METHOD AND APPARATUS FOR REDUCTI ON OF FI XED PATTERN NO SE I N A SOLI D STATE
| MAG NG SENSOR FI ELD OF THE | NVENTI ON [ 0001] The invention relates generally
to sem conductor imagi ng devices, and nore particularly to reducing the
noticeability of fixed pattern noise in a solid state inmger. BACKGROUND OF
THE | NVENTI ON [ 0002] There is a current interest in CMOS active pixel

I mgers for use as |ow cost inaging devices. Active pixel sensors can have
one or nore active transistors wthin the pixel unit cell, can be nade
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or controller 232 which provides timng and control signals to control the
readi ng out of signals stored in the pixels in a manner comonly known to

those skilled in the art. Exenplary arrays have di nensions of Mtinmes N

pi xels, with the size of the array 230 _dependi ng on the particul ar
application. The inmager H %ﬁEH‘TVE&H@ N time using a colum parall el
readout architecture. The cont roller 232 selects a particular row of pixels
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eaclimaget. he colums can then be read out sequentially using a colum
addressing circuit 244. Differential pixel signals corresponding to the

read out reset signal erst and int e_LgH(at ed char e signal (Vsig) are
provi ded as respecti readout circuit 242. 1
{0002] There is a current interest in CMOS active pixel imagers for use as
low cost imaging devices. Active pixel sensors can have one or more active transistors

within the pixel unit cell, can be made compatible with CMOS technologies, and promise

higher readout rates compared to passive pixel sensors.

[0003] FIG. 1 shows a conventional imager 200 that includes an array of
pixels 230 and a timing and control circuit or controller 232 which provides timing and
control signals to control the reading out of signals stored in the pixels in a manner
commonly known to those skilled in the art. Exemplary arrays have dimensions of M times
N pixels, with the size of the array 230 depending on the particular application. The
imager is read out a row at a time using a column parallel readout architecture. The
controller 232 selects a particular row of pixels in the array 230 by controlling the
operation of row addressing circuit 234 and row drivers 240, Charge signals stored in the
selected row of pixels are provided on column lines 170 (FIG. 2) to a readout circuit 242
as conventionally known, Referring back to FIG. 1, the pixel signal read from each of the
columns can then be read out sequentially using a column addressing circuit 244,
Differential pixel signals corresponding to the read out reset signal (Vrst) and integrated
charge signal (Vsig) are provided as respective outputs Voutl, Vout2 of the readout circuit
242,



[0004] PIG 2 nore clearly shows the rows and columms 349 of pixel array

230 and the associated readout circuit 242. Each col um 349 i ncl udes

mul tiple rows of pixels 350. The readout circuit 242 includes sanple and
hold circuitry 351 for storing the pixel reset (Vrst) and integrated charge
signals (Vsig). Signals fromthe pixels 350 in a particular colum 349 can
be read out through a colum line 170 to the sanple and hold circuit 351
associated with that columm. Typically, Vrst is stored in capacitor c rst
and Vsig i r egizN GIRRT b thel ﬂﬂkﬁ ekcui t 351
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signals and sends the subtracted signal to an analog-to-digital converter (ADC);

alternatively, the reset and integrated charge signals can be supplied directly to the analog-

to-digital converter.

[0006] During manufacture, each imaging pixel array is usually tested
individually. Tests detect defective pixel circuits, pixel signal level, and other array
attributes, and the information is stored based on lot and individual device identification
numbers. The information developed during testing can be utilized to enhance the
operation of the device by, for example, compensating for defective pixels, differing pixel

signal levels, and other tested pixel attributes.

[0007] Because variances occur during manufacturing, the capacitance values
of capacitors ¢_rst and c_sig will be different, ideally only slightly different, However, it is
not easy or cheap to test the capacitance value of each capacitor c_rst, c_sig and then
modify the capacitors to have the same capacitance value. Thus, capacitors c_gst and c_sig
of each sample and hold circuit 351 will add a different amount of column-wise fixed

pattern noise to the readout process.



of each sanple and hold circuit 351 will add a different anount of
colum-w se fixed pattern noise to the readout process. 2 [0008] Simlarly,
the bias current IIln will vary fromcolum to columm. Al though the

di fference may not be |arge, nonetheless, the different Tin current val ues
will add different amounts of gain during readout of each sanple and hold
circuit 351. Thus, the bias current Iln of each sanple and hold circuit 351
will add a different anount of colum-w se fixed pattern noise to the
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BRIEF SUMMARY OF THE INVENTION

[0010] An imager is provided in an exemplary embodiment that reduces the
visual obviousness of column-wise fixed pattern noise by randomly mixing and applying
fixed pattern noise to different columns in the imager’s array. In an exemplary
embodiment of the invention, signals from the columns of the pixel array are read out to
varying sample and hold circuits selected at random. In addition, pixel columns are

randomly matched to sample and hold circuits.
BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the invention will be more readily
understood from the following detailed description of the invention which is provided in

connection with the accompanying drawings, in which:

[0011] FIG. 1 is a block diagram of a conventional digital system having an

active pixel sensor array and associated processing circuitty;

[0012] FIG, 2 is a block diagram showing a portion of the sensor of FIG. 1 in
greater detail;



greater detail; 3 [0013] FIG 3 is a block diagramof a digital system
havi ng an active pixel sensor array and associated processing circuitry in
accordance with an exenplary enbodi nent of the invention; and [0014) PIG 4
is a block diagram showi ng a processor systemincorporating at |east one

I magi ng device constructed in accordance wth an enbodi nent of the

I nvention. DETAILED DESCRI PTION OF THE | NVENTI ON [ 0015] In the follow ng

detail ed description, reference is made to the acconpanying draw
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specific

exenpl ary enbodi nents of the invention. These enbodi nents are described in
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described in sufficient detail to enable those of ordinary skill in the art to make and use the

invention, and it is to be understood that structural, logical or other changes may be made

to the specific embodiments disclosed without departing from the spirit and scope of the

present invention.

[0016] FIG. 3 depicts a signal processing system 400, which includes an

active pixel sensor (“APS”) array 230 and a readout circuit 442 constructed in accordance
with an exemplary embodiment of the invention. The signal processing system 400 differs
from the system 200 illustrated in FIGs. 1 and 2 in several respects, which are described in
greater detail below.

[0017] The illustrated system 400 includes pixel array 230 connected to the
readout circuit 442. Readout circuit 442 includes a first switching circuit 441, second
switching circuit 443, and a controller 450 for controlling the switching circuits 441, 443.
The readout circuit 442 is different from the conventional readout circuit 242 (FIG. 2) in
that sample and hold circuits 351a-d of readout circuit 442 are not always associated with

the same pixel column 349a-d (explained in more detail below).

[0018] Each pixel column 349a-d is coupled to the first switching circuit 441.

The switch setting of the first switching circuit 441 determines which pixel column 349a-d



[ 0018] Each pixel colum 349a-d is coupled to the first switching circuit
441. The switch setting of the first switching circuit 441 determ nes which
pi xel colum 349a-d 4 is selectively coupled to which sanple and hold
circuit 35la-d. For exanple, FIG 3 depicts: the first pixel colum 349a
coupl ed through the first switching circuit 441 to the second sanple and
hold circuit 351b; the second pixel colum 3496 coupled through the first
switching circuit 441 to the third sanple and hold circuit 351c; the third
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then the selected rowis readout, then the controll er 450 determ nes a match

and the nexf0018Y i The eaaabller 430 pioridessigasloes the filve seitchingldiretit44Q re-
mat ches periodically; that is to say that the time interval between the

continditatig whichipived holugn dhPa-Hds tasbe canpledite which sample and hokdcirawier val . The
COm?,r’.i(ila-ld(.a rIn4a5 8rc‘fa'csr£c <|:r{1 Q in énr%,ethglcgEUOﬂcr’s 450 matching of pixel columns 349a-

d and sample and hold circuits 351a-d is done on a random basis. Although described

with respect to a random assignment, the invention is not so limited. For example, the

matching may occur in pseudo-random, or any other varying matching fashion.

[0020] In an exemplary cmbociimcnt, the controller 450 re-matches, i.e.,
generates new matches between, pixel columns 349a-d and sample and hold circuits 351a-
d before each read out from a row in the pixel array 230. For example, the controller 450
determines a match and then the selected rovs; is readout, then the controller 450
determines a match and the next row is readout. In another aspect, the controller 450 re-
matches periodically; that is to say that the time interval between the controller establishing
another set of matches is a set time interval. The controller 450 establishes the time
interval before reading out from the image array. For example, if the time interval is five,
then the controller 450 rematches before each fifth read out from a row in the pixel array
230. In yet another aspect, the controller 450 re-matches at various time intervals, where
the time intervals are generated on a varying fashion, ideally in a random fashion, For
example, if the time interval to re-match is random, then the controller 450 re-matches

before the first, fifth, and thirteenth read outs from rows in the pixel array 230. Although
5



i nterval before reading out fromthe imge array. For exanple, if the tinme
interval is five, then the controller 450 rematches before each fifth read
out froma rowin the pixel array 230. In yet another aspect, the
controller 450 re-matches at various tine intervals, where the tine
intervals are generated on a varying fashion, ideally in a random fashi on.
For exanple, if the tinme interval to re-match is random then the
controller 450 re-matches before the first, fifth, and thirteenth read outs
f r orthisomeentiontihidesaribed watlr myer2ia. toAl ddnventiorsl réddout fivoem an array $e.ggscr i bed
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eating for, the, next t he tion i

i ght dth , A t
[ g ROE el ERSRe g 1, HICind e on B w6 Mkl B0 mele 186 1°F i on.

Addist i r | t o . re read
out aB8FnaY e KRR Bl fn 1o BAGIIERLRG. Adiripfll, Mt e efls RHHIE A 5, " oF
eaclofIReEdves G eblahnS afd feadicut, 36 .@w@heh&aﬁ;ﬂ@ﬂﬁctes&uﬁbﬁ of $8€ pgkegW t chi ng
circuit 443. The selection of the second switching circuit 4 det erm nes
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thir pt'’xel colum 349c with the fourth sanple and hold circuit 351d, and
the fourth pixel

[0022] Ina preferred embodiment, the controller’s 450 matching of sample
and hold circuits 35]a-d to output stage 354 is performed based on the current matching
of pixel columns 349a-d to sample and hold circuits 351a-d by the controller 450. For
example, in conventional systems where a row is read out sequentially, left to right, and the

controller matched the first pixel column 349a with the second sample and hold circuit
351b, the second pixel column 349b with the third sample and hold circuit 351c, the third
pixel column 349c with the fourth sample and hold circuit 351d, and the fourth pixel
column 349d with the first sample and hold circuit 351a, then the first sample and hold
circuit to be readout to the output stage 354, is the second sample and hold circuit 351b.
Therefore, the controller 450 provides an appropriate signal to the second switching circuit
443 to couple the second sample and hold circuit 351b to the output stage 354. For the
next read out, the controller 450 provides an appropriate signal to the second switching
circuit 443, to couple the third sample and hold circuit 351¢ to the output stage 354. For

+ the next read out, the controller 450 provides an appropriate signal to the second

switching circuit 443 to couple the fourth sample and hold circuit 351d to the output
stage 354. For the next read out, the controller 450 provides an appropriate signal to the

second switching circuit 443 to couple the first sample and hold circuit 351a to the output
6



colum 349d with the first sanple and hold circuit 351a, then the first
sanple and hold circuit to be readout to the output stage 354, is the
second sanple and hold circuit 351b. Therefore, the controller 450 provides
an appropriate signal to the second switching circuit 443 to couple the
second sanple and hold circuit 351b to the output stage 354. For the next
read out, the controller 450 provides an appropriate signal to the second
switching circuit 443, to couple the third sanple and hold circuit 351c to
t he stagtngs {m go alternative embodimensy the cangrallgr 450 ipsovides 2 sighalrtosseparatsyi des an
appropriate signal tq the second W t chi circuit 443 to coupl e fourth
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[0024] Therefore, an imager is provided that reduces the visual obviousness
of column-wise fixed pattern noise by randomly mixing and applying fixed pattern noise to
different columns of the array. Fixed pattern noise is not necessarily reduced, however,
fixed pattern noise from a sample and hold circuit is not always associated with a single
pixel column but is instead associated with different pixels. As the noise is applied to

different columns, the human eye is less likely to notice the noise.

[0025] FIG. 4 shows system 1100, a typical processor system modified to
include an APS System 400 containing the readout system, as exemplified by FIG.3. The
system 1100 is exemplary of a system having digital circuits that could include image sensor
devices. Without being limiting, such a system could include a computer system, camera
system, scanner, machine vision, vehicle navigation, video phone, surveillance system, auto .
focus systeni, star tracker system, motion detection system, image stabilization system, and

others.



different columms of the array. Fixed pattern noise is not necessarily
reduced, however, fixed pattern noise froma sanple and hold circuit is not
al ways associated with a single pixel colum but is instead associated with
different pixels. As the noise is applied to different columms, the human
eye is less likely to notice the noise. [0025] PIG 4 shows system 1100,
atypi cal processor systemnodified to include an APS System 400 cont ai ni ng
t he readout system as exenplified by FIG 3. The system 1100 is exenplary

of a syst en]0GR6]NISHtEN 100G Fortexainpld Nedmed ¥stern GhhElflly BE@APrifenSs Or

devices. Wthout being limting, such a systemcould include a conputer
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i nc wlies alsa oommatcas withnhetCBU(1RAN) ovet 6 bantl ZinThedinagmg devineadl(e menory
1130, such as flash nmenory, whjch also comunicate with the CPU 1110 over

t he miaysbelqombingd avithgrasgssessuch 250 P ndigiial signmdpreeessars Br a processor, such
as a.CPU, digital,si g}r}! | processor, or rricrolgr.ocesstocri,.vm#h or. Wit hout

me mBRSTORrRTETS, Bk ?Rﬁ PHNERT YPEge O LURSIC SRtegrted UFYF OF &R chip t han
t he 092 oul d be appreciated that other enbodi nents of the
invgﬁ’c‘lqglﬁs | (t:‘-llude ?r?r%étsfﬁ%g of manufacturing the circuit 1100. For exanpl e,
in one exenplary enbodinent, a nmethod of manufacturing an CMOS readout
circuit inc[02% theshoukpbe apprepintedi thatothepumbodimentsioftheinvendabst r at e
corresponding to a si ngl e integrated circuit, at |least a pixel array and

r eadisbede jarraethod st actgring the eiscuiteLEG0. pEor essple.uniong exemplary
embodiment, a method of manufacturing an CMOS readout circuit includes the steps of
providing, over a portion of a substrate corresponding to a single integrated circuit, at least
a pixel array and readout circuit of FIGs. 3 an 4 as described above using known
semiconductor f;lbrication techniques. The method of manufacturing the readout circuit
includes forming a plurality of sample and hold circuits over said substrate; and forming a
switching circuit over said substrate for switchingly coupling one of said plurality of
columns of pixels in said pixel array to one of said sample and hold circuits. The method
of manufacturing may further include forming a control circuit over said substrate; and
forming an electrical pathway for coupling said control circuit to said switching circuit.
Additionally, the method of manufacturing may include the step of forming a second
switchigg circuit over said substrate for switchingly coupling one of said sample and hold

circuits to said downstream circuit.

[0028] While the invention has been described and illustrated with reference
to specific exemplary embodiments, it should be understood that many modifications and
substitutions can be made without departing from the spirit and scope of the invention.
For example, although the invention is shown with respect to two switching circuits and
the associated controller the invention is not meant to be so limiting, The controller

functionality can be incorporated into the a controlling circuit already included in
8



sem conductor fabrication techniques. The nmethod of manufacturing the
readout circuit includes formng a plurality of sanple and hold circuits
over said substrate; and formng a switching circuit over said substrate
for switchingly coupling one of said plurality of colums of pixels in said
pi xel array to one of said sanple and hold circuits. The nethod of

manuf acturing may further include formng a control circuit over said
substrate; and formng an electrical pathway for coupling said control
circuit tg said switching cjrcuit. Additionally, the method of
manuseentond spsigm; Agceadinglye the iapensiorn ismext 69 ba considered as\limitaest bigthsi r cui t
over .said substrate .for. swtchin coupling_,one .of said sanple and hold
cir cfﬂf?%m{l%%&%ﬁ”@%ﬂ&&%tl? 8@%%%‘8"%‘%@%?9% ﬁ%‘“fshe i nvention has been
described and illustrated with reference to specific exenplary enbodinents,
it should be understood that many nodifications and substitutions can be
made w thout departing fromthe spirit and scope of the invention. For
exanpl e, although the invention is shown with respect to two swtching
circuits and the associated controller the invention is not neant to be so
limting. The controller functionality can be incorporated into the a
controlling circuit already included in 8 conventional system Accordingly,
the invention is not to be considered as |linmted by the foregoing
description but is only limted by the scope of the clains. 9 CLAIMS 1. A
readout circuit for an imagi ng device, conprising: a swtching circuit
adapted to selectively couple each of a plurality of columms of a pixel
array to one of a plurality of sanple-and-hold circuits; and a controller
for generating a match between one of said plurality of colums of said

pi xel array and one of said plurality of said sanple and hold circuits and
providing a first control signal to said switching circuit indicating said



match, said first control signal indicating which of said plurality of
colums is to be coupled to which one of said sanple and hold circuits,
wherein said controller generates a match such that an interval between
matching is a randominterval. 2. A readout circuit as in claiml, wherein
said controller generates a match such that matching is done randomy. 3. A
readout circuit as in claiml1, wherein said controller generates a match
such that matching is done pseudo-r&IdUMy. 4. A nethod of reading signals
froman i magi ng device conprising: selectively coupling through a sw tching
circuit each of a plurality of columms of a pixel array to one of a

plurality of, sanplreadeatlcifslitof i kgl daviRyedsthmesigg:first control signal to
said switching circuit, said first control si glnal i ndi cating which of said
plurality of colaswikching eisguitradapted theelestiglly equple cackhelhpluraliggeld sanpl e and

hol d ci rcui can ner.at.i new. nat ches on a ran interval . 5. A nethod
of reading ésoﬁ‘aﬁﬁﬁ gfqgﬁi 5% aﬁgy?ﬁga? %Egﬁlé‘\gﬂh eogssanllpA '%?‘gﬁ@dzf} rcu%gp i n matching
i s done pseudo- r agsiamliyr fof gederaiigwiarh beradh Bge 5F Gh@bRirdlitpar an i magi ng
device as in claim4, wherein matching is done pseudo-randomy. 10 7. An

i ntegrat ed ealvmps of seshpixelsariay and anppkaaid pluradiyy obsaikesamenle ard heldi t coupl ed to
coupl b sactoispitiand BRIdTE My Bt Sedhll) Bl sitchipBRAHF I uREEE o 5 ¥

plurality ohathNaEiRNEbHIR Signsliindibating widoltoBsadplurity 6f cdl@mnisqyi di ng a
first control signal to said swtching o o
be coupled to which one of said sample and hold circuits, wherein said controller

generates a match such that an interval between matching is a random interval.

2. A readout circuit as in claim 1, wherein said controller generates a match

such that matching is done randomly.

3. A readout circuit as in claim 1, wherein said controller generates a match

such that matching is done pseudo-randomly.

4. A method of reading signals from an imaging device comprising:
selectively coupling through a switching circuit each of a plurality of
columns of a pixel array to one of a plurality of sample-and-hold circuits;
providing a first control signal to said switching circuit, said first control
signal indicating which of said plurality of columns is matched to be coupled to
which of said sample and hold circuits; and

generating new matches on a random interval.

5. A method of reading signals from an imaging device as in claim 4,

wherein matching is done pseudo-randomly.

6. A method of reading signals from an imaging device as in claim 4,

wherein matching is done pseudo-randomly.
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circuit, said first control signal indicating which of said plurality of
colums is to be coupled to which one of said sanple and hold circuits,
wherein said controller generates a match between one of said plurality of
colums of said pixel array and one of said plurality of said sanple and
hold circuit such that an interval between matching is a randominterval. 8.
An integrated circuit as in claim?7, wherein said controller generates a

mat ch such that matching is done randomy. 9. An integrated circuit as in

claim7, wherein n?ﬂtggr %Htck lggg‘gﬁ&g%at es a match such that matching is

done pseudo ran ninm vice conprising: a pixel array; a
readout circuit a:pluellaifhy';o sai d pixel array, conprising: a switching circuit
adapted to selectively cougl e each of a plurality of colums of said pixel

array to one of HrBAAQRSITTWY cHpladinspid P&’FF‘éﬁﬁéY gonprisiigi t s; and a controller
for providing a first &91@6% mﬁduﬂ%ﬁé}g{%(gto; '1é1t1§¥}}rtc8{£¢199acq%frngﬁsihfahtfa' d first

control signal i ndi cat I ng ur al I's“to be

coupl ed to whi chofatunads cfahid mHxelatray amhdnflacblmlar@mﬂsSmpleAhﬁlFlmld sai d
controller generates a match between one of said plurality of columms of
sai d pixel arrayClEHES;GHE of said plurality of said sanple and hold circuit

such that an interval, BGkENTIBISAAD o oIl N SIdRichicl 11 An

i mager device as in ct erein sard contr generates a match
such that matchicdiguitssaitbfisst camebd sigyal iddicatig winelyef saddpiueaditasfi n cl ai m 10,
wherein said controller generates a match such th? nﬁlthng i s done
pseudo- r andom y. columns is t0 be coupled to which one of said sample and hold circuits,

wherein said controller generates a match between one of said plurality of

columns of said pixel array and one of said plurality of said sample and

hold circuit such that an interval between matching is a random interval.

8. An integrated circuit as in claim 7, wherein said controller generates a

match such that matching is done randomly.

9. An integrated circuit as in claim 7, wherein said controller generates a

match such that matching is done pseudo-randomly.

10.  Animager device comprising:
a pixel array;
a readout circuit coupled to said pixel array, comprising:

a switching circuit adapted to selectively couple each of a plurality
of columns of said pixel array to one of a plurality of sample-and-hold
circuits; and

a controller for providing a first control signal to said switching
circuit, said first control signal indicating which of said plurality of
columns is to be coupled to which one of said sample and hold circuits,
wherein said controller generates a match between one of said plurality of
columns of said pixel array and one of said plurality of said sample and

hold circuit such that an interval between matching is a random interval.

11



13. A processor system conprising: a processor; and inmager device,
array; a readout circuit coupled to said pixel array,
conprising: a switching circuit adapted to selectively couple each of a
plurality of colums of said pixel array to one of a plurality of

conprising: a pixel

sanpl e-and-hold circuits;

and a controller for providing a first control

signal to said swtching circuit, said first control signal indicating
which of said plurality of colums is to be coupled to which one of sai d

sanpl e —and; ol dag éﬁlﬁgéutd%vw%\/g?f edl&i f’d th% e'f?ﬁ (4! Sﬁtrcﬁﬁefgél?etrﬁés g

bet ween one of sal

sai d pl ural such tiedt n&m}ﬂngamher@ﬂdmlrml d CI rcuit such that an
bet ween matching is a random i nterval .

ral & 4P xe array an

one of

i nterval
14. A processor systemas in claim

13, wherein said controller generates a match such that matching is done

randonty. 1p, A %h@ﬁ%%%ﬁ%ﬁé s il 107 wiile lﬂaﬁcon’(@fe‘? g&ﬁ%ga EHhr ol l'er

generates a mat

I'ng”’i's done pseu

such that matching is done pseudo-randomly.

13. A processor system, comprising:

a processor; and

imager device, comprising:

a pixel array;
a readout circuit coupled to said pixel array, comprising:

a switching circuit adapted to selectively couple each of a
plurality of columns of said pixel array to one of a plurality of
sample-and-hold circuits; and

a controller for providing a first control signal to said
switching circuit, said first control signal indicating which of said
plurality of columns is to be coupled to which one of said sample
and hold circuits, wherein said controller generates a match
between one of said plurality of columns of said pixel array and
one of said plurality of said sample and hold circuit such that an

interval between matching is a random interval.

14. A processor system as in claim 13, wherein said controller generates a

match such that matching is done randomly.

15. A processor system as in claim 13, wherein said controller generates a

match such that matching is done pseudo-randomly.
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