysilicon emitter and that 

there is a first tunnel dielectric formed between the emitter and the back surface of the 

substrate. 

Okayasu discloses that instead of forming an emitter or surface field from a 

portion of a substrate which is doped an emitter can be formed using a doped 

polysilicon layer ([0005)(0009]) and by forming an emitter or surface field this way the 

thickness can be more accurately controlled and it prevent generation of floating foreign 

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

invention to replace the method of forming the emitter and front surface field from a 

portion of a substrate of Meier and instead forming the emitter and front surface field by 

using a doped polysilicon layer as disclosed by Okayasu because the thickness can be 

more accurately controlled and it prevent generation of floating foreign matter. 

Foglietfi discloses that polycrystalline growth directry on crystalline silicon results 

in partial realignment of the polycrystalline grains and to suppress this effect a thin oxide 

can be grown similar to that disclosed by Ohmi ([00461). 

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

invention to modify the solar cell of modified Meier by providing a thin tunneling oxide 

between the emitter layer and the substrate and the FSF layer and the substrate 

because as disclosed by Ohml and Foglietti ,t suppresses realignment of polysilicon 

emitter and BSF layers. 

Regarding claims 7 and 14, modified Meier discloses all of the claim limitations 

as set forth above. 

However, Meier does not disclose that the electrode that is in contact with the p­

type polysilicon layer is silver. 

Okayasu discloses that the back electrode on the polysilicon emitter is formed of 

a silver electrode [0044]. 

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

invention to replace the aluminum electrode of Meier with the silver electrode of 
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Okayasu because one of ordinary skill ln the art would have been able to carry out such 

a substitution, and the results would be reasonably predictable. 

Regarding claim 8, modified Meier discloses all of the claim limitations as set 

forth above. 

In addition, Meier discloses an antireflection layer (214) disposed over the top 

surface of the substrate (C6/L20-25). 

Conclusion 

6. Applicant's amendment necessitated the new ground(s) of rejection presented in 

this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 

CFR 1.136(a). 

A shortened statutory perlod for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to DEVINA PILLAY whose telephone number is (571 )270-
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1180. The examiner can normally be reached on Monday thru Friday 7:30am -5:00pm 

(EST). Examiner Fax Number is (571 )-270-2180. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Jeffrey T. Barton can be reached on 571-272-1307. The fax phone number 

for the organization where this application or proceeding is assigned is 571 -273-8300. 

Jnformatfon regarding tne 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 ls available through Private PAIR only. 

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

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/DEVINA PILLAY/ 
Primary Examiner, Art Unit 1757 
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ARGUMENTS 

Claims 1 -4 and 6-14 remain in the application and stand rejected. 

Reconsideration of the rejection is respectfully requested in light of the following reasons. 

ClaimReiection-- 35 U.S.C. § 103 

Claims 1-4 and 6-14 are rejected under pre-AIA 35 U.S.C. § 103(a) as being 

unpatentable over Meier (US 6,262,359), in view of Okayasu (JP 07-106611), in view of 

Omni (US 5,563,092), and further in view ofFoglietti (US 2002/0142500). TI1e rejection 

is respectfully traversed. 

Claim l is patentable over the combination of Meier, Okayasu, Omni, and 

Foglierti at least for reciting: "an emitter disposed over the first tunnel dielectric, the 

emitter fonning a backside junction with the substrate." 

ln the embodiment of claim 1, the emitter is disposed over the tunnel dielectric 

and forms a backside junction with the substrate. It is respectfully submitted that th.is 

feature of claim 1 is not taught or suggested by the combination of Meier, Okayasu, 

Omni, and Foglietti. 

The final office action suggests that in the cited combination, Meier discloses the 

recited backside junction. Meier FIG. 3D is reproduced below for ease of discussion. 

2 16 212 214 

n- Si 224 
-----------~---------------------------------- -

220 FIG. 3D 222 

Meier discloses a solar cell with an aluminum alloy back junction (Meier, Title). More 

specifically, Meier discloses forming a p+ layer 220 ("emitter") that forms a backside 

junction with then-Si base layer 218 ("substrate'') within the base layer 218 by doping 

using the aluminum contact layer 222 (Meier, col. 6, lines 51-54). That is, the main 
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teaching of Meier is to form an aluminum alloy back junction by forming the p+ layer 

220 within the substrate by diffusion into the substrate using the aluminum alloy 

electrode, thereby providing a strongly doped p-type emitter (Meier, abstract). 

Accordingly, Meier does not teach an emitter over a twmel oxide and that forms a 

backside junction with the substrate. Jn Meier, the emitter that forms a backside junction 

with the substrate is withi11 the substrate and ill contact with tlie electrode. There can be 

no intervening layer (such as a tunnel dielectric) between the emitter and the electrode 

because of the required ditfusion of aluminum from the electrode to the emitter. 

Okayasu does not cure the deficiencies of Meier. To the extent the appellant 

understands the machine translation of the disclosure of OkayasuJ Okayasu FIG. I shows 

a solar cell with an N-type substrate 1, a layer 2 on the front side, an N+ BSF layer 5, an 

electrode 6 on the backside, and an electrode 4 on the front side. It is respectfully 

submitted that because the layer 5 is a back surface field (BSF) layer, the layer 5 is 

necessarily on the back surface and has the same polarity as the substrate I. Accordingly, 

the BSF layer 5 ca1J11otform a backsideju11ctio11 with the substrate, and thus cannot 

correspond to the recited emitter. As Okayasu further explains, in s11.cl, a BSF structure, 

the jll11ction is formed on tlie front side of the solar cell, not on the backside where the 

BSF is (Okayasu, paragraph 2; paragraph 14, lines 1-6). It is thus respectfully submitted 

that Okayasu has no teaching regarding a backside j unctio~ external to the substrate or 

otherwise. 

The final office action suggests that it would have been obvious to use the BSF 

formation technique of Okayasu to form the backside junction emitter of Meier. As 

explained~ Okayasu has no relevant teaching regarding formation of a backside junction. 

There is no teaching or suggestion in Meier and Okayasu that the BSF layer of Okayasu 

may be employed as an emitter. Such a modification would t1se the BSF layer of 

Okayasu for a totally different function and structure in Meier, would require a change of 

polarity relative to the subsu·ate, and would require substantial redesign of the process of 

Meier and Okayasu, as it is not clear how the internal aluminum alloy junction of Meier 

can be changed to an external polysiliconjunction. 

2 
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Furthennore, Meier modified with Okayasu does not teach or suggest a tunnel 

dielectric between the backside junction emitter and the substrate. The final office action 

suggests that Foglietti and Olnni disclose the benefits of using a thin oxide with 

polysilicon. It is respectfully submitted that there is no teaching in Meier, Okayasu, 

Foglietti, and Olnni that this thin oxide can be advantageously implemented with a 

backside junction emitter. Such a teaching is only in the present application, not in the 

cited combination. 

It is to be noted that Meier, Okayasu, Foglietti, and Ohmi disclose very different 

processes. In Meier, the backside aluminum alloy back junction is achieved by diffusing 

aluminum of an electrode into the substrate. In Okayasu, the BSF layer is formed by 

reaction of SiF 4 gas with the silicon substrate (Okayasu, paragraph 14). It is respectfully 

submitted that the there is no teaching or suggestion in Meier, Okayasu, Foglietti, and 

Omni that the processes of Meier and Okayasu would work with an intervening thin 

dielectric between the silicon substrate and the emitter. 

Therefore, it is respectfully submitted that claim 1 is patentable over the 

combination of Meier, Okayasu, Ohmi, and Foglietti. 

Claims 2-4 and 6-8 are patentable over the combination of Meier, Okayasu, 

Foglietti, and Ohmi at least for depending from claim 1. 

Claim 9 is patentable over the combination of Meier, Okayasu, Oluni, and 

Foglietti at least for reciting: "an emitter over the back surface of the substrate, the 

emitter forming a backside junction with the substrate; a first dielectric between the 

emitter and the back surface." It is respectfully submitted that the combination of Meier, 

Okayasu, Ohmi, and Foglietti does not teach or suggest a solar cell with an emitter that is 

over a dielectric that forms a backside junction with the substrate. 

Claims 10-14 are patentable over the combination of Meier, Okayasu, Oluni, and 

Foglietti at least for depending from claim 9. 

3 
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1. The present application is being examined under the pre-AIA first to invent 

provisions. 

DETAILED ACTION 

Claim Rejections- 35 USC§ 103 

Page 2 

2. The following is a quotation of pre-A IA 35 U.S.C. 103(a) which forms the basis 

for all obviousness rejectfons 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. Patentabillty shall not be negatived by the manner in which the invention was 
made. 

3. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 

USPQ 459 (i 966), that are applied for establishing a background for determining 

obviousness under pre-AIA 35 U.S.C, 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 

obviousness or nonobviousness. 

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

claims under pre-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, .56 to point out the inventor and invention dates of each claim that was 

not commonly owned at the time a later Invention was made in order for the examiner to 
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consider the applicability of pre-AIA 35 U.S.C. 103(c) and potential pre-AIA 35 U.S.C. 

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

5. Claims 1-4 and 6-14 are rejected under pre-AIA 35 U.S.C. 103(a) as being 

unpatentable over Meier (US 6,262,359) in view of Okayasu (JP07-106611 , 

Machine Translation) in View of Borden (WO 2009/094578 A2). 

Regarding claims 1-4. 6. and 9-13, Meier discloses a solar cell comprising (see 

Fig. 3D, C5/L38-C6/L55); 

a substrate (218 n-type) having a front surface that faces the sun to collect solar 

radiation during normal operation and a back surface opposite the front surface; 

an emitter (220 p-type) forming a backside junction with the substrate; 

a front electrode disposed over the front surface of the substrate (212); 

a back electrode disposed over the back surface of the substrate (222). 

However, Meier does not disclose that the emitter is a polysilicon emitter and that 

there is a first tunnel dielectric formed between the emitter and the back surface of the 

substrate. 

Okayasu discloses that instead of forming an emitter or surface field from a 

portion of a substrate which is doped, an emitter or surface field can be formed using a 

doped polysilicon layer ([0005][0009], Abstract) and by forming an emitter or surface 

field this way the thickness can be more accurately controlled and it prevents generation 

of floating foreign matter ([0008] (0009]). 

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

invention to replace the method of forming the emitter and front surface field from a 
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portion of a substrate of Meier and instead forming the emitter and front surface field by 

using a doped polysilicon layer as disclosed by Okayasu because the thickness can be 

more accurately controlled and it prevent generation of floating foreign matter. 

However, modified Meier does not discloses a tunneling dielectric oxide between 

the emitter and the substrate. 

Borden discloses that tunnel oxides can be used in solar cells between doped 

polysilicon and monocrystalline substrates [0016]. 

Furthermore, Borden discloses that by providing the tunneling layer it prevents 

epitaxial growth of the emitter layer and further it protects the surface from plasma 

damage of the deposited emitter layer [0008). 

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

invention to modify the Interface between polycrystalline layers and monocrystalline 

substrates of modified Meier by having a tunneling oxide because it prevents epitaxial 

growth of the emitter layer and further it protects the crystalline surface from plasma 

damage of the deposited emitter layer. 

Regarding claims 7 and 14, modified Meier discloses all of the claim limitations 

as set forth above. 

However, Meier does not disclose that the electrode that is in contact with the p­

type polysilicon layer is silver. 

Okayasu discloses that the back electrode on the polysilicon emitter is formed of 

a silver electrode (0044]. 
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It would have been obvious to one of ordinary skill in the art at the time of the 

invention to replace the aluminum electrode of Meier with the silver electrode of 

Okayasu because one of ordinary skill in the art would have been able to carry out such 

a substitution, and the results would be reasonably predictable. 

Regarding claim 8, modified Meier discloses all of the claim limitations as set 

forth above. 

In addition, Meier discloses an antireflection layer (214) disposed over the top 

surface of the substrate (C6/L20-25). 

6. Claims 1-4 and 6-14 are rejected under pre-AIA 35 U.S.C. 103(a) as being 

unpatentable over Meier (US 6,262,359) in view of Okayasu (JP07-106611, 

Machine Translation) in view of Foglietti (US 2002/0142500 A1 ) in view of Gan 

(PolysiUcon Emitters for SiUcon Concentrator Solar Cells). 

Regarding claims 1-4, 6, and 9-13, Meier discloses a solar cell comprising (see 

Fig. 30, C5/L38-C6/L55): 

a substrate (218 n-type) having a front surface that faces the sun to collect solar 

radiation dunng normal operation and a back surface opposite the front surface; 

an emitter (220 p-type) forming a backside junction with the substrate; 

a front electrode disposed over the front surface bf the substrate (212); 

a back electrode disposed over the back surface of the substrate (222). 

However, Meier does not disclose that the emitter is a polysilicon emitter and that 

there is a first tunnel dielectric formed between the emitter and the back surface of the 

substrate, 
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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 ([00051(0009]. Abstract) and by forming an emitter or surface 

field this way the thickness can be more accurately controlled and it prevent generation 

of floating foreign matter ([0008] [00091). 

Gan further discloses that solar cell performance can be improved when a 

doped-emitter is replaced with a polysilicon emitter (see pg. 245 second column), 

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

invention to replace the method of forming the emitter and front surface field from a 

portion of a substrate of Meier and instead forming the emitter and front surface field by 

using a doped polysilicon layer as disclosed by Okayasu because the thickness can be 

more accurately controlled and it prevent generation of floating foreign matter and 

furthermore because as disclosed by Gan this results in a solar cell with better 

performance. 

However, modified Meier does not discloses a tunneling dielectric oxide between 

the emitter and the substrate_ 

Foglietti discloses that polycrystalline growth directly on crystalline silicon results 

in partial realignment of the polycrystalline grains and to suppress this effect a thin oxide 

can be grown ([0046]). 

Gan discloses that the presence of a stable thermal oxide between a polysilicon 

emitter and a CZ wafer (See pg. 248, first column, and Table 1) results in recombination 

occurring primary at the oxide interface and that the presence of this oxide at the 

Page 292 of 466



Application/Control Number: 14/504, 771 

Art Unit: 1757 

Page 7 

interface can be useful for sllicon solar cells with polysilicon emitters (See Conclusion, 

pg. 249). 

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

invention to modify the lnterface between the doped polysilicon regions and the 

monocyrstalline substrate by adding an interfacial oxide as disclosed by Fogiletti and 

Gan because it will allow for optimal grown of the polysilicon region and furthermore will 

result in recombination primarily occurring at the oxide interface. 

Regarding claims 7 and 14, modified Meier discloses all of the claim hmitatlons 

as set forth above. 

However, Meier does not disclose that the electrode that is in contact With the p­

type polysilicon layer is silver. 

Okayasu discloses that the back electrode on the polysilicon emitter is formed of 

a silver electrode [0044]. 

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

invention to replace the aluminum electrode of Meier with the silver electrode of 

Okayasu because one of ordinary skill in the art would have been able to carry out such 

a substitution, and the results would be reasonably predictable. 

Regarding claim 8, modified Meier discloses all of the claim limitations as set 

forth above. 

In addition, Meier discloses an anti reflection layer (214) disposed over the top 

surface of the substrate (C6/L20-25). 
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7. Applicant argues that Okayasu cannot cure the deficiencies of Meier because the 

backside junction of Meier is formed integrally with the substrate and therefore there 

can be no interfacial oxide. Since Okayasu is concerned with a front side emitter and 

therefore Okayasu is not possible because it would require a total redesign of Meier. 

8. Examiner respectfully disagrees. Meier discloses method of forming a junction 

which consists of an emitter formed on a substrate which comprises using the electrode 

as a dopant material and driving in those dopants through annealing. Okayasu 

discloses an alternative method of forming an emitter which comprises depositing a 

doped polysilicon emitter over a single crystalline substrate. Okayasu also discloses 

that this method is preferable to that of heating and driving in dopants because it can be 

performed at lower temperatures which prevents damage to the substrate and 

furthermore the thickness of the emitter can be more accurately controlled ([00081). 

Therefore, it would have been obvious to one of ordinary skill in the art at the time of the 

invention to replace the emitter of Meier with the emitter of Okayasu because of the 

above advantages. 

9. Applicant further argues that neither Foglietti nor Ohmi disclose that a thin oxide 

can be used in a backside junction solar cell. 

10. As disclosed above Gani Foglietti and Borden disclose that a thin oxide can be 

provide advantageous properties between a doped polysillcon emitter and a 

monocrystafline substrate. 
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11. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 

policy as set forth in 37 CFR 1.136(a). 

A shortened statutory perlod 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 1s mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, Will the statutory period for reply expire later 

than SIX MONTHS from the mailing date of this final action. 

12. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to DEVINA PILLAY whose telephone number is (571 )270-

1180. The examiner can normally be reached on Monday thru Friday 7:30am -5:00pm 

(EST). Examiner Fax Number is (571 )-270-2180. 

Examiner interviews are available- via telephone, in-person, and video 

conferencing using a USPTO supplied web-based collaboration tool. To schedule an 

interview, applicant is encouraged to use the USPTO Automated Interview Request 

(AIR) at http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Jeffrey T. Barton can be reached on 571-272-1307. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

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

you have questions on access to the Private PAIR system, contact the Electron'ic 

Business Center (EBC) at 866-217-9197 (toll-free) . If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571 -272-1000. 

/DEVINA PILLAY/ 
Primary Examiner, Art Unit 1757 
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~ ) (.:: •nfjllX. ~ ~&:MIW.tl:Hl 3 !: , ...:. O)Bi:~tllJJ .il.:ml 3 
J: t::.~!H i t;, ttt,N'°".- ;t r- t:t Jf%t ~ tv"~ !iiiii ~-t.t:f~ 4 
!::: . J.JL!::., IJ :::J ;.,i/;!i:f/x 10&.X-•tfli!l1Ill~:fill:lt,;:t1..1/ 1) =i ;., 

ff 1 cG?:JnU-C·H I .~*~Jf%x:T ~ n• 7 ::r:,11., 7 -r ;z~-
1J :J;., .X!i;j-f lJ 1/ I) :J Y Im 5 c , 2:.0 n • 7 -t lv7 , A 

;, IJ :::1::.-·X !±if-'1J~ 1J:1 ✓ ./ii50)'/stfffi!F.1Jt::.-.fX!t.:WiHt 1:> 

h -r 11,, ~.::. ... , 1.\,::-r ~JiX.~jV-..:Q'~'ffi 6 t -c-.z-o-Jtt 
¥.lliJ>.~J£ ~ t1.. -c ~ , t i ore-Ji>.& . 

( 0 04 5 l -c L '{ ~Cl) [l S F~J:-:ll§1!.tfl!!t:i!J.T0T~ 
i::'(fE-,-C~~~ilt~b 0--r:.~ Ji>i . 

[ o O 4 o J [ ~/itlfY~ 1 ] ~3!i.:0.%h&f.'l1J-C·j@Jll~tt 
~~CVDWirt<7lff~t;/ix'. t.iFL-t..:mBJJrnJ"t:·, B.1!1-f~ 1 1 
kl:~~. 1 31:i: t: - :7 1 5 iiffl:ild: :llt.::Hs.f/i;}; 1~ :1· 
- , 1111.;t..::o)miit-Jvjl-J 3 /::.Jll<1tlt,~tt.t,::n-.tfl_ 
i\'M/:iY iJ :n,-~. 1 6, 1 7 ';iffltll/J ..1,0-f:Jt¼tW!, & 
T.J , 181:H/,J.lfff l 9z-frL~mt~11 1.:~~~ht.::~& 
}±,Y,y 7 •i-ft1.-"f:h,r-L 't \. )~ " 

[ o O 4 7 J .:¼~, ~(l)~~~ 1 1 ~tl~~L -r 1 :< 1 0 
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I 1 

-~Tor rO)~~J:L., {';,:~1~·, C:.O)lli'JW!~ l 11>-H::: F 
iiclir(f.fjf A t~.A -t" ~ tfH:: ft,cO)Q~/H:::~~J "[ -c 
0)-rfi!JJJJ\::p~;lf') ::..- 0 :.1 Y-/w 2l:-, (l!!)J·o)1fii(,:::n' ;It 

IJ 1/ ') :J .1/~5 a--,ftl.f"i~~ l,1..:.'. (fx! 2 A~w.() • 
[ o o 4 s 1 ( P ru,-y, 1) 1/ 0 :1 .1//fl 2 O)~ij~~/l) 

Jj/(;f-fv'JY,O).H:cii':ft)it: 82Hs Si H 4/ S i F4 = 
o. 1 / 10 500 
J'Jl{f_.f.J'/ :Z0{lt=tff~Jj'. : 5 s c c m---1 0 0 s cc m 
W.f.~liY,O)fE)J : 5 0 mt o r r ~ 1 t. o r r 

n 1i!.f-ai\"u;:,, 1./ ::z >~O)Vn~i.&li.J:lt'.: 7 0 O"C 
( n • ;t('l.J 1/ ') ::11/@517)~/N~~j:) 

/Bf.+;lf.7...0)ffilfU:fflJJx: PH3/S i H1 / S i F'f = 

0. 1 ,, l 0 / 3 3 0 
JJlff4//;zo)~*fo!.J.lt: 5 s cc m~ 1 o o s cc m 
fflt'f;IJ'/ X.Cl)/±:fJ : 5 0 mt o r r..._ l t . o r r 
n 41MJ'aS/ 1J :i :YH<1J1J~U : 7 0 0'C 
<J;(;:. l;i{J 2 ( B ) t::~T J:: ? ,:::x.F, ·Y ?' !) 1/ fi');;-t;: "'( p 

~:f. !J 1/ I) :1::, II!! 2 J:t:: I TO ~~Im~ it·-C ru#IW.il::~ 
3 He~L, iJ>'?, ,.:0)1111J:,::i/l!~-.1 ... H,.:J: l'Jf~Htr~ft 
~ ,114 ~-Jf%x.T 6 c ~t::. u •,tf l) 1/ iJ :.1 ::,,,W 5 O)'/arffii 
m111:.JJ{ ·:1 :91) > ?'i.tt:::J; iJ i JI, ~ .::.ry A ~-ijH:::lW~ 
l_ "C~ffii~li6 ~Jf%x.L.~5i!lWIH.:fiQ BS F~d@-'itil!! 
{b.R1nt..: ( 1;RJ 1 ~mo . 
[ 0 0 LI 9 l ~ l,. t, .: O)~if!!Q)!llf.H:Jrw-::.t: c ::. };, , 
n ~;I;" IJ 1/ I} :11/$0)~11t-f-W:i:::7•7 ::K7C \I Dt.H:·J@ 

ffl Lt::1ft:~O) b 00)l~f{ti O . 5 7 y-.... 0 . 5 8 V , 3 

5mA~37mAT~~~O)~~L . ..:.O)~-~~~i 
B S !-' 3-l'Li~l~11!il!!01:;'jt-H.i O . 5 9 y-...... 0 . <, 0 V , 3 
7 rnA..._ 3 9 mA "'C'Jr-;,t,:. .. 
[ Q Q 5 Q ) [ ~fflEf7l/ 2 ] p t\\!;f.' 1) ~'1) ::J ::,.•~ 2 C. flt 

;Kl):., 1) :1/195 i:•ttx. "( p~-,~,1,..7 7 7-,:,, l) :1 ::,.19 
tn · T~~77~Y0:11/~f-ffll_.., ~~-~O)■ 

n;t~(1~ifT!~--c-1) i,~H~~ ~ jjfil~l 1 t. ~[i'i]-'("1; ~ . 

( 0 0 5 l l -t L,. t. ,:.O)~~{yn:f*◊ 8 S Fti~'IL: 
i!!!/::t:3 ~ 1"( {, ,tO)~tl O. 5 9 v-.....o . 6 0 V. 3 7 
m /\~ 3 9 m /1. -c-JJ l') ·/18!~(7'lt:fQr(-C ~i,if"(·Ji).-,,t.: . 
[ 0 0 5 2 J ( p .illTEJl., 7 ,-;(;3.,- 1) :2 >id 2 O)~~~ 
~) 

J.iJt'f4t/.7...0)0ttli.Jit: Bzilr. / S i IIu ,S i F~ _./JI 

( 7) %'ITTJ<11. 7 - 1 0 6 6 1 1 

1 2 
JL- 7 7 .1,:,,, 11 :..1 /' ffli 5 O)~/U!~/11=-il I:ic-z:··J) i,;, J.'?: H~~~ 
~!8!17112 t mt~-t=·Ji) 6 ~ 
( DO 5 ~ ) -t L.'r, ..:_Q)~JjQ((§1jt:{;F.~ BS F~~IIM~ 

rl!!t:t')P-r t-f-1Yt-1tfUfo. 5 s v----o. s 9 v _ 3 6 
m A ........ 3 8 m A -c ;t> '? 'fff§lJ~.:J!fir( "t .f!Ut ·e it> -:• t:::. 
[ 0 0 5 4 ) ( PWTEJv7 7 Y-;3/ 1) :::1:.-~20)~/N~~ 

/'!'·) 

Jll{f-}/j,7-0)ftt:Jlcill~: l n (CH, ) , / Si. H~/s 
iH2F 2/)"Ji.,::f/-O. 1/ 10 100 / 1100 

10 W.f4JJ;z(J)~j~/i: 5 s cc m ---1 0 0 s cc m 

ffliJ·.:}t.f .7,'1),EE}J : 5 0 mt o r r ~ 1 t o r r 
n 1li~.l'L1/ 0 ::11/~~0)1Jrl~U!Jt : 6 5 0 ·c 
( n ' ·7~ /I,-7 7 7-Y 1J ::J Y-Jw 5 0)-~{4) 

l.ll('f4ti.7,(1)ffliiJU::Urix.: Sh C l 1/ S i H,1 / S i H, 

172/ 71~-:t::,, - o. 1, 10 100/ 400 
/Jitfh'f AO)#H~U: 5 s cc m~ l O Os cc rn 
/ji{fltf ..J.Cl.>/f;11 ! 5 0 rn t o r r -....1 t o r r 
n - lsja.i:/ifa1/ 1J ::1 ::.,,~O))JUf~i,lli_~ : 6 5 0 'C 
[~1it!if§l)4 ] P:IB!.7"~;i7, ;I..,::,,... 1.J :J ::,,/:r, 2 c n 1 7'.:f: 

20 IL-·? :r .7.. 1/ I) : 1 >- /i1J 5 G1).Wl1-~~f!F1.l{"'fic•t-·~5 ~.B~Ms~ 
~.6&1!111 :z t lilGfBI-T'l> ih • 
( 0 0 S 5 ) ,f l,. -C , ..:: O)~fflli'1lH:: ~ ~ D S F ~It:!~ 

il!!t:tn \'{' b~O)¥.itt/iO. 5 8 V~O. 5 9 V, 3 6 
mA ..._ 3 8 mA "(·;t; l'Jf,t*fylJ(,:.iJix1,t J/~:/S"t\~ -?i'::: , 
[ 0 0 5 6 ) ( p:!fl)"'.:f:Jl,. 7 ,-- A.1/ ') :7 ::,,Jiij 20)~/i~ 

14) 

J,1ftltf X.O)fdi1RUJl)J.x: A 1 ( C H J ) 3 I' S i H~_ S 
ilhF./l-lz/7'Jki::... - O. 1../10/ 100,,·3 
QQ ,'100 

30 ffi{;f4/f.7..0)(Mk:l!l{1.t: 5 s c cm·~ 100 s cc m 

aftt.f;zO)fEh:50mtorr---1torr 
n -141Mi.l'L :/ 0 ::1 ::,,~fOC 0)'1J□~U : 7 O o "C 

( n' Tt/t-7 r ;z~ 0 ::J Y/l!J 50)fJH~~f~: ) 
W.f.VJ.7..Cl)Hc*-Iir,1: PH3/S i H1 ·' Si H:i F2/ 
H t., --,..,,JJ.,,:l::...-=O. 1 / l 0 / 10 0 ,'3 0 0 / 1 0 

0 
W-.'f'-lti ..J.v')t!~*~.Wl.t : 5 s c cm -- 1 0 0 s c cm 

fff..f-l/f .J-.<7)/±11 : 5 0 rn t o r r -- 1 t or r 
n ll!t~~11YlJ::J ::,,£W01Ja~~JZ: 7 0 O'C 

2 = 0 . 1 / 1 0 1 0 0 / 4 0 0 40 [~h'fiif91J5 J ~3(:::~~.ht~~fit;:f-t.z -Z:-CR14t::::if-i".J: 
-3 t:~~3fl:~O)~rslJgHi'l.t::..9 ::,,·f7- -r:.- v')~ 7 1 5 x / 
l, J Oi)W,;fli't>ht..:~C V D~~i'imffl'~-~~ c.;tH:. 1-:. 
~cp1..ru:- 1J ~ )J :1 ;,lfti 2 .i: n I nf'J:;., 1J ::i ;.,-JFi 50)i/Jl~ 

~N'·ifTtc.-e J'.> ~ 1.'I z- I&. e: ~»ffii7ll 1 c ~lnJ---C·«.> ~ o 

W.:fl.lf .7...0)(4t:~3£~ : 5 s c cm..._ 1 0 0 s c cm 

lll[tlif :Z0!T:1J : 5 0 mt o r r ~ 1 t o r r 
n- ~~ReS/ 1) :11/.Q(TJ}JllMiB!ilt : 6 0 O"C 
{ n • 7~Jv7 7' 7-y 1) :.:! ✓·m 50)~11t!~fl') 

J!itf4J/;ze1)Ucfflmt: PH3/S i H-0 / S i F 1 H2 

=0. 1/ 10/ 100/ 400 
mtfl·if X.O){,~~Sitl:t: : 5 s c c m~ 1 0 0 s c c m 
W.fljf.7...0)[±jJ: 5 Ont lo r r~1 Lorr 

re Ef .. f;l;Elii~ I) :i 1/~flx0)1J~i~ : 6 0 G°C 
[~li/Jifi'1J 3 ] P~tn:.1v7,.. ...7,::..--JJ -:.1 ::,.·Jw 2 .l: n 1 ·r-r:-

[ 0 0 5 7 l -t VC, .:oJ~h'&/71H:/*i BS Fti~':it 
illi/.:.m 1-z:-t -fO)!M'f.tlfO. 5 9 V ~O. 6 0 V, 3 7 
m A...._ 3 9 m /1. ·c «> iJ t!t.:if~(91Jt::..¢!xr( -C il"!.l=f"C' «.> ry ~ . 

( 0 0 5 8 l ( p:lW,/f l) ~l) :11/@20)~/j.~ftj:) 

IJRl:.1.1/.7..CIJf.U.iU:.~.Jlllx : Cf cl ( (' 1I2) ~/s l Jk/ S 

50 iFi / Hi =0. 1 10 / 100/ 400 
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1 3 
~:Mf/A0~i~fffli: 5 s cc m.-.....1 0 0 s cc m 
f,tl'fVJ _;1-Cl)ff.jJ : 5 0 mt o r r-. l t. o r r 

n - lf-f<~~s-, IJ :J:, ~./lx(J)./JD:¼iMt!t : 6 5 0 'C 
( n • ;Jt •J s-, 1J :1 ;,, WI 5 '1)~~~i4 ) 

)E(fi/li7,0)ec ,i{lft.: As Hs Si H4 / S i F; • 

1-1 2-0 . L 10/ 100, 400 
ffii;;f·.:J-tf.:.:ZO)~Jffj'.: 5 SC C rn..._ l O OS CC Ill 

Mf.{tj:.:ZCl)fI}J: 5 0 mt or r "---1 tor 1· 

( 8) %'fm'll-7 - 1 0 fi h 1 1 

1 4 
JJK;ft:1-jf .1,Cl)}IjJ : 5 0 ITI I. 0 r 1· ....... , L O r I" 

~9~JcO'))mf,fj\:;iij : H g 7 1/7 

n- ¥-MiNi~ 1) :1 :,1!.ffiO))JU.MU: 6 0 o·c 
[~1irn/JIJ8 J ~6 i::~~ht..:1 ;t1/7'v- f· .1 ;,,-:1'~~ 

b~Jfil-_ i?'--:>_ ::oJ-1:,t-::,-7·1,,~-r.,- :,.,:7'~1TI:1'J~;:s 
i F1 If 7-. ~-/ll;M; l,t.:A.t _ PW.* 1) :--· 1J ::l :, IF! 2 c. n 

+,t:I) y )J :1 :.r~ 50')~I~lH~ifr~-z:-;,n{>}ilz-flf'(~~ 

1illi(11J 1 C. IIJ~[nl--c•N;~ 0 

n· liiMJ'aY iJ .::1 :,.,~0')1J~~: 6 5 O"C l O O 6 3 l f-l- 'C _ .:.0~1iIB'7lH:m~ BS F~~~ 
f~!&f§ll 6 l rn4i::~~,v.:~CVD~iiH:·j@ltJL,f.:,~ 10 7{!! \:::t:J~i"({,,tO)!f'zyf.ttf0. 58V--O. 59V, 36 
t _ p ~--t'l.J :.,- 1) :1:,, ~ 2 c n + ;};' l) Y '.} :i:,, /rJ 5 OJI! 

~~f'FtfrTii:1.--c·;v, ,1;,_~~Ms~ ~jf!if7ll l c. r~luJ~"<'.'·«J ~ . 
[ 0 0 5 9 ] 1t Ve_ .::_0)~1iiWln::~i 13 $ fll'1j,.;IW/~ 

itJl\;::!3~1-Ct-fO')rm:tf0. 58V~O . 59V, 36 
111 A-.. 3 8 m A -r: ch I) /~ f,iH::iJ!.Q-"--C .IHJ-·c J, ..., t.:.. 
[ 0 0 6 0 l ( P ~;J::- iJ 1/ iJ ::i Ylii 2 0~!J:~-t ) 

Jr,{flt/AO')Ul.::ll:lpli;: 13211s Si 111/ S i !Ii r2 
./l h i'-YA<f;,,-Q. 1 / 10 · 100 ' 400 / 1 

00 
}ili;.;f-.l;l,f ;2.0)(j~~.ifil~: 5 SC Cm~ 1 0 0 s <.: <.: IIl 

l~;f;f-f/;zO')JijJ : 5 0 m l o r r ---.... 1 L o 1· r 

re ~-MEfii:., lJ ::i ::,,:tf-lfll7:>)JUf.%\li& : 6 5 o•c 
( n • ,r. iJ 1/ 1) :J :, ~ 5 Cl)~/J.~flj= ) 

JJ:f·-lJ./AO'Jfi}JU:~illoZ: Plh / S i Ili / S i ll:i r v 
H2 ·',11.,-::t'.,-'=O. 1 .1 10 / 100 ' 400 10 
0 
).il{f.j.,7 AO')#tffi-jlJ.t : 5 S C C Jll ~ 1 0 0 S C C Ill 

JtJtf4t/.A'1)!1JJ : 5 0 mt o r r ...___ 1 t o r r 
n - !jl_i~l'l'I1:,, iJ :1 :,,~0")1Ja~~: G 5 o·'C 

rnA~ 38111A t--1> 1-') ·~(?lJ~:.ijlJ..r(-r_: ~ts-·t:-if>~~, 
[ 0 0 6 4 l ( P ~;J,· 1J s,,, iJ :I ;,)i 3 O)~lll5R/t) 

~JJ.~Tf-J(l)lfjJ : 1 ~ -1 0 rn To r r 
f--'/,;; 1-- : Bz H6ti r-:r~ht~ S i 

RP:i-i 1~·"-0)J:ii.A~:tJ : 5 0-2 0 OW 
n lliit.r'a:Y iJ -::i;, _1f~(T)Jm~U : 7 0 0 ''C 
( 11 MI) 1/ 1) ':J;,, Jifj 5 O'J~/3!~14) 

~M!~F"JO:>!f:;/J : 1 .-.....1 0 m T o r r 
-'1-7-y I- : P lfatit-:-r~tlf.:S i 

20 R r- ::1 -1 Jvf\.OJiitA•lttJ : 5 0 - 2 0 0 W 
n- !fi-t.eFfli~ 1) :1 ;,,a~O)JJll~1Cli&: 7 0 o •c 
[ 0065 ) 
r 9ellJl0)3'JJ~ J m,--;k~ 1 ....... 2 (.::f~~ JEIJJ!t::J: itt:L 1 \ a 

Y/'~r-~lr..<W.·t~S i [,'4 /f.7,Ji:>oHi7 ·:1lrNt3,--7 
1/T/:7... tliti:m L., ·n .~ (.;:: l, 'fbJ r., f~l'-:¥:r-H::t-;;lt ~ r'l-ilfl 
~ t-1/J(l)§et,E ~ liti~t.:[lfj 11:T~ _ IJ>--:>~C VD tH· i@ffl L 
-c ~ ,~ i:: 'ti Jf,J t:;i-f.:?t.'t!iJJn~ii\\\!.t0>~-£2:~J.i..:: c iJ>ii]'~ 
t'£~ , 
[ 0 0 G 6 l it..:_ ~3.i<.JJ;i3~.:{~~~1:1Jj(.:J:nt:L ~H~ 

[~1iiliWif 7 ] ~ 5 ~;:;R~ilt.::3\:C V D~~~M L f.:,1.1 30 ~ fli.:ifllf.,~ ~ht.:: n i\!1JG.; P lfl3,-- 1J ::11/J£tJJ3/i/i#O)~roi 
mifi'.l.i::~r-t ~t°t~@fili1stO>ftm ;.: J: ')ffltf ;,,oJ~M} 

mt.r~L < f,1Bit~n~ t8l:i. 7 •·dt~"ltaYtJ11v0:r. •'J 1-
1/ .1' It m !::: ffl~ r.., ·u&WJn~i..l!BE ~ !€ ~.:ft~ilaJt ~ -tt i .:: !::: 
11''1iJ mg !::: ';( Q . 

t. pW,i't:JI.-7 1 ;z~ 1) :J ;,,·@ 2 c n • )"'t:Jl,7 7' ;J... 

1/ 1J :i :,,,fw 5 O')~mt~f't-:l1q;-~t:1."C··d:JQ#.. ·H.n~~im(71J2 
t ll,-~ln]-"('«.> J.i . 
l O O 6 l l -t L-t . .::.O'J~»imt:f*.; BS F tt~·,L: 

i-1!!\:::t:3 ~ 1-C b-fO)ffti O. 5 9 v-....o . 6 0 V, 3 7 [ o o 6 7 l :fit., 'C _ f!.tiill~ff~~n-cOWtt ~ Ut-t;.c n • .x 
11'1 I\ ....... 3 9 m A ·c-:V) I') '//E;l!~ ffllt::f~ "-l ~ i,if ""(' d) ..,, t.: h I j; p • ;,,· I_) ::1 ;,,-Ji t n .!:\'DZ u. p .!I~ 1/ I_) ::1 /~fil ~.: m PX 

[ O o 6 2 l ( p ,ill7:t:Jt, 7,.. ;,,~ 1J :i >-id 2 O)iJ!~~ -t 6..:: c.iJ'i'iffilit::~ ~ t.::~. ::l\:;,!i~tff!:'l/Jr~OJ~V1 D s P 

f4') !l'f::tl@';l;:il!l~-'ti::)l: L--c~m-c··~ t ~llt+f L--c ~ \i . 
t:1/D!~ f]O')j±jJ ; 1---· l Om Torr [ 0 0 6 8 ] t?::t:, ~;1<":rj4t;:fifl{>JcE!JH:l.iti;L 1]~ 
!Jff4/,/ AO)flffi,l_::. fill£: Bi Hs/ S i 1-14 - 1-1 ~ = 0. 1 40 ~ht~::,,,') :1 :/~,lirii(,;:J:.~ n • )(1;;:l:p • ::,,, 1) :J /'/w2:Jc 

,· 1 0 / 30 0 CVDHi(.::J: IJ~ml'L tf.t.::. m;.1~5(::(J6JlD}l\:J: 
rttllf J..Cl)~}M,!:J.l : 5 s c c m~ 1 0 0 s c c m 
JWJ.:f-jj'AO')fijJ : 5 0 m l o r r ---1 L o r r 

~7~3\:;0)!ffiM:il:iW: : H g_ -:i 1/7' 

n 1iil'EtPa;,,- IJ :I ;,,~~O')nn~iA/i)}t: 6 0 O"C 
( n • 1, 1::/l- 7 r ;z :,,- I.J :J :,·Ji! 5 O)~fl~f'I'} 

-~~f]{l)~jJ:l~lOmTorr 
,W,;f:l;ij .AOJtlillU:: lilloc : Pl h ""' S i !Ii ,· Ih = 0 . 
/ 1 0 ,.-' 3 0 0 
Jlii];f-jf .AO')~Jit,.ilf& : 5 s c c m ........ 1 0 0 s c cm 

ilfj:'_ 7 ·:1#1t;,,'7Ytf?~JZl.:i:S i 1-'4 ii?~'T?tF(-f:96 
~ft I:i::t'.) ~ 1-C 1 .,t 1/ 7'v-f- -1 ;,-?"UH::.t '? /JU#.~~h 
t:::_3,, 1) :.1 / ~Utz. l:.ic fl ~xtt P + 1/ 1) ::1 ::.,-Jf!z-~Ht!L 
t ~ ,i t.::6".>. ~l*lfi 1 ....._ 3 ~::~~~OJ]!::: ~+;R. (!.l;i.Mil~!m 
~r,:-r:·n~~~/,(f-t;_c n• JZ/j:pt 1/ I) ::J ::,,}!~ n~IJ'.P~ 

;,,- 1.J -:i Yl!;~t::~[tt-~..:: c IJlrifritc ~ '> . .71:·.i,;:~na 
Wl*O)ilt\' \BS F~,~;}~rili~:tcJE:L--C~t·~, ~~J:!il¼ 
~1fL -c1-,i . 

50 [ Bi!lm O')fjf !fi;z~fiU~ l 
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1 5 

( ~J ] '.:#Jf!(!llJt::~J., BS 1-'~·Ji~l!W)mfrlfi~ .. 
(l~:2 ] ~ 3 (A) ~ ( 8) l.iB S Fif~:i:~~NJ!?)~rg 

Ttll2?L 

l fl 
1/ f~iii'.(i')muJJe0 
( ~17 J /i'0t-v')::kfWI'«i!Jl.Q'.ltH-;!;\~I, 
t~s l .r,or.o)J.-:~'iltrl!!.Q)lfilirt1l;RI , 

C ~13 ] ~'htgf§IJ 1 t:.:t1 ~ r( ;i'OO: ITT~ .htc::~ CV D ~~0m 
ll)ji1(1 , 

[ l;Jll 9 J tvtl7)::k~~tl!!v')tf,}~~-E ·f1~a1ryt::t.e~ L-t..:m 
~ ~]~1111 

[ ~4 ] ~ !l'!{fl)5 ~.:J::;~1--Cj@ffi~tV.:~C V L)~~!i')ijt 

llfll;Rf. 

( [sill O l tvft(1)*~~11!!0::c. .. ,,)1,-::1r-; '\~ ~B<l. 
[ ·l-t~t1)i\l BJl ] 

[1215 ] ~n~-f1)7 t:.:J:1~ -.-rJ11iJl=l~ht.::W;C V Djk~l1l~:t 
llJl~. 
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Doc Code: AP .PRE.REQ PTO/AIA/33 (03-13) 
Approved for use through 07/31/2013. 0MB 0651-0031 

U.S. Patent and Trademarl< Oflice; U.S. DEPARTMENT OF COMMERCE 
Under lhe Paperwork Reduction Act ol 1995 no persons are required to resoond to a collection of anformation unless it dlsplavs a valld 0MB control number .. 

PRE-APPEAL BRIEF REQUEST FOR REVIEW 
Docket Number (Optiona0 

10031.004211 

I hereby certify that thls correspondence is being facsimile transmitted to 
the USPTO, EFS-Web transmitted to the USPTO, or deposited With the 
United Slates Postal Service with sufficient postage as first class mail in 
an envelope addressed (o "Mall Stop AF, Commissioner for Patents, 
P.O. Box 1450, Alexandria, VA 22313-1450" [37 CFR 1.8(a)J 

on 03/28/2016 

Signature /Patrick D. Benedicto/ 

ryped or printed PATRICK D. BENEDICTO 
name - ------- ------------

Application Number 

14/504,771 

First Named Inventor 

Peter John COUSINS 

Art Unit 

1757 

Flied 

10/02/2014 

Examiner 

PILLAY, OEVINA 

Applicant requests review of the fina.J rejection in the above-identified application. No arnendrnents are being filed 
with this request. 

This request is being filed with a notice of appeal. 

The review is requested for the reason(s) stated on the attached sheet(s). 
Note: No more than five (5) pages may be provided. 

I am the 

D 
[l] 

applicant. 

attorney_ or agent of record. 40 gog 
Registration number _ ____ , _ _ _ ____ _____ _. 

0 attorney or agent acting under 37 CFR 1.34. 

Registration number 1f acting under 37 CFR 1.34 _ _ ___ ___ _ 

/Patrick D. Benedicto/ 

Signature 

PATRICK D. BENEDICTO 

Typed or printed name 

408.436.21 10 

Telephone number 

March 28, 2017 

Date 

NOTE: This form must be signed in accorda.nce with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. 
Submit multiple forms if more than one signature is required, see below• . 

I !ZJ "Total of _ 1 ___ forms are submitted. 

This colleo1ion of information is required by 35 U.S.C. 132. The information Is required to obtain or retalh a benefit by the publlcWhfch 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, 1.14 and 41.6. This collection is estimateq to fal\e 12 minutes to 
compleie, including gathering, preparing, and submitting the completed applfca~on form io the USPTO. nme will vary depending upon the individual case. Any 
comments on the amount of time you requfre to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, 
U.S. Patent c1nd T1qdemark Office, U.S. Department or Commerce. P.O. Bo){ 1450, Alel(;lndria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADORES$. SEND TO: Mail Stop AF, Commissioner for Patent$, P.O. Box 1450, Ale~a.ndria, VA 22.313-1450. 

If you need assistance rn comµ/eling the form, call 1-BOO,PT0"9199 and select opflon 2. 
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Application No.: 14/504, 771 

ARGUMENTS 

Claim Rejection - 35 U.S.C. § 103 (Meier/Okayasu/Borden) 

Claims 1-4 and 6-14 are rejected under pre-AIA 35 U.S.C. §103(a) as being 

unpatentable over Meier (US 6,262,359), in view ofOkayasu (JP 07-106611), and in 

view of Borden (US WO 2009/094578 A2). The rejection is respectfully traversed. 

External emitter that forms a backside junction with the substrate 

Claim 1 is patentable over the combination of Meier, Okayasu, Ohrni, and 

Foglietti at least for reciting: "an emitter disposed over the first tunnel dielectric, the 

emitter fonning a backside junction with the substrate." 

Claim 1 recites a structure of a solar cell. In the embodiment of claim 1~ the solar 

cell has an emitter that is disposed over a tunnel dielectric and forms a backside junction 

with the substrate. It is respectfully submitted that this feature of claim 1 is not taught or 

suggested by the combination of Meier, Okayasu, and Borden. 

The final office action suggests that in the cited combination, Meier discloses the 

recited backside junction. Meier FIG. 3D is reproduced below for ease of discussion. 

216 212 214 

n-Si .21.B 224 - ___________________ ,__ ______ -

220 FIG. 3D 222 

Meier ruscloses a solar cell with an aluminum alloy back junction (Meier, Title). More 

specifically, Meier discloses forming a p+ layer 220 ("emitter") that forms a backside 

junction with then-Si base layer 218 ("substrate") within the base layer 218 by doping 

using the aluminum contact layer 222 (Meier, col. 6, lines 51-54). That is, the primary 

teaching of Meier is to form an aluminum alloy back junction by forming the p+ layer 

220 within the substrate by diffusion into the substrate using the aluminum alloy 

electrode, thereby providing a strongly doped p-type emitter (Meier, abstract). 
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Meier discloses a solru· cell structure where the emitter that forms a backside 

junction with the substrate is witbjn the substrate and in contact with the electrode. In the 

solar cell structure of Meier there is no intervening layer (such as a tunnel dielectric) 

between the emitter and the electrode because of the required diffusion of aluminum from 

the electrode to the emitter. Accordingly, Meier does not disclose a solar cell structure 

where an external emitter forms a backside junction with the substrate. 

Okayasu does not disclose a solar cell structure that cures the deficiencies of 

Meier. Okayasu FIG. 1 is reproduced below. 

The purpose of Okayasu is "to realize a BSF type solar cell having high photoelectric 

conversion efficiency by forming an n+ poly-Si layer by thermal CVD using 

B2H6/SiI-I4/SiF4 as a material gas thereby improving the quality· of n+ poly-Si layer'' 

(Okayashu abstract) (emphasis added). More particularly, to the extent the appellant 

understands the machine translation of the disclosure of Okayasu, Okayasu FIG. 1 shows 

a solar cell \-Vith an N-type substrate 1, a layer 2 on the front side, an N+ BSF layer 5, an 

electrode 6 on the backside, and an electrode 4 on the front side. Because the layer 5 is a 

back surface field (BSF) layer, the layer 5 is necessarily on the back surface and has the 

same polarity as the substrate l. Accordingly, the BSF layer 5 cannot form a backside 

junction with the substrate. 

Therefore, like Meier, Okayasu does not disclose a solar cell structure where a11 

extemal emitter fonus a back.side junction with the substrate. In the solar cell of 

Okayasu, the backside is a BSF layer in accordance with the putpose of Okayasu and, in 

such a BSF structure, the junction is formed on the front side of the solar cell, not on the 

backside where the BSF layer is (Okayasu, paragraph 2; paragraph 14, lines 1-6). 

2 
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The final office action suggests that it would have been obvious to use the BSF 

formation technique ofOkayasu to form the backsidejwictionemitter of Meier. The 

appeUant respectfully disagrees. 

First, Meier's solar cell is not a BSF type solar cell. Okayasu does not teach or 

suggest that its method is applicable to non-BSF type solar cells -- Okayasu has no 

relevant teaching regarding formation of a backside junction. The suggestion to use the 

BSF method of Okayasu to form the emitter of Meier would use the BSF method of 

Okayasu for a totally different function and structure in Meier. 

Second, Okayasu discloses a method of forming the high-low junction (HL) on 

the front side of a BSF solar cell structure (Okayasu, paragraphs 1 and 2) . Instead of 

using thermal diffusion (Okayasu, paragraphs 5-7) or plasma CVD (Okayasu, paragraphs 

8-12), Okayasu suggests fanning the BL junction by thermal CVD (Okayasu, paragraph 

14) to minimize foreign matter or to control deposition thickness. It is respectfully 

submitted that this suggested method of Okayasu pertains to manufacture of the HL 

junction of a BSF type solar cell, i.e., structures on the front side of a BSF solar cell. The 

method of Okayasu is for the structure taught by Okayasu, which is a BSF solar ceH. In 

other words, Okayasu does not teach or suggest solar cell structure where an external 

emitter forms a backside junction with the substrate. 

2. Backside junction with tunnel dielectric 

It is respectft.tlly submitted that Meier modified with Okayasu does not teach or 

suggest a tunnel dielectric between the backside junction emitter and the substrate. The 

final office action suggests that Borden (paragraphs 8 and 16) discloses use of a tunnel 

oxide between polysilicon and substrate. 

First, it is respectfully submitted that the final office action has not established 

that Borden is prior art to the present application. Borden has an international filing date 

of January 23, 2009, whereas the present application has a priority date of February 20, 

2008 by claiming priority to US 8,878,053 and US 8,222,516. It is acknowledged that 

Borden claims priority from a provisional application 61/023,342. However, the final 

office action cites to the international publication of Borden (which on its face is not prior 

art to the present application as explained), not to the provisional application. 

3 
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Furthermore, the provisional application of Borden does not appear to be publicly 

accessible. 

Second~ Borden does not disclose that the polysilicon/tunnel oxide/substrate is for 

fomling a backside junction. There is no teaching or suggestion in Borden that such 

tunnel oxide stmcture may be applied to the teachings of Meier and Okayasu to read on 

the solar cell of claim 1. 

Claims 2-4 and 6-8 are patentable over the combination of Meier, Okayasu, and 

Borden at least for depending from claim l. 

Claim 9 is patentable over the combination of Meier, Okayasu, and Borden at 

least for reciting: "an emitter over the back surface of the substrate, the emitter forming a 

backside junction with the substrate; a first dielectric between the emitter and the back 

surface." It is respectfully submitted that the combination of Meier, Okayasu, and 

Borden does not teach or suggest a solar cell with an emitter that is over a dielectric that 

forms a backside junction with the substrate. 

Claims 10-14 are patentable over the combination of Meier; Okayasu, and Borden 

at least for depending from claim 9. 

Claim Rejection -- 35 U.S.C. § 103 (Meier/Okayasu!Foglietti/Gan) 

Claims 1-4 and 6-14 are rejected under pre-AIA 35 U.S.C. §103(a) as being 

unpatentable over Meier (US 6,262,359), in view of Okayasu (JP 07-106611), in view of 

Foglietti (US 2002/0142500), and further in view of Gan (Polysilicon Emitters for Silicon 

Concentrator Solar Cells). The rejection is respectfully traversed. 

l. External emitter that forms a backside junction with the substrate 

Claim 1 is patentable over the combin,a,tion of Meier, Okayasu, Foglietti, and Gan 

at least for reciting: "an emitter disposed over the first tunnel dielectric, the emitter 

forming a backside junction with the substrate.'' 

Claim 1 recites a structure of a solar cell. In the embodiment of claim 1, the solar 

cell has an emitter that is disposed over the tunnel dielectric and forms a backside 

4 
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junction with the substrate. It is respectfully submitted that this feature of claim 1 is not 

taught or suggested by the combination of Meier, Okayasu, Foglietti, and Gan.. 

The final office action suggests that in the cited combination, Meier modified 

with the teachings of Okayasu discloses the above-recited features of claim 1. As 

explained, the combination of Meier and Okayasu does not teach or suggest a solar cell 

structure where an external emitter forms a backside junction with the substrate. 

2. Backside junction with tunnel dielectric 

It is respectfully submitted that Meier modified with Okayasu does not teach or 

suggest a tunnel dielectric between the backside junction emitter and the substrate. The 

final office action suggests that Gan discloses that doped emitter can be replaced with a 

polysilicon emitter and that Foglietti discloses using a thin oxide. rt is respectfully 

submitted that Gan and Foglietti does not disclose structures where polysilicon emitters 

and tunnel oxides are employed in backside junctions. There is no teaching or suggestion 

in Gan and Foglietti to apply their teachings to arrive at a structure where an external 

polysilicon emitter separated from the substrate by a tunnel oxide forms a backside 

jw1ction with the substrate. 

Therefore, it is respectfully submitted that claim 1 is patentable over the 

combination of Meier, Okayasu, Foglietti, and Gan. Claims 2~4 and 6-8 are patentable 

over the combination of Meier, Okayasu, Foglietti, and Gan at least for depending from 

claim 1. 

Claim 9 is patentable over the combination of Meier, Okayas11, Foglietti, and Gan 

at least for reciting: "an emitter over the back surface of the substrate, the emitter forming 

a backside junction with the substrate; a first dielectric between the emitter and the back 

surface." It is respectfully submitted that the combination of Meier, Okayasu, Fogliettt 

and Gan does not teach or suggest a solar cell with an emitter that is over a dielectric that 

forms a backside junction with the substrate. 

Claims 10-14 are patentable over the combination of Meier, Okayasu, Foglietti, 

and Gan at least for depending from claim 9. 

5 
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DocketNo. 10031.004211 
Not.ice of Appeal 
March 28, 2017 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Peter John COUSINS 

Application No.: 14/504,771 

Filing Date: October 2, 2014 

Examiner: 

A1t Unit: 

PILLA Y, DEVINA 

1757 

Title: FRONT CONT ACT SOLAR CELL WITH FORMED EMITTER 

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

NOTICE OF APPEAL 

Submitted herewith is a notice of appeal. This is the second notice of appeal :filed on this 

application. The first notice of appeal was filed by Applicants on December 16, 2016_ The 

Patent Trial and Appeal Board did not render a decision 011 the case from the first notice of 

appeal. 

Applicants believe that they are entitled to credit for the notice of appeal fee paid on 

December 16, 2016 because the Board did not render a decision from the first notice of appeal. 

Therefore, Applicants believe that there is no fee due for this filing. If for any reasons additional 

fees are required1 the Commissioner is hereby authorized to charge the insufficiency to Deposit 

Account No. 50-2427. 

Dated: March 28. 2017 

Respectfully submitted, 

/Patrick D. Benedicto/ 
Patrick D. Benedicto, Reg. No. 40,909 
Attorney or Record 
Okamoto & Benedicto LLP 
(408) 436-2110 
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PTO/AIA/31 (03-14) 
Approved for use through 07/31/2016. 0MB 0651-0031 

U.S. Patent and Trademark OfficeJ U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of l.995, no persons are required to respond to a collection of information Unless it displays a valid 0MB control number. 

NOTICE OF APPEAL FROM THE EXAMINER TO 
Docket Number (Optional) 

THE PATENT TRIAL AND APPEAL BOARD 10031.0004211 

I hereby certify that this correspondence is being facsimile In re Applicatlon of 
rrahsmltted to the USPTO, EFS-Web transmitted to the US PTO; or Peter John COUSINS 

deposited with the United States Postal Service wlth sufflclent Application Number 

I 
Filed 

postage in an envelope addressed to "Commissioner for Patents, P.O. 14/504,771 10/02/2014 
Box 1450, Alexandria, on Alexandria, VA 22313-1450'' (37 CFR l.B(a)) For 
on 03/28/2017 FRONT CONTACT SOLAR CELL WITH FORMED EMITTER 
Srgnature /Patrick D, Benedicto/ Art Unit 

I 
Examiner 

Typed or printed name PATRJCK 0. BENEDICTO 1757 PILLAY, DEVINA 

Applrcanthereby-appeals to the Patent Trial and Appeal Board from the last decision of the examiner. 

The fee for this Notice of Appeal is (37 CFR 41.20(bl(1)) $ 0.00 

D Applicant asserts small entlty status. See 37 CFR 1.27. Therefore, the fee shown above is reduced 
by 50%, apd the resulting fee is; s 

D Applicant certifies micro entity statUs, See 37 CFR 1.29. Therefore, the fee shown above ls reduced 
by 7S%1 and the resulting fee is: $ 
Form PTO/SB/15A or B or equivalent must elther be enclosed or have been submitted previously. 

LJ A check in the a-_nount of the fee is enclosed. 

LJ Payment by credit card, Form PT0-2038 is attached. 

0 The Director 1s hereby authorized to charge any fees Which may be required, or credit any overp<1yment 

to Deposit Account No. 50-2427 

D Payment made via EFS-Web. 

D A petition for an extension oftfme under 37 CFR 1.136(a) (Pm/AIN22 or equivalent) is enclosed. 
For exteris1ons of time in ree,ramination proceedings, see•37 CFR LSSO. 

WARNING: Information on this form may become public. Credit card information should not be included 
on this form. Provide credit card information and authorization on PT0-2038. 

lam the 

LJ applicant 12] attorney or agent of record D attorney or agent acting under 37 CFR 1.34 

Registration number 40,009 Registration number 

Signature /Patrick D. Benedicto/ 

Typed or printed name PATRICK 0 . BENEDICTO 

Telephone Number 408.436.2110 

Date March 28, 2017 

NOTI:: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. Submit multiple 
forms if more tl'ian one signature is required, see below•. 

0 " Total of 1 forms are 51.lbmitted. 

Thts collectoon o( information Is required by 37 CFR 41.2Dlb)(l) and 41.31. The information Is required t<> obtaln or retain a benefit by the publk whTch is to file (and 
by the USPTO to process) an applicatlon. Confidentfality is governed by 3S U.5.C. 122 and 37 CFR 1.11, 1.14 and 41.6. This wllection Is estimated to take 1.2 minutes 
to complete, including gathering, preparing, and submittlng the completed application form to the USPTO. Time wlfl vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reduclr.g this burden, should be sent to the Chtef Information Officer, 
U.S. Patent and Trademark Offia,, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 1.2313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. BoJ< 1450, Alexandria, VA 22313-1451). 

(/ vou need assfstance in completing the farm, caf/ 1-.800-PT0-9199 aM select option 2. 
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U NITED STATES p /\TENT /\ND T RADEMARK O FFICE 

APl>\,,ICNf10N '.'IQ, f.lLTNG DAtE: l'lRST NAM£)) INV 11l'(fOR 

(-1/504, 77 I 10/02/ 20 l -1 Peter John COUSINS 

7o.l'!..~4 759() 114/2~/2())7 

Okamoto & Benedjcto LLP 
P.O. Box: 641330 
'an Jose, CA 95 l 64--1330 

UNl1'RD STA'l'ES DEPART.MENT01"COMMRRC'E 
1 loit..,d Slates Patent and Trudema rk Office 
.M lrc.s:C'0.\1M!SSIONE~ !'OK PA'ffiN1'S 

r o, s.,. 1450 
Al<Mndrio. VJ1~lnio 22..\j1. 14,SO 
WWW ,11s,-,10 ,gov 

A'nORNllY 1)0CKl;.7'. :'110. C.'ONPTI{MAT ION NO. 

Hl0., l.00421J 3342 

l~XA1\11NER 

PILLAY, DEVINA 

AR1'1.INIT PAPER NUMBER 

J7>7 

bELIV6RYM01Jti 

04/2812017 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. 

VJ'OL-90A (R~v. 04/07) 
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Notice of Panel Decision 
from Pre-Appeal Brief 

Review 

Application No. 

14/504,771 

Examiner 

DEVINA PILLAY 

This is in response to the Pre-Appeal Bdef Request for Review filed 

Applicant(s) 

COUSINS, PETER JOHN 

Art Unit 

1757 

1. D Improper Request - The Request is Improper and a conference Will not be held for the following 
reason(s) : 

D The Notice of Appeal has not been filed concurr.ent With the Pre-Appeal Brief Request. 
D The request does not include reasons why a review Is appropriate. 
D A proposed amendment is included with the Pre-Appeal Brief request. 
D Other: . 

The t1me period for filing a response continues to run from the receipt date of the Notice of Appeal or trorn the 
mail date of the last Office communication, if no Notice of Appeal has been received. 

2. ~ Proceed to Board of Patent Appeals and Interferences -A Pre-Appeal Brief conference has been 
held. The application remains under appeal because there is at least one actual Issue for appeal. Applicant is 
required to submit an appeal brief in accordance with 37 CFR 41.37. The time period for fi ling an appeal brief 
will be reset to be one month from mailing this decision, or the balance of the two-month time period running 
from the receipt of the notice of appeal, whichever is greater. Further, the time period for filing of the appeal 
brief is extendible under 37 CFR 1.136 based upon the mail date of this decision or the receipt date of the 
notice of appeal, as applicable. 

~ The panel has determined the status of the claim(s) is as follows: 
Claim(s) allowed: _ _ . 
Claim(s) objected to: _ _ . 
Claim(s) rejected: 1-4and6-14. 
Claim(s) withdrawn from consideration: __ . 

3. D Allowable application -A conference has been held. The rejection is withdrawn and a Notice of 
Allowance will be mailed. Prosecution on the merits remains closed. No further action is required by applicant 
at this time. 

4. D Reopen Prosecution - A conference has been held. The rejection is withdrawn and a new Office 
action will be mailed. No further action is required by applicant at this ttme. 

All participants: 

(1) DEVINA PILLA Y, 

(2) Jeffrev Barton. 

/DEVINA PILLAY/ 
Primary Examiner, Art Unit 1757 

U.S. Patent and Trademark Office. 
PTO-2297 (Rev. 02/11) 

(3)Jennifer McNeil. 

(4) _ _ _ 

/Jeffrey T Barton/ 
Supervisory Patent Examiner I Art 
Unit 1757 

/Jennifer McNeil/ 
Primary Examiner, TC 1700 

Part of Paper No. 20170417 
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Doc code: RCEX PTOISB/30EFS (07-14) 
ApprtNed for use lhwugh 07/31/2016. 0MB 0651-0031 

U .S. Patent and Trademark Office: U ,S_ DEPARTMENT OF COMMERCE 
Under the Paperwork Reducllon Act of 1995, no persons are required lo respond to a collection of i nforma~on unle<as it contains a 11alid 0MB control number. 

Doc description: Request for Continued Examination (RCE) 

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMJTTAL 
(Submitted Only via EFS-Web) 

Application 
t 4504771 I Filing I ~014-10-02 

Docket Number 
rooJ1 .004211 I 

Art I r757 Number Date (if applicable) Unit 

First Named 
Peter John COUSINS 

Examiner 
EILLAY, DEVINA 

Inventor Name 

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application. 

I 
Request for Continued Exami'nalion (RCE} practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8, 
1995, to any international application that does not comply with the requirements of 35 U.S.C_ 371 , or to any design application_ The 
Instruction Sheet for this form is located at WWW.USPTO.GOV. 

SUBMISSION REQUIRED UNDER 37 CFR 1.1 14 

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE 'flill be entered in the order 
in which they were filed unless applicant instructs otherwise. If applicant does hot wish to have any previously filed unentered amendment(s) 
entered, applicant must request non-entry of such amendment(s). 

□ 
Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a 
submission even if this box is not checked. 

0 Consider the arguments in tt,e Appeal Brief or Reply Brief previously filed on 

D other 

[g1 Enclosed 

lZJ Amendment/Reply 

□ Information Disclosure Statement (IDS) 

□ Affidavit(s)/ Declaration(s) 

□ Other 

MISCELLANEOUS 

□ 
Suspension of action on the above-identified application is requested under 37 CFR 1.103{c) for a period of months 
{Period of suspension shall not exceed 3 months~ Fee under 37 CFR 1.17(i) required) 

□ Other 

FEES 

The RCE fee under 37 CFR 1_17(e) is required by 37 CFR 1. 114 when the RCE is filed. 
lZJ The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to 

Deposit Account No ~02427 I 
SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED 

X Patent Practit ioner Sig nature 

Applicant Signature 

EFS - Web 2.1.15 

Page 322 of 466



Doc code: RCEX PTO/S8/30EFS (07-14) 
Apprt>'.'ed for use lhJt>ugh 07/31/2016. 0MB 0651-0031 

U.S. P atent and Trademar1< Office: U ,S_ DEPARTMENT OF COMMERCE 
Under the Paperwor1< Reducllon Act of 1995, no persons are requjred lo respond to a collection of informa~on unle<as it contains a valid 0MB control number. 

Doc description: Request for Continued Examination (RCE) 

Signature of Registered U.S. Patent Practitioner 

Signature Patrick □, Benedicto/ Date (YYYY-MM-DD) E017-05-05 

Name PATRICK D. BENEDICTO Registration Number ~0909 

I 
This collection of information is required by 37 CFR 1.114. The information is required to obtain or retain a benefit by the public Which is to 
file (and by the US PTO to process) an application. Confidentiality is governed by 35 U.S. C. 122 and 37 CFR 1 .11 and 1.14. This collection is 
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time 
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for 
reducing this burden, should be sent to the Chief Information Officer; U.S. Patent and Trademari< Office, U.S. Department of Commerce, 
p_o_ Box 1450, Alexandria, VA 22313-1450. 

Jf you need assistance in completing the form, call i-B00-PTO-9199 and seleci option 2. 

EFS - Web 2.1.15 
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Privacy Act Statement 

The Privacy Act of 197 4 (P .L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be 
advised that: {1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information 
solicited .is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office 
is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
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National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 
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referenced by either a published application, an application open to public inspections or an issued patent. 
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INTIIB UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor: 

Peter John COUSJNS 

Application No.: 14/504,771 

Filing Date: October 2, 2014 

Examiner: 

Art Unit: 

PILLA Y, DEVINA 

1757 

Title: FRONT CONTACT SOLAR CELL WITH FORMED EMITTER 

REQUEST FOR CONTINUED EXAMINATION AND .AMENDMENT 

INTRODUCTORY COMMENTS 

This paper is responsive to Notice of Panel Decision From Pre-Appeal Brief 

Review mailed on April 28, 2017. 

Please amend the above-identified application as foUows: 
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AMENDMENTS TO THE CLAIMS 

1. (Cuuently amended) A solar cell, comprising: 

a substrate having a front surface that faces the sun to collect solar radiation 

during normal operation and a back surface opposite the front surface; 

a first doped region and a second doped region in the substrate on the front 

surface of the substrate. the first doped region having a sheet resistance that is higher than 

a sheet resistance of the second doped region; 

a ffiSt tunnel dielectric disposed over the back surface of the substrate; 

an emitter disposed over the €-r5t tunnel dielectric, the emitter forming a backside 

junction with the substrate; 

a front electrode disposed 0 1,'& that is coupled to the second doped region on the 

front surface of the substrate; and 

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

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

3. (Original) The solar cell of claim l, wherein the substrate is a monocrystalline 

silicon substrate. 

4. (Currently) The solar cell of claim l; wherein the :fust tunnel dielectric is a tunnel 

oxide. 

5. (Canceled) 

6. (Canceled) 

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

8. (Original) The solar cell of claim 1, further comprising an antireflective layer 

disposed over the front surface of the substrate. 
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9. (Cu1Tent1y amended) A solar cell, comprising: 

a substrate having a front surface that faces the sun to collect solar radiation 

during normal operation and a back surface opposite the front surface; 

a first doped region and a second doped region in the substrate on the front 

surface of the substrate, the first doped region having a sheet resistance that is higher than 

a sheet resistance of the second doped region: 

an emitter over the back surface of the substrate1 the emitter forming a backside 

junction with the substrate; 

a first dielectric between the emitter and the back surface; 

a front electrode disposed on the front surface of the substrate and is coupled to 

the second doped region; 

a second dielectric on the front surface of the substrate: and 

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

10. (Original) The solar cell of claim 9, wherein the emitter is a polysiliconemitter. 

11. (Original) The solar cell of claim 9, wherein the substrate is a monocrystaliine-

silicon substrate. 

12. (Original) The solar cell of claim 93 wherein the first dielectric is an oxide. 

13. (Canceled) 

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

15-20. (Canceled) 

21. (New) Tue solar cell of claim 1, wherein the first a,nd second doped regions are 

N-type, and the emitter is P-type. 
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22. (New) The solar cell of claim 1, wherein the sheet resistance. of the fust doped 

region is 100 to 500 0./sq, and the sheet resistance of the second doped region is 10 to 50 

0./sq. 

4 
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REMARKS 

With the above amendments, claims 1-4, 7-12, 14, 21, and22 remain in the 

appli"cation. 

Claim amendments have been made to expedite prosecution. Applicant expressly 

reserves the right to pursue the original version of an amended claim in a continuing 

application. 

Claim Amendments 

The applicant maintains the arguments presented in the Pre-Appeal Brief Request 

for Review submitted by the applicant on March 28, 201 7. 

In the interest of compact prosecution, claim 1 has been amended to recite "a first 

doped region and a second doped region in the substrate on the front surface of the 

substrate, the first doped region having a sheet resistance that is higher than a sheet 

resistance of the second doped region." Support for this feature of claim 1 may be found 

at least on FIG. 1 of the specificati,on, showing an N-type doped region 105 and an N­

type doped region 106 in the substrate 101 on the front surface of the substrate 101. As 

explained in the specification, the N-type doped region I 05 may have a sheet resistance 

of 100 to 500 Q/sq, and theN-type doped region 106 may have a sheetrnsistance of 10 to 

50 Q/sq ( specification, page 4, lines 11-13). 

[t is respectfully submitted that the above-noted feature of claim 1 are not taught 

or suggested by the references of record. More particularly, Meier (US 6,262,359), 

Okayasu (JP0?-106611), Borden (WO 2009/094578), Foglietti (US 2002/0142500), and 

Gan (Polysilicon Emitters for Silicon Concentrator Solar Cells) individually or in 

combination do not disclose a solar cell with the recited first and second doped regions 

on the front side of the substrate. 

Conclusion 

5 
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For at least the above reasons, it is believed that the pending claims are in 

condition for allowance. The Examiner is invited to telephone the undersigned for any 

questions and to resolve any remaining concerns regarding allowability of the present 

application. 

Dated: --- - - --

6 

Respectfolly submitted, 

Patrick D. Benedicto, Reg. No. 40,909 
Okamoto & Benedicto LLP 
P.O. Box 641330 
San Jose, CA 95164 
Tel.: (408)436-2112 
Froc.: (408)436-2114 
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Commissioner for Patents 

To Whom 1l May Concern, 

Examiner is providing Applicant a copy of the provisonaJ appli<.--ation 6 1 /023,342 which Borden (WO 2009/094578 A2) claims 
priority to. The provisional application has a filing date of 0 1/24/2008 which supports all of the relevant sections mapped to iu Borden 
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Examiner Pax Numher is (571)-270-2180. 
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unpublished applications is available 1.hrough Private PAIR only. Por more infrnmarion about the PAIR system, see hllp://pair­
direcl.uspto.gov. Should you have questions on access lo the Private PAIR system, contact 1.he Electronic Business Ccnter(EBC) M 
866-217-9197 (toll-free). 

Sincerely. 

Devina Pillay 

PTO-90C (Rev.04-03) 
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Primary Examiner, Art Unit 1757 
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Status 

No 

- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE J MONTHS FROM THE MAILING DATE OF 
THIS COMMUNICATION. 

Exteosions ol l ime may be available uoder 1he provisions of 37 CFR 1.136(a). lo oo event, however. may a reply be timely tiled 
after SIX (6) MONTHS from the rnaihng date of this communication. 

• If NO pe/iod lor reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS lrom the mailing date ol this communication. 
Failure to reply wilhfn the se1 or extended period lor reply will, by statute. cause the applioalion to become ABANDONED (35 U,S.C. § 133). 
Any reply received by the Oltice later than three months after the mailing date of this communication, even II timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1. 704(b} 

Status 
1 )C8:I Responsive to communication(s) filed on 05/15/2017-

0 A declaration(s)/affidavlt(s) under 37 CFR 1.130(b) was/were filed on-----'-

2a)D This action is FINAL. 2b)C8J This action is non-final. 
3)0 An election was made by the applicant in response to a restriction requfrement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 
4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed In accordance wtth the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 
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6)0 Claim(s) __ is/are allowed. 
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9)0 Claim(s) __ are subject to restriction and/or election requirement. 
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Priority under 35 U.S.C. § 119 
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1 ,0 Certified copies of the priority documents have been received. 
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application from the International Bureau (PCT Rule 17.2(a)). 
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U.S. Patent a~d Trademark Ofltca 
PTOL-326(Rev 11·13) Office Action Summary 

3) D Interview Summary (PTO·413) 
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1. The present application is being examined under the pre-AIA first to invent 

provisions. 

DETAILED ACTION 

Continued Examination Under 37 CFR 1.114 

Page 2 

2. A request for continued examination under 37 CFR 1.114, including the fee set 

forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 

application is eligible for continued examination under 37 CFR 1.114, and the fee set 

forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action 

has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on 

05/15/2017 has been entered. 

Claim Rejections-35 USC§ 103 

3. The following is a quotation of pre-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. 

4. The factual inquiries set forth in Graham v. John Deere Co. , 383 U.S. 1, 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under pre-AIA 35 U.S.C. 103(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 
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4. Considering objective evidence present in the application indicating 

obviousness or nonobviousness. 

Page 3 

5. Claims 1-4, 7-12, 14 and 21 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 further view of 

Wenham (6,429,037 B1 ). 

Regarding claims 1-4 and 9-12, Meier discloses a solar cell comprising (see Fig. 

30, C5/L38-C6/L55): 

a substrate (218 n-type) having a front surface that faces the sun to collect solar 

radiation during normal operation and a back surface opposite the front surface; 

an emitter (220 p-type) forming a backside junction with the substrate; 

a front electrode disposed over the front surface of the substrate (212); 

a back electrode disposed over the back surface of the substrate (222). 

However, Meier does not disclose that the emitter is a polysilicon emitter and that 

there is a first tunnel dielectric formed between the emitter and the back surface of the 

substrate. 

Okayasu discloses that instead of forming an emitter or surface field from a 

portion of a substrate which is doped, an emitter or surface field can be formed using a 

doped polysilicon layer ([00051(0009]. Abstract) and by forming an emitter or surf ace 

field this way the thickness can be more accurately controlled and it prevents generation 

of floating foreign matter ([0008] [0009]). 
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Page 4 

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

invention to replace the method of forming the emitter from a portion of a substrate of 

Meier and instead forming the emitter and front surface field by using a doped 

polysilicon layer as disclosed by Okayasu because the thickness can be more 

accurately controlled and it prevent generation of floating foreign matter. 

However, modified Meier does not discloses a tunneling dielectric oxide between 

the emitter and the substrate. 

Borden discloses that tunnel oxides can be used in solar cells between doped 

polysilicon and monocrystalline substrates [0016]. 

Furthermore, Borden discloses that by providing the tunneling layer it prevents 

epitaxial growth of the emitter layer and further it protects the surface from plasma 

damage of the deposited emitter layer [0008]. 

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

invention to modify the interface between polycrystalline layers and monocrystalline 

substrates of modified Meier by having a tunneling oxide because it prevents epitaxial 

growth of the emitter layer and further it protects the crystalline surface from plasma 

damage of the deposited emitter layer. 

However, modified Meier does not disclose that there is a first doped region and 

a second doped region in the substrate on the front surface of the substrate, the first 

doped region having a sheet resistance that is higher than a sheet resistance of a 

second doped region. 
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Wenham discloses a solar cell wherein the area beneath point contacts includes 

areas of high doping which is important for reducing contact resistance (see Fig. 5, 

portions 18 and 23) (C1 /L25-41 ). 

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

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

adding in highly doped reg·ions under the metallic contacts as disclosed by Wenham 

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

solar cell. 

Regarding claim 9, please note that the anti-reflective layer disposed over the 

front surface (214 of Meier (C6/L20-25)) of the substrate is also a dielectric (SbN4 or 

TiO2 is a dielectric, see Wenham for further evi'dence C6/L50-55). 

Regarding claims 7 and 14, modified Meier discloses all of the claim limitations 

as set forth above. 

However, Meier does not disclose that the electrode that is in contact with the p­

type polysilicon layer is silver. 

Okayasu discloses that the back electrode on the polysilicon emitter is formed of 

a silver electrode [0044]. 

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

invention to replace the aluminum electrode of Meier with the silver electrode of 

Okayasu because one of ordinary skill in the art would have been able to carry out such 

a substitution, and the results would be reasonably predictable. 
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Regarding claim 8, modified Me1erdiscloses all of the claim limitations as set 

forth above. 

In addition, Meier discloses an antireflection layer (214) disposed over the top 

surface of the substrate (C6/L20-25). 

Regarding claim 21, modified Meier discloses all of the claim limitations as set 

forth above. 

In addition, Meier discloses that the first and second doped regions are n-type 

(smce then-type contacts make direct contact to FSF region, the higher doped regions 

are also n-type and the emitter region (220 is p-type, C5/L38-C5/L55). 

6. Claim 22 is rejected under pre-Al A 35 U.S.C. 103(a) as being unpatentable 

over Meier (US 6,262,359) in view of Okayasu (JP07-106611, Human Translation) 

in view of Borden {WO 2009/094578 A2) and in further view of Wenham (6,429,037 

B1 ) as applied to claims 1-4, 7-12, 14 and 21 above and in further View of Fath 

(WO 2007/082760 A1 ) with English Translation provided by Fath (US 2009/0017606 

A1 ). 

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

forth above. 

Meier discloses that the a highly doped region in the n-type substrate can have a 

sheet resistance between 1 00/□ -2000/□. 

However, Meier does not disclose the sheet resistance of the first doped region 

is 100 to 500 0 /o and that the sheet resistance of the second doped region is 10 to 50 

0 /o. 
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Fath discloses a higher doped region formed under metallic contacts and a lower 

doped region which is between contacts and further discloses that typical sheet 

resistance values of these areas relative to one another which include the lower sheet 

resistance are being 10 to 30 fl/□ and the higher sheet resistance area being 80 to 1-40 

0 /o ([0042]). 

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

invention to modify the sheet resistance of the first and second doped regions of 

modified Meier so that they are within the overlapping portions of the ranges of Fath and 

the instant claim because selection of overlapping portion of ranges has been held to be 

a prima facie case of obviousness. In re Malagari, 182 USPQ 549. 

7. Claims 1-4, 7-12, 14 and 21 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, 

Machine Translation) in view of Foglietti {US 2002/0142500 A1 ) in view of Gan 

(Polysilicon Emitters for Silicon Concentrator Solar Cells) and in further view of 

Wenham (6,429,037 81 ). 

Regarding claims 1-4 and 9-12, Meier discloses a solar cell comprising (see Rg. 

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

a substrate (218 n-type) having a front surface that faces the sun to collect solar 

radiation during normal operation and a back surface opposite the front surface; 

an emitter (220 p-type) forming a backside junction with the substrate; 

a front electrode disposed over the front surface of the substrate (212); 

a back electrode disposed over the back surface of the substrate (222). 
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However, Meier does not disclose that the emitter is a polysilicon emitter and that 

there is a first tunnel dielectric formed between the emitter and the back surface of the 

substrate. 

Okayasu discloses that instead of forming an emitter or surface field from a 

portion of a substrate which is doped, an emitter or surface field can be formed using a 

doped polysilicon layer ((0005][0009J, Abstract) and by forming an emitter or surface 

field this way the thickness can be more accurately controlled and it prevent generation 

of floating foreign matter ((0008] [0009]). 

Gan further discloses that solar cell performance can be improved when a 

doped-emitter is replaced with a polysilicon emitter (see pg. 245 second column). 

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

invention to replace the method of forming the emitter from a portion of a substrate of 

Meier and instead forming the emitter by using a doped polysilicon layer as disclosed by 

Okayasu because the thickness can be more accurately controlled and it prevent 

generation of floating foreign matter and furthermore because as disclosed by Gan this 

results in a solar cell with better performance. 

However, modified Meier does not discloses a tunneling dielectric oxide between 

the emitter and the substrate. 

Foglietti discloses that polycrystalline growth directly on crystalline silicon results 

in partial realignment of the polycrystalline grains and to suppress this effect a thin oxide 

can be grown ([0046]). 
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Gan discloses that the presence of a stable thermal oxide between a polysilicon 

emitter and a CZ wafer (See pg. 248, first column, and Table 1) results in recombination 

occurring primary at the oxide interface and that the presence of this oxide at the 

interface can be useful for silicon solar cells with polysilicon emitters (See Conclusion, 

pg. 249). 

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

invention to modify the interface between the doped polysilicon regions and the 

monocyrstalline substrate by adding an interfacial oxide as disclosed by Fogiletti and 

Gan because it will allow for optimal grown of the polysilicon region and furthermore will 

result in recombination primarily occurring at the oxide interface. 

Regarding clai m 9, please note that the anti-reflective layer disposed over the 

front surface (214 of Meier (C6/L20-25)) of the substrate is also a dielectric (Si3N4 or 

TiO2 is a dielectric, see Wenham for further evidence C6/L50-55). 

Regarding claims 7 and 14, modified Meier discloses all of the claim limitations 

as set forth above. 

However, Meier does not disclose that the electrode that is in contact with the- p­

type polysilicon layer is silver. 

Okayasu discloses that the back electrode on the polysilicon emitter is formed of 

a silver electrode [0044]. 

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

invention to replace the aluminum electrode of Meier with the silver electrode of 
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Okayasu because one of ordinary skill ln the art would have been able to carry out such 

a substitution, and the results would be reasonably predictable. 

Regarding claim 8, modified Meier discloses all of the claim limitations as set 

forth above. 

In addition, Meier discloses an antireflection layer (214) disposed over the top 

surface of the substrate (C6/L20-25) . 

Regarding claim 21, modified Meier discloses all of the claim limitations as set 

forth above. 

In addition, Meier discloses that the first and second doped regions are n-type 

(since then-type contacts make direct contact to FSF region, the higher doped regions 

are also n-type and the emitter region (220 is p-type, C5/L38-C5/L55). 

8. Claim 22 is rejected under pre-AtA 35 U.S.C. 103(a) as being unpatentable 

over Meier (US 6,262,359) in view of Okayasu (JP07-106611, Machine Translation) 

in view of Foglietti (US 2002/0142500 A1) in view of Gan (Polysilicon Emitters for 

Silicon Concentrator Solar Cells) and in further view of Wenham (6,429,037 B1) as 

applied to claims 1-4, 7-12, 14 and 21 above and in further view of Fath (WO 

2007/082760 A1) with English Translation provided by Fath (US 2009/0017606 A1). 

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

forth above. 

Meier discloses that the highly doped region in the n-type substrate can have a 

sheet resistance between 100/o -200O/o. 
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However, Meier does not disclose the sheet resistance of the first doped region 

is 100 to 500 0./o and that the sheet resistance of the second doped region is 10 to 50 

0./o. 

Fath discloses a higher doped region formed under metallic contacts and a lower 

doped region which is between contacts and further discloses that typical sheet 

resistance values of these areas relative to one another which include the lower sneet 

resistance are being 1 0 to 30 0./o and the higher sheet resistance area being 80 to 140 

0/o ([0042]). 

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

invention to modify the sheet resistance of the first and second doped regions of 

modified Meier so that they are within the overlapping portions of the ranges of Fath and 

the instant claim because selection of overlapping portion of ranges has been held to be 

a prima facie case of obviousness. In re Malagari, 182 USPQ 549. 

Response to Arguments 

9. Applicant's arguments with respect to claims 1-4, 7-12, 14, 21 and 28 have been 

considered but are moot because the arguments do not apply to the current rejection. 

Conclusion 

10. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to DEVINA PILLAY whose telephone number is (571 )270-

1180. The examiner can normally be reached on Monday thru Friday 7:30am -5:00pm 

(EST). Examiner Fax Number is (571 )-270-2180. 
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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://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Jeffrey T. Barton can be reached on 571-272-1307. The fax phone number 

for the organization where this application or proceeding fs assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

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

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/DEVINA PILLAY/ 
Primary Examiner, Art Unit 1757 
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Beschreibung 

Verfahren zur Herstellung eines Halbleiterbauelements mit un­

terschiedlich stark dotierten Bereichen 

Die Erfindung betrifft ein Verfahren zur Herstellung e i nes 

Halbieiterbauelements, insbesondere einer Solarzelle, mit un­

terschiedlich stark dotierten Bereichen sowie dessen Verwen­

dung in integrierten Schaltungen, elektronischen Schaltungen1 

Solarzellenmodulen sowi e zur Herstellung von Solarzellen mit 

selektiver Emitterstruktur . 

Bei der Herstellung vieler Halbleiterbauelemente ist es erfor­

derlich, Bereiche mit unterschiedlich starker Dotierung v orzu­

sehen, wobei unt er Halbleiterbauelementen im Sinne dieser Pa.­

tentanmeldung nicht nur kommerziell e i ngesetzte elektronische 

Bauelemente verstanden werden, sondern auch Halbfabrikate und 

dotierte Halbleiterstrukturen. I m Extremfall also auch ein 

Halbleiter, der lediglich unterschiedl ich dotierte Bereiche 

aufweist. 

Bei spielsweise werden bei der Herstellung von Solarzellen Be­

reiche unterschiedlich starker Dotierung vorgesehen, um auf 

diese Weise eine Emitterstruktur auszubilden, welche in gewis­

sen Bereichen auf einer starken Dotierung, in den tibrigen Be­

reichen auf einer schwachen Dotierung beruht. Mit dieser so 

genarmten selektiven Emitterstruktur, bei welcher ublicherwei­

se auf den hoch dotierten Bereichen Metallkontakte ausgebildet 

werden, lasst sich bekanntermaBen eine e f fiziente Stroroabfuhr 

bei gleichzeitig geringer Ladungstragerrekombi nation in den 

ub rigen schwac h dotierten Bereichen realisieren. 

BESTATIGUNGSKOPIE 
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Der vorlie_genden Erfindung liegt daber das Problem zu Grunde , 

ein einfaches und aufwandsgunstiges Verfahren zur Herstellung 

eines Halbleiterbauelements mit unterschiedlich stark dotier­

ten Bereichen zur Verftigung zu stellen. 

Dieses P roblem wird erfindungsgemaB gelost durch ein Verfahren 

mit den Verfahrensschri~ten des unabhangigen Anspruchs 1. 

Vorteilhafte Weiterbildungen sind Gegenstand abhangiger Unter­

anspri.iche. 

Der Grundgedanke der Erfindung besteht darin , auf zumindest 

einem Teil der Oberflache eines Halbleiterbauelementmaterials 

e i ne die Di ffusion eines Dotierstoffes hernmende und fur einen 

Dotierstoff durchdringbare Scbicht auszubilden. Diese wird an­

schlieBend in wenigstens einem Hochdotierungsbereich zumindest 

teilweise entfernt. Im Weiteren wird e i ne Dotierstoffquelle 

auf der diffusionhemmenden Schicht und in dem wenigstens einen 

Hochdotierungsbereich ausgebildet . Aus dieser Dotierstoffquel­

le wird schlieBlich Dotierstoff in das Halbleiterbauelementma­

terial eindiffundierc. 

Bei dieser Diffusion gelangt Dotierstoff aus der in dem we­

nigstens einen Hochdotierungsbereich ausgebildeten Teil der 

Dotierstoffquelle vergleichsweise ungehindert in das Halblei­

terbauelementmaterial h i nein, da hi er die diffusionhemmende 

Schicht wenigstens teilweise entfernt wurde. Nach einer gewis­

sen Diffusionsdauer ist an diesen Stellen relativ viel Dotier­

stoff in das Halbleiterbauelementmaterial gelangt. In den 

Hochdotierungsbereichen liegt somit die erwunschte hohe Dotie­

rung -vor. 
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In denjenigen Bereichen hingegen , in welchen der Teil der 0-

berflache des Halbleiterbauelementmaterials unter der diffusi­

onhemmenden Schicht liegt, gelangt nur wenig -Ootierstoff iu 

das Halbleiterbauelementmaterial. In Falge wird dieses in die­

sen Bereichen schwach dotiert. 

Auf diese Weise konnen einfach und aufwandsgUnstig Halbleiter­

bauelemente mit unterschiedlich stark dotierten Bereichen her­

gestellt werden, insbesondere ohne dass hierfilr Maskierungs­

schri tte notwendig waren, in welchen Teile der diffundierten 

Bereiche des Halbleiterbauelementmaterials vor einem Abatzen 

mittel s eines gegenliber dern Atzmedium inerten Material ge­

schiitzt werden, und ohne dass mehrere Diffusionen durchzufuh­

ren wahren. 

Ein derartig gefertigtes Halbleiterbauelement kann erfindungs­

gemaB in integrierten Schaltkreisen oder elektronischen Schal­

tungen verwendet werden. 

Daruber hinaus ist es Bestandteil der Erfindung, das erfin­

dungsgemaBe Verfahren zur Her.stellung von Hal:)leiterbauelemen­

te darstellenden Solarzellen mit selektiver Emitterstruktur zu 

verwenden. 

Oberdies sieht die Erfindung vor, wenigstens eine nach dem er­

findungsgema.Ben Verfahren hergestellte Solarzelle zur Herstel ­

lung von Solarzellenmodulen zu verwenden. 

Als Halbleiterbauelementmaterial kann grundsatzlich jedes 

Halbleitermaterial Verwendung finden, insbesondere Silizium 

oder Gallium oder deren Verbindungen . Auch die Verwendung von 

Verbindungshalbleitern ist selbstverstandlich denkbar. 
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In den meisten Anwendungsfallen weist das Halbleiterbauele­

mentmacerial eine Grunddotierung auf. So kann bspw. p­

dotiertes oder n-dotiertes Siliziurn Verwendung finden. Hierfu r 

kbnnen bekannte Dotierstoffe wie Phosphor oder Ber eingesetzt 

werden. Die einzubringenden Dotierstoffe und die diesbezUgli­

chen Dotierstoffquellen sind unter Berucksichtigung der Funk­

tionsweise des Halbleiterbauelements auf die im Halbleiterbau­

elementmaterial vorherrschende Grunddotierung abzusti mmen. So 

ist beispi elsweise bei der Herstellung einer Solarzelle mit 

selektiver Emitterstruktur bei einem p-dotierten Solarze11en­

material ein n-Dotierstoff wie z.B. Phosphor zu wahlen. 

Eine Weiterbildung des erfindungsgemaBen Verfahrens sieht vor, 

dass die diffusionhemmende Schicht durch Aufspinnen und an­

schlieBende Trocknung, eine chemische Abscheidung aus der 

Dampfphase (CVD-Abscheidung) oder ein thermisches Aufwachsen 

in Ofenprozessen erfolgt. Solch ein thermisches Aufwachsen in 

einem Ofenprozess kann dabei beispielsweise in einem Ofen nach 

der Art eines aus der Halbleitertechnik bekannten Diffusions­

ofens erfol gen. Hierbei wird ein Stoff oder ein Stoffgemenge, 

gegebenenfalls unter Zuhilfenahme eines Tragergases durch ein 

Rohr des beheizten Ofens geleitet, wobei es mit in dem Rohr 

angeordneten Hai bleiterbauelementmaterial derart in Wechsel­

wirkung tritt, dass eine Anlagerung oder Abscheidung oder der­

gleichen der diffusionhemmenden Schicht auf dem Halbleiterbau­

elementmaterial eintritt . 

Eine andere Ausgestaltungsvariante der Erfindung sieht vor, 

dass die diffusionhemmende Schicht in dem wenigstens einen 

Hochdotie rungsbereich vollst~ndig entfernt wird. Auf diese 

Weise kann an dieser Stelle ein besonders starker Dotierstof f ­

e i ntrag erfolgen. Je nach Halbleiterbauelement und den zu des-
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sen Eerstellung weiter erforderlichen Schritten kann eine 

vollstandige Entfernung der diffusionhemmenden Sch.icht jedoch 

auch nachteilig sein. So konnen beispielsweise bei mechani­

schem Abtrag oder bei Abtrag rnittels eines Lasers, dem so ge­

nannten Ablationslaser, Schadigungen der Kristalloberflache 

entstehen, welche eine erhohte Ladungstragerrekombination an 

diesen Stellen zur Falge haben. Diese wiederum kann die Funk­

tion von Halbleiterbauelernenten, beispielsweise Solarzellen, 

beeintrachtigen. Vor diesern Hintergrund kann es zweckmaBig er­

scheinen, die diffusionhemmende Schicht in dem wenigstens ei­

nen Hochdotierungsbereich nur teilweise zu entfernen und einen 

Rest stehen zu lassen. Dieser Rest vermag zwar die Diffusion 

zu behindern, doch fallt diese, bei entsprechender Auslegung 

der Schichtdicken und Diffusionszeiten, in den Hocbdotierungs­

bereichen dennoch deutlich starker a us als in den librigen, von 

einer diffusionhemmenden Schicht vollstandiger Dicke bedeckten 

Bereichen. 

Durch geeignete Technologien, beispielsweise einen Ablations­

laser mit ausreichend hohem Energieeintrag, kann das Entfernen 

der diffusionhemmenden Schicht in Hochdotierungsbereichen ge­

gebenenfalls auch ohne Schadigung der Kristalloberflciche er­

folgen. In diesen Fallen kann auf das Verbleiben einer restli­

chen, dtinnen diffusionhemmenden Schicht in den Hochdotierungs­

bereichen verzichtet werden. 

Ein Ausftihrungsbeispiel der Erfindung sieht vor, dass das 

Halbleiterbauelement als Solarzelle ausgefuhrt wird, wobei zu­

mindest ein Teil von Metallkontakten in den Hochdotierungsbe­

reichen angeordnet wird, vorzugsweise Fingerkontakte. Dabei 

sind unter Fingerkontakten feingliedrige Kontakte zu verste­

hen, die der Einsammlung des generierten 5trornes bei gleich-
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zeitig geringstmo~licher Abschattung der aktiven Solarzellen­

flache dienen. 

Im Folgenden wird die Erfindung anhand von Figuren naher er­

lautert. Es zeigen : 

Figur 1: Schematische Darstellung eines ersten Ausflihrungs­

beispiels des erfindungsgernaBen Verfahrens 

Figur 2a: Schematische Darstellung eines Verfahrens zur Her­

stellung einer Solarzelle mit selektiver Emitter­

struktur als zweites Ausfuhrungsbeispiel des erfin­

dungsgema~en Verfahrens (Fortsetzung in Figur 2b) 

Figur 2b: Fortsetzung des Verxahrens aus Figur 2a 

Figur 1 zeigt schematisch ein erstes Ausfuhrungsbeispiel des 

Verfahrens gem~B der Erfindung. Hierin wird zunachst auf einer 

oberseitigen Oberflache 56 eines Halbleiterbauelernentmaterials 

50 e.ine diffusionhemmende und fur einen Dotierstof£ durch­

dringbare Scbicht 58 ausgebildet 2. Im Weiteren wird die dif­

fusionhemmende Schicht 58 in wenigstens einem Hochdotierungs­

bereich 62 vollstandig entfernt 4 . 

Es folgt das Ausbilden 6 einer Dotierstoffquelle 66, aus wel­

cher unter bestimmten Bedingungen ein Dotierstoff heraus dif­

fundiert. Die Dotierstoffquelle 66 wird dabei auf der diffusi­

onhemmenden Schicht 58 wie auch in dem Hochdotierungsbereich 

62 aufgebracht. Im letzteren Fall kommt sie aufgrund der voll­

standigen Entfernung der diffusionhemrnenden Schicht SB in die­

sem Bereich direkt auf der oberseitigen Oberflache 56 des 

Halbleiterbauelementmaterials 50 zu l iegen . Bei der Dotier­

stoffquelle 66 kann es sich beispielsweise um ein Phosphorglas 
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handeln. Daneben ist jedoch prinzipiell jede andere Dotier­

stoffquelle denkbar. 

Aus der Dotierstoffquelle 66 wird im Folgenden Dotierstoff 

aus- und in d i e oberseitige Oberflache 56 des Halbleiterbau­

elementmaterials 50 eindiffundiert 8. Dies erfolgt in den 

meisten Fallen durch thermische Energiezufuhr. Im Fa l l e der 

von der diffusionhemmenden Schicht 58 bedeckten Bereichen der 

oberseitigen Oberflache 56 des Halbleiterbauelernentmaterials 

50 bewegt sich hierbei Dotierstoff durch die diffusionhemmende 

Schicht, wodurch nur ein gewisser Anteil des in der Dotier­

stoffquelle 66 freigesetzten Dotierstoffes in das Halbleiter­

bauelementmaterial gelangen kann . 

Im Hochdotierungsbereich 62 hingegen gelangt der Dotierstoff 

ungehindert in die oberseitige Oberflache 56 des Halberbauele ­

rnentrnaterial s. I nfolgedessen stellt sich in der Urngebung der 

Hoc hdotierungsbereichs 62 i n der oberseitigen Oberflache 56 

des Halbleiterbauelementmaterials eine starke Dotierung 70 

e i n, wogegen in den unter der diffusionhemmenden Schicht 58 

gelegenen Bereichen der oberseitigen Oberflache 56 eine schwa­

che Dotieru.ng 72 resultiert . 

Somit ergibt sich auf einfache Weise ein Halbleiterbauelement 

mit unterschiedlich stark dotierten Bereichen. 

Die Figuren 2a und 2b zeigen ein Verfahren zur Herstellung ei ­

ner Solarzelle mit selektiver Emitterstruktur als weiteres 

Ausfilhrungsbeispiel des erfindungsgemaBen Verfahrens. Den Aus­

gangspunkt des Verfahrens bildet das Bereitstellen lO des Aus­

gangssolarzellenmaterials, was im vorliegenden Ausfi.ihrungsbei­

spiel durch p-dotiertes Solarzellenmaterial, insbesondere Si­

liziurn, gebildet wird. In analoger Weise konnte auch n-· 
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dotiertes Solarzellenmaterial den Ausgangspunkt bilden. Die 

verwendeten Dot ierstoffe und Dot.ierstoffquelle war en sodann 

entsprechend angepasst zu wahlen. 

Im schematisch dargestellten Fall der Figur 2a weist das So­

larzellerunaterial 100 einen Sageschaden 102 auf, wie er ubli­

cherweise bei Halbleiterscheiben vorkommt, die von einem ge ­

gossenen Block bzw. einem gezogenen ingot durch Sagen abge­

trennt wurden. Dieser Sageschaden wird zunachst entfernt 12, 

was Ublicherweise durch Oberat zen der Siliziumscheibe bzw . des 

Solarzellenmaterials 100 gescbieht, und eine Textur 104 in die 

oberseitige Oberflache 106 des Solarzellenmaterials 100 einge­

bracht 12. Die Textur 104 kann dabei unter Ausnutzung bekann­

ter Verfahren wie chemische oder {'[lechanische Texturierung rea­

lisiert werden. 

Im Folgenden wird die diffusionhemmende Schicht in Form einer 

porosen Schicht 108 aus Solarzellenmaterial 100 ausgebildet 

14 . Im Falle van Silizium als Solarzellenmaterial kann dies 

beispielsweise mittels einer Atzlosung erfolgen, welche Fluss­

saure (HF), Sal petersaure (HN03 ) und Wasser (H20) enthalt, vor­

zugsweise in einem Mischungsverhaltnis von HF: HN03 : H20 im 

Bereich von 100 : 1 bis 2 : 5 bis 1 0. Dabei wird die porose 

Schicht 108 in einer Dicke von weniger als 200 nm ausgebildet, 

bevorzugt in einer Dicke im Bereich von 80 bis 120 nm. 

Hernach wird Ablationslaserlicht 110 in Hochdocierungsberei­

chen 112a, 112b appliziert 16a. Unter diesem Energieeintrag 

verdarnpft in den Hochdotierungsbereichen die porose Schicht 

108, wobei diese jedoch im vorliegenden Ausftihrungsbeispiel 

jedoch nur teilweise entfernt wird 16b, so dass ein Rest 114a, 

114b der porosen Schicht 108 bestehen bleibt. Auf diese Weise 

wird ausgeschlossen, dass die Oberflache des Solarzellenrnate-
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rials 100, geschadigt wird und in den Hochdotierungsbereichen 

112a, 112b eine Erhohung der Ladungstragerrekombination er­

folgt . 

Im Weiteren wird eine Dotierstoffquelle ausgebildet . Da es 

sich bei dem Solarzellenmaterial um p-doti ertes Material han­

delt, wird vorliegend Phosphor als gangigster n-Dotierstoff 

verwendet. Es k6nnen aber auch andere Dotierstoffe verwendet 

werden. Die Dotierstoffquelle wird in diesem Ausfuhrungsbei­

spiel als Phosphorglas 116 ausgebildet . Dies kann beispiels­

weise in einero Ofenprozess erfol gen, in welchem das Solarzel­

lenmaterial einem POC1 3 -Strom, gegebenenfal l s erganzt um ein 

Tragergas, ausgesetzt wird. Daneben Phosphor auch in anderer 

Weise in einer Dotierstoffquelle zur Verfligung gestellt wer­

den, beispielsweise durch Aufspinnen und anschlieBendes Trock­

nen einer phosphorhaltigen Paste oder Losung oder durch chemi­

scbe oder physikalische Abscheidung von phosphorhaltigen Ver­

bindungen. 

Sodann erfolgt. die Diffusion 20 des Phosphors aus dem Phos­

phorglas, oder gegebenenfalls anderen Dotierstoffquellen, in 

das Solarzell enmaterial. Dabei ist die Diffusion aus dem Phos­

phorglas 116 in die oberseiti ge Oberflache 106 des Solarzel­

lenmaterials 100 durch die porbse Schicht aus Solarzellenmate­

rial 108 gehemmt . Dain diesem Ausfuhrungsbeispiel auch in den 

Hochdotierungsbereichen 112a, 112b noch porbses Siliziummate­

rial vorliegt, ist auch hier die Diffusion gehemmt. Allerdings 

deutlich geringer als in denjenigen Bereichen, in denen die 

porose Schicht 108 nach wie vor in ihrer gesamten Dicke vor­

liegt . Dain den Hochdotierungsbereichen 112a, 112b nur ein 

geringer Rest 114a, 114b der porosen Schicht 108 vorliegt, 

kann somit in diesen Bereichen in gleicher Zeit deutlich mehr 

Dot ierstoff in d i e oberseitige Oberflache 106 des Solarzellen-
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materials gelangen. Infolgedessen werden hier niederohmige 

Emitterbereiche 120 ausgebildet. Im Ubrigen werden hochohmige 

Emieterbereiche 122 ausgebildet. In der Summe ergibt sich eine 

Emitterstruktur 118 mit hochohrnigen 122 und niederohmigen 120 

Bereichen, die ubl icherweise als selektiver Emitter bezeichnet. 

wird . 

Nach der Diffusion 20 haben die porose Schicht 108 wie auch 

das als Dotierstoffquelle wirkende Phosphorglas 116 ihren 

Zweck erfullt und werden gemeinsam entfernt 22. Dies erfolgc 

bevorzugt in einem gemeinsarnen Atzschritt. 

Im Weiteren wird eine Antirefl exionsbeschichtung 124 aufge­

bracht 24. Danach folgt das Ausbilden 26 van Metallkontakten 

126,128, 130 auf der Vorderseite der Solarzelle 140 sowie auf 

deren Rtickseite . Im vorliegenden Ausfunrungsbeispi el werden 

dabei die Metallkontakte 126 der Vorderseite auf den niederoh­

migen Bereichen 120 der Emitterstruk.tur 118 angeordnet. Auf 

diese Weise kann ein geringer Kontaktwiderstand zwischen der 

Emitterstruktur 118 und den Metallkontakten 126 gewahrleistet 

werden, wogegen in den Ubrigen Bereichen ein geringe La­

dungstragerrekombination aufgrund der hochohmigen Emitterbe­

reiche 122 vorliegt. Typische Schichtwiderstandswerte flir nie­

derohmige Emitterbereiche 120 liegen bei etwa 10 bis 30 

Q/square, filr hochohmige Emitterbereiche 122 bei etwa 80 bis 

140 illsquare. 

Auf de r Ruckseite wird zur Verbesserung der Konversionseffi­

zienz ein an sich bekanntes back-surface-field aufgebracht, 

welches vorliegend aus einer flachigen Ruckseitenmetallisie­

rung aus Aluminium besteht. Dieses wird durchsetzt von wenigs­

tens einem lokalen ruckseitigen Metallkontakt 130, welcher d ie 
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Kontaktierung des p-dotierten Solarzellenmaterials 100 bewerk­

stelligt . 

Das erfindungsgemaBe Verfahren lasst sich offensichtlich auch 

auf andere Solarzellenkonzepte als das in Verbindung mit den 

Figu ren 2a und 2b beschriebene ubertragen. Insbesondere kann 

es bei Bifacialzellen, bei welchen sowohl die Vorder- a l s auch 

die Ruckseite der Sol arzelle fur die Strorngeneration genu tzt 

wer den, wie auch bei vollstandi g ruckseitig kont aktierten So­

l a rzellen Ver we ndung f i nden. 
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Patentanspruche 

1 . Verfahren zur Herstell ung eines Halbleiterbauelerr. • 

(74 ;140) mit unterschiedlich stark dotierten Bereichen 

(70,72) aufweisend die Verfahrensschritte 

des Ausbildens (2; 14) einer die Diffusion eines Do ­

tierstoffes hemmenden und fur einen Dotierstoff durch­

dringbaren Schicht (58 ; 108) auf zumindest einem Teil 

(56; 106) der Oberflache eines Halbleiterbauelementma­

terials (50; 100); 

- des wenigstens teilweises Entfernens (4; 16a1 16b) der 

diffusionhernrnenden Schicht (58; 108) in wenigstens ei­

nem Hochdotierungsbereich (62; 112a, 112b) i 

- des Ausbildens (6; 18) eine~ Dotierstoffquelle (66; 

116) auf der diffusionhernmenden Schicht (58; 108) und 

in dem wenigstens einen Hochdotie.rungsbereich (62; 

112a, 112b) ; 

- der Diffusion (8; 20) des Dotierstoffes aus der Dotier­

stoffquelle (66; 116) in das Hal bleiterbauelementmate­

rial (50; 100). 

2. Verfahren nach Ansprtich 1, 

dad u r ch g eke n n z e i ch net, dass 

die Ausbildung (2; 14) der diffusionhemmenden Schicht 

(58; 108) durch Aufbringen einer Siliziurnnitrid- 1 einer 

Siliziumoxid- , einer Titanoxid-, einer Tantaloxidschicht 

oder einer Schicht aus Oxiden anderer Ubergangsmetalle 

erfolgt, wobei im Falle der Ubergangsmetalloxidschichten 

vorzugsweise solche Obergangsmetalle verwendet werden, 

welche eine vergleichsweise kleine Diffusionskonstante im 

Halbleiterbauelernentrnaterial (50; 100) aufweisen. 
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3. Verfahren nach einem der AnsprUche 1 bis 2, 

4 , 

d a d u r c h g eke n n z e i ch net, dass 

die diffusionhemmende Schicht (58; 108) in einer Dicke 

von wenigen Nanometern bis zu wenigen Mikrometern ausge­

bildet wird, vorzugsweise im Dickenbereich von 20 nm bis 

300 nm . 

Verfahren nach einem der Anspruche 1 bis 3, 

d a d ur C h g e k e n n z e i C h n e t / dass 

das Ausbilden (2; 14) der diffusionhemmenden Schi cht ( 58; 

108) <lurch Aufspinnen und anschlieBende Trocknung, eine 

chemische Abscheidung aus der Dampfphase (CVD­

Abscheidung) oder thermisches Aufwachsen in Ofenprozessen 

erfolgt . 

5. Verfahren nach Anspruch 1, 

dadurch g eke n n z e i ch net, dass 

als diffusionhemrnende Schicht (108) eine porose Schicht 

(108) ausgebildet wird . 

6, Verfahren nach Anspruch 5, 

dadu .rch g eke n n 7 e i ch net, dass die po-

rose Schicht (108) aus Halbleiterbauelementmaterial (100) 

ausgebildet wird. 

7 . Verfahren nach einem der Anspruche 5 bis 6, 

d a d u r c h g eke n n z e i ch net, dass 

die porose Schicht (108) in einer Dicke von Weniger als 

200 nm ausgebildet wird, vorzugsweise in einer Dicke im 

Bereich von 80 bis 120 nm . 

8. Verfahren naGh einem der Anspruche 6 bis 7, 

d a d u r c h g eke n n z e i ch net, dass 
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zur Ausbildung der por6sen Schicht (108) aus Halbleiter­

bauelementmaterial (100) wenigstens der Teil (106) der 

Oberflache des Halbleiterbauelernents einer Atzlosung aus­

gesetzt. wird. 

9. Verfahren nach Anspruch 8, 

dad u r ch g eke n n z e i ch net , dass 

die Atzlosung Flusssaure {BF), Salpetersaure (HNO3 ) und 

Wasser (H20) enthalt, vorzugsweise in einem Mischungsver­

haltnis van HF : HNO3 : H2O im Bereich van 100 : 1 bis 2 : 

5 bis 10 . 

10. Verfahren nach einem der Ansprtiche 6 bis 7, 

dad u r ch g eke n n z e i ch net , dass 

zur Ausbildung der parosen Schicht (108) aus Halblei ter­

bauelementmaterial (100) wenigstens der Teil (106) der 

Oberf l a che des Halblei t erbauelements einem atzenden Plas ­

ma ausgesetzt wird . 

11 . Verfahren nach einem der Anspruche i bis 10, 

dad u r ch g eke n n z e i ch net, dass 

das wenigstens te.ilweise. Entfernen (4; 16a, 16b) der dif­

fusionhemmenden Schicht (58; 108) in dem wenigstens einen 

Hochdotierungsbereich (62; 112a, 112b) mittels Ablations ­

laserlicht (110) erfolgt, vorzugsweise mittels Licht ei­

nes frequenzverdoppelten oder frequenzverdreifachten 

Ablatianslasers. 

12. Verfahren nach einern der Anspruche 1 bis 10, 

dad u r ch g eke n n z e i ch net, dass 

das wenigstens teilweise Entfernen (4; 16b) der diffusi­

onhernrnenden Schicht (58; 108) in dem wenigstens einen 

Hochdotierungsbereich (62 ; 112a, ll2b) mitt els einer at-
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zenden Paste, vorzugsweise einer Flusssaure enthaltenden 

Paste erfolgt. 

13 . Verfahren nach Anspruch 12, 

dad u r ch g eke n n z e i ch net, dass 

die atzende Paste mittels einer Druck- oder Spritztechnik 

auf den wenigstens einen Hochdotierungsbereich (62; 112a, 

112b) aufgebracht wird, vorzugsweise mittels einer Sieb­

druck-, Stempeldruck-, Spritzendruck- oder Rollendruck­

tech.nik. 

14. Verfahren nach e i nem der Anspruche 1 bis 13, 

dad u r ch g eke n n z e i ch net, dass 

die diffusionhemmende Schicht (58) in dem wenigstens ei­

nen Hochdotierungsbereich (62) vollstandig entfernt wird 

( 4) . 

15. Verfahren n ach einem der Anspruche 1 bis 14( 

dad u r ch g eke n n z e i ch net, dass 

der Schichtwiderstand in unter der nicht entfernten dif­

fusionhemmenden Schicht (58; 108) gelegenen Bereicben 

(72; 122) des Teils (56 ; 106) der Oberflache des Halblei ­

terbauelementmaterials (50; 100) durch die Dicke der dif­

fusionhemmenden Schicht (58; 108) bestimrnt wird. 

16 . Verfahren nach einem der Anspruche 1 bis 1 5 , 

dad u r ch g eke n n z e i ch net, dass 

als Halbleiterbauelernentmaterial (50; 100) Silizium ver­

wendet wird, vorzugsweise p-dotiertes (100) oder n­

dotiertes Silizium. 

17 . Verfahren nach einem der Ansprtlche 1 bis 16, 

dad u r ch g eke n n z e i c b net, dass 
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nach der Diffusion (8; 20) des Dotierstoffes aus der Do­

tierstoffquelle (66; 116) in den Teil (56; 106) der Ober~ 

£lache des Halbl eiterbauelementrnaterials (50; 100) die 

Dotierstoffquelle (66; 116) zusammen mit der diffusion­

hemmenden Schicht (58; 108) entfernt wird. 

18. Verfahren nach einem der Anspruche 1 bis 17 , 

dad u r ch g eke n n z e i ch net, dass 

das Halbleiterbauelement als Solarzelle (140) ausgefilhrt 

wird, wobei zumindest ein Teil von Metallkontakten (126), 

vorzugsweise Fingerkontakte, in Hochdotierungsbereichen 

(112a, 112b) angeordnet wird. 

19. Verfahren nach Anspruch 18 1 

dad u r ch g eke n n z e i ch net, dass 

sowohl auf der Vorderseite der Solarzelle wie auch auf 

deren Ruckseite Hochdotierungsbereiche (112a , 112b) vor­

gesehen werden. 

20. Verfahren nach einern der Ansprtiche 18 bis 19 , 

d a d u r c h g eke n n z e i ch net, dass 

die Solarzelle als vorde-r- wie rUckseitig liohtempfindl:i­

che Bifacialzelle ausgefUhrt wird. 

21. Verfahren nach einem der Anspruche 18 bis 20 , 

dad u r ch g eke n n z e i ch n e t 1 dass 

die Dotierstoffquelle (66; 116) aus Phosphorglas (116) 

gebildet wird, als diffusionhemmende Schicht (58; 108) 

poroses Solarzellenmaterial (108) verwendet wird und das 

Phosphorglas (116) zusam.~en mit der Schicht porosen So­

larzellenmaterials (108) durch Atzen in einer Atzlosung 

oder einem Plasma entfernt wird. 
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22 ~ Verfahren nach einem der AnsprUche 18 bis 21 , 

dadurch g eke n n z e i ch net, dass 

die Bochdotierungsbereiche (62; 112a, 112b) breiter aus­

gefilhrt werden als die spater in diesen Bereichen aufge­

brachte Metallisierung (126) . 

23 . Verwendung eines nach einem der Anspruche 1 bis 17 gefer­

tigten Halbleiterbauelements (74) in integrierten Schalt­

kreisen . 

24. Verwendung eines nach einem der A.nsprliche 1 bis 17 gefer­

tigten Halbleiterbauelements (74) in elektronischen 

Schaltungen. 

25. Verwendung wenigstens einer nach einem der Ansprilcbe 18 

bis 22 gefertigten Solarzelle (140) zur BerstellW19 eines 

Solarzellenmoduls . 

26 , Verwendung eines Verfahrens nach einem der Anspruche 18 

bis 22 zur Herstellung einer Solarzelle (140) mit selek­

tiver Emitterstruktur (118). 
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DocketNo. 10031.004211 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor: 

Peter John COUSINS 

Application No.: 14/504,771 Examiner: PILLAY, DEVINA 

Filing Date: October 2, 2014 Art Unit: 1757 

Title: FRONT CONTACT SOLAR CELL WITH FORMED EMITTER 

RESPONSE TO OFFICE ACTION AND AMENDMENT 

INTRODUCTORY COMMENTS 

This paper is responsive to the office action mailed on June 30, 2017. 

Please amend the above-identified application as follows: 
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DocketNo. 10031.00421 l 

AMENDMENTS TO THE SPECIFICATION 

A. Please replace the paragraph beginning on page 1, line 6 with the following 

paragraph: 

This application 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 . 

2 
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AMENDMENTS TO THE CLAIMS 

1. (Currently amended) A solar cell, comprising: 

a substrate having a front surface that faces the sun to collect solar radiation 

during normal operation and a back surface opposite the front surface; 

a first doped region and a seooad doped region in the sttbstrato an oxide layer 

disposed on the front surface of the substrate, the fu-st doped region haying a sheet 

resistance fuat is higher than a sheet resistance of the second---aeped reglon; 

an anti-reflective coating on the oxide layer: 

a tunnel dielectric disposed over the back sutface of the substrate; 

an emitter disposed over the tunnel dielectric, the emitter forming a backside 

junctiol} with the substrate; 

a doped diffusion region in the substrate: 

a front electrode that is coupled to the second doped diffusion region on the front 

surface of the substrate; and 

a back electrode that is coupled to the emitter on disposed over the back surface 

of the substrate. 

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

3. (Original) The solar celJ of claim 1, wherein the substrate is a monocrystalline 

silicon substrate. 

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

oxide. 

5. (Canceled) 

6. (Canceled) 

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

3 
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8. (Canceled) 

9. (Currently amended) A solar cell, comprising; 

a substrate having a front surface that faces the sun to collect solar radiation 

during normal operation and a back surface opposite the front surface; 

a first a.oped Fegion and a seeoad doped region in the substrate on tee-front 

surface of the sl:1-bstrate, the first dopea region having a sheet resistance that is higher than 

a sheet resistaRee of the second Eloped region; 

a doped diffusion region in the substrate on the front surface of the substrate; 

an emitter over the back surface of the substrate, the emitter forming a backside 

junction with the substrate; 

a first dielectric between the emitter and the back surface; 

a front electrode disposed on the front surface of the substrate and is coupled to 

the second doped diffusion region; 

a second dielectric on the front surface of the substrate; 

an anti-reflective coating on the second dielectiic; and 

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

10. (Original) The solar cell of claim 9, wherein the emitter is a polysilicon emitter. 

11. (Original) The solar cell of claim 9. wherein the substrate is a monocrystallioe 

silicon substrate. 

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

13. (Canceled) 

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

15-22. (Canceled) 
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REMARKS 

Claims 1-4, 7, 9-12, and 14 remain in the application and stand rejected. 

Reconsideration of the rejection is respectfully requested in light of the following reasons. 

Claim amendments have been made to expedite prosecution. Applicant expressly 

reserves the right to pursue the original version of an amended claim in a continuing 

application. 

Claim Amendments 

Applicant maintains the arguments presented in the Pre-Appeal Brief Request for 

Review submitted by the applicant on March 28, 2017 for purposes of appeal. 

As previously explained, the cited references do not disclose the recited external 

emitter that forms a backside junction in a front contact solar cell. Meier (US 6,262,359) 

does not disclose an externally fonned emitter on the backside because Meier discloses 

forming a backside junction by diffusion from the backside electrode. Accordingly, any 

intervening material, such as tunnel oxide/polysiljcon would prevent the diffusion, 

rende1ing Meier's process unworkable. Okayasu (JP07-10661 l) discloses an external 

emitter for a high-low junc-tion, i.e., an emitter with the same polarity as the substrate, 

which is the opposite of a backside junction for a front contact cell. Like Okayasu, Gan 

(Polysilicon Emitters for Silicon Concentrator Solar Cells) does not disclose an external 

emitter for a backside junction of a front contact cell. Gan discloses poly emitters 

without further guidance on application to specific structures. For example, Gan' s poly 

emitter could very well be for a high-low junction as in Okayasu. It is respectfully 

submitted that without using the present application as a blueprint, there is no guidance in 

the prior art to form a front contact solar cell with a formed backside junction emitter. 

In the interest of compact prosecution, claims 1 and 9 have been amended to 

recite an oxide layer on the front surface of the substrate and an anti-reflective coating on 

the oxide layer. Support for this feature may be found at least on FIG. 1 of the 

specification, showjng an oxide 124 and an anti-reflective coating l 03 on the front side of 

the solar cell (specification, page 4, lines 14-18). 

5 
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It is respectfully submitted that the above-noted feature of claims 1 and 9 are not 

taught or suggested by the references ofrecord. More particularly, Meier (US 6,262,359), 

Okayasu (JP07-106611), Borden (WO 2009/094578), Foglietti (US 2002/0142500), Gan 

(Polysilicon Emitters for Silicon Concentrator Solar Cells), and Wen.ham (US 6,429.037) 

individually or in combination do not disclose a front contact solar cell with the recited 

external backside junction on the backside and the recited oxide/anti-reflective coating 

structure on the front side. 

The dependent claims are patentable at least for depending from patentable base 

claims. 

Conclusion 

For at least the above reasons, it is believed that the pending claims are in 

condition for allowance. The Examiner is invited to telephone the undersigned for any 

questions and to resolve any remaining concerns regarding allowability of the present 

application. 

Dated: S e..pt. .2. ( \ 'lo\ 1' 

Respectfully submitted~ 

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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Notice of Pre-A/A or A/A Status 

Page 2 

1. The present application is being examined under the pre-AIA first to invent 

provIsIons. 

Claim Rejections - 35 USC§ 103 

2. The following is a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis 

for all obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described 
as set forth in section 102, if the differences between the subject matter sought to be patented 
and the prior art are such that the subject matter as a whole would have been obvious at the 
time the invention was made to a person having ordinary skill in the art to which said subject 
matter pertains. Patentability shall not be negatived by the manner in which the invention was 
made. 

3. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under pre-AIA 35 U.S.C. 103(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 

obviousness or nonobviousness. 

4. Claims 1-4, 7, 9-12 and 14 are rejected under pre-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 further view of 

Wenham (6,429,037 B1 ). 
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Regarding claims 1-4 and 9-12, Meier discloses a solar cell comprising (see Fig. 

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

a substrate (218 n-type) having a front surface that faces the sun to collect solar 

radiation during normal operation and a back surface opposite the front surface; 

an emitter (220 p-type) forming a backside junction with the substrate; 

a front surface field (216), high doped concentration area (n+ ), on the front 

surface of the substrate; 

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

a front electrode disposed over the front surface of the substrate (212); 

a back electrode disposed over the back surface of the substrate (222). 

However, Meier does not disclose that the emitter is a polysilicon emitter or that 

the front surface field is formed of polysilicon and that there is a tunnel dielectric formed 

between the emitter and the back surface of the substrate or that there is a tunnel 

dielectric formed between the front surface field and the substrate. 

Okayasu discloses that instead of forming an emitter or surface field from a 

portion of a substrate which is doped, an emitter or surface field can be formed using a 

doped polysilicon layer ([0005] [0009], Abstract) and by forming an emitter or surface 

field this way the thickness can be more accurately controlled and it prevents generation 

of floating foreign matter ([0008] [00091). 

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

invention to replace the method of forming the emitter/front surface field from a portion 

of a substrate of Meier and instead forming the emitter and front surface field by using a 
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doped polysilicon layer as disclosed by Okayasu because the thickness can be more 

accurately controlled and it prevent generation of floating foreign matter. 

However, modified Meier does not discloses a tunneling dielectric oxide between 

the emitter/front surface field and the substrate. 

Borden discloses that tunnel oxides can be used in solar cells between doped 

polysilicon and monocrystalline substrates [0016] and can be formed on both the front 

and back surfaces of a monocrystalline substrate. 

Furthermore, Borden discloses that by providing the tunneling layer it prevents 

epitaxial growth of the emitter layer and further it protects the surface from plasma 

damage of the deposited emitter layer [0015]. 

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

invention to modify the interface between polycrystalline layers and monocrystalline 

substrate back and front surfaces of modified Meier by having a tunneling oxide at the 

interfaces because it prevents epitaxial growth of the emitter layer and further it protects 

the crystalline surface from plasma damage of the deposited emitter layer. 

Modified Meier discloses a first tunnel dielectric between the emitter and back 

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

However, modified Meier does not disclose that doped region in the substrate. 

Wenham discloses a solar cell wherein the area beneath point contacts includes 

areas of high doping which is important for reducing contact resistance (see Fig. 5, 

portions 18 and 23) (C1/L25-41 ). 

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

invention to modify the front surface field formed in the substrate of modified Meier by 
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adding in highly doped regions under the metallic contacts as disclosed by Wenham 

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

solar cell. 

Regarding claims 7 and 14, modified Meier discloses all of the claim limitations 

as set forth above. 

However, Meier does not disclose that the electrode that is in contact with the p­

type polysilicon layer is silver. 

Okayasu discloses that the back electrode on the polysilicon emitter is formed of 

a silver electrode [0044]. 

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

invention to replace the aluminum electrode of Meier with the silver electrode of 

Okayasu because one of ordinary skill in the art would have been able to carry out such 

a substitution, and the results would be reasonably predictable. 

5. Claims 1-4, 7, 9-12 and 14 are rejected under pre-AIA 35 U.S.C. 103(a) as 

being unpatentable over Meier (US 6,262,359) in view of Okayasu (JP07-106611, 

Machine Translation) in view of Foglietti (US 2002/0142500 A1) in view of Gan 

(Polysilicon Emitters for Silicon Concentrator Solar Cells) and in further view of 

Wenham (6,429,037 B1 ). 

Regarding claims 1-4 and 9-12, Meier discloses a solar cell comprising (see Fig. 

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

a substrate (218 n-type) having a front surface that faces the sun to collect solar 

radiation during normal operation and a back surface opposite the front surface; 

an emitter (220 p-type) forming a backside junction with the substrate; 
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a front surface field (216 ), high doped concentration area (n+ ), on the front 

surface of the substrate; 

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

a front electrode disposed over the front surface of the substrate (212); 

a back electrode disposed over the back surface of the substrate (222). 

However, Meier does not disclose that the emitter is a polysilicon emitter or that 

the front surface field is formed of polysilicon and that there is a tunnel dielectric formed 

between the emitter and the back surface of the substrate or that there is a tunnel 

dielectric formed between the front surface field and the substrate. 

Okayasu discloses that instead of forming an emitter or surface field from a 

portion of a substrate which is doped, an emitter or surface field can be formed using a 

doped polysilicon layer ([0005][0009], Abstract) and by forming an emitter or surface 

field this way the thickness can be more accurately controlled and it prevents generation 

of floating foreign matter ([0008] [0009]). 

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

invention to replace the method of forming the emitter/front surface field from a portion 

of a substrate of Meier and instead forming the emitter and front surface field by using a 

doped polysilicon layer as disclosed by Okayasu because the thickness can be more 

accurately controlled and it prevent generation of floating foreign matter. 

However, modified Meier does not discloses a tunneling dielectric oxide at the 

interfaces between the emitter and the substrate and the front surface field and the 

substrate. 
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Foglietti discloses that polycrystalline growth directly on crystalline silicon results 

in partial realignment of the polycrystalline grains and to suppress this effect a thin oxide 

can be grown ([0046]). 

Gan discloses that the presence of a stable thermal oxide between a polysilicon 

emitter and a CZ wafer (See pg. 248, first column, and Table 1) results in recombination 

occurring primary at the oxide interface and that the presence of this oxide at the 

interface can be useful for silicon solar cells with polysilicon emitters (See Conclusion, 

pg. 249). 

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

invention to modify the interface between the doped polysilicon regions and the 

monocrystalline substrate by adding an interfacial oxide as disclosed by Fogiletti and 

Gan because it will allow for optimal grown of the polysilicon region and furthermore will 

result in recombination primarily occurring at the oxide interface. 

Modified Meier discloses a first tunnel dielectric between the emitter and back 

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

However, modified Meier does not disclose that doped region in the substrate. 

Wenham discloses a solar cell wherein the area beneath point contacts includes 

areas of high doping which is important for reducing contact resistance (see Fig. 5, 

portions 18 and 23) (C 1 /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 
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because doing so reduces the contact resistance and will improve the efficiency of the 

solar cell. 

Regarding claims 7 and 14, modified Meier discloses all of the claim limitations 

as set forth above. 

However, Meier does not disclose that the electrode that is in contact with the p­

type polysilicon layer is silver. 

Okayasu discloses that the back electrode on the polysilicon emitter is formed of 

a silver electrode [0044]. 

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

invention to replace the aluminum electrode of Meier with the silver electrode of 

Okayasu because one of ordinary skill in the art would have been able to carry out such 

a substitution, and the results would be reasonably predictable. 

Response to Arguments 

6. In response to applicant's argument that the examiner's conclusion of 

obviousness is based upon improper hindsight reasoning, it must be recognized that 

any judgment on obviousness is in a sense necessarily a reconstruction based upon 

hindsight reasoning. But so long as it takes into account only knowledge which was 

within the level of ordinary skill at the time the claimed invention was made, and does 

not include knowledge gleaned only from the applicant's disclosure, such a 

reconstruction is proper. See In re McLaughlin, 443 F.2d 1392, 170 USPQ 209 (CGPA 

1971). 

7. Applicant argues that Okayasu cannot cure the deficiencies of Meier because the 

backside junction of Meier is formed integrally with the substrate and therefore there 
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can be no interfacial oxide. An interfacial oxide coupled with a polysilicon emitter and 

surface field would render the device of Meier unworkable. Applicant further argues that 

since Okayasu is concerned with a front side emitter and therefore Okayasu is not 

possible because it would require a total redesign of Meier. 

8. Examiner respectfully disagrees. Meier discloses method of forming a junction 

which consists of an emitter formed on a substrate which comprises using the electrode 

as a dopant material and driving in those dopants through annealing and also forming a 

front surface field through driving of dopants into substrate. Okayasu discloses an 

alternative method of forming an emitter and surface field which comprises depositing a 

doped polysilicon doped layers over back and front surfaces of a single crystalline 

substrate. Okayasu also discloses that this method is preferable to that of heating and 

driving in dopants because it can be performed at lower temperatures which prevents 

damage to the substrate and furthermore the thickness of the emitter can be more 

accurately controlled ([0008]). Therefore, it would have been obvious to one of ordinary 

skill in the art at the time of the invention to replace the emitter of Meier with the emitter 

of Okayasu because of the above advantages. 

9. Applicant further argues that neither Foglietti nor Borden nor Gan disclose that a 

thin oxide can be used in a backside junction solar cell. 

10. As disclosed above Gan, Foglietti and Borden disclose that a thin oxide can 

be provide advantageous properties between a doped polysilicon emitter and 

a monocrystalline substrate. 
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11 . Applicant's amendment necessitated the new ground(s) of rejection presented in 

this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 

CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the date of this final action. 

12. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to DEVINA PILLAY whose telephone number is (571)270-

1180. The examiner can normally be reached on Monday-Friday 9:30-6:00. 

Examiner interviews are available via telephone, in-person, and video 

conferencing using a USPTO supplied web-based collaboration tool. To schedule an 

interview, applicant is encouraged to use the USPTO Automated Interview Request 

(AIR) at http://www.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. 
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Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

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

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/DEVINA PILLAY/ 
Primary Examiner, Art Unit 1757 
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Appeal Brief 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor: 

Peter John COUSINS 

Application No.: 14/504,771 

Filing Date: October 2, 2014 

Assignee: SunPower Corporation 

Examiner: 

Alt Unit: 

PILLA Y, DEVINA 

1757 

Title: FRONT CONT ACT SOLAR CELL WITH FORMED EMITTER 

APPEAL BRIEF FILED UNDER 37 C.F.R § 41.37 

Tilis Appeal Briefis submitted with a Notice of Appeal. 

I. REAL PARTY IN INTEREST 

The real party in interest is the SunPower Corporation, which is the assignee of 

the present application. 

II. 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. 

Ill. SUMMARY OF CLAJMED SUBJECT MATTER 

l 
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Claim 1 recites a solar cell that includes: (a) a substrate having a front surface that 

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

opposite the front surface (specification, page 4, lines 3-14; FIG. 1, 101); (b) an oxide 

layer disposed on the front surface of the substrate (specification, page 5, lines 1-3; FIG. 

1, 124); ( c) an anti-reflective coating on the oxide layer (specification, page 4> lines 22 

and 23; FIG. 1, 103); (d) a tunnel dielectric disposed over the back surface of the 

substrate (specification, page 5, lines 4 and 5; FIG. 1, 107); (e) an emitter disposed over 

the tunnel dielectric, the emitter fo:rrning a backside junction with the substrate 

(specification, page 4, lines 7-9; page 5, lines 4-8; FIG. 1, 108); (f) a doped diffusion 

region in the substrate (specification, page 4, lines 12-21; EIG. 1, 106); (g) a front 

electrode that is coupled to the doped cliffusion region on the front surface of the 

substrate (specification, page 5, lines 19-22; FIG. 1, 102); and (h) a back electrode that is 

coupled to the emitter on the back surface of the substrate (specification, page 5, lines 10-

l 4; FIG. 1, llO). 

Claim 9 recites a solar cell that includes: (a) a substrate having a front surface that 

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

.opposite the front surface (specification, page 4, lines 3-14; FIG. 1, 101); (b) a doped 

cliffusion region in the substrate on the front surface of the substrate (specification, page 4, 

lines 12-21 ; FIG. 1, 106); (c) an emitter over the back surface of the substrate, the emitter 

fanning a backside junction with the substrate (specification, page 4, lines 7-9; page 5, 

lines 4-8; FfG. 1, 108); (d) a first dielectric between the emitter and the back surface 

(specification, page 5, lines 4 and 5; FIG. 1, 107); (e) a front electrode disposed on the 

front surface of the substrate and is coupled to the doped diffusion region (specification, 

page 5, lines 19-22; FIG. I, 102); (f) a second dielectric on the front surface of the 

substrate (specification, page 5, lines 1-3; FIG. 1, 124); (g) an anti-reflective coating on 

the second dielectric (specification, page 4, lines 22 and 23; FIG. 1, 103)~ and (h) a back 

electrode disposed on the back surface of the substrate (specification, page 5, lines 10-14; 

FIG. 1, 110). 

IV. ARGUMENT 

1 
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The appellant traverses the rejections in the Final Office Action mailed on 

October 2, 2017 ("final ofiice action") for the following reasons. 

A. CLAIMS 1-4 and 7 

Claims 1-4, 7, 9-12, and 14 are rejected under pre-AIA 35 U.S.C. §103(a) as 

being unpatentable over Meier (US 6,262,359), in view of Okayasu (JP 07-106611), in 

view of Borden (US WO 2009/094578 A2) and further in view of Wenham (US 

6,429,037). The rejection is respectfully traversed. 

L Backside junction emitter with tunnel dielectric 

Claim 1 is patentable over the combination of Meier, Okayasu, Borden and 

Wenham at least for reciting: "a tunnel dielectric disposed over the back surface of the 

substrate; an emitter disposed over the tunnel dielectric, the emitter fonning a backside 

junction with the substrate." 

Claim 1 recites a structure of a solar cell. In the embodiment of claim 1, the solar 

cell has an emitter that is disposed over a tunnel dielectric and forms a backside junction 

with the substrate. It is respectfully submitted that this feature of claim 1 is not taught or 

suggested by the combination of Meier, Okayasu, Borden, and Wenhan1-

The fmal office action suggests that in the cited combination, Meier discloses the 

recited backside junction. Meier FIG. 3D is reproduced below for ease of discussion. 

216 212 2 14 

n-Si .21.B 224 
---------------- ------- ---------- -

220 FIG. 3D 222 

Meier discloses a solar cell wjtb an aluminum alloy back junction (Meier, Title). More 

specifically, Meier discloses fanning a p+ layer 220 that fonns a backside junction with 

then-Si base layer 218, within the base layer 218, by doping using the aluminum contact 

layer 222 (Meier, col. 6, lines 51 -54). That is, the primary teaching of Meier is to fonn 

an aluminum alloy back junction by fanning the p+ layer 220 by diffusion into the 
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substrate using the aluminwn alloy electrode, thereby providing a strongly doped p-type 

emitter (Meier1 abstract). 

More particularly, the final office action suggests that the emitter 220 con-esponds 

to the recited emitter that forms a backside junction with the substrate. It is respectfully 

submitted that in the embodiment of claim 1, the emitter is disposed over the tunnel 

dielectric, which is disposed over the substrate. That is, in the embodiment of claim I, 

there is an intervening tunnel dielectric between the emitter and the substrate. It is 

respectfully submitted that this emitter structw-e with tunnel dielectric is not possible in 

Meier because of the required diffusion from the contact layer 222 to form the emitter 

220within the substrate 2 18. A tlmnel dielectric would block dijfusionfrom tlte contact 

layer 222, wliic/z is contrary to the teaching of Meiel'. Accordingly, any modification to 

fonn a tunnel dielectric between the aluminum contact layer 222 and the substrate 218 

will render Meier unsuitable for its intended purpose, and would involve a major redesign 

of Meier's process. 

It is respectfully submitted that Okayasu does not cure the deficiencies of Meier. 

Okayasu c;liscloses a manufacturing method for a Back Sw-face Fi!;:1d (BSF) type 

solar cell (Okayasu, paragraph [0001 ]). The final office action suggests that it would have 

been obvious to use the BSF fo1mation technique of Okayasu to form the backside 

junction emitter of Meier. The appellant respectfully disagrees. 

Okayasu discloses a manufacturing method for a BSF i:ype solar cell. As is well 

known, a BSF layer is a backside layer that has the same polarity as the substrate. That is; 

an n-type substrate would have an n-type BSF layer, and a p-type substrate would have a 

p-type BSF layer (Okayasu, paragraph [0008}). More particularly, a BSF layer cannot 

form a backside junction with the substrate because it has the same polarity as the 

substrate. 

Therefore, it is respectfully submitted that the proposed modification would use 

th.e BSF manufacturing method of Okayasu (to form aBSF layer on the backside) for a 

totally different function and structure in Meier (to form a backside junction with the 

substrate). 
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Okayasu paragraph (0005), cited in the fina1 office action, provides an overview 

of a thermal cliffusion method, which involves diffusion from a dopant gas introduced in 

the chamber. Okayasu paragraph [0006] discloses that it is difficult to control the emitter 

thickness with the thermal diffusion method. It is to be noted that the gas diffusion 

met/toil referred to in Okayasu is not tlze same as cofltact diffusion of Meier. Like 

Okayasu, Meier discloses that the conventional method of forming the layer makes it 

difficult to control the depth, i.e., thickness, oftbe emitter (Meier, col. 2, 1ines13-25). 

Okayasu paragraph [0008],. cited in the final office action, discloses that the 

thermal gas diffusion method to form the BSF layer can be replaced with plasma 

chemical vapor deposition (CVD). It is important to reiterate that the diffusion method 

referred to in Okayasu (gas diffusion) is not the same as the diffusion method of Meier 

(contact diffusion). More particularly, Okayasu is not advocating replacement of Meier's 

fab1ication process. In fact, Meier is solving the same problem as Okayasu. 

Okayasu paragraph (0009], cited in the final office action, discloses that although 

the plasma CVD method has its advantages, the plasma CVD method introduces 

particulates that deteriorate the BSF layer. It is respectfully submitted that given the 

problem of particulate contamination caused by plasma CVD, one of ordinary skill in the 

art would not be motivated to replace the contact diffusion method of Meier with the BSF 

manufacturing method of Okayasu. 

Furthermore, it is respectfully submitted that the plasma CVD method of Meier 

would form the BSF layer on the silicon substrate (Okayasu, FIG. 1, BSF layer 5 to 

substrate 1). Meier does not teach or suggest that a film from its CVD method would 

adhere to a tunnel dielectric. 

Borden, on paragraphs 15 and 16, discloses that a tunnel oxide may be employed 

between polysilicon and substrate. It is respectfully submitted that Borden does not 

disclose any particular structure or solar cell configuration where a poiysilicon and tunnel 

oxide may be employed. For examplet Borden does not disclose using polysilicoo/tunnel 

oxide/substrate to form a backside junction. TI1ere is no disclosure in Borden to apply its 

teaching to arrive at a structure where an emitter separated from the substrate by a tunnel 
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oxide fom1s a backside junction with the substrate. Such teaching is only in the present 

disclosure, not in any of the references of record. 

As-explained above, it is respectfully submitted that Meier modified with 

Okayasu does not teach or suggest a tunnel dielectric between the backside junction 

emitter and the substrate. A tunnel dielectric, as disclosed by Borden, would block 

diffusion from the contact layer as taught by Meier. Like Meier, Okayasu does not 

disclose a tunnel dielectric between its BSF layer and the substrate. It is respectfully 

submitted that Okayasu has no disclosure regarding applicability of its BSF 

manufacturing method to form the BSF layer on a tunnel dielectric as taught by Borden. 

[tis respectfulJy submitted that Wenham does not add to the teachings of Meier, 

Okayasu, and Borden with regards to a backside junction emitter with tunnel dielectric. 

2. Anti-reflective Coating On An Oxide Layer 

Claim 1 is patentable over the combination of Meier, Okayasu, Borden, and 

Wenham at least for reciting: "an oxide layer disposed on the front sutface of the 

substrate; an anti-reflective coating on the oxide layer." 

In the embodiment of claim 1, an oxide layer is disposed on the front surface of 

the substrate, and an anti-reflective coating is on the oxide layer. 

Meier discloses an anti-reflective coating 214 (Meier FIG. 3D). It is respectfully 

submitted that Meier does not disclose that the anti-reflective coating 214 is on an oxide 

layer. Instead, in Meier, the anti-reflective coating 214 is formed on the surface of the 

substrate. 

Borden, paragraph 16, discloses that a tunnel oxide may be employed between 

polysilicon and substrate. It is respectfully submitted that Borden does not disclose an 

anti-reflective coating formed on an oxide layer on the front surface of the substrate. 

Borden discloses a polysilicon emitter, not an anti-reflective coating. 

It is respectfully submitted that Okayasu and Wenham do not add to Meier and 

Borden with regards to an anti-reflective coating on an oxide layer. 

Therefore, it is respectfully submitted that claim I is patentable over the 

combination of Meier, Okayasu, Borden, and Wenham. 

(j 
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Claims 2-4 are patentable over the combination of Meier, Okayasu, Borden, and 

Wenham at least for depending from claim L 

Claim 9 is patentable over the combination of Meier, Okayasu, Borden, and 

Wenham at least for reciting: "an emitter over the back surface of the substrate, the 

emitter forming a backside junction with the substrate; a first dielectric between the 

emitter and the back surface." 

As explained, it is respectfully submitted that the combination of Meier, Okayas1.4 

Borden, and Wenham does not teach or suggest a backside junction emitter and a first 

dielectric between the backside junction emitter and the back surface of the substrate. 

Claim 9 is further patentable over the combination of Meier~ Okayasu, Borden, 

and Wenham at least for reciting: ' 'a second dielectric on the front surface of the substrate; 

an anti-reflective coating on the second dielectric." 

As explained, it is respectfully submitted that the combination of Meier, Okayasu, 

Borden? and Wenham does not teach or suggest an anti-reflective coating that is fonned 

on a dielectric on the front surface of the substrate. 

Claims 10-12 are patentable over the combination of Meier, Okayasu, Borden, 

and Wenham at least for depending from claim 9. 

B. CLAIMS 1-4, 7, 9-12, and 14 

Claims 1-4, 7, 9-12, and 14arerejectedunderpre-A[A35 U.S.C. §103(a)as 

being unpatentableover Meier (US 6,262,359), in view of Okayasu (JP 07-106611), in 

view of Foglietti (US 2002/0142500), in view of Gan (Polysilicon Emitters for Silicon 

Concentrator Solar Cells), and further in view of Wenham (US 6,429,037). The 

rejection is respectfully traversed. 

1. Backside junction emitter with tunnel dielectric 

Claim 1 is patentable over the combination of Meier, Okayasu, Foglietti, G~ and 

Wenham at least for reciting: "a tunnel dielectric disposed over the back surface of the 

substrate; an emitter disposed over the tunnel dielectric, the emitter forming a backside 

Junction with the substrate. n 
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Claim I recites a structure of a solar cell. In the embodiment of claim 1, the. solar 

cell has an emitter that is disposed over a tunnel dielectric and forms a backside junction 

with the substrate. lt is respectfully submitted that this feature of claim 1 is not taught or 

suggested by the combination of Meier, Okayasu, Foglietti, Gan, and Wenham. 

The final office action suggests that in the cited combination, Meier discloses the 

recited backside junction. Meier FIG. 3D is reproduced below for ease of discussion. 

216 212 214 

n-Si .21.B 
224 

-------- - --- --------.--------

220 FIG. 3D 222 

Meier discloses a solar cell with an aluminum alloy back junction (Meier, Title). 

More specifically, Meier discloses forming a p+ layer 220 that forms a backside jtmction 

with then-Si base layer 218, within the base layer 218, by doping using the aluminum 

contact layer 222 (Meier, col. 6, lines 51-54). That is, the primary teaching of Meier is to 

form an aluminum alloy back junction by forming the p+ layer 220 by diffusion into the 

substrate using the aluminum alloy electrode, thereby providing a strongly doped p-type 

emitter (Meier, abstract). 

More particularly, the final office action suggests that the emitter 220 corresponds 

to the recited emitter that forms a backside junction with the substrate. It is respectfully 

submitted that in the embodiment of claim 1, the emitter is disposed over the tunnel 

dielectric, which is disposed over the substrate. That is, in the embodiment of claim l , 

there is an intervening tunnel dielectric between the emitter and the substrate. It is 

respectfully submitted that this emitter structure with tunnel dielectric is not possible in 

Meier because of the required diffusion from the contact layer 222 to form the emitter 

220 within the substrate 218. A tunnel dielectric would block diffusion from the conta,ct 

layer 222, which is contrary to the teaching of Meier. Accordingly, any modification to 

form a tunnel dielectric between the aluminum contact layer 222 and the substrate 218 
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will render Meier unsuitable for its intended purpose, and would involve a major redesign 

of Meier' s process. 

It is respectfully submitted that Okayasu does not cure the deficiencies of Meier. 

Okayasu discloses a manufacturing method for a Back Surface Field (BSF) type 

solar cell (Okayasu, paragraph [0001 ]). The final office action suggests that it would have 

been obvious to use the BSF formation technique of Okayasu to form the backside 

junction emitter of Meier. The appellant respectfully disagrees. 

Okayasu discloses a manufacturing method for a BSF type solar cell. As is well 

known, a BSF layer is a backside layer that has the same polarity as the substrate. That is, 

an n-type substrate would have an n-type BSF layer, and a p-type substrate would have a 

p-type BSF layer (Okayasu, paragraph (0008]). More particularly, a BSF layer cannot 

form a backside junction with the substrate because it has the same polarity as the 

substrate. 

Therefore, ii: is respectfully submitted that the proposed modification would use 

the BSF manufacturing method of Okayasu (to form a BSF layer on the backside) for a 

totally·different function and structure in Meier (to form a backside junction with the 

substrate). 

Okayasu paragraph [0005], cited in the final office action, provides an overview 

of a thermal diffusion method, which involves diffusion from a dopant gas introduced in 

the chamber. Okayasu paragraph [0006] discloses that it is difficult to control the emitter 

thickness with the thermal diffusion method. It is to be noted that the gas diffusion 

method referred to in Okayasu is not the same as contact diffusion of Meier. Like 

Okayasu, Meier discloses that the conventional method of forming the layer makes it 

difficult to control the depth, i.e., thickness, of the emitter (Meier, col. 2, lines13-25), 

Okayasu paragraph [0008], cited in the final office action, discloses that the 

thermal gas diffusion method to form the BSF layer can be replaced with plasma 

chemical vapor deposition (CVD). It is impmiant to reiterate that the diffusion method 

refen-ed to in Okayasu (gas diffusion) is not the same as the diffusion method of Meier 
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(contact diffusion), More particularly, Okayasu is not advocating replacement of Meier's 

fabrication process. In fact, Meier is solving the same problem as Okayasu. 

Okayasu paragraph (0009], cited in the final office action, discloses that although 

the plasma CVD method has its advantages, the plasma CVD method introduces 

particulates that deteriorate the BSF layer. It is respectfu]ly submitted that given the 

problem of particulate contamination caused by plasma CVD, one of ordinary skill i.n the 

art would not be motivated to replace the contact diffusion method of Meier with the BSF 

manufacturing method of Okayasu. 

Furthermore, it is respectfully submitted that the plasma CVD method of Meier 

would form the BSF layer on the silicon substrate (Okayasu, FIG. 1, BSF layer 5 to 

substrate 1). Meier does not teach or suggest that a film from its CVD method would 

adhere to a tunnel dielectric. 

The final office action suggests that Gan and Foglietti disclose using a thin oxide 

with polysilicon. It is respectfully submitted that Gan and Foglietti do not disclose 

structures where polysilioon emitters and tunnel oxides are employed in backside 

junctions. Thei:e is no disclosure in Gan and Foglietti to apply their tea,chings to anive at 

a structure where a polysilicon emitter separated from the substrate by a dielectric fonns 

a backside junction with the substrate. Such teaching is only in the present application, 

not in the references of record. 

As explained above, it is respectfully submitted that Meier modified with 

Okayasu does not teach or suggest a tunnel dielectric between the backside junction 

emitter and the substrate. A dielectric, as disclosed by Gan and Foglierti, would block 

diffusion from the contact layeJ as taught by Meier. Like Meier, Okayasu does not 

disclose a tunnel dielectric between its BSF layer and the substrate. It is respectfully 

submitted that Okayasu bas no disclosure regarding applicability of its BSF 

manufacturing method to form the BSF layer on a dielectric as taught by Gan and 

Foglietti. 

It is respectfully submitted that Wenham does not add to the teachings of Meier, 

Okayasu, Gan, and Foglietti with regards to a backside junction emitter formed on a 

dielectric. 

10 
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') Anti-reflective Coating On An Oxide Layer 

Claim 1 is patentable over the combination of Meier, Okayasu, Gan, Foglietti, and 

Wenham at least for reciting: "an oxide layer disposed on the front surface of the 

substrate; an anti-reflective coating on the oxide layer." 

ln the embodiment of claim 1, an oxide layer is disposed on the front surface of 

the substrate, and an anti-reflective coating is on the oxide layer. 

Meier discloses an anti-reflective coating 214 (Meier F lG. 3D). It is respectfully 

submitted that Meier does not disclose that the anti-reflective coating 214 is on an oxide 

layer. [nstead, in Meier, the anti-reflective coating 214 is formed on the surface of the 

substrate. 

Gan and Foglietti disclose that a tunnel oxide may be employed between 

polysilicon and substrate. It is respectfully submitted that Gan and Foglietti do not 

disclose an anti-reflective coating foimed on an oxide layer on the front surface of the 

substrate. 

It is respectfully submitted that Okayasu and Wenham do not add to Meier, Gan, 

and Foglietti with regards to an anti-reflective coating on an oxide layer. 

Therefore, it is respectfully submitted that claim 1 is patentable over the 

combination of Meier, Okayasu, Gan, Foglietti and Wenham. 

Claims 2-4 and 7 are patentable over the combination of Meier, Okayasu, Gan, 

Foglietti, and Wenham at least for depending from claim 1, 

Claim 9 is patentable over the combination of Meier, Okayasu, Gan, Foglietti and 

Wenham at least for reciting: "an emitter over the back surface of the substrate, the 

emitter forming a backside junction with the substrate; a first dielectric between the 

emitter and the back surface." 

As explained, it is respectfully submitted that the combination of Meier, Okayasu, 

Gan, Foglietti and Wenham does not teach or suggest a backside junction emitter and a 

.first dielectric between the backside junction emitter and the back surface of the substrate. 
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Claim 9 is further patentable over the combination of Meier, Okayasu, Gan, 

Foglietti and Wenham at least for reciting: "a second dielectric on the front surface of the 

substrate; an anti-reflective coating on the second dielectric." 

As explained, it is respectfully submitted that the combination of Meier, Okayasu, 

Gan, Foglietti and Wenham does not teach or suggest an anti-teflective coating that is 

formed on a dielectric on the front surface of the substrate. 

Claims 10-12 and 14 are patentable over the combination of Meier, Okayasu, G~ 

Foglietti and Wenham at least for depending from claim 9. 

V. CONCLUSION 

For at least the above reasons, allowance of the pending claims is respectfully 

requested. 

Dated: November 8, 2017 
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CLAIMS APPENDIX 

CLAIMS INVOLVED IN THE APPEAL 

1, A solar cell, comprising: 

a substrate having a front surface that faces the sun to collect solar radiation 

during normal operation and a back surface opposite the front surface; 

an oxide layer disposed ou the front surface of the substrate; 

an anti-reflective coating on the oxide layer; 

a tunnel dielectric disposed over the back surface ofthe substrate; 

an emitter disposed over the tunnel dielectric, the emitter forming a backside 

junction with the substrate~ 

a doped diffusion region in the substrate; 

a front electrode that is coupled to the doped diffusion region on the front surface 

of the substrate; and 

a back electrode that is coupled to the emitter on the back surface of the substrate. 

2. The solar cell of clain1 l , wherein the emitter is a polysilicon emitter. 

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

substrate. 

4. The solar cell of claim 1. wherein the tunnel clielectric is a tunnel oxide. 

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

9. A solar cell, comprising: 

a substrate having a front surface that faces the sun to collect solar radiation 

during normal operation and a back surface opposite the front surface; 

a doped diffusion region in the substrate on the front surface of the substrate; 
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an emitter over the back surface of the substrate, the emitter fo1ming a backside 

junction with the substrate; 

a first dielectric between the emitter and the back surface; 

a front electrode disposed on the front surface of the substrate and is coupled to 

the doped diffusion region; 

a second dielectric on the front surface of the substrate; 

an anti-reflective coating on the second dielectric; and 

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

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

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

substrate. 

U . The solar cell of claim 9, wherein the first dfolectric is an oxide. 

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

14 
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Art Unit:1757 

(1) Grounds of Rejection to be Reviewed on Appeal 

Page3 

Every ground of rejection set forth in the Office action dated 10/02/2017 from 

which the appeal is taken is being maintained by the examiner except for the grounds of 

rejection (if any) listed under the subheading "WITHDRAWN REJECTIONS." New 

grounds of rejection (if any) are provided under the subheading "NEW GROUNDS OF 

REJECTION,1' 

The following ground(s) of rejection are applicable to the appealed claims. 

Claim Rejections - 35 USC § 103 

Claims 1-4, 7, 9-12 and 14 are rejected under pre-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 further view of 

Wenham (6,429,037 81 ). 

Regarding claims 1-4 and 9-12, Meier discloses a solar cell comprising (see Fig. 

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

a substrate (218 n-type) having a front surface that faces the sun to collect solar 

radiation during normal operation and a back surface opposite the front surface; 

an emitter (220 p-type) forming a backside junction with the substrate; 

a front surface field (216); high doped concentration area (n+), on the front 

surface of the substrate; 

an anti-reflectlon (21 4) coating on the top most surface of the solar cell; 

a front electrode disposed over the front surface of the substrate (212); 

a back electrode disposed over the back surface of the substrate (222). 
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However, Meier does not disclose that the emitter is a polysilicon emitter or that 

the front surface field is formed of polysilicon and that there is a tunnel dielectric formed 

between the emitter and the back surface of the substrate or that there is a tunnel 

dielectric formed between the front surface field and the substrate. 

Okayasu discloses that instead of forming an emitter or surface field from a 

portion of a substrate which is doped, an emitter or surface field can be formed using a 

doped polysilicon layer ([0005] [0009), Abstract) and by forming an emitter or surface 

field this way the thickness can be more accurately controlled and it prevents generation 

of floating foreign matter ([0008] [00091). 

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]. 

Page 426 of 466



Application/Control Number: 14/504, 771 Pages 
Art Unit:1757 

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

invention to modify the interface between polycrystalline layers and monocrystalline 

substrate back and front surfaces of modified Meier by having a tunneling oxide at the 

interfaces because it prevents epitaxial growth of the emitter layer and further it protects 

the crystalline surface from plasma damage of the deposited emitter layer. 

Modified Meier discloses a first tunnel dielectric between the emitter and back 

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

However, modified Meier does not disclose that doped region in the substrate. 

Wenham discloses a solar cell wherein the area beneath point contacts includes 

areas of high doping which is important for reducing contact resistance (see Fig. 5, 

portions 18 and 23) (C1 /L25-41 ). 

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

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

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

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

solar cell. 

Regarding claims 7 and 14, modified Meier discloses all of the claim limitations 

as set forth above. 

However, Meier does not disclose that the electrode that is in contact with the p­

type polysiHcon 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 ot 

Okayasu because one of ordinary skill in the art would have been able to carry out such 

a substitution, and the results would be reasonably predictable. 

Claims 1-4, 7 , 9-12 and 14 are rejected under pre-AIA 35 U.S.C. 103(a) as 

being unpatentable over Meier (US 6,262,359) in view of Okayasu (JP07-106611 , 

Machine Translation) in view ot Foglietti (US 2002/0142500 A1 ) in view ot Gan 

(Polysilicon Emitters for SiUcon Concentrator Solar Cells) and in further view of 

Wenham (6,429,037 81 ). 

Regarding claims 1-4 and 9-12, Meier discloses a solar cell comprising (see Fig. 

30, C5/L38-C6/L55): 

a substrate (218 n-type) having a front surface that faces the sun to collect solar 

radiation during normal operation and a back surface opposite the front surface; 

an emitter (220 p-type) forming a backside junction with the substrate; 

a front surface field (216), high doped concentration area (n+), on the front 

surface of the substrate; 

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

a front electrode disposed over the front surface of the substrate (212); 

a back electrode disposed over the back surface of the substrate (222). 

However, Meier does not disclose that the emitter is a polysilicon emitter or that 

the front surface field is formed of polysilicon and that there is a tunnel dielectric formed 

between the emitter and the back surface of the substrate or that there is a tunnel 

dielectric formed between the front surface field and the substrate. 
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Okayasu discloses that instead of forming an emitter or surface fleld 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 th,e time of the 

invention to replace the method of forming the emitter/front surface field from a portion 

of a substrate of Meier and instead forming the emitter and front surface field by using a 

doped polysilicon layer as disclosed by Okayasu because the thickness can be more 

accurately controlled and it prevent generation of floating foreign matter. 

However, modified Meier does not discloses a tunneling dielectric oxide at the 

interfaces between the emitter and the substrate and the front surf ace field and the 

substrate. 

Foglietti discloses that polycrystalline growth directly on crystalline silicon results 

in partial realignment of the polycrystalline grains and to suppress this effect a thin oxide 

can be grown ([0046]). 

Gan discloses that the presence of a stable thermal oxide between a polysilicon 

emitter and a CZ wafer (See pg. 248t first columnt and Table 1) results in recombination 

occurring primary at the oxide interface and that the presence of this oxide at the 

interface can be useful for silicon solar cells with polysilicon emitters (See Conclusion, 

pg. 249). 

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

invention to modify the interface between the doped polysilicon regions and the 

Page 429 of 466



Application/Control Number: 14/504, 7TI Page8 
Art Unit:1757 

monocrystalline substrate by adding an interfacial oxide as disclosed by Fogiletti and 

Gan because it will allow for optimal grown of the polysilicon region and furthermore will 

result in recombination primarily occurring at the oxide interface. 

Modified Meier discloses a first tunnel dielectric between the emitter and back 

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

However, modified Meier does not disclose that doped region in the substrate. 

Wenham discloses a solar cell wherein the area beneath point contacts includes 

areas of high doping which is important for reducing contact resistance (see Fig. 5, 

portions 18 and 23) (C1/L25-41 ). 

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

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

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

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

solar cell. 

Regarding claims 7 and i 4, modified Meier discloses all of the claim limitatfons 

as set forth above. 

However, Meier does not disclose that the electrode that is in contact with the p­

type polysilicon layer is silver. 

Okayasu discloses that the back electrode on the polysilicon emitter is formed of 

a silver electrode [0044]. 

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

invention to replace the aluminum electrode of Meier with the silver electrode of 
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Okayasu because one of ordinary skill in the art would have been able to carry out such 

a substitution, and the results would be reasonably predictable. 

(2) Response to Argument 

A. Arguments with respect to claims 1-4, 7, 9-12, and 14 under pre-AIA 35 

U.S.C. §103(a) as being unpatentable over Meier (US 6,262,359), in view of 

Okayasu (JP 07-106611 ), in view of Borden (US WO 2009/094578 A2) and further 

in view of Wenham (US 6,429,037). 

1. Backside junction emitter with tunnel dielectric 

Appellant argues with respect to claim 1 that while Meier discloses a backside 

junction formed between the emitter (220) and base (228) Meier does not disclose the 

tunnel oxide between the base and emitter. Furthermore, if there were a tunnel oxide 

present in Meier the formation of the emitter would not be possible since it is formed 

trom diffusion with the contact layer (222). 

Appellant further argues that Okayasu discloses a BSF solar cell and that a BSF 

layer cannot form a backside junction with the substrate and therefore the combination 

ot Meier and Okayasu is not possible. 

Appellant further argues that Okayasu discloses that thermal diffusion method 

which involves diffusion of dopant gas and that it is not the same as contact diffusion 

and while Okayasu discloses that thermal gas diffusion can be replaced with plasma 

CVD to form the BSF one would not have done the replacement for contact diffusion. 

Furthermore, Appellant argues that plasma CVD also has disadvantages which include 

particulate contamination so one of ordinary skill would have not been motivated to use 

the plasma CVD of Okayasu. 
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Appellant further argues that Borden does not disclose any particular structure of 

a polysilicon/tunnel oxide/substrate which forms a backside junction. 

Examiner respectfully disagrees and points to Figure below for discussion of 

modifications made to Meier. 
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Meier discloses method of forming a junction which consists of a p-type emitter 

(220) formed on an n-type substrate (218) which comprises using the aluminum 

electrode (222) as a p-type dopant material and driving in those dopants through 

annealing (C6/L35-50). Meier discloses the presence of the junction (224) on the 

backside of the solar cell. 

In addition, Meier discloses the presence of a front surface field (216-n+-type 

layer) whi.ch comprises the same type of dopant as the n-type substrate and that the 

front surface field is formed through thermal diffusion (C5/L43-49) 

Okayasu discloses an alternative method of forming a doped emitter or a surface 

field on a doped substrate. Okayasu discloses depositing a doped polysilicon emitter 

and a doped surface field on a doped single crystalline substrate ([0014) [0043)). 

Okayasu also discloses that the method of depositing doped polysilicon layers is 

preferable to that of thermal diffusion which involves heating and driving in dopants 

because it can be performed at lower temperatures which prevents damage to the 

substrate and furthermore the thickness of the emitter can be more accurately 

controlled ([0008]). 

Okayasu discloses that in thermal diffusion the dopant source can be provided in 

one of two ways (see [0005] of Okayasu) either dopant gas (as in the case of the front 

surface field formed by Meier, see Meier C5/L43-49) or a p-type Al layer (as in the 

emitter formed by Meier, see Meier C6/L35-50) is laminated on the single crystal 

substrate (see [0005] of Okayasu). Okayasu further discloses that after the dopant is 

provided the substrate is heated to 1000°C ([0005)) and it is difficult to control the 
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thickness of the doped layers provided this way and degradation of the substrate is 

known to occur at high temperatures ([0006]-[0008]). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 

time of the invention to replace the emitter and surface field of Meier with the p-type 

polysilicon layer and n-type polysilicon of Okayasu, respectively, because of the above 

advantages. 

Examiner notes that Borden was used to provide motivation for providing a 

tunnel oxide between the polysilicon emitter/surface field and the monocrystalline 

substrate not to teach the presence of a backside junction. 

Borden discloses that tunnel oxides can be used in solar cells between doped 

polysilicon and monocrystalline substrates [0016]. Furthermore, Borden discloses that 

by providing the tunneling layer it prevents epitaxial growth of the emitter layer and 

further it protects the surface from plasma damage of the deposited emitter layer [0008]. 

Thus it would have been obvious to modify the interfaces between polysilicon 

layers of the emitter and front surface field and monocrystalline substrates of modified 

Meier by having a tunneling oxide because it prevents epitaxial growth of the emitter 

layer and further it protects the crystalline surface from plasma damage of the deposited 

emitter layer. 

2. Anti-reflective Coating On An Oxide Layer 

Appellant further argues that anti-reflective layer of Meier (see Fig. 30, 214) does 

not disclose that the anti-reflective layer is formed on an oxide layer and is instead 

formed on the surface of substrate. 
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Appellant further argues that Borden does not alleviate th is deficiency since 

Borden discloses that there is a polysilicon on an oxide coating on the front surface not 

an anti-reflective coating on an oxide coating. 

Examiner finds that modified Meier discloses between the polysilicon front 

surf ace field and the base substrate there is an oxide layer on the front surface of the 

substrate (see Figure above, tunnel oxide on front and back surfaces). Therefore the 

anti-reflection layer (214) of Meier is on the tunnel oxide· layer which is provided on the 

front surface of the substrate on the polysilicon layer (see Figure provided above). 

B. Arguments with respect to claims 1-4, 7, 9-12, and 14 under pre-AIA 35 

U.S.C. §103(a) as being unpatentable over Meier (US 6,262,359) in view of 

Okayasu (JP07-106611 , Machine Translation) in view of Foglietti (US 

2002/0142500 A1) in view of Gan (Polysilicon Emitters for Silicon Concentrator 

Solar Cells) and in further view of Wenham {6,429,037 81 ). 

1. Backside junction emitter with tunnel dielectric 

Appellant argues with respect to claim 1 that while Meier discloses a backside 

junction formed between the emitter (220) and base (228) Meier does not disclose the 

tunnel oxide between the base and emitter. Furthermore, it there were a tunnel oxide 

present in Meier the formation of the emitter would not be possible since it is formed 

from diffusion with the contact layer (222). 

Appellant further argues that Okayasu discloses a BSF solar cell and that a BSF 

layer cannot form a backside junction with the substrate and therefore the combination 

of Meier and Okayasu is not possible. 
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Appellant further argues that Okayasu discloses that thermal diffusion method 

which involves diffusion of dopant gas and that it is not the same as contact diffusion 

and while Okayasu discloses that thermal gas diffusion can be replaced wJth plasma 

CVD to form the BSF one would not have done the replacement for contact diffusion. 

Furthermore, Appellant argues that plasma CVD also has disadvantages which include 

particulate contamination so one of ordinary skill would have not been motivated to use 

the plasma CVD of Okayasu. 

Appellant further argues that neither Gan or Fogiletti disclose any particular 

structure of a polysilicon/tunnel oxide/substrate Which form a backside junction. 

Examiner respectfully disagrees and points to Figure above for discussion of 

modifications made to Meier. 

Meier discloses method of forming a junction which consists of a p-type emitter 

(220) formed on an n-type substrate (218) which comprises using the electrode (222) as 

a p-type dopant material and driving in those dopants through annealing (C6/L35-50). 

Meier discloses the presence of the junction on the backside of the solar cell. 

In addition, Meier discloses the presence of a front surface field (216-n+-type 

layer) which comprises the same type of dopant as the n-type substrate and that the 

front surface field is formed through thermal diffusion (C5/L43-49) 

Okayasu discloses an alternative method of forming a doped emitter or a surface 

field on a doped substrate. Okayasu discloses depositing a doped polysilicon emitter 

and a doped surface field on a doped single crystalline substrate ([0014] [00431). 

Okayasu also discloses that the method of depositing doped polysilicon layers is 

preferable to that of thermal diffusion which involves heating and driving in dopants 
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because it can be performed at lower temperatures which prevents damage to the 

substrate and furthermore the thickness of the emitter can be more accurately 

controlled ([0008]). 

Okayasu discloses that in thermal diffusion the dopant source can be provided In 

one of two ways either dopant gas (as in the case of the front surface field formed by 

Meier, see Meier C5/L43-49) or a p-type Al layer (as in the emitter formed by Meier, see 

Meier C6/L35-50) is laminated on the single crystal substrate (see [0005] of Okayasu). 

Okayasu further d!scloses that after the dopant is provided the substrate is heated to 

1000°C ([0005]) and it is difficult to control the thickness of the doped layers provided 

this way and degradation of the substrate is known to occur at high temperatures 

([0006]-[0008]). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 

time of the invention to replace the emitter and surface field of Meier with the p-type 

polysilicon layer and n-type polysilicon of Okayasu, respectively, because of the above 

advantages. 

Examiner notes that Gan and Fogiletti was used to provide motrvation for 

providing a tunnel oxide between the polysilicon emitter and the monocrystalline 

substrate not to teach the presence of a backside junction. 

Foglietti discloses that polycrystalline growth directly on crystalline silicon results 

in partial realignment of the polycrystalline grains and to suppress this effect a thin oxide 

can be grown ([0046]). 

Gan discloses that the presence of a stable thermal oxide between a polysilicon 

emitter and a CZ wafer (See pg. 248, first column, and Table 1) results in recombination 
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occurring primary at the oxide interface and that the presence of this oxide at the 

Page16 

interface can be useful tor silicon solar cells with polysilicon emitters (See Conclusion, 

pg. 249). 

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

invention to modify the interface between the doped polysilicon regions and the 

monocrystalline substrate by adding an intertacial oxide as disclosed by Fogiletti and 

Gan because it will allow for optimal grown of the polysilicon region and furthermore will 

result in recombination primarily occurring at the oxide interface. 

2. Anti-reflective Coating On An Oxide Layer 

Appellant further argues that anti-reflective layer of Meier (see Fig, 30, 214) does 

not disclose that the anti-reflective layer is formed on an oxide layer and is instead 

formed on the surf ace of substrate. 

Appellant further argues that Gan and Fogiletti do not alleviate this deficiency 

since neither discloses that there is a polysilicon on a oxide coating on the front surface 

not an anti-reflective coating on an oxide coating. 

Examiner finds that modified Meier discloses between the polysilicon iront 

surface field and the base substrate there is an oxide layer on the front surface of the 

substrate (See Figure above). Therefore the anti-reflection layer (214) of Meier is on the 

tunnel oxide layer which is provided on the front surface of the substrate (See Fig. 

Above). 
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For the above reasons, it is believed that the rejections should be sustained. 

Respectfully submitted, 

/DEVINA PILLAY/ 
Primary Examiner, Art Unit 1757 

Conferees: 
/JEFFREY T BARTON/ 
Supervisory Patent Examiner, Art Unit i 757 

/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 4 i ,20(b) in 

effect on March 18, 2013. 
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This Reply Brief is responsive to the Examiner's Answer mailed March 19= 2018, 

and follows the Appeal Brief submitted by the appellant on November 8, 2017. 
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REMARKS 

This Reply Brief responds to the contentions in the Examiner's Answer. Detailed 

explanations why the pending claims are patentable over the references of record are 

provided in the Appeal Brief, and not repeated here in the interest of clarity and brevity. 

A. CLAIMS l-4, 7, 9-12, and 14 

Claims 1-4, 7, 9-12, and 14 are rejected under pre-AlA 35 U.S.C. § 103(a) as 

being unpatentable over Meier (US 6,262,359), in view of Okayasu (JP 07-106611), in 

view of Borden (US WO 2009/094578 A2) and further in view of Wenham (US 

6,429,037). The rejection is respectfully traversed. 

1. Backside junction emitter with tunnel dielectric 

Claim 1 is patentable over the combination of Meier, Okayasu, Borden and 

Wenham at least for reciting: "a tunnel dielectric disposed over the back surface of the 

substrate; an emitter disposed over the tunnel dielectric, the emitter fanning a backside 

junction with the substrate." Claim 1 recites a structure of a solar cell. In the 

embodiment of claim 1, the solar cell has an emitter that is disposed over a tunnel 

dielectric and forms a backside (i.e., the side opposite the light incident side) junction 

with the substrate. 

The drawing on page 10 of the Examiner' s Answer shows the extent of the 

proposed modification to Meier. Comparing Meir's original structure, 

216 212 214 

n-Si .2M 224 

220 FIG. JD 222 

to the modified structure, 

1 
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one can see immediate major differences. 

,4 
Backslde 
j-und·ion 

First, in the original structure, the backside junction 224 is fo1med by an N-type 

base layer 218 and a P-type layer 220, both of which are within an N-type single crystal 

siljcon substrate (Meier, column 5, lines 43-49). There is no intervening material, such as 

the tunnel oxide layer and the P-type polycrystalline layer in the modified structure, 

between the P-type layer 220 and the N-type base layer 218 because it would block 

contact of the aluminum contact layet 222 to the substrate to form the P-type layer 220 

therein as taught by Meier (Meier, column 6, lines 46-66). 

Second, the original structure has a P-type 1ayer"220 within the silicon substrate, 

whereas the P-type layer 220 is external to the substrate in the modified structure. With 

regards to solar cell backside structures, Okayasu discloses an alternative way of forming 

a back surface field (BSF) layer (Okayasu, paragraph 1 ). A BSF layer forms a high-low 

(HL) junction, -i.e., the highly doped and lightly doped layers of the BSF have the same 

polarity on the backside of the solar cell (Okayasu, paragraph 14) This is opposite to a 

backside junction, whose layers have opposite polarity on the backside of the solar cell. 

In other words, the proposed modification uses Okayasu's teaching of forming a BSF 

layer on the backside of the solar cell for a totally different function (i.e., to form a 

backside junction) in Meier. 

Third, the original structure has no tunnel dielectric, whereas the modified 

structure has a tunnel dielectric. The Examiner' s Answer indicates that Borden (or 

Foglietti and Gan in the other set of rejections) was used to provide motivation for 

providing a tunnel oxide between a polysilicon layer and a monocrystalline substrate. It 

is respectfully submitted that just because a tunnel oxide can be used between a 
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polysilicon layer and a monocrystalline substrate does not mean that one of ordinary skill 

in the art would do so for a particular structure as claimed. Here, Okayasu itself, the 

source of the polysilicon layer in the modified structure, does not teach a tunnel oxide 

between polysilicon and the substtate. 

It is thus respectfully submitted that, comparing the original structure to the 

modified structure, the rejection is based on extensive modifications that could not have 

been made without guidance from the present application. 

2. Anti-reflective Coating On An Oxide Layer 

Claim 1 is patentable over the combination of Meier, Okayasu, Borden, and 

Wenham at least for reciting: "an oxide la.yet disposed on the front surface of the 

substrate; an anti-reflective coating on the oxide layer." 

In the embodiment of claim 1, an oxide layer is disposed on the front surface of 

the substrate, and an anti-reflective coating is on the oxide layer. 

As explained in the appeal brief, Meier and Borden do not disclose an anti­

reflective coating on an oxide !ayer. 

The Examiner's Answer indicates that "Examiner finds that modified Meier 

discloses between the polysilicon front surface field and the base substrate there is an 

oxide layer on the front surface of the substrate (see Figure above, tunnel oxide on front 

and back surfaces)" (Examiner' s Answer, page 13). It is respectfully submitted that the 

Examiner~s Answer does not provide articulated reasoning on how a tunnel oxide ends up 

on the front side of the modified structure. 

The modified structure bas an N-type polycrystalline layer and a tunnel oxide on 

the front or light incident side of the substrate. It is respectfully submitted that there is no 

support for this modification. In the modified structure, a polycrystalline layer is on both 

sides of the substrate, with a tunnel oxide on both sides of the substrate. It is respectfully 

submitted that there is no teaching or suggestion in the prior art that a polycrystalline 

layer with a tunnel oxide can be used on both sides of the substrate, or whether such as 

solar cell structure would even work or would have practical efficiency given that the 

4 
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polycrystalline layer and the tunnel oxide would have to receive and allow light to pass 

through on the front side (i.e., light incident side). 

Therefore, it is respectfully submitted that claim l is patentable over the 

combination of Meier, Okayasu> Borden, and Wenham. 

Claims 2-4 are patentable over the combination of Meier, Okayasu, Borden, and 

Wenham at least for depending from claim 1. 

Claim 9 is patentable over the combination of Meier, Okayasu, Borden, and 

Wenham at least for reciting: "an emitter over the back surface of the substrate, the 

emitter forming a backside junction with the substrate; a first dielectric between the 

emitter and the back surface." 

As explained, it is respectfully submitted that the combination of Meier, Okayasu, 

Borden, and Wenham does not teach or suggest a backside junction emitter and a first 

dielectric between the backside junction emitter and the back surface of the substrate. 

Claim 9 is further patentable over the combination of Meier, Okayasu, Borden, 

and Wenham at least for reciting: "a second dielectric on the front surface of the substrate; 

an anti-reflective coating on the second dielectric." 

As explained, it is respectfully submitted that the combination of Meier. Okay:asu, 

Borden, and Wenham does not teach or suggest an anti-reflective coating that is formed 

on a dielectdc on the front surface of the substrate. 

Claims 10-12 are patentable over the combination of Meier, Okayasu, Borden, 

and Wenham at least for depending from claim 9. 

B. CLAIMS 1-4, 7, 9-12, and 14 

Claims 1-4, 7, 9-12, and 14 are rejected under pre-AIA 35 U.S.C. § 103(a) as 

being unpatentable over Meier (US 6,262,359), in view of Okayasu (JP 07-106611), in 

view of Foglietti (US 2002/0142500), in view of Gan (Polysilicon Emitters for Silicon 

Concentrator Solar Cells), and further in view of Wenham (US 6,429,037). The 

rejection is respectfully traversed. 

5 
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Reply Brief 

The Examiner' s Answer provides substantially the same reasoning for this set of 

rejection. Appellant accordingly replies as provided above. 

C. CONCLUSION 

For at least the above reasons, allowance of the pending claims is respectfully 

requested. 

Dated: -----
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UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE PA TENT TRIAL AND APPEAL BOARD 

Ex parte PETER JOHN COUSINS 

Appea1 2018-005662 
AppJication 14/504,771 
Technology Center 1700 

Before KAREN M. HASTINGS, JEFFREY R. SNAY, and 
DEBRA L. DENNETT. Administrative Patent Judges. 

DENNETT, Administrative Patent Judge. 

DEClSION ON APPEAL1 

1 In our Decision, we refer to Application 14/504,771 filed October 2, 2012 
as the " '771 Specification" ("Spec."); the Final Office Action dated October 
2, 2017 ("Final Act."); the Appeal Brief filed November 8, 2017 ("App. 
Br."); the Examiner's Answer dated March 19, 2018 ("Ans."); and the Reply 
Brief filed May 8, 2018 (HReply Br.''). 
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STATEMENT OF THE CASE 

Appe11ant:! appeals under 35 U.S.C. § 134(a) from a r~jection of 

claims 1-4, 7, 9-12, and 14. We have jurisdiction under 35 U.S.C. § 6(b ). 

We AFFIRM. 

111e subject matter on appeal relates to bipolar solar cells tliat include 

a backside junction fonned by an N-type silicon substrate and a P-type 

polysilicon emitter formed on the backside of the solar cell, and an anti­

reflection layer fon11ed on a textured front surface of the silicon substrate. 

Spec. 2, 11. 14-16. TI1e Specification describes a negative polarity metal 

contact on the front side of the solar cell making electrical connection to the 

substrate, and a positive polarity metal contact on the backside of the solar 

ce11 making electrical connection to the polysilicon emitter. Spec. 2, 11. 17-

19. T11e '77 1 Specification explains that front contact solar cells with 

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

are less aesthetic, and thus less preferred, for residential applications. Spec. 

2, II. 3-8. Where aesthetics are not a major requirement, such as in power 

plants and other applications where power generation is the main concern, 

front contact solar cells such as the disclosed structures are said to provide a 

relatively efficient and cost-effective device. Spec. 2, 11. 6--1 I. 

Figure l of the '771 Application, reproduced below, shows a 

schematic cross-section of solar cell 1003 in accordance with an embodiment 

of the invention. Spec. 4, 11. 3-4. 

2 Appellant identifies SunPower Corporation as the real party in interest. 
App. Br. 1. 
3 Labels to elements are presented in bold font thru out this Decision, 
regardless of their presentation in the original document. 
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11.!C 

FIG. 1 

Solar cell 100 has a front side where metal contact 102 is located and 

a backside on a same side as metal contact 110. Spec. 4, 11. 4-5. The front 

side faces the sun during nonnal operation to collect solar radiation. Spec. 

4, l. 5. Solar cell 100 includes a backside junction fon11ed by a P-type doped 

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

silicon substrate 101 serving as an N-type diffusion region. Spec. 4, II. 7- 9. 

The front side surface of the substrate 101 is randomly textured (labeled as 

113) and includes N-type doped regions 105 and 106 formed in the 

substrate. Spec. 4, 11. 12-14. N-type doped region 105 provides low front 

surface recombination and region 106 provides low contact resistance and 

minimizes contact recombination. Spec. 4, 11. l 4-l 7. Anti-reflective 

coating of silicon nitride layer 103 is formed on the textured front side 

surface of the substrate 101. Spec. 4, 11. 22- 23 . Passivating oxide 124 may 

comprise silicon dioxide thennally grown on the front side surface of the 

substrate 101. Spec. 5, 11. 1- 2. Polysilicon emitter 108 may be formed on 

tunnel oxide layer 107. Spec. 5, 11. 4-5. Metal contact 110 electTically 

connects to polysilicon emitter 108 and provides a positive pola1ity terminal 

to allow an external electrical circuit to be coupled to and be powered by 

3 
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solar cell 100. Spec. 5, II. I 0-14. On the front side of solar cel1100, metal 

contact 102 electrically connects to region 106 through contact holes 

through the silicon nitride layer 103 and provides a negative polarity 

tem1inal to allow an external electrical circuit to be coupled to and be 

powered by solar cell 100. Spec. 5 , 11. 19-22. 

Claim l, reproduced below, illustrates the claimed subject matter: 

1. A solar cell, comprising: 

a substrate having a front surface tlrnt faces the sun to 
collect solar radiation during non11al operation and a back 
surface opposite the front surface; 

an oxide layer disposed on the front surface of the 
substrate; 

an anti-reflective coating on the oxide layer; 

a tunnel dielectric disposed over the back surface of the 
substrate; 

an emitter disposed over the tunnel dielectric, the emitter 
fom1ing a backside junction with the substrate; 

a doped diffusion region in the substrate; 

a front electrode that is coupled to the doped diffusion 
region on the front surface of the substrate; and 

a back electrode that is coupled to the emitter on the back 
surface of the substrate. 

App. Br. 13 (Claims App.). 
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REFERENCES 

The Examiner relies on the following prior art in rejecting the claims 

on appeal: 

Meier et al. 
("Meier'') 

Wenham et a1. 
("Wenham") 

Foglietti et aJ. 
("Foglietti'') 

Okayasu et al. 
("Okayasu")4 

Borden 

US 6,262,359 B 1 

US 6,429,037 BJ 

US 20002/0142500 Al 

JP 07106611 
WO 2009/094578 A2 

July I 7. 2001 

Aug. 6, 2002 

Oct. 3, 2002 

Apr. 21, 1995 
July 30, 2009 

Gan and Swanson, POLYSILICON EMITI'ERS POR SILICON 

CONCHNTRATOR SOLAR CELLS, Stanford Electronics Laboratories, 
Electric Power Researcl1 Institute, 1 Conf. Record of IEEE 
Photovoltaic Specialists Conf., 245-250 ( 1990) 

REJECTIONS 

The Examiner maintains the fo11owing rejections under 35 U.S.C. 

§ 103(a)5 : (1) claims 1-4, 7, 9-12, and 14 over Meier in view of Okayasu, 

Borden, and Wenham; and (2) claims 1-4, 7, 9-12. and 14 over Meier in 

view of Okayasu, Foglietti, Gan, and Wenl1am. Final Act. 2-8. 

➔ The Examiner refers to a human translation of Okayasu (see Final Act. 2) 
to which Appellant does not object. 
~ Because this application was filed before the March 16, 2013, effective 
date of the America Invents Act, we refer to the pre-AJA version of the 
statute. 
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OP[NION 

Rejection 1 over Meier in view of Okayasu, Borden, and Wenham 

Appellant argues for patentability of claim I and its dependent clai1ns 

2-4 and 7 as a group, and for claim 9 and its dependent claims 10--12 as a 

group. App. Br. 3- 7. However, Appe1lanfs arguments regarding claim 9 do 

not differ substantively from those made in support of patentability of claim 

1. Compare App. Br. 3-6 with App. Br. 7. We, therefore, select claim 1 as 

representative of the group. 37 C.F.R. § 41.37(c)(I )(iv). 

With respect to claim 1, the Examiner finds that Meier teaches the 

majority of the limitations. Final Act. 3. The Examiner finds that Meier 

teaches a method of forming a junction consisting of a p-type emitter on an 

n-type substrate which com.prises using an aluminum electrode asap-type 

dopant material and driving the dopant in through annealing. Ans. 11 (citing 

Meier col. 6, 11. 35-50). The Examiner furtl1er finds that Meier discloses the 

presence of a front surface field formed through then11al diffusion and 

comprised of the same type of dopant as then-type substrate. Id. (citing 

Meier col. 5, 11. 43-49). 

The Examiner finds that Okayasu discloses an alternative method for 

forming a doped emitter or a surface field on a dope substrate. Id. The 

Examiner finds that Okayasu teaches depositing a doped polysilicon emitter 

and dope surface field on a doped single crystalline substrate. Id. (citing 

Okayasu ,r,r 14, 43). The Examiner finds that Okayasu teaches that its 

method of depositing doped polysilicon layers is preferable to that of 

thermal diffusion (as taught in Meier) because it can be perfonned at lower 

temperatures, preventing damage to the substrate, and allows 1nore accurate 

control of the emitter thickness. Id. ( citing Okayasu ,r 8). 
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TI1e Examiner concludes that one of ordinary skill in the art at the 

time of the invention would have found it obvious to employ Okayasu's 

method of fonning an emitter or surface field in Meier's back junction solar 

cell for the advantages articulated by Okayasu. Id. at 12. 

The Examiner finds that Meier as modified by Okayasu does not 

disclose a tunneling dielectric oxide between the emitter/front surface field 

and the substrate. Final Act. 4. However, the Examiner finds tl1at Borden 

discloses that tunnel oxides can be used in solar cells between doped 

polysilicon and monocrystalline substrates on both front and back surfaces 

of the monocrysta11ine substrate. id. The Examiner finds that Borden 

teaches that the tunnel oxide prevent epitaxial growth of amorphous silicon 

and provides a layer to protect the surface from plasma dam.age of the 

deposited emitter layer. Id. 6 111e Examiner concludes that it would have 

been obvious to the ski1led artisan to modify the interface between 

polycrystalline layers and a 1nonocrystalline substrate front and back surface 

by having a tunneling oxide at the interfaces for the benefits expressed by 

Borden. Id. 

l11e Examiner provides annotated figures, reproduced on the next 

page, in support of the rejection: 

6 The Examiner cites to paragraph 15 of Borden in support of the finding, 
however, the disclosure is found at paragraph 8. 
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Ans. 10. 

Figure A is a reproduction of Meier Figure 3D annotated by the 

Examiner to identify a junction consisting of p-type emitter 220 formed on 

n-type substrate 218 which comprises using aluminum electrode 222 asap­

type dopant material. Id. at 11 (citing Meier col. 6, ll. 35-50). The dopants 

are driven into the substrate through annealing. Id. Junction 224 is shown 

on the backside of the solar cell. Id. Front surface field 216 (n+-type 

emitter) comprises tl1e same type of dopant as then-type substrate and is 

formed through thennal diffusion. Id. (citing Meier col. 5, 11. 43-49). 

8 
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Figure B illustrates the Examiner's modification of M.eier by 

Okayasu. Figure B shows the result of modifying Meier such that the 

emitter and smface field produced by Meier's process are replaced with a p­

type polysilicon layer and an-type polysilicon layer taugl1t by Okayasu. See 

Ans. 12. 

Figure C sJ10ws modification of the combination of Meier and 

Okayasu (Figure B) with tunnel oxide layers taught by Borden. In Figure C 

a tunnel oxide layer is sl10wn between tl1e n+-polycrystalline layer and the 

substrate and between the p-polycrystalline layer and the substrate. 

Appellant argues that the combined references fail to teach a backside 

junction emitter with a tunnel dielectric. App. Br. 3- 5; see also Reply Br. 

2-4. Appellant contends that the original structure has the backside junction 

224 formed by n-type base layer 218 and p-type layer 220, both of which are 

within then-type single crystal silicon substrate. Reply Br. 3. Appellant 

argues that an intervening layer (tunnel oxide layer) would block contact of 

Meier's aluminwn layer contact layer 222 to substrate 218 to fonn p-type 

layer 220. 

We do not find Appellant's arguments persuasive to show reversible 

error. The rejection is based on combining Borden with the modified 

structure that would result from altering Meier's method witl1 tliat of 

Okayasu, not on applying Borden's tunnel oxide layers to Meier's structure. 

See Ans. 11- 12. The modf(zed Meier solar cell does not require contact of 

the aluminum layer with the substrate in order to form the p-type layer. 

Rather, the p-type layer of t11e modified structure is formed by depositing a 

doped polysilicon e1nitter on a doped sjngle crystalline substrate. See 

Okayasu ,r,r 14, 43. Appellant's argwnent against co1nbining Meier directly 

9 
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witl1 Borden thus fails to identify reversible error. In re Jung, 637 F.3d 

1356, 1365 (Fed. Cir. 2011) (explaining that even if the examiner had failed 

to make a prima facie case, the Board would not have ened in framing the 

issue as one of reversible error because it has long been the Board's practice 

to require an appellant to identify the alleged error in the examiner's 

rejections). Each reference cited by the Examiner 1nust be read, not in 

isolation, but for wlmt it fairly teacl1es in combination with the prior art as a 

wl1ole. See In re Mercie & Co., Inc., 800 F.2d 1091 , I 097 (Fed. Cir. 1986). 

Appellant's avoidance of Okayasu's disclosures fails to consider the 

combination of the entirety of the art cited by the Examiner. 

Appe11ant argues that Okayasu teaches forming a back surface field 

(BSF) layer that forms a high-low junction with a highly doped and lightly 

doped layer having the same polarity on the backside of the solar cell Reply 

Br. 4. Appellant contends that the proposed modification uses Okayasu 's 

teaching of forming a BSF layer on the solar cell backside for a totally 

different function (forming a backside junction) in Meier. App. Br. 4; see 

also Reply Br. 3. Appellant argues that Meier and Okayasu solve the same 

problem: that of the conventional method offonning doped layers. App. Br. 

5. According to Appellant, one of skilJ in the art would not have been 

motivated to replace Meier's contact diffusion metl10d with the BSF 

manufacturing metl10d of Okayasu because Okayasu discloses tl1e plasma 

CVD method has advantages, but introduces particulates that deteriorate the 

BSF layer. App. Br. 5. 

Appellant again fails to persuade us of reversible error. TI1e Examiner 

employs Okayasu for its teaching of depositing a doped polysilicon layer on 

a doped substrate. See Ans. 11. The rejection is not based on a finding that 

10 
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the BSF layer (as opposed to the doped polysilicon layer) can be substituted 

for Meier's p-type emitter. Okayasu discloses that the prior art plasma 

CVD method has advantages, but introduces floating foreign substances that 

are mixed in then+ silicon layer of p+ silicon layer. Okayasu ,r 9. 

However, Okayasu addresses preventing generation of floating foreign 

substances in the inventive process. Id. ,r 16. "The prior art must be 

considered as a whole for what it teaches." Medichem, S.A. v. Rolabo, S.l., 

437 F.3d 1157, 1164 (Fed. Cir. 2006). Okayasu would liave given the 

skilled atiisan adequate motivation to combine its teaching with that of 

Meier in disclosing the problems associated with the thermal diffusion 

method. Id. ,r,r6-8. 
In disputing the rejection Appellant also argues that Meier's original 

structure has p-type layer 220 within the silicon substrate, whereas the 

modified structure lrns the p-type layer external to the substrate. Reply Br. 

3. However, other than a statement of that difference, Appellant does nol 

explain its importance. 

Appe11ant contends that Meier's original structure has no tunnel 

dielectric, but the modified structure does. Id. Appellant argues that merely 

because a tunnel oxide can be used between a polysilicon layer and a 

monocrystalline substrate does not mean that one of ordinary ski l1 would do 

so. Id. at 4. Appellant urges that there is no teaching or suggestion in the 

prior art that a polycrystalline layer with a tunnel oxide can be used on both 

sides of the substrate, or whether such a solar cell structure would work or 

have practical efficiency. Id. 

Borden's invention concerns polysilicon emitter solar cells and 

includes forming a masking oxide layer on the.front and back of the cell. 

I 1 
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Borden Abstract. The Examiner's explanation of the reasons one of 

ordinary skill in the ati would have had to combine Borden's tunnel oxide 

with the modified Meier structure (preventing epitaxial growth of 

amorphous silicon and providing a layer to protect the surface from plasma 

damage of the deposited emitter layer) is sufficient when an allowance is 

made for "the inferences and creative steps that a person of ordinary skill in 

the art would employ." KSR Int 1L Co. v. Teleflex Inc., 550 U.S. 398, 418 

(2007). 

Appellant argues that claim 1 recites an oxide layer disposed on the 

front surface of the substrate and an anti-reflective coating on the oxide 

layer. App. Br. 6. Appellant contends that Meier discloses an anti-reflective 

coating formed on the surface of the substrate (not on an oxide layer) and 

Borden does not disclose an anti-reflective coating. Reply Br. 6. 

The argument fails to show reversible error. Appellant attacks Meier 

and Borden individually, ignoring that the rejection is based on the 

combined references. "Non-obviousness cannot be established by attacking 

references individually where the rejection is based upon the teachings of a 

combination of references." /11 re Merck& Co., Inc., 800 F.2d 1091, 1097 

(Fed. Cir. 1986). 

We sustain tl1e rejection of claim I for the reasons given above. For 

these same reasons, we sustain the rejection of claims 2-4, 7, 9-12, and l 4. 

Rejection 2 over M eier in view ofOkayasu. Foglietti. Gan. and 
Wenham 

The Examiner's findings and Appellant's arguments in Rejection 2 

regarding the combination of Meier and Okayasu are identical to those in 

ow· discussion of Rejection 1 supra. We do not repeat them here. 

12 
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The Examiner finds that Foglietti discloses that polycrystalline growth 

directly on crystalline silicon results in partial realignment of the 

polycrystalline grains and this effect can be suppressed by growth of a thin 

oxide. Fina] Act. 7 ( citing Foglietti il 46). The Examiner finds that Gan 

teaches that he presence of a stable thermal oxide between a polysilicon 

emitter and a CZ layer. id. The Examiner concludes that it would have been 

obvious to one of ordinary skill in the art to modify the interface between the 

doped polysilicon regions and the monocrystal1ine substrate by adding an 

interfacial oxide as disclosed by Foglietti and Gan to allow for optimal 

growth of the polysilicon region and result in recombination occurring 

primarily at the oxide interface. ld. 

Appe11ant's arguments against comhining Foglietti or Gan with the 

modified Meier is substantially the same as tliat made in opposing Rejection 

I. Compare App. Br. 10-11 with App. Br. 6-7. 

For the reasons provided supra relating to Rejection 1, we do not find 

Appellant's argmnents persuasive to show reversible error, and sustain 

Rejection 2. 

13 
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DECISION 

For the above reasons, the Examiner 's rejection of claims 1-4, 7, 9-

12, and 14 is affirn1ed. 

No time period for taking any subsequent action in connection witb 

this appeal may be extended under 37 C.F.R. § I .136(a)( I )(iv). 

AFFIRMED 

14 

Page 464 of 466



u~.1TE0 STATc:s P ATENT ANo T RADEMARK O FFrcE 

APPLICATION NO. !'JUNG DATE FIRS'!" NAM!lO JNVEN,OR 

14/504.771 l0/0:2/201--1 Peter Jobn COUSINS 

74~54 7590 Oli/\18/10I9 

Okamoto & Benedicto LLP 

UNITED STA TES DP.PA RTMENT m-COl\lNIERCE 
United States Patent and Ti'aclcruark Offi<'e 
Addrm: COMMISSIONER FOR PATENTS 

P O Bn\ 1450 
/\lc, u1hlriu. Virgim• ll311 1450 
WWW u~1,10.gc)\' 

A'IIORNEY DOCK1.,r NO_ 

10031.004.:!J I 

CONl'IRMA:J ION NO. 

3342 

EXAMINER 

f>.O. Box '14J 330 Pll.LA.Y. DEVINA. 

Sao Jose, CA95 I M-1330 
ART UNIT PAPER NUMBER 

1726 

MAit- PATE DEUVt!RYMOD'E 

08/08120]9 PAPER 

Please find below and/or attached an Office communication conterning this application or proceeding. 

The time pe1iod for reply, if any, is set in the attached communication. 

PTOL-90A ow~. 04/07) 

Page 465 of 466



Notice of Abandonment 

Application No. 

14/504,771 
Examiner 

DEVINA PILLAY 

Applicant(s) 

COUSINS, Peter John 
Art Unit 

1726 
- The MAILING DATE of this communication appears on the cover sheet with the correspondence address­

This application is abandoned in view of: 

i . 0 Applicant's failure to timely file a proper reply to the Office letter mailed on . 
(a) 0 A reply was received on __ (With a Certificate of Mailing or Transmission dated __ ), which is after the expiration of the 

period for reply (including a total extension of tlme of __ rnonth(s)) which expired on __ . 

(b) 0 A 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 trmely 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 (ACE) In compliance with 37 CFR 1.114. Note that RCEs are not 
permitted in design applications.} 

(c) D A reply was received on _ _ but Tt does not constitute a proper reply, or a bona fide attempt at a proper reply, to the non-final 
rejection. See 37 CFR 1.85(a) and 1.11 1. (See explanation tn box 7 below). 

(d) 0 No reply has been received. 

2 0 Applicant's failure to timely pay the required issue tee and publicatlon fee, if applicable, Within the statutory period of three montns 
from the malllng date of the Notice of Allowance (PTOL-85). 

(a) 0 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) D 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) 0 The lssue fee and publication fee, if applicable, has not been received. 

3. D Applicant's failure to timely tile corrected drawings as required by, and within the three-month period set in, the Notice of 
Allowablllty (PTO--37). 

(a) D Proposed corrected drawings were received on __ (With a Certlflcate of Mailing or Transmission dated __ ), Which Is 
after the expiration of the period for reply. 

(b) 0 No corrected drawings have been received. 

4. D 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. 0 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 tiling ol a continuing application, 

6. 0 The decision by the Board of Patent Appeals and Interference rendered on 09 May 2019 and because the period for seeking court 
review of the decision has expired and there are no allowed claims. 

7. 0 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 neQative effects on oaten! term. 
U.S. Patent and Trademark Office 
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