; KLe3eCr @ H6Tr+/ 3 April 2002 ,;, ) Field o the Invention: This invention
Telates generally to solid slate imagers and nore specifically to CMOS
imagers having smaller, higher 5 performance pixels. ackgrodagrio2002he

Tnventi on: Imm“mmﬂn xel is a sem conductor device capable of converting
an opti caI"” u an electronic signal. Active pixels can be arranged
ina mtrix aghwiss | 1zed to geﬂ%@@ Iﬁkﬁgg@i%éﬁlo for video caneras,
still photography, or anywhere™ eeds to be quantified.
Wien i nci dent radiEieldef folnrentions with a photosite) charge carriers are
'Ilbler a eg and can ?e Pgt1{i?ﬁiveﬁitictzp{cla4§,gzﬁerznyBﬂ{bua]gm@fm erédidiers
collected in a photositc Lepresen ,~C~ apoynt of i ngcjden ig i mpi ngi ng
on the sitein a dl“\’FGr?P?‘i‘ﬁ%a% 0%@46561.“33?{% aving smalley, BB devices with
many variants, sengeeaflaide pixdld.ect and sense) charge carriers in a
photosite. The t basi cndt LC&S S8 phot odi odes and photogatcs. Variants
of photodi odes in £ .n imted to: Pinned, P-1-N, Mtal 20
Sem conduct or, Het er oj ufveaétre pixelds A\seahiaordustor davice gapablesefr uct ur es i ncl ude:
Char ge Coupl e Devi : liRio~61 d1 Vdi . il pARR their
variants that i ncIcﬁggcélgg?ﬁgf’fﬁt%ﬁgg%,lﬂ@uﬁge E:Q@nér% a%‘ghqt R‘Z‘r gvari ations
that utilize sel ectanve aggpgastis a majex sad ilizaddo gEperAteyidaosiEndY t o control
charge 25 col ljgct i f3pviad chmas, sall phoreraaatdt apahRtiNaes ridatddiot ogat e(s)
,~ _,r,~ node. The sgl | c{}state Wrs. he egof or.2 used av.gbbeen dom nat ed
by CCD s because dJ¥SEhi%e JuaHAcH ’ﬁg"t?b‘{’?ﬂ PIRUOR IBARCH Y Pids and Q Ds.
The | ow noi se adv ghoaapite pdhaffeRarmivag e dibdatedsarklivan besaliected focol | ecti ng t he
phot on gener at ed char: j i : i shifting the
dcjual charge to ‘Zﬁ“ i) Iﬁ"le }efgﬁg ﬁg“%g%ﬁl)ﬁgrqghggBbﬁ‘ggg‘l’r}reg%s%ﬁ| S

el i m nates the neeletmountef inedent lightimpingiag onthe siedap ghipgdanet hat degrade

t he signal w tjx tt’ﬁ,{odassoci ated resistance and capacitance. However, the
| ow noi se of 35 the CCD_requires the ina be read in a.fixed format and
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once the charge is readm‘if"'ﬁgcW@#?‘Sﬁé&‘?g’ﬁ‘?@hp@&ﬁiv@’é%ﬁtﬁﬁﬁh pling the t
A ‘h3 Apri | 2202I , to collkdtdng séxise, dhzﬁyl idagiodsitia:ﬁmtmﬁeem\twbcbaﬁddi n Ioar a:jl el
w th CMOS technol ogy. a . LITRO&y evel ope
their own propriet rlﬁggﬁbéggogc’edég‘f% aﬁ%gl%%t]oi e ﬁva%‘@@%‘geﬁ}g?gﬁ‘gﬁ%é
characteristics arigchidé.dmtyregiof lindjed do:aPinpedi BsI-N, dMatalnaf er processing kept
comer ol a1 |y Faodue e olietst HllpaR(oRrind v dMitly, PRESBIE 00's the move to
transfer the propri'BECHFEs HEY %’sgggﬁg{:gc’gﬁgﬁﬁﬁf?ﬁ:@bﬁa&@ﬂé CMOS processes
Sompeti t1ve wal of B atess at bl A e A e nravi de on_chi p
timng, control an@laﬁ?’oégigi&éméf?&g%%ﬁ%?gtffqgﬁén%%éE@Fé}ﬁ%e year 1992 a
512 x 512 CMOS congepentsl &heGatectinccdopants afe useg teeanstol charge and CDS per col umm
had been fabrigate j adih & Shobs S a random
access 512 x Sﬁiz %IBI&@%WﬁSE%%%ﬁﬁE%%€§tgh iémgﬁfrr\?rgogﬁfé(s? t oget her and
operated as a Iinﬂﬁmnﬁﬁ%el sensor. Area arrays utilizing active

pi xel Sfenl'o‘f)rs in vvhi _c][l_ Thekelidosl 't_eclﬁagwslnﬂirabmitamdilo*?veelta@i ed th gln Ogt pult_
source follower anplifier b turn.drives a. Correl ate ubl e Sanpl i ng
(CDS) circuit, wheV¥PYREd; W@ﬂf%ﬁ?a’?s%?r‘?‘ﬁlé\{%gmégﬁf c?rﬁg‘ﬁ"‘g}q ves two nore
source foll owers 1Bhapdiodes sndtCilxs. The jaw noise advastugeof €CD ithéigess ent i al
anplifier are o] i : i reeaf ol | oner
circuits, t hat@ymg_égﬁeg%gg%d%g}“héﬂﬁé_éégé'g\%egrr‘lé;ﬁtﬁlatcg}%ﬁaa;?&\ggﬁ,ﬁlf rom one
source fol | ower t oSitgavdifhen coppding grshillingdhe entwsl charea toan ampliBer i s due to

variations of FET gthhepaspidsy ofithe asd I Tids EmmivRhdnédd MAthedbn®n results in
a pixel to pixel gl 0 SR Retal bidSes thil Se3%ab % signal with thoir
associated resistance and capacitance. However, the low noise of
35 the CCD requires the imager to be read in a fixed format and once
the charge is read it is destroyed. The requirement of coupling the
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pi xel sensors suffer gain variations due to the CDS circuit per colum,
when t he CDS enpl oys 20 a source follower pair to drive its output. The
resulting CDS signal and its correspondi ng of fset can have difApel 2002 gai ns
that are not correctable by the differential anplifier. Al so, the source
fol 'oner’ confl gur ation of active pixels doesn't allow for binning of

pi xels. ~'f~e"'~T~age node of operation of prior art does not allow for

bi nni ng, which, is the summtion to two or nore pixel signals at once. 25
What is needed is an i mager device which has the | ow noise | evel of a CCD,
t he random access and binning of a CID, and uniformgain and response from
all pixels. n_accor dance t e fi rst S venti on,
there is prOV| d ’déﬁle’l%’%‘% &a‘éevﬂevawpﬁ’d’aéanf vgﬁﬂ(aﬁ{)gﬁeé&' ir%&f“ﬁg”érray of
pi xel s def iresali aﬂmrﬂialgermmuﬁmmqs developed their @erlaypri}&rmwemgsmmaxmlmnmgemnd a
colum axis, .each o sai xel h (gonverts

i nci dent ré’E’f arion arrﬁcgen fies %‘patf? |yﬁe ecmyzcds OHWnglpmfﬁ‘ﬁ'fg% &t eri zed
by a pl ur alprites rditnvuluhtghrlyneadachﬁanmhtsenairs havpbrtep campbmxbﬂ}eprgducexb@‘we anplifier
havi ng pl t. si stor
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Description of is aprio ubl'e ilicon
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he i nventi | 0 Fiqure |sasg{£Lﬁ 5 il altlono amatrdx of

5 Kel < Bon ik msnebet st Spptamaegess SR 1 2R o B afor B gaed i el

form ng an t@%md%mmaﬁmmuvem&nbad Description of the Invention:

B O Lo R s ik R b e BERS R Bl bl hoBfenf s 2 OF e
present i nvention an escC N conjunc SSI on-o
bel ow, it e 41 ouktput segwe folllower amphﬁhrmhwbm uxmelnsesratmmd@foulde Sympliog|

doubl e- pol ¥éb§j it %rls gxgt&’ 5 SfiutsHRR VD1 Blch ﬁﬁve%f] o fSre SREWTolldhefs! JUr € 1.

1n Figure each prxe has "a _photosite 60 as an output FET 53

conf i gubed CH%‘maﬂ‘gb‘HltlE'éaIFfﬂdI“émﬁl rppiial amplificpare gopg pPataNp 5474445 Thisdr i ve a
Z u bsleq ge gt uSds@hidée BRI élfcﬁil_fl_ﬁhihﬂ twléathatvlagmﬁ:étdsahh@%nﬂy g%trv?@fﬂ)hﬁﬂle aggdal e |

anpl e rc : e hrough a source is |less
than unityf! W%‘%@%ﬁfﬁ%@s‘}“&qﬁg&yfﬂ 30 A E“F fvarptions Oﬂﬁfretg\’gﬂl ﬁés a given
gai n ot her The xskce fcamd/extgmivranamﬁpdsﬂtslwepxsﬂlwpeelfgmhhmmm Also, tHeacthvenme col um
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for all FE”}D In ave e same PP’ tinconmon
f or FET20t hageures fdiowed pait tngnwpmoatputome resyltipg EPStsignal @adis dOUPSpandmgrvé@trt active

pi xel arrayan igye Eﬂ'?fé‘reﬁl%&hé’ﬁat%e&%{ conldctle IB)h:ﬁe ﬂﬁh‘aﬁna%ﬁ ek ld&fe SuRPOT 0gat e
60 and a transfer at are used to_coup gg)éoto gener at ed char ge
ngwwépfcﬂﬁﬁ

onto the f oMy W@&@ls@%?’é‘?‘f"ﬁéb@% ¥ to the gate 56 of
solirce fol | owerfiSaiiaks ot efioperitfontofrid? dit Bods nbifaTio® Poribfinfi@/WIGEH, Rthe

summation to two or more pixel signals at once.

25 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.
Summary |
In accordance with the first aspect of the invention, there is provided an imaging
device, having a focal plane imaging array of pixels defined within a periphery, the array
30  having a row axis and a column axis, each one of said pixels including a region which converts

incident radiation into an electric charge;



directly to a power supply raid VDD. The source follower output FET is in
turn connected to the source 56 of row access FET 58. When the row access
FET 58 is selected for reading, the 30 FET is turned on, all guphy200z put
FET 53 to be connected to a |load 18 and drive the CDS circuitry 55
directly. 3 April 2002 Figure 2 is a schematic diagramof a pixel 12 in
accordance with the present invention in which the threshold variations
frompixel to pixel of the prior art are elimnated. All pixels 12 in a row
or colum are in 3a 3 April 2002 The active pixel 50 of the prior art

i ncludes a photagate 60 and a transfer gate 62 that are used to couple .
phot o generated charge onto the flqating. diffusion ngde 52 which is
connected to th“é‘”@%ff’gzeggy ‘E)PI“QEUPE%‘“WYI’ P'%Q%P“%g{l’“h'ﬂglﬂﬁ'&cﬁi o ImpIier oyt put  FFT
53 5 i s comadng zepimdiitsrecﬁﬂsunﬁwgmsmwﬁanesu@m{pyt tfagbiht?MQBted'Eh@clsw ce fgl | \?\hmer
output FET js.in tumconnected to t sour,ce 56 af row access, FET 58. en
the row ac@h’é@mﬁ‘ét‘?“‘gnk W '“3@‘7 neppherys ph Peond eyt tmt“ﬂémﬁ:lﬁel"‘tegé’“ﬁs efeuned on,

al | owi ng oytripheryfolEthe ai3ayt ahd bennewddte dieditst inputarahgsiels iBasadicteds a feedtable CDS
circuitry ?5 directly. 10 Figure 2 is a schematic diagramof a pixel 12 in

accor dafice Wrth the present invention in which the threshold variations
from pi xel to pBogfDescfiptidneofheiDyawingsct arc el imnated. Al pixels 12 in a

row or col umm aﬁigurk?iﬁ%%@%%ugﬁggl ericoﬁiam.gﬁgltdnsgpl y one is shown. Pixel

12 verhich can consi st sensitiv evicé 10 is 15 coupled to an
FET 15 to i sol aFigure Aés apiastive colpmprsanpas in acgerdance with thisiinveptionThe FET 1 S is one
FET of a differgpiit 8k an MEMEmARibn 6f a fE1 RRREARI NG BERVdnkibR" 30 that

i ncludes FET 24. "For sinplicity, in'Figure 2 the anplifier circuit 30 is
donfi guled as aFipyefisasehempticibugtrationpfpymaiy of PR coopeed to incopergisadill pat h 32
connect s t RperidnilainpBfier peipisef fofthiin@h Xédve QoluidA\Sensdd Which in this case is
the gate of FET_24 he .ar.rdpli ier 30 could be configured to have gain, a
ful | differentiSBaeA gerpyon ol the fonal anplifier configuration as the
appl i cati on r egBéforediscubling the Active GalumnFensanfACS) cieuitdD Fighide Riofiths presénine gai n

variabilit . i rf.. T Lt i L ifier is
connect ed %{%v%%uo%gg ge%érrgﬁ%@é:émf%ﬂglf g%%%ﬁug%m(o% %\?\%%t%%lgbeﬁl I ];t(z)ed to

el i mi natse disgust the sncpug af@typiqabdoybleipplysilicon\apbtiyie pixelsenser ofanipr atagishewio

conpri sing SET 22 has its source connected to a power source VDD and its
drain connected to the sources of differential input FETs 15 and 24. 30 The
drains of i nputnfepee heagh pixg] 59 hasgphotediis R ethps ppouipwt FET a3 eonfigyredes  or med
from FETs 26uésrelicir. ThEsugR fsiwel 53Fkdsed RQ@rine 8 subfeqaéitt siginbeatiesing oget her and
to the source.18 o inQUtbf\lfz\‘ingglﬁ Th .urcgéDg)f FETs 76 and 28 arc

connect ed BT ERAT }E° opflg Sprapled feircuit R Thegainhrough ajoureet 24 j s

t he output felfowess igllefsftimamnity. & thepmnrce folidwerdoari birtbepied sitea50BRAS agiven-4 t r 3
April 2002 _Jhe.i : | . 3N r annel FET
as the applgllgg I on rseaggﬁlfég?s&% e ﬁ?rgeeféh%‘g&%%ﬁmg%g%l ﬁlgl!r“y%%ﬁogggate or

Qh ot odi ode have the same gain. The technique relies on wafer processing for all FETs in the array to have

the same threshold . It isn’t uncommon for FET thresholds, during operation, to vary by
100mV for a linear active pixel array.

25 The active pixel 50 of the prior art includes a photogate 60 and a transfer gate 62 that
are used to couple photo generated charge onto the floating diffusion node 52 which is
connected to the gate 56 of source follower 53. The drain of the output FET 53 is connected
directly to a power supply raid VDD. The source follower output FET is in turn connected to
the source 56 of row access FET 58. When the row access FET 58 is selected for reading, the

30  FET is turned on, allowing output FET 53 to be connected to a load 18 and drive the CDS
circuitry 55 directly.



Figmwe 3 is a detailed schematic of pixel 12 of the active 5 colum sensor
shown in Figure 2, In this inplementation a photogate 70 is utilized.

Sel ection and reset of a sense node 72 is controlled by a 1~-BRpi2002 is
preferable that both the photogate and the sense node conprise |ayers of

pol ysili'con. This active columm sensor pixel elimnates the separate

sel cction/access FET 58 of 10 prior art Figure 1. Al biasing and controls
signals are supplied fromthe periphery of the pixel array. The pixel can
be operated in the followi ng manner. An N type substrate is used and the
substrate is biased 11le nost positive potential, e.g. S.0 volts. Tl-~e

phot ogate 70 preferably a |layer of 15 polysilicon is biased to an integrate

Level (e.g.. 0.0 vol; EQf e, 70 is depleted
and as |ight strikesh?%gz%E%gﬁf%ﬁgﬂgggggg??%V?Ffmgg_ ect’iintegrate) phot on
g, cner at ed car r ity pseseplipyensign ingviich theghreshald yatintigasdlepm pixeb tapixeb| t s and wi | | not
col l ect photon agaRpAsAH afcRlimingle® AVPikdh12ih 8 rdwrBlumh hiefh Decause it is

bi ased 20 to the same potential as the substrate. Photogate 73 is biased by
selecting FET 76 with the rcsctJSel ect Control signal, bi this
configuration FET 76 is a P channel FET that is selected by a negative
signal relative to the substrate, for exanple 0.0 volts. During integration
FET 76 is selected, the photogate is biased by 25 the rcset/selcct bias
that preferably is at 5.0 volts. After a predetermned integration tine
period the pixel is read. Reading the pixel is preferably acconplished in
the followi ng manner. The reset/select control is changed to 2.5 volts,
causing the regi on beneath photogatc #72 to be depleted, and the 30
background |l evel is read. Rcsct/select FET 7Gis turned off by setting the
resetlselect control to 5.0 volts. Phologatc 70 has its potential renoved,
end in this exanple 5,00 volts. Reading the signal WII occur as the
col | ected photon generated charge transfers fromthe regi on beneath
photogate 70 to Lha region beneath 35 photogate 72. The transferred photon
generated charge nodul ates the gate of input FPT 15) according to the
amount of collected. -5 1 r 3 April 2002 Fixed Pattern Noisc (FPN) can be
elimnated fromthe video information by utilizing CDS circuit 34, Tlic
first sanple applied to the CDS circuit is the background |evel. The signal
infoormation is then applied to the CDS. The difference of the two sisals 5
provides for a fixed pattern noise free signal. Figure 4 is a schematic

di agram of an array of pixels in accordance with this invention. A
plurality o.f pixels 90a) 90b, 90c forma first colum of the array, and
simlar colums 92a-c and 94a-c conplete the array. Wthin each colum, the
pi xels are | 0 connected with their output FETs in parallel, the
conbination formng the first one of the differential input pair of -
operational anplifier 30. In all other respccts, anplifiexs 30a, 30b and

Oc arc identical to Figure 2. Each anplifier 30 is connected to a CDS 34a,
4b, and 34c respectively. The outputs of CDS 34a, b, ¢ arc 15 connected

t hrough colum sel ect switches 96a, 96b, and 96c, the common term nals of
whi ch are connected to output buffer 98 which can be a source follower, or
a nore conpl ex signal conditioner as required by the specific application.
-G | 3 April 2002 W claim 1. An inmaging device, having a focal plane

i mgi ng array of pixels defined within a periphery, the array having a row
axi s and a colum axis, each one of said pixels including a region which
converts incident radiation into an electric charge; 5 characterized by a
plurality of unitary, differential-input, anplifiers, each anplifier having
a plurality of first input transistors) one first input transistor |ocated
at each of a plurality of pixels within the periphery, and a second i nput
transi stor |ocated outside the periphery of the array and connected to the
first input transistors so as to create a feedback |oop. 10 2. The i nagi ng
device of claim1l characterized in that the anplifiers are row anplifiers.
3. The imaging device of claim1 characterized in that the anplifiers are
colum anplifiers. 4. The imaging devicg, of claim1l characterized in that
the plurality of first input

-




15 transistors of the pixels in a colum are connected in parallel. 5. The
i mgi ng device of claim1 characterized in that the pIurallty of first
input transistors are FETs. 6. The imagi ng device of claim3: Apfil#Q0%er
characterized by a selection transistor at each pixel and a control signal
generator |ocated outside the periphery of the array and 20 connected to
the selection transistor for selecting or deselecting the pixel for

connection to the anpl ITh@{ouvalx'El[lgobﬂﬁglp@@rdﬁ\m@megfapﬂomgmeﬁo:har acteri zed
of more of the pi Y BRI R Q2hih e Bt R GAHSE RO BB anpl | 11 er . 25

8. The imagi ng devéhagzeadnte lei finating iffustinandde 6@ which fsatonneteditor ay of pi xel s
is formed in a m)nt% L{;l ﬁsﬁ &g@&i%%ﬁgrsesﬁgﬁmﬁg“}gou}'nl;]_ﬁm;qagj ng device of

claim 1 characterize§ [1; oop gain |arge
enough so that 5thelsweema@mlmﬁbt%mwmS§pt>lbréa1?s| d4ad Thespurgi n, and t he

rﬁsul tlt ng clt ose I?fbggﬁtgf&xugﬁtmmS.ththIdoﬁﬁé&édv:oahéstru@@b 56/ ofridf anceg in f
characteri stics o U ransi |mag|ng evice o
W Mo 8% TR S8 SIS or uni'ty Gai . 7

claim 1 charact er i ¥&8S;
3 April 2002 11. TwmmbﬁgmusmedomlaﬂnmﬂgmﬁpuumSMmbact erized by a

current source con iLgty . t he second i nput
transistor. 12. Thg %%é gloailoewl%e?ﬁpnwg#nqqg%ﬂ ?rher c gtl cterized by a
current mrrorl&onnect eﬁlwmlh@@ﬂmﬂm élpzltdllttife?rwkdtl@rlnmepmw@esecond i nput

transistor. 5 13. Jhf tl'lé”ﬁt‘é&d?ﬂuﬁ@ﬁh&?mq{'hx%ﬁic%?eshélbl%ﬁﬁt’iorﬁh?dlﬁ(?t erized by a
si gnal processor conngct ed%‘ﬂ? an out The i magi ng

devi ce of clai m 13PRELPRXA of shepriog tﬁé‘fei’ﬂ’é‘a?pgﬁ‘p‘ﬁf:gé@s@&rm conprises a
qorrel ated doubl e spsghivan arclin pafdiie] ambfdr signplieity oalyadneds shiowrl. char acteri zed

that th | t
(o et the 20! onohlely GRS ik QrLREARRLSERTL Bepply T o 20 e ect 1
characterized by accsmhcsielomd"EE'léﬂi msdﬂtetth@plrshbﬁwab@readwt CIINEIWYFmgl ng
device of clai m LOTROREFAISS LACHETDEhMMerbAic RO BRI bF aR Bfcrkiithap enise node

are substantially Ilg transm ssi ve mag| ng VI ce of claim17
.characterized in tpaplifier3Qthat iselades BRE 2¢nEosimplicitn de Figyent e | ayers of

pol %ISI : i tcon 19t Thep hﬂ&&}(lﬁ:ﬂlt@@%@ re“d.»alarpc?%ﬁwefm&hafm?amgmtelr: zefl by a
control transistor co ec e .Sense no ar, roQ col l ection
and sensing of chaf¥ FP ﬁ?ﬁ?&%ﬁ%&@“ﬁ?&"&% %b%‘“t%?‘i‘"ﬁf afg%t erized in
that the regi o0 \/\htccimpfzol’bwhmhnnshls cese dethe gaedif FETGH. |Thaﬁmpi1@rect ric
charge is a phot OdBQquld%l coﬁ-hﬁurlcﬁ'?c%m r?xvh?ﬁl &‘?fe?érﬁi‘amnﬁmorféﬁther

characterized by a control si stqr cgnnécted de for
control l'ing col i ecPP@ﬂt‘W%HﬁFW"@BW@H% g\%lheﬂpkhcat'OllquU"e

The fixcd gain of amplifier 30 eliminates the gain variability of the
prior art. The output of the unity gain amplifier is connected to a
25  Correlated Double Samplcd (CDS) which is utilized to eliminate
- any [ixed pattern noisc in the vidco,

A current source 20 comprising an FET 22 has its source
connected to a power sourcc VDD and its drain connected to the
sources of differcntial input FETs 15 and 24.

30 The drains of input FETs 15 and 24 are connected to a
current mirror formed from FETs 26 and 28. The gates of FETs 26
and 28 arc connected together and to the source 18 of input FET
15. Thc sources of FETs 26 and 28 arc connected to a negative
power source, VCC.

35 The source 30 of FET 24 is the output of the differentjal
pair and is connccted to CDS 34.
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sensor pixel eliminates the scparate selcction/access FET 58 of

10  prior art Figure 1. All biasing and controls signals are supplied
from the periphery of the pixel array.
The pixel can be operated in the following manner. AnN
type substrate is used and the substrate is biascd the most positive
{ potcential, e.g. 5.0 volts. The photogate 70 preferably a layer of
15 polysilicon is biased to an integratc level (e.g.. 0.0 volts). The
region 80 under the photogatc 70 is depleted and as Jight strikes the
immediate area, it will collect (integrate) photon generated carriers.
Photogate 72 has been biased to 5.0 volts and will not collect
photon generated carriers during the integration because it is biased
20  to the same potcntial as the substratc. Photogate 72 is biased by
selecting FET 76 with the resct/Select Conirol signal. In this
configuration FET 76 is a P channcl FET that is selected by a
ncgative signal relative to the substrate, for example 0.0 volts.
During integration FET 76 is selected, the photogate is biascd by
25  thercset/select bias that preferably is at 5.0 volts. Aflera
predctermined integration time period the pixel is read.

Rcading the pixel is preferably accomplished in the
following manner. Thc reset/selcct control is changed to 2.5 volts,
causing the region beneath photogate #72 to be depleted, and the

30  background level is rcad. Resct/select FET 76 is turned ofl by
setling the reset/select control to 5.0 volts. Photogatc 70 has its
potential removed, and in this example 5,00 volts, Reading the
signal will occur as the collected photon generated charge transfers
from the region bencath photogate 70 to the region beneath

35  photogatc 72, The transferred photon geuerated charge modulates
the gate of input FET 135, according to the amount of collected.
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10B 10B 10B910%B& 1Qhen):h:>$ﬂg@f% fhd TDS. The difference of the two si guals
5  provides for a fixed pattemn noise free signal.
Figure 4 is a schemalic diagram of an array of pixels in
accordance with this invention. A plurality of pixels 90a, 90b, 50¢
form a first column of the array, and similar colunns 92a-c and
94a-c complete the array. Within each column, the pixcls are
10  connected with their output FET' in parallel, thc combination
forming the first one of the differential input pair of operational
amplifier 30. In all other respeets, amplifiers 30a, 30b and 30c¢ are
identical to Figurc 2. Each amplifier 30 is connected to a CDS 343,
( 34b, and 34c respectively. The outputs of CDS 34a, b, ¢ arc
15  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 application.

~



&109B& ()- @' 109B& ()-#9109B& ()-x ! #°$r%X6YNC't0 10%!& ()-!k

109& ()-1X 109 ()-!'l 0 109@@ ()-!;

109%&' ()-#109%&' ()-r 9W&VEE (ZX9YNCI 0,10% & ()- !, 10%& ()- ! a3pqHeedo2
Y+109%&' ()-!" S& SH10%W v

& ()-1"HS& SH10%&' ()- (. (2(6(7(8(9(F((bC 010%& ()-"10%& ()- 10 10

10?S109%& () - 3&<

1098 () - &7SL109& () - ((~**+, *. wWU3bCl 0, Az#10% | & () - RO! *, Az#109%& () - RO! *, Az#10
o& ()-RO!, Az#10%&' ()-RO! ", Az#10%&' ()- RO!, Az#10%&' ()- RO*../0' 1+1/ 101wX9. C
10" 210%&' () - :

109& ()-!, Az#109%& ()-RO! ", Az#109& ()-RO!p", Az#10%gg& () - RO! ", Az#109%& () - RO
01112171>2p2k34gEC 10° 1\ "s 10%u& ()- !X's 10%u& ()- Os 10%N& ()- 'Ns
10% u{u& ()- "1 ()- 10 104555555555uj @ 10#&1096& ()- 10-u 10-u

10- U?s10% u& ()-; 10%niRagingde0ios Myingp f@akplane irgpiig fiyay of pixels defined

within a periphery, the array having a row axis and a column axis, each one of said
pixels including a region which converts incident radiation into an electric charge;

5 characterized by a plurality of unitary, differential-input, amplifiers, each
amplifier having a plurality of first input transistors, one first input transistor located at
each of a plurality of pixels within the periphery, and a second input transistor located
outside the periphery of the array and connected to the first input transistors so as to
create a feedback loop.

t 10 2. The imaging device of claim 1 characterized in that the amplifiers are row
amplifiers.

3. The imaging device of claim 1 characterized in that the amplifiers are column
amplifiers.

4, The imaging device of claim 1 characterized in that the plurality of first input

15 transistors of the pixels in a column are connected in parallel.

5. The imaging device of claim 1 characterized in that the plurality of first input
transistors are FETs.

6. The imaging device of claim 1, further characterized by a selection transistor at
each pixel and a control signal gerierator located outside the periphery of the array and

20 connected to the selection transistor for selecting or deselecting the pixel for connection
to the amplifier.

7. The imaging device of claim 6 characterized in that the control signal
generator is able to simultaneously select two or more of the pixels within a column for
connection to the amplifier.

25 8. The imaging device of claim 1 characterized in that the array of pixels is
formed in a monolithic semiconductor substrate.

9. The imaging device of claim 1 characterized in that the amplifier has an open
loop gain large enough so that the feedback loop controls the closed loop gain, and the
resulting close loop gain is not significantly altered by variances in characteristics of

30 the first input transistor.
10. The imaging device of claim 1 characterized in that the amplifier is

configured for unity gain.
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connected to an output of the amplifier.
14. The imaging device of claim 13 characterized in that the signal processor
comprises a correlated double sampler.
15. The imaging device of claim 1 characterized in that the region that converts
r 10 incident radiation into an electric charge comprises a photogate.
16. The imaging device of claim 15, further characterized by a sense node
adjacent the photogate.
17. The imaging device of claim 16 characterized in that the photogate and the
sense node are substantially light transmissive.
15 18. The imaging device of claim 17 characterized in that the photogate and the
sense node comprise layers of polysilicon.
19. The imaging device of claim 16, futther characterized by a control transistor
connected to the sense node for controlling collection and sensing of charge.
20. The imaging device of claim 1 characterized in that the region which
20 converts incident radiation into an electric charge is a photodiode.
21. The imaging device of claim 20, further characterized by a control transistor

connected to the photodiode for controlling collection and sensing of charge.



