TITLE: CMOS | MAG NG ARRAY W TH ACTI VE PI XELS FI ELD OF THE | NVENTI ON Thi s

i nvention rel MEWRP| i ght sensing devices and, nore parti cul BETASISOE214n

| pagi g array having active pixel. i nage sensors which incorporate
transistors within 5 the pixels. BACKGROUND OF THE | NVENTI ON | nage
sensi ng devi ces which operate by perform ng the steps of sensing incident
optical radiation, converting the radiation into charge carriers, and
storing the charge carriers in photosensitive material are well known in
the art. The output 10 signal of the inmge sensing device, or pixel,
originates wwth a transmttal of the stored charge carriers. The charge is
transmitted fromthe pixel to processing electronics or storage nedia,

usually by a series of et - by e [ r S ence_of
char ge- coupl ed devi cesT%Fﬂ%&%Gﬁgm %ﬁ't‘h&%m;ﬁ}mi%nal S
very susceptible to the acquisition of noise because the signal consists of

charge 15 carriers. Recent work in the re_I evant art has addressed noi se
susceptibility problens, and has dfIEQL THIE TN ;\I,Aﬁl\ cost of CCD- based
i magers. Noi se appear,} on the t nal |s.a |red i n.,a _nunber of

di fferent ways, incl u##g(}f‘ %%@yéﬁ%t' g‘ﬁfﬁ% %tWQW‘%’&?M"L%F i n
the circuit, chajgigimadridyHavin a&ie: plﬁ@fd@ée'sgﬁkom% RlcSPbtate istors wj
|rregular|ty in resetting operations. 20 design appro to so V|ng
this probl endi ncthepiiels ed a phot odi ode a FET switch, and a charge-donain
readout in the pixel. Athough this did result in some commercial success,
the problens related to these sources of noise have not been satlsfactorlly
overcone. Fabricating a CCD-bapa@KGROEND OF THRINVENYIOGNSt | y because of

t he nunber 25 of specializeo rranu acturing operations perforned.
Reduci ng the physi cal lmige sensing devices which operate by performing the steps of sensing

incident optlcal radiation, converting the radiation into charge carriers, and storing

the charge carriers in photosensitive material are well known in the art. The output
10 signal of the image sensing dévice, or pixel, originates with a transmittal of the
stored charge carriers. The charge is transmitted from the pixel to processing
electronics or storage media, usually by a series of bucket-brigade registers or a
sequence of charge-coupled devices (CCDs). During transmission, the output signal
is very susceptible to the acquisition of noise because the signal consists of charge
15  carriers. Recent work in the relevant art has addressed noise susceptibility problems,
and has also sought to lower the cost of CCD-based imagers.
 Noise appearing on the output signal is acquired in a number of different
| ways, including: excess charge generation, thermal activity in the circuit, charge
carrier losses, variation among pixels, and irregularity in resetting operations. One
io - design approach to solving this problem incorporated a photodiode, a FET switch,
and a charge-domain readout in the pixel. Although this did result in some
commerciél success, the problems related to these sources of noise have not been
satisfactorily overcome. |
_ Fabricating a CCD-based imager is relatlvely costly because of the number
25  of specialized manufacturing operations performed. Reducing the physical size of
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an imagi ng pi xel reduces its fabrication costs as well. But this also
reduces t heWonAarBe range of the image-sensing pixel. As thecpusesherize is
decreased the noise |evel decreases, but the signal strength decreases at, a
faster rate than does the noise level. In turn, a reduced dynam c range  °
pl aces greater design requirenents on the 5 | magi ng system opti cs.

Not wi t hst andi ng t he above desi gn problens, the preval ent i mage acqui sition
technology is largely based on sensing devices utilizing CCDs for optical

diati detecti _ i Jced | ; . ol
oquisi t1on prodngios BHEf o 38 Fubl il Sy =it B G B RbisE e ot i of
which are dir eyhdictrange ofdlsd imk@e-serSHRPittebr AFEHeksRtel sitl WeBleasediBd ndife

operational characteristics and the fabrication of CCD-based el ectronics
are consi der edevehdenreases, hut the signal strengthydesesasasat a faster eate thardeesgheneisé on of

Vol tages bo SuBah B it Foed (e e iaded Ml Berglfiea BB RS

power supply damdgidgsystébopticsn circuitry within 'the processi ng el ectronics.

15 These requi rerﬁnts rralée ore difficult the task of integrating
circuits enploying {he aave design problemshe prevalRntimase sqguisitionul d use

only standard . Hasah : : d _ Y .ncr eases
t he conpl exi t;é/ég#i&l?gg%flg%??cat | orllllc %ﬁs&%@&%ﬁ%&%@?@?@?@gﬁp%%%w of
CCD- based el edetectior SSuch deviséstant esed sipearionk caramtestfhl imageriofuisition products
operations which usually add,tgo the cost o rodycing such inmagers. In
contrast, sol i§¢ é’?@“’&éﬁségé S%H%F%W%Lﬂtgiﬁ&%fﬁhgﬂ‘ﬁ S’Eﬁ"tﬁﬁ‘@?é’éﬂni ques,
such as ngyror 'cgﬁsurdePH{aﬂce@.hHB\%eve‘i‘,%eﬁﬂg% Gt riStRIRAYH tobriclfich

: ; Rl
fabricated wi thout need for the speci 0manu acturing operations
required for ©£O0OBnbasdd diectranies.ardtansidesed, additivngirdiffichltier beronmtapbarent.
t echni ques coul d bs.lhused for vices_ w t hout the need

; . o
for specialized operaPPgAon ijﬁﬁ%@s‘fs‘g‘gﬁl’@p S(ECQF’%E%"’?EW%F@W be
reduced. To dabRstarddaidvokagestRlsu R4 16 _ﬁ@ld@mdmgﬁﬁa,?ﬁkyaﬁ% based

t echnol ogy renai ns predom nant. '\ I's needed is-al sensi ng devi ce
whi ch woul d méRmples power swpplydad distribuginn is¢uitme withim the\prooessing eleetromicsjues and

whi ch Woufsd | Hd Rl eefitsthle Hidre gﬁﬁc‘nﬁﬂhe task of ihtegrating circuits employing
CCDs into an el'ectrdnic system which otherwise would use only standard voltages.

)

The need for nonstandard voltages also increases the complexity of the fabrication
process. '
This increased complexity of CCD-based electronics necessitates specialized

20 - manufacturing operations which usually add to the.cost of producing such imagers.
In contrast, solid-state devices manufactured using high-volume techniques, such as
memories, logic chips, and analog processing components, are fabricated without |
need for the specialized manufacturing operations required for CCD-based devices.
Clearly, if high-vdlume production techniques could be used for image sensing -

25  devices without the need for spec;i'a_lized operations, the cost of solid-state sensors
could be reduced. To date, this has not been realized and the'costly CCD-based |
technology remains predominant. |

What is needed is a light sensing device which would make use of standard,
high-volume manixfactnring techniques and whic_h would incorporate a circuit design
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-2- | ess susceptible to the noise-produci ng processes encountered in the
rel evant art woesmssoabl y, such a device woul d incorporate ci PCUiUS95/06214
archiktecture not utilizing CCDs, and having easily-integratable conponents
readily fabricated by utilizing |ow cost, conmmercially-avail abl e

manuf acturing technology. 5 . It is an object of the invention to
provi de an i mgi ng device in which the |evel of noise appearing on a signal
output line is held to a mnimum It is a further object of the invention
to provide an i ing deyice with an.increased image:sensin nani c range.
¢ TSCh §ur Cher IR PEReRtAe oiae ToFAPE HORt B S5 HEU e whi o
10 provides sipgdfahblynéueh 3Rfevied wollldandRstirate cirb &t ABRitebuMhdt filizing CCDs,
charge-col | ection nodé of inmage detection. It is a further objec% of the
i nvention to prend bavisgeasilyriptegratable sgmponents readily fabricated by atilizing lovacast.ngl e

substrate thereby mni.m.zing.the r | Led er of processing operations.

15 oIt iggxgnﬁﬁ’? éﬁvagﬁﬁl%g}anlgt?&%xggﬁ.e%%ym to provide an inaging

array whichgs cormruﬁedne@rieawmmaomvﬁhﬁﬂ@ﬂﬁiﬂi@h@ﬂ&@ﬁ@&ﬂﬁh%&ol t ages

for operation. SUWARY OF THE | NVENTION I n accordance with the present

i nvention, the fevebefoing appeasing iopasigarloutpuiling ischeldtogrminirage. sensi ng devi ce

I n which the image-det.ectel Qn_ ci.r GUleLs: I e ' ] fromthe
? 1§ aéh'g'xre& éﬁ]g&'& Ehe xﬁve%gxgn to é{?&eigé ér?/ ﬁgi%r%cfe%cgng

signal -sensing circu arrrers, ner 0-sSensitive
conponent recei WiciehséPimaga!senisaff dybhlit ragec col | ected to produce an electric

field wthin the sensing device. The electric field is used to modify the
el ectrical resistanc#isp farthepabjestiof thednyeptine o provide ar ippging devicevhiich hel d at

ol cotrical 1 gngovilbs s inltPnbdlitn 3 bds ierdrbls o e R P S io B G S 2
recei ved by theiphedetedosi tive ' : '
 Itis a further object of the invention to provide an imaging array which can
be fabricated on a single substrate thereby minimizing the required number of
processing operations. '
15 It is a further object of the invention to provide an imaging array which is

comprised of components which require only standard voltages for operation.

SUMMARY OF THE INVENTION
- In accordance with the presént invention, the foregoing objectives are

achieved by an image sensing device in which the image-détection circuit is

20 - electrically isolated from the signal—Sensing circuit. Charge carﬁérs, generated by a
photo-sensitive component recéiving optical radiation, are collected to produce an
electrib field within the sensing devi¢e. "The electric field is used to modify the
electrical resistance of a resistive component, one end of which is held at a fixed

| voltage by a first voltage source. This voitage source produces an electrical signal

25  output corresﬁonding to the amount of radiation received by the photo-sensitive
cbmpdnent. With this configuration, the charge-collection circuit is decoupled from
the signa'l-sens'ing_circuit.= The voltage source also serves to maintain a signal line at

‘an essentially constant potential. The electrical signal output may be further
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component. Wth this configuration, the charge-collection circuit is
decoupl ed fPEMSABOsi gnal -sensing circuit. The vol tage sour BETHSIO6HEr ves
to maintain a signal line at an essentially constant potential. The
electrical signal output nmay be further -3- converted to a voltage
signal by neans of a current-to-voltage convertor. Additionally, the pixel
- may be initialized by neans of a reset feature which makes use of a second
vol tage source to place the photosensitive elenent into a depleted state. 5
| n another entoglemiio s Wliidedidhal BGRasCHN lvoRiedidvaganged 1n an
array, conprised of rows and colunhs of pixels, the o tput ectrical
signal s of WmA&dlammlbeﬂpapmelmhybenmaincdb)onwmaﬁamtfeammwmbhmakeday nmeans
of row and col um_sel ectors. The sel cto be.either sequential and
~ conprised of Y8R SURE vglpagpﬁglyc tﬁﬁl‘l’}{"ﬁt‘%ﬁé"kﬁ“ﬁgé%tf‘ﬁﬁéﬁﬁﬂﬁaﬂe si gnal
decoders and l§ae. transm ssion gates. Alternatively, the output pixel
signals may be converted to voltage signals prior to passing through a
col um sel &ctor. Tﬁammmm&mwﬂeabmwamgdmmmmnwngl e

power source tQ _su trical _power fa nor . C o-vol t age
convertor. e%ﬁ'?%? S%yfrggﬁagéccﬁ ﬁ?‘f%t@%‘ﬂ?ﬁf EEI%PSF‘QIatures of
the 15 i nvenihivieae¥queatialByrotRa i ot ordbre BoRAftais D nikaflé Sfow élhe |
fabrication of active conponents, whether p-MOS or n-MOS, can

acconpl i shed mlmsms sThssselegtors maybe eithsr sequential mdwomm'tsedhie nurber of
processi ng op 40208, e UII’ d f evice.fabric t|on BRI.EF DESCRI PTI ON OF
e DR oo 5B or e fidy 8 silfioENe 35 iR Biparite i g s

characterigti Qxa@ﬁmisb@n@ﬁﬁ§eﬁherhﬂi/&3& tRrbuliu phel sifiibld Maybd donRertdd eul arity
herei n. The organi zati on and net hod of operation of the invention, together:

wi th ot her obj&iegesignaleRrriostpassing Hupeglra colymp selectore Jhe invention also
features a method of using a single power source to supply electrical power to more

than one current-to-voltage convertor.
CMOS technology can be used to unplement the demgn features of the-
15  inventive device. By means of an integrated process, the fabrication of active '
components, whether p-MOS or n-MOS, can be accomplished on the same
substrate. This serves to minimize the number of procgséing operations required for

device fabrication.

- BRIEF DESCRIPTION OF THE DRAWINGS

20 The novel features that are considered characteristic of the present invention
are set forth with j)articularity hei'ein,_ The organization and method of operation of
the invention, together with other object and advantages thereof, will be best
understood from the following description of the illustrated embodiments when read
in conjunction with t_he accompanying drawings wherein:

25  Fig. lisa schematié of an image sensing device according to the present
invention; S |

Fig.2isa schenﬁé.tic of an alternate embodiment of the pixél included within

the image sensing device of Fig. 1;



under st-ood fromthe follow ng description of the illustrated enbodi ments
when read i n"PonPEi®tion with the acconpanying drawi ngs wher BfHUS9586214
Fig.-1 is a schematic of an inmage sensing device according to the present
invention; Fig. 2 is a schenmatic of an alternate enbodi nent of the pixel

i ncluded within the i nage sensing device of Fig. 1; -4- Fig. 3is a

bl ock di agram of an i mage sensing array according to the present invention
in which signals are serially outputted by a current-to-voltage convertor;
Fig. 4 is a block diggla%atlockitisriRofah Bndg® sbidtheOag dbdbRdihg & tht BfesédiBge
sensing array of Fig. 3 in which signals are outputted in parallel by two 5
current -t o- vol tiayentiooiny whichsignalsiage segally outpitted by adiumgntatmvoltagecoaverarnat e t o

t he enbodi nent of t [ nsing. acray. of Fj 3 in.which si.gnals are
converted to vol tagzﬁé gﬁ%@&%ﬁﬁg B‘é#‘hﬁé"%@%ﬂ?% db?}"‘éf??b*redﬁﬁgé _

nul tiplexer; Fig@nsifig hfaypofFip e atviictdigmald drk Buiblittdd in pataBalhy twoone enbodi ment
of a row 10 scanner in the block diagramof Fig. 3; and, Fig. 7 is a
schematic of a QFent-torvaltagsenivedersin gat es as used in one enbodi nent of a
col um nul ti pl exer gt I .di agr Ei . TAl LED DESCRI PTI ON OF
THE | NVENTI ON Referr"rlﬁ'gg] ‘%8\%’1@)‘%‘%@??@%5 “??@%%%"dimg‘br?«g 2B one
embodi ment of Ildensing hea(}mﬁiﬁgminivﬂﬂ&fﬁim arEpdriventd toaditade sighalspriot ch nay,
for exanple, correspond to a portion of an inmage being sensed, is incident
upon an i mage skeing ouputedibya colymn multiglexetensi ng devi ce 100 i ncl udes a pi xel

10 for receiving -t h%ﬁ.%%%%khmic%%%?l%éﬁp %g@b%%og%ﬁéﬁgéﬁj%ﬁi gnal 28

havi ng an anplitude IS propor
radi ati on 1@ acsghndefih th€block diagfingoflig2H ahd, converted into a

Fig. 7 is a schematic of a pair of transmission gates as used in one

embodiment of a column mﬁltiplexer in the block diagram of Fig. 3.

Referring now to Fig. 1, there is shown a schematic of one embodiment of
15  the present invention. Optical radiation 12, which may, for example, correspond to a
portion of an image being sensed, is incident upon an image sensing device 100.
Image sensing device 100 includes a pixel 10 for receiving the optical radiation 12
and produces a current signal 28 having an amplitude which is proportional to the
amount of optical radiation 12 acquired. Current signal 28 is converted into a
20  voltage signal 50 by means of a convertor 30. Electrical power for operation of both

pixel 10 and convertor 30 is provided by means of a bias source 40.

0 ion of an | Sensing Device
~ Optical radiation 12 received by pixel 10 strikes a suitably-biased photodiode
20, or other photosensitive device, which generates charge carrier pairs in response
25  to incident radiation. The numbgf of charge carrier pairs generated by photodiode
20 is proportional to the amount of optical radiation 12 acquired. As charge carrier

pairs are generated, chargé carriers of one polarity flow to a pixel ground 18, and



20 vol tage signal 50 by neans of a convertor 30. Electrical power for
oper ati on oVO&¥¥8pi xel 10 and convertor 30 is provided by PERPSISBRIA bi as
source 40. Operation of an Imge Sensing Device Optical radiation 12

recei ved by pixel 10 strikes a suitably-biased photodi ode 20, or other
phot osensitive device, which generates charge carrier pairs in response 25
to incident radiation. The nunber of charge carrier pairs generated by
phot odi.ode 20 is proportional to the anount of optical radiation 12
acquired. As calriear, Nal L - : rni.ers of one
ollar ty 11 ow Taed Eaufigkor e gl JIRCRRNG 1L Blurg AASABNEIS, ©, 1o
opposi t e pol arcbimpoddnowlheoacaumhlatiggecaspanentrcot eatsintiaseathargg camiesomdnt . The

accurrul ati ng conponent .coll ects.these charge carrijers apd produces an
ol oct ri cal 11 ErRERAAleeireL 6ol pavee  reginide aronorsonel fdbe almumbRtRS, of
charge car (i elofafé chtfikisab Al he SROSHABIHsnoNE Mk n-BIO aSgrves as

ab FET accunulator 22. Positively-charged carriers (1.e., "holes”) flow

to pixel droukETiRcuranldton@2aPositively-chaugededrrivas (i.ie.c Flaolés™) Bow tepixel grousd)

collect at a te termnal ,22q,0f FET . accunul ator, 22 whil e cha carrier

pairs are bei ﬂg’ a@f&dﬁﬁ%&"&@"ﬂ?‘%ﬂmﬁdﬂ& %6“0931%05‘&%&# Bﬁatﬁfﬁmﬂaigféﬂp

el ectrical fi ¢t deBurhftoF BT whilad BRke carfferdaird k&%{hﬁ%ﬁ{%a@@ﬁ%bﬁ&ﬁ&h&@n (not
e 10 p

shown), a p- MOSFET serves as a FET accumul at or, otodi ode 20 is

reversed from20hdhisracten produnss e eleetrical Hisldiin b ED dhanbela di ag akierhativge i s

d i | agit he.ch arrier fl : di ngl
|t o changed Saffsestiontpst el BROMOSERT R et BT BB B8 05 causes a
- variationg n phsoliode 20 & 18edrseddFons thltpientatiBiEshAOA! @@ photodiots Biakiig channel

resistance varies 15 depends upon the anount of optical radiaftion 12
i nci dent on prvoltmnweremf inmelasity; land the charge kamigeflowsare somespendinglych i s
proportional t tge apount of charge carrier. pairs generated by photodi ode
20, provides éﬁﬁg %gonent paraneter by which the S

The electrical field produced by FET accumulator 22 causes a variation in

the FET channel resistance. The degree to which the channel resistance varies
15  depends upon the amount of optical radiation 12 incident on photodiode 20. This
change in channel resistance, which is proportional to the amount of charge cérrier
pairs generated by phbtodi_ode 20, provides a measurement parameter by which the
amount of radiation received by pixel 10 can be quantitatively determined over a
relatively large range of illumination. In a physical embodixnenf, FET channel
20  resistance, measuring less than 20K ohms with no charge present at the FET gate
" terminal, can increase to over 10M ohms when charge accumulation is ata
maximum, | |
FET channel resistance is measured by applying a reference voltage 66
(Vzer) to the source terminal 22s of FET accumuilator 22 and measuring the resulting
25  current signal 28. Reference voltage 66 is obtained from bias source 40. Inthe |
embodiment shown, reference voltage 66 is applied to FET accumulator source
terminal 22s by closing a FET select switch 16 when the resistance is to be
determined. Select switch 16 is closed by applying a select pulse 26 along a
select-pulse line to the select switch gate terminal 16g. When select switch 16

%



amount of radiation received by pixel 10 can be quantitatively determn ned
over a rel at WRMP2PHr ge range of illum nation. In a physical PEXSSHAeRYH |
FET channel 20 resi stance, neasuring |less than 20K ohnms with no charge
present at the FET gate ternminal, can increase to over 10M ohnms when charge
accurul ation is at a maxi num FET channel resistance is neasured by
applying a reference voltage 66 [err] to the source term nal 22s of FET
accurmul ator 22 and neasuring the resulting 25 current signal 28. :

Ref erence vol t agigsdGnisacb Aimisteted APETbdRich? cRAHT teBwétl bidstobde 46 TR RNt
shown, reference voltage 66 Is applied to FET accunul ator source term nal
22s by cl osi ng twerfial 225 of FETascunlatds22WhReferehee voltags6Gispeesent at thelpesitive

determ ned. Sel ect, sw 16 i s .cl osed., ppl yi ng sel ect pul se 26 al ong |
a sel ect - pul se mprep%&‘f ; é’F’@E?‘?@mBﬁé}&%‘E" e ?Epaﬂs’ aﬁ‘gé‘.s" %PQ?FS%I ect
switch 16 -6- pegalidSput foM 36. aWith e SR oTisEiectawiteh §6,\rfefedbe Fdltagt 552 is

bet ween bi as source 40 and source term naI_ 22s of FET acqumjl at or
Ref erence vél t agpplied ta EED acoumlatertsounce tapmirial 22se In apeiembasiimers/the selegt

operational anplifier 32.i onvertor 30, and al so. appears at negatjve

Thout port. 36 e B ARG VG bllks amied it aBpO R TRZPAS w1 Bl e o6
1s 5 appl i ed fefninalofACRETTSE]étk SWwitshrnbChotwl). M nal- 22s. I n one enbodi ment,
t he sel ect pul se consisted of a five-volt pulse applied for approximately

one [err] to the gat@umrentgignall28pproguged by pldcingtsounss tegmingh2?s as theypejentidiofr ent
signal 28, produgced b | acin ource termnal 22s .at the potential of

ref erence vol ta’&ger%'gf%f’ﬁﬁﬁs“aﬁgﬁ% Qg f éj‘%ﬁ@%’gﬁ%& lﬂnﬁi’emﬁgﬂas‘ggflv\een a

si gnal 10 1osen§dnﬁa%naae1ﬂ&dq5iﬁh1@fmh 18 Dufifig dferatidndf pekeD PG mdisk prodaéeddi X el

10, noi se produced by internal current fluctuations is present on_ a,
phot ochar ge- i nt eyyintarnal gurrent dluctpptionsiepregeahoma phatecherggrigisgration inalingn node

21 and FET acoulabol o 03l atved i 1fop 1 3ha FET ScBRIASBOR. Tog0" 201 O

| i ne appears as VO S on
noise on this photocharge-integration line appears as voltage fluctuations on the

C

signal-sensing line by means of capaciﬁve coupling across the channel of FET
15 . accumulator 22. However, these voltage fluctuations are suppressed in the inventive
device because the signal-sensing line is held at an essentially constant potential,
corresponding to the reference voltage 66 potential applied to source terminal 22s of
FET accumulator 22.
In an alternative embodiment, pixel 10a is comprised of photodiode 20, reset
20  switch 14, and select switch 16.as shown in Fig. 2. An accumulator capacitor 23 is
used for the coliection of charge carriers and production of an electrical field. The
electrical field produced by accumulator capacitor 23 causes a variation in the
resistance of a FET channel 22¢. ‘The resistance of FET channel 22¢ is determined
- by applying reference voltage 66 to the FET source terminal and measuring the
25  resultant current signal, using the same method as described for pixel 10 above.
- As shown in Fig. 1, electrical power is provided to bias source 40 by means
of a power source 60 which supplies both a floating bias voltage 62 (V) and a
floating low voltage 64 (Vo) to bias source 40. Bias source 40 converts the bias
§oltage 62 and the low voltage 64 into reference voltage 66 by means of a suitable
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signal -sensing line by neans of capacitive coupling across the channel of
FET 15 acwWoPsBa8dr 22. However, these voltage fluctuati onBCEU9S®63Ipr essed
‘in the inventive device because the signal-sensing line is held at an '
essentially constant potential, corresponding to the reference voltage 66 -
potential applied to source termnal 22s of FET accunul ator 22. In an
alternative enbodi nent, pixel 10a is conprised of photodi ode 20, reset 20
switch 14, and select switch 16 as shown in Fig. 2. An accumnul ator

capacitor 23 i,s.used for th okl ection of char r.ri.erns and..prodyction
o an e ectri G e Eoythd AReafid ThE EorRo O i P e BT At

capaci tor 23 @loweshageFET 44 hsihoill. I8 pictsitedicaibolinkht, bikFousgrangey 22c. The
resi stance of FET channel 22c is determ ned b%eap | ¥|__ng reference vol tage
66 to the FETaBeHited YalisnpwoltagrV sis-abawt 0@ vel arzgre ergnse upkags Vrenis r ent
signal, using S : | f i _ As.shown in
Fig. 1, elect P 1@.&2'2. povves'pwl?p %rreg%?erg:giﬁ{téoé% E’?zg'sjo‘g%ﬁra é@kegég ygﬁe@ﬁ@“‘g power

source 60 5whi ofiastHMOS devibg tife curdehtsigriah gbsaived curovdrg lonidsy thir dnead dveér
floating | ow voltage 64 [er rql to bias squrce 40. Bias source 40 converts
the bias vol t 5@ HePPaRick FreultsiR arorrespgadipalyilaree dyranye enge fardmeggye 66 by
means of a sui il dc-to-dc convertor circuit. The convertor may
consi st of a E%%E{g\e}iglv%gégo'FET 42 and a | owvoltage FET 44 as shown. In a
preferred enmbodi meReferdnice soltage 66 gealtiitte iveltapeasutres by Whichlphetodiode204d t age
[err] is about ,Q.0 volts, and referepnce voJtage [err], is, about 2.5 volts.
Wth a ref er efftitializs %@&8&‘“&9 %&Pﬁ?‘?@%‘ﬁﬁ*@&?é‘@w@%b"mseg’S? rmnal 5  of
an n- M5 @evi aQditfoR8lny; e I'cﬁoﬂ%@kf&@ﬁ&r%ﬁﬂ%f%iﬂfn g - one to
over 100 [err], t/vhi C )Cr es%?tls In a correspondi ng Wa%@%k@%ﬁg%%e for

" i mage sensi nginitialize pixed 00 byRrfaming chargexatrieyefr6ifi REY acbwmulatoe 22 @ piagle sour ce
by whi ch phot odi og 20 is initialized, or placed into a depl et e% state,
when a reset StAUR ﬁS,l ug setting the.amount of charge carriers present at gate terminal 22g. A

reset pulse 24 is applied along a reset-pulse line to close reset switch 14, here shown

~ as a FET switch, and complete an electrical path between convertor 30 and pixel
15  ground 18 through photocharge integration node 21. Reset pulse 24 has a
time-voltage characteristic of sufficient magnimde-to insure that charge carriers
stored in FET accumulator 22 are drained and that photodiode 20 reaches a depléted
state. A typical n-MOS accumulator, for example, can store a charge of from 1'0‘ to
106 electrons. This amount of charge can be drained to pixel ground 18 by a
20  low-voltage reset pulse of duration one to ten psec..

Convertor 30 is comprised of operational amplifier 32 and a resistive
feedback element, such as feedback FET 52, placed between an output port 38 and
negative input port 36 to form a closed-loop circuit.” Bias voltage 62 is applied to
power operational ampiiﬁer 32 at bias-voltage terminal 46, and low voltage 64 is

25  applied to low-voltage terminal 48. Current signal 28 appearing at negative inpﬁt
_port 36 of operational amplifier 32 is.converted into vbltage signal 50 at output port
38. The value of voltage signal 50, which is proportional to the amplitude of current
signal 28 flowing to pixel 10, thus corresponds to thé amount of optical radiation 12
acquired by pixel 10. '



10 Additionally, the application of reference voltage 66 in biasing

phot odi ode 2'€Y°aR§2;§5890 initialize pixel 10 by draining char gePEHPPIS®624f r om
FET accunul ator 22 to pixel ground. 18, thus setting the amount of charge
carriers present at gate termnal 22g. A reset pulse 24 is applied along a
reset-pulse line to close reset switch 14, here shown as a FET switch, and
conplete an electrical path between convertor 30 and pi xel 15 ground 18
t hrough photocharge integration node 21. Reset pulse 24 has a time-voltage
characteristic of s leizd NaosTala] "M . f: )

stored in FET accurrglf(getk%érd?%eare ds?lgfiiﬁe( &ashd th‘%?tbg%%etdggi%%tg@mg%ﬁrdgg% es a
depl et ed st at e acquisitign intervah bjvidSenuivingiheperiod of imeealring vbichoptical radisiona

charge of from 104.to [.err lectrons.. Thi s anpunt of charge n be drai ned
to pixel ground I%d“ﬁ?élx?db %t%ﬁ’\?ﬁlinﬁ)a‘&é%%’@’t“ Mt’Jﬁ“—‘s‘%’_rSi‘etH'dllg%?‘f’ one to ten
[err]. Convert arredfdl dtiteGiSBpered to BégiPthRaeddifien infervdl] WiRkh ti2de7¢H fhage

resi stive feedback el enent, such as feedback FET 52, placed between-an

out put por t5 38 signal has beeni agquiradpthe external gmittenis closed. alhs! floveof photmpganeratad t .

Bi as voltage 62,.is l.ed to .po . Qper.ati pnal ., anplifier. 32 at

bi as-vol t age t 8?%??38%2?”&%“?‘8&?%&‘ 2 néat%cﬁaq%sthezgc%ms%lqnggaf@dp.ow vol t age
termnal 48. Cwleftively IRehcqafkitRRRfRValfbr 8 pineEetmite\eStabldhed widiblt ndbd ffr
operational anplifier 32 is converted into voltage signal 50 at output port
38. The val ue eh extemabshutter agiellovao With thetapplication phiresst pnlse 24.pixedd0ampl i t ude
of current signal. .28 .fl owi ng to. pi.xel 10, thus.,corresponds..taq.th unt of
optical radi at FBRLEsd apdh glaisRioR eyl 1 egun. g Siisedentapplination of s
shutter (n@t shpaweRscMicherses ddtect @kl radiaiisl reddvéd Bygshotsdibde 20! providest er val
by determ ning the period of tinme during which optical radiation 12 :
radi at es pi xel cument signal283p genventor Hhandipdteatively terminates thelgpquisition ingarvale 24,
the external shutter is opened to begin the acquisition interval. Wen the
desired i mage 5 signal has been acquired, the external shutter is

cl osed. The f| QemtioRb o8 SepimdAfbvr ges to FET accumul ator 22 is

ends. '

_ feceiving incident radiatidn and outputting a current signal representative of the
15 radiation being sensed corresponding to pixel location, (ii) a convertor 30 for
converting pixel array current signals to voltage signals, (iii) a column multiplexer
70 for receiving the current signal outputs of all columns in pixel array 80 and
transmitting the current from any designated array column to the convertor 30, and
(iv) a row scanner 90 for applying a select pulse 26, sequentially to one row at a
20  time, to the rows of pixels in pixel array 80. '
| | Pixel array 80 is shown as a 16 x 16 array of pixels 10 for purpose of
illustration and other array conﬁéurétions, such as a 512 x 512 pixel array, can be
used as well in accordance with features-of the present invention. As described
above, current signal 28 is ﬁroduced when optical radiation strikes any pixel 10. In
25  general, this signal varies from pixel to pixel and is proportional to that portion of a
sensed image, represented by optical radiation 12, received by the particular pixel.
As is understood by those skilled in the art, the electrical signal of each such pixel



Alternatively, the acquisition interval for a pixel can be established

Wi t hout neeW(X95132580 external shutter as follows. Wth the appliosestoezia of
reset pulse 24, pixel 10 is initialized and an acquisition interval is
begun. The subsequent application of select 10 pul se 26, which serves to :
detect the radiation received by photodi ode 20, provides current signal 28
to convertor 30 and effectively term nates the acquisition interval.
Operation of an Inmage Sensing Array Fig. 3 shows an inage sensing array

120, conprising:, (i) a pixel .atra for receiving,incident radiation and
outputting o driscbe el oifnaichiib fg Foefeiitut i e Rictatand on bei ng

sensed cor r es pedodstiftddFrdih Wl signaCsieabf tHe pitel ImagAY rdyor 30 for converting
pi xel array current signals to voltage signals [ Ih‘lgz; a columm mul ti pl exer

70 for receiving tiwaagssensng amayyka0 providesamethed by whishitheglectrical pignaliofar r ay

80 and transm_jtl t.he. : - anated arrs olum to the
convertor 30, e%(%lo‘n?? l\}é‘lslz’a‘gtrj%;v??gggé%ir’l\g%gysgg?&da%gﬁéﬁﬂﬁ&é@%ygc‘% cfﬁﬁ?'ge 26,
sequenti ald y &ignalX8’ Iprudied By & ixel 10/1R pixeDartay80[ 3\ubtaitiedby)the followiry xel
array 80. Pixel arraﬁl 80 is shown as ' a 16 x 16 array of pixel's 10 for

purpose of i | methadsRasnscanarr 80 sevesiopsgvidann sleptrical poh detwegr p seasmer 512 x 512
pi xel array, ¢ .y 3“;1 . Hgﬁg e present
i nventi on. As?rgieaggquelg%%ﬁa v°\eﬂ,g°£‘15{r-°?%‘%t%§’f’gﬁ‘%%5 |se1t;‘)?((%uce \j\qk?ea?llﬁoptical ‘

radi ati on str ipikebareayy8(iInahe édmplerpravided, reye vetpat linet27 hassbegn désigmatedes from -

pixel to pixel and is proportiqgnal. . to.that portion of a sensed image,
represent ed bYSERYss & Bmste Hegp am whis! %ﬂéié\)g@cs -tﬁe‘e*ﬁatrﬂq?‘iﬁﬂsdﬁﬂ}ﬂ"xel. As
i s under s{good QM i ) : ~d 6 ' each-
such pi xeﬂtﬂo- s Bmlédﬁge saﬁh‘lblgﬁrzggg&gﬁ?aﬁm%?ﬁkF‘?/é?gf_&ﬂrgws%%@&igé'mgé S
to be retri evdtisaction elosesthe sebicesivitoharfeadhepixel 30 & the tdesigmatef rotw) inchidieg)

I maging array. .| e sensing arr 12 vides g nethod by i ch the
el ectrical si Qﬁ‘ﬁﬁ(gf argiaqpﬁnp&qiseqnq?%:trbqagg#)tﬁg?twg? %‘g'“’Eﬁﬂ“’g‘éPlﬁ?Egg and read
out i ndivi duakbyice Rrhial 5i¥ach pixel FET accumulator in the row selected by scanner 90.

The function of column multiplexer 70 is to complete an electrical path

15  between convertor 30 and the column in which a designated pixel, such as pixel 10’,

is located. This action by-col\nnn"multiplexet- 70, coupled with the closing of the
- select switch in pixel 10’, causes reference voltage 66 to be applied to the source

terminal of the accumulator of pixel 10', in the manner as was deséribed above for
the image sénsing device 100 of Fig. 1. When reference voltage 66 is thus applied to

20 pixel 10’, current signal 28’ appears .on multiplexer output line 76 between column
multiplexer 70 and convertor 30. The conversion of current signal 28’ into voltage
signal 50 is performed before the current signal from the next pixel is received by
convertor 30 This_prb‘ces_s- is continued until the current signal for each pixel in the a
selected row has been accessed and read ouf.

25 ' Subsequently, a successive select pulse 26 is transmitted along scanner input

| line 99, through row scanner 90, and to another output, such as row output line 27”.

Each pixel in the ﬁewly-selected row is accessed and a current signal is read out in |

the same manner as was done for the previous row. Each pixel row is thus accessed,

. -10-



5 signal 28, produced by a pixel 10" in pixel array 80, is obtained by
the fol | owi WOPEIZE¥Y. Row scanner 90 serves to provide an elPEFUSPHRIPpat h
between a scanner input line 99 and any one of the row output |ines 27
between row scanner 90 and pixel array 80. In the exanple provided, row
output line 27" has been designated because it runs. to the row'in which

pi xel 10' is located. A select pulse 26.is then 10 - applied to row out put
line 27° by way of scanner input |ine 99 and row scanner 90. This action

cl oses the sel ] ks s Jofl ; | i bel udi ng .
pi xel 10", andﬁc%%%%%‘{eggng%qg%g’tﬁlggr th%gﬁ?&b%? \%gfei%ﬂ_o ur?i?g R%ﬂ%%q (&q('e'r 70
‘and sour ce t erForreahmple, ntiow? kedn be rdadaome befotesecondirowtoBe r ow sel ect ed by

scanner 90. The function_of coJumm nultiplexer 70 is t onpl et e an

el ectrical path 15 [0 et RBRRABFRtTov 5Bt 99 fReluides &HEIpHIORpEaRS

desi gnat ed pi : ' ' Thi ;m;tpg WY F um

mul ti pl exer 7)(;?wc%u%ﬁggqﬁvf?dﬁt(ﬁag]ggl (')rélib?gh@f hgreslgyéez%&g\fﬁlgc i%aﬁpl xel 10",
causes r ef &r enwith stahdasd)dighal methdds using|tiapsmission patesandrineertoes: ron examyfle,t he
accunul at or of p{}xel 10,, in.t e Jmpnes as, was c‘estcr%b d abov? or the

i mage sensing Y& _F%ﬂm)@%?a“r—ql udepa MU ISR OB PeEPEST P D t hus
applied to 20 ﬂiledf)‘ihaﬁ&herrBW(EEDer%&H&lsrgﬁ'). ﬁﬁgﬁﬂgn&ﬁﬂli@é&'s%%ﬁé out put

line 76 between colum nulti plexer and convertor . The conversi on of

current signalcled input; with thetsalpet pulsgi29isesing as theeelock prlse. Idbisxosfighratiarur r ent

signal fromthe nﬁxt E_i xel, i ei ved r hi s@@r ocess is
B L

30.. T
conti nued unt i ¥} ] oldzqfr et ’a(‘:f‘? 'B%’é‘?tl%fr?yg%g“a FEH T W has

been accesged giyltheQafklddthnnet put line 99 andSelREGRUR 26 fr opRratidhCORE Ve sel ect
pul se 26 is transmtted al ong scanner input l'ine 99, through row scanner

90, and to ancopkadimentofirow sqaoner 99 is pravided niigl 6. rRulse26 is providegditathe in the
new y-sel ected 40w i s accessed .ascurrent sign | $<f &ad « 0 the sane
manner as was 8%@@@8&?9@’%’%%9?%3@"#8&?’ SHe cﬁ%ﬁ&?’gﬁlm’e’?\if ?52’ ?’ﬁt?? al%ycessed,
-10- | N anyméds ¢ lanfkr ifRA 8o 9., ThD’ Ipoftdf eadheRlipi i isTomiecRidtethear ray 80

have been read out. : )
' : output ‘Q’ port of the flip-flop corresponding to the preceding row. Thus, when

15  flip-flop 95" sends a signal pulse along row output line 27, flip-flop 95' is also
_ thereby set. When a subsequent pulse 26 is input on scanner input line 99, flip-flop
95’ will, in turn, send a signal pulse along row output line 27* and set the flip-flop
corresponding to the next row in sequénce. | ,
Using methods well-known in the art, column multiplexer 70 may be

20  comprised of a series of transmission gates with one pair of transmission gates for
each array column to which the column muitiplexer is connected. The operation of
the transrhission gates themselves may be controlied by a column digital signgl
decoder 78. Column signal decoder 78 may receive column select pulses 72 on
decoder input line 97 and sends out column control signals on column-select control

25  lines 74. This operation is more clearly illustrated in Fig. 7, in which a column
control signal 71 is applied to the gate 75g of a transmission gate n-MOSFET 75,
and a column control complement signal 73 is applied to the gate 79g of a
transmission gate p'-MOSFET 79. Incoming current signal 28’ is applied to one of
the commdnly-conneéted ends of MOSFETs 75 aﬁd 79. When column control

-11-



For exanple, _first row 91 can be read out before second row 92. In a
preferred enP®MHBP, row scanner 90 includes a D flip-flop peruesmkszow
contained in pixel array 80. The D flip-flops are inplenmented in accordance
5 with standard digital nethods using transm ssion gates and invertors.
For example, each row flip-flop can include a first input line running from
the output of a Dflip-flop in another row (e.g., the previous row). A
second input line can serve as a clock input, with the select pulse 26
serving as thesphaci Bes allBbiS ¢ £ ORE A QU QR I OVi net hod of
addr essi ng eac hrgr ow o?mp?lgeeslalgglréa& g%th?l;ﬁﬁ? ?:g?a (fngé’%l&ﬁ&g&f% swiigh [qan he
singl e scanner “Pmpitate kidhearSMitauctestaignal 285 wb ArltifexePbutPRGIn 760 WheN €

enbodi nent of Eﬁwcann?e]r . 90, 1 s%_&r]ovi ded in Fig. 6. Pulse 26 is provided to
the 'dk' port$ SOBIF rsaﬁnl"‘w gssstatetom legis *0,5beth nOSFET75-ahi ops 95,
95', and 95", BIWOBBBEY 79f Feen e QYA ' . D port of each
flip-flip is cgnnect ed tg“?ﬁg%t Sﬁf?wié&“ggrst“%g%t IP?(?'%'BFFB‘Eem signal

.~ correspondPng 2% Epth qolwnwof pixel acray 80 inEig. Wisabuslssparately addfes@Bled@ng Sends a

'"signal pul se a ' output line 27", flip-flop 95 is also thereby set.
When a subsequée(?\%{;&suq%s\ﬁél%sﬂuef“ffp'ut ‘on scanner “input line 99, flip-flop 95

will, in turn, sendInaa@bﬁﬂdha@iﬁh%ﬁerﬁii&ﬂ%é%l@%eﬂ%] 8 ggi'ﬁ%%%ggzet t he

flip-flop corresponding to the next row in sequence.
wel | -known i n Whetherimaginglisbeingnerformpedfoe still inagey obfor 2deo recorditig, SE Of a

series of tra ' with.one pair of transm ssion gates for each
array colum tg(' ﬁl E‘%@%ﬁgﬁr‘ﬂﬁﬁlﬁﬂﬁ?‘fgﬁaae%ﬁlpﬁéem‘fﬁ'ée&xemmwfm i on of
the transidssinthgahbsdiinbeshew,ahe £8t-pafte HA0 b g di gi t al

si gnal decoder_78. Col umm signal decoder e78 rrgd%‘z’g‘é’%‘f%”%ﬁ}% ect

|
pul ses 72 on d¥adsernnecipd;to 4 _ﬂﬁtsfe@?iliaﬂ&%seThtsewngmfkherpixelmﬁitheﬁrsﬁFﬁeﬂ S on
y

col um- sel ect : h .Jhis operation i s nore clear
illustrated i n&gl g. ﬂﬁlg?%comlc °%é’;38’inﬂ?mﬂ‘é’£ﬁ‘i%a&S&@‘mvw@%bﬁﬁ%d to
the gate 75g okhich tausessit fesétawitgh irfeadh MRS 6 irdix GOnGE Ol
conpl ement signal 73 jsm%?pl ied to the gate 79g of Eg'“?‘r"?%?n‘@&%@nn‘thésgte
p- MOSFET 79. [4GEOM#RRjies [pisrence voltage 6 to the photadingleiterthina ofeaeh pixet imefirst

comonl y- epNNefket dolaRfB28 hnd IdRERLS: 4o c&&%gn%ingvg}%] as lesléggedc é%rc])%é 1%|

- conjunction with Fig. 1. A second pixel column 82b is reset when a second column

C

- reset switch 86b is closed to apply reference voltage 66 to each pixel in second pixel
column 82b by way of second reset line 84b. The remaining pixel columns in pixel
array 8_0 are reset in a similar manner. Alternatively, resefthlg can be done in groups

- .20 of columns rather than singly. In a preferred embodiment, each column reset switch
is ganged with the other column reset switches to produce a global reset capability,
by which all array columns are reset upon appIication of a global reset pulse 124.

One altemative embodiment, shown in Fig. 4, provides for a parallél
processing capability. Image sensing array 220 includes two cbnve_rtors 230a and
25 230b, each used for converting the current signal on multiplexer output line 276a,

from column multiplexer 270a, and on multiplexer output line 276b, from |
multiplexér 270b.- With this configuration, the rate of signal output is approximately
doubled from the signal output rate of the configuration, such as ihai shown in Fig.

-12-



"signal 71 conprises a logic '1,' both n-MOSFET 75 and p- MOSFET 79 switch to
an on" st at woemasgoansnmit current signal 28 to nultipl exer PODURH062I4ne 76.
LV\hen’ col.um control signal 71 changes state to a logic '0," both n- MOSFET
75 and p- MOSFET 79 switch to an "off" state and do not transmt incom ng
current signal 5 28' . Each .columm of pixel array 80 in Fig. 3 is thus
separat el y addressabl e, and addressable in any sequence. In a typical

i magi ng operation, the whole of pixel array 80 is irradiated whet her

i magi ng i s bein erfornmed for sti)l. ir or for video recornding. The.
operat Lon begitn® WPhOHR oapvedt i oS NouClhe! iy e 6% LBF 20080 1)
pi xel array 8Qequid to dupplyHRwerRsbitEHveRtto 280a dld@30kset - pul se line of each

pixel in a first pixel col'um 82a is connected to a first reset |line 84a.

The resetting of t Mhisgmbetlindnnalshincludesa row digital signaldecedes 298 andca @ i shed

by tenporaril l.Qsin first colum re swi tch ' t he
reset swtch \F/’Hﬁ'é‘gﬁ’ﬁ’r g?@&’ o) .STIF&%"P’ ‘ﬂftfﬁfgé:aoﬁcﬁ?ﬂ?r ﬁggﬁt}h e‘gf}%@gr. 6)‘u,i'l'ﬁtlﬁliﬁ'act i on
appl i es_raf er anaRiswehhRGMoRS theCckdiSing BOpineli rowe i Rgikndeylor f ardaiedd opiexed i n
first 15 pi xel colum 82a and initrallzes the corresponding pixel as
descri bed abowesiied. dovgnfigutatiomhayingmpitiglexars for both-pixel rpwx and pigel srlmgsy | s

‘reset when a secopd.col .reset: 1 {C e ' erence
vol tage 66 to lse‘éf’fﬁﬁlb‘f lc%ng 8%%‘#3%@%’%@?‘@%%5%&%?&%?@ gt%ag{gg%h%‘er eset
line 84b. The grpBbNpirels ihpplel &2dyBUS nedesdary Eimage saging@rray 220 siset in a
simlar manner. ternativel resetti ng can be done in roupspdzjo of

col umms r at herindludes aglabgl lysetﬁ/i’ne a8 b whichaglebahtsart pulse mag De ruledim reset
itch i d wi 1G . i bal
swtch | slégange W@%ﬁﬂ?&lﬁ% o )lx}{gguoél% 27%%5&5%&9&%@909& oba

reset capability, rra urms are reset upon "application of
a gl obal r esetor RidkSEohid scanférs by inhichasikel arrayrEuiainnecuuld dwweessedinfai g. 4,
provides for a parallel processing capability. |nmage 8953&%[8&% a%r a)é 220

i ncl udes two cesmnensimiler to Yrpacgessing of rowssyith the zow s¢rlRey AvE&Png t he
current signal_,on [ - QUi Nt 1 ' er '
270a, and on ﬁﬂﬁ?vtvsl %é%é:&ﬁo%?&p}bot%’ Hv#eg ééfgl%s gf&%?ne&ﬁﬁfg%ﬁg?ggh %d&bﬁévﬁ(h this
confi gur at i on thé Hputai eachfcohingmial andmbgs densing amay 3201 Althebigh convertors 330a

15  through 330b are shown as being powered by two bias sources 340a and 340b, the

number of bias sources used can be larger as design considerations require.

.In this embodiment, current signals are converted into voltage signals before
passing through an outputting device such as a sequéncer or a multiplexer. Current
signal 28 flows along a column output line 376 to be converted into a voltage signal

20 50 on convertor output line 377. Voltage signal 50 is available as one of many
voltage signal inputs to a column scanner 370. Column scanner 370 performs the
“function of selecting one input voltage signal at a time to output as voltage signal
50, | | |
A reset line 384 is provided to receive a reset pulse 324. Reset pulse 324
25 | passes into a reset pulse distributor 386 which can be a sequencer or a multiplexer.
Reset pulse distributor 386 transmits the incdming reset pulse 324 to one or more

pixel array columns by way of one or more column input lines 382.

-13-



doubl ed fronkhug ;ignal output rate of the configuration, such as that
shown in Fig. - 13280 1 in whi ch only one convertor 30 i s uBEHUSIY96214t hat
only one bias source 240 is required to supply power to both convertors :
230a and 230b. This enbodi ment al so includes a row digital signal decoder
298 and a row mul tiplexer 290 for row selection, instead of a scanner such
~as the scanner 90 of Fig. 5 3. This feature allows the accessing of pixel
rows in sequence, or in another order as desired. A configuration having

mul tipl exers for bofHos@RiRed iheNEarbimely RiakEbthSUHIARS th &el&f‘&iﬁkdi n
applications such as inmage processing where acceSs to selected pixels, or
groups of pi xeimbodiments inaccqrdangy with thetepehings ofthe inventige Thereforg ther r ay 220
al so i ncludes g, a0k | by. which.a gl gbal reset pul se may be

i nputted. 10 i aﬁi‘?ﬁ?‘?&ﬁ%ﬁ%@ﬁ?@%@‘ﬁﬁ&%l PHIESRFs 270a and 270b
can be replaced by one or nore columm scanners by which pixel array colums
coul d be accessed in a manner sinmlar to the accessing of rows with the row
scanner 90 of Fig. 3. Fig. 5 shows such a configuration, having a series of -
convertors 330a through 330b, one for the output of each colum in an inage
-sensing array 320. Although convertors 330a 15 - through 330b are shown as
bei ng powered by two bias sources 340a and 340b, the nunber of bias sources
used can be | arger as design considerations require. In this enbodi nent,
current signals are converted into voltage signals before passing through
an outputting device such as a sequencer or a nultiplexer. Current signal
28 flows along a colum output line 376 to be converted into a voltage
signal 20 50 on convertor output line 377. Voltage signal 50 is available
as one of many voltage signal inputs to a colum scanner 370. Colum
scanner’ 370 perforns the function of selecting one input voltage signal at
atinme to output as voltage signal 50". Areset line 384 is provided to
receive a reset pulse 324. Reset pul se 324 . '

-14-



25 passes i set pulse distributor 386 which can be or
a nul tipl exer"%’%es gt’sﬁzpul se distributor 386 transmts the i ncWS@@g?
pul se 324 to one or nore pixel array colums by vvay of W%

i nput lines 382. -13- Those skilled in the art may nake ot her changes to
t he descri bed enbodi ments in accordance with the teach| n ﬂm!” m,wumu,m,

i nvention. Therefore, the enbodi nents descri bed should n

inalimting sense. -14- VWhat is clained is: 1. An i mage sehsih

device for converting incident optical radiation into an electrical S|gnal
out put corresponding to the anmount of radiation acquired, said device
conprising: a photosensitive elenent for receiving the optical radiation
and generating 5 CWRALGS cafthddigr S I n proportion to the quantity of

radi ati on acquired; charge accunul ati on neans, for collecting the charge
carriers generated by said photosensitive el ement whereby an el ectrical
field is produced, the na nltude of e.electrical field sqg produced being
proportional to the Guant gﬁﬂgvgﬁﬁpl8F§”E?ﬁ¥¥£;qﬁfp“i lation nto
vari abl e resi sta@&uiad alroa goﬂdih g8ttt ArlAibEr AdiaHOR Ahirt) si¥BANS.
wherein the resistance of said variable resistance neans 1s correlated to
t he magni t ude odevim@ompésing:i cal field produced by said charge accunul ati on

nmeans; a signal sensij and a.reference,vol tage ur ce i) for
appl ying a 80| t age t%pq'g)ﬁ és“t& e flem e(ﬂtgo recelvmgtheoptlca?radla on and génezatmg

5 charge carriers in proportion to-the quantity of radiation acquired;

charge accumulation means, for collecting the charge carﬂérs generated by
said photosensitive element whereby an electrical field is produced, the magnitude
of the electrical field so produced being proportional to the quantity of charge
carriers collected; |
10 variable resistance means, responsive to said charée accumulation means,
wherein the resistance of said variable resistance means is correlated to the
magnitude of the electrical field produced by said charge accumulation means;
a signal sensing line; and
a reference voltage Source, (i) for applying a voltagé to one end of said |
15  variable resistance means via said signal-sensing line wheieby a current signal
| output is produced, the amplitude of said current signal being proportional to the
electrical resistance of said variable resistance means and (ii) for maintaining said

signal-sensing line at an essentially constant potential.

2. The image sensing device of claim 1 further comprising:
current-to-voltage conversion means for receiving said current signal output
produced by said reference voltage source and for producing a voltage signal output
having a value cor_responding.to the amplitude of said current signal output produced

S by said reference voltage source.
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15 vari abl e resi stance neans via said signal-sensing |ine whereby a

current si J¥APSBT¥%ut is produced, the anplitude—ef—said cRCOTISesRs2LNal

bei ng proportional to the electrical resistance of said variable resistarce
neans and (ii) for maintaining saldmmuﬂ!!gimmllmnl ne at an essentially
constant potential. 2. The i mage i Neeldt claim1 further
conprising current-to-voltage conver si off an% for receivi ng-said current

si gnal output produced by said reference voltage source and for producing a
vol t age si gnal ougput FaYo e r gﬁgg ' ne i.tude of said
current signal out3.8ut g%gﬁ%gg?"%ﬁé%ﬁgé’? re?girl@%(ggglval .'ré%%psfcl;{lﬁﬂgse. - 15-
3. The i ndigeplacing saidjphivasensitivf elaherit intd afdepleied stamoniprétsi cofledteb et neans
for placing sgi d FhOt o}sﬁesﬂé(iH}li v.g %emant int.o a depleted state whereby

col | ected ch&PYec 5P paid ghargs aecumulation MEaRS| ati on neans. 4. The
I mage sensing device of claiml| wherein said photosensitive el enent

conpri ses a photodi ode. 5. The i nmage sensing device of claim1l wherein
sai d vari abl e r es#st andbe imagesensingylevice of tlaim ¢ twderein said photdsenditiveef f ect
transi stor. The i ma ensing device of claim5 wherein said charge
accumnul at i ongmgc"Wﬁ‘g@@%‘ﬂﬁeel d-effect transistor. 7. The i mage
sensing device of claimb5 wherein said charge accunul ati on neans conpri ses

a dielectric capacitor. 8, The image sensing device of claim5 wherein
sai d charge accuniM at i &he imagasensingslevice of claim 1 Whetetmsaidhyriableaesistance . The

| mage sensin V] ' | n.sald current-to-voltage conversion
neans conpri glgg&aéﬁgﬁ’ﬁgésa %gfﬁ“g‘]f‘g‘a"ﬁ%ﬁeﬂ%?“ih ésltj‘?resi stive feedback el enent.

6. The image sensing device of claim 5 wherein said charge

accumulation means comprises a field-effect transistor.

7. The image sensing device of claim 5 wherein said charge

accumulation means comprises a dielectric capacitor.

8. The image sensing device of claim 5 wherein said charge

. accumulation means comprises a diffusion capacitance.

9. The image sensing device of claim 2 wherein said cim'ent-to-voltage
conversion means comprises an operational amplifier and a resistive feedback

element.

10. The iniage sensing device of claim 3 wherein said reset means
 comprises an electrical reset switch, said electrical reset switch situated between said
photosensitive element and said reference voltage source, whereby closing of said |
electrical resef_ switch completes an electrical circuit between said reference voltage

5  source and said photosensitivé element.
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10. The i mage sensing device of claim3wherein—sakd reset neans .

conpri ses anWQ¥xsdocal reset swi tc Iectrl cal reset PEIUSHSBRIdUat ed
bet ween sai d photosensitive el enent MH :i e vol t age source,

wher eby cl osing of said el ectrical, _ et es an el ectrical
circuit between said reference voltage 5 source and sai d photosensitive
el ement. - 16- 11. ‘An i mage sensing array for receiving optical

radi ati on froman image and produci ng an electrical si gnal out put, said

i mage senS|ng array onpr|3|n ea one refer e source, a
plurality of pixels, l(iarr ?ﬁenrﬂgﬁgng%goré%qe %Filrra% a@?‘ﬂ@“l’lﬂﬁge
optical 5 r i Edd@&nﬁaaelacmaldugmwtpaosmmegensmg afrapbohpiangsi ti ve

el enent for receiving the optical radiation and generating charge carriers

in proportion to th@tlfa%tﬂpﬁtﬁfefélﬁcer"@liﬁmﬁomeacqw red, b) charge accunul ation

means for collectin ( itive
el enrent whereby an %PZ@E‘H‘P’ ﬁ{)‘%ﬁéﬁgz[ngéﬂnsmgﬁgg%wlm e #gérmegv l?gg&tg?’ i@%ﬁd :
el ectrical 3i elradiagon)etiuaidchite? corgpising @) 4 photedensitivé elementdor retaiviag thk0

charge carriers collected, c) variable resistance neans, responsi ve to said
charge accumul £pfigal radiation aneuseneé#twgtqhérgp ERITIEESIR ewpem%év the\guantity pe

resistance ”Ea'}gdxh i géﬁﬁédghﬁﬂ]a}ag[% el RGN &%&9@ f&fcoﬁ g%&xﬂ%&%&?&m@ﬂsean q

produced by sali I on neans, sensin
e) a pixel sel geherawd be kaid phétosinsitive eleinent wissety aneleetrmabﬁeldﬁﬂ prodieced,ahie ce
and said charge accunul atjon mean closing said pixel select

f 15
switch to. corrpllﬁ"!gélt!i# i saidslectrigal é?lfjgir!lpwd(lﬂd heggapenaptenal i) the guantity ofne end
of said vajg ablcﬁa{gﬁ?&&%&%ﬁe&@@ﬁﬁﬁﬂlﬁ@é iflark it ?&g&lﬁgfﬁl éira] twgo}t&%% ) to

mai ntain sald sig sensin ne at an essent ial, and
(iii) to pr oduczeammlﬁimnheam,aivhemgrﬂwrps:kthm:ea:mnd tvmhblexfesxsthnceahms is cal

signal being proportional to t electrical | stance of said variable
resi stance near?é’"eét? 1o the ma ‘“‘f“o‘?/é ei"t?f“%é‘ﬁg Progpeed hyseid e pi xel
sel ect sw t chegcaim@btidiiedns )% sifhPéehsifl line, and ¢) a pixel select switch, situated

between said reference voltage source and said charge accumulation means for

15  closing said pixel select switch to complete an electrical circuit (i) to apply a voltage
to one end of said variable resistance means and said signal-sensing line, (ii) to
maintain said signal-sensing line at an essentially constant potential, and (iii) to
produce an electrical signal, the amplitude of the electrical signal being proportional
to the electrical resistance of said variable resistance means;

20 row select means for closing the pixel select switches of at least one selected
row of said pixels; and | |

coiumn select means for receiving the electrical signals produced by said
pixels and for outputting the electrical signal produced in at least one selected

~ column of said pixels.
12.  The image sensing array of claim 1 1 further comprising at least one

current-to-voltage conversion means for receiving the electrical signal produced in at

least one of said pixels upon closing of a corresponding said pixel select switch and
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row of said pixels; and colum select neans for receiving the electrical .
si gnal s pr (WIS ’Ey sai d pixels and_i_Qu)At_put ting the el emmé%ﬁmﬁ%l‘*gnal
produced in at |east one selected col um of said pixers. The i mage
sensing array of claim 11 further co’ one ,
-current-to-vol tage conversi on neans m,ﬁma ﬂﬂ ”m el ectrical signal

i

produced in at |east one of said pix€elspsbn el os of a correspondi ng

said pixel select switch and -17- 18 for producing a vol tage signal :
having a val g ek AVRaRkibd) hiVingiPlhd difesiinatddo the arflifideded 1 0nal
13. The i mage sensing artay of claim1l furt onpri si ng reset neans,

for placibng elactdcglisignekensitive el ements into a depleted state. 14. The
Jimage sensing array of claim 11 wherein said photosensitive el ement
conpri ses a phot odi ode. 15. The image sensing array of claim 1l wherein

said variable resjst a%lﬁﬁ@@&tﬁﬁl@%?@ﬁclhﬁﬁlpﬂﬂm&%m%sﬁag rbs2h sheglsf ect

transistor. 16. The inmage sensing array of claim 15 wherei n sal d’ charge
accunul at i onforplasingseidphotosensitiveiclamentsfinto@tdepletedstate.or . 17. The i mage

sensing array of claim 15 wherein said char ge accumul ati on neans conprises
a dielectric capacitor. 18. The i mage sensing array of claim 15 wherein

sai d charge accumd.at i Dhe ifRge Sengin mgmsaeﬁcmnﬂlﬂvu&tmam%tasé@m 19. - The
I mage sensi ng array of claim 12 ereln said current-to-voltage conversion

means conpri ertreompeisestd phetadiedep| i fi er and a resistive feedback el ement.

15." The image sensing array of claim 11 wherein said variable resistance

‘means comprises the channel of a field-effect transistor.

16. = The image sensing array of claim 15 wherein said charge

~ accumulation means comprises a field-effect transistor.

17.  The image sensing array of claim 15 wherein said charge

accumulation means comprises a dielectric capacitor.

18.  The image sensing array of claim 15 wherein said charge

accumulation means comprises a diffusion capacitance.

19.  The image sensing array of claim 12 wherein said current-to-voltage
conversion means comprises an operational ampli_ﬁer and a resistive feedback

element.
20. The image sensing array of claim 13 wherein said reset means

comprises at least one electrical reset switch, said electrical reset switch situated

between one said photosensitive element and one said reference voltage source,
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20. The i mage,.sensing array of cl m said reset neans
conprises at qﬁﬁﬁ””éﬂe el ectrical res d_el ectri cACTUSIYG6214
swi tch situated between one said phot m ” @# t and one said

ref erence vol tage source, 19 wher eby [ d el ectrical reset
switch conpletes an electrical circuit 5 bet ween said reference voltage
source and said photosensitive el enent. 21. The i mage sensing array of
claim 1l wherein said row sel ect nmeans conprises a flip-flop for each row

of said pixels iwhefeby@ldsipT shid RicRialresed Ywitdreompletbian é!&ﬁ?ca?éi?&ﬁt”g array
of claim 11l wherein said colum select neans conprises a pair

transni ssi or® gathetveen said aefprenes \pitagoIousgiand paid phetosemsitiug demm;;e sensi ng
array. 23. An i mage-sensing array for receiving optical radiation from an
i mage and producing an electrical signal output, conprising: at |east one

reference vol tage sogice, menhageabﬁsﬁngafaymfmiml%eengmmgewwmaaﬂ
colums, for receiving the optical radi ation, each said pixel

conprising: a) &oenaﬁeafaa@wéw qae'&e&mfrﬁgldtméeli)msa@dmageaﬁnamgmaaand
generating charge carriers in proportion to the quantity of radiation
acquired, b) charge accunul ati on nmeans for collecting the charge carriers
generated by sai d ph@eodi Gileindperseisyngratraglof claim ¢ whetetr @id colphpsileced, t he
magni tude of said electrical field so,produced being proportional to the
quantity of chamén%%ﬂmme%amro trangmission gates o egelrGolsprof said mixelninesaideans,
responsive to sai, urmul ation nmeans, so that the resistance of
sai d variabl e resi tance medns is correlated to the nmagnitude of the
electrical field produced by said charge accunul ation means, d) a signal
sensing line, and e) pi xel, sel ect S\Mtcgﬁ si t yat ed et ween said reference

vol t age source and sasd chaFageusing AHRY 95 reselying optigal raciation feam Agyireages aj d
pi xel 15 sel ‘iﬁ& ?ﬁéxﬁ?aﬁ@l@%@il%&nﬁrbuﬁi&%fdpﬁ@hgm rcuit (i).to apply a

vol tage to one end o]
at least one reference voltage source,
a plurality of pixels, arranged in rows and columr;s, for receiving the optical
5  radiation, each said pixel comprising: a) a photodiode for receiving the optical
radjation and generating charge carriers in proportion to the quantity of radiation
acquired, b) charge accumulation means for collecting the charge carriers generated
by said photodiode Whe_reby an electrical field is produced, the magnitude of said
electrical field so produced being proportional to the quantity of charge carriers
10  collected, c) variable resistance means, responsive to said charge accumulation
means, so that the resistance of said variable resistance means is correlated to the
magnitude of the electrical field produced by said charge accumulation means, d) a
signal sensing line, and €) a pixel select switch, situated between said reference
voltage source and said charge accumulation means, so that closing of said pixel
15 select switch completes an electrical circuit (i) to apply a voltage to one end of said
variable resistance means via said signal-sensing line, (ii) to maintain said
signal-sensing line at an essentially constant potential, and (iii) to produce an
electrical signal, the amplitude of the electrical signal being proportional to the

electrical resistance of said variable resistance means;
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vari abl e resi stance means via said signal-sensing line, (ii) to maintain
sai d si gndvo8¥s8ihg | i ne at an essentially constant potenthcalgsososii{iii) to
produce an el ectrical signat; npiitude of the electrical signal beihg

proportional to the electri [ said vari abl e resi stance
means; -19- 20 eﬁﬂm‘gmﬂ mﬂ'for cl osing the pixel select
swi tches of at | east one sel L 0% sald pixels; colum sel ect neans
for receiving the electrical signals produced by said pixels and for

out puttihng the el ectrical :sj roduced in_at .l east e sel ect ed colum
of sali did;i xel s; i Sgle&a}ne?-ig g’t@%loéaggg eoﬁéég(:sﬁlrg?tes&'t'tpﬁ?-o\f&fjgﬁﬁgn%fﬁi?f:g i on
means for ree6wiofisaid piXel; el ectrical signal produced in at |east one of said

~pixels upon closing of a corresponding said pixel select switch and for .
produci ng a vol t £gBun sglest meansiforgeesiving the elestricaksignaly preduced byisaidnpl i t ude of

the electri | "fﬁm n . | DG.S.al di odes into a
depl et ed st tee}éég%%o e 1%@3?"5@%@%‘ aiaﬁog'géeg?ﬁ gﬁqgi&%b%&\?ﬁ%ée ein said
vari abl e r esohimansfsaidegrxeds;conpri ses the channel of a field-effect o

transi stor. 25. The i mage sensing array.of claim 24 wherein said char gé
accunul @t i on neadbleasops FUERIt-to-yoliage cayversion means forgecsivingthe electrical | nage
sensing arr ' i ' fsqg][ l.at ] conpri ses
a dielectri %Ygggfpparg#t?dgg‘-ir?%_}w&%hdg siﬁﬁgg(ee S r?g:ar?gﬁg:b?‘gf o#ssg?‘g}lf%gbi% wherein
sai d char ge piet sefedt awitcinamicfornprodusing a seltaga signilthasinga vahup 2oirésponding 28. A

met hod for converting, optical ragdi.ation. into an electrical signal
cor r espondi ﬁ%%&‘ﬂﬂ%‘@?d&r?gmﬁe?wcﬂgﬁg’ﬁlﬁa&ﬁ received, said nethod conprising
the steps of: reset means, for placing said photodiodes into a depleted state.

24. 'I"he'imagé sensing array of claim 23 wherein said variable resistance

means comprises the channel of a field-effect transistor. -

25. The imagé sensing array of claim 24 wherein said charge

accumulation means comprises a field-effect transistor. -

26.  The image sensing array of claim 24 wherein said charge

accumulation means comprises a dielectric capacitor.

27. ° The image sensing array of claim 24 wherein said charge

accumnulation means comprises a diffusion capacitance.

28. A method for converting optical radiation into an electrical s:gnal
| cofresponding to the amount of radiation received, said method comprising the steps
of: |
generating charge carriers in proportion to the amount of optical radiation
5 received; |

collecting the charge carriers generated;
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génerati ng ch@,&? %gri ers in proportion to the anmount_of optli&%sgg ilgtion
5 recei ved; CcoO ?ec ing the charge carriers generated; -20- produci ng

an- el ectrical field, the nagnitude of u [ EM“II el d so produced

bei ng proportional to the quantity of mnmﬁ Wmnuﬂ col | ected; providing

an el ectrical resistance proportional to fhemaynitude of the 10

electrical field produced; and producing an electrical signal, the

magni tude of the electrical signal being proportional to the value of said -

el ectrical resi stancerodéing an ¢lectrinaltfiebd] thefmagnitiude @Bhd electhieal fiekdrspr i si ng t he

step of maintaining one.end of .sai | ectrical .resistance at an essentially
dlge ieated:

const ant pot ent P5? n&HOE%{P&"%?%’S‘eGM% caieE @ al signal.

30.  The nmethod of glqjidihesh ledtiiéle fesEOMBE hropitiohd]l o e AhgRitudeTYIRY L1 Ng sai d
electrical signal into a voltage signal having a voltage |l evel proportional

to the magni® udeleofricgliield ptoduced; andd si gnal . 31. The net hod of claim 28

Subscquent Lo sai o SPECEREBY BBTTEAG S B aenien ST ARG Sgii Seing

proportional to the value of said electrical resistance.

29.  The method of claim 28 further comprising the sfep of maintaining
one end of said electrical resistance at an essentially constant potential prior to said

step of producing an electrical signal.
30.  The method of claim 29 further comprising the step of converting
said electrical signal into a voltage signal having a voltage level proportional to the

magnitude of said electrical signal.

31.  The method of claim 28 further comprising the step of clearing'
collected charge carriers subsequent to said step of producing an electrical signal.
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