N M OO 1 O
US006057539A

United States Patent [ (1] Patent Number: 6,057,539
Zhou et al. [45] Date of Patent: May 2, 2000
[54] INTEGRATED SENSOR WITH FRAME [56] References Cited
MEMORY AND PROGRAMMABLE
RESOLUTION FOR LIGHT ADAPTIVE U.S. PATENT DOCUMENTS
IMAGING
5,402,171  3/1995 Tagami et al. ....ccccceuvvnnneee. 250/208.1
[75] Inventors: Zhimim Zhou, Santa Clara; Eric R. 5,471,515 11/1995 Fossum et al. .c.coovverevvvcuceenennee 377/60
Fossum, La Crescenta; Bedabrata
Pain, Los Angeles, all of Calif.
Primary Examiner—Que T. Le
[73] Assignee: California Institute of Technology, Assistant Examiner—Thanh X. Luu
Pasadena, Calif. Attorney, Agent, or Firm—Fish & Richardson, P.C.
[21] Appl. No.: 09/323,556 [57] ABSTRACT
[22] Filed: Jun. 1, 1999 An image sensor operable to vary the output spatial resolu-
’ tion according to a received light level while maintaining a
Related U.S. Application Data desired signal-to-noise ratio. Signals from neighboring pix-
els in a pixe patch with an adjustable size are added to
[63] Continuation of application No. 08/867,835, Jun. 3, 1997, increase both the image brightness and signal-to-noise ratio.
Pat. No. 5790970,26 . One embodiment comprises a sensor array for receiving
[60] Provisional application No. 60/030,646, Nov. 12, 1996. . . . .
input signals, a frame memory array for temporarily storing
[51] Int. CL7 oo HO01)J 40/14 a full frame, and an array of self-calibration column inte-
[52] US. CL s 250/208.1; 250/205; 348/317;  grators for uniform column-parallel signal summation. The
348/303 column integrators are capable of substantially canceling
[58] Field of Search ..o 250/208.1, 206,  fixed pattern noise.
250/205; 348/317, 318, 319, 302, 303,
304; 257/291 6 Claims, 8 Drawing Sheets
Output from 185
Imager
° Digital Counter |
110 | SENSOR 110 and Decoder
™ ROW APS ARRAY
DECODER Vih
| 182 186
50 mparator Digital Counter
120 + and Decoder
COLUMN BUFFER | | [-/
1/12¥1h
S~ /783 187
130~| MEMORY 130 Comp a% Dlggatl)cougter
N ROW  H-H MEMORY ARRAY HH = ana Lecoaer
DECODER
1/4V1h
S~ /184 18
Co mpa% Digital Counter
+ and Decoder
COLUMN INTEGRATOR r L
L L 1
100 10 corumm memory o
160~~]""" corumn seLecT 170 180




U.S. Patent May 2, 2000 Sheet 1 of 8 6,057,539

SENSOR
"2~4 “pow APS ARRAY 110
DECODER
COLUMN BUFFER | | | 120
MEMORY
1321 " pow MEMORY ARRAY 130
DECODER
COLUMN INTEGRATOR o
1 —
100 PO coLumy memoRy || %U_TCI)JUT
160~J" coLumn SELECT 170

FIG. 1A



U.S. Patent May 2, 2000 Sheet 2 of 8 6,057,539

Output from
 Imager = 181 /1%
Digital Counter
J— (i‘romp aratol and Decoder
V1h . /1 86
Digital Counter
[- and Decoder
1/2V1h 187
Digital Counter
J-— and Decoder
1/4V1h . [7 88
| Digital Counter
r and Decoder
7/8V1h/ ‘

180 FIG. 1B



6,057,539

Sheet 3 of 8

May 2, 2000

U.S. Patent

S@Unﬁ

122~
aan dion

ve "9l4
o
.t |
 WoEdds0 |
:mm\g /8S Y || w
A | m
“ ﬁmmm 3 EON | -INTA
L von |
o | % e
| pue Al con]| g
“ 3 vee m

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

_ Z m} -d.-oo.m.o.q-u-m--.

e ]



6,057,539

Sheet 4 of 8

May 2, 2000

U.S. Patent

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

ac¢ ‘9l
m 9
¥ N 09z
N e
T il /Mso 1de
| i 8vZ
j— ov'| |l da % b
| 10 dIH) ] -
| 4l . i JoLow 6o
0D 1 fes D 6MS
on__| 89N ]
T 62—
0184 1
A
m]
1ndino - /

A
1 i
A m
m\_\_w‘ [zow  vom]EM
99 e |
Sp2~_ |90\ e,
oms—[9om m
1dg Al g~y
| A Ne @
€99 | 4, CON=="|
- ZMS |
1419 vre
SM3
ZON B_QN\EN
T 4450
m.wmu\\vM\__lm. LW
Py
2re~"g s
NWINT09



U.S. Patent

Vin V-

May 2, 2000

0.5PF

o7 ]
oz

0.5PF=CM V+

i

231 JVos
m 9
V+

Vout

FIG. 3A
0.5PF
CC1
Vin V-

0.5PFxcM V+

Vout

Sheet 5 of 8

Vin V-

6,057,539

0.5pFxcm Y+

Vin V-

0.5PF=CcM V+

Vout



U.S. Patent May 2, 2000 Sheet 6 of 8 6,057,539

232 | i FIG. 4A
SwWi_ 1 FIG. 4B
221 1 FIG. 4C
SW3_I—1 [ FIG. 4D
Swe 1 FIG. 4E
Swz 1 FIG. 4F
swe_I— 1L | FIG. 4G
Sws_I— 1 FIG. 4H
SW4 [ FIG. 41
Sw2 [ FIG. 4
Sw2 1 1 FIG. 5A
SW9 _T I FIG. 5B
SW3_I 1 FIG. 5C
CLP1 T 1 FIG. 5D
RD | FIG. 5E
s RORTRZ S — FIG. 5F
CS i i EREEEE FIG. 5G

0003 G0 0 0% Cap G



U.S. Patent May 2, 2000 Sheet 7 of 8 6,057,539

FiG. 7A FiG, 78



U.S. Patent

May 2, 2000 Sheet 8 of 8
] ’L—_
800 ] P > , n
> // e=,/, 7 ]
E 4001 PP
® e 7 §
S 400 - e N\ 711
- : |/
22 Rows
0 7/
32 16 11 8
# of Columns
FIG. 8A
T
40 ]
/
30t
= 8
(o
P 11
20 16 # of
32 Rows
1032 16 11 8

# of Columns

FIG. 8B

6,057,539



















