US007443427B2

a2 United States Patent (10) Patent No.: US 7,443,427 B2
Takayanagi 45) Date of Patent: Oct. 28, 2008
(54) WIDE DYNAMIC RANGE LINEAR-AND-LOG 6,895,256 B2* 5/2005 Harmaetal. ............ 455/556.1
ACTIVE PIXEL 2001/0002848 Al* 6/2001 Fossumetal. ............. 348/311
2002/0033445 Al 3/2002 Mattison
(75) Tnventor: Tsao Takayanagi, Tokyo (IP) 2004/0149889 Al* 82004 Shinotsukaetal. ..... 250/214.1
(73) Assignee: Micron Technology, Inc., Boise, ID FOREIGN PATENT DOCUMENTS
(as) EP 0828297 A2 3/1998
EP 0933928 A2 4/1999
(*) Notice:  Subject to any disclaimer, the term of this EP 1187217 A2 3/2002
patent is extended or adjusted under 35
U.S.C. 154(b) by 498 days. OTHER PUBLICATIONS
Ricquier et al., N., “Active Pixel CMOS Image Sensor with On-Chip
(21) Appl. No.: 10/226,127 Non-Uniformity Correction”.
Kavadias et al., S., “P8: On-chip offset callibrated logarithmic
(22) Filed: Aug. 23,2002 response image sensor”, pp. 68-71.
Sasaki et al., M., “P4 A CMOS Image Sensor Integrating Gamma
(65) Prior Publication Data Correction and Gain Control Functions”, pp. 52-55.
Fox et al., E., “Wide-Dynamic-Range Pixel with Combined Linear
US 2004/0036785 Al Feb. 26, 2004 and Logarithmic Respinse and Increased Signal Swing”.
(51) Imt.ClL * cited by examiner
HOIL 31/062 (2006.01) Primary Examiner—John M. Villecco
HO1L 31/113 (2006.01) . . . o
Assistant Examiner—Daniel M Pasiewicz
HO4N 9773 (2006.01) (74) Attorney, Agent, or Firm—Dickstein Shapiro LLP
HO4N 3/14 (2006.01) ’ ’
HO4N 5/335 (2006.01) (57) ABSTRACT
(52) US.CL ..covvvve 348/223.1; 348/294; 348/301;
348/308; 257/292 A pixel circuit having an improved dynamic range is dis-
(58) Field of Classification Search .............. 348/223.1, closed. When incoming light detected by the photodiode is
348/294, 300, 301, 302, 308, 655; 257/291, strong, the accumulated (integrated) charge on a signal
2571292 capacitor becomes large. To compensate, the excess signal
See application file for complete search history. component becomes compressed and the pixel circuit begins
(56) References Cited operating in logarithmic rather than linear mode. In this way,

©
L

CKE

A R

U.S. PATENT DOCUMENTS
5,589,879 A * 12/1996 Saitoetal. .............. 348/223.1

the circuit can achieve a higher dynamic range more closely
resembling the image sensing properties of the human eye.

6,191,408 Bl 2/2001 Shinotsuka et al. 6 Claims, 5 Drawing Sheets
standardized
pixel output voltage
|
| |
y |Color Gain; |
T I
AN : Color gain = 0
l \\\\ l , .Or
I N | a minimum value
I \\\\ ‘
| N, — , ,
1 ~ ._incident (input)
linear : log region 1 : log region 2  light Ip
(darker) (brighter) | (brightest)

T
M

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

US 7,443,427 B2

Sheet 1 of 5

Oct. 28, 2008

U.S. Patent

AR TN
1°914 o
3OV 08 3 0z 00l
~— vossionud — N iy O5A| _ @on [T 9A | oo
i m A
YHS|  |SHS w
~—] oo |

0/ TYNIIS

Find authenticated court documents without watermarks at docketalarm.com.

DOCKET
LARM

A


https://www.docketalarm.com/

U.S. Patent Oct. 28, 2008 Sheet 2 of 5 US 7,443,427 B2

19
/ VAAPIX
E[; B 123~
T .
/ 177
121 LT {/’“\] -
—— 5
"6 VPIX ) ||j i
?120 , ,‘ AC
I 104 g2~ |
=L
108 N
RD / /L
112

DOC KET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

US 7,443,427 B2

Sheet 3 of 5

Oct. 28, 2008

U.S. Patent

(301) pouad uoijojnwndoy

9joko swply4 |

1Sy

ay

Find authenticated court documents without watermarks at docketalarm.com.

DOCKET
LARM

A



https://www.docketalarm.com/

U.S. Patent Oct. 28, 2008 Sheet 4 of 5 US 7,443,427 B2

raw (non—standardized)
pixel ortput voltage

\
I

|
—— — I —————
[
|
|
l
|
|

Linear Log
' ——incident (input) light Ip
darker | lighter

FIG.4

standardized
pixel output voltage
|
I |
1 1Color Gain | |
—I\\\\ |
l \\\\\ : Color gain = 0
| \\\\ | or
l N ;@ minimum value
i \\\\. ’ ______
i o~ __incident (input)
finear | log region 1! log region 2 light Ip
(darker) | (brighter) | (brightest)

FIG.S

DOC KET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




