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Field of the Invention: This invention relates generally to solid state
i mgers and nore specifically to CMOS i magers having small er, higher T
per for mancev@p¥4Rs2. 5 Background of the Invention: An act PECEUSINEBT8I S a(/‘*f'@:,/
sem conduct or devi ce capable of converting an optical inmage into an s
el ectronic signal. Active pixels can be arranged in a matrix and utilized
to generate video signals for video canmeras) still photography) or anywhere
i ncident radiation needs to be quantified. Wien 10 incident radiation
interacts with a photosite, charge carriers are |liberated and can be
collected for sensing. The nunbegcﬁ¢ﬁﬁﬂ@§ﬁgﬁﬁxﬁpljected in a photosite
represents the amount of incident |ight 1npinging on the site in a given

ti me-period. Therkieldofthednvehtdon:c devices with many variants) enployed to LS

col lect and sense, chan@Qnveibl RlsesigBnRalBOOE dife irlpersta@midasi ¢ devi ces
are phot odi odes and.@h tgg@bﬁss Var i ﬁnt_s of @hﬁzﬁd' odes include, but are
not limted to: PPl BTMUS iagers haying smallst bisher pepigmmanse BXES: on,  and
Aval anche. Phdét odBackground ofithe Inentiond ude: Char ge Coupl e Devices (CCD))

Charge Injection Devi g@saclitd pixel38lsdni€dntudter dedidt SapabiBbf Edhvkidg ani 1t ual 20
phase, buried chan er.vari.at.i ons, il |§€ sel ective dopants.

el . and .ot t hat . u
The sel ective doﬁ’gﬁf% image 1t ap elegtronis signy- ‘éﬁtg’r"d’gekcﬂaﬁ‘ prReAHE tr ansfer
under neat h and benawixand uidizerhiotgenerate (visdeo sigokals foe videmeamenasaetill The solid state

i magers her et of Ogﬂotém hy) @Y EnyddRfe ifQ8enR AldREioR Heeddd te qaaREieac Wient hei 1 | aw
nol se as CO red t

t odi odes and Cl Ds. .25 . The | aw noi,se vant age of
CCD i magers | tH'ém‘I?eé‘Eﬁaﬁfagg? mge(fﬁtse‘c'fﬁ‘ ﬁg@?ﬁé‘c‘pﬁ%‘% ﬁmﬁgﬁéfcalfsb&i&%har ge at the
pi xel site and t edcaoherollegiedior samsing hbe numeben of carersdoliegjed in@ an anplifier
at the periphery pabtokitErepresents thel &thun€ bt miaéhttﬁgm_timsinpﬁg_dnmrsn& eal ong
pol ysilicon and netal. buss. § that degrade the signhal with their associated
resi stance and c&b‘é?&"f‘ﬁ’ﬁ%’é‘? ‘However) the | ow noise 30 of the CCD requires
the i mager to be read Therearetivpddsit devices withanapy variantseeraplayesioi s read it is

destroyed. Thg r egliéct antbsthseDEhabidalriciintalphositd, Ahe 8o BRRIRMIce@Ege from the

pi xel to the peripher.) Lifler (a.k.a. reguli r.e roprietary
processi ng steps gﬁ&od%ggsr%i ip&%’tggwgsf r?}("l“ﬁ%‘&g %tosdfog %‘&f‘8§ j%%‘?‘ Bi CMOS
processes. Whingted A 2iangd R/ ItdE ddetais3ergcondigter, Hetaropunptigiypey devi ces have
devel oped in par adJaginchd. tHhofolt® sir@@itBOINEIgNe: AThrRCoaple Peiticks @D, mages

manuf acturers devel oped. f heil own rietary. SS to Xi mze inmges
per f or mance chara cﬁ@ﬁ‘%&éﬂéﬁ%@@?gﬁ%Flﬂ."%%g@zﬂc@g&wﬁu i con waf er
processing ket inkageburisdichannelmndorher varistignstthatilizei saloetiveslopanie pi xel
sensors have beerheQEBRIveidapdnys d2¢ Gidd ¢ Ebnirol Whrgd ASiectidtegidfnster i n the early
901(\)/02 the move to [ hans] ndtﬁl§ve%k?19cr h%Eo%%tXﬁggn%(\tﬁéss%gsser}gge.an industry standard
processes was on. e advant ages I'ng an I ndustry standard process
i ncl ude: conpetitive K¢ &olidstate imagprsdesstafere need hayrbeemdomspted by t o provi de
on chip timng, auCwsBbicaldd offidilow @6EE hs@nipard td PidtsiodeSind CBsend of the
E58 per oo urd haiieiS BORERSANRR Tk dec )TRS BB Y BB WP | 21 "0
a random access hoton gonepateq ¢hargerat the|pixehsite@ad then soupbing or shiftingtheed t oget her

and operated as actualéhafge @6 4n Mfplifick & the peiiphéry bBtheagay. artiselmitated | zi ng

out put our ce. 1 of et for 8 15 oD fteR s e bl e e e Q) O 1o
Sanpl i ng (CDS) civithfheir asgpeipted resistanconnd gepsoitance f Howpvercths lewnpise hen dri ves

two nore sourje foFkhel@ED Sequirestit ifiagen@tbeirdudlinh fixed B dnd fice e di fferenti al
anplifier are sho in ch#] es rce foll ower

; ent 5,471, 515 20 This u 0
circuits, that tyc ] ﬁrf/ lgged e‘c‘g’\é(fa)f)ls_'ﬁs' ﬁéesfgq‘flﬁ%muorﬁlc?'ip%{% <0 ?°§°df rom one
source fol | ower trhotnehares fromitke piselte hefpoliphomeamplifier(akar CEE)on. is due to
variations of FETehdifes ploptistary pT&&sessgggté‘p@ nbiQohiP¥ile Gk fadisidyi ation results in

a pixel to pixel gain ch,. the active pixel sensors suffer gain
vari ati ons due t&gﬂnﬁgd%?r&}pﬁ% rogsP4Smm) when the 25 CDS

source follower pair to drive its output. The resulting CDS &Wl‘%l‘mgmmﬂm
correspondi ng of fset can have different gains that are not correctabl e by

the differential anplifier. Al so, the source follower configuratidh’ ot
active pixels doesn't allow for binning of pixels of

cperation of pr or art coes nov i fowfor © o e i iy
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30 binning, which, is the sunmation to two or nore pixel signals at once.

,. What is needed is an i mages devi ce which has the | ow noise |evel of a
CCD) the random access, and binning of a CID, and uniform gain and response
fromall pi MAY/4838 i ef Description of the Drawi ngs: 35 Fi ROTAS9/85378a pri or
art doubl e polysilicon active pixel sensor; -2 wo 99/ asas2 PCT/ US99/ 05378
Figure 2 is an active colum sensor in accordance with this invention;
Figure 3 is an inplenentation of a pixel in accordance with the invention;
S Figure 4 is a schematic illustration of a matrix of pixels connected to

i ncorporate a full operational anplifier per pixel formng an Active Colum

Sensor. Detail ed Descri of the I nventiqn: Befor the Active
Col utm Sensor (ACS) ci §E@§tatﬁfmalggngr_qe&9%haze ?Vef%dﬁ‘r‘@?ilﬁ’ts 'ﬁhé on and
descri bed i n conj tevhhology amidtas azesdit 8it irsageomamffachZsrsidetetoped theirgwinl  be usef ul

to discuss the st ihidfafy ﬂ%eés&y&haa}mz@%b 3 a%ah%héelcmacta%wmpl xel
sensor of prior art as. I xel 50 has a

0
photosite 60 that Yif ﬁig Tx\éneﬁﬁ[’]zcﬁlgg'c‘i%w%@rP:’8ﬁ‘?sF‘8§|F(%p(5'rg%ge%p c(%ﬁrce fol | ower .
The source fol I50m¢lat5&l)f kighiskigear activeipixel sensarbhavg been cogimpreitllycondi t i oni ng

circuitry, such a r&iu@szrdi&ieqbssi mm;%@@miaﬂ 96%(116%0%(0%3&5&& The gain
t hrough a source follo €s.S (? &%?Méé source foll ower

| ocated at the pi )Qéqpngfapéprggs?pégogugﬁvgﬁ 883 i) prﬁfeﬁ%efévaﬁﬂ'b their
respective sour ce Thohdvaneages ofusinpen sensrystndai prosessanclusie: pempatigive have t he
same gai n. The teGyifdrpréeessh ﬁﬁm@%ﬁﬁﬁ@ibxlﬁ&%ﬁ%ﬁﬂé‘&\&% tilrlg, éakkd] i N t he
array to have 1the s%me thres #3 sn ﬁ@g mml{;% gb{ 2threshol ds,
during operati PO PIPEF ‘“Sﬁei%'rﬁ? 3t °a°f1d| YU IPPER array.’ The
active pixel SO ofCNBS cpmpaiblea €ID imageriwish a arepmplifieganéCB8 pan@hannzs transfer
gate 62 that are uﬁ@dcancra&feueheTMﬁ{agerg;%aﬂreﬁh&%e@ @he€asiivafddnne floating

di ffusi on node S2 which s to.the ga qul ce follower S3.
The drain of the 3&?"‘%?1%&3%5 %gthﬁ‘é?}’t'@ﬁs% Fdeb(?tsflwd§°§ o'i/%'fl supply rail
VDD. The source f@mretséraseugm@ctwmplsscnwrturn connected to the source 56
of row access [SET S8. \&ﬁl&rhriabeutﬂmﬁg%ﬁ%x@@en'i&?lﬁﬁnbﬁa §lﬁit&ﬁ6d%d>rf or

reading, the FET S8 Js turne be connected to
a load I8 and dri \Pgo‘toﬁ%te Eﬁgu%f.tft&ﬁ\top{pu;svguge ?@%%Q‘P{/am?%e glc in 1M, schemati ¢
di agram of a pi xeldriyss 4 Gonplated lawhleesmnlhgﬁtﬁlésm@sémhemb@m Q)!fpliﬁh whi ch the
threshol d vari ati Qfithe/CHSTLN i drives Rhoxifbre 3Sured follbWerPEitcdits ehat indird

elimnated. Al p'a)écellea u{ltg a d{}fﬁ?bn[lg amp'ixﬁgrozlréJ Howdif Pﬁtent'l\l%. 5,471,515.

20  This uses source follower circuits, that typically have gains less than unity
that vary from one source follower to another. The source follower gain
variation is due to variations of FET thresholds. The source follower gain
variation results ih a pixel to pixel gain mismatch. Also, the active pixel
sensors suffer gain variations due to the CDS circuit per column, when the

25 CDS employs a source follower pair to drive its output. The resulting
CDS signal and its corresponding offset can have different gains that are
not correctable by the differential amplifier. Also, the source follower
configuration of active pixels doesn't allow for binning of pixels.

The voltage mode of operation of prior art does not allow for
30 binning, which, is the summation to two or more pixel signals at once.
What is needed is an imager device which has the low noise level
of a CCD, the random access, and binning of a CID, and uniform gain and
response from all pixels.
Brief Description of the Drawings:

35 Figure 1 is a prior art double polysilicon active pixel sensor;

22



WD 991 48282 PCT1US99/ 05378 parallel and for sinplicity only one is shown.
Pi-xel 12 which can consist of any photosensitive device 10 is coupled to an
FET 15 to isolate the pixel fromthe readout circuitry. The FET 15 is one
FET of a di WOSBM#82 al i nput pair of an operational anplifiRET/B/ASHTE
includes FET 24. For sinplicity, in5 Figure 2 the anplifier circuit 30 is
configured as a positive feedback unity gain anplifier. A feedback path 32
connects the output of anplifier 30 to input 17 which in this case is the
gate of FET 24. The amplifier 30 could be configured to have gain, a full
differential input or any operational anplifier configuration as the
application required. The fixed gain of 10 anplifier 30 ehjn‘inates the gain
variability of the pr iF&“'?i?fs.a“'Fﬁg"eo‘iﬂWser“?‘R%CCGWF‘W YRS amplifier is
connected to a Coinveltiahied Doubl e Sanpler (CDS) which is utilized to
elimnate any fixed palif@eidulifbioniinalon of 4150 ifackerdi@iwiginé ce 20 _
conprising an FET 22 haS its source connected to a power source VDD and its
drai n connected t8V¢¥@%%ources of 15 differential input FETs 15 and 24. The
drains of input FETs IFgwed i¥schemativaliustratieoftaonatrix of pixels coninegtest f or ned
from FETs 26 and ; ifg0mRalived together and
to the source 18 %?nﬁoﬁ?tgI%E@}%f%?an‘ﬁ'ﬁggrsngﬁt}%?gr%?CIE‘EEI% 26 and 28 are
connected to a negAMPEB®her source, VCC. 20 The source 30 of FET 24 is
nildddDesny thednwention:s connected to CDS 34. The input

the output of theDeclaildd i _ _
FET 15 coul ghbe _e'tlher%é‘o&'dfslagsmggkhe?écrﬁe%ﬁiﬁnﬁéenEd%tTAes)éihﬁit?pg! I gatl on
requires. e pi xe cou € either ot ogat e _ar phat odi ode.

Figure 3 is alqzleté*ig}"éﬁ'(gétﬁéﬁﬁsﬂ‘d"wuﬁ‘?i‘@ld%i‘gﬂ’ﬁ%mﬁ?@“ﬁ?ﬂoln\% bl um sensor
shown in Figure 2disdussibhofSACSipdlewsinwat beorsetal whiiscosydbesstmeturesofiat i | i zed. _

Sel ection and r esghicQlqolRGRARIIBGIRIE PixtiSchiBRb ok &ladthodh i ET 76, Thi s
Active Columm SengOr pixel elimnates the separate sel ection/access FET 58
of prior art. A | Figpegd; ng and controls signals are 30 supplied fromthe
periphery of the pixelIn&iigue | cachPhrel 50 hasla phatositee50ahas has aachutput FRE f ol | owi ng
manner. An l\'&gpelsasém{gﬁé%@sg&ur&qa@y {I‘ﬁ@?o%wé?&[%gﬁﬁu?é@tsgﬁ theI most f
positive potential) e. . O volts. The,photogate ref er y a layer o
pol ysilicon is bi 3%\‘5’&‘ s?stegHenit ﬂg'é”éfﬁ‘fdé“q“é'&eq"ct"gry ghuch bg.aoe%ﬁl?%%cf. The regi on
80 under the phot DgalileSiapledGir¢uit (FB)S) 66.cThegadn thsough g keures: follpwer $3he

imredi ate area, i fs s klan @y, G€ the Sbie EHIIBWED located MR P EARSOMT & US99/ 05378
phot on generated carriers

Phoeﬁo %t .72 1s.been b% sed tomwg e5.0 volts and
will not collect BER &R GRAAAS se%‘ é@ﬁ@ﬁg“%ﬁ?}‘fﬁg Q?%gﬂlsr'ff‘egra'{ll on because

it is biased 20 tbdumamaypeomennétdiaveithe sdme gaith sThedechniqmhesliegen wafen | s bi ased
by sel ecting cont P&Eesﬁﬁ forQUWETE irf thE afr 5B IHavEthe SdmeCRieiHo. ISisgpal . In this 5

configuration control FET 7h.is a P.channel FET that |s | ed by a
negative signal rBRQIRAE ff"b&*é“?ﬁ%@f:a&?‘ég OREFAHORIA KATY hy (56(8“€g+rtas. Duri ng
i ntegrati on FET 7Hindasadtivepixekbaitayt he photogate is biased by the reset/sel ect

bi as that preferably ipnedctife fixd{30lof thephiblirt MoRIQUPhBILEEE0laidY egr at i on
time period the pixel d ef erably

IS T .10 adi ng the pixel i refe
acconpl i shed izg t Hé“slf?flgﬁtﬁ\ﬁgﬂ&t?fﬁﬁ‘ﬁ to C?Wge p@é%ggng@*eggﬁargco%qt?ge i s changed
to 2.5 volts, cauflatipgtdiffusicagiodeShwhishiscophesteddathe gatg 26 phsagecedepl et ed, and
the background | eygoweds3.eRfé-drdile 8€the SRPRFET43Tis &Shnkdted difed@yltonf f by setting

the reset/select control to. vglts. Photogate 7 s.its potenti al
renmoved, and in tﬁP‘é"”éﬂ%Faéls\g.glaoq‘g%s%‘fett}gﬁo‘%égmpwmémé"luﬁhal will occur
as the collected pbmcted gehesoatced6ofi sovgarcess&RIT8r Jifen dimrowaceesyi on beneat h
phot ogate 70 tg “ilﬁgrsﬁgé Secle8 A3b4in)) e B if imed B, allbwigfoRtpued phot on
gener ated charge nodul ates the gate of in #t FET ﬁg accoqr(rg%ng to the
anmount of col l.ect &§1 Rt Bycosaedt tﬂal*\Eﬂdsléas Briye Ba BT Phat ed from the
video 20 informatidirectlyy utilizing CDS circuit 34. The first sanple applied
to the CDS circuit is Fggrc%gkgﬁﬁﬂﬁgc hi‘iﬁf}n-oleﬁﬁeﬂﬁﬂﬁécol‘ﬁmgm' on.is then

e

t

applied to the CDS. The difference of t si. gnal rovjdes for a fixed
pgf tern noise freéhesqr@qqaqipvengon in which the es‘xm varia%ons TO plxef to pxxei

35 of the prior art are eliminated. All pixels 12 in a row or column are in
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Figure 4 is a schenmatic diagramof an array of pixels in accordance 25 with
this invention. A plurality of pixels 90a, 90b, 90c forma first colum of ’
the array, and simlar colums 92a-c and 94a-c conplete the array. Wthin
each col um)W@PRMEEE2xel s are connected with their output FBERSI/USYIRSRIEl | el )

t he conmbination formng the first one of the differential input pair of
operational anplifier 30. In all other respects, anplifiers 30a, 30b and 30
30c are identical to Figure 2. Each anplifier 30 is connected to a CDS 34a,
34b, and 34c respectively. The outputs of CDS 34a, b, c are connected

t hrough colum sel ect switches 96a, 96b, and 96c, the common term nals of

whi oh are connect gekahfl Bt imgily Sy 85 WOAGI. S0 B AichRHy sl | Ower) of
a nore conpl ex signal condl t|oner’ as’requifed by the specific 3

application. -5 Oofgnygplesersivpdaviessias conpied town FET {50 isqlyte feibbtel has been
described in congmtﬂthareaﬂddncﬁcmﬁsmmm 17 ie b FETofaadifieten@abinphher eof , many
nodi fications and_g. I i ks he art

wi t hout departi ngp:?‘?gﬂ?‘?ﬁ’é@%ﬁ%gg‘gﬁ%qasgﬁnaa}ng%@%%%_fhﬂeok%ﬁl\?helﬁfs{’%ﬁ, which is
i ntended to beSdefigE bepmplifiengirguit 3is sonfigyerd@s a pesiting feedpack upity 99| 48282
PCT/ US99/ 05378 1. gdin amplifiern @\ fdedbaclepatio Bpednnedigthe autputrod amplifier 39@¢m1 conduct or

I ntegrated circuit ; yrif . D havi ng a
row axis and a co?nﬁgpgi’&g‘ ﬁretg% ﬁ&gﬁg{hgghggfﬁg‘?l'Is‘l%c%'%l?i?lls?l’dr:l&mc‘; at | east
one input FET of 2fcepfigresditehaye saism fullidiffereptiahinpyt of arycperati one axis (row
o][ col grm) of sai dmpl’lﬁal)cptflf_igmai‘oﬁdsﬂu_bagﬂi?:btidhim@lireﬁ.i Tke fixedrgaim®ifni ng portion f
of sai d operatpon OF . t i r one axis o
the i magi ng arlpay,g:ﬁlglglfl.?‘)'(él 3&6&@1@%%%%ﬁéﬂ@k@ﬁ@é?gﬁ&ﬁgpﬁl'@@?gﬁmﬂ%m t he group
10 consi sting of shefnisy gyp amelifigrds eonperiaddg aCorrelaied PPopblg Sampletinul at ed char ge
nodul at es the seng@€D8pwliclofs utilifedito plihinkte hnpfixddatteth nbiet rthe dilleqpai r. 2. The
| mging devi ce of O ai Mokt SEEl S Pediphing bt FEPLERAAR L. LAAILDD DY
appl ying control signals ron%t e periphery o e array. 3. € invention
of Claim1 conpri & HBPWrEsoHce ¥PDaad s draifiroppestedito thg suresisof| s for reading by
transferring d5si diffekential ibpne FEEn$®amidde in parallel. 4. The imagi ng device

of daim1l wherein sai ﬁh@&%ﬁ?&ﬁﬁﬂﬂ'ﬁ?ﬁ% Ih%dh [ ark &nﬁ%dhgurcﬁl‘?erﬁor unity gain.

array of pixel ceMtEoiGRIadra FER 2SS, dbesu Bt RECL) SNAHAY & S te i nto
whi ch char ge generatnecteditogéther apd xethe sairder 18rod irgpat BET 8 dle sewnssofnode
FETs 26 and 28 are connected to a negative power source, VCC.
20 The source 30 of FET 24 is the output of the differential pair and is
connected to CDS 34.
The input FET 15 could be either a N channel or P channel FET as
the application requires. “The pixel #80 could be either a photogate or
photodiode.
25 Figure 3 is a detailed schematic of pixel 12 of the active column
sensor shown in Figure.2. In this implementation a photogate 76 is
utilized. Selection and reset of a sense node #72 is controlled by an FET
76. This Active Column Sensor pixel eliminates the separate
selection/access FET 58 of prior art. All biasing and controls signals are
30 supplied from the periphery of the pixel array.
The pixel can be operated in the following manner. An N type
substrate is used and the substrate is biased the most positive potential, e.g.
5.0 volts. The photogate #70 preferably a layer of polysilicon is biased to
an integrate level (e.g.. 0.0 volts). The region 80 under the photogate #70
35  isdepleted and as light strikes the immediate area, it will collect (integrate)




5 at which the anbunt of charge can be detected; a differential anplifier
having a first input transistor fornmed in the substrate adjacent the sense
node and a second input transistor forned in the substrate outside the
array. 6. TWe9%/#Ma8f ng device of claim5 conprising a curr @cr/UseMsszs
connected to the first and second input transistors. 7. The inmagi ng device
of claim®6 conprising current mrror connected to the first and second

i nput transistors. 8. The imgi ng device of claimb5 conprising a feedback
pat h connected between an output of the differential anplifier and an input
of the second transistor. WD 991 48282 PCT/ US99105378 9. The i nmagi ng

device of claim5 conprising a sig e or connec ut put of

the differential quﬁﬂéﬁa“‘vgfe‘mfﬁhg’g%ﬂg 2@ ‘E?"'Sf“i‘ng"r?’PBs?"r?o whi ch t he

si gnal processor wihgoticelést womrgeaélateddamimldhangthcrpit@fatlonbecavmt| magi ng

device of claim 5, 'b”asm&‘tﬂeéag;g% Ehaﬁﬁlesuss@mr PRGSgAe PIRbRGad By and a sense
é

node adj acent the phat ogate I C of Ia 11 in which
the photogate and*t%&"& L 68’6‘%‘??@%‘/8%7‘3%9“8& f"@ Mﬂcon 13. The

i magi ng devi ces of canfighratid@cantroWFEE 6 tstacP M%@E’Iéhaaﬁdelpﬁed Befse node are at
| east substanti al hé’%a{d/ega{? Enal feMEVEISHE Yibstrdb, forldx@8mbROY WdsdButiege of claim 11

conprising a control tra e to. th controllln
col | ection and seﬁgq%’oﬂ%ébﬁgrlbﬁp % &?ﬁgm?%eg'ls ﬁ&s%r@ﬁgggo%sgﬁ in )
whi ch the first i biasithat prefesablytie atsS.@ voltsh cfisr x predetprminedripiggration %@ﬁnect ed in
parallel. _g_ .A Gerigdifie fixéhivrefd AS#1 D}

h@sSbyt oj d Z
g] caj CZ‘] 8JaU] cd g:chl‘f C@éﬁ%&%}li&&% qg}: [lllsﬁldc BleR h&meCRa] calcajca]c
&&&' 4( ’\OquOOllllnﬁﬁﬁﬁﬁTﬁﬂ@%(SQG@tCOg\tml[liﬂh}lwp@a}éa])l@saf,mi]ngal]eca] ca] ca] cal] ca

tJlggngi] cal)] cal] capfildepdafipplloicaleapk tobsddpfeidd] srldhemkrabemi el aa] c"a] ca

8&& 4(~0e0q001111FPadoReseyselso BT 76 & wmed off by setine it &°§T" a‘f%‘é‘f'é‘éi‘c‘%] ca] cal] ca
U ca] ca] cal] caU] ¢ 80cm}ts. aftotdgate 0] hes ite pdtentiabrg wowed frda exxmpiq 280 cal] cal D{ Y
717Y 10%& () -15Y 10 hehding lire'sighaliPddaliés ﬁ%'cbll%teli@%tbn E&le('&ed (Y

charge transfers from the region beneath photogate 70 to the region
beneath photogate 72. The transferred photon generated charge modulates
the gate of input FET 15, according to the amount of collected.
Fixed Pattern Noise (FPN) can be eliminated from the video
20 information by utilizing CDS circuit 34. The first sample applied to the
CDS circuit is the background level. The signal information is then
applied to the CDS. The difference of the two signals provides for a fixed
pattern noise free signal.
Figure 4 is a schematic diagram of an array of pixels in accordance
25  with this invention. A plurality of pixels 90a, 90b, 90c form a first column
of the array, and similar columns 92a-c and 94a-c complete the array.
Within each column, the pixels are connected with their output FETS in
parallel, the combination forming the first one of the differential input pair
of operational amplifier 30. In all other respects, amplifiers 30a, 30b and
30  30c are identical to Figure 2. Each amplifier 30 is connected to a CDS
34a, 34b, and 34c respectively. The outputs of CDS 34a, b, c are
connected through column select switches 96a, 96b, and 96¢, the common
terminals of which are connected to output buffer 98 which can be a source

follower, or 2 more complex signal conditioner as required by the specific
35 application.
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While the invention has been described in connection with a

presently preferred embodiment thereof, many modifications and changes

may be apparent to those skilled in the art without departing from the true

spirit and scope of the invention, which is intended to be defined solely by

5 the appended claims.
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1. Animaging device comprising:

a monolithic semiconductor integrated circuit substrate,

a focal plane array of pixel cells having a row axis and a column
axis, each one of said cells comprising:

at least one input FET of an operational amplifier with feedback
along one axis (row or column) of said array, located at each pixel site, a
remaining portion of said operational amplifier per pixel located on
periphery of one axis of the imaging array,

‘ said pixel comprising an element selected from the group
consisting of a photodiode and a photogate, such that accumulated charge
modulates the sense node of the input FET of the differential pair.

2. The imaging device of Claim | wherein a pixel is selected for
reading by applying control signals from the periphery of the array.

3. The invention of Claim 1 comprising means for selecting one or
more pixels for reading by transferring a signal to the sense node in
parallel.

4, The imaging device of Claim 1 wherein said operational
amplifier is configured for unity gain.

5. An imaging device comprising:

a monolithic semiconductor substrate;

an array of pixel cells formed in the substrate, each cell having a
site into which charge generated at the pixel is transferred and a sense node
at which the amount of charge can be detected,

a differential amplifier having a first input transistor formed in the
substrate adjacent the sense node and a second input transistor formed in
the substrate outside the array. ‘

6. The imaging device of claim 5 comprising a current source
connected to the first and second input transistors. ’

7. The imaging device of claim 6 comprising current mirror
connected to the first and second input transistors.

8. The imaging device of claim 5 comprising a feedback path
connected between an output of the differential amplifier and an input of
the second transistor.
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compnscs a photogate and a sense node adjacent the photogate.

12. The imaging device of claim 11 in which the photogate and the
sense node comprise layers of polysilicon.

13. The imaging device of claim 12 in which the photogate and the
sense node are at least substantially light transmissive.

14. The imaging device of claim 11 comprising a control transistor
connected to the sense node for controlling collection and sensing of
charge.

15. The imaging device of claim 5 in which the first input
transistors of the pixels in a row are connected in parallel.



