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(57) Abstract: An imager pixel comprising a forward-biased photo-detector with readout transistor for light-to-current conversion, and

a ratiometric readout system comprising a current to pulse width converter. The readout system operates in a light mode to: generate a
first current proportional to a photodetector current and a leakage current, on exposure to a photodetector voltage, and convert the first
current to a first pulse width; and operates in a least significant bit (LSB) mode to: generate a second current proportional to a least

significant bit (LSB) current and the leakage current, on exposure to a gate-source voltage; and convert the second current to a second

pulse width. The system includes a converter circuit for converting the first pulse width to a count (CNTB) and the second pulse width
to a count (CNTA), and a counting circuit for providing a radiometric readout based on a ratio of CNTB to CNTA.

[Continued on next page]



WO 2023/238068 A3 | 1110} 10 00 00RO A0 O

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

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

— in black and white; the international application as filed
contained color or greyscale and is available for download
Jrom PATENTSCOPE

(88) Date of publication of the international search report:
29 February 2024 (29.02.2024)



INTERNATIONAL SEARCH REPORT International application No.
PCT/IB2023/055896

A. CLASSIFICATION OF SUBJECT MATTER
HO4N 25/57 (2023.01) HO4N 25/78 (2023.01) HO4N 25/00 (2023.01) HO3K 21/00 (2006.01)

According to International Patent Classification (IPC)

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO4N, HO3K

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
FAMPAT, Google Scholar, |IEEE Xplore: imager, sensor, pixel, photosite, photodetector, diode, forward-biased,
transistor, ratiometric, ratio, dynamic range, current, pulse, width, light intensity, least significant bit, leakage, threshold,
mismatch, and related terms.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

P.X AHMED, KA. ET AL., Imager with Dynamic LSB Adaptation and Ratiometric 1-14
Readout for Low-Bit Depth 5-uyW Peak Power in Purely-Harvested Systems.
2022 |IEEE Symposium on VLSI Technology and Circuits, 17 June 2022, pages
50-51

[Retrieved on 2024-01-09] <DOI:
0.1109/VLSITECHNOLOGYANDCIR46769.2022.9830147>

A US 2021/0258531 A1 (GRUEV, V. ET AL.) 19 August 2021 1-14
Whole document

A US 2017/0041517 A1 (IKEDA, T.) 9 February 2017
Whole document

A CN 111770245 A (CHANGCHUN INST OPTICS FINE MECH & PHYSICS CAS)
13 October 2020

Whole document of the original non-English language document (a machine
translation is enclosed only for your reference)

{1 Further documents are listed in the continuation of Box C. & See patent family annex.

*Special categories of cited documents:

“A” document defining the general state of the art which is not
considered to be of particular relevance

“D” document cited by the applicant in the international application

“E” earlier application or patent but published on or after the
international filing date

“L” document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

“T” later document published after the international filing date or
priority date and not in conflict with the application but cited to
understand the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

“Y” document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such

“O” document referring to an oral disclosure, use, exhibition or documents, such combination being obvious to a person
other means skilled in the art
“P” document published prior to the international filing date but “&” document member of the same patent family
later than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
26/01/2024
25/01/2024 (day/month/year) (day/month/year)
Name and mailing address of the ISA/SG Authorized officer
x\\\ \\ § Intellectual Property Office of Singapore
NV 1 Paya Lebar Link, #11-03
AT ’ Fang Zheng (Dr
e ~ PLQ 1, Paya Lebar Quarter tang 9 (®n
Singapore 408533
Email: pct@ipos.gov.sg IPOS Customer Service Tel. No.: (+65) 6339 8616

Form PCT/ISA/210 (continuation of second sheet (1)) (July 2022)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/IB2023/055896

Nofte: This Annex lists known patent family members relating to the patent documents cited in this International Search
Report. This Authority is in no way liable for these particulars which are merely given for the purpose of information.

Patent document

Publication date

Patent family

Publication date

cited in search report member(s)
US 2021/0258531 A1 19/08/2021 NONE
US 2017/0041517 A1 09/02/2017 JP 2020198631 A 10/12/2020
JP 2017034677 A 09/02/2017
JP 2022048209 A 25/03/2022
JP 2023033646 A 10/03/2023
CN 111770245 A 13/10/2020 NONE

Form PCT/ISA/210 (patent family annex) (July 2022)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - wo-search-report
	Page 4 - wo-search-report

