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
wo BMENTI2@N [ 0001] The invention rel ates gener aPCUSN6/013270

sem conduct or imagi ng devices, and nore particularly
to reducing the noticeability of fixed pattern noise
in a solid state i mager. BACKGROUND OF THE | NVENTI ON
[0002] There is a current interest in CMOS active
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Active pixeN /ASTHIDSSTATE hishAGING SENSDRe active
transistors within the pixel unit cell, can be nade
conpati ble with CMOS technol ogi es, and prom se hi gher
readout rates conpared to passive pixel sensors.
[0003] FIG 1 shows a conventional imger 200 that
i ncl udes an arr HIEYD PBEHE BIVEANTIONt | M ng and
control circuit or controller 232 which provides
timng and control signals to control the readi ng out
of [89@hh| Tha isventiamrelates grnerlly th semicomduetor dovagimg devices,

kno t,o.those skilled in the art.. enpl ary. arrays,
and moft KRt B Bt e okl B Bre Bt idles ot s Wlighsate
imager. t he array 230 depending on the particular application.
The imager is read out a row at a tine using a colum
paral |l el readout architecture. The controller 232
sel ects a paBACKGROUND OF THEANVENTIONarray 230 by
controlling the operation of row addressing circuit

23 r drivers 240Q. Charg Lgnals staored in the
ol 008" Mg et T pinck Mg Agih o himagrde s s
. . tAQ..s i i 4 . .
ow oAk i, 10y AR QMo A Hbls BP0 reacire pyion
within tht pixkl Shigoél, crdd hidyrnasdiblf witheCRIS ErhnbREidsh A Pomise
: read out sequentially using a colum addressing

higher regdogiyiratep aampmiefifte mapniveapixqissmsorsi gnal s cor r espondi ng
to the read out reset signal (Vrst) and integrated

[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,



charge signal (Vsig) are provided as respective

out puts Voutl, Vout2 of the readout circuit 242.[0004]
Wo-b@s/12320Dre clearly shows the rows and col unmBCB¥S2006/013270

pi xel array 230 and the associ ated readout circuit

242. Each columm 349 includes nmultiple rows of pixels

350. The readout circuit 242 includes sanple and hold

circuitry 351 for storing the pixel reset (Vrst) and

i n{ ¢4k e &FlEhArmpareslepiliishopyshegiawssinghenlammns d4Paf@ixel array
230 and SR PR R 4 SRS s o
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Typically,Vrst Is store apacitor cjrst”an
pixel resets(\Etsrand inregeapdchirge signsls §Vsig).t BignsB e tho gixBBI350 in a
. .Circuit 351. The gain of the sanple _and hold circuit
particulaggolymn 24P gar hegradpubthspush agokme lng 170 to cbe saseplednd hold

s the. colu I ne,170. {00 ignals stored.in the .
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hold cir@603pl twi fimstiomof abissitg Girgmalln dmnktted \Youhe coluain line 170.
correspond to the Vsig, VWrst signals, respectively.
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i reset and integrated charge signals _can be supplied
Vsig, Vrgf; sigssls, yespectiviely. ahla¢ anpleg odtnyit signals Sfonsi 1 BoutZ ¢@0wkn be sent,

rin uf acture, each i in i xel array is
for examplt 4P hAREEPE 111, St L UOEE-tghe Eescitd Btrgrated charge
. I [ v el y
sgnals A UEAARE SHb LRy kAL PRl oR P i ANCOAPEE LADLY | oo
alternativelyl, thadeset andintdgrtabchagniighdleadn bnsupplive idicecTo the analog-
i nformati on devel oped during testing can be utilized

to-digital GoRYfstEECe t he operation of the device by, for
exanpl e, conpensating for defective pixels, differing

git @%63{ gl;bi'ml'geﬁ{%&actﬁ?e‘? egéhhﬂagti&gs })&gl eﬁ‘irﬁ(yeils 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 c_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_rst 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.



[ 0007] Because variances occur during manufacturing,

t he capacitance val ues of capacitors c_rst and c_sig
wowdok/1i2ozi f ferent, ideally only slightly diffeReEDE2006/013270

However, it is not easy or cheap to test the

capaci tance val ue of each capacitor c_rst, c_sig and

then nodify the capacitors to have the sane

capaci tance val ue. Thus, capacitors c rst and c_sig of

ed0A08 hmdimilanhd tho bis cirrent tin 384 vesyl fromdwlhemayito fcohenmm.
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aad e 8k S AR R S ARAPHE B 251 Thus,
the bias clirfehe [IRNdf cablinsamniple antl hobd tiecuinB5 1 valldddiaf diferent amount of

anounts of gain during read out of each sanple and

column-wist fixes pattdrn mRise tothe seleans prdcgss.current Hn of each
sanple and hold circuit 351 will add a different

a of.wcol um-w se fixed pattern noise.to th .
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an 1 mage being different from surroundi ng col ums of
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[0010] An inmger is provided in an exenplary

enbodi ment i }ﬁgﬂﬁﬁﬁ ' u%hvg | ness of
col umm-w seB Bgesr pat e#}ﬁﬁg y rgﬁ&gﬁy m xi ng and

applying fixed pattern noise to different colums in
t HOOL0hgeAn Enddet &yprovidedrin ax efpplayy embodiment thaf rednees the
i invention, signals fromthe colums of the pixel array
visual obgipasnesadf enlnmnowise fiyedh gatenmitaiseabirandpmly misipgtand applying
sel ected at..random |n.addi.tion, pixel,colums_ are
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and advant ages ‘of the I nvention w e nore readily
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 circuitry;

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



understood fromthe follow ng detailed description of
the invention which is provided in connection with the
wa@ewepanyi ng drawi ngs, in which: [0011] FI G RBRCT/BSH06/013270
bl ock di agram of a conventional digital system having
an active pixel sensor array and associ ated processing
circuitry; [0012] FIG 2 is a block diagramshow ng a
detail;

i he . f FIlG, 1,.1. t s .
Oy B 658 S oEk dblerdin S Jie %G avine & ckigppine
sensor al@y Al a@Bcideed procdibing ciré@Rgah B¢ JrBn@NPitR SR %%xﬁ%ﬁﬁ}; y

_processing circuitry in acCordance wth an exe
embodimaettoefi the meveptiophanidnvent i on; and [0014] FIG 4 is a

bl ock di agram showi ng a processor systemincorporating

at t I magi ng devi ce constructed in accordance

o (9" RR3 s b0t dagw sbevimisnbropesway petsm mcorporating at
least .ot fol l owin .
cast o A Goe e N PeT s R by el B of e vention.

acconpanyi ng drawi ngs, which forma part hereof, and

i n whi cDHFAHIRIWMDESCREBTTONI OF IR EANwRNIae f i ¢
exenpl ary enbodi nents of the invention. These

empodirent s are described in sufficient detail to
e%%ér]f hbs thedpllowimg datgileskdaseription, wefesance iomadk eo died
t i nvent.i and it,is to be understpod that
sccomplfFgl SRS T At pdot, Sl WIS, 250 by o
illustratidrd §peR R GIxk npl AT eRMOIRALSts OF fitd A& | TR HEPAEiH RS are
. fromthe spirit and scope of the present iInvention.
described gosdficiphGletail de phabis theoss iof oadinpyckidkiai thy asytet @Ak use the
%h i ncl.udes, an active pixel sensor ("APS') array

. . Whi :
inventiomyg5d ipls 19 beapsattond fhafisiuanmale ke o pHierichanges may be made
to th i £ by I enbodi-nent, of .the
e L T AL S ——
present ifivedytionhe system 200 illustrated in FIGs. 1 and 2 in
several respects, which are described in greater
det ai | _bel ow. . )

[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 44], 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



[0017] The illustrated system 400 includes pixel array
230 connected to the readout circuit 442. Readout
W@ 2006013202142 i ncludes a first swi tching circui PCHE$2006/013270

second switching circuit 443, and a controller 450 for
controlling the swtching circuits 441, 443. The
readout circuit 442 is different fromthe conventi onal
readout circuit 242 (FIG 2) in that sanple and hold

is selectivdly conpled 85 which sainpleanbholdodiravit 35144@. Foe exepla) Fy.s3

i B 0% SRR s RS 2808 it o e

ccond RIS TP pd Bel by trongn e

first switSMinEGirciig 421 rottht tHifd sgple AR HR3d Whtwh 351 Xahe ¢k E’Bcel column
349a-dis selectively coupled to which sanple and hold
349c coupiled dirough the frst Fwitclingrpteir 471 Go the dewith sanplkehadiliald circuit

351 arfl 2 it pil ot S48 il Sh@gh e S e Bipecarent 441 o

: . kxelr.C 4 t - Ne.
he s B ook CRIE BELEL 1Bl WS RUIL e By i
circuit 44Dlefatsles €ichtpidd tolunih 8494 I8 Hl sabkrafBAILRIMBAESe SR REbled to
through the first switching circuit 441 to the fourth

an associgtadelectaddsamplleiand holdi aircgBl3h 1ashdIn heotheraspectyiond a single
. | led th h the fi i t.chi, .
pixel colfiintf Foofid «f O BiveCiefedlsPlelibl Plrel, b Pl Gt e tmea

In an exenpl ary enbodi nent, the first swtching

Ci fouad] 4tic 8BRS oRIdEs Ligﬁé]k %egﬁl%@ﬁ%t&ﬁng Circujt 441
substantial ly simultaneously coupled to an assocT at ecf
indicatingebleich ptkeb eolphm 34@h-thdd @ tod caupled Bbivhidh sahplamed held circuit
e pixel colum is coupled to its

aspect .. only a singl | .
351a-d. Jacrickreg f‘é@‘P‘é‘g{f@atéhﬁﬁP’étfaﬂ%r ¥én Qimarehing of pixchealypmps 349a-

‘ : er, .4 [ QVi ignal ;50 the, .

d and sofpBt g (008 ERAIY 25 ) SenROR R denh 0 AU el fescibed
with respe@t t81R radfan stggﬁuﬁéhtp&e‘-iﬁv@itﬁﬂl i @0 GhikATHSE &Bfple, the
_hold circuit 35la-d, In a preferred enbodi nent, the
matching oryrasciuein pseudo-randarh; orpnyfothexelryiogl roaabingA8ddomnd

sanple and hold circuits 35la-d is done on a random

bas{,s.~ Al hough descri hed;. with respect. .to rando .
2o R e it S e miloed, ermibaelimeniy he ehnyeplier 44D reppatches, e,
generate§ hBFRhSch{NStRREE ik CH4 - nf SEHPR AW cirflits 351a-

any ot her varying ‘mat chi ng fashi on.
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 row 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



[0020] In an exenpl ary enbodi nent, the controller 450
re-matches, i.e., generates new rmtches bet ween, pi xel
we edamz0849a- d and sanpl e and hold circuits 3BABUS2006/013270
bef ore each read out froma row in the pixel array
230. For exanple, the controller 450 determ nes a
rmtch and then the selected row is readout, then the
ontroller rmnsarratch d the ext row i
this invef B RSNt REFrsh £ ¢ Sof ol wartpas B 814y (e
scqucnu{ﬂﬁ/t &Q&ﬁg&ﬁﬁo‘mpﬂbﬁﬁﬂﬁeyﬁrsg Mm onl the I t(lt) lﬂ?%la&th@olﬁﬁlﬂ%n the right
terval between the contro l'er estab I ng anot her
and thensepeingfer theseitsow) Sehe ihvaiionris aoved limited. Fontekanply the
450 establishes the tine interval before reading out
imager m&y&n ncaéomtnlagaél mtmkyved%aahl@&a iiditionafly; there arggimes when not all
£ th ervla hen thﬁ controller 450.re ‘ft%?
° Cfoﬁ’éf"ér‘:@ "é‘&%sn“FF'F"’c%o‘Fe&? ot FRRE PERF0 utmeg% gfrager.
array 230. In yet another aspect, the controller 450
r e[{(mitlc_] h th@Bugﬁfrt] IPugcH éaﬂﬁ)lé RAE hYRI &rcu‘i‘@% B4 I"z,‘:-‘c::dd to the

intervals are erated on a varying fashion, eally
second swrtchmga:lmdom#éﬁs Hllenseldetionef ahp bexpnd fswitiohirig dm:ultrftﬁkéi’ detbrmines
to re-pmatch i s random thep the controller f
which sapplérend: held deauisr 3 kand 1srqoupled toj the jputpiifcstags 334 ek controller

350 prof BN O R U RSB i s pa hoa

circuit 381 £87 ﬁm)é @&Qﬁled ﬁ@ﬁ@éuﬁph@ﬁa@@ 384 &he(@ndroller 450 prov1des a
sequentially reading a row fromthe first colum on

signal totthe s¢cehtl stmtchhfg dimwit 448 beforeothetrhal oigof a samaple hed hold circuit
repeating for the next row), the invention is not so

351a-d.|inited. For exanpl e, the inmager nmay be readout in an
interl eaved fashion. Additionally, there are tines

gmz'iah f"éffcrrr&?elﬁg%rﬁé' tcﬂ{e%&oﬁ'é s 1589 Athing of sample
en vA f

rying e resol ution of e | nager.
and holc[ @ﬂi’ﬂt]s 35he-dtd pupuobtagashd Wﬁif(ﬁﬁ&ﬂd}dﬁéﬂ. dnahé cuirént matching
351a-d _is coupled to the second switching circuit 443,

of pixel qhemae Bde-ddie ssmplthendsbeldrrarcyitp ﬁéhaﬁ&kmeé@molwl%%o For

example S RIS Gaf st RTPreG AR0is B84t oft SSltkialR, Rifto S, and dhe

controll@ Mt HEP R ﬂ@@ﬂ)&elt&)lﬁthﬁ Eﬁl@ﬁ%&x £ debHRA lE%Hchcﬂl‘ff%rcmt
i ndi cating which sanple and hold circuit isto

351b, thesccmdppize doburhhS49btvpitih tist dipel B6ple ailncdehohhdzlmmhﬂ 2514 8le third
piet colfafb % FhEBn: vl oSt S Lo e
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 351c¢ 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



351a-d. [0022] In a preferred enbodi nent, the
controller's 450 matching of sanple and hold circuits
wWQ@00aAt3200 out put stage 354 is .perfornmed basedPOIUS1YE6/013270

current matchi ng of pixel colums 349a-d to sanpl e and

hold circuits 35l a-d by the controller 450. For

exanpl e, in conventional systens where a rowis read

out sequentially, left to right, and the controller

stage 354min hedlteimative embodimeit, dw eomrcdléO45 Qiprrdvitlesea sigoadrid a separate

second pi xel col um

,sanple and hold circuit 351b, .the
processinggiuyk (At fwmaga&ﬁh%w %5 eacherave and thesmple gad hold

s AT DO SRS 4340, T
separate Pt'dcesshfgecifdu[tsdooiéﬂi‘iﬁfc@ rédad il gehel siialst frdleach tBRitnd Kigeh that

irst sanple and hold circuit to be readout to the
they are mpresantativagbti8sarder i whizhsbepndgmatmpinahanoagohatay. In this
jrcuit 351b. Therefore, the, controller 450 provides
aspect of the HpSPERR: aaff‘éogﬁgwglcf% Qe s 408 fifqudrerrig the pample and

hold crcff 33 o AP Rt E AEGRHD BRI GBI N0 bt the

controller 450 provides an appropriate signal to the

se[d02d] s\Pigedls siored imcthk treattbie clrouien4dld eard HRntBY fed sequentially
sanpl e and hold circuit_ 351c to the output stage 354.
column-fygeolupm fethe quaput Bage 39hevkishiy enmemongshp eptifarrsaysef pixels

230. Th¢ BRIGERHEE sEnf S ik A o Srlec o £ fergii anilge
circuit, which QIHtRYEs Bk 368 3nd intggtratéch&a?gégigﬁﬁ?%@ Héndls tt?% s%tf]téacted

controller 450 provides an approprfate signa
signal to sacankbgstet dighhlngneenetifADE)Zaltepnativalyl, ehd fegetfdnidsintegrated
,S%lee and hold circuit 35l1a to the outputstage 354.
charge sigpaly pargbe anphicr darestin 6ol thfctnalog-tredigital Fomvester-450

provides a signal to a separate processing circuit

b 0 08 S0 M s
of columaeslise Akédpltyern@idisel 1§ fan@Binly mifing @hH GBplytn gl }tﬁzﬁtem noise to

i 35l d). The separate processing circuit coordi nates
different colugnupeofi thg arap.  Fixgdatagtetn naise isorptowicessarily wednaeHahowever,

they are representatj of the order in which th .
fixed patfif fofe Fiom R STRBIS FdRoId gt 5 Rot ey sastiated il single
pixel colti¥ & iOfstedd %ﬁﬁeﬂ&(ﬂeﬂ% %%E&Qn@ﬁﬁc&lk‘.‘ s € nbiRe Wpplied to

required as the sanp
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 system, star tracker system, motion detection system, image stabilization system, and

others.



hold circuits 35l1a-d are coupled directly to the

out put stage 354. [0023] Signals stored in the readout
wa@pRoosuie2 442 can then be read sequentially  PCT/US2006/013270

col um- by-col um to the output stage 354, which is

common to the entire array of pixels 230. The anal og

out.put signals can then be sent, for exanple, to a

a2k cateen ] NG g6 cxiipls ncheioie ot foRsrly P REte
central pg(?ct%el?ﬂr% 1?1\5 zp:}[/’m?jhlol% sQeifhd] htlro %gﬁﬁlé,gﬂlgélé%ﬁMCates with an

€ reset and i ntegrat arge signals

input/o@pat Mg Giddlideel 30 s@gtal Bust1d 700 elnddpih ®Getice 40Qialsdlcommunicates
converter. [0024] Therefore, an _inager is provided

with the fHHtJ 11d Quaves thenleasvl Kithl Tb@zyrsmm A4 88 alsp ipdlndasrangogeaccess
; . 5% ' "
memory (A5 DE0.GR B HRTud e aBIaMEmOY RAAG SicbFR RS Fhsgnory,

which al{d AmRAl R \R}gﬁ hSBPF 199D o@@fﬁﬁ%{si:ﬂW(i eﬁﬂgﬁga%igg élevicc 400

owever, fixed pattern noise froma sanple a
may be conitsibiéd with a®ocessvh ¥aclassoCOPa eligivdl tsignal stotgsser,porxel

) colum but is instead associated with different
microprqsiesser.svitiher widhons nemery ssrpgé ed arsingle irftegrarnd dsjuiingison a

. the humap eye is less likely to notice the noise.
dﬁerent[cgﬂ)zgﬂanr—tg@}!%eéﬁ%m system 1100, a typical processor

system nodified to i nclude an APS System 400

CoMya7i NG shBEI IR PHECifES tRIP other &NBIBndHteaf B il éation
3. The system 1100 i's exenplary of a system having

include dingithadl of nranufacsuridgathecmnehiit 10O ke dxamgle, s wg0 ©XeMplary
.devices. Wthout heing lim.ting, such a system could
embodiment)  fethod ehpanecfiz CS rsadoyd it Sealhgiesthe steps of

proviiE B 14008 YSLGL S B S RUBE ct, ar c

a pixel alg¥iRMeallBlid QRuftesITIds0B anys idasclib@bsbSicabidg kadwon
system and others.[0026] System 1100, for exanple a
semicondunter fbsigaianicchpiqueal The owihed sémanuieniring the readout circuit

s By RS e R0 S e RGPS5 btming
it B0 e LR B0, 0Pl ppiy o
columnsHf phsls ihkeid gk ariaped wae Dfsaiddamphcartisold 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
switchipg 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



menory (EAM 1160, and can include renovabl e nmenory
1130, such as flash nenory, which also communicate
wowdoe/1132e2 CPU 1110 over the bus 1170. The i magP@mUS2006/013270
devi ce 400 may be conbined with a processor, such as a
CPU, digital signal processor, or mcroprocessor, wth
or without nenory storage on a single integrated
circuit or on a different chip than the processor.
conventioRa &)stbin, Shaidkdinkl, eRpinoeh@ded dRab betds 1d€1'€a°a‘§ 'h’@?ﬁﬂu{fby the
of the invention include a nethod of nanu acturing t
foregoipg desdriptiondout iFonlydinaitgsl by thewcope of denglhiarsy
enbodi ment, a nethod 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 descri bed above using known
sem conduct or fabrication techniques. The nethod of
manuf acturing the readout circuit includes formng a
plurality of sanple and hold circuits over said
substrate; and formng a switching circuit over said
substrate for swi tchingly coupling one of said
plurality of colums of pixels in said pixel array to
one of said sanple and hold circuits. The nethod of
manufacturing may further include formng a contro
circuit over said substrate; and formng an el ectrica
pat hway for coupling said control circuit to said
swtching circuit. Additionally, the nmethod of
manuf acturing may include the step of form ng a second
switching circuit over said substrate for sw tchingly
coupling one of said sanple and hold circuits to said
downstreamcircuit. [0028 ] Wile the invention has
been described and illustrated with reference to
speci fic exenplary enbodi nents, it should be
under stood that many nodifications and substitutions
can be nade w thout departing fromthe spirit and
scope of the invention. For exanple, although the
invention is shown with respect to two swi tching
circuits and



the associated controller the invention is not neant
to be so limting. The controller functionality can be
wo p@enp2pated into the a controlling circuit aPCPEN}006/013270

i ncl uded i nconventional system Accordingly, the
invention is not to be considered as Iimted by the
foregoing description but is only limted by the scope

of the clains. CLAIM5S What i.s clainmed as new and

desired to be protectedBpIlMYters Patent of the

United States is: 1. A readout circuit for an inmaging

SeTRE s SR gl oo Je e B B ety P EREGE Rk pfshe

United Stheesls: array to one of a plurality of sanple-and-hold
circuits. 2. Areadout circuit as in claim1l, further
conprising a controller for generating a match and

1. Apeadoutiaigui for s imaging dovics,iapnaprising:sai d first
switching circuit indicating the results of said
match, said. first control signal indicati,ng.whigch of

2 syitghige firgpitedaed &g |Si}ﬁ$%vefyscgw1%acg&t% RIS Rhi ch
' I j Its A readout
cohumns 1% (el b SUR R 4 hally oF bbb ol BRI

plurality of colums are coupled at substantially the

2. Aseadoud diuitaisdh cladadt firdeerabngaisthgsaomieolordohol d
circuits. 4. Areadout circuit as in claim2, wherein
genrating 8 anaiclppod providingfa firs epntrolisignabiptaidifitss one of
sai,d sanpl.e.and hold cireuits .at Lime, ~5 A readout
itER AR ey s Fege o S onflohs St 75 cQwef
iSHAILGHICRENE WhidH bf AfPPuelich 8f SSLRGLIVE) Ve EQYFIEE t&ach
s%f saidc pl raliti)/ of sa@n%llt%gnd- holé ci r(f:ui@lty[tg1 t(g a

whdcknene efsnid sanapie tand foldcir@agout circuit as in claim
5, wherein said controller is adapted to provide a

second control, sjgnal to said second sw fchi ci.rcuit
3. Areadout circuit as in cimgmg, Wthcrem At least two of salc{ pﬂrarjﬂy of
columns are coupled at substantially the same time to at least two of

said sample and hold circuits.

4. A readout circuit as in claim 2, wherein one of said plurality of

columns is coupled to one of said sample and hold circuits at a time.

5. A readout circuit as in claim 2, further comprising a second switching
circuit adapted to selectively couple each of said plurality of sample-

and-hold circuits to a downstream circuit.

6. A readout circuit as in claim 5, wherein said controller is adapted to
provide a second control signal to said second switching circuit
indicating which of said plurality of sample-and hold circuits is to be

coupled to said downstream circuit at a time.

7. A readout circuit as in claim 5, wherein said controller is adapted to

provide said second control signal to said second switching circuit

10



i ndi cating which of said plurality of sanple-and hol d
circuits is to be coupled to said downstreamcircuit
w@rooa/11320e. 7. A readout circuit as in clai m 5PCTMIB2066/013270
said controller is adapted to provide said second
control signal to said second switching circuitsuch
that signals are readout from said sanple and hold
circuits in an order representative of their |ocation
stich thatr dgndlnarefreadoiitifoge sadsswple dhd Holdadntoits icat cui t
as in claim2, wherein said controller generates a
oneer eepressaativeaf their {9saten i1 2 gV B OF aﬂé@%ﬁ? HESPs a
randominterval. 9. A readout circuit as in claim2,
wher ei.n. sai L . that an
8. AMRR e Rk SR RhR 2, e RN ShA R BINGRRLED | %) o
mAtdHERRAYhaCld BigddvaldsetivBerCinatdhidy iswhnhdbm iagdrdalper i odi ¢
interval is before each row. 11. A readout circuit as
in claim8, wherein said controller generates a match
9. Asuadoutivatcuiras dhiclhim i2s wherein said gonfrpllengeneratesddout

circui s in claim8, whereiin said controller
it BT LR e R i S ctfetc eVl
pseudo-randomy. 13. A readout circuit as in claim?9,

10. A%?%ﬁtrku%ﬁltdas GQRhIR dd theQéiﬁl %{a piﬁoalcrmt&halwséfow a

ng I's done randomy. . readout circuit as in
esdhaiom.9, wherein said controller generates a match
such that matching is done pseudo-randomy. 15. A

met hod of reading.signals froman i i ng devi ce,
11, Agsageutstiveyit agdp é%ﬂ‘\gl eé%ﬁ?lglrfé’ %‘ﬂ%a‘[atﬁ\ﬁt chi ng
Cl [CUI a . I [ colums of a pi xel
“gﬁkési}lc%‘ot?%ﬁeagémgg %I%b{nglrl %00 y'sanpl e- and- hol d
circuits. 16. A nethod of reading signals from an

12. Al /eRAORCiFRM £8n @Rir8, 6¥tRir¢th 35id controller generates a

match such that matching is done pseudo-randomly.

13. A readout circuit as in claim 9, wherein said controller generates a

match such that matching is done randomly.

14. A readout circuit as in claim 9, wherein said controller generates a

match such that matching is done pseudo-randomly.
15. 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.

16. A method of reading signals from an imaging device as in claim 15,
further comprising the step of 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.

11



17.

18.

19.

20.

21.

22,

further conprising the step of providing a first
control signal to said swtching circuit, said first

wa@eowbned205i gnal i ndi cating which of said pl uraPCT/ysSmne/013270

colums is matched to be coupled to which of said
sanple and hold circuits.17. A nmethod of reading
signals froman inmaging device as in claim16, further
conprising the step of selectively coupling at | east
Atmerhofl cfaeatlipg sigahls fyonp in gohgingsiesicessbs tlamilal | y t he

f d I d haql d

RO WL R e
d h
oA IR PASRLL B R s B R L1

sag@gdgﬁplgaﬁafﬁjmgﬁgﬂw ally the sanme tine to one of said
sanple and hold circuits. 19. A nethod of reading

signals froman imagi ng device as in claim16, further
Agoetboidgifirgading sigoals dfons eh dvaging vm@utplm nlglmd6a second

tchi t f d
Futhes COmBHIRRE ¢t SLikeavels caupbians eEidpiaiy. 20
of bR e YbstERAINthe L lPtie DURAT shilhfile By O© o9

heldcarditcontrol signal to said second switching circuit
i ndi cating which of said plurality of sanpleand hold
circuits is selected to be coupled to said downstream
Adpethgriof rzqdmgxswh Siprppn ﬁl@aamsgieéncg e cleim F6an
dev further conprising the
IR P et a2 o LusTes AR Sl LS iecPRD o2 o
sWIRdRAE RVt EiHh”(st%idP ufdlieg oﬁsasaﬁﬁlesanartfom RALRI tdf 4 OM
said Sanple and hold circuits in an order
doepstesentiatiive of their location in a rowin of

A method of reading signals from an imaging device as in claim 19,
further comprising the act of providing a second control signal to said
second switching circuit indicating which of said plurality of sample-

and hold circuits is selected to be coupled to said downstream circuit.

A method of reading signals from an imaging device as in claim 19,
further comprising the act of providing a second control signal to said
second switching such that signals are readout from said sample and
hold circuits in an order representative of their location in a row in of

an image sensor.

A method of reading signals from an imaging device as in claim 16,
further comprising the step of generating new matches on a periodic

interval,

12



an i mage sensor. 22. A nethod of reading signals from
an i magi ng device as in claim 16, further conprising
wo b@edairp2 of generating new nmat ches on a peri OBECT/US2006/013270
interval.23. A method of reading signals from an
I magi ng device as in claim16, further conprising the
step of generating new natches on a random i nterval.
24. A nmethod of reading signals froman imgi ng device
' | i : ' js eS; y. 25.
23 Rincipd bR slpRas Bolh SRLAMAG deRcEREm MGEE Lo e
furchet abmpAsingwhe seprofgehedating new motwthepseuadamdandon y.
26. A nmethod of reading signals froman imgi ng device
igteryad cl ai m 22, wherein matchi ng i s done randomy. 27.
A method of reading signals froman inmagi ng device as

24, AhGhBY B Rl SEEUATE! F bRGLE APBE aRRTOIaH 35 dovi ve
@ﬁeféﬁﬁb&%ﬂlglﬁ’dofn%rr%rg};y?”p” sing the step of

gener ati ng new mat ches ore the readout of a row
Igi xel s of an imge sensor. 29. A nethod of formng a

inxaghod of agadin®signals fnom ahenagingslevite af oy daing23, pi xel
ray having a plurali of, cql ums over a substrate;
¥ ?rﬁ'¥h‘§a lh]b‘%&’ts W)PSB‘F&%'%(’ ¥nd hold circuits over
said substrate; and formng a swwtching circuit over
i : ' i L RO: 0 said
26 Ol o e din L A P32 0 o
whereinf mawhthgrjone randorhlyl d circuits.

25.

27. A method of reading signals from an imaging device as in claim 23,

wherein matching is done pseudo-randomly.

28. A method of reading signals from an imaging device as in claim 16,
further comprising the step of generating new matches before the

readout of a row pixels of an image sensor.

29. A method of forming a pixel array, comprising the steps of:
forming a pixel array having a plurality of columns over a substrate;
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.

30. A method of forming a pixel array as in claim 29, further comprising

the steps of:

forming a control circuit over said substrate; and

13



30. A nethod of formng a pixel array as in claim 29,

further conprising the steps of: formng a control
wa@pRoosuioover said substrate; andform ng a el eRCT/USENG6/013270

pat hway for coupling said control circuit to said

switching circuit. 31. A nethod of form ng a pixel

array as in claim30, further conprising the steps of:

formng a dowmnstreamcircuit; and formng a el ectrical

fRalingaYeldRfict pHittwFos 8 lﬁ‘%"ﬁﬁié(ﬁﬁfﬁl@h&ﬁﬂitb shid sai d
san‘pggcand ho?d cid?cuits‘?bB . A nmethod of formng a
switchingickehitarray as in claim 31, further conprising the

step of formng a second switching circuit over said

substrate for sw tchingly .coupli ne of sai.d sanple
31 Agmathest of Torming ? BUELAZE, 4 5T FE AR CuPPrsg” A,

' ed circuit, conprising: a pixel array; a

t#%éggagécircuit coupled to said pixel array,

conprising: a switching circuit adapted to selectively

feainka daakstRhmacipduit; ahdty of col umms of a pixel array
to one of a plurality of sanple-and-hold circuits. 34.

An int egirat_ed circuit as in claj H] 33, further,
formipgiasilergrieal grtwa foe FO‘FEJWM EVAYIERATR CEERL Ednt r ol

. signal,ta said first switching circuit, said first
said samgtﬁqa(r}ci)ho@ic&gg}dts.i ndi cating which of said plurality of
colums is to be coupled to which one of said sanple
32. RRIY 8f forkfhd b Pixel array as in claim 31, further comprising
the step of forming a second switching circuit over said substrate for
switchingly coupling one of said sample and hold circuits to said

downstream circuit.
33. An integrated circuit, 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 a pixel array to one of a plurality of sample-and-hold

circuits.

34. An integrated circuit as in claim 33, further comprising a controller
for providing a first control signal to said first 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.

35. An integrated circuit as in claim 34, wherein at least two of said
plurality of columns are coupled at substantially the same time to at

least two of said sample and hold circuits.

14



36.

o

37.

38.

39.

40.

41.

42.

- 43,

44,

45,

35. An integrated circuit as in claim34, wherein at
| east two of said plurality of colums are coupl ed at

wemmstigazbt al |y the same tine to at | east two OPCHEBZNNG/013270

sanple and hold circuits.36. An integrated circuit as
in claim34, wherein one of said plurality of colums
is coupled to one of said sanple and hold circuits at
a time. 37. An integrated circuit as in claim 34,

[ agapted

ur.t her nd, switching cjrcui
A8 et UBRyE et PuBEEE Rt gnf Gkl brgiegp
R r%aﬂ%' B9 PhE PPUAE shfpl2 IR LR, (50
controller is adapted to provide a second contr ol
An gnagram:@d siacudt semmortdmsdd tfatthagcanprsing aisachmeht i ng
[ of, said plurallt of sanp| e-and hoId circuits is

g:@%}ltead%e% £ & %wﬁytcpealﬁ carl efipaid pluralityofe
t C|rU|taS|ncI im37, wherein said
?W?&O?ggﬁgﬁgspo% ¢ nsﬁfeg\r/nﬁ‘écuég d second contr ol
SI gnal to said second switching circuit such that

Ah @hivebfatéd Cir&8RAOM cIfifOBY SphdempiR] Comsllcd® aptddcui ts
in an order representatlve of their location in a row

torprovidern jecand ceatrebmgnadmo said semtmhgm@ntt as in
cl.aim 34, ereln ntroler erates. a tch
@é@ﬁﬂ%é{fh@gor L Pl éﬂ? Cr‘ﬁ’t"c‘i’ﬁ Hglrcgltalsr@;@o
LA sm&gowﬁ@uem%ﬁ gy fifoui t as in claim 34,

rein sard controller genera %s a match such that an
interval between matching is a periodic interval. 42.

An intepegedtiechic ay @dldimp37 i whatial saididontydlRE & atlapeddd
periodjc jnterval is before each row. 43. An
torreyidstsaldl secprd icontyel signal ite paif seconghsvitdhing eirenit

Sal&ﬁté{l? ald erarlﬂggrréerreg&ou% faom Salalgal%%f N aéldnC?rtC&r%é i aI‘Il S

order representative of their location in a row in of an image sensor.

An integrated circuit as in claim 34, wherein said controller generates

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

An integrated circuit as in claim 34, wherein said controller generates

a match such that an interval between matching is a periodic interval.

An integrated circuit as in claim 41, wherein said periodic interval is

before each row.

An integrated circuit as in claim 40, wherein said controller generates

a match such that matching is done randomly.

An integrated circuit as in claim 40, wherein said controller generates

a match such that matching is done pseudo-randomly.

An integrated circuit as in claim 41, wherein said controllér generates

a match such that matching is done randomly.

15



44. An integrated circuit as in claim40, wherein said

control |l er generates a match such that matching is
walowe/1pReudo- random y. 45. An integrated circuPCT/aS2006013270

claim4l, wherein said controller generates a match

such that matching is done random y. 46. An integrated

circuit as in claim4l, wherein said controller

generates a match such that matching is done

46. ARSAHGPseaRHeHk ¥s iridainfd] ] WheRin siéd couroli@npnesieg: a
pi xel” array; a readout circuit coupled to said pixel
aamately sudhotat insitelgng & duvetpsendgrandemlyt adapted to
sel ectively couple each of a plurality of colums of a

pixel arrgy to one. of a plurality of sanple-and-hold
47.  Agyimagey Q‘?Vlé‘ﬁ.comrﬁs’r?ﬁger device as in claima47, further
conprising a controller for providing a first control

: 0 said first switching circuit, said first
a?g%rq%rf&’si gnal indicating which of said plurality of
colums is to be coupled to which one of said sanple
aaegidmlcitcait coupled to 48id phreliammgetongpnisings as in claim
48, wherein at least two of said plurality of colums

o 5 SAUBL e UL Sl e RO T ] oo
o JRALSFofeb AL B8 45 oS gIE B sl

circaiggcuits at a tinme. 51. An imager device as in claim
48, further conprising a second switching circuit

adapted to sel ect i.vel¥ coupl e each of said, pl %Jr ality
48. Asrimagepdevignas otldncd¥ curthsr comprisgaaRnssolieE ey ¢ |

providing a first control signal to said first 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.

49. An imager device as in claim 48, wherein at least two of said plurality
of columns are coupled at substantially the same time to at least two

of said sample and hold circuits.

50. An imager device as in claim 48, wherein one of said plurality of

columns is coupled to one of said sample and hold circuits at a time.

51. An imager device as in claim 48, further comprising a second
switching circuit adapted to selectively couple each of said plurality of

sample-and-hold circuits to a downstream circuit.

52. An imager device as in claim 51, wherein said controller is adapted to
provide a second control signal to said second switching circuit
indicating which of said plurality of sample-and hold circuits is to be

coupled to said downstream circuit at a time.
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53.

54,

55.

56.

57.

58.

59.

60.

6l.

52. An imager device as in claimb51, wherein said

controller is adapted to provide a second contr ol
waee@wal320p sai d second switching circuit indi cRCT/NG2006/013270

whi ch of said plurality of sanple-and hold circuits is

to be coupled to said downstreamcircuit at a tine.53.

An imager device as in claim5l1, wherein said

controller is adapted to provide said second control

Aﬁ!ﬂﬁg{x a&i&ads%gﬁﬁﬁrsi,we&aﬁlsﬁa OnfeMet isdepretitat
signdls are readout from said sanple and hold circuits
pidviddsad sebndepnesbsipadlitosaidfsetdrel switddag tiomit n a row
in of an image sensor. 54. An imag device as in
sushatbat ﬂgndmr@a@@aﬁr@n@@étwnl%mggﬂlér%sﬁ ¥ Mt ch

spych that an i rval between matching | dom
O}’Crﬁf &FRrgfentafEye %@F@%@E‘%é’& rdeVad Oll}l%ngfngé?n@%g,gﬂv\her ei n
said controller generates a match such that an

Akn% VRlREL NERRIATRL A8 vskréin stidn@rcafief gbidrateyal . 56.

I rager device as in claimb55, wherein said periodic

nianttesuchl thasab aftervel Bereken ovtciiig ismrandageinte@sl ce as
in claimb54, wherein said controller generates a match

such that matching is, daone random y. .58. An inager
Aadpiager Gavisnas P rsES, WHF S, Wk BT B ARkt 2
e e 0 o .

e S
wherein said controller generates a match such that

engevige soineclaians®nblyeredaidpericigitenyehisce as in
cl aim 55, wherein said controller generates a nmatch
beforh eadlarowrat chi ng i s done pseudo-randomy. 61. A

processor system conprising: a processor; and
An imager device as in claim 54, wherein said controller generates a

match such that matching is done randomly.

An imager device as in claim 54, wherein said controller generates a

match such that matching is done pseudo-randomly.

An imager device as in claim 55, wherein said controller generates a

match such that matching is done randomly.

An imager device as in claim 55, wherein said controller generates a

match such that matching is done pseudo-randomly.
A processor system, comprising:
a processor; and
imager device, comprising:
a pixel array;
a readout circuit coupled to said pixel array, comprising:

17



62.

63.

64.

65.

66.

67.

68.

i mager device, conprising: a pixel array; a readout
circuit coupled to said pixel array, conprising:a

wG@eobaid2ng circuit adapted to sel ectively coupPer/@sme/013270

of a plurality of colums of a pixel array to one of a
plurality of sanple-and-hold circuits. 62. A processor
systemas in claim®6l, further conprising a controller
for providi a first control signal to said first
switchi n?gSV@tC%éle @lfc%‘aad!lpiqdr@tsekfﬁﬁwlﬁ |cogplgr¢ach of a

i ndi.cat.i ng.whi ch o sal alit C S is to be

cmPph“@L‘tﬁ %‘I‘rgﬂsf? aPge %‘g?yd %ég Hﬁamﬁ circuits.
3-safph- &?&?BR{ cisdgdem as in cI aim 62, wherein at

Ieast two of said plurality of colums are coupl ed at

substantially the sanme tine to at |east two of said

Asprtiebsoandtdm belirclaioudl sfurthér cémprisingmntsﬂbt éfmas in

clai m 62, wherein one of said plurality of l.ums is
pwu@ungca first epnpirelrsignal & S5 SWHALIRG] GECHIty il FS At &

Cegggl’?%ﬁlﬂdﬂ%l@roceﬁ/ oé\,ﬁ% e@u% gﬁ:&%ﬁ*ﬂ?a st2te rt her

céﬁ Eattb\c@hxh BALBF §1i8 3sdip Rfan%lalididehHﬁl@d ity of
[ e-and-hol d circui ts to a downstreamcircuit. 66.

A processor systemas in claim®65, wherein said
A:prmtcas.sbk eystdrs aatngtieu 629Wbcmn atleast swodfdaidont r ol

d d
ohab off oS MeqeapIta At shbE A Gf S B D | o
1%@1: RSO 8?93&%&111{31% S hiduegts eamcircuit at a tine.

rocessor systemas 1 n claim65, wherein said
control ler is adapted to provide said second control
Asp@tassot eyssan ds freclaing 63ivhetrimgne of edid plurality of

columns is coupled to one of said sample and hold circuits at a time.

A processor system as in claim 62, further comprising a second
switching circuit adapted to selectively couple each of said plurality of

sample-and-hold circuits to a downstream circuit.

A processor system as in claim 65, wherein said controller is adapted
to provide a second control signal to said second switching circuit
indicating which of said plurality of sample-and hold circuits is to be

coupled to said downstream circuit at a time.

A processor system as in claim 65, wherein said controller is adapted
to provide said second control signal to said second switching circuit
such that signals are readout from said sample and hold circuits in an

order representative of their location in a row in of an image sensor.

A processor system as in claim 62, wherein said controller generates a

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

18



69.

70.

71.

72.

73.

74.

such that signals are readout fromsaid sanple and
hold circuits in an order representative of their

woomatiixzm2z in a row in of an i mage sensor. 68. BCT/US2006/013270

processor systemas in claim®62, wherein said
controller generates a match such that an interval
between matching is a randominterval.69. A processor
systemas in claim®62, wherein said controller
Agnecat@ssystenedsdh chiralt2, ivelierein shick @mvallleb geneetes a
matching is a periodic interval. 70. A processor

masdheschghatandnggrmldewogiemarchingisd grsiadiingerval er val

is before each row. 71. A processor systemas in claim

R RS e do BB Bl s D R BRELSE "yt e

B&fordedchalom, 68, wherein said controller generates a
mat ch such that matching is done pseudo-randomy. 73.
A processor systemas in claim®69, wherein said
Aprocesbomystgemasrintchémed Syatteicisiseiad camatolien geiratys s

done rapdomy. 74. A processor, systemas in claim 69,
W@eﬁ%gstg?td%?& I@Peémes a match such that
mat chi ng i s done pseudo-randony.

A processor system as in claim 68, wherein said controller generates a

match such that matching is done pseudo-randomly.

A processor system as in claim 69, wherein said controller generates a

match such that matching is done randomly.

A processor system as in claim 69, wherein said controller generates a

match such that matching is done pseudo-randomly.
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