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

November 11 2016 
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Electronic Signature: /Andrew W. Schultz/ 
Andrew Schultz, Reg. No. 66,869 

RESPONSE TO RESTRICTION REQUIREMENT 

Dear Sir: 

This paper is filed in response to the Restriction Requirement dated September 13, 2016. 

Amendments to the Claims begin on page 2. 

Remarks begin on page 6. 
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1-33. (Canceled)

AMENDMENTS TO THE CLAIMS 

34. (Previously Presented) A light trapping device, comprising:

DocketNo.: 143705.05221 
Examiner: L. Pham 

at least one light sensitive pixel having a light incident surface, a backside surface

opposite the light incident surface, and a peripheral sidewall extending at least partially around 

the pixel periphery; 

a backside light trapping material substantially covering the backside surface; and 

a peripheral light trapping material substantially covering the peripheral sidewall, 

wherein the peripheral light trapping material creates a surface field at the peripheral 

sidewall. 

35. (Previously Presented) The device of claim 34, wherein the backside light trapping

material reflects the light incident thereon back into the pixel. 

36. (Previously Presented) The device of claim 34, wherein the peripheral light trapping

material reflects light incident thereon into the pixel. 

37. (Previously Presented) The device of claim 34, wherein the peripheral sidewall extends

completely around the pixel periphery. 

38. (Previously Presented) The device of claim 34, wherein the peripheral sidewall extends

from the light incident surface to the backside surface. 

39. (Previously Presented) The device of claim 34, wherein the peripheral sidewall extends

through the pixel substantially from the light incident surface to the backside surface. 

40. (Previously Presented) The device of claim 34, wherein at least one of the backside light

trapping material and the peripheral light trapping material comprises a metal layer. 
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41. (Previously Presented) The device of claim 34, wherein said peripheral light trapping

material comprises an oxide. 

42. (Previously Presented) The device of claim 34, wherein said peripheral light trapping

material provides a passivating negative charge. 

43. (Previously Presented) The device of claim 34, wherein said peripheral light trapping

material exhibits a surface recombination velocity as low as 10 cm/s. 

44. (Previously Presented) The device of claim 34, wherein the peripheral sidewall material

has an index ofrefraction ofless than about 2.1. 

45. (Previously Presented) The device of claim 34, wherein the peripheral light trapping

material comprises any of aluminum oxide and hafnium oxide. 

46. (Previously Presented) The device of claim 34, wherein said pixel comprises a textured

reg10n. 

47. (Previously Presented) The device of claim 46, wherein said textured region is coupled

to the light incident surface. 

48. (Previously Presented) The device of claim 47, wherein said textured region is located

on said light incident surface. 

49. (Previously Presented) The device of claim 47, wherein said textured region comprises a

textured film layer. 

50. (Previously Presented) The device of claim 49, wherein said textured film layer

comprises any of silicon dioxide, silicon nitride, amorphous silicon, polysilicon, a metal and 

combinations thereof. 

51. (Previously Presented) An array of light trapping pixel devices of claim 34.
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52. (Previously Presented) A light trapping device, comprising:

DocketNo.: 143705.05221 
Examiner: L. Pham 

at least one light sensitive pixel having a light incident surface, a backside surface

opposite the light incident surface, and a peripheral sidewall extending at least partially around 

the pixel periphery; 

a backside light trapping material at least partially covering the backside surface; 

a peripheral light trapping material substantially covering the peripheral sidewall; and 

a textured region positioned to interact with light incident thereon so as to increase 

quantum efficiency of the device. 

53. (Previously Presented) The device of claim 52, wherein said backside light trapping

material substantially covers the backside surface. 

54. (Previously Presented) The device of claim 52, wherein said textured region is located

on the light incident surface. 

55. (Previously Presented) The device of claim 52, wherein said textured region is a textured

film layer coupled to the light incident surface. 

56. (Previously Presented) The device of claim 55, wherein said textured film layer

comprises any of silicon dioxide, silicon nitride, amorphous silicon, polysilicon, a metal and 

combinations thereof. 

57. (Previously Presented) The device of claim 52, wherein said textured region reflects at

least a portion of light internally incident thereon into the pixel. 

58. (Previously Presented) The device of claim 52, wherein the peripheral sidewall extends

from the light incident surface to the backside surface. 

59. (Previously Presented) The device of claim 34, wherein the peripheral sidewall extends

through the pixel substantially from the light incident surface to the backside surface. 
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60. (New) The device of claim 52, wherein the textured region is formed by one of plasma

etching, reactive ion etching, porous silicon etching, lasing, chemical etching, nanoimprinting, 

material deposition, selective epitaxial growth, and combinations thereof. 

61. (New) The device of claim 52, wherein the textured region is formed by lasing.

62. (New) The device of claim 52, further comprising at least one doped region disposed on

at least one of the light incident surface and the backside surface. 

63. (New) The device of claim 46, wherein the textured region is formed by one of plasma

etching, reactive ion etching, porous silicon etching, lasing, chemical etching, nanoimprinting, 

material deposition, selective epitaxial growth, and combinations thereof. 

64. (New) The device of claim 46, wherein the textured region is formed by lasing.

65. (New) The device of claim 34, further comprising at least one doped region disposed on

at least one of the light incident surface and the backside surface. 
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REMARKS 

DocketNo.: 143705.05221 
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The outstanding Action subjects pending claims 34-59 to a Restriction Requirement. 

Specifically, the outstanding Action requires election of one of the following species: Species 1 

(Figure l); Species 2 (Figure 2); Species 3 (Figure 3); Species 4 (Figure 4); Species 5 (Figure 5); 

Species 6 (Figure 6); and Species 7 (Figure 7). 

Applicant elects, with traverse, Species 4 for continued prosecution. Claims 34-59 are 

believed to read on the elected species and are thus subject to examination. Applicant's election 

should not be construed as Applicant's acceptance of the species grouping as alleged in the 

Restriction Requirement. To the extent that Species 1-7 include characteristics that are not 

mutually exclusive, Applicant believes that the requirement for the election of species is 

improper. Further, reconsideration and withdrawal of the requirement for a species election is 

requested insofar as the limited number of indicated species demonstrate that it would not be 

unduly burdensome for the Office to conduct a search covering the claims directed to all of the 

identified species. 

New Claims 

As shown above, Applicant submits herewith new claims 60-65. Support for these 

claims can be found throughout the published application, for example, at paragraphs [0011], 

[0039], and [0068]. Applicant believes that new claims 60-65 read on the elected species and are 

thus subject to examination. 
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Conclusion 

DocketNo.: 143705.05221 
Examiner: L. Pham

The Director is authorized to charge any deficiency in the fees filed, asserted to be filed 

or which should have been filed herewith ( or with any paper hereafter filed in this application by 

this firm) to our Deposit Account No. 500436, under Docket No. 143705.05221. 

Respectfully submitted, 

Dated: November 11 2016 Electronic Signature: /Andrew W. Schultz/ 
Andrew W. Schultz, Reg. No. 66,869 
Attorney for Applicant 
Pepper Hamilton LLP 
125 High Street 
19th Floor, High Street Tower 
Boston, MA 02210 
Tel: (617) 204-5176 
Fax: (617) 204-5150 
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Dated: November 11 2016 

Respectfully submitted, 

Electronic Signature: /Andrew W. Schultz/ 
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Pepper Hamilton LLP 
125 High Street 
19th Floor, High Street Tower 
Boston, MA 02210 
Tel: (617) 204-5176 
Fax: (617) 204-5150 
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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 i 

English language translation is attached. 
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Application Number 15216244 

Filing Date 2016-07-21 

INFORMATION DISCLOSURE First Named Inventor I Marlin U. Pralle
STATEMENT BY APPLICANT 

Art Unit 2814 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Long Pham

Attorney Docket Number 143705.05221 

CERTIFICATION STATEMENT 

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

That each item of information contained in the information disclosure statement was first cited in any communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
information disclosure statement. See 37 CFR 1.97(e)(1 ). 

OR 

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

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). 

See attached certification statement. 

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

X 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 /Andrew W. Schultz/ Date (YYYY-MM-DD) 2016-11-11 

Name/Print Andrew W. Schultz Registration Number �6869 

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 record s.

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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PTO/SB/06 (09-11) 
Approved for use through 1/31/2014. 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 i t  displays a valid 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PT0-875 15/216,244 07/21/2016 □ To be Mailed 

ENTITY: � LARGE 0 SMALL 0 MICRO 

APPLICATION AS FILED - PART I 

(Column 1) (Column 2) 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) 

0 BASIC FEE 
N/A N/A N/A 

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

□ SEARCH FEE 
N/A N/A N/A 

(37 CFR 1.16(k), (i), or (m)) 

□ EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A 

TOTAL CLAIMS * 
(37 CFR 1.16(i)) minus 20 = X $ = 

INDEPENDENT CLAIMS * 
(37 CFR 1.16(h)) minus 3 = X $ = 

If the specification and drawings exceed 100 sheets 

□APPLICATION SIZE FEE 
of paper, the application size fee due is $310 ($155 
for small entity) for each additional 50 sheets or 

(37 CFR 1.16(s)) 
fraction thereof. See 35 U.S.C. 41 (a)(1 )(G) and 37 
CFR 1.16(s). 

□ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 

APPLICATION AS AMENDED - PART II 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 

11/11/2016 
REMAINING NUMBER 

PRESENT EXTRA RATE($) ADDITIONAL FEE ($) f-- AFTER PREVIOUSLY 
z AMENDMENT PAID FOR 
w 

Total (37 CFR � 
1.16(i\\ 

• 32 Minus ** 26 = 6 X $80 = 480 
0 

Independent 
z * 2 Minus ***3 = 0 X $420 = 0 
w (37 CFR 1.16(hll 

� D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL ADD'L FEE 480 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER 

PRESENT EXTRA RATE($) ADDITIONAL FEE ($) 
AFTER PREVIOUSLY 

f-- AMENDMENT PAID FOR 

z Total (37 CFR 
* Minus ** = X $ = w 1.16(i)) 

� Independent 
* Minus *** = X $ = 

0 (37 CFR 1.16(h)) 

z D Application Size Fee (37 CFR 1.16(s)) w 
� 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( 

TOTAL ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 
LIE 

** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 
BRENDA HARRISON 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of information is required by 37 CFR 1.16 . 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 1.14. This collection is estimated to take 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the US PTO. 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. 
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 

United States Patent and Trademark Office 

Adiliess. COMMISSIO'JER FOR PATENTS 
PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION NUMBER FILING OR 3 71 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

15/216,244 07/21/2016 Martin U. Pralle 143705.05221 

CONFIRMATION NO. 5052 

PUBLICATION NOTICE 136549 
Pepper Hamilton LLP/SiOnyx LLC 

Attn: Boston IP Docketing Department 

125 High Street 
19th Floor 
Boston, MA 02110-2736 

Title:Pixel Isolation Elements, Devices and Associated Methods 

Publication No.US-2016-0329366-A 1 
Publication Date:11 /10/2016 

1 11111111 1111 111111111 11]�!1]i�1i�1i�u�1i Hm111 11111 11111 11111 1111 1111

NOTICE OF PUBLICATION OF APPLICATION 

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

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

The publication process established by the Office does not provide for mailing a copy of the publication to 
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth 

in 37 CFR 1.19(a)(1 ). Orders for copies of patent application publications are handled by the USPTO's Office of 
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382, 
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of 

Public Records, Alexandria, VA 22313-1450 or via the Internet. 

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

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

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

15/216,244 07/21/2016 

136549 7590 09/13/2016 

Pepper Hamilton LLP/Si0nyx LLC 
Attn: Boston IP Docketing Department 
125 High Street 
19th Floor 
Boston, MA 02110-2736 

FIRST NAMED INVENTOR 

Martin U. Pralle 

UNITED STATES DEPARTMENT OF COMMERCE 

United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

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

ATTORNEY DOCKET NO. CONFIRMATION NO. 

143705.05221 5052 

EXAMINER 

PHAM,LONG 

ART UNIT PAPER NUMBER 

2814 

NOTIFICATION DATE DELIVERY MODE 

09/13/2016 ELECTRONIC 

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. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

docketingbn@pepperlaw.com 
davisdr@pepperlaw.com 

PTOL-90A (Rev. 04/07) IPR2025-00845 
Apple-Sony EX1002 Page 279



Application No. 
15/216,244 

Applicant(s) 
PRALLE ET AL. 

Office Action Summary Examiner 
LONG PHAM 

Art Unit 
2814 

AIA (First Inventor to File) 
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. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 

earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )0 Responsive to communication(s) filed on __ . 

0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2a)O 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 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)1Zl Claim(s) 34-59 is/are pending in the application.

5a) Of the above claim(s) __ is/are withdrawn 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)1Zl Claim(s) 34-59 are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see

http:ilwww.usoto.gov/patents/init events/pph/index.isp or send an inquiry to PPHfeedback(wuspto.aov.

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 to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

Certified copies:

a)O All b)O Some** c)O None of the:

1.0 

2.0 

3.0 

Certified copies of the priority documents have been received. 

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

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) 0 Notice of References Cited (PTO-892)

2) 0 Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b)
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark 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./Mail Date 20160907 IPR2025-00845 
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Application/Control Number: 15/216,244 

Art Unit: 2814 

The present application is being examined under the pre-AIA 

first to invent provisions. 

DETAILED ACTION 

Election/ Restrictions 

This application contains claims directed to the following 

patentably distinct species: embodiment or species 1 of fig. 1, 

embodiment or species 2 of fig. 2, embodiment or species 3 of fig. 3, 

embodiment or species 4 of fig. 4, embodiment or species 5 of fig. 5, 

embodiment or species 6 of fig. 6, embodiment or species 7 of fig. 7. 

The species are independent or distinct because the patentability or 

unpatentability of one species does not necessarily imply the 

patentability or unpatentability of another species. In addition, 

these species are not obvious variants of each other based on the 

current record. 

Applicant is required under 35 U.S.C. 121 to elect a single 

disclosed species, or a single grouping of patentably indistinct species, 

for prosecution on the merits to which the claims shall be restricted if 

no generic claim is finally held to be allowable. Currently, no 

independent claim appears to be generic to other independent claims. 

There is a search and/or examination burden for the patentably 

distinct species as set forth above because at least the following 

Page 2 
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Application/Control Number: 15/216,244 

Art Unit: 2814 

reason(s) apply: The searches of the patentably distinct species 

are not co-extensive. 

Applicant is advised that the reply to this requirement to 

be complete must include (i) an election of a species to be 

examined even though the requirement may be traversed (37 CFR 

1.143) and (ii) identification of the claims encompassing the 

elected species or grouping of patentably indistinct species, 

including any claims subsequently added. An argument that a claim is 

allowable or that all claims are generic is considered nonresponsive 

unless accompanied by an election. 

The election may be made with or without traverse. To preserve 

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 election of species requirement, the election shall be treated as an 

election without traverse. Traversal must be presented at the time of 

election in order to be considered timely. Failure to timely traverse the 

requirement will result in the loss of right to petition under 37 CFR 

1.144. If claims are added after the election, applicant must indicate 

which of these claims are readable on the elected species or grouping 

of patentably indistinct species. 

Should applicant traverse on the ground that the species, or 

groupings of patentably indistinct species from which election is 
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Application/Control Number: 15/216,244 

Art Unit: 2814 

required, are not patentably distinct, applicant should submit evidence 

or identify such evidence now of record showing them 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 species 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 species. 

Upon the allowance of a generic claim, applicant will be entitled 

to consideration of claims to additional species which depend from or 

otherwise require all the limitations of an allowable generic claim as 

provided by 37 CFR 1.141.A telephone call was made to -- on -- to 

request an oral election to the above restriction requirement, but did 

not result in an election being made. 

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 
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Application/Control Number: 15/216,244 

Art Unit: 2814 

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 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. 

Any inquiry concerning this communication or earlier 

communications from the examiner should be directed to LONG PHAM 

whose telephone number is (571)272-1714. The examiner can 

normally be reached on Mon-Frid, 10am to 5pm. 

If attempts to reach the examiner by telephone are 

unsuccessful, the examiner's supervisor, Wael Fahmy can be reached 
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Application/Control Number: 15/216,244 

Art Unit: 2814 

on 571-272-1705. 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) 

Page 6 

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.

/LONG PHAM/ 

Primary Examiner, Art Unit 2814 

Long Pham 
Primary Examiner 

Art Unit 2814 
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Application/Control No. Applicant(s)/Patent Under 
Reexamination 

Index of Claims 15216244 PRALLE ET AL. 

Examiner Art Unit 

LONG PHAM 2814 

✓ Rejected Cancelled N Non-Elected A Appeal 

-

- Allowed Restricted Interference 0 Objected 

□ Claims renumbered in the same order as presented by applicant □ CPA □ T.D. □ R.1.47

CLAIM DATE 

Final Original 09/07/2016 
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1. 

UNITED STATES PATENT AND TRADEMARK OFFICE 

Pepper Hamilton LLP/SiOnyx LLC 
Attn: Boston IP Docketing Department 
125 High Street 
19th Floor 
Boston MA 02110-2736 

Decision Granting Request for 
Prioritized Examination 
(Track I or After RCEJ 

Commissioner for Patents 

� � [l [E /m Alexandria, �f2!��-;::� I 
United States Patent and Trademark Office 

lYJ www.uspto.gov 

AUG O 8 2016 

OFFICE OF PETITIONS

Doc Code: TRACK1 .GRANT 

Application No.: 15/216,244 

THE REQUEST FILED -�Ju=ly,._2=1�·=2�01�6� __ IS GRANTED.

The above-identified application has met the requirements for prioritized examination 
A. � for an original nonprovisional application (Track I).
B. D for an application undergoing continued examination (RCE).

2. The above-identified application will undergo prioritized examination. The application will be
accorded special status throughout its entire course of prosecution until one of the following occurs:

A. filing a petition for extension of time to extend the time period for filing a reply;

B. filing an amendment to amend the application to contain more than four independent

claims, more than thirty total claims, or a multiple dependent claim;

C. filing a request for continued examination:

D. filing a notice of appeal;

E. filing a request for suspension of action:

F. mailing of a notice of allowance;

G. mailing of a final Office action:

H. completion of examination as defined in 37 CFR 41.102; or

I. abandonment of the application.

Telephone inquiries with regard to this decision should be directed to Brian W. Brown at 571-272-5338. 

/Brian W. Brown/ 
[Signature] 

U.S. Patent and Trademark Office 
PT0-2298 (Rev. 02-2012) 

Petitions Examiner, Office of Petitions 
(Title) 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 15/216,244 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 
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is US 15/216,244 

Projected Publication Date: 11/10/2016 

Non-Publication Request: No 

Early Publication Request: No 
Title 
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patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
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For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 
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Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 

LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 

date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

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

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 

State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 

LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 

if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 

business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800.
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AMENDl\iIENTS TO SPECIFICATION 

Docket No.: 143705.05221 
Examiner: Not yet assigned 

Please amend the first paragraph following the heading "Priority Data" as follows: 

The present application claims priority as a continuation application to U.S. Patent 

Application No.14/747,875 filed on June 26, 2015, which this application is a continuation of 

U.S. Patent Application Serial No. 13/841, 120, filed on March 15, 2013, which claims the 

benefit of U.S. Provisional Patent Application Serial No. 61/614,275, filed on March 22, 2012, 

all eaeh of which are incorporated herein by reference. 
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AMENDMENTS TO THE CLAIMS 

Claims: 

1-33 (Cancelled)

34. (New) A light trapping device, comprising:

Docket No.: 143705.05221 
Examiner: Not yet assigned 

at least one light sensitive pixel having a light incident surface, a backside surface

opposite the light incident surface, and a peripheral sidewall extending at least partially

around the pixel periphery;

a backside light trapping material substantially covering the backside surface; and

a peripheral light trapping material substantially covering the peripheral sidewall,

wherein the peripheral light trapping material creates a surface field at the peripheral

sidewall.

35. (New) The device of claim 34, wherein the backside light trapping material reflects the

light incident thereon back into the pixel.

36. (New) The device of claim 34, wherein the peripheral light trapping material reflects

light incident thereon into the pixel.

37. (New) The device of claim 34, wherein the peripheral sidewall extends completely

around the pixel periphery.

38. (New) The device of claim 34, wherein the peripheral sidewall extends from the light

incident surface to the backside surface.

39. (New) The device of claim 34, wherein the peripheral sidewall extends through the pixel

substantially from the light incident surface to the backside surface.

40. (New) The device of claim 34, wherein at least one of the backside light trapping

material and the peripheral light trapping material comprises a metal layer.

41. (New) The device of claim 34, wherein said peripheral light trapping material comprises

an oxide.

42. (New) The device of claim 34, wherein said peripheral light trapping material provides a

passivating negative charge.

3 
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43. (New) The device of claim 34, wherein said peripheral light trapping material exhibits a

surface recombination velocity as low as 10 cm/s.

44. (New) The device of claim 34, wherein the peripheral sidewall material has an index of

refraction of less than about 2.1.

45. (New) The device of claim 34, wherein the peripheral light trapping material comprises

any of aluminum oxide and hafnium oxide.

46. (New) The device of claim 34, wherein said pixel comprises a textured region.

47. (New) The device of claim 46, wherein said textured region is coupled to the light

incident surface.

48. (New) The device of claim 47, wherein said textured region is located on said light

incident surface.

49. (New) The device of claim 47, wherein said textured region comprises a textured film

layer.

50. (New) The device of claim 49, wherein said textured film layer comprises any of silicon

dioxide, silicon nitride, amorphous silicon, polysilicon, a metal and combinations thereof.

51. (New) An array of light trapping pixel devices of claim 34.

52. (New) A light trapping device, comprising:

at least one light sensitive pixel having a light incident surface, a backside surface

opposite the light incident surface, and a peripheral sidewall extending at least partially

around the pixel periphery;

a backside light trapping material at least partially covering the backside surface;

a peripheral light trapping material substantially covering the peripheral sidewall; and

a textured region positioned to interact with light incident thereon so as to increase

quantum efficiency of the device.

53. (New) The device of claim 52, wherein said backside light trapping material

substantially covers the backside surface.

54. (New) The device of claim 52, wherein said textured region is located on the light

incident surface.

55. (New) The device of claim 52, wherein said textured region is a textured film layer

coupled to the light incident surface.
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56. (New) The device of claim 55, wherein said textured film layer comprises any of silicon

dioxide, silicon nitride, amorphous silicon, polysilicon, a metal and combinations thereof.

57. (New) The device of claim 52, wherein said textured region reflects at least a portion of

light internally incident thereon into the pixel.

58. (New) The device of claim 52, wherein the peripheral sidewall extends from the light

incident surface to the backside surface.

59. (New) The device of claim 34, wherein the peripheral sidewall extends through the pixel

substantially from the light incident surface to the backside surface.
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REMARKS 

Docket No.: 143705.05221 
Examiner: Not yet assigned 

Applicant respectfully requests that prior to the examination of the above-referenced 

patent application claims 1-33 be cancelled and claims 34-59 be added. Support for the new 

claims can be found throughout the application as filed, e.g. at pages 13 and 14 of the 

specification. 

The Director is authorized to charge any deficiency in the fees filed, asserted to be filed, 

or which should have been filed herewith ( or with any paper hereafter filed in this application by 

this firm) to our Deposit Account No. 50-0436, under Order No. 143705.05221. 

Dated: __ Ju_ly,.___2 l�,_ 2_0 _16 __ 

Respectfully submitted, 

Electronic Signature: /Reza Mollaaghababa/ 
Reza Mollaaghababa, Reg. No. 43,810 
Attorney for Applicants 
Pepper Hamilton LLP 
125 High Street 
19th Floor, High Street Tower 
Boston, MA 02210 
Tel: (617) 204-5168 
Fax: (617) 204-5150 
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PIXEL ISOLATION ELEMENTS, DEVICES, AND 

ASSOCIATED METHODS 

PRIORITY DATA 

5 This application is a continuation of U.S. Patent Application Serial No. 

13/841, 120, filed March 15, 2013, which claims the benefit of U.S. Provisional Patent 

Application Serial No. 61/614,275, filed on March 22, 2012, each of which are 

incorporated herein by reference. 

10 BACKGROUND 

Image sensors are typically formed on various forms of semiconductor materials 

such as, for example, silicon. Imagers can be incorporated into a variety of devices, 

including digital cameras, camcorders, computers, cell phones, etc. Due to the ever 

decreasing size (foot print) of these devices, image sensors have correspondingly seen a 

15 decrease in size. Backside illuminated (BSI) image sensors have increased in importance 

due to the small size of these imagers as compared to front side illuminated (FSI) image 

sensors. However, pixel size reduction can lead to a significant sacrifice in image 

quality. As pixel sizes continue to decrease, image signal to noise tends to decrease 

while electrical and optical cross-talk between adjacent sensor pixels tends to increase. 

20 Traditional attempts to reduce the impact of these effects have included adding 

microlenses above each image sensor in front side pixel sensors to focus the light on the 

active detector regions, thereby increasing efficiency and reducing cross-talk. Backside 

illuminated pixel sensors can present different design considerations. For example, 

significant cross-talk can be generated due to reflection off the often planar back surface 

25 of the device. 

SUMMARY 

The present disclosure provides for light trapping pixels, devices incorporating 

such pixels, photovoltaic solar cells, and other optoelectronic devices, including various 

30 associated methods. In one aspect, for example, a light trapping device can include at 

least one light sensitive pixel having a light incident surface, a backside surface opposite 
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the light incident surface, and a peripheral sidewall disposed into at least a portion of the 

pixel and extending at least substantially around the pixel periphery. The pixel can also 

include a backside light trapping material substantially covering the backside surface and 

a peripheral light trapping material substantially covering the peripheral sidewall. The 

5 light contacting the backside light trapping material or the peripheral light trapping 

material is thus reflected back toward the pixel. In another aspect, the present disclosure 

additionally provides an array of light trapping pixels. 

A variety oflight trapping materials can be utilized and are contemplated, and any 

such material capable of being used to trap light in a pixel is considered to be within the 

10 present scope. In one aspect, at least one of the backside light trapping material and the 

peripheral light trapping material can include a high refractive index material sandwiched 

between two low refractive index materials. In another aspect, the backside light 

trapping material and the peripheral light trapping material includes a high refractive 

index material sandwiched between two low refractive index materials. It is 

15 contemplated that the two low refractive index materials have a refractive index of less 

than about 2.1. Non-limiting examples of low refractive index material can include 

nitrides, oxynitrides, gasses, at least a partial vacuum, and the like, including appropriate 

combinations thereof. Other non-limiting examples of low refractive index materials can 

include silicon oxide, silicon nitride, silicon dioxide, and the like. Furthermore, in 

20 another aspect a light trapping material can include a higher refractive index material 

sandwiched between two materials having a refractive index that is at least 0.2 lower as 

compared to the higher refractive index material. In this case, the materials are not 

limited by the definition of low vs. high refractive index outlined above, but are rather 

defined by the relative difference in refractive index. 

25 Furthermore, it is contemplated that high refractive index materials have a 

refractive index of greater than or equal to about 2.1. Non-limiting examples of high 

refractive index material can include polycrystalline silicon, amorphous silicon, single 

crystal silicon, multicrystalline silicon, nanocrystalline silicon, germanium, and the like, 

including appropriate combinations thereof. 
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In one aspect, the peripheral sidewall can extend completely around the pixel 

periphery. In another aspect, the peripheral sidewall can extend from the light incident 

surface towards the backside surface. 

In some aspects it is also contemplated that the light incident surface can include a 

5 frontside light trapping material at least partially covering the surface thereof. In one 

aspect, the frontside light trapping material can be an antireflective layer coating. In 

another aspect, the frontside light trapping material can be a reflective layer having an 

aperture to allow entry of light into the pixel, wherein the reflective layer is operable to 

reflect light impinging thereupon from inside the pixel back into the pixel. In some 

10 aspects it can be beneficial to include a lens functionally coupled to the aperture and 

operable to focus incident light through the aperture and into the pixel. 

In another aspect the present disclosure additionally provides a substantially light 

trapping pixel device including a light sensitive pixel having a light incident surface, a 

backside surface opposite the light incident surface, and a peripheral sidewall extending 

15 from the light incident surface to the backside surface and extending around the pixel 

periphery. The pixel additionally includes a backside light trapping material substantially 

covering the backside surface, and a peripheral light trapping material substantially 

covering the peripheral sidewall. Furthermore, an internally reflective frontside light 

trapping material can cover at least a portion of the light incident surface that is operable 

20 to allow entrance of light into the pixel and is operable to reflect light impinging 

thereupon from inside the pixel back into the pixel, and the light contacting the backside 

light trapping material or the peripheral light trapping material is reflected back toward 

the pixel. 

In yet another aspect, the present disclosure provides a method of making a light 

25 trapping device, including forming at least one pixel by forming a backside light trapping 

material on a semiconductor layer, the backside light trapping material including a high 

refractive index material sandwiched between two low refractive index materials, and 

forming a pixel device layer on the semiconductor layer opposite the light trapping 

material. The method can additionally include etching a trench circumscribing the pixel 

30 device layer and filling the trench with a light trapping material. In some aspects, the 

trench can be etched to a depth that contacts at least the first low refractive index 
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material. In some aspects, an incident light trapping material can be applied to the pixel 

device layer. It is also noted that the light trapping material can be located anywhere in 

the backside region of the device, and that the current scope is not limited to the location 

of materials or the manufacturing method described above. 

5 In another aspect, filling the trench with the light trapping material can further 

include depositing a low refractive index material into the trench to fill a portion of the 

trench from the trench walls inward, ceasing deposition of the low refractive index 

material to leave an internal space within the trench, and depositing a high refractive 

index material into the trench to fill the internal space. 

In another aspect, the method can include forming a textured region on at least a 

portion of the semiconductor layer between the semiconductor layer and the first low 

refractive index prior to depositing the first low refractive index material onto the 

semiconductor layer. Non-limiting examples of techniques for forming the textured 

region include plasma etching, reactive ion etching, porous silicon etching, lasing, 

15 chemical etching, nanoimprinting, material deposition, selective epitaxial growth, the 

like, including appropriate combinations thereof. In one specific aspect, forming the 

textured region includes laser texturing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 For a further understanding of the nature and advantage of the present disclosure, 

reference is being made to the following detailed description of embodiments and in 

connection with the accompanying drawings, in which: 

FIG. I is a cross-sectional view of multiple image sensor pixels in accordance 

with an embodiment of the present disclosure; 

25 FIG. 2 is a cross-sectional view of multiple image sensor pixels in accordance 

with another embodiment of the present disclosure; 

FIG. 3 is a cross-sectional view of multiple image sensor pixels in accordance 

with another embodiment of the present disclosure; 

FIG. 4 is a cross-sectional view of a light trapping pixel in accordance with 

30 another embodiment of the present disclosure; 
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FIG. 5 is a cross-sectional view of a light trapping pixel in accordance with 

another embodiment of the present disclosure; 

FIG. 6 is a cross-sectional view of a light trapping pixel in accordance with 

another embodiment of the present disclosure; and 

5 FIG. 7 is a depiction of a method of making a light trapping pixel in accordance 

with yet another aspect of the present disclosure. 

DETAILED DESCRIPTION 

Before the present disclosure is described herein, it is to be understood that this 

10 disclosure is not limited to the particular structures, process steps, or materials disclosed 

herein, but is extended to equivalents thereof as would be recognized by those ordinarily 

skilled in the relevant arts. It should also be understood that terminology employed 

herein is used for the purpose of describing particular embodiments only and is not 

intended to be limiting. 

15 Definitions 

The following terminology will be used in accordance with the definitions set 

forth below. 

It should be noted that, as used in this specification and the appended claims, the 

singular forms "a," and, "the" include plural referents unless the context clearly dictates 

20 otherwise. Thus, for example, reference to "a dopant" includes one or more of such 

dopants and reference to "the layer" includes reference to one or more of such layers. 

As used herein, the terms "light" and "electromagnetic radiation" can be used 

interchangeably and can refer to electromagnetic radiation in the ultraviolet, visible, near 

infrared and infrared spectra. The terms can further more broadly include 

25 electromagnetic radiation such as radio waves, microwaves, x-rays, and gamma rays. 

Thus, the term "light" is not limited to electromagnetic radiation in the visible spectrum. 

Many examples of light described herein refer specifically to electromagnetic radiation in 

the visible and infrared (and/or near infrared) spectra. For purposes of this disclosure, 

visible range wavelengths are considered to be from approximately 350 nm to 800 nm 

30 and non-visible wavelengths are considered to be longer than about 800 nm or shorter 

than about 350 nm. Furthermore, the infrared spectrum is considered to include a near 
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infrared portion of the spectrum including wavelengths of approximately 800 to 1100 nm, 

a short wave infrared portion of the spectrum including wavelengths of approximately 

1100 nm to 3 micrometers, and a mid-to-long wavelength infrared ( or thermal infrared) 

portion of the spectrum including wavelengths greater than about 3 micrometers up to 

5 about 30 micrometers. These are generally and collectively referred to herein as 

"infrared" portions of the electromagnetic spectrum unless otherwise noted. 

As used herein, "quantum efficiency" (QE) is typically referring to "external 

quantum efficiency" (EQE) which is defined as the ratio of electrons collected per 

photons incident on an optoelectronic device. "Internal quantum efficiency" is defined as 

10 the ratio of electrons collected per photons absorbed by an optoelectronic device .. 

As used herein, the terms "3D" and "three dimensional" can be used 

interchangeably, and refer to obtaining distance information using electromagnetic 

radiation. 

As used herein, the terms "disordered surface" and "textured surface" can be used 

15 interchangeably, and refer to a surface having a topology with nano- to micron-sized 

surface variations. Such a surface topology can be formed by the irradiation of a laser 

pulse or laser pulses, chemical etching, wet or dry etching including masked or maskless 

etching, lithographic patterning, interference of multiple simultaneous laser pulses, 

reactive ion etching, plasma etching or any other technique that can be used to form such 

20 a topology. While the characteristics of such a surface can be variable depending on the 

materials and techniques employed, in one aspect such a surface can be several hundred 

nanometers thick and made up of nanocrystallites ( e.g. from about 10 to about 50 

nanometers), nanopores, and the like. In another aspect, such a surface can include 

micron-sized structures (e.g. about 1 µm to about 60 µm). In yet another aspect, the 

25 surface can include nano-sized and/or micron-sized structures from about 5 nm and about 

500 µm. A variety of criteria can be utilized to measure the size of such structures. For 

example, for cone-like structures the above ranges are intended to be measured from the 

peak of a structure to the valley formed between that structure and an adjacent 

neighboring structure. For structures such as nanopores, the above ranges are intended to 

30 be approximate diameters. Additionally, the surface structures can be spaced at various 

average distances from one another. In one aspect, neighboring structures can be spaced 
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at a distance of from about 50nm to about 50 µm. In another aspect, neighboring 

structures can be spaced at a distance of from about 50nm to about 2 µm. Such spacing is 

intended to be from a center point of one structure to the center point of a neighboring 

structure. 

5 As used herein, the term "fluence" refers to the amount of energy from a single 

pulse of laser radiation that passes through a unit area. In other words, "fluence" can be 

described as the energy density of one laser pulse. 

As used herein, the term "target region" refers to an area of a semiconductor 

material that is intended to be doped or surface modified. The target region of a 

10 semiconductor material can vary as the surface modifying process progresses. For 

example, after a first target region is doped or surface modified, a second target region 

may be selected on the same semiconductor material. 

15 

As used herein, the term "absorptance" refers to the fraction of incident 

electromagnetic radiation absorbed by a material or device. 

As used herein, the term "monolithic" refers to an electronic device in which 

electronic components are formed on the same substrate. For example, two monolithic 

pixel elements are pixel elements that are formed on the same semiconductor substrate. 

As used herein, the term "substantially" refers to the complete or nearly 

complete extent or degree of an action, characteristic, property, state, structure, item, or 

20 result. For example, an object that is "substantially" enclosed would mean that the object 

is either completely enclosed or nearly completely enclosed. The exact allowable degree 

of deviation from absolute completeness may in some cases depend on the specific 

context. However, generally speaking the nearness of completion will be so as to have 

the same overall result as if absolute and total completion were obtained. The use 

25 of "substantially" is equally applicable when used in a negative connotation to refer to 

the complete or near complete lack of an action, characteristic, property, state, structure, 

item, or result. For example, a composition that is "substantially free of' particles would 

either completely lack particles, or so nearly completely lack particles that the effect 

would be the same as if it completely lacked particles. In other words, a composition that 

30 is "substantially free of' an ingredient or element may still actually contain such item as 

long as there is no measurable effect thereof. 
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As used herein, the term "about" is used to provide flexibility to a numerical 

range endpoint by providing that a given value may be "a little above" or "a little below" 

the endpoint. 

As used herein, a plurality of items, structural elements, compositional elements, 

5 and/or materials may be presented in a common list for convenience. However, these 

lists should be construed as though each member of the list is individually identified as a 

separate and unique member. Thus, no individual member of such list should be 

construed as a de facto equivalent of any other member of the same list solely based on 

their presentation in a common group without indications to the contrary. 

10 Concentrations, amounts, and other numerical data may be expressed or presented 

herein in a range format. It is to be understood that such a range format is used merely 

for convenience and brevity and thus should be interpreted flexibly to include not only 

the numerical values explicitly recited as the limits of the range, but also to include all the 

individual numerical values or sub-ranges encompassed within that range as if each 

15 numerical value and sub-range is explicitly recited. As an illustration, a numerical range 

of "about 1 to about 5" should be interpreted to include not only the explicitly recited 

values of about 1 to about 5, but also include individual values and sub-ranges within the 

indicated range. Thus, included in this numerical range are individual values such as 2, 

3, and 4 and sub-ranges such as from 1-3, from 2-4, and from 3-5, etc., as well as 1, 2, 3, 

20 4, and 5, individually. 

25 

This same principle applies to ranges reciting only one numerical value as a 

minimum or a maximum. Furthermore, such an interpretation should apply regardless of 

the breadth of the range or the characteristics being described. 

The Disclosure 

The present disclosure provides semiconductor devices and associated methods 

that can exhibit various enhanced properties, such as, for example, enhanced light 

detection properties. More specifically, in one aspect the disclosure relates to image 

sensor pixels and elements for trapping light within such pixels. In other aspects, various 

30 light trapping elements can additionally isolate neighboring pixels in an image sensor. 

Isolation elements can be configured to optically and/or electrically isolate neighboring 
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pixels from one another in addition to trapping light with in the pixel. It is additionally 

contemplated that the present disclosure is applicable to other optoelectronic devices such 

as solar cells, and that all such should be included in the present scope. 

In various aspects, image sensors can be front side or backside illuminated, 3D 

5 sensors, or any other device or system that incorporate a unique isolation element 

configured to reduce cross-talk between pixel elements. For example, in one aspect an 

image sensor can be capable of detecting visible and infrared light, whereas an isolation 

element associated with such an imager can be designed and configured to reduce and in 

some cases eliminate electrical and/or optical cross-talk between neighboring pixels from 

10 straying visible and infrared light. In some cases, isolation elements can be doped with a 

dopant that enables the repelling of electrical carriers from the isolation elements or in 

other words from the side walls of the device. In other cases, isolation elements can 

include light trapping or reflective materials to optically isolate neighboring pixels. It is 

additionally contemplated that isolation elements can include both a dopant and a light 

15 trapping or reflective material to both electrically and optically isolate the pixels. 

Moreover, isolation elements can also include surface features formed thereon or 

associated therewith. Additionally, in some cases a pixel can include a textured region to 

enhance the detection of infrared light among other things. 

In one aspect, a variety of optoelectronic devices are provided such as, without 

20 limitation, photosensitive diodes, pixels, and imagers capable of detecting visible and 

infrared light while exhibiting reduced optical and electrical cross-talk between 

neighboring pixels or diodes. It is also contemplated that the present scope include 

methods associated with such devices, including methods of making and using. The 

present devices can additionally exhibit enhanced absorption and quantum efficiencies. 

25 Such devices can also include a plurality of photodiodes or pixels. In some cases, the 

present devices can achieve a quantum efficiency of 10% for wavelengths at 1064nm and 

having a thickness of less than IO microns. In another embodiment, the present device 

can achieve a quantum efficiency of about 20% for wavelengths at 940nm and a 

thickness of less than IO microns. 

30 In one aspect, a device can include at least a semiconductor substrate having a 

first side for receiving incident light and a second side opposite the first side. Either or 
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both the first or second sides can include at least one doped region. Furthermore, the 

image sensor can include at least one isolation element or feature for at least partially 

separating and isolating neighboring pixels. FIG. 1 illustrates a simplified drawing of an 

imager having a first pixel 102 and a second pixel 104, that are formed monolithically on 

5 a common semiconductor substrate 106 and are isolated from one another by an isolation 

element 114. Doped regions 108 and 110 can be disposed on either the first side 120 or 

second side 122 of the semiconductor substrate, or in some cases on opposite sides of the 

device. In the present figure, the device is configured such that the first side is capable of 

receiving incident light. A textured region 112 having surface features is shown on the 

10 second side 122 of the semiconductor substrate 106. This architecture having the texture 

region 112 on the back side 122 can enable enhanced detection and absorption of 

electromagnetic radiation having wavelengths in the range of about 600 nm to about 1200 

nm. It should be noted that this architecture can be used in either a FSI or BSI image 

sensor architecture. Furthermore, the textured region can be located on the first side 120, 

15 the second side 122, or both the first and second sides. 

In a typical FSI imager, incident light enters the semiconductor device by first 

passing by transistors and metal circuitry. The light, however, scatters off of the 

transistors and circuitry prior to entering the light sensing portion of the imager, thus 

causing optical loss and noise. A lens can be disposed on the topside of a FSI pixel to 

20 direct and focus the incident light to the light sensing active region of the device, thus 

partially avoiding the circuitry. BSI imagers, one the other hand, are configured to have 

the light sensing portion of the device opposite the circuitry. Incident light enters the 

device via the light sensing portion and is at least partially absorbed by the device prior to 

reaching the circuitry. BSI designs allow for smaller pixel architecture and a high fill 

25 factor for the imager. As mentioned, the devices according to aspects of the present 

disclosure can be adapted for either configuration. It should also be understood that 

devices according to aspects of the present disclosure can be incorporated into 

complimentary metal-oxide-semiconductor (CMOS) imager architectures or charge­

coupled device (CCD) imager architectures, as well as other optoelectronic devices. 

30 Regarding isolation elements, also referred to herein as trench isolation features or 

sidewalls, various processes can be employed to form the isolation elements. It is 
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contemplated that the isolation features can extend from either the first surface or the 

second surface into the semiconductor material and depending on the depth of the trench 

can be considered either deep trench isolation or shallow trench isolation. The 

dimensions of the trench can vary, depending on the application. For example, trenches 

5 can have parallel walls, or they can have sloping walls, bottle neck architecture, or any 

other useful configuration. The depth of the trench isolation feature can be in the range of 

from about 100 nm to about 50 µm depending on the design of the device. The width can 

be in the range of from about 100 nm to about 10 µm. For simplicity, the figures in this 

disclosure show deep trench isolation but it should be understood that shallow trench 

10 isolation architectures can be utilized, and that deep trench isolation need not completely 

extend from one side to the other. The processes contemplated for forming trenches or 

other isolation features can include, reactive ion etch, isotropic plasma etch, wet chemical 

etch, laser irradiation, or any other known etch technique. 

A variety of reflective materials can be utilized in constructing the isolation 

15 features in order to provide optical isolation, light trapping, and/or electrical isolation, 

and any such material capable of incorporation into a photosensitive device is considered 

to be within the present scope. Non-limiting examples of such materials include a Bragg 

reflector, a metal reflector, a metal reflector over a dielectric material, a transparent 

conductive oxide such as zinc oxide, indium oxide, or tin oxide, and the like, including 

20 combinations thereof. Non-limiting examples of metal reflector materials can include 

silver, aluminum, gold, platinum, reflective metal nitrides, reflective metal oxides, and 

the like, including combinations thereof. In one specific aspect, the dielectric layer can 

include an oxide layer and the reflecting region can include a metal layer. The surface of 

the metal layer on an oxide acts as a mirror-like reflector for the incident electromagnetic 

25 radiation. In addition, in some aspects trench isolation features can be doped to further 

affect the properties of the material with respect to electrical isolation. 

In one specific aspect, a reflective region can include a transparent conductive 

oxide, an oxide, and a metal layer. The transparent oxide can be textured and a metal 

reflector deposited thereupon. The textured surface of the metal on a roughened 

30 transparent conductive oxide can act as a diffusive scattering site for the incident 

electromagnetic radiation. 
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In some cases, materials having disparate properties can be utilized in the trench 

isolation features in order to derive a useful combined interaction. As is shown in FIG. 2, 

for example, an imager having at least two pixels or photodiodes (202 and 204) and at 

least one isolation element 214. The pixels are shown formed monolithically on a 

5 common semiconductor substrate 206. Doped regions 208 and 210 can be disposed on 

either the first side 220 or second side 222 of the semiconductor substrate. A textured 

region 212 having surface features is created on the second side 222 of the semiconductor 

substrate 206. 

In some aspects, the isolation element 214 can be designed to function as a Bragg 

10 reflector. In such cases, the isolation element 214 includes at least two layers 216 

comprised of material having a lower refractive index (n) as compared to the material of 

the third layer 218 disposed or sandwiched therebetween. In other words, the isolation 

element includes a high refractive index material sandwiched between two low refractive 

index materials, and such a configuration forms a Bragg reflector. Additionally, in some 

15 aspects the low reflective index materials can be chosen to have a lower refractive index 

as compared to the semiconductor substrate 206. 

Furthermore, in another aspect an isolation element or light trapping material can 

include a higher refractive index material sandwiched between two materials having a 

refractive index that is at least 0.2 lower as compared to the higher refractive index 

20 material. In this case, the materials are not limited by the definition of low vs. high 

refractive index outlined below, but are rather defined by the relative difference in 

refractive index. For example, in one aspect a light trapping material can include silicon 

dioxide/silicon nitride/silicon dioxide, each material of which would be considered to be 

a low refractive index material. There is, however, a greater than 0.2 difference in the 

25 refractive indexes between silicon dioxide and silicon nitride, and thus such an isolation 

element would be included within the present scope. It is also noted that the light 

trapping material can have greater than three layers. As one non-limiting example, a 

material can have silicon dioxide/silicon nitride/polysilicon/silicon nitride/silicon dioxide. 

As has been described, in some aspects a Bragg reflector can be utilized as an 

30 isolation element to trap electromagnetic radiation within the pixel. A Bragg reflector is 

a structure formed from multiple layers of alternating materials with varying refractive 
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indexes, or by a periodic variation of some characteristic ( e.g. height) of a dielectric 

waveguide, resulting in periodic variation in the effective refractive index in the guide. 

Each layer boundary causes a partial reflection of an optical wave. For waves whose 

wavelength is close to four times the optical thickness of the layers, the many reflections 

5 combine with constructive interference, and the layers act as a high-quality reflector. 

Thus the coherent super-positioning of reflected and transmitted light from multiple 

interfaces in the structure interfere so as to provide the desired reflective, transmissive, 

and absorptive behavior. In one aspect, a Bragg reflector can be made as in FIG. 2, 

whereby a high refractive index material sandwiched between two low refractive index 

10 materials. In one specific aspect, for example, the Bragg reflector can be constructed of a 

layer of polysilicon sandwiched between two layers of silicon dioxide. Because of the 

high refractive index difference between silicon and silicon dioxide, and the thickness of 

these layers, this structure can be fairly low loss even in regions where bulk silicon 

absorbs appreciably. Additionally, because of the large refractive index difference, the 

15 optical thickness of the entire layer set can be thinner, resulting in a broader-band 

behavior and fewer fabrications steps. 

In terms of optical isolation from pixel to pixel, the large index of refraction 

mismatch can result in total reflection at the trench side walls. To prevent excessive dark 

current in the pixels, a passivation layer may be disposed on the side walls of the trench 

20 to prevent the generation of carriers and leakage current. Silicon nitride deposited over a 

thin grown oxide layer is also commonly used, in this case the oxide may be a low 

temperature grown plasma oxide. 

It can be shown through calculations that a low recombination velocity of silicon 

oxide and silicon nitride is the result of moderately high positive oxide charge (5xl0
11 

to 

25 lxl0
12 

cm-
2

) and relatively low midgap interface state density (lxl0
10 to 4xl0

10 cm·
2 

eV"

1
). The addition of silicon oxide or nitride can reduce surface recombination and surface 

generation. Reducing the surface recombination can increase quantum efficiency of 

photon collection and surface generation can cause excessive dark current in the imagers 

thereby reducing the quality of the image. 

30 Since the positive oxide charge of silicon nitride or silicon oxynitride is relatively 

low on silicon on insulator imagers a p-type layer can be adjacent the silicon oxide, 
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silicon oxynitride and/or silicon nitride layers as an alternative embodiment. In this case 

the p-type layer will accumulate the surface or the backside of the p-type silicon layer 

and p-type sidewalls. 

Other possible passivation techniques include a hot steam anneal of hydrogenated 

5 silicon nitride or the use of amorphous silicon. 

Aluminum oxide can also be deposited in the trench to form an isolating barrier. 

Aluminum oxide can have low stress, a negative fixed charge and higher index of 

refraction than silicon oxide or low stress silicon oxynitride nitride. Low surface 

recombination velocities, as low as IO cm/s can be obtained through various deposition 

10 processes of AhO3 layers on the silicon substrate. Low surface recombination can be 

achieved by field induced surface passivation due to a high density of negative charges 

stored at the interface. PECVD aluminum oxide is described here for the backside 

passivation of the backside and backside trenches in backside illuminated image sensors. 

The index of refraction of the aluminum oxide can be increased slightly as 

15 required by the addition of other metallic elements to make ternary insulators like 

Aluminum Oxynitride (AlON), Hafnium Aluminum Oxide (HfAlO), Zirconium 

Aluminum Oxide (ZrAlO), Lanthanum Aluminum Oxide (LaAlO), Titanium Aluminum 

Oxide (TiAlO) or quaternary dielectrics like Hafnium Aluminum Oxynitride (HfAlON), 

Tantalum Aluminum Oxynitride (TaAlON), Lanthanum Aluminum Oxynitride 

20 (LaAlON). 

Low temperature PECVD deposition processes are contemplated for the backside 

passivation of the backside and backside trenches in backside illuminated image sensors. 

As previously mentioned the large index of refraction mismatch between silicon and the 

insulators in the trenches results in reflection of the incident light and provides optical 

25 isolation. The trenches also provide electrical isolation. Additionally, it can also be 

beneficial to dope the sidewalls to create a surface field that will improve electrical 

isolation between the pixels. In one aspect, it can also be beneficial to dope the low 

refractive index material of the Bragg-type reflectors to increase such electrical isolation. 

Returning to FIG. 2, layers the silicon oxide and polysilicon can optically and 

30 electrically isolate the adjacent pixels, as well as function to trap light within the pixel. 

While any thicknesses capable of forming such a reflector are considered to be within the 
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present scope, layer 216 can have a thickness in the range of from about 50 nm to about 

500 nm. Layer 118 can have a thickness in the range of from about 5 nm to about 100 

nm. Thus, the difference in refractive indexes and thickness can determine the intensity 

of the internal reflection of electromagnetic radiation. Notably, other materials such as 

5 metals, as well as other material not listed herein can be used to increase internal 

reflection of the light. 

It is noted that, for the purposes of the present disclosure, in one aspect a low 

refractive index material can have a refractive index of less than about 2.1. In the case of 

the sandwiched materials, the two low refractive index materials can be the same or 

10 different materials having a refractive index of less than about 2.1. Non-limiting 

examples of low refractive index materials can include oxides, nitrides, oxynitrides, 

gasses, at least a partial vacuums, and the like, including appropriate combinations 

thereof. Non-limiting specific examples of such materials can include silicon oxide, 

silicon nitride, silicon oxynitride, and the like, including combinations thereof. 

15 Additionally, a high K dielectric material can also make a suitable low reflective index 

material due to their low refractive index properties and good dielectric properties, and as 

such, are considered to be within the present scope. One example is Hafnium oxide, 

which has a refractive index of about 1.9. Other examples of high K dielectrics include 

hafnium silicate, zirconium silicate, zirconium dioxide, and the like. 

20 Additionally, in another aspect a high refractive index material can include a 

material having a refractive index of greater than or equal to about 2.1. Thus, in the case 

of the sandwiched materials, the high refractive index material disposed between the low 

refractive index materials has a refractive index of about 2.1 or greater. Non-limiting 

examples of high refractive index materials can include polycrystalline silicon, 

25 amorphous silicon, single crystal silicon, multicrystalline silicon, nanocrystalline silicon, 

germanium, and the like, including appropriate combinations thereof. 

In still another aspect of the present disclosure, a photosensitive imager having at 

least two pixels (302 and 304) and at least one trench isolation region 314 is shown in 

FIG. 3. The pixels can include a semiconductor substrate 306, having a first and second 

30 surface, 320 and 322 respectively; at least two doped regions 308 and 310, and a textured 

region 312 formed at least on the opposite side of the light incident surface (i.e. the 
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second side 322). The textured region 312 can have surface features configured to reflect 

and disperse light. Further, the sidewalls can include a texture region 312 to increase the 

internal reflections of light. Regarding the isolation element 314 in FIG. 3, the isolation 

element can include several layers of materials that can passivate the sidewalls and each 

5 have a different index of refraction, as was described in FIG. 2. Further, a textured 

region 312 can be formed on the side walls of the isolation element(s) 314. 

The present disclosure additionally provides pixels and imager devices, including 

imager arrays, which trap light therewithin. In one aspect as is shown in FIG. 4, for 

example, a light trapping pixel device can include a light sensitive pixel or device 402 

10 having a light incident surface 420, a backside surface 422 opposite the light incident 

surface 420, and a peripheral sidewall 424 disposed into at least a portion of the pixel 402 

and extending at least substantially around the pixel periphery. It is noted that the pixel 

sidewall is also known as a trench. The pixel can also include a backside light trapping 

material 426 substantially covering, partially covering, or completely covering the 

15 backside surface 422. A peripheral light trapping material 428 can be substantially 

covering, partially covering, or completely covering the peripheral sidewall 424. As 

such, light contacting the backside light trapping material 426 or the peripheral light 

trapping material 428 is reflected back toward the pixel 402. Also shown in FIG. 4 are at 

least two doped regions 408 and 410 and an optional textured region 412. It is noted that, 

20 in addition to a single pixel as shown, pixel arrays are also contemplated and are to be 

included in the present scope. 

The light trapping materials of FIG. 4 can be as described above, either single or 

multiple layer structures. In one aspect, for example, at least one of the backside light 

trapping material 426 and the peripheral light trapping material 428 includes a high 

25 refractive index material sandwiched between two low refractive index materials. In 

another aspect, the backside light trapping material 426 and the peripheral light trapping 

material 428 includes a high refractive index material sandwiched between two low 

refractive index materials. It is noted that these light trapping materials are shown in 

FIG. 4 as a single layer for clarity, and that multiple layers are contemplated. 

30 Furthermore, the peripheral sidewall can extend for a portion, a substantial portion, or 

completely around the pixel periphery. Additionally, as has been described herein, the 
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peripheral sidewall can extend partially into the pixel, substantially through the pixel, or 

completely through the pixel to the backside surface. Thus, both deep and shallow 

trenches are contemplated. 

In another aspect, as is shown in FIG. 5, a pixel 502 can include a frontside light 

5 trapping material 530 that at least partially covers, substantially covers, or completely 

covers the light incident surface 520. The frontside light trapping material 530 can be 

multiple layer of materials have a variety of properties and uses, including passivation, 

antireflection, light trapping, and the like, including combinations thereof. Note that 

numerical indicators in FIG. 5 from previous figures are intended to reflect the previous 

10 descriptions for those elements, and as such, reference is made to FIG. 4. 

In another aspect, as is shown in FIG. 6, a pixel 602 can include a frontside light 

trapping material 632 associated with the light incident surface 620 that is an internal 

reflective layer having an aperture 634 to allow entry of light 690 into the pixel 602. The 

frontside light trapping material 632 is thus operable to reflect light impinging thereupon 

15 from inside the pixel 602 back into the pixel. Additionally, in some aspects a lens 636 

can be functionally coupled to the aperture 634 to focus incident light 690 through the 

aperture 634 and into the pixel 602. The effective surface area of the aperture compared 

to the frontside surface area of the pixel can vary depending on the design of the device 

and the presence, absence, or particular properties of a lens. In one aspect, however, the 

20 aperture can be large enough to accept and trap incoming light to a degree that increases 

the efficiency of the pixel. In one specific aspect, the aperture has an effective surface 

area of less than about 90% of the incident light surface total surface area. It is noted that 

various elements such as the doped regions and the optional textured layer are not shown 

in FIG. 6 for clarity. Furthermore, numerical indicators in FIG. 6 from previous figures 

25 are intended to reflect the previous descriptions for those elements, and as such, reference 

is made to FIG. 4. 

The frontside light trapping material can be made of a variety of materials 

including metals as have been described herein with respect to other light trapping 

materials. As such, any material that can be applied to the light incident surface and that 

30 is internally reflective toward the inside of the pixel is considered to be within the present 

scope. Thus, the aforementioned pixel is reflective on 6 internal sides, and as such, light 
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entering the pixel that is not absorbed will interact with and be reflected internally be 

either the backside, peripheral sidewall, or frontside light trapping materials. Light is 

thus effectively maintained inside the pixel until it is absorbed. 

In another aspect of the present disclosure, a method of making a light trapping 

5 pixel device is provided. Such a method can include, as is shown in FIG. 7, 702 forming 

a pixel by: 704 forming a backside light trapping material on a semiconductor layer, the 

backside light trapping material including a high refractive index material sandwiched 

between two low refractive index materials, and 706 forming a pixel device layer on the 

semiconductor layer opposite the light trapping material. The method can additionally 

10 include 708 etching a trench circumscribing the pixel device layer and 710 filling the 

trench with a light trapping material. Further details regarding the wafer bonding and 

wafer-bonded structures described can be found in copending US Application Serial No. 

13/069, 135, filed on March 22, 2011, which is incorporated herein by reference. 

The formation of the backside light trapping material can be accomplished by a 

15 variety of techniques, all of which are considered to be within the present scope. In one 

aspect, for example, depositing a first low refractive index material onto the 

semiconductor layer, bonding the first low refractive index material to a high refractive 

index material having a second low refractive index material coupled thereto such that 

the high refractive index material is sandwiched in between the first and second low 

20 refractive index materials. In some cases the second low refractive index material can be 

coupled to a carrier wafer. In another aspect, the first low refractive index can be 

deposited onto the semiconductor layer followed by deposition of the high refractive 

index material and then the second low refractive index material. In another aspect, the 

layered structure can be formed on a carrier wafer, and the outermost low refractive index 

25 material can then be bonded to the semiconductor layer. The carrier wafer can then be 

optionally removed. In yet another aspect, the first refractive index material can be 

deposited onto the semiconductor layer, the second refractive index material can be 

deposited onto a carrier wafer, and the high refractive index material can be deposited 

onto either the first or second refractive index material, followed by bonding of the 

30 structure together. 
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As has been described, the trench can be a shallow trench or a deep trench. In one 

aspect, however, etching the trench circumscribing the pixel device layer can further 

include etching the trench to a depth that contacts at least the first low refractive index 

material. Furthermore, the method can also include applying an incident light trapping 

5 material to the pixel device layer. 

In some aspects the various trenches can be filled with a material, or they can be 

gas filled or have a partial vacuum applied thereto. For those aspects whereby the 

trenches will be filled in with a non-gas material, a variety of deposition techniques are 

contemplated and all are considered to be within the present scope. In one aspect, 

10 however, the trench can be filled with a high refractive index material and a low 

refractive index material in a sandwich structure as has been described. In one exemplary 

technique, the filling of the trench with such light trapping material can include 

depositing a low refractive index material into the trench to fill a portion of the trench 

from the trench walls inward, ceasing deposition of the low refractive index material to 

15 leave an internal space within the trench, and depositing a high refractive index material 

into the trench to fill the internal space. As such, the sandwiched layer of low-high-low 

refractive index materials is thus created in the trench. 

In another aspect, the method can also include forming a textured region on at 

least a portion of the semiconductor layer between the semiconductor layer and the first 

20 low refractive index prior to depositing the first low refractive index material onto the 

semiconductor layer. Non-limiting examples of texture formation techniques can include 

plasma etching, reactive ion etching, porous silicon etching, lasing, chemical etching, 

nanoimprinting, material deposition, selective epitaxial growth, and combinations 

thereof. In one specific aspect, the textured region includes laser texturing. 

25 A device design having a textured region located on, for example, the back 

surface of a photodetector, provides significant performance benefits. The textured 

region can have surface features that can lead to higher recombination of photocarriers 

for short wavelengths (e.g. in the blue green part of the spectrum) due to the very shallow 

penetration of those wavelengths into the detecting volume of the device. By physically 

30 locating the textured on the back surface of the device, a pristine surface is provided for 

the collection of short wavelengths on the top surface (i.e. the light incident surface), and 
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the longer wavelengths that penetrate deep into or through the detecting region of the 

semiconductor material are collected by or with the help of the textured region opposite 

the light incident surface. 

The textured region can be of various thicknesses, depending on the desired use of 

5 the material. In one aspect, for example, the textured region has a thickness of from 

about 500 nm to about I 00 µm. In another aspect, the textured region has a thickness of 

from about 500 nm to about 15 µm. In yet another aspect, the textured region has a 

thickness of from about 500 nm to about 2 µm. In a further aspect, the textured region 

has a thickness of from about 500 nm to about I µm. In another aspect, the textured 

10 region has a thickness of from about 200 nm to about 2 µm. 

The textured region can function to diffuse electromagnetic radiation, to redirect 

electromagnetic radiation, and/or to absorb electromagnetic radiation, thus increasing the 

quantum efficiency of the device. The textured region can include surface features to 

further increase the effective absorption length of the device. Non-limiting examples of 

15 shapes and configurations of surface features include cones, pillars, pyramids, 

micolenses, quantum dots, inverted features, gratings, protrusions, sphere-like structures, 

and the like, including combinations thereof. Additionally, surface features can be 

micron-sized, nano-sized, or a combination thereof. For example, cones, pyramids, 

protrusions, and the like can have an average height within this range. In one aspect, the 

20 average height would be from the base of the feature to the distal tip of the feature. In 

another aspect, the average height would be from the surface plane upon which the 

feature was created to the distal tips of the feature. In one specific aspect, a feature (e.g. a 

cone) can have a height of from about 50 nm to about 2 µm. As another example, 

quantum dots, microlenses, and the like can have an average diameter within the micron-

25 sized and/or nano-sized range. 

In addition to or instead of surface features, the textured region can include a 

textured film layer. In one aspect, for example, the textured region can include a 

substantially conformal textured film layer. Such a textured film layer can have an 

average thickness of from about I nm to about 20 µm. In those aspects where the 

30 textured region includes surface features, the conformal textured film layer can have a 

varying thickness relative to the location on the surface features upon which is deposited. 
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In the case of cones, for example, the conformal textured film layer can become thinner 

toward the tips of the cones. Such a conformal film layer can include various materials, 

including, without limitation, SiO2, Si3N4, amorphous silicon, polysilicon, a metal or 

metals, and the like, including combinations thereof. The conformal textured film layer 

5 can also be one or more layers of the same or different materials, and can be formed 

during the creation of surface features or in a separate process. 

Textured regions according to aspects of the present disclosure can allow a 

photosensitive device to experience multiple passes of incident electromagnetic radiation 

within the device, particularly at longer wavelengths (i.e. infrared). Such internal 

10 reflection increases the effective absorption length to be greater than the thickness of the 

semiconductor layer. This increase in absorption length increases the quantum efficiency 

of the device, leading to an improved signal to noise ratio. 

The texturing process can texture the entire substrate to be processed or only a 

portion of the substrate. In one aspect, for example, a substrate such as the 

15 semiconductor layer can be textured and patterned by an appropriate technique over an 

entire surface to form the texture region. In another aspect, a substrate such as the 

semiconductor layer can be textured and patterned across only a portion of a surface by 

using a selective etching technique, such as a mask, photolithography, and an etch or a 

laser process to define a specific structure or pattern. 

20 In addition to surface features, the textured region can have a surface morphology 

that is designed to focus or otherwise direct electromagnetic radiation. For example, in 

one aspect the textured region has a surface morphology operable to direct 

electromagnetic radiation into the semiconductor layer. Non-limiting examples of 

various surface morphologies include sloping, pyramidal, inverted pyramidal, spherical, 

25 square, rectangular, parabolic, asymmetric, symmetric, and the like, including 

combinations thereof. 

The textured region, including surface features as well as surface morphologies, 

can be formed by various techniques, including plasma etching, reactive ion etching, 

porous silicon etching, lasing, chemical etching ( e.g. anisotropic etching, isotropic 

30 etching), nanoimprinting, material deposition, selective epitaxial growth, and the like. 
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One effective method of producing a textured region is through laser processing. 

Such laser processing allows discrete target areas of a substrate to be textured, as well as 

entire surfaces. A variety of techniques oflaser processing to form a textured region are 

contemplated, and any technique capable of forming such a region should be considered 

5 to be within the present scope. Laser treatment or processing can allow, among other 

things, enhanced absorption properties and thus increased electromagnetic radiation 

focusing and detection. 

In one aspect, for example, a target region of the substrate to be textured can be 

irradiated with laser radiation to form a textured region. Examples of such processing 

10 have been described in further detail in U.S. Patents 7,057,256, 7,354,792 and 7,442,629, 

which are incorporated herein by reference in their entireties. Briefly, a surface of a 

substrate material is irradiated with laser radiation to form a textured or surface modified 

region. Such laser processing can occur with or without a dopant material. In those 

aspects whereby a dopant is used, the laser can passed through a dopant carrier and onto 

15 the substrate surface. In this way, dopant from the dopant carrier is introduced into the 

target region of the substrate material. Such a region incorporated into a substrate 

material can have various benefits in accordance with aspects of the present disclosure. 

For example, the textured region typically has a textured surface that increases the 

surface area and increases the probability of radiation absorption. In one aspect, such a 

20 textured region is a substantially textured surface including micron-sized and/or nano­

sized surface features that have been generated by the laser texturing. In another aspect, 

irradiating the surface of a substrate material includes exposing the laser radiation to a 

dopant such that irradiation incorporates the dopant into the substrate. Various dopant 

materials are known in the art, and are discussed in more detail herein. 

25 Thus the surface of the substrate at the target region is thus chemically and/or 

structurally altered by the laser treatment, which may, in some aspects, result in the 

formation of surface features appearing as structures or patterned areas on the surface 

and, if a dopant is used, the incorporation of such dopants into the substrate material. In 

some aspects, the features or structures can be on the order of 50 nm to 20 µm in size and 

30 can assist in the absorption of electromagnetic radiation. In other words, the textured 

surface can increase the probability of incident radiation being absorbed. 
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A variety of semiconductor materials are contemplated for use with the pixel 

devices and methods according to aspects of the present disclosure. Such materials can 

be utilized as the semiconductor layer and/or the semiconductor substrate, as well as for 

the secondary semiconductor layer and the epitaxially grown semiconductor layer. Non-

5 limiting examples of such semiconductor materials can include group IV materials, 

compounds and alloys comprised of materials from groups II and VI, compounds and 

alloys comprised of materials from groups III and V, and combinations thereof. More 

specifically, exemplary group IV materials can include silicon, carbon (e.g. diamond), 

germanium, and combinations thereof. Various exemplary combinations of group IV 

10 materials can include silicon carbide (SiC) and silicon germanium (SiGe). In one specific 

aspect, the semiconductor material can be or include silicon. Exemplary silicon materials 

can include amorphous silicon (a-Si), microcrystalline silicon, multicrystalline silicon, 

and monocrystalline silicon, as well as other crystal types. In another aspect, the 

semiconductor material can include at least one of silicon, carbon, germanium, aluminum 

15 nitride, gallium nitride, indium gallium arsenide, aluminum gallium arsenide, and 

combinations thereof. 

Exemplary combinations of group II-VI materials can include cadmium selenide 

(CdSe), cadmium sulfide (CdS), cadmium telluride (CdTe), zinc oxide (ZnO), zinc 

selenide (ZnSe), zinc sulfide (ZnS), zinc telluride (ZnTe), cadmium zinc telluride 

20 (CdZnTe, CZT), mercury cadmium telluride (HgCdTe), mercury zinc telluride 

(HgZnTe), mercury zinc selenide (HgZnSe), and combinations thereof. 

Exemplary combinations of group III-V materials can include aluminum 

antimonide (AlSb), aluminum arsenide (AlAs), aluminum nitride (AlN), aluminum 

phosphide (AlP), boron nitride (BN), boron phosphide (BP), boron arsenide (BAs), 

25 gallium antimonide (GaSb ), gallium arsenide (GaAs ), gallium nitride (GaN), gallium 

phosphide (GaP), indium antimonide (InSb ), indium arsenide (InAs), indium nitride 

(InN), indium phosphide (InP), aluminum gallium arsenide (AlGaAs, AlxGa1.xAs), 

indium gallium arsenide (InGaAs, InxGa1.xAs), indium gallium phosphide (InGaP), 

aluminum indium arsenide (AllnAs), aluminum indium antimonide (AllnSb), gallium 

30 arsenide nitride (GaAsN), gallium arsenide phosphide (GaAsP), aluminum gallium 

nitride (AlGaN), aluminum gallium phosphide (AlGaP), indium gallium nitride (InGaN), 
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indium arsenide antimonide (InAsSb ), indium gallium antimonide (InGaSb ), aluminum 

gallium indium phosphide (AlGainP), aluminum gallium arsenide phosphide (AlGaAsP), 

indium gallium arsenide phosphide (InGaAsP), aluminum indium arsenide phosphide 

(AllnAsP), aluminum gallium arsenide nitride (AlGaAsN), indium gallium arsenide 

5 nitride (InGaAsN), indium aluminum arsenide nitride (InAlAsN), gallium arsenide 

antimonide nitride (GaAsSbN), gallium indium nitride arsenide antimonide 

(GainNAsSb ), gallium indium arsenide antimonide phosphide (GainAsSbP), and 

combinations thereof. 

The semiconductor material can be of any thickness that allows the desired 

10 property or functionality of the semiconductor device, and thus any such thickness of 

semiconductor material is considered to be within the present scope. The textured region 

can increase the efficiency of the device such that, in some aspects, the semiconductor 

material can be thinner than has previously been possible. Decreasing the thickness 

reduces the amount of semiconductor material used to make such a device. In one aspect, 

15 for example, a semiconductor material such as the semiconductor layer has a thickness of 

from about 500 nm to about 50 µm. In another aspect, the semiconductor material has a 

thickness of less than or equal to about 500 µm. In yet another aspect, the semiconductor 

material has a thickness of from about I µm to about IO µm. In a further aspect, the 

semiconductor material can have a thickness of from about 5 µm to about 750 µm. In yet 

20 a further aspect, the semiconductor material can have a thickness of from about 5 µm to 

about I 00 µm. 

Additionally, various configurations of semiconductor materials are 

contemplated, and any such material configuration that can be incorporated into a 

semiconductor device is considered to be within the present scope. In one aspect, for 

25 example, the semiconductor material can include monocrystalline materials. In another 

aspect, the semiconductor material can include multicrystalline materials. In yet another 

aspect, the semiconductor material can include microcrystalline materials. It is also 

contemplated that the semiconductor material can include amorphous materials. 

As has been described, the semiconductor substrate can be of any size, shape, and 

30 material capable of supporting the semiconductor layer and associated components 

during manufacture and/or use. The semiconductor substrate can be made from various 
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materials, including the semiconductor materials described above, as well as non­

semiconductor materials. Non-limiting examples of such materials can include metals, 

polymeric materials, ceramics, glass, and the like. In some aspects, the semiconductor 

substrate and the semiconductor layer have the same or substantially the same thermal 

5 expansion properties. 

Furthermore, the semiconductor material according to aspects of the present 

disclosure can comprise multiple layers. In some aspects, layers can vary in majority 

carrier polarity (i.e. donor or acceptor impurities). The donor or acceptor impurities are 

typically determined by the type of dopant/impurities introduced into the device either 

10 through a growth process, deposition process, epitaxial process, implant process, lasing 

process or other known process to those skilled in the art. In some aspects such 

semiconductor materials can include an n-type layer, an intrinsic (i-type) layer, and a p­

type layer, thus forming a p-i-n semiconductor material stack that creates a junction 

and/or depletion region. A semiconductor material devoid of an i-type layer is also 

15 contemplated in accordance with the present disclosure. In other aspects the 

semiconductor material may include multiple junctions. Additionally, in some aspects, 

variations of n(--), n(-), n( + ), n( ++ ), p(--), p(-), p( + ), or p( ++) type semiconductor layers 

can be used. The minus and positive signs are indicators of the relative magnitude of the 

doping of the semiconductor material. 

20 A variety of dopant materials are contemplated for both the formation of doped 

25 

regions in the semiconductor layer and for doping of the textured region, and any dopant 

that can be used in such processes to modify a material is considered to be within the 

present scope. It should be noted that the particular dopant utilized can vary depending 

on the material being doped, as well as the intended use of the resulting material. 

A dopant can be either a charge donating or a charge accepting dopant species. 

More specifically, an electron donating or a hole donating species can cause a region to 

become more positive or negative in polarity as compared to the substrate upon which the 

rests. In one aspect, for example, the doped region can be p-doped. In another aspect the 

doped region can be n-doped. 

30 In one aspect, non-limiting examples of dopant materials can include S, F, B, P, 

N, As, Se, Te, Ge, Ar, Ga, In, Sb, and combinations thereof. It should be noted that the 
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scope of dopant materials should include, not only the dopant materials themselves, but 

also materials in forms that deliver such dopants (i.e. dopant carriers). For example, S 

dopant materials includes not only S, but also any material capable being used to dope S 

into the target region, such as, for example, H2S, SF6, SO2, and the like, including 

5 combinations thereof. In one specific aspect, the dopant can be S. Sulfur can be present 

at an ion dosage level of from about 5 x 10
14 

to about 3 x 10
20 

ions/cm
2
. Non-limiting

examples of fluorine-containing compounds can include ClF3, PF5, F2 SF6, BF3, GeF4, 

WF6, SiF4, HF, CF4, CHF3, CH2F2, CH3F, C2F6, C2HF5, C3Fs, C4Fs, NF3, and the like, 

including combinations thereof. Non-limiting examples of boron-containing compounds 

10 can include B(CH3)3, BF3, BCh, BN, C2B10H12, borosilica, B2H6, and the like, including 

combinations thereof. Non-limiting examples of phosphorous-containing compounds can 

include PF 5, PH3, POCh, P2O5, and the like, including combinations thereof. Non­

limiting examples of chlorine-containing compounds can include Ch, SiH2Ch, HCl, 

SiC14, and the like, including combinations thereof. Dopants can also include arsenic-

15 containing compounds such as AsH3 and the like, as well as antimony-containing 

compounds. Additionally, dopant materials can include mixtures or combinations across 

dopant groups, i.e. a sulfur-containing compound mixed with a chlorine-containing 

compound. In one aspect, the dopant material can have a density that is greater than air. 

In one specific aspect, the dopant material can include Se, H2S, SF6, or mixtures thereof. 

20 In yet another specific aspect, the dopant can be SF6 and can have a predetermined 

concentration range of about 5.0 x 10·
8 

mol/cm
3 

to about 5.0 x 10·
4 

moll cm 
3
. As one non­

limiting example, SF6 gas is a good carrier for the incorporation of sulfur into a substrate 

via a laser process without significant adverse effects on the material. Additionally, it is 

noted that dopants can also be liquid solutions of n-type or p-type dopant materials 

25 dissolved in a solution such as water, alcohol, or an acid or basic solution. Dopants can 

also be solid materials applied as a powder or as a suspension dried onto the wafer. 

In another aspect, the band structure optimization can be realized by forming a 

heterojunction along a modified semiconductor interface. For example, a layer of 

amorphous silicon can be deposited on the textured region interface, thus forming a 

30 heterojunction that bends the minority carrier band towards the desired energy direction. 
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CLAIMS 

What is claimed is: 

5 1. A light trapping device, comprising:

Attorney Docket No.: 143705.05221 

at least one light sensitive pixel having a light incident surface, a backside surface 

opposite the light incident surface, and a peripheral sidewall disposed into at least a 

portion of the pixel and extending at least substantially around the pixel periphery; 

a backside light trapping material substantially covering the backside surface; and 

a peripheral light trapping material substantially covering the peripheral sidewall; 

wherein light contacting the backside light trapping material or the peripheral 

light trapping material is reflected back toward the pixel. 

2. The device of claim 1, wherein at least one of the backside light trapping material and

15 the peripheral light trapping material includes a high refractive index material 

sandwiched between two low refractive index materials. 

3. The device of claim 1, wherein the backside light trapping material and the peripheral

light trapping material includes a high refractive index material sandwiched between two 

20 low refractive index materials. 

4. The device of claim 3, wherein the two low refractive index materials have a

refractive index of less than about 2.1. 

25 5. The device of claim 4, wherein at least one of the two low refractive index material

includes a member selected from the group consisting of an oxide, a nitride, oxynitrides, 

a gas, at least a partial vacuum, and combinations thereof. 

6. The device of claim 4, wherein the at least one of the two low refractive index

30 materials includes a member selected from the group consisting of silicon oxide, silicon 

nitride, silicon dioxide, and combinations thereof. 
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7. The device of claim 3, wherein the high refractive index material includes a material

having a refractive index of greater than or equal to about 2.1. 

5 8. The device of claim 7, wherein the high refractive index material includes a member

selected from the group consisting of polycrystalline silicon, amorphous silicon, single 

crystal silicon, multicrystalline silicon, nanocrystalline silicon, germanium, and 

combinations thereof. 

10 9. The device of claim 2, wherein at least one of the two low refractive index materials is

doped with a dopant to create a surface field. 

10. The device of claim 9, wherein the dopant is boron or antimony.

15 11. The device of claim 1, wherein at least one of the backside light trapping material

20 

and the peripheral light trapping material includes a first material sandwiched between 

two second materials, wherein the first material has a higher refractive index as compared 

to the two second materials, and wherein the difference in refractive index between the 

first material and the two second materials is at least 0.2. 

12. The device of claim 1, wherein the peripheral sidewall extends completely around

the pixel periphery. 

13. The device of claim 1, wherein the peripheral sidewall extends from the light

25 incident surface to the backside surface. 

14. The device of claim 1, further comprising a frontside light trapping material at least

partially covering the light incident surface. 

30 15. The device of claim 14, wherein the frontside light trapping material is an

antireflective layer coating. 
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16. The device of claim 14, wherein the frontside light trapping material is a reflective

layer having an aperture to allow entry of light into the pixel, wherein the reflective layer 

is operable to reflect light impinging thereupon from inside the pixel back into the pixel. 

17. The device of claim 16, further comprising a lens functionally coupled to the

aperture and operable to focus incident light through the aperture and into the pixel. 

18. The device of claim 16, wherein the aperture has an effective surface area of_ __ 

10 % of the incident light surface total surface area. 

19. The device of claim 1, wherein at least one of the backside light trapping material

and the peripheral light trapping material is a metal layer. 

15 20. The device of claim 1, wherein at least one of the backside light trapping material

and the peripheral light trapping material has a sloped surface at the pixel device 

interface. 

21. The device of claim 1, further comprising a textured layer positioned to interact with

20 light proximal to the backside surface. 

22. The device of claim 21, wherein the textured layer is located between the backside

surface and the backside light trapping material. 

25 23. An array of light trapping pixel devices of claim 1.

24. A substantially light trapping device, comprising:

at least one light sensitive pixel having a light incident surface, a backside surface 

opposite the light incident surface, and a peripheral sidewall extending from the light 

30 incident surface to the backside surface and extending around the pixel periphery; 

a backside light trapping material substantially covering the backside surface; 

- 29 -

IPR2025-00845 
Apple-Sony EX1002 Page 383



Attorney Docket No.: 143705.05221 

a peripheral light trapping material substantially covering the peripheral sidewall; 

and 

an internally reflective frontside light trapping material covering at least a portion 

of the light incident surface operable allow entrance of light into the pixel and operable to 

5 reflect light impinging thereupon from inside the pixel back into the pixel, and wherein 

light contacting the backside light trapping material or the peripheral light trapping 

material is reflected back toward the pixel. 

25. The device of claim 24, wherein the internally reflective frontside light trapping

10 material includes an aperture to allow entry of light into the pixel. 

26. The device of claim 25, further comprising a lens functionally coupled to the

aperture and operable to focus incident light through the aperture and into the pixel. 

15 27. A method of making a light trapping device, comprising:

20 

forming a pixel by: 

forming a backside light trapping material on a semiconductor 

layer, the backside light trapping material including a high refractive index 

material sandwiched between two low refractive index materials; and 

forming a pixel device layer on the semiconductor layer opposite 

the light trapping material; 

etching a trench circumscribing the pixel device layer; and 

filling the trench with a peripheral light trapping material. 

25 28. The method of claim 27, wherein etching the trench circumscribing the pixel device

layer can further include etching the trench to a depth that contacts at least the backside 

light trapping material. 

29. The method of claim 27, further comprising applying an incident light trapping

30 material to the pixel device layer. 

- 30 -

IPR2025-00845 
Apple-Sony EX1002 Page 384



Attorney Docket No.: 143705.05221 

30. The method of claim 27, wherein filling the trench with the peripheral light trapping

material further includes: 

depositing a low refractive index material into the trench to fill a portion of the 

trench from the trench walls inward; 

5 ceasing deposition of the low refractive index material to leave an internal space 

within the trench; and 

depositing a high refractive index material into the trench to fill the internal space. 

31. The method of claim 27, further comprising forming a textured region on at least a

10 portion of the semiconductor layer between the semiconductor layer and the backside 

light trapping material. 

32. The method of claim 31, wherein forming the textured region includes a technique

selected from the group consisting of plasma etching, reactive ion etching, porous silicon 

15 etching, lasing, chemical etching, nanoimprinting, material deposition, selective epitaxial 

growth, and combinations thereof. 

20 

25 

33. The method of claim 32, wherein forming the textured region includes laser

texturing. 
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ABSTRACT OF THE DISCLOSURE 

Light trapping pixels, devices incorporating such pixels, and various associated 

methods are provided. In one aspect, for example, a light trapping pixel device can 

include a light sensitive pixel having a light incident surface, a backside surface opposite 

5 the light incident surface, and a peripheral sidewall disposed into at least a portion of the 

pixel and extending at least substantially around the pixel periphery. The pixel can also 

include a backside light trapping material substantially covering the backside surface and 

a peripheral light trapping material substantially covering the peripheral sidewall. The 

light contacting the backside light trapping material or the peripheral light trapping 

10 material is thus reflected back toward the pixel. 
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drawings 

073a8337332888f269a9da027e6f9eb03a9 

bffSd 

Warnings: 

Information: 

140546 

6 Oath or Declaration filed Declarations.pdf no 3 
4454d41 ac86edc7fd4afce025214660932d 

26d9 

Warnings: 

Information: 

40295 

7 Fee Worksheet (5B06) fee-info.pdf no 2 
832d0db6a46167451600f1 dc0753ae 1 ec56 

a3db1 

Warnings: 

Information: 

Total Files Size (in bytes) 2543647 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 

Post Card, as described in MPEP 503. 

New AQQlications 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 AQQlication under 35 U.S.C. 371 

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 

U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International AQQlication 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 181 O), a Notification of the International Application Number 

and of the International Filing Date (Form PCT/RO/1 OS) 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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Doc Code: TRACK1 .REQ 

Document Description: TrackOne Request 
PTO/AIA/424 (04-14) 

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION 
UNDER 37 CFR 1.102(e) (Page 1 of 1)

First Named 
Inventor: Martin U. Pralle I 

Nonprovisional Application Number (if 
I known): 

Title of 
Invention: Pixel Isolation Elements, Devices, and Associated Methods 

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR 

THE ABOVE-IDENTIFIED APPLICATION. 

1. The processing fee set forth in 37 CFR 1.17(i)(1) and the prioritized examination fee set forth in
37 CFR 1.17(c) have been filed with the request. The publication fee requirement is met
because that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee,
and examination fee are filed with the request or have been already been paid. I understand
that any required excess claims fees or application size fee must be paid for the application.

2. I understand that the application may not contain, or be amended to contain, more than four
independent claims, more than thirty total claims, or any multiple dependent claims, and that
any request for an extension of time will cause an outstanding Track I request to be dismissed.

3. The applicable box is checked below:

I. [?] Original Application {Track One) - Prioritized Examination under§ 1.102{e){1)

i. (a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111 (a).
This certification and request is being filed with the utility application via EFS-Web. 

---OR---
(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111 (a).

This certification and request is being filed with the plant application in paper.

ii. An executed inventor's oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each
inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is
filed with the application.

II. 0 Request for Continued Examination - Prioritized Examination under§ 1.102{e){2)

i. A request for continued examination has been filed with, or prior to, this form.
ii. If the application is a utility application, this certification and request is being filed via EFS-Web.
iii. The application is an original nonprovisional utility application filed under 35 U.S.C. 111 (a), or is

a national stage entry under 35 U.S.C. 371.
iv. This certification and request is being filed prior to the mailing of a first Office action responsive

to the request for continued examination.
v. No prior request for continued examination has been granted prioritized examination status

under 37 CFR 1.102(e)(2).

Signature/Reza Mollaaghababa/ DateJuly 21, 2016

�p���Typed) Reza Mollaaghababa Practitioner 4381 QRegistration Number 

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. 

Submit multiole forms if more than one sianature is reauired. * 

E] *Total of 1 forms are submitted. 

IPR2025-00845 
Apple-Sony EX1002 Page 399



Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements of 

the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) 
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the 

U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or 
patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 

process and/or examine your submission, which may result in termination of proceedings or abandonment of the 
application or expiration of the patent. 

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

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the

Freedom of Information Act.
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 inspection 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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PTO/AIN14 (11-15)
Approved for use through 04/30/2017. 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 143705.05221 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Pixel Isolation Elements, Devices and Associated Methods 

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the 

bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 

document may be printed and included in a paper filed application. 

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 11 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El t,1artin �- !='ralle I El 
Residence Information (Select One) • US Residency Non US Residency Active US Military Service 

City Jivayland I State/Province I t,1A I Country of ResidencJ I f.Js 

Mailing Address of Inventor: 

Address 1 15 Rice Spring Lane 

Address 2 
City I Jivayland I State/Province I rviA
Postal Code I p111a I Countryi I 1us
Inventor b I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El �effrey I t,lcKee I El 
Residence Information (Select One) @ US Residency Non US Residency Active US Military Service 

City tualatin I State/Province I PR I Country of ResidencJ I 1-Js 

Mailing Address of Inventor: 

Address 1 J2850 SW. Eno Place 

Address 2 
City I lfualatin I State/Province I PR
Postal Code I �1062 I Countryi I 1us
Inventor b I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El �ason I l3ickler I El 
Residence Information (Select One) @ US Residency Non US Residency Active US Military Service 

EFSWeb2.2.12 
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PTO/AIN14 (11-15) 

Approved for use through 04/30/2017. 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 143705.05221 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Pixel Isolation Elements, Devices and Associated Methods 

City I J'l.rlington I State/Province I t,iiA I Country of ResidencJ I 1-Js 

Mailing Address of Inventor: 

Address 1 )3 Varnum Street 

Address 2 
City I J'l.rlington I State/Province I f'vlA

Postal Code I r2414 I Countryi I 1us 
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 36549 

Email Address DocketingBN@pepperlaw.com I I Add Email I I Remove Email I 

Application Information: 

Title of the Invention Pixel Isolation Elements, Devices and Associated Methods 

Attorney Docket Number 143705.05221 I Small Entity Status Claimed □

Application Type Non provisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) If I Suggested Figure for Publication (if any) 11 
Filing By Reference: 

Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 

provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

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

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

I 

Publication Information: 

□

□ 

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 
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. 

EFS Web 2.2.12 

� 

� 

,_ 

IPR2025-00845 
Apple-Sony EX1002 Page 402



PTO/AIN14 (11-15) 

Approved for use through 04/30/2017. 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 143705.05221 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Pixel Isolation Elements, Devices and Associated Methods 

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 US Patent Practitioner IO Limited Recognition (37 CFR 11.9)

Customer Number �36549

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

Prior Application Status !='ending . I Remove I 

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

I Continuation of . 14747875 �015-06-23 

Prior Application Status �xpired . I Remove I 

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

�4747875 Continuation of . 13841120 �013-03-15 

Prior Application Status �xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

�3841120 j:;laims benefit of provisional . 61614275 �012-03-22 

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

Foreign Priority Information: 

EFS Web 2.2.12 
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PTO/AIN14 (11-15) 

Approved for use through 04/30/2017. 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. 

143705.05221 Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Applicat ion Number 

T itle of Invention Pixel Isolation Elements, Devices and Associated Methods 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application 
that is eligible for retrieval under the priority document exchange program (Poxi the information will be used by the Office to 
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(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 lime period specified in 37 CFR 1.55(g)(1 ). 

I Remove I 
Appl ication Number Countryi Fil ing Date (YYYY-MM-DD) Access Codei (if applicable) 

I I I 
Addit ional Foreign Pr ior ity Data may be generated within this form by select ing the 
Add button. I Add I 

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

Applications 

This appl ication (1) claims pr iority to or the benefit of an appl icat ion filed before March 16, 2013 and (2) also 
contains, or contained at any t ime, a claim to a claimed invent ion that has an effect ive fil ing date on or after March 

□ 16,2013.
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a fil ing date on or after March
16, 2013, will be examined under the first inventor to file provisions of the AIA.
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PTO/AIN14 (11-15) 

Approved for use through 04/30/2017. 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 143705.05221 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Pixel Isolation Elements, Devices and Associated Methods 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written 

authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see 

paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant 

application (see paragraph Bin subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the 

authorization by checking the corresponding box A or B or both in subsection 2 below. 

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an 

application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind 

authorization for access by a foreign IP office(s). Instead, Form PTO /SB/39 or PTO /SB/69 must be used as appropriate. 

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

A. Priority Document Exchange (PDXl - Unless box A in subsection 2 (opt-out of authorization) is checked, the

undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office

(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of

China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office

participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign

application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed

and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the

instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

(1 ).

B. Search Results from U.S. Application to EPO - Unless box Bin subsection 2 (opt-out of authorization) is checked,

the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search

results from the instant patent application when a European patent application claiming priority to the instant patent

application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO's Rule 141(1) EPC (European Patent Convention) requires applicants to submit a 

copy of search results from the instant application without delay in a European patent application that claims priority to 

the instant application. 

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

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant

D application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent

D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the 

application in accordance with 37 CFR 1.14. 
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PTO/AIN14 (11-15) 

Approved for use through 04/30/2017. 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 143705.05221 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Pixel Isolation Elements, Devices and Associated Methods 

Applicant Information: 

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

Applicant 11 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

I
Legal Representative under 35 U.S.C. 117 

I
Joint Inventor 

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

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

1�1 

Name of the Deceased or Legally Incapacitated Inventor: I 
If the Applicant is an Organization check here. � 
Organization Name I �iOnyx, LLC. 

Mailing Address Information For Applicant: 

Address 1 100 Cummings Ctr., Suite 243-F 

Address 2 

City Beverly State/Province MA 

Country I 1-Js Postal Code 01915 

Phone Number Fax Number 

Email Address 

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

Assignee Information including Non-Applicant Assignee 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. 
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PTO/AIN14 (11-15) 

Approved for use through 04/30/2017. 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 143705.05221 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Pixel Isolation Elements, Devices and Associated Methods 

Assignee 11 
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. □ 

Prefix Given Name Middle Name Family Name Suffix 

I B I I I I B 
Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City 11 State/Province 

Countryi 11 Postal Code 

Phone Number Fax Number 

Email Address 

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

Signature: Remove 

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

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

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

Signature liReza Mollaaghababa/ Date (YYYY-MM-DD) 12016-07-21 

First Name feza I Last Name I �ollaaghababa Registration Number 143810 

Additional Signature may be generated within this form by selecting the Add button. I Add I 
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PTO/AIN14 (11-15) 

Approved for use through 04/30/2017. 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 143705.05221 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Pixel Isolation Elements, Devices and Associated Methods 

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 lime 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: 

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 
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