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Abstract of CN103048046 (A)

The invention discloses a double-beam spectrometer, which comprises a light source for emitting
reference light and detection light and a spectrometer main unit. The double-beam spectrometer
is also provided with a first optical fiber, a second optical fiber and a third optical fiber, wherein
the first optical fiber is used for transmitting the reference light from the light source to the
spectrometer main unit; the second optical fiber is used for transmitting the detection light from
the light source to a sample; and the third optical fiber is used for transmitting the detection light
with sample information from the sample to the spectrometer main unit. The spectrometer main
unit comprises a slit piece, a collimating lens, a plane grating, an imaging lens, a cylindrical lens
and an area array detector, which are sequentially arranged along a light path. The emergent light
of the first and second optical fibers enters the slit piece. The reference light and the detection
light are simultaneously displayed and received, and the influence of light source fluctuation,
stray light and electrical noise is effectively eliminated.
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Abstract of CN103048046 (A)

The invention discloses a double-beam spectrometer, which comprises a light source for emitting
reference light and detection light and a spectrometer main unit. The double-beam spectrometer
is also provided with a first optical fiber, a second optical fiber and a third optical fiber, wherein
the first optical fiber is used for transmitting the reference light from the light source to the
spectrometer main unit; the second optical fiber is used for transmitting the detection light from
the light source to a sample; and the third optical fiber is used for transmitting the detection light
with sample information from the sample to the spectrometer main unit. The spectrometer main
unit comprises a slit piece, a collimating lens, a plane grating, an imaging lens, a cylindrical lens
and an area array detector, which are sequentially arranged along a light path. The emergent light
of the first and second optical fibers enters the slit piece. The reference light and the detection
light are simultaneously displayed and received, and the influence of light source fluctuation,
stray light and electrical noise is effectively eliminated.
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Electronic Patent Application Fee Transmittal

Application Number: 16046643

Filing Date: 26-Jul-2018

Title of Invention: OPTICAL IMAGING SYSTEM WITH A PLURALITY OF SENSE CHANNELS
First Named Inventor/Applicant Name: Angus Pacala

Filer: William Leland Shaffer/LaRenda Meyer

Attorney Docket Number: 103033-P001USC2-1096583

Filed as Small Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Sul:’-s'l';{tsa}l In
Basic Filing:
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Description Fee Code | Quantity Amount Sull:-:'-s'l'g(t:}l in
Miscellaneous:
SUBMISSION- INFORMATION DISCLOSURE STMT 2806 1 130 130
Total in USD ($) 130
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Electronic Acknowledgement Receipt

EFS ID: 43383984
Application Number: 16046643
International Application Number:
Confirmation Number: 1720
Title of Invention: OPTICAL IMAGING SYSTEM WITH A PLURALITY OF SENSE CHANNELS
First Named Inventor/Applicant Name: Angus Pacala
Customer Number: 20350
Filer: William Leland Shaffer/LaRenda Meyer
Filer Authorized By: William Leland Shaffer
Attorney Docket Number: 103033-P00TUSC2-1096583
Receipt Date: 29-JUL-2021
Filing Date: 26-JUL-2018
Time Stamp: 19:50:06

Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $130
RAM confirmation Number E202175J50350589
Deposit Account 201430
Authorized User LaRenda Meyer

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Document supply fees)
37 CFR 1.20 (Post Issuance fees)

37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:
Document - " File Size(Bytes)/ Multi Pages
Docume escription le Name f : :
Number B D P Fiia Nam Message Digest | Part/.zip| (ifappl.)
133540
1 Information D;sclosu.;raeaitatement (IDS) IDS-PO0TUSC2-1096583.pdf no 3
orm { ) 925(6528e5375a534452dc9e5613a2600004
1562
Warnings:
Information:
This is not an USPTO supplied 1DS fillable form
3408899
2 Non Patent Literature PO01USC4-APPLICATION.pdf no 81
a5eBfdpehal e2ecT T4abIcATI0OTA I8 e
10dd
Warnings:
Information:
3150604
3 Non Patent Literature PO01USC5-APPLICATION.pdf no 78
978400584 Mlaeec 1 (Re65 550081 [312cdead|
6%
Warnings:
Information:
556262
4 Foreign Reference CH1030%604GaniI-ang: no 10
abstract.pdf y
8260 W6e6adbIS2halT3123515¢5bd6971517
Gc02
Warnings:
Information:
38031
5 Fee Worksheet (SB06) fee-info.pdf no 2
ea2b5ad0en2 16d 295590724 T000fdad 765
a5t
Warnings:
Information:
Total Files Size (in bytes}:{ 7287336
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S5.C. 111

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

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.5.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW. LSO g oV

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
20350 7590 08/18/2021

Kilpatrick Townsend & Stockton LLP - West Coast LEE, JOHN R
Mailstop: IP Docketing - 22
1100 Peachtree Street | ART UNIT PAPER NUMBER |
Suite 2800 2878

Atlanta, GA 30309

DATE MAILED: 08/18/2021

I AFPLICATION NO. I FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

16/046.643 071262018 Angus Pacala 103033- 1720

POO1USC2-1096583
TITLE OF INVENTION: OPTICAL IMAGING SYSTEM WITH A PLURALITY OF SENSE CHANNELS

I APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional SMALL 5600 $0.00 $0.00 5600 11/18/2021

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

L. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

I11. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at

www.uspto.gov/PatentMaintenanceFees.
Page 1 of 3

PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to:  Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1. by {a) specifying a new correspondence address: and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block | for any change of address)

20350 7590 08/18/2021 Certificate of Mailing or Transmission
Ki[pa(rick Townsend & Stockton LLP - West Coast I hereby certify that this Fee(s) Transmittal is being deposited with the United
, K States Postal Service with sufficient postage for first class mail in an envelope
Mailstop: IP Docketing - 22 addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
1100 Peachtree Street the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Sllite "}800 {Typed or printed name
Atlanta, GA 30309 iSlunatnt
(Date
I APPLICATION NO., I FILING DATE I FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. I CONFIRMATION NO. I
16/046,643 07/26/2018 Angus Pacala 103033- 1720

POO1USC2-1096583
TITLE OF INVENTION: OPTICAL IMAGING SYSTEM WITH A PLURALITY OF SENSE CHANNELS

[ APPLN. TYPE | ENTITY STATUS l ISSUE FEE DUE | PUBLICATION FEE DUE I PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE I DATE DUE |
nonprovisional SMALL 5600 50.00 $0.00 $600 11/18/2021
I EXAMINER | ART UNIT | CLASS-SUBCLASS |
LEE, JOHN R 2878 250-559170
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page. list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively. 1

| Change of correspondence address (or Change of Correspondence

2 e e o PR R Tl . a4
Address form PTO/SB/122) attached. (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of upto 2
i . — . PE— 2 registered patent attorneys or agents. If no name is
[ "Fee Address” indication {or "Fee Address” Indication form PTO/ listed, no name will be printed.
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 3

Number is required.
- ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

(1)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual ' Corporation or other private group entity [ Government

4a. Fees submitted: [Jissue Fee [ publication Fee (if required) [ JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)
[ Electronic Payment via EFS-Web [ Enclosed check [ Non-electronic payment by credit card {Attach form PTO-2038)

[ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)
NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue

— Applicant certifying micro entity status. See 37 CFR 1.29 fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
[ o s e R NOTE: If the application was previously under micro entity status, checking this box will be taken
— Applicant asserting small entity status. See 37 CFR 1.27 to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

a Applicant changing to regular undiscounted fee status. entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date _
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW. LSO g oV

[ APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO, | CONFIRMATION NO. |
16/046,643 07/26/2018 Angus Pacala 103033- 1720
IS 1006582
| EXAMINER |
20350 7590 08/18/2021
Kilpatrick Townsend & Stockton LLP - West Coast LEE, JOHN R
Mailstop: IP Docketing - 22
ART UNIT PAPER NUMBER
1100 Peachtree Street | ’ R
Suite 2800 2878

Atlanta, GA 30309 DATE MAILED: 08/18/2021

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1. 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3

PTOL-85 (Rev. 02/11)
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. 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 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria.
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

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:

I. 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. Arecord 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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Application No. Applicant(s)
) . 16/046,643 Pacala et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
JOHN R LEE 2878 Yes

-- The MAILING DATE of this communicalion appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.#] This communication is responsive to the amendment and terminal disclaimer filed on 05/10/2021.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on ‘

23 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.

3. The allowed claim(s) is/are 1-50 . As a result of the allowed claim(s), 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://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a) LAl by (JSome*  ¢) [J None of the:

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

3. [J 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)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5[] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(J including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date :

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6.(] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. Notice of References Cited (PTO-892)

2.[¥} Information Disclosure Statements (PTO/SB/08),

Paper No./Mail Date See Continuation Sheet.

3.[] Examiner's Comment Regarding Requirement for Deposit 7. [ Other 3
of Biological Material

4.0 Interview Summary (PTO-413),

Paper No./Mail Date.

/JOHN R LEE/
Primary Examiner, Art Unit 2878

5. [[J] Examiner's Amendment/Comment
6. Examiner's Statement of Reasons for Allowance

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13)

Notice of Allowability Part of Paper No./Mail Date 20210811
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Continuation Sheet (PTOL-37) Application No. 16/046,643

Continuation of Attachment(s) 2. Information Disclosure Statements (PTO/SB/08), Paper No./Mail Date: 02/
09/2021; 04/15/2021; 05/10/2021; 06/03/2021; 07/12/2021; and 07/29/2021.
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Application/Control Number: 16/046,643 Page 2
Art Unit: 2878

Notice of Pre-AlA or AlA Status
The present application, filed on or after March 16, 2013, is being examined under the first

inventor to file provisions of the AlA.

Terminal Disclaimer
The terminal disclaimer filed on 05/10/2021 disclaiming the terminal portion of any patent
granted on this application which would extend beyond the expiration date of any patent granted on SN

15/880,491 has been reviewed and is accepted. The terminal disclaimer has been recorded.

Reasons for Allowance

The following is an examiner’s statement of reasons for allowance: Claims 1-34 remain allowed
for the reasons provided in the Office action mailed on 02/10/2021. Claims 35-40 are allowed in view of
the terminal disclaimer filed on 05/10/2021 noted above. Claims 41-43 are allowed by virtue of their
claim dependency upon an allowed claim.

Claim 44 is allowed because the prior art fails to teach or fairly suggest an optical imaging
system comprising: a bulk imaging optic; a plurality of pixels arranged behind the bulk imaging optic,
wherein each pixel in the plurality of pixels comprises a plurality of single photon avalanche diodes
(SPADs) and has a field of view that is non-overlapping beyond a threshold distance in a field external to
the optical imaging system with fields of view of all other pixels in the plurality of pixels, and wherein
the plurality of pixels includes at least a first pixel and a second pixel; an aperture layer disposed
between the bulk imaging optic and the plurality of pixels, the aperture layer comprising a plurality of
apertures separated from each other by a stop region, the plurality of apertures including a first
aperture disposed in a first optical path extending between the bulk imaging optic and the first pixel and

a second aperture disposed in a second optical path extending between the bulk imaging optic and the
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Application/Control Number: 16/046,643 Page 3
Art Unit: 2878

second pixel; a bulk transmitting optic disposed adjacent to the bulk imaging optic; and a plurality of
emitters arranged to project electromagnetic radiation through the bulk transmitting optic and into the
field according to an illumination pattern where electromagnetic radiation output from each emitter in
the illumination pattern is coincident with a field of view of a corresponding pixel in the plurality of
pixels. Claims 45-50 are allowed by virtue of their claim dependency upon allowed claim 44.

Any comments considered necessary by applicant must be submitted no later than the payment
of the issue fee and, to avoid processing delays, should preferably accompany the issue fee. Such

submissions should be clearly labeled “Comments on Statement of Reasons for Allowance.”

Conclusion

Any inquiry concerning this communication or earlier communications from the examiner
should be directed to JOHN R. LEE whose telephone number is (571)272-2477. The examiner can
normally be reached on Monday - Friday, 8:00 am - 5 pm.

Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use
the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Georgia Epps can be reached on (571) 272- 2328. The fax phone number for the organization where this
application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent Application
Information Retrieval (PAIR) system. Status information for published applications may be obtained
from either Private PAIR or Public PAIR. Status information for unpublished applications is available
through Private PAIR only. For more information about the PAIR system, see https://ppair-

my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private PAIR system, contact
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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.

/JOHN R LEE/
Primary Examiner, Art Unit 2878
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JP2007103590A IMAGE PICK-UP DEVICE, FOCUS DETECTOR AND IMAGE PICK-UP SYSTEM

[0001] The present invention relates to an image sensor capable of acquiring a captured image and acquiring a
shooting condition (state) such as focus detection, a focus detection apparatus including the same, and an
imaging system.

[0002] It has been proposed that pixel cells for captured images are two-dimensionally arranged on a substrate
of an image sensor, and pixel cells for focus detection are arranged in a predetermined layout therein (for
example, Patent Documents 1 and 2). See). Further. in Patent Document 1, the focus detection by the phase
difference detection method is taken as an example, and the pixel cell is made the same size as the pixel cell for
the photographed image. In Patent Document 2, the focus detection of the contrast detection method is taken as
an example, and the pixel cell is made smaller in size than the pixel cell for the photographed image.

12 003-250080 54842 004-3616 1 1 524§

[0003] However, in the imaging device described above. the size of the focus detection pixel cell is the same as
that of the captured image pixel cell (or smaller than the captured image pixel cell), so that the focus detection
responsiveness is reduced at low luminance. There was a problem. This problem is not limited to focus detection
pixel cells, and can occur in the same manner when pixel cells for distance measurement, photometry, and the
like are arranged. An object of the present invention is to provide an imaging device, a focus detection device,
and an imaging system that can improve responsiveness at low luminance when acquiring imaging conditions
(for example, performing focus detection or distance measurement). .

[0004] An imaging device according to the present invention includes a first pixel cell including a first
photoelectric conversion unit that generates an electric charge according to incident light and an optical that
collects incident light in the imaging device that captures an image by a photographing optical system. A second
pixel cell including an element and a second photoelectric conversion unit that generates an electric charge
according to light condensed by the optical element, and having a cell size larger than that of the first pixel cell.
The first pixel cell and the second pixel cell are two-dimensionally arranged on the substrate.

[0005] Moreover, it is preferable that the cell size of the second pixel cell is an integer multiple of the first pixel
cell. The first and second pixel cells each include an optical element that collects incident light on the first and
second photoelectric conversion units, and the optical element of the second pixel cell is the first pixel cell. The
aperture size is preferably larger than the optical element of the pixel cell.

[0006] An imaging element according to the present invention includes an optical element that collects incident
light in an imaging element that captures an image by a photographing optical system, and a first photoelectric
conversion that generates an electric charge according to the light collected by the optical element. A second
pixel including a first pixel cell that includes a first pixel cell, an optical element that condenses incident light,
and a second photoelectric conversion unit that generates a charge in accordance with the light collected by the
optical element A first pixel cell and a second pixel cell are two-dimensionally arranged on a substrate, and an
optical element of the second pixel cell is an optical element of the first pixel cell. The opening size is larger
than that.

[0007] The optical element of the first pixel cell preferably has an aperture size smaller than 20 pm. In addition,
each of the second pixel cells includes a plurality of the second photoelectric conversion units. and each of the
plurality of second photoelectric conversion units via the optical element of the second pixel cell, It is preferably
substantially conjugate with the exit pupil of the photographing optical system.

[0008] In addition, it is preferable that two of the plurality of second photoelectric conversion units form a pair,
and filters of different colors are arranged in each of the two second photoelectric conversion units forming the
pair. Further. it is preferable that a focus adjustment state of the photographing optical system is detected based
on a photoelectric output obtained by the second pixel cell. In addition, the optical element includes an optical
element that collects incident light and a third photoelectric conversion unit that generates an electric charge
according to the light collected by the optical element, and the cell size is different from that of the second pixel
cell. It is preferable to further include a third pixel cell.
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[0009] Moreover, it is preferable that the cell size of the third pixel cell is equal to that of the first pixel cell.
Further. it is preferable that a focus adjustment state of the photographing optical system is detected based on a
photoelectric output obtained by the second pixel cell and the third pixel cell. The focus detection apparatus of
the present invention includes the above-described image sensor and detection means for performing focus
detection based on the output of the second pixel cell,

[0010] A focus detection apparatus of the present invention includes the above-described imaging device, and a
detection unit that performs focus detection based on at least one of the output of the second pixel cell and the
output of the third pixel cell. is there. An imaging system of the present invention includes the above-described
focus detection device and a photographing optical system disposed on the object side of the imaging element.
and the detection unit performs focus detection of the photographing optical system.

[0011] In addition, the captured image is displayed based on the output of the first pixel cell. and the display of
the position of the second pixel cell is superimposed on the captured image as a region where the detection unit
performs focus detection. Preferably means are provided. In addition, an image signal at the position of the first
pixel cell 1s generated based on the output of the first pixel cell, and an image signal at the position of the second
pixel cell is generated by the second pixel cell. It is preferable that the image forming apparatus includes a
generation unit configured to generate by interpolation processing based on the output of the surrounding first
pixel cell.

[0012] In addition, when generating the image signal at the position of the second pixel cell, the generating unit
generates each color component of the image signal by the interpolation process, and the luminance component
of the image signal is converted to the second pixel. It is preferable to generate based on the output of the cell.

[0013] According to the present invention, it is possible to improve the responsiveness at the time of low
luminance when acquiring photographing conditions (states) (for example. performing focus detection. distance
measurement, photometry, etc.).

[0014] Hereinafter, embodiments of the present invention will be described in detail with reference to the
drawings. (First Embodiment) Here, an image pickup device capable of acquiring a photographed image and
acquiring information related to focus detection will be described. Further, description will be given by taking
focus detection by the phase difference detection method as an example. The information related to focus
detection is one of various conditions (shooting conditions) when acquiring a shot image, and corresponds to the
defocus amount of the shooting optical svstem arranged on the object side of the image sensor. When the
photographing optical system is in focus (ideally defocus amount = 0), a clear subject image is formed on the
IMage sensor.

[0015] The image sensor 10 of the first embodiment includes a pixel cell 11 for a photographed image shown in
FIG. 1A and a pixel cell 12 for focus detection shown in FIG. 1B, as shown in FIG. 1C. And arranged on a
substrate. In FIG. 1C, each pixel cell 11 and 12 is hatched for easy understanding. FIGS. 1A to 1C are schematic
views seen from the photographic optical system side. In addition to the pixel cells 11 and 12, the imaging
element 10 is provided with a vertical scanning circuit. a horizontal scanning circuit. and the like (not shown).

[0016] In the present embodiment, each of the pixel cells 11 and 12 has a square shape. In addition. the focus
detection pixel cell 12 has a larger cell size than the captured image pixel cell 11, and the four pixel cells 11 can
be densely arranged in the size of one pixel cell 12. [t is a size. That is, the cell size of the focus detection pixel
cell 12 is four times the cell size of the captured image pixel cell 11. In this case, the length A12 of one side of
the pixel cell 12 is twice the length A1l of one side of the pixel cell 11.

[0017] On the substrate of the image sensor 10, the pixel cells 11 for captured images are two-dimensionally
arranged almost densely. and focus detection pixel cells 12 are periodically embedded therein, The arrangement
of the pixel cells 11 is a substantially square lattice. The pixel cell 11 for a captured image (FIG. 1A) is provided
with a circular microlens 13 and a rectangular photoelectric conversion unit 14. The microlens 13 is an optical
element that collects incident light and guides it to the photoelectric conversion unit 14. The photoelectric
conversion unit 14 is a photodiode that generates an electric charge according to the light collected by the
microlens 13. Although not shown. any one of RGB color filters is disposed between the microlens 13 and the
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photoelectric conversion unit 14, The color filters of the plurality of pixel cells 11 have a predetermined RGB
array (for example. a Bayer array).

[0018] In the pixel cell 11, the power of the microlens 13 is set so that an output proportional to the size of the
exit pupil of the photographing optical system (that is, the aperture diameter of the photographing optical
system) can be obtained. For this purpose, it is necessary to guide the light beam from the entire exit pupil to the
photoelectric conversion unit 14 regardless of the exit pupil size, and the exit pupil size when the aperture
diameter is maximized (for example. F1.4). The power of the microlens 13 is set based on this.

[0019] The pixel cell 12 for focus detection (FIG. 1B) is provided with a circular microlens 15 and two
photoelectric conversion units 16 and 17 having a rectangular shape. The microlens 15 is an optical element that
collects incident light and guides it to the photoelectric conversion units 16 and 17. The photoelectric conversion
units 16 and 17 are photodiodes that generate charges in accordance with the light collected by the microlens 15,
respectively. These two photoelectric conversion units 16 and 17 form a pair and are used for focus detection by
the phase difference detection method using the microlens 15.

[0020] In addition, as can be seen from the cross-sectional view of FIG. 2, the pair of photoelectric conversion
units 16 and 17 includes a surface p + laver 23 and an n layer 24 of the substrate 22, respectively. A gate
insulating film 25 (Si02 film) is formed on the surface of the substrate 22. Such a cross-sectional structure is
similar to the above-described pixel cell 11 for a captured image. In the focus detection pixel cell 12. an infrared
cut filter 21 is disposed between the pair of photoelectric conversion units 16 and 17 and the microlens 15 in
order to remove infrared light unnecessary for focus detection, Is done. Incidentally, since the pair of
photoelectric conversion units 16 and 17 are not provided with a color filter, light beams in the entire
wavelength region of visible light are incident,

[0021] Further, in this pixel cell 12, in order to realize focus detection by the phase difference detection method,
the pair of photoelectric conversion units 16 and 17 and the exit pupil of the photographing optical system are
conjugated via the micro lens 15. . That is, the power of the microlens 15 is set so that the pair of photoelectric
conversion units 16 and 17 can be projected onto the exit pupil of the photographing optical system. Such a
conjugate relationship is illustrated in FIG. In FIG. 3 A, the exit pupil I8 is indicated by a thick dotted line.
‘When the exit pupil 18 is viewed from the direction of the optical axis 19 of the photographing optical system
(not shown), it is substantially circular as shown in FIG. The regions 8A and 8B in the exit pupil 18 are regions
where the pair of photoelectric conversion units 16 and 17 are projected by the microlens 15 and have a
substantially rectangular shape.

[0022] The regions 8A and 8B are arranged substantially symmetrically about the optical axis 19. Then, the light
beam that has passed through the region 8 [/ b1 A of the exit pupil 18 enters one photoelectric conversion unit
16, and the light beam that has passed through the region 8 [/ b B enters the other photoelectric conversion
unit 17. That is, the light beam passing through the exit pupil 18 can be divided into two and guided to the
photoelectric conversion units 16 and 17 (pupil division method). It should be noted that when focus detection is
performed using the phase difference detection method. when the pair of regions 8A and 8B partially protrudes
from the exit pupil 18, light beams guided to the pair of photoelectric conversion units 16 and 17 (light beams
used for focus detection). As a result. the focus detection accuracy deteriorates. Accordingly. in the pixel cell 12
for focus detection, the microlens 15 is arranged so that the pair of regions 8A and 8B are accommodated in the
exit pupil 18 regardless of the size of the exit pupil 18 (that is. the aperture diameter of the photographing
optical system), The power is set. Therefore, the power of the microlens 15 is set based on the size of the exit
pupil 18 when the aperture diameter is minimum (for example. F2.8 or F5.6).

[0023] Furthermore, in this embodiment, the microlenses 13 and 15 are circular (FIGS. 1A and 1B), and the
respective opening sizes (diameters) are the lengths A11 and A12 of one side of the pixel cells 11 and 12,
respectively. Configured to be equal. Accordingly, by making the length A12 of one side of the pixel cell 12
longer than the length A1l of one side of the pixel cell 11 as described above, the aperture size of the microlens
15 for focus detection is set to that of the microlens 13 for the photographed image. It can be larger than the
opening size. The aperture area can be increased by increasing the aperture size, and many light beams can be
incident on the pair of photoelectric conversion units 16 and 17 through the microlens 15.

[0024] Further. the charge accumulated in the photoelectric conversion unit 14 of the pixel cell 11 for the

captured image and the charge accumulated in the pair of photoelectric conversion units 16 and 17 of the pixel
cell 12 for focus detection are, for example. FIG. It can be read out by the MOS type circuit configuration
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shown in FIG. FIG. 4 shows 4 = 4 pixels (that is. 12 pixel cells 11 and | pixel cell 12) of the pixel cell 11, and a
readout circuit thereof,

[0025] Since the focus detection pixel cell 12 includes the two photoelectric conversion units 16 and 17, the
circuit portion of the pixel cell 12 corresponds to two pixel cells 11 for the captured image. Further, since the
cell size of the pixel cell 12 corresponds to four times that of the pixel cell 11, the locations 30 (1), 30 (2)
adjacent to the circuit portion of the pixel cell 12 and corresponding to two pixel cells 11. ) Becomes empty.
These locations 30 (1) and 30 (2) may be dummy.

[0026] The photoelectric conversion unit 14 of the captured image pixel cell 11 and the pair of photoelectric
conversion units 16 and 17 of the focus detection pixel cell 12 are respectively a transfer switch MOS transistor
31 and a reset MOS transistor 32, The source follower amplifier MOS transistor 33 and the horizontal selection
switch MOS transistor 34 are connected to the vertical output line V. The MOS transistors 31, 32, and 34 are
connected to the vertical scanning circuit 41 through control lines R, P, and S, respectively. The vertical
scanning circuit 41 controls on / off of the MOS transistors 31 and 33 and the like.

[0027] Further, a load MOS transistor 35 is connected to one end of the vertical output line V. and a horizontal
output line H is connected via an output storage capacitor 37 and a horizontal transfer MOS transistor 38. An
output amplifier 43 is connected to one end of the horizontal output line H. Further, a horizontal scanning circuit
42 is connected to the MOS transistor 38. The MOS transistor 35 constitutes a source follower similar to the
MOS transistor 33 and is connected to a control circuit (not shown) via a control line L. The horizontal scanning
circuit 42 controls on / off of the MOS transistor 38.

[0028] When accumulating charges in the photoelectric conversion units 14, 16, and 17, first, the control line L
is set to high level to reset the vertical output line V, and then the control line L is set to low level. Next, the
vertical scanning circuil 41 sets the control lines R and P to the high level to reset the photoelectric conversion
units 14, 16 and 17, and then sets the control lines R and P to the low level. By this operation. the photoelectric
conversion units 14, 16, and 17 are reset to a predetermined potential, and charge accumulation in the
photoelectric conversion units 14, 16, and 17 is started.

[0029] When reading the charges of the photoelectric conversion units 14, 16, and 17, first, the vertical scanning
circuit 41 sets the control line P to the high level to turn on the MOS transistor 31, and the charges of the
photoelectric conversion units 14, 16, and 17 are changed. Applied to the gate of the MOS transistor 33. Further,
the control line S 1s set to the high level to turn on the MOS transistor 34, and the charge on the horizontal line

is selected as a reading target. At this time, the MOS transistor 33 generates an amplified signal in accordance
with the amount of charge applied to its gate, and outputs it to the output storage capacitor 37 via the vertical
output line V.

[0030] Each output stored in the output storage capacitor 37 is transferred to the horizontal output line H via the
MOS transistor 38 in response to a scanning timing signal from the horizontal scanning circuit 42 to the MOS
transistor 38. Further. the signal is transferred to the output amplifier 43 through the horizontal output line H.
and read out through the signal amplification in the output amplifier 43. The output of the pixel cell 11 read out
in this manner is caused by the electric charge accumulated in the photoelectric conversion unit 14, and is used
for displaying a captured image in the imaging system including the imaging device 10 of the first embodiment.
It is done. Further, the output of the pixel cell 12 is caused by the electric charges accumulated in the pair of
photoelectric conversion units 16 and 17, and in the focus detection apparatus and the imaging system including
the imaging device 10 of the first embodiment, the phase difference detection method is used. Used for focus
detection.

[0031] When performing phase difference detection type focus detection based on the output of the pixel cell
12, the first subject image is captured from the output related to one of the plurality of pixel cells 12 and the
other photoelectric conversion unit 17. The second subject image is taken in from the output related to, and the
positional phase difference between the two subject images (that is, the positional deviation amount in the
arrangement direction of the pair of photoelectric conversion units 16 and 17) is obtained by, for example,
correlation calculation. Then, by converting this phase difference into a defocus amount (that is, a positional
deviation amount in the optical axis direction) of the photographing optical system, information related to focus
detection is generated.

[0032] In the imaging device 10 of the first embodiment, the aperture size of the focus detection microlens 15 is
set to be used for a captured image in order to make the cell size of the focus detection pixel cell 12 larger than
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the cell size of the captured image pixel cell 11, The opening size of the microlens 13 can be made larger, and
the opening area can be increased accordingly. Therefore, as compared with the case where the focus detection
pixel cell 12 has the same cell size as that of the captured image pixel cell 11 (or a cell size smaller than the
pixel cell 11), a large amount of light flux passes through a pair of microlenses 15. The light can enter the
photoelectric conversion units 16 and 17. As a result, an output level necessary for focus detection can be
secured in a normal charge accumulation time even at low luminance. and responsiveness at low luminance can
be improved.

[0033] Furthermore, in the image sensor 10 of the first embodiment, even when the cell size of the pixel cell 11
for photographed images is reduced (for example. when the pixel size is reduced to the wavelength order) as the
number of pixels increases. the pixels for the photographed images are used. Compared with the microlens 13 of
the cell 11, the aperture size of the microlens 15 of the focus detection pixel cell 12 can be ensured. and the
influence of diffraction in the microlens 15 can be reduced.

[0034] Here, in order to explain the relationship between the aperture size of the microlens 15 and the influence
of diffraction on the microlens 15, diffraction simulations (FIGS. 5 to 9) were performed. The simulation
condition assumes a circular exit pupil 18 corresponding to F2.8 (FIG. 5A). assumes an XY coordinate sysiem
with the optical axis 19 of the imaging optical system as the origin. and starts from the exit pupil 18. The
distance to the microlens 15 is 100 mm, and the size of the rectangular photoelectric conversion unit 16 (FIG.
5B) conjugate to the exit pupil 181s X =-2 to —12 mm, and Y = —10 to 10 mm. . This size is such that the
photoelectric conversion unit 16 is projected in a substantially inscribed manner on the exit pupil 18 in an ideal
case where there is no influence of diffraction as in the diffraction image 8C shown in FIG. is there, The
wavelength was 500 nm.

[0035] Further, when the microlens 15 is circular (see FIG. 1B) and the opening size (diameter) of the microlens
1515 20 pm, 10 pm, 4 pm, and 2 pm, the results are shown in FIGS. FIGS. 6A to 9A are schematic shapes of a
diffraction image 8C of the photoelectric conversion unit 16 by the microlens 15 having each opening size. FIG.
6B to FIG. 9B are intensity distributions at Y = 0 of each diffraction image 8C.

[0036] As shown in FIGS. 6A and 6B, when the aperture size (diameter) of the microlens 15 is 20 pm, the
influence of diffraction is small, and most of the diffraction image 8C (about 96%) is F2. 8 within the exit pupil
18. Further. as shown in FIGS. 7A and 7B. when the aperture size (diameter) of the microlens 15 is 10 pm, the
influence of diffraction increases, and a part (base) of the diffraction image 8C is F2.8. It protrudes from the exit
pupil 18, The portion included in the exit pupil 18 is about 92%.

[0037] Further, as shown in FIGS, 8A and 8B, when the aperture size (diameter) of the microlens 15 is 4 jum,
the influence of the diffraction is further increased, and the edge of the diffraction image 8C is staggered, and
the diffraction image 8C. Protrudes from the exit pupil 18 of F2.8. The portion included in the exit pupil 18 is
about 81%. Further, as shown in FIGS. 9A and 9B, when the aperture size (diameter) of the microlens 15 is 2
pm, the influence of diffraction further increases, and the diffraction image 8C spreads in a circular shape, and
the diffraction image 8C. About half of the projection protrudes from the exit pupil 18 of F2.8. The portion
included in the exit pupil 18 is about 60%.

[0038] As can be seen from this simulation, when the aperture size (diameter) of the microlens 15 becomes 20
pm or less, the projection performance of the microlens 15 deteriorates, and the shape of the diffraction image
8C projected on the exit pupil 18 is affected by the influence of diffraction. The collapse starts, and a part of the
diffraction image 8C starts to spread outside the exit pupil 18. As the aperture size of the microlens 15 becomes
smaller, the influence of diffraction increases. and about half of the diffraction image 8C protrudes outside the
exit pupil 18 at a diameter of 2 pm as shown in FIGS.

[0039] That is. the influence of diffraction in the microlens 15 becomes prominent when the aperture size
(diameter) is smaller than 20 pm. For this reason, when the aperture size (diameter) of the microlens 13 of the
pixel cell 11 for captured images is smaller than 20 pm, the aperture size of the microlens 15 of the focus
detection pixel cell 12 1s smaller than that of the microlens 13. It is particularly effective to ensure a large value,
and the influence of diffraction on the microlens 15 can be reliably reduced.

[0040] If the influence of diffraction in the microlens 15 can be reduced. the portion included in the exit pupil 18
in the pair of regions 8A and 8B (FIG. 3) projected onto the exit pupil 18 by the microlens 15 is increased ( For
example, FIG. 8 — FIG. 6), and the vignetting of the light beam used for focus detection can be suppressed. For
this reason, the intensity distribution shapes of the two subject images described above can be substantially
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matched, and an error in computation (for example, correlation computation) when obtaining the positional
phase difference between the two subject images can be reduced. Therefore. it is possible to avoid a sitnation in
which the focus detection accuracy is lowered as the number of pixels is increased.

[0041] Furthermore, when the aperture size (diameter) of the microlens 15 is larger than 20 pm, the pair of
photoelectric conversion units 16 and 17 can be accurately projected onto the exit pupil 18 by the microlens 15
(see FIG. 5A). In other words, the projection can be performed so that the pair of regions 8A and 8B can be
accommodated in the exit pupil 18, and the light flux used for focus detection can be eliminated to maintain
good focus detection accuracy.

[0042] Further. in the image sensor 10 of the first embodiment, the cell size of the focus detection pixel cell 12
is set to four times the cell size of the captured image pixel cell 11 (see FIG. 1). Compared to the basic circuit
configuration in the case where the image sensor is configured only from the pixel cells 11, it is not necessary (o
make a significant change. For this reason, even when the cell size of the focus detection pixel cell 12 is
increased. the circuit configuration of the image sensor 10 is facilitated. Further, the microlens 15 can be easily
manufactured. Further, no special change is required for the operation control of the image sensor 10,

[0043] (Second Embodiment) Here, an image pickup system 40 including the image pickup device 10 (FIGS. 1
to 4) will be described with reference to FIGS. As shown in FIG. 10, the imaging system 40 according to the
second embodiment includes a photographing optical system 41, an aperture 42, an imaging element 10, a signal
processing unit 43, an AD conversion unit 44, a signal processing unit 45, a memory unit 46, and timing
generation. A unit 47, a control unit 48, interfaces (IF) 49 and 50. and an operation unit 51 are provided.

[0044] The photographing optical system 41 includes a lens group that forms a subject image on the image
pickup surface of the image pickup device 10 and includes a focusing lens. The diaphragm 42 adjusts the
amount of light flux that passes through the photographing optical system 41. The image sensor 10 captures a
subject image by the photographing optical system 41 and outputs a signal for a photographed image and a
signal for focus detection. The signal processing unit 43 includes a gain variable amplifier that amplifies the
output of the image sensor 10 and a gain correction circuit that corrects the gain value. The AD converter 44
converts the signal (analog signal) after passing through the signal processor 43 into a digital signal. The signal
processing unit 45 performs various corrections on the data output from the AD conversion unit 44. The
memory unit 46 temporarily stores data after passing through the signal processing unit 45,

[0045] The timing generator 47 outputs various timing signals to the image sensor 10, signal processors 43 and
45, and AD converter 44. The control unit 48 performs various calculations and overall control of the imaging
system 40, The IF 49 performs data recording and reading with respect to the removable recording medium 9A.
The recording medium 9A is, for example. a semiconductor memory. The [F 50 communicates with an external
computer (not shown). The operation unit 51 outputs a command corresponding to an operation from the outside
to the control unit 48.

[0046] An operation (FIG. 11) of the imaging system 40 of the second embodiment will be described. First (step
S1). after the main power supply is turned on, the control system power supply is turned on, and the imaging
system circuit such as the AD converter 44 is turned on. Thereafter, the control unit 48 opens the aperture 42 in
order to control the exposure amount. The output from the image sensor 10 is stored in the memory unit 46 after
passing through the signal processing unit 43, the AD conversion unit 44, and the signal processing unit 45.

[0047] When the focus adjustment (steps S2 to S4) is started, the phase difference detection method is firstly
performed using the data corresponding to the output of the focus detection pixel cell 12 among the data stored
in the memory unit 46. Focus detection is performed (step S2). That is. for example, the positional phase
difference between the two subject images described above is obtained by a well-known correlation calculation,
and the defocus amount of the photographing optical system 41 is calculated.

[0048] Next (step S3), it is determined based on this defocus amount whether or not the photographing optical
system 41 is in focus. If it is not yet in focus (step S3 is No), based on the defocus amount. The focusing lens of
the photographing optical system 41 is driven and moved toward the in-focus position (step S4). Thereafter. the
process returns to step S2, and the focus adjustment (steps S2 to S4) is repeated until the defocus amount
becomes zero.

[0049] If it is determined that the photographing optical system 41 is in focus (Yes in Step S3). the process
proceeds to Step S5, and when it is detected that the release button of the operation unit 51 is pressed, the
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photographing operation is executed. (Step S6). That is. the output from the image sensor 10 is stored in the
memory unit 46 via the AD conversion unit 44 or the like. Next. the control unit 48 generates an image signal by
using data corresponding to the output of the pixel cell 11 for the photographed image among the data stored in
the memory unit 46 by the photographing operation of Step S6 (Step S7). ). An image signal at the position of
the pixel cell 11 of the image sensor 10 is generated based on the data of the pixel cell 11. The image signal at
the position of the focus detection pixel cell 12 is generated by interpolation processing based on the data of the
pixel cells 11 around the pixel cell 12,

[0050] An example of image signal generation will be described. Here, it is assumed that the RGB array of the
color filters of the plurality of pixel cells 11 is a Bayer array as shown in FIG. In this case. an image signal for
one pixel at the position of the pixel cell 11 is obtained from the outputs of four adjacent pixel cells 11 (for
example, Glla, B11, R11, G11b) by the following equations (1) to (4). Can be generated according to In the
expressions (1) to (4). the output of each pixel cell 11is1(Glla), I (B11),I(R11),1(G11b). Equation (1) is the
luminance component Iy 11 of the image signal. Expressions (2) to (4) are the green component Igl 1, red
component Irl1, and blue component Ib11 of the image signal. respectively. k1 to k3 are predetermined
coefficients.

[0051] Iy11 =kl = [ (Gl1a)+ I (GlIb)] + k2 x I(R11)+ k3 =« [ (BL11) (1) Igll = [I(Glla)+1(Gl1lb)]/Iv11
(2) Irl1 =1 (R11)/Iy11 (3) Ib11 =1 (B11)/Iv11 (4) Further. an image signal for one pixel at the position of the
pixel cell 12 may be generated by the following interpolation processing. it can. First. assuming that the four
pixel cells 11 (G22a. B22, R22, G22b) shown in FIG. 12B are arranged at the position of the pixel cell 12, the
pixel cells 11 in four directions around the pixel cell 12 are arranged. (G12a, G21a, G23a, G32a....) Are
substituted into the following equations (5) to (8) to output the pixel cell 11 (G22a, B22, R22, G22b) in FIG.
The data corresponding to is obtained. Calculations of equations (5) to (8) correspond to averaging processing,

[0052] T (G22a) = [1 (G12a) + 1 (G2la) + 1 (G23a) + 1 (G32a)] / 4 (5) 1 (G22b) = [1 (G12b) + I (G21b) +1
(G23b) +1(G32b)] /4 ... (6) T (R22) =[I (R12) + I (R21) + 1 (R23) + 1 (R32)] /4 ... (7)1 (B22) = [1 (B12) + 1
(B21 )+1(B23) +1(B32)] /4 (8) Then, using the results of the expressions (5) to (8). the position of the pixel
cell 12 is determined according to the following expressions (9) to (12). The image signal for one pixel can be
generated. Equation (9) is the luminance component [y22 of the image signal. Expressions (10) to (12) are the
green component Ig22, red component 1r22, and blue component Ib22 of the image signal, respectively.

[0053] 1y22 =K1 * [1 (G22a) + 1 (G22b)] + k2 = I (R22) +k3 x I (B22) (9) 1g22 = [1 (G22a) + [ (G22b)] / Iy22
(10) 1122 =1 (R22) / Iy22 (11) Ib22 = 1(B22) / Iy22 (12) When the generation of the image signal (processing in
step S7 in FIG. 11) is completed in this way. these data are also stored in the memory unit 46. Is written to.
Then, for the next photographing operation, the process returns to the process of step S2 and the processes such
as focus detection are repeated. On the other hand, the image signals (luminance component, green component.
red component, blue component) stored in the memory unit 46 are recorded on the recording medium 9A
through the IF 49 under the control of the control unit 48, Further, the image signal may be processed by being
output to an external computer or the like via the IF 50.

[0054] As described above, in the imaging system 40 of the second embodiment, focus detection of the imaging
optical system 41 is performed based on the output of the pixel cell 12 for focus detection provided in the
imaging device 10 (step S2 in FIG. 11). Therefore, it is possible to adjust the focus of the photographing optical
system 41 with good responsiveness and accuracy even at low luminance. As a result, it is possible to obtain a
focused image quickly even at low luminance.

[0055] Furthermore, in the imaging system 40 of the second embodiment, color filters are provided in the pair of
photoelectric conversion units 16 and 17 of the pixel cell 12 in order to generate an image signal at the position
of the focus detection pixel cell 12 by interpolation processing. Even if it is not, a good captured image can be
obtained. (Modification 1) Here. a modification of the generation of the image signal at the position of the pixel
cell 12 will be described.

[0056] When the outputs of the four pixel cells 11 (G22a, B22, R22, G22b) shown in FIG. 12B are obtained by
interpolation processing, the pixel cells 11 (G11a, G12a, G13a, G21a) around the pixel cell 12 are displayed. ,
(G23a, G31a, G32a, G33a, etc.) mayv be used for averaging processing similar to the above equations (5) to (8).
Furthermore. weighting according to the relative position between the pixel cell 12 and the surrounding pixel
cell 11 may be performed during the averaging process. By performing such processing, the accuracy of the
interpolation processing is improved.
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[0057] Further, when the lnminance component [y22 is generated from the image signal at the position of the
pixel cell 12, not the output of the four pixel cells 11 (G22a. B22, R22, G22b) obtained by the interpolation
process, but the pixel cell 12 Output may be used. For example, if the outputs of the pair of photoelectric
conversion units 16 and 17 of the pixel cell 12 are [ (W22a) and I (W22b) (FIG. 12C). and these are substituted
into the following equation (13), the lnminance Component Iy22 can be produced. k4 is a predetermined
coefficient.

[0058] 1y22 = k4 = [ (W22a) + [ (W22b)] (13) In this case. the color components [g22. 1122, and [b22 of the
image signal are output from the pixel cell 12 in the above equations (10} to (12). Substituting the luminance
component Iy22 (Equation (13)) obtained from the above and the outputs of the four pixel cells 11 (G22a, B22,
R22, G22b) obtained by the interpolation process.

[0059] Thus. by generating the luminance component Iy22 of the image signal at the position of the pixel cell 12
based on the output of the pixel cell 12, the accuracy in generating the luminance component [v22 and the color
components 1g22. 1122, and Ib22 is improved. improves. (Third Embodiment) Here, the digital still camera 60 of
FIG. 13 will be described as a specific example of the imaging system 40 including the imaging device 10
(FIGS. 110 4).

[0060] The digital still camera 60 includes an interchangeable lens 61 and a camera body 62 and is coupled by a
mount unit 63, The interchangeable lens 61 is provided with a photographing optical system (64, 65). a
diaphragm 66, driving units 67, 68, and a lens CPU 69. The photographing optical svstem (64, 65) includes a
lens 65 for focusing. The drive unit 67 drives the lens 65 for focusing. The drive unit 68 drives the diaphragm
66. The lens CPU 69 controls the operation of the drive units 67 and 68.

[0061] The camera body 62 is provided with the imaging device 10, a focus detection unit 71, a body CPU 72, a
liquid crystal display element 73, an eyepiece lens 74, and a liquid crystal driving unit 75. The image sensor 10
is disposed on the planned imaging plane of the photographing optical svstem (64. 65) of the interchangeable
lens 61. The focus detection unit 71 performs focus detection of the imaging optical system (64, 65) based on
the output of the pixel cell 12 of the image sensor 10. The body CPU 72 performs overall operation control of
the digital still camera 60. The liquid crystal display element 73 and the evepiece lens 74 constitute a liquid
crystal viewfinder. The liquid crystal driving unit 75 drives the liquid crystal display element 73 in accordance
with an instruction from the body CPU 72.

[0062] The body CPU 72 and the lens CPU 69 are connected to various information (lens characteristics
information such as an open F value, focus adjustment information for lens driving, and information for aperture
control via an electrical contact 76 provided on the mount 63. ). In the digital still camera 60 of the third
embodiment, when the focus detection unit 71 performs focus detection of the imaging optical system (64. 65)
based on the output of the pixel cell 12 of the image sensor 10, the focus detection unit 71 performs imaging for
the body CPU 72. A defocus amount representing the focus adjustment state of the optical svstem (64, 65) is
output. The body CPU 72 determines whether or not the photographing optical system (64, 65) is in an in-focus
state based on the defocus amount. If the in-focus state is not in focus, the lens CPU 69 drives the lens according
to the defocus amount. Output information.

[0063] The lens CPU 69 controls the drive unit 67 based on the lens drive information, and moves the focusing
lens 65 toward the in-focus position. Further, the body CPU 72 generates an image signal based on the output of
the pixel cell L1 of the image sensor 10, outputs this image signal to the liquid crystal drive unit 75, and displays
a photographed image on the liquid cryvstal display element 73 of the liquid crystal viewfinder. Let At this time,
it is preferable to perform an interpolation process similar to the above to generate and display an image signal
at the position of the focus detection pixel cell 12.

[0064] As described above. in the digital still camera 60 according to the third embodiment, the focus detection
of the imaging optical system (64, 65) of the interchangeable lens 61 is performed based on the output of the
focus detection pixel cell 12 of the image sensor 10. Therefore, it is possible to adjust the focus of the
photographing optical system (64, 65) with good responsiveness and accuracy even at low luminance. As a
result, it is possible to obtain a focused image quickly even at low luminance.

[0065] (Fourth Embodiment) Here. an example of an image pickup device having two types of pixel cells for
focus detection will be described with reference to FIGS. The image sensor 80 of the fourth embodiment is
provided with a pixel cell 81 shown in FIG. 14A in addition to the pixel cells 11 and 12 shown in FIGS. In other
words, the imaging element 80 is provided with the pixel cell 11 for a captured image and two types of pixel
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cells 12 and 81 for focus detection. The configuration and operation of the pixel cells 11 and 12 shown in FIGS.
LA and 1B are the same as described above, and a description thereof is omitted here.

[0066] FIG. 14B shows a layout of the pixel cells 11, 12, 81. On the substrate of the image sensor 80. the pixel
cells 11 for captured images are two-dimensionally arranged almost densely (square lattice shape). and one pixel
cell 12 for focus detection is periodically embedded therein. The other pixel cells 81 for focus detection are
arranged almost densely in a predetermined area. The pixel cell 81 shown in FIG. 14A has a square shape like
the pixel cells 11 and 12. The pixel cell 81 has a cell size different from that of the focus detection pixel cell 12
and is the same as the pixel cell 11 for captured image. The length A81 of one side of the pixel cell 81 is equal
to the length A11 of one side of the pixel cell 1 1. In other words. the newly provided focus detection pixel cell
81 is smaller than the focus detection pixel cell 12 described above. In the following description, the small pixel
cell 81 and the large pixel cell 12 are referred to as necessary.

[0067] A small pixel cell 81 is provided with a circular microlens 82 and two rectangular photoelectric
conversion units 83 and 84. The microlens 82 is an optical element that collects incident light and guides it to
the photoelectric conversion units 83 and 84, and the opening size (diameter) thereof is equal to the length A 81
of one side of the pixel cell 81. The photoelectric conversion units 83 and 84 are photodiodes that generate
charges in accordance with the light collected by the microlens 82. respectively. These two photoelectric
conversion units 83 and 84 form a pair and are used for phase difference detection type focus detection using the
microlens 82. For this reason. the pair of photoelectric conversion units 83 and 84 are arranged in a conjugate
manner with the exit pupil of the photographing optical svstem (not shown) via the microlens 82 (see FIG. 3).

[0068] The cross-sectional structure of the pixel cell 81 (FIG. 15) is the same as the cross-sectional structure of
the pixel cell 12 (FIG. 2), and the photoelectric conversion units 83 and 84 are formed on the surface p + layer
23 and the n layer 24 of the substrate 22. The gate insulating film 25 is formed on the surface of the substrate 22.
and the infrared cut filter 21 is disposed between the photoelectric conversion units 83 and 84 and the microlens
82. Further, in the pixel cell 81, a pair of photoelectric conversion portions 83 and 84 are formed with the
floating diffusion (FD) portion 2 A of the P-type well of the substrate 22 interposed therebetween. Then, in
order to read out the charges accumulated in the pair of photoelectric conversion units 83 and 84 individually (or
by adding) through the FD unit 2A. the transfer switch MOS transistors 85, 86 is provided. The MOS transistors
85 and 86 are connected to a vertical scanning circuit (not shown) via control lines P "and P " shown in FIG.

[0069] Therefore, the charges accumulated in the pair of photoelectric conversion units 83 and 84 can be
transferred individually (or added) to the FD unit 2A in accordance with on / off of the MOS transistors 85 and
86 by the vertical scanning circuit. it can. For example, when one of the MOS transistors 85 is selectively turned
on, only the charge of the photoelectric conversion unit 83 corresponding to the MOS transistor 85 is selectively
transferred to the FD unit 2A. If both MOS transistors 85 and 86 are simultancously turned on, the charges of
the pair of photoelectric conversion units 83 and 84 are simultaneously transferred to the FD unit 2A and added
there.

[0070] Further, the FD portion 2A is connected to the control line R ' via the reset MOS transistor 87, and is
connected to the control line 8 " and the vertical via the source follower amplifier MOS transistor 88 and the
horizontal selection MOS transistor 89. Connected to the output line V. For this reason, the charge transferred to
the FD unit 2A is amplified via the MOS transistor 88 and transferred to the vertical output line V via the MOS
transistor 89.

[0071] The circuit configuration shown in FIG. 16 corresponds to one small pixel cell 81. and this pixel cell 81
has the same cell size as the pixel cell 11 for a captured image. For this reason, when the circuit portion of the
pixel cell 81 is incorporated in the circuit configuration of FIG. Note that the control lines P, P ", R ", and S " in
FIG. 16 are provided in common or independently with the control lines P, R, and S in FIG. 4. respectively.

[0072] Since the image sensor 80 of the fourth embodiment has two types of pixel cells 12 and 81 for focus
detection, the two types of pixel cells 12 and 81 are selectively used according to various shooting conditions.
and a focus suitable for the shooting conditions. Detection can be performed. For example, when it is desired to
ensure the focus detection response at low luminance, it is preferable to use the output of the large pixel cell 12.
Further, when it is desired to increase the accuracy of focus detection at high luminance, it is preferable to use
the output of the small pixel cell 81. Since the small pixel cell 81 has a fine detection pitch. it is suitable for a
fine subject.
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[0073] Further, in the image sensor 80 of the fourth embodiment, the cell size of the large pixel cell 12 is four
times the cell size of the captured image pixel cell 11 and the cell size of the small pixel cell 81 is the cell size of
the pixel cell 11. Therefore, it is not necessary to make a significant change compared to the basic circuit
configuration in the case where the image sensor is configured only from the pixel cell 11 for the captured
image. For this reason, the circuit configuration of the image sensor 80 is facilitated. Further, the microlenses 15
and 82 can be easily manufactured.

[0074] (Fifth Embodiment) Here, the operation of an imaging system (see FIGS. 10 and 13) provided with an
imaging device 80 of the fourth embodiment will be described with reference to the flowchart of FIG. The
operation procedure shown in FIG. 17 is provided with steps S11 to S13 instead of step S2 in FIG. Here. focus
adjustment (steps S11 to S13, 83, S4) will be described.

[0075] In step S11, it is determined based on the output of a photometric sensor (not shown) provided in the
imaging system whether or not the luminance of the subject is smaller than a predetermined value. IT the
luminance is smaller than the predetermined value (step S11 is Yes). focus detection is performed using the
output of the large pixel cell 12 with high low luminance performance (step S13). On the other hand, when the
luminance is equal to or higher than the predetermined value (No in step S11), focus detection 1s performed
using the output of the small pixel cell 81 with high focus detection accuracy (step S12).

[0076] Therefore, in the imaging system of the fifth embodiment. focus adjustment can be performed with good
responsiveness at low luminance, and focus adjustment can be performed with high accuracy at high luminance.
Moreover. such proper use can be performed automatically. At high lnminance. focus detection may be
performed using both the pixel cells 12 and 81 having two large and small cell sizes.

[0077] (Modification 2) Here, an example will be described in which two tvpes of focus detection pixel cells 12
and 81 (FIG. 14) having different cell sizes are switched in accordance with manual settings, various camera
settings, interchangeable lens characteristics, and the like. . When switching according to the focus adjustment
mode, a small pixel cell 81 is selected with priority given to focus detection accuracy during one-shot AF (mode
in which the lens is locked after focusing). and continuous AF (after focusing) is selected. It is conceivable that
the large pixel cell 12 is selected with priority given to responsiveness in the mode in which the lens is driven by
following the back and forth movement of the subject without locking the lens.

[0078] When switching according to the still image / moving image shooting mode, the small pixel cell 81 is
selected with priority given to the focus detection accuracy in the still image shooting mode (still image
shooting mode). and the moving image shooting mode (video It is conceivable to select the large pixel cell 12 in
order to give priority to responsiveness in the image capturing mode). When switching according to the shooting
mode of single shooting / continuous shooting. a small pixel cell 81 is selected with priority given to focus
detection accuracy in the single shooting mode (mode for shooting images one by one), and the continuous
shooting mode is selected. It is conceivable that the large pixel cell 12 is selected with priority given to
responsiveness in the case of (a mode in which images are continuously captured).

[0079] When switching according to the portrait / sports shooting mode, the small pixel cell 81 is prioritized
with focus detection accuracy in the portrait shooting mode (shooting mode suitable for shooting a stationary
subject). It is conceivable to select the large pixel cell 12 with priority given to responsiveness in the sports
shooting mode (shooting mode suitable for shooting a moving subject).

[0080] When switching according to the aperture value at the time of shooting, a small pixel cell 81 is selected
with priority on focus detection accuracy when the aperture value is brighter than a predetermined value, and a
large size with priority on responsiveness when darker than the predetermined value. It is conceivable to select
the pixel cell 12. When switching according to the photographing magnification, when the photographing
magnification is smaller than a predetermined value. the small pixel cell 81 is selected with priority on focus
detection accuracy, and when larger than the predetermined value, the large pixel cell is given priority on
responsiveness. It is conceivable to select 12.

[0081] When switching according to the open F value of the attached interchangeable lens. when the open F
value is brighter than the predetermined value, the small pixel cell 81 is selected giving priority to the focus
detection accuracy, and when it is darker than the predetermined value. responsiveness is selected. It is
conceivable to select the large pixel cell 12 with priority given to. When switching according to the focal length
of the attached inferchangeable lens. priority is given to focus detection accuracy when the focal length is

1744



shorter than a predetermined value. and small pixel cells 81 are selected, and priority is given to response when
the focal length is longer than the predetermined value, Then, it is conceivable to select a large pixel cell 12,

[0082] When switching according to non-use / use of the strobe, the small pixel cell 81 is selected with priority
given to the focus detection accuracy when shooting without using the strobe, and responsiveness when
shooting using the strobe. It is conceivable to select the large pixel cell 12 with priority given to. When
switching between using / not using a tripod. the small pixel cell 81 is selected with priority given to focus
detection accuracy when shooting with the camera fixed to a tripod. etc.. and the camera is not fixed to the
tripod. It is conceivable to select the large pixel cell 12 with priority given to responsiveness when hand-held.

[0083] (Modification 3) Here, a modification of the layout of each pixel cell in the image sensor 10 (FIG. 1C)
and the image sensor 80 (FIG. 14B) will be described. As shown in FIG. 18, the pixel cells 11 for photographed
images may be arranged almost densely, and the focus detection pixel cells 12 may be shifted in every other row
in a staggered manner. In the case of such a layout, even if the size of the pattern of the subject image (for
example, a linear pattern) is approximately the same as the arrangement pitches D1 and D2 of the pixel cells 12.
focus detection can be performed regardless of the position.

[0084] As shown in FIG. 19. the pixel cells 11 for photographed images may be arranged almost densely. and
the pixel cells 12 for focus detection may be arranged almost densely in a predetermined region therein. In the
case of such a layout. even if the size of the pattern of the subject image (for example. a dot pattern) is
approximately the same as the arrangement pitch D1 of the pixel cells 12, focus detection can be performed
regardless of the position. As shown in FIG. 20, the pixel cells 11 for photographed images are arranged almost
densely, the pixel cells 12 for focus detection are arranged almost densely in a predetermined area, and are
shifted by a half pitch for each row. May be. In this case, even if the size of the pattern of the subject image (for
example, a linear pattern or a dot pattern) is approximately the same as the arrangement pitches D3 and D1 of
the pixel cells 12, focus detection can be performed regardless of the position.

[0085] As shown in FIG. 21, a pixel cell 26 having a cell size different from that of the pixel cell 12 is provided
for focus detection, and the length A26 of one side of the pixel cell 26 is the length of one side of the pixel cell

11 for a photographed image. It may be 2.5 times All. The cell size of the pixel cell 26 is 6.25 times that of the
pixel cell 11. In FIG. 21, the pixel cells 11 for captured images are arranged substantially densely, and the pixel
cells 26 are arranged substantially densely in a predetermined region therein. As described above, the cell size of
the focus detection pixel cell is not limited to an integer multiple of the captured image pixel cell 11 and can be
freely set. When the effect of mitigating the influence of diffraction is insufficient, a desired effect can be
obtained by appropriately adjusting the ratio of the cell sizes of the focus detection pixel cell and the captured
image pixel cell 11. it can,

[0086] As shown in FIG. 22, a pixel cell 27 having a different aspect ratio is provided for focus detection, and
the length A27 of one side of the pixel cell 27 in the horizontal direction is twice the length Al1 of one side of
the pixel cell 11 for the photographed image. The length A28 in the vertical direction may be equal to the length
A1l of the pixel cell 11. The cell size of the pixel cell 27 is twice that of the pixel cell 11. Since the vertical
length A27 of the focus detection pixel cell 27 is equal to that of the captured image pixel cell 11, the image
quality can be maintained even when interpolation processing is performed when generating the image signal.
Further, it 1s not necessary to change the circuit configuration by arranging the pixel cell 27,

[0087] As shown in FIG. 23, two types of pixel cells 12 and 81 for focus detection (see FIG. 14) are arranged
almost densely in a predetermined region in which the pixel cells 11 for captured images are arranged almost
densely. The large pixel cells 12 may be arranged in a staggered manner by shifting every other column (see
FIG. 18), and the small pixel cells 81 may be disposed substantially densely therebetween. As shown in FIG. 24,
the pixel cells 12 for focus detection may be arranged in a line frame shape while the pixel cells 11 for captured
images are arranged almost densely. In this case. a captured image is displaved on the screen of the liquid
crystal viewfinder of the imaging system based on the output of the pixel cell 11, and the position of the pixel
cell 12 is superimposed on the captured image as a focus detection area (focus frame). It is preferable to display.
The focus frame display is performed by, for example. fixed data. Thus, since the position of the pixel cell 12 is
displayed as the focus frame, it is not necessary to generate an image signal at the position of the pixel cell 12 by
interpolation processing from the output of the surrounding pixel cells 11 or the like.

[0088] (Modification 4) Here, a modification of the photoelectric conversion unit of the pixel cell for focus

detection will be described. As in the pixel cell 90 for focus detection shown in FIG. 25, four photoelectric
conversion units 91 to 94 may be provided. In this case, any two of the four photoelectric conversion units 91 to
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94 can be selectively combined to form a pair of photoelectric conversion units that can be used for phase
difference detection type focus detection. In the focus detection by the phase difference detection method, the
positional phase difference between the two subject images (that is, the positional deviation amount in the
arrangement direction of the pair of photoelectric conversion units) is obtained by, for example. correlation
calculation. For this reason, the focus detection in a different direction can be performed according to the
arrangement direction of the selected pair of photoelectric conversion units.

[0089] For example. when performing horizontal focus detection in the figure, the outputs of the photoelectric
conversion units 91 and 93 or the outputs of the photoelectric conversion units 92 and 94 are used. Further, the
addition output of the photoelectric conversion units 91 and 92 and the addition output of the photoelectric
conversion units 93 and 94 may be used. When performing vertical focus detection, the outputs of the
photoelectric conversion units 91 and 92 or the outputs of the photoelectric conversion units 93 and 94 are used.
Further. the addition output of the photoelectric conversion units 91 and 93 and the addition output of the
photoelectric conversion units 92 and 94 may be used. In the case of focus detection in the upward and diagonal
direction, each output of the photoelectric conversion units 91 and 94 is used. In the case of focus detection in
the upward and diagonal direction, the outputs of the photoelectric conversion units 92 and 93 are used. In this
manner, multidirectional focus detection can be performed with one tvpe of pixel cell 90,

[0090] Furthermore, like the pixel cell 100 for focus detection shown in FIG. 26, six photoelectric conversion
units 101 to 106 may be provided. and any one of RGB color filters may be provided for each. In this case, the
two photoelectric conversion units 101 and 104 arranged along the focus detection direction (lateral direction in
the figure) have the same R color component, the photoelectric conversion units 102 and 105 have the same G
color component, and the photoelectric conversion units 103 and 104. Reference numeral 106 denotes the same
B color component.

[0091] When performing focus detection by the phase difference detection method using the pixel cell 100, the
addition output of the three photoelectric conversion units 101 to 103 arranged along the direction perpendicular
to the focus detection direction is obtained, and the photoelectric conversion unit 104 is obtained. “106 are
obtained. and the positional phase difference between the two subject images (here, the amount of positional
deviation in the horizontal direction in the figure) is obtained from these two addition outputs by, for example,
correlation calculation.

[0092] Further, when generating an image signal at the position of the pixel cell 100, the addition output (R
color component) of the two photoelectric conversion units 101 and 104 arranged along the focus detection
direction is obtained. and the photoelectric conversion unit 102 is also obtained. , 105 and the addition output (B
color component) of the photoelectric conversion units 103 and 106 are obtained. Then, these three addition
outputs may be substituted into the equations (9) to (12) instead of the respective color components (equations
(5) to (8)) obtained by the interpolation processing described above.

[0093] Similarly, like the pixel cell 110 for focus detection shown in FIG. 27, six photoelectric conversion units
111 to 116 are arranged along the focus detection direction (horizontal direction in the figure). and any one of
RGB is respectively arranged. Two color filters may be provided. In this case, the two photoelectric conversion
units 113 and 114 that are symmetrical with respect to the center of the pixel cell 110 have the same R color
component, the photoelectric conversion units 112 and 115 have the same G color component, and the
photoelectric conversion units 111 and 116 have the same B color. Let it be a color component.

[0094] When performing focus detection by the phase difference detection method using the pixel cell 110, the
addition outputs of the three photoelectric conversion units 111 to 113 arranged along the focus detection
direction are obtained. and the photoelectric conversion units 1 14 to 116 are also detected. The addition output
is obtained, and the positional phase difference (here, the amount of positional deviation in the horizontal
direction in the figure) of the two subject images is obtained from these two addition outputs by, for example,
correlation calculation. Further, when generating the image signal at the position of the pixel cell 110, the
addition output (R color component) of the two photoelectric conversion units 113 and 114 symmetrical to the
center of the pixel cell 110 is obtained and the photoelectric conversion is performed. The addition output (G
color component) of the units 112 and 115 is obtained, and the addition output (B color component) of the
photoelectric conversion units 111 and 116 is further obtained. Then, these three addition outputs may be
substituted into the equations (9) to (12) instead of the respective color components (equations (5) to (8))
obtained by the interpolation processing described above.
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[0095] Therefore, when generating an image signal at the position of the pixel cell 100 (or the pixel cell 110), it
is not necessary to interpolate from the output of the pixel cell 11 for the captured image around the pixel cell
100 (or the pixel cell 110). Even if the pixel cells 100 (or the pixel cells 110) are arranged almost densely in a
large area, the image quality does not deteriorate. Further, when focus detection is performed using the pixel cell
100 (or the pixel cell 110), focus detection may be performed for each color component without adding the
output of each color component of RGB. In this way. accurate focus detection can be performed even when the
photographic optical system has chromatic aberration. In addition, focus detection can be performed on a subject
having a color change even at the same brightness. Further, a color component used for focus detection may be
selected manually or automatically, and focus detection may be performed using the output of the selected color
component. In this way. it is possible to selectively perform focus detection for a subject of a specific color.

[0096] Furthermore, when focus detection is performed using the pixel cell 110 of FIG. 27, the color component
used for focus detection may be changed according to the open F value of the attached interchangeable lens. For
example, the B color component photoclectric conversion units 111 and 116 located on the outer side take in the
light beam that has passed outside the exit pupil of the photographing optical system, so that a lens witha
brighter open F value than a predetermined value is mounted or high. It is preferably used when focus detection
accuracy is required. Since the photoelectric conversion units 113 and 114 for the R color component located
inside capture the light beam that has passed near the center of the exit pupil. the defocus amount becomes large
when a lens with an open F value that is darker than a predetermined value is attached. It is preferably used
when a lens (a lens with a long focal length) is attached.

[0097] In the above example, the pair of photoelectric conversion units 16, 17. 91 to 94.... Of the pixel cell for
focus detection are each rectangular, but the present invention is not limited to this. For example, as in the pixel
cell 120 illustrated in FIG. 28, it is conceivable that the pair of photoelectric conversion units 121 and 122 are
each substantially semicircular, and the two are combined into a substantially circular shape. In this case, the
light beam inside the exit pupil (predetermined F value) of the photographing optical system can be taken into
the photoelectric conversion units 121 and 122 without waste and used for focus detection. This is advantageous
in terms of securing the amount of light at the time of focus detection. The size of the photoelectric conversion
units 121 and 122 is irrelevant to securing the light amount.

[0098] (Modification 5) Here. a modification of the microlenses 13, 15.... Of the pixel cell will be described. In
the above example, the example in which the aperture size (diameter) of the microlenses 13 and 15 is equal to
the lengths A1l and A12 of one side of the pixel cells 11 and 12 has been described, but the present invention is
not limited to this. The opening size of the microlens may be smaller than the length of one side of the pixel cell.
In this case, even if the pixel cell for the captured image and the pixel cell for focus detection have the same cell
size, the aperture size of the micro lens in the pixel cell for focus detection is set to be smaller than the aperture
size of the micro lens in the pixel cell for captured image. By increasing the size, the same effect as described
above can be obtained.

[0099] In the above example, the microlens has a circular shape inscribed in the square pixel cell. but the present
invention is not limited to this. For example. as shown in FIGS. 29 (a) and 29 (b), a circular four-direction
portion (hatched portion) larger than the pixel cell is cut off, and a square central portion is cut out and formed
into the same shape as the pixel cell. A microlens may be used. It can be applied to microlenses for
photographed images and focus detection. In this case, the opening size of the microlens corresponds to the
length of one side of the square shape. In this way, the light beam incident on the image sensor can be used for
shooting, focus detection, and the like without waste.

[0100] Further, in the focus detection pixel cell 27 having a different aspect ratio as shown in FIG. 22, a circular
portion in two vertical directions (hatching portions) larger than the pixel cell 27 is hatched as shown in FIG.
29C. A microlens that is cut off one by one and cut out at a rectangular central portion and shaped into the same
shape as the pixel cell 27 may be used. Even in this case. the light beam incident on the image sensor can be
used for focus detection without waste.

[0101] In the above example, the microlens is used as an optical element that condenses incident light to the
pixel cell and guides it to the photoelectric conversion unit. However, the present invention is not limited fo this.
Instead of the microlens, a gradient index optical element or a reflective optical element may be used. However,
since the microlens is easy to manufacture, it is advantageous in terms of cost. Furthermore, in the above
example, an optical element such as a microlens is provided in the pixel cell for a captured image, but the
present invention can be applied to a case where this is omitted.
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[0102] (Modification 6) Here, another modification will be described. In the above example. the square pixel
cells are arranged in a square lattice shape, but the present invention is not limited to this. The present invention
can also be applied when the pixel cell is rectangular or hexagonal. When the pixel cell has a hexagonal shape, it
can be considered that the pixel cells are arranged in a two-dimensional honeycomb shape with a half-pitch shift
for each row. The focus detection pixel cell may be replaced with a plurality of adjacent captured image pixel
cells.

[0103] In the above example, the phase detection pixel cell for focus detection is described as an example. but
the present invention is not limited to this. In addition, the present invention can be applied to a case where a
pixel cell for focus detection using a contrast detection method is provided. In the case of the contrast detection
method. the number of photoelectric conversion units in the pixel cell may be one, but the outputs of two or
more photoelectric conversion units may be added. Furthermore, in the above-described example, the example
of the image sensor including the pixel cell for the captured image and the pixel cell for focus detection has been
described. but the present invention is not limited to this. The present invention can also be applied to a case
where a pixel cell for distance measurement. photometry, light adjustment. or the like is disposed instead of the
pixel cell for focus detection (or in combination with the pixel cell for focus detection). Even in the case of a
pixel cell for distance measurement, photometry, dimming, etc., the responsiveness at low luminance can be
improved by making the cell size larger than the pixel cell for the photographed image.

[0104] As an image sensor having a pixel cell for distance measurement, for example, when the object to be
measured is irradiated with pulse-modulated laser light or the like, the reflected light from the object to be
measured is detected for each pixel cell. One can be considered (International Publication No. 97/01111). In
order to measure the distance to the object to be measured, the round trip time of light is measured for each pixel
cell, and this is converted into a distance. A special metering or dimming filter (such as a visual sensitivity filter)
is placed in the photometric pixel cell that measures the subject brightness or the dimming pixel cell that detects
the strobe light reflected from the subject. In addition, a special circuit configuration that can monitor the
amount of accumulated charge in a non-destructive manner in real time is added. When such a special circuit
configuration is added to the pixel cell for photometry or dimming, the pixel cell for photometry or dimming is
made larger than the pixel cell for photographed image. so The chip area can be increased. which is
advantageous in terms of circuit layout,

[0105] In the above example, pixel cells for captured images are arranged two-dimensionally, and pixel cells for
acquiring imaging conditions (focus detection, distance measurement, photometry, dimming, etc.) are arranged
therein. However, the present invention is not limited to this. A pixel cell for a photographed image may be
arranged one-dimensionally, and a pixel cell for obtaining a photographing condition may be arranged therein.
Furthermore, in the above example, the MOS tyvpe imaging device (see FIG. 4 of the circuit configuration) has
been described as an example, but the present invention is not limited to this. In addition, the present invention
can be applied to a CCD type image pickup device.

[0106] In the above example, a digital still camera (see FIG. 13) has been described as a specific example of the
imaging system. but the present invention is not limited to this. In addition, the present invention can be applied
to the case where the above-described imaging device is incorporated in an imaging system such as a digital
microscope or a surveillance camera.

[0107] Itis a figure which shows the structure of the image pick-up element 10 of Ist Embodiment. 2 is a
diagram showing a cross-sectional structure of a pixel cell 12. FIG. 3 is a diagram for explaining a conjugate
relationship between a pair of photoelectric conversion units 16 and 17 and an exit pupil 18. FIG. 1 is a diagram
illustrating a circuit configuration of an image sensor 10. [t is a figure explaining the conditions of a diffraction
simulation. It is a figure explaining the result of diffraction simulation (when opening size of micro lens 15 is 20
micrometers). It is a figure explaining the result of diffraction simulation (when opening size of micro lens 15 is
10 micrometers). It is a figure explaining the result of diffraction simulation (when opening size of micro lens

15 is 4 micrometers). It is a figure explaining the result of diffraction simulation (when opening size of micro
lens 15 is 2 micrometers). It is a block diagram which shows the structure of the imaging system 40 of 2nd
Embodiment. 3 is a flowchart showing an operation procedure of the imaging system 40. FIG. 4 is a diagram for
explaining generation of an image signal in the image sensor 10. [t 1s the schematic which shows the structure of
the digital still camera 60 of 3rd Embodiment. It is a figure which shows the structure of the image pick-up
clement 80 of 4th Embodiment. 2 is a diagram showing a cross-sectional structure of a pixel cell 81, FIG. 2 is a
diagram illustrating a circuit configuration of a pixel cell 81. FIG. It is a flowchart which shows the operation |
movement procedure of the imaging system of 5th Embodiment. It is a figure which shows the modification of
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the lavout of a pixel cell. It is a figure which shows the modification of the layout of a pixel cell. It is a figure
which shows the modification of the layout of a pixel cell, It is a figure which shows the modification of the
layout of a pixel cell. It is a figure which shows the modification of the lavout of a pixel cell. It is a figure which
shows the modification of the lavout of a pixel cell. It is a figure which shows the modification of the layout of a
pixel cell. It is a figure which shows the modification of the photoelectric conversion part of the pixel cell for
focus detection. It is a figure which shows the modification of the photoelectric conversion part of the pixel cell
for focus detection. It is a figure which shows the modification of the photoelectric conversion part of the pixel
cell for focus detection. It is a figure which shows the modification of the photoelectric conversion part of the
pixel cell for focus detection. It is a figure which shows the modification of a micro lens.

Explanation of symbols

[0108] 10,80 Image sensor; 11.12.26.27.81.90,100,110,120 Pixel cell: 13.15.82 Microlens; 14.16,17.83.84.91-
94,101 106, 111-116. 121, 122 Photoelectric conversion unit; 18 Exit pupil: 40 Imaging svstem: 41. 64, 65
Imaging optical system; 60 Digital still camera
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CLAIMS

1. In an imaging device that captures an image by a photographing optical system, a first pixel cell including a
first photoelectric conversion unit that generates a charge according to incident light. an optical element that
collects incident light, and the optical element A second photoelectric conversion unit that generates a charge in
response 1o the collected light. and has a second pixel cell having a larger cell size than the first pixel cell. and
the first pixel cell is provided on the substrate. An image sensor, wherein the pixel cell and the second pixel cell
are two-dimensionally arranged.

The image sensor according to claim |, wherein the second pixel cell has an integer cell size that is an integral
multiple of the first pixel cell.

2. The image sensor according to claim 1, wherein each of the first and second pixel cells includes an optical
clement that condenses incident light on the first and second photoelectric conversion units, and the second pixel
cell. The optical element has an aperture size larger than that of the optical element of the first pixel cell.

An image pickup device that picks up an image by a photographing optical system includes a first optical
element that collects incident light and a first photoelectric conversion unit that generates electric charge
according to the light collected by the optical element. A second pixel cell including a pixel cell, an optical
clement that condenses incident light, and a second photoelectric conversion unit that generates an electric
charge according to the light condensed by the optical element; The first pixel cell and the second pixel cell are
two-dimensionally arranged. and the optical element of the second pixel cell has a larger aperture size than the
optical element of the first pixel cell. An image sensor characterized by the above.

5. The image pickup device according to claim 1, wherein an opening size of the optical element of the first
pixel cell is smaller than 20 pm. 6.

6. The imaging device according to claim I, wherein each of the second pixel cells includes a plurality of the
second photoelectric conversion units, and the plurality of second photoelectric conversion units. Each of the
imaging elements is substantially conjugate with the exit pupil of the photographing optical system via the
optical element of the second pixel cell.

The imaging device according to claim 6, wherein two of the plurality of second photoelectric conversion units
form a pair, and each of the two second photoelectric conversion units forming the pair includes filters of
different colors. An image sensor in which is arranged.

8. The imaging device according to claim 1, wherein a focus adjustment state of the photographing optical
system is detected based on a photoelectric output obtained by the second pixel cell. Image sensor.

9. The image pickup device according to claim 1, wherein an optical element that condenses incident light and a
third photoelectric conversion that generates electric charge according to the light collected by the optical
element And a third pixel cell having a cell size different from that of the second pixel cell.

The imaging device according to claim 9, wherein the third pixel cell has a cell size equal to that of the first
pixel cell.

11. The imaging device according to claim 9, wherein a focus adjustment state of the photographing optical
system is detected based on a photoelectric output obtained by the second pixel cell and the third pixel cell. An
Image sensor.

A focus detection apparatus comprising: the image pickup device according to claim 8; and a detection unit that
performs focus detection based on an output of the second pixel cell.

12. A focus, comprising: the imaging device according to claim 11; and a detection unit configured to perform
focus detection based on at least one of an output of the second pixel cell and an output of the third pixel cell.
Detection device.

A Tocus detection apparatus according to claim 12 or 13, and a photographing optical system disposed on the

object side of the image sensor. wherein the detection means performs focus detection of the photographing
optical system. Imaging system.
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15. The imaging system according to claim 14, wherein a captured image is displayed based on an output of the
first pixel cell, and the position of the second pixel cell is used as an area where the detection unit performs
focus detection. An imaging system comprising display means for displaying an image superimposed on the
image.

16. The imaging system according to claim 14, wherein an image signal at the position of the first pixel cell is
generated based on an output of the first pixel cell. and an image signal at the position of the second pixel cell.
An imaging system comprising: generating means for generating an image by interpolation processing based on
an output of the first pixel cell around the second pixel cell.

17. The imaging svstem according to claim 16, wherein the generation unit generates each color component of

the image signal by the interpolation processing when generating the image signal at the position of the second
pixel cell, A luminance component is generated based on an output of the second pixel cell,
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37 CFR 1.19 (Document supply fees)
37 CFR 1.20 (Post Issuance fees)

37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:
Document - " File Size(Bytes)/ Multi Pages
Docume escription le Name 2 A %
Number B D P Fiia Nam Message Digest | Part/.zip| (ifappl.)
194333
1 IDS-PO0T1USC2-1096583.pdf yes 5
d2ae101be754530cBb0ec Hl46bed 9504 1de
botdf
Multipart Description/PDF files in .zip description
Document Description Start End
Transmittal Letter 1 2
Information Disclosure Statement (IDS) Form (SB08) 3 5
Warnings:
Information:
244160
2 Foreign Reference JP200?103590!}_Trans|ation, s 17
pd AR116588A16TcdcBeS b8 aT edeche Taaciiii)
Warnings:
Information:
550554
3 Non Patent Literature 2021-08-13_16584515-NOA.pdf no 10
0elc1 538040046035 1 chac3fadsfaficio
G0fa
Warnings:
Information:
1442215
4 Non Patent Literature W05 180 ?]3,1 7809_NOA. no 33
pd 2924560690d 0 Vad Db BSewD097 22938 e d2
didn
Warnings:
Information:
38033
5 Fee Worksheet (SB06) fee-info.pdf no 2
a057e2691a830c82ddazaal 363fad 7eTeed
Tdds
Warnings:
Information:
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Total Files Size (in bytes) 2469295

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

New Applications Under 35 U.S5.C. 111

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

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.5.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0O/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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I hereby certify that this correspondence is being filed via PATENT
oibadered e ek Attorney Docket No.: 103033-1096583-P001USC2
' Clicnt Ref. No.: PO01USC2

KILPATRICK TOWNSEND & STOCKTON LLP

By: ‘La Renda Mever-Johnson/

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Confirmation No.: 1720

Angus Pacala Examiner: John R Lee

Application No.: 16/046,643 Technology Center/Art Unit: 2878

Filed: July 26, 2018

For:  OPTICAL IMAGING SYSTEM INFORMATION DISCLOSURE
WITH A PLURALITY OF SENSE STATEMENT
CHANNELS

Customer No.: 20350

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

Commissioner:

The references cited on attached form PTO/SB/08A are being called to the attention of the
Examiner. In accordance with the provisions of 37 CFR §1.98(a)(2), copies of any cited U.S.
Patents and U.S. Patent Application Publications are not provided. Copies of the remaining cited
references are provided.

It is respectfully requested that the cited references be expressly considered during the
prosecution of this application and the references be made of record therein and appear among the
“references cited” on any patent to issue therefrom.

As provided for by 37 CFR §1.97(g) and (h), no inference should be made that the

information and references cited are prior art merely because they are in this statement and no

KILPATRICK TOWNSEND 75099539 1
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Attorney Docket No.: 103033-1096583-P001USC2

representation is being made that a search has been conducted or that this statement encompasses
all the possible relevant information.  This Information Disclosure Statement is being filed affer
an action closing prosecution, but before the payment of the Issue Fee.

I hereby certify under 37 CFR §1.97(¢)(1) that Refs 1 and 2 in this Information Disclosure
Statement were first cited in a communication from a foreign patent office in a counterpart foreign
application not more than three months prior to the filing of this statement.

I hereby certify under 37 CFR §1.97(e)(2) that Refs 3 and 4 contained in the Information
Disclosure Statement were not cited in a communication from a foreign patent office in a
counterpart foreign application, and, to the knowledge of the person signing the certification after
making reasonable inquiry, no item of information contained in the Information Disclosure
Statement was known to any individual designated in 37 CFR 1.56(c) more than three months
prior to the filing of the Information Disclosure Statement.

The Commissioner is authorized to charge the fee set forth in §1.17(p) to the firm’s credit
card for consideration of this paper. The Commissioner is authorized to charge any additional fee
due to Deposit Account No. 20-1430,

Respectfully submitted,
/ William L. Shaffer /

William L. Shaffer
Registration No. 37,234

KILPATRICK TOWNSEND & STOCKTON LLP

Attachment
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Doc code: IDS
Doc description: Information Disclosure Statement (IDS) Field

PTO/SB/08a (01-10)

Approved for use through 07/31/2012. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1985, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number 16/046,643

July 26, 2018

First Named Inventor |Angus Pacala

Art Unit | 2878

| John R Lee

| 103033-P001USC2-1096583

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
(Not for submission under 37 CFR 1.99)

Filing Date

Examiner Name

Attorney Docket Number

U.S. PATENTS
. . Kind Pages, Columns, Lines, Where
Examiner | Cite Name of Patentee or
s Patent Number Code Issue Date : & Relevant Passages or Relevant
Initial No 1 Applicant of cited Document Figures Appear
U.S. PATENT APPLICATION PUBLICATIONS
: z i Kind Pages, Columns, Lines, Where
E’:ﬁ;’#ner ﬁge Eﬁt:;ﬁ::lon Code Publication Date ;lan-llil::aor:ti?cei?ézeDD; curisnt Relevant Passages or Relevant
: PP Figures Appear
FOREIGN PATENT DOCUMENTS
Pages, Columns, T#
Name of Patentee or Lines where
Examiner | Cite Foreign Document | Country | Kind Publication Date Applicant of cited Relevant Passages
Initial* No Number® Code? Code* Document or Relevant Figures
Appear
NON-PATENT LITERATURE DOCUMENTS
Examine | Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the ™
r Mo item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue
Initials™ number(s}), publisher, city and/or country where published.

1 Application No 17/323,962 , Non-Final Office Action, Mailed On August 31, 2021, 9 pages

EXAMINER SIGNATURE

Examiner Signature Date Considered

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

! See Kind Codes of USPTO Patent Documents at www USE TG0V or MPEP 901.04. ? Enter office that issued the document, by the two-
letter code (WIPO Standard ST.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.

* Kind of document by the appropriate symbols as indicated on the document under WIPQO Standard ST.16 if possible. ® Applicant is to place a
check mark here if English language translation is attached.

KILPATRICK TOWNSEND 75145541 1
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Doc code: IDS PTOISB/08a (01-10)
Doc description: Information Disclosure Statement (IDS) Field Approved for use through 07/31/2012. OMB 0851-0031
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 OMB control number.

Application Number 16/046,643
INFORMATION DISCLOSURE | Filing Date July 26, 2018
STATEMENT BY APPLICANT - .
(Not for submission under 37 CFR 1.99) First Named Inventor | Angus Pacala
Art Unit | 2878
Examiner Name | John R Lee
Attorney Docket Number I 103033-P001USC2-1096583

CERTIFICATION STATEMENT

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

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

OR

[ That no item of information contained in the information disclosure statement was cited in a communication from a foreign
patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification after making
reasonable inquiry, no item of information contained in the information disclosure statement was known to any individual
designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure statement. See 37
CFR 1.97(e) (2).

See attached certification statement.
X Fee set forth in 37 CFR 1.17 (p) has been submitted herewith.
[] 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 / William L. Shaffer / Date (YYYY-MM-DD) 2021-09-03

Name/Print William L. Shaffer Registration Number 37,234

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.

KILPATRICK TOWNSEND 75145541 1
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Electronic Patent Application Fee Transmittal

Application Number: 16046643

Filing Date: 26-Jul-2018

Title of Invention: OPTICAL IMAGING SYSTEM WITH A PLURALITY OF SENSE CHANNELS
First Named Inventor/Applicant Name: Angus Pacala

Filer: William Leland Shaffer/LaRenda Meyer

Attorney Docket Number: 103033-P001USC2-1096583

Filed as Small Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Sul:’-s'l';{tsa}l In
Basic Filing:
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Description Fee Code | Quantity Amount Sull:-:'-s'l'g(t:}l in
Miscellaneous:
SUBMISSION- INFORMATION DISCLOSURE STMT 2806 1 130 130
Total in USD ($) 130
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Electronic Acknowledgement Receipt

EFS ID: 43687186
Application Number: 16046643
International Application Number:
Confirmation Number: 1720
Title of Invention: OPTICAL IMAGING SYSTEM WITH A PLURALITY OF SENSE CHANNELS
First Named Inventor/Applicant Name: Angus Pacala
Customer Number: 20350
Filer: William Leland Shaffer/LaRenda Meyer
Filer Authorized By: William Leland Shaffer
Attorney Docket Number: 103033-P00TUSC2-1096583
Receipt Date: 03-SEP-2021
Filing Date: 26-JUL-2018
Time Stamp: 18:17:26

Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $130
RAM confirmation Number E202193118033750
Deposit Account 201430
Authorized User LaRenda Meyer

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Document supply fees)
37 CFR 1.20 (Post Issuance fees)

37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:
Document - " File Size(Bytes)/ Multi Pages
D t I 4 4 %
Number oamient Description File Nama Message Digest | Part/.zip| (ifappl.)
190842
1 IDS-PO0T1USC2-1096583.pdf yes 4
BATHE22T2e27140b0SEOI2ebe TOTAGBEET o
#48d3
Multipart Description/PDF files in .zip description
Document Description Start End
Transmittal Letter 1 2
Information Disclosure Statement (IDS) Form (SB08) 3 4
Warnings:
Information:
1089005
2 Non Patent Literature NPL_NFOA_08-31-2021.pdf no 29
13edBbbackBacT fRatbaBca4 0T 1079 2dc 38|
3130
Warnings:
Information:
38033
3 Fee Worksheet (SB06) fee-info.pdf no 2
aTobcfT4 25 147 T2aB58d 234 Tdd4 72900 ba
Warnings:
Information:
Total Files Size (in bytes}{ 1317880
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S5.C. 111

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

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.5.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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I hereby certify that this correspondence is being filed via PATENT
o T i Attorney Docket No.: 103033-1096583-P001USC2
' Clicnt Ref. No.: PO01USC2

KILPATRICK TOWNSEND & STOCKTON LLP

By: ‘La Renda Mever-Johnson/

IN THE UNITED STATES PATENT AND TRADEMARK OFFIC

In re Application of: Confirmation No.: 1720

Angus Pacala Examiner: John R Lee

Application No.: 16/046,643 Technology Center/Art Unit: 2878

Filed: July 26, 2018

For:  OPTICAL IMAGING SYSTEM INFORMATION DISCLOSURE
WITH A PLURALITY OF SENSE STATEMENT
CHANNELS

Customer No.: 20350

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

Commissioner:

The references cited on attached form PTO/SB/08A are being called to the attention of the
Examiner. In accordance with the provisions of 37 CFR §1.98(a)(2), copies of any cited U.S.
Patents and U.S. Patent Application Publications are not provided. Copies of the remaining cited
references are provided.

It is respectfully requested that the cited references be expressly considered during the
prosecution of this application and the references be made of record therein and appear among the
“references cited” on any patent to issue therefrom.

As provided for by 37 CFR §1.97(g) and (h), no inference should be made that the

information and references cited are prior art merely because they are in this statement and no

KILPATRICK TOWNSEND 75145541 1
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Attorney Docket No.: 103033-1096583-PO01USC2

representation is being made that a search has been conducted or that this statement encompasses
all the possible relevant information.  This Information Disclosure Statement is being filed affer
an action closing prosecution, but before the payment of the Issue Fee.

I hereby certify under 37 CFR §1.97(e)(2) that the reference contained in the Information
Disclosure Statement was not cited in a communication from a foreign patent office in a
counterpart foreign application, and, to the knowledge of the person signing the certification after
making reasonable inquiry, no item of information contained in the Information Disclosure
Statement was known to any individual designated in 37 CFR 1.56(c) more than three months
prior to the filing of the Information Disclosure Statement.

The Commissioner is authorized to charge the fee set forth in §1.17(p) to the firm’s credit
card for consideration of this paper. The Commissioner is authorized to charge any additional fee
due to Deposit Account No. 20-1430.

Respectfully submitted,
/ William L. Shaffer /

William L. Shaffer
Registration No. 37,234

KILPATRICK TOWNSEND & STOCKTON LLP

Attachment

KILPATRICK TOWNSEND 75145541 1
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UnN1TED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450

www.uspm.r_n\'

| APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. CONFIRMATION NO.

16/046.643 07/26/2018 Angus Pacala 103033- 1720
PODIUSC2-1096583

20350 7590 09/16/2021 l EAMINER

Kilpatrick Townsend & Stockton LLP - West Coast

Mailstop: IP Docketing - 22 BRIk

1100 Peachtree Street

Suite 2800 | ART UNIT | PAPER NUMBER
Atlanta, GA 30309 2878

I NOTIFICATION DATE | DELIVERY MODE

09/16/2021 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):

KTSDocketing2 @kilpatrick.foundationip.com
ipefiling @kilpatricktownsend.com

PTOL-90A (Rev. 04/07)
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Comected Application No. Applicant(s)
Noti £ Al il 16/046,643 Pacala et al,
olice of Allowability Examiner ArtUnit | AIA (FITF) Status
JOHN R LEE 2878 Yes

-- The MAILING DATE of this communicalion appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.4 This communication is responsive to the .D.S.'s filed on 08/30/2021 and 09/03/2021.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on ‘

23 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.

3. The allowed claim(s) is/are 1-50 . As a result of the allowed claim(s), 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://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

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

Certified copies:
a) LAl by (JSome*  ¢) [J None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [J 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)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5[] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(J including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date :

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6.(] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.0 Notice of References Cited (PTO-892) 5. [J Examiner's Amendment/Comment

2.[¥] Information Disclosure Statements (PTO/SB/08), 6. [J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 08/30/2021 and 09/03/2021.

3.0J Examiner's Comment Regarding Requirement for Deposit 7.00ther____ .

of Biological Material
4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

/JOHN R LEE/
Primary Examiner, Art Unit 2878

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20210910
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Receipt date:

0s8/03/2021

Doc code: IDS
Doc description: Information Disclosure Statement (IDS) Field

16/046,643 -~ GAU: 2878

PTO/SB/08a (01-10)
Approved for use through 07/31/2012, OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1985, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number 16/046,643
INFORMATION DISCLOSURE Filing Date July 26,2018
STATEMENT BY APPLICANT - .
(Not for submission under 37 CFR 1.99) First Named Inventor | Angus Pacala
Art Unit | 2878
Examiner Name | John R Lee
Attorney Docket Number I 103033-P001USC2-1096583

U.S. PATENTS
. . Kind Pages, Columns, Lines, Where
Examiner | Cite Name of Patentee or
s Patent Number Code Issue Date : & Relevant Passages or Relevant
Initial No 1 Applicant of cited Document Figures Appear
U.S. PATENT APPLICATION PUBLICATIONS
: z i Kind Pages, Columns, Lines, Where
E’:ﬁ;’#ner ﬁge Eﬁt:;ﬁ::lon Code Publication Date ;lan-llil::aor:ti?cei?ézeDD; curisnt Relevant Passages or Relevant
: PP Figures Appear
FOREIGN PATENT DOCUMENTS
Pages, Columns, T#
Name of Patentee or Lines where
Examiner | Cite Foreign Document | Country | Kind Publication Date Applicant of cited Relevant Passages
Initial* No Number® Code? Code* Document or Relevant Figures
Appear
NON-PATENT LITERATURE DOCUMENTS
Examine | Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the ™
r Mo item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue
Initials™ number(s}), publisher, city and/or country where published.

1 Application No 17/323,962 , Non-Final Office Action, Mailed On August 31, 2021, 9 pages

EXAMINER SIGNATURE

Examiner Signature  /yoEN R LEE/ Date Considered ¢%8/10/2021

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

! See Kind Codes of USPTO Patent Documents at www USE TG0V or MPEP 901.04. ? Enter office that issued the document, by the two-
letter code (WIPO Standard ST.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.

* Kind of document by the appropriate symbols as indicated on the document under WIPQO Standard ST.16 if possible. ® Applicant is to place a
check mark here if English language translation is attached.

KILPATRICK TOWNSEND 75145541 1
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Receipt date: 08/30/2021 16/046,643 -~ GAU: 2878

Doc code: IDS PTOISB/08a (01-10)
Doc description: Information Disclosure Statement (IDS) Field Approved for use through 07/31/2012. OMB 0851-0031
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 OMB control number.

Application Number 16/046,643
INFORMATION DISCLOSURE [ Eiling Date July 26, 2018
STATEMENT BY APPLICANT - :
(Not for submission under 37 CFR 1.99) First Named Inventor | Angus Pacala
Art Unit | 2878
Examiner Name | John R Lee
Attorney Docket Number I 103033-P001USC2-1096583

U.S. PATENTS
- - Kind Pages, Columns, Lines, Where
Examiner | Cite Name of Patentee or
s Patent Number Code Issue Date : & Relevant Passages or Relevant
Initial No 1 Applicant of cited Document Figures Appear
U.S. PATENT APPLICATION PUBLICATIONS
; : - Kind Pages, Columns, Lines, Where
Examiner | Cite Publication o MName of Patentee or
R Code | Publication Date 4 : Relevant Passages or Relevant
Initial No Number 3 Applicant of cited Document Figures Appear
1 | 20150115131 4/30/2015 Webster, et al.
FOREIGN PATENT DOCUMENTS
Pages, Columns, bz
Mame of Patentee or Lines where
Examiner | Cite Foreign Document | Country | Kind Publication Date Applicant of cited Relevant Passages
Initial* No Number® Code? Code* Document or Relevant Figures
Appear
2 | 2007103590 JP 4/19/2007 Nikon Corp.
NON-PATENT LITERATURE DOCUMENTS
Examine | Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the ™
r No item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue
Initials* number(s), publisher, city and/or country where published.
3 U.S. Patent Application No. 16/584,515, Notice of Allowance, mailed August 13, 2021, 10 pages
4 U.S. Patent Application No. 17/317,809, Notice of Allowance, mailed August 18, 2021, 33 pages
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Receipt date: 08/30/2021 16/046,643 -~ GAU: 2878

Doc code: IDS PTOISB/08a (01-10)
Doc description: Information Disclosure Statement (IDS) Field Approved for use through 07/31/2012. OMB 0851-0031
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 OMB control number.

Application Number 16/046,643

INFORMATION DISCLOSURE Filing Date July 26,2018

STATEMENT BY APPLICANT - -

(Not for submission under 37 CFR 1.99) First Named Inventor | Angus Pacala
Art Unit | 2878
Examiner Name | John R Lee
Attorney Docket Number I 103033-P001USC2-1096583

EXAMINER SIGNATURE
Examiner Signature  /yomw R 1LEE/ Date Considered 0%/10/2021

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

! See Kind Codes of USPTO Patent Documents at www. USPR YC.G0Y or MPEP 901.04. 2 Enter office that issued the document, by the two-
letter code (WIPO Standard ST.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.

* Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. * Applicant is to place a
check mark here if English language translation is attached.

CERTIFICATION STATEMENT

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

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

OR

[] That no item of information contained in the information disclosure statement was cited in a communication from a foreign
patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification after making
reasonable inquiry, no item of information contained in the information disclosure statement was known to any individual
designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure statement. See 37
CFR 1.97(e) (2).

[X] see attached certification statement.
[X] Fee set forth in 37 CFR 1.17 (p) has been submitted herewith.
[ 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 / William L. Shaffer / Date (YYYY-MM-DD) 2021-08-20
Name/Print William L. Shaffer Registration Number 37,234

KILPATRICK TOWNSEND 75099539 1
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
{ Not for submission under 37 CFR 1.88)

Application Number 18046643
Filing Date 2018-07-26
First Named Inventor ‘ Pacala

Art Unit | 2878
Examiner Name J John R Lee

Attorney Docket Number

] 103033-1096583-PO01USC2

U.B.PATENTS

Cite
No

Examiner;
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Fatent Number

Kind
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issue Date

Name of Patentee or Applicant
of cited Document
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Relevant Passages or Relevant
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it you wish to add additional U.S. Palent cilation information pl

ease click the Add buiton.

U.S.PATENT APPLICATION PUBLICATIONS
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Cite No

Publication
Mumber

Kind
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Name of Patentee or Applicant
of cited Document
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Figures Appear

If you wish to add additional U.S. Pubilished Apptication citation information please click the Add butlon.

FOREIGN PATENT DOCUMENTS

Name of Palentee or

Pages,Columns, Lines

Examiner; Cite ; Foreign Document | Country Kind | Publication o5 - where Relevant .
Initial® No | Number? Code?| Coded Date gﬁgiﬁ:g;tm ey Passages or Relevant ¥
Figures Appear
L]
if you wish to add additional Foreign Patent Document citalion information please click the Add bution
NON-PATENT LITERATURE DOCUMENTS

Examiner! Cite include name of the author {in CAPITAL LETTERS), tille of the arlicle (when appropriate), lille of the item

bt {book, magazine, journal, serial, symposium, catalog, eic). date, pages(s), volume-issue number(s). TS
initials No . : .

publisher, city and/or country where published.
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Application Number 16046643
Filing Date 2018-07-26

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
{ Not for submission under 37 CFR 1.88)

First Named Inventor ‘ Pacala

Art Unit ] 2878

Examiner Name ‘ John R Lee
Attorney Docket Number | 103033-1086583-P001USC2

1 117/323,962, “Notice of Allowance”, September 29, 2021, 7 pages ]
1 1
1 ]
1 ]
i ]

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

EXAMINER SIGNATURE

Examiner Signature Date Considered :

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 808. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication fo applicant.

! Bee Kind Codes of USPTO Patent Docuiments at weww US 30V or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (MPO

Standard 87.3). 3 For Japanese palent documents, the indi 1 of the year of the reign of the Emperor musi preceda the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIRPC Standard ST.16 if possible. ® Applicant is {o place a check mark here iff
English language translation is attached.
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Application Number 16046643

Filing Date 2018-07-26

INFORMATION DISCLOSURE

First Named Inventor ‘ Pacala

STATEMENT BY APPLICANT

o At Unit ‘ 2878
{ Not for submission under 37 CFR 1.88)
Examiner Name John R Lee
Attorney Docket Number | 103033-1086583-PO01USC2

CERTIFICATION STATEMENT

Please see 37 CFR 1.87 and 1.98 to make the appropriate selection(s):

_ That each item of information contained in the information disclosure statement was first ciled in any communication
{1 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 coniained in the information disclosure siatement was ciled i a communication from a
foreign patent office in a counterpart foreign application, and, o the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to
any individual designated in 37 CFR 1.56(c} more than three months prior to the filing of the information disciosure
statement. See 37 CFR 1.97(e)(2).

7

See attached cerdification statement.
The fee set forth in 37 CFR 1.17 (p) has been submilted herewith.

A certification statement is not submitied herewith.

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

& O

Signature { William L. Shaffer/ Date (YYYY-MM-DD) 2021-10-12

Name/Frint Witliam L. Shaffer Registration Number 37,234

This coliection of information is required by 37 CFR 1.97 and 1.98. The information is required 1o 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.8.C. 122 and 37 CFR
1.14. This collection is estimated 1o 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 ihis form and/or suggestions for reducing this burden, should be sent 1o the Chief inforrnation Officer, U.S.
Patent and Trademark Office, U.S. Depariment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450, DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.17
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Privacy Act Statement

The Privacy Act of 1874 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related {o a palent application or patent. Accordingly, pursuant to the requirements of the Acl, please be advised
that. (1) the general authority for the coliection of this information is 35 U.S8.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.8. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or paient. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able {o process and/or examine your submission, which may
resuit 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 {o the following routine uses:

1.

The information on this form wili 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
Deparment of Justice 1o determine whether the Freadom of information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence tc a
court, magisirate, or administrative ribunal, including disclosures to opposing counsel in the course of setilement
negoetiations.

A record in this sysiem of records may be disclosed, as a routine use, to a Member of Congress submiting a
request invelving an individual, 1o whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matier of the record.

A record in this sysiem of records may be disclosed, as a routing use, to a contracior 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 amendead, pursuantto 5 U.8.C, 552a{m).

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

A record in this sysiem of records may be disclosed, as a routing use, to another federal agency for purposes of
National Security review (35 U.8.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.8.C. 2904 and
2808, 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 o make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 356 U.8.C. 122(b) or issuance of a patent pursuant to 35 U.8.C. 151, Furher, a record
may be disciosed, 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 proceadings were terminated and which applicalion is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, {0 a Federal, Stale, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

EFS Web 2.1.17
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Electronic Patent Application Fee Transmittal

Application Number: 16046643

Filing Date: 26-Jul-2018

Title of Invention: OPTICAL IMAGING SYSTEM WITH A PLURALITY OF SENSE CHANNELS
First Named Inventor/Applicant Name: Angus Pacala

Filer: William Leland Shaffer/LaRenda Meyer

Attorney Docket Number: 103033-P001USC2-1096583

Filed as Small Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Sul:’-s'l';{tsa}l In
Basic Filing:
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Description Fee Code | Quantity Amount Sull:-:'-s'l'g(t:}l in
Miscellaneous:
SUBMISSION- INFORMATION DISCLOSURE STMT 2806 1 130 130
Total in USD ($) 130
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Electronic Acknowledgement Receipt

EFS ID: 44012830
Application Number: 16046643
International Application Number:
Confirmation Number: 1720
Title of Invention: OPTICAL IMAGING SYSTEM WITH A PLURALITY OF SENSE CHANNELS
First Named Inventor/Applicant Name: Angus Pacala
Customer Number: 20350
Filer: William Leland Shaffer/LaRenda Meyer
Filer Authorized By: William Leland Shaffer
Attorney Docket Number: 103033-P00TUSC2-1096583
Receipt Date: 12-0CT-2021
Filing Date: 26-JUL-2018
Time Stamp: 19:11:50

Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $130
RAM confirmation Number E20210BJ12300204
Deposit Account 201430
Authorized User LaRenda Meyer

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Document supply fees)
37 CFR 1.20 (Post Issuance fees)

37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:

Document - " File Size(Bytes)/ Multi Pages
D t Fil 4 4 %
Number oamient Description Nehanie Message Digest | Part/.zip| (ifappl.)
502023
1 Non Patent Literature NPL-2021-09-29-NOA.PDF no 9
B0e003195d19225¢75IBBdOdchefad 9ed 102
cesl
Warnings:

Information:

65915
5 Information D;sclosgr;osstalement (IDS) PO0TUSC2_IDS.pdf s 4
aorm ( ) 5d229381d1 19¢5h1 463834 35709 bdad 2
chal
Warnings:
Information:
This is not an USPTO supplied IDS fillable form
38031
3 Fee Worksheet (SB06) fee-info.pdf no 2
DEISS'I?EL‘Mf(J(:u.A‘-::j Ie1d7091bal1 171}
Warnings:
Information:
Total Files Size (in bytes) 605969

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 similarto a
Post Card, as described in MPEP 503.

New Applications Under 35 U.5.C. 111

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

National Stage of an International Application under 35 U.5.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.5.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0O/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UnN1TED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450

www.uspm.r_n\'

| APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. CONFIRMATION NO.

16/046.643 07/26/2018 Angus Pacala 103033- 1720
PODIUSC2-1096583

20350 7590 101262021 l EAMINER

Kilpatrick Townsend & Stockton LLP - West Coast

Mailstop: IP Docketing - 22 BRIk

1100 Peachtree Street

Suite 2800 | ART UNIT | PAPER NUMBER
Atlanta, GA 30309 2878

I NOTIFICATION DATE | DELIVERY MODE

10/26/2021 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):

KTSDocketing2 @kilpatrick.foundationip.com
ipefiling @kilpatricktownsend.com

PTOL-90A (Rev. 04/07)
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Comected Application No. Applicant(s)
Noti £ Al il 16/046,643 Pacala et al,
olice of Allowability Examiner ArtUnit | AIA (FITF) Status
JOHN R LEE 2878 Yes

-- The MAILING DATE of this communicalion appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. This communication is responsive to the |.D.S. filed on 10/12/2021.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on ‘

23 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.

3. The allowed claim(s) is/are 1-50 . As a result of the allowed claim(s), 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://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a) LAl by (JSome*  ¢) [J None of the:

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

3. [J 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)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5[] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(J including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date :

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6.(] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.0 Notice of References Cited (PTO-892)

2.[¥} Information Disclosure Statements (PTO/SB/08),
Paper No./Mail Date 10/12/2021.

3.0 Examiner's Comment Regarding Requirement for Deposit 7. J Other :
of Biological Material

4.0 Interview Summary (PTO-413),

Paper No./Mail Date.

/JOHN R LEE/
Primary Examiner, Art Unit 2878

5. [[J] Examiner's Amendment/Comment
6. [(J Examiner's Statement of Reasons for Allowance

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13)

Notice of Allowability Part of Paper No./Mail Date 20211021
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Receipt date: 10/12/2021 16/046,643 -~ GAU: 2878

Doc code: 1DS PTO/SE/08a (01-10)
L ; : X ; i Approved for use through 07/31/2012. OME 0851-0021
v ey v i o =i
Doc description: Information Disclosure Statement (1DS) Filed U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1685, no persons are required 1o respond o a coliection of information unless it containg a8 valid OMB control nurnber.
Application Number 18046643
Filing Date 2018-07-26

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
{ Not for submission under 37 CFR 1.88)

First Named Inventor ‘ Pacala

Art Unit | 2878

Examiner Name J John R Lee

Attorney Docket Number ] 103033-1096533-PO0TUSC2

U.S.PATENTS
’ : : " Pages,Celumns Lines where
E)_szgn'lmer SAe Patent Number Hd issue Date Na"’."e gt Estsiiee prApphodn Relevant Passages or Relevant
initial No Codel of cited Document

Figures Appear

It you wish to add additional U.S. Palent cilation information please click the Add buiton.
U.S.PATENT APPLICATION PUBLICATIONS

Pages,Columns Lines where
Relevant Passages or Relevant
Figures Appear

Examiner Cite No Publication Kind | Publication Name of Patentee or Applicant
Initial* Mumber Codel| Date of cited Document

If you wish to add additional U.S. Pubilished Apptication citation information please click the Add butlon.
FOREIGN PATENT DOCUMENTS

Pages,Columns, Lines
Examiner; Cite | Foreign Document | Country Kind | Publication iaﬁi?:aoitza?:i?;?ie 9 | where Relevant s
Initial® No | Number? Code?| Coded Date Dﬁgum;nt Passages or Relevant
Figures Appear
L]

if you wish to add additional Foreign Patent Document citalion information please click the Add bution
NON-PATENT LITERATURE DOCUMENTS

include name of the author {in CAPITAL LETTERS), tille of the arlicle (when appropriate), lille of the item
{book, magazine, journal, serial, symposium, catalog, eic). date, pages(s), volume-issue number(s). TS
publisher, city and/or country where published.

Examiner; Cite
Initials® i No

EFS Web 2.1.17
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /J.R.L/
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Receipt date: 10/12/2021 16/046,643 ~ GAU: 2878
Application Number 16046643

Filing Date 2018-07-26

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
{ Not for submission under 37 CFR 1.88)

First Named Inventor ‘ Pacala

Art Unit | 2878

Examiner Name ‘ John R Lee
Attorney Docket Number | 103033-1086583-P001USC2

1 117/323,962, “Notice of Allowance”, September 29, 2021, 7 pages ]
1 1
1 ]
1 ]
i ]

if you wish to add additional non-patent literature document citation information please click the Add button
EXAMINER SIGNATURE
Examiner Signature | /JOHN R LER/ !Date Considered : 10/21/2021

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 808. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication fo applicant.

! Bee Kind Codes of USPTO Patent Docuiments at weww US 30V or MPEP 901,04, 2 Enter office that issued the document, by the two-letter code (MPO

Standard 87.3). 3 For Japanese palent documents, the indi 1 of the year of the reign of the Emperor musi preceda the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIRPC Standard ST.16 if possible. ® Applicant is {o place a check mark here iff
English language translation is attached.

EFS Web 2.1.17
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /J.R.L/
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Doc Code: MFEE.C.AD
Document Description: Maintenance Fee Address Change

PTO/AIA/47 {12-20)

Approved for use through 09/30/2021. OMB 0651-0016

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

Under the Paperwork Reduction Act of 1995, no person is required to respond to a collection of information unless it displays a valid OMB control number.

“FEE ADDRESS” INDICATION FORM

Address to:

Mail Stop Maintenance Fee Fax to:

Director of the United States -OR- 571-273-6500
Patent and Trademark Office

P.O. Box 1450

Alexandria, VA 22313-1450

INSTRUCTIONS: The issue fee must have been paid for the application(s) listed on this form. In addition, only an address
represented by a Customer Number can be established as the fee address for maintenance fee purposes {hereafter, fee
address). A fee address should be established when correspondence related to maintenance fees should be mailed to a

different address than the correspondence address for the application.

When to check the first box below: If you have a Customer Number to represent the fee address.

When to check the second box below: If you have no Customer Number representing the desired fee address, in which case
a completed Request for Customer Number (PTO/SB/125) must be attached to this form. For more information on Customer
Numbers, see the Manual of Patent Examining Procedure (MPEP) & 403.

For the following listed application(s), please recognize as the “Fee Address” under the provisions of 37 CFR 1.363 the
address associated with:

Customer Number: OO 1 97

OR

D The attached Request for Customer Number form (PTO/SB/125)

PATENT NUMBER
(if known)

APPLICATION NUMBER

16/046,643

Completed by (check one}:

: / William L. Shaffer /
Applicant/Inventor

Signature
Attorney or Agent of record 37,234 William L. Shaffer
- Reg. No. Typed or printed name
Assignee of record of the entire interest. See
37 CFR 3.71. Statement under 37 CFR 3.73(c) 858-350-6104

{(Form PTO/AIA/96) is enclosed or was filed on -
Requester's telephone number

(Date)
Oct. 27, 2021

Date
NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. If the assignee is a
juristic entity, this form must be signed by a patent practitioner (attorney or agent) of record. Submit multiple forms if more than one
signature is required, see below*.

*Total of | forms are submitted

This collection of information is required by 37 CFR 1.363. The information is required to obtain or retain a benefit by the public, which is to indicate {and for the
USPTO to process) a fee address. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 5 minutes to complete,
including gathering, preparing, and submitting the completed 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 COMPLETED FORMS TO THE PREVIOUS ADDRESS. SEND COMPLETED
FORMS TO: Mail Stop Maintenance Fee, Director of the United States Patent and Trademark Office, 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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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 fo process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination
of proceedings or abandonment of the application or expiration of the patent.

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

1

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

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

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

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in this system
of records may be disclosed, as a routine use, to the International Bureau of the World Intellectual
Property Organization, pursuant to the Patent Cooperation Treaty.

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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ELECTRONIC PAYMENT RECEIPT

APPLICATION #
16/046,643

RECEIPT DATE / TIME
10/27/2021 05:55:33 PM ET

ATTORNEY DOCKET #
103033-POOTUSC2-1086583

Title of Invention
OPTICAL IMAGING SYSTEM WITH A PLURBALITY OF SENSE CHANNELS

Application Information

APPLICATION TYPE  LUiliy - E\’o*’zpr%ia"ma.i Application PATENT # -
under 35 USC 114(a)
CONFIRMATION # 172 FILED BY [rica Rojas
PATENT CENTER # §0373014 AUTHORIZED BY  Hili Shafter
CUSTOMER # 20350 FILING DATE {7/28/20%8
CORRESPONDENCE - FIRST NAMED  Angus Pacala
ADDRESS INVENTOR
Payment Information
PAYMENT METHOD PAYMENT TRANSACTION ID PAYMENT AUTHORIZED BY
CARD /8410 E302100H58242850 Erica Hojas
PREAUTHORIZED ACCOUNY PHE-AUTHORIZED CATEGORY
201430 37 GFR 1.18 (National application Hilng, search, and examination fees); 37
GFR 117 (Patent application and resxamination processing fees); 37 OFR 148
{Bocument supply fees); 37 COFR 1.21 (Miscellaneous fees and charges)
FEE CODE DESCRIPTION ITEM PRICE($) QUANTITY ITEM TOTAL($)
2501 UTILITY 1S3UE FEE £800.00 i E00.00
TOTAL AMOUNT: BEG0.00
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National Stage of an international Application under 35 U.8.C. 3Tt

# o imely submission (o ender the nationad stage of an international applicaton s compiiant wilh the conditions of 35 11 5.C.
371 and other applicable requiremenis a Form PCT/OO/EQ/ANS indicaling accepianca of the application as a nalional stage
suprission under 35 U 8.C. 371 will he lssued iIn addition {o the Fiing Receipt, in dus course.

Mew International Applivation Filed with the USPTO as a Receiving Office

i & new international appicalion is being Hed and the infarnalional application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810}, a hNotifisation of the Inlernational Application Number and of the
international Filing Dede (Form POT/RGA 05 will be esuad in due course, subject fo prescngtions concarming national securty,
and the dals shown on this Acknowledgement Recsipt will esiablish the international filing dals of the application.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to:  Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1. by {a) specifying a new correspondence address: and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block | for any change of address)

20350 7590 08/18/2021 Certificate of Mailing or Transmission
Ki[pa(rick Townsend & Stockton LLP - West Coast I hereby certify that this Fee(s) Transmittal is being deposited with the United
, K States Postal Service with sufficient postage for first class mail in an envelope
Mailstop: IP Docketing - 22 addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
1100 Peachtree Street the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Suite 2800 Erica M. Ri}jﬂﬁ {Typed or printed name
Atlanta, GA 30309 ‘Erica M. Rojas/ (Signature
October 27, 2021 (Date
I APPLICATION NO., I FILING DATE I FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. I CONFIRMATION NO. I
16/046,643 07/26/2018 Angus Pacala 103033- 1720

POO1USC2-1096583
TITLE OF INVENTION: OPTICAL IMAGING SYSTEM WITH A PLURALITY OF SENSE CHANNELS

[ APPLN. TYPE | ENTITY STATUS l ISSUE FEE DUE | PUBLICATION FEE DUE I PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE I DATE DUE |
nonprovisional SMALL 5600 50.00 $0.00 $600 11/18/2021
I EXAMINER | ART UNIT | CLASS-SUBCLASS |
LEE, JOHN R 2878 250-559170
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page. list
CFR1.363). (1) The names of up to 3 registered patent attorneys | Kilpatrick Townsend & Stockton LLP

or agents OR, alternatively.
(2) The name of a single firm (having as a member a

| Change of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

registered attorney or agent) and the names of upto 2
i . — . PE— 2 registered patent attorneys or agents. If no name is
X "Fee Address” indication {or "Fee Address” Indication form PTO/ listed, no name will be printed.
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 3

Number is required.
- ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

(1)

Quster, Inc. San Francisco, Califormia

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual ¥ Corporation or other private group entity [ Government

4a. Fees submitted: Xlissue Fee [ publication Fee (if required) [ JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

E Electronic Payment via EFS-Web [ Enclosed check [ Non-electronic payment by credit card {Attach form PTO-2038)
201430

Xl The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken

to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

[ Applicant certifying micro entity status. See 37 CFR 1.29
| Applicant asserting small entity status. See 37 CFR 1.27

(W] Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

IHTH She
Avthiortized Sigianire / William L. Shaffer / pae __Oct. 27,2021
Typed or printed name William L. Shaffer Registration No. 37.234
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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N UNITED STATES Alexandria. VA
PATENT AND TRADEMARK OFFICE o

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
16/046,643 10/27/2021 05:55:33 PM ET 103033-P001USC2-1096583

Title of Invention
OPTICAL IMAGING SYSTEM WITH A PLURALITY OF SENSE CHANNELS

Application Information

APPLICATION TYPE  Ultility - Nonprovisional Application PATENT #
under 35 USC 111(a)

CONFIRMATION # 1720 FILED BY Erica Rojas
PATENT CENTER # 60373014 FILING DATE 07/26/2018
CUSTOMER # 20350 FIRST NAMED  Angus Pacala
INVENTOR
CORRESPONDENCE - AUTHORIZED BY  Bill Shaffer
ADDRESS
Documents TOTAL DOCUMENTS: 2
DOCUMENTY PAGES  DESCRIPTION BIZE (KB}
2021-10- 2 Maintenance Fes Address 226 KB
27 _Fee Address Indication Change

Form_103033-PO0TUSCE2-
1096583 pd

2021-10- 1 issue Fee Payment (PTC-88B) 184 KB
27 lssue Fes Transmitial i
0303’3 SROTUSC2-

1096583 pdt

Digest

DOCUMENT MESSAQGE DIGEST{SHA-512}
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2021-10- 5DB301BRCS67AB413680ADACAFF3AFAE4BCE6D61FB156D44
27 Fee_Address_indication_Fo  1AAB353A496282706C1C7AFFRCCFE360CF243C74CF4061387
rm_103033-PO0TUSC2- 897043D5788B397F058030F00DCEERS

1096583.pdf

2021-10- SCBBODF4334AF2EFSBADESZOBE14E3BASB63FC4ARZBF CADY
27_issue Fes Transmittal 103  1651B1ASECF3404F6FF1104D01DFEES10CCADE4S2ED48BASB
033-POOTUSC2-1086583.pdi BAZA435302A212038438E10a88B3F4D4

This Acknowledgament Reoeipt evidences rece:pt on the noted dals by the LISPTO of the mdivaled documents, characierized
vy the apphicant, and including page counts, whera appiicapie. I servas as avidance of receipt similar o a Post Card, as
descriped in MPER 503

New Applications Under 35 UB.G, 113
#i a new application is being filed and the application inciudes the necessary componernds for fling date {(ses 37 OFR 1.88({k)-(d}

A

and MPEP 508}, a Filing Hecelpt (37 OFR 1.54) wili be fssued in due counse and the date shown on this Acknowiadgemant
Receipt will estabiish the filing date of the application

National Stage of an international Application under 33 U.S.C. 371

i a tiredy submission o enter the nadional stags of an inlernational apphcation is compliant with the conditions (i 35 US.C
371 and other applicable requiremenis 4 Form PCT/DO/EQ/SNS indicating aceaptance of the application as a national slage
subiviagion under 38 U.8.C. 371 will be issued in addition o the Filing Receipl. in due course.

New International Application Filed with the USPTO as a Regelving Office

i a new infernalional appiication s baing filed and the international application includes the negessary compoenents for an
international {ling date (see PCT Article 11 and MPEF 1814), a Notification of the International Application Number and of the
international Filing Date (Form PUT/ARDT05) will be issued in due course, subjact 1o presoriplions concerming nalional securiiy,
and the date shown on this Ackrowledgement Receipt will establish the international filing date of the application.
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Receipt date: 07/26/2018

Doc code: IDS

Doc description: Information Disclosure Statement (IDS) Field

16/046,643 ~ GAU: 2878

PTOSBO08a (01-10)

Approved for use through 07312012. OMB 0651-0031
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 OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
(Not for submission under 37 CFR 1.99)

Application Number

Herewith

Filing Date

January 25, 2018

First Named Inventor

|Angus PACALA

Art Unit

‘Not yet assigned

Examiner Name

| Not yet assigned

Attorney Docket Number

‘ 103033-PO01USC2-1096583

120 | 20160047896 | Al 02-18-2016 Dussan

121 | 20160047897 | Al 02-18-2016 Dussan

122 | 20160047898 | Al 02-18-2016 Dussan

123 | 20160047899 | Al 02-18-2016 Dussan

124 | 20160047900 | A 02-18-2016 Dussan

125 | 20160047903 Al 02-18-2016 Dussan

126 | 20160097858 | Al 04-07-2016 Mundhenk, et al.

127 | 20160218727 | A 07-28-2016 Maki

128 | 20160265902 | AT 09-15-2016 Nawasra, et al.

129, b, S e T o 10-16-2016 Droz, et al.

4130 | 20160306032 | Al 10-20-2016 Schwarz, et al.

431 | 20160328619 | AT 11-10-2016 Yi, et al.
Changels) applied| 192 | 2170219428 | *1 | 08.03.2017 Facan ora.
to document, 133 | 2009/0295910 | A 12/03/2009 Mir Jose et al.
/D-M/ 134 | 2010/0020306 | AT 01/28/2010 Hall David S.
it 135 | 2010/0123893 | AT 05/20/2010 W

136 | 2011/0032398 | Al 02/10/2011 Lenchenkov Victor

137 | 201110216304 | A1 09/08/2011 Hall David S.

138 | 2012/0154914 | A1 06/21/2012 MoriQuchi Chihiro et al.

139 | 2012/0182484 | A1 07/19/2012 Shpunt Alexander et al.

140 | 201410211104 | A1 07/31/2014 Pacala Angus et al.

141 | 20150192677 | A1 07/09/2015 Yu Tianyue et al.

142 | 2015/0293224 | A1 10/15/2015 Eldada Louay et al.
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Application Number Herewith
INFORMATION DISCLOSURE Filing Date January 25, 2018
STATEMENT BY APPLICANT -
(Not for submission under 37 CFR 1.99) First Named Inventor |Angus PACALA
Art Unit ‘Not yet assigned
Examiner Name | Not yet assigned
Attorney Docket Number | 103033-P001USC2-1096583
Changels) applied 2 | 7969558 oweeRer ol Hall, David S.
i document, 27 8089618 12/11/2012 Yang, Dezhong
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35 | Bens202 B2 | 07-23-2013 Freedman, et al.
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37 | Br42325 B1 | 06-03-2014 Droz, et al.
45. | 8T8 B2 | 06-03-2014 Stettner, et al.
g9 | 8701495 B2 | 06-14-2014 Freedman, et al.
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g | SoadeAs B1 06-23-2015 Pennecot, et al.
46 | 9071763 B1 06-30-2015 Templeton, et al.
47 | 9086273 B1 07-21-2015 Gruver, et al.
4g | 9111444 B2 | 08-18-2015 Kaganovich
4y | BTN B2 | 10-13-2015 Shpunt, et al.
50 | 9164H B1 | 10-20-2015 Ferguson, et al.
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52 | 9229109 B2 | 01-05-2016 Stettner, et al.
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Attorney Docket Number | 103033-P001USC2-1096583
U.S. PATENTS
- 5 Kind : Pages Columns Lines Where
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1 Figures Appear
1 4634272 A 1987-01-06 Endo
2 5982552 A Nov 9, 1999 Nakama et al.
3 4676599 A 1987-06-30 Cruz
4 4702600 A 1987-10-27 Handrich, et al.
=) 4358851 Scifres, Donald R., et al.
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o document,
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22 8319949 B2 11-27-2012 Cantin, et al.
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(Not for submission under 37 CFR 1.99)
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Filing Date
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Examiner Name
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78 20150131080 Al May 2015 Retterath, et al.
79 | 20160291134 | A1 Oct 6 2016 Droz, et al.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.ISPED, FOV

I APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/046.643 11/30/2021 11190750 103033-PO01USC2-1096583 1720
20350 7590 11/10/2021

Kilpatrick Townsend & Stockton LLP - West Coast
Mailstop: IP Docketing - 22

1100 Peachtree Street

Suite 2800

Atlanta, GA 30309

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 517 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should
be directed to the Application Assistance Unit (AAU) of the Office of Patents Stakeholder Experience (OPSE),
Stakeholder Support Division (§SD) at (571)-272-4200.

INVENTOR(s) (Please see PAIR WEB site http://pair.uspto.gov for additional inventors):

Angus Pacala, San Francisco, CA;
Mark Frichtl, San Francisco, CA;

APPLICANT(s) (Please see PAIR WEB site http:/pair.uspto.gov for additional applicants):

Quster, Inc., San Francisco, CA;

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 USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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