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present invention relates to i nage sensors which use a
stacked aval anche nmultiplication layer to anplify the

intensity of |light captured by a pixel circuit.
BACKGROUND OF THE | NVENTI ON [ 0002] Amid the rising
popul arity for digital inage devices such as digital
caneras is a demand for increasingly higher picture

. . casi .
A RIS He S PR S EACRERERT AN CREDIR L SR LICA DION TATER
t he housARgs 19w VOPARAS RELBIPOT ELECTRONKES Sary
to reduce the sizes of the electronic circuits in the

device, including the image sensor. However, upon
shrinking the size of the inmage sensor, a tradeoff
must be nmade between resolution and the signal |evels
outputted fromthe image sensor. If the resolution is
kept the sanme upon reduciaﬂithe size of the inmage

sensor, the size BFEIA (AF EIINNERNTRE@N

proportionately reduced. Smaller pixels reduce the
amount of charge that can be collected by each pixe

[0001dur i ngTherptpsertxipusntios, refgtescto inrmge semsorewbicbaist Retacked avalanche
sensitivity of the imge sensor. Although the reduced

multifiRA8H Lkt ¥ ShHPEGIthE alteREyUIRAE cAYutRChEAPhHRY ik ABL.
integration (exposure) time, this is an undesirable
"sol ution" because increasing integration tine also 1
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BACKGROUND OF THE INVENTION

[0002] Amid the rising popularity for digital image devices such as digital cameras is a
demand for increasingly higher picture resolution and for increasingly compact designs of
such devices. Due to the interior space constraints in the housings of the compact designs,
it is necessary to reduce the sizes of the electronic circuits in the device, including the image
sensor. However, upon shrinking the size of the image sensor, a tradeoff must be made
between resolution and the signal levels outputted from the image sensor. If the resolution
is kept the same upon reducing the size of the image sensor, the size of each pixel must be
proportionately reduced. Smaller pixels reduce the amount of charge that can be collected
by each pixel during image exposure, which in turn reduces the sensitivity of the image
sensor. Although the reduced sensitivity effect can be offset by increasing the integration

(exposure) time, this is an undesirable “solution” because increasing integration time also



i ncreases the potential for obtaining a blurred i mage
if there is any novenent by the inage subject or the
waleoso®6our i ng exposure. On the other hand, i nPOF/UB2008/626253
mai ntain the same sensitivity without having to
i ncrease integration tine, the pixels nust be nmade
larger, which [imts the resolution. [0003] One
sol ution towards achi eving both a nore conpact size
increases chdpgtentiatefge obtpiktih i tayblinsed iraggeo elakrk s éir(;‘zl\mvdmagd)y the image
Sensor Overlaid with a HARP Phot oconversi on Layer,
: p ' Rr.ogr
subjectife e PHATE R oBogureP QL HE2SEet %rﬁ%e%e%.&%e@ﬁaﬁw the same
.Advapced ] mage Sensors, 211- 214, h|s I, ma
sensitighwghout fm 0t ECERR O RES, /ﬂﬂ%ﬁ’a‘e st e rﬁ?@fe]farger
C|rcuit 902 is overlaid with a stacked charge
which hmditsi ghk yesodutphiot oconver si on | ayer, such as a hi gh-gain
aval anche rushi ng anorphous phot oconductor ("HARP")
phot o- conver si on Iayer 904 for anplifying the Iight
i gnal produced by ch pixel. [0004] Wen a
[0003306 PRG&Sqlpgon &p‘@%rdg afirevag both wqrﬁ éommr-f ql%?y@?do
a charge 910 in the formof holes is generated and
qualityaigpliscidsedl i 6CIVBO$ Tiiage Sendod OvdrRidaithl €MARP Rhotogonversion
being propel | ed through the HARP | ayer 904 to the

Layer, oMy PP, s RATRRL S tfhﬂ%%é’f’*%‘)nf?@?é@%}EEEfW%kshop on

P | ayer 904 s th the a I|f|e t signal
Charg%uﬂh% CY‘&&%H}#%QY%C%E‘F‘%%%%&% ZSIZR fgliﬁéfﬂage sensor,
904, is conducted into the pixel CIFCUIt 902 as
which & shotw nafI@hdrigend TRethehsdrd eiracie 9008l iatesladd with a stacked charge
storage node 914 in the pixel circuit until the pixe

multipgfi‘{l% ghét&c%ﬁg%&é% é%)éﬁ_as‘f&h\ééﬁ' %Qﬁh Sab A rus Cfphous

t swmtc he anount® o arge accunu ate

image

h h
photogoneduct?odre(“?-ﬂ%mwl ltl:otoI c%nversmn layer 904 for amplifying the light signal

produced by each pixel.

[0004] When a photon 906 hits the upper surface 908 of the HARP layer 904, a
charge 910 in the form of holes is generated and amplified to many times its original level
while being propelled through the HARP layer 904 to the bottom side 912. The pixel
circuit 902 is electrically connected to the bottom side 912 of the HARP layer 904 such
that the amplified light signal 910, upon reaching the bottom side 912 of HARP layer 904,
is conducted into the pixel circuit 902 as electrical charge. The charge accumulates at a
storage node 914 in the pixel circuit until the pixel data is read out by activating the gate of
a row select switch 916. The amount of charge accumulated at the node 914, which is

proportional to the intensity of light 906 detected, is read out. In this manner, the image
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proportional to the intensity of |ight 906 detected,
is read out. In this manner, the imge 2 WO
wQoe4Ne609 PCT/ US2003/ 026253 sensor of Fl GSPCI/BSENE026253
1B all ows each pixel to capture inage data with an
intensity and sensitivity equivalent to that
attai nable by significantly |arger pixels which do not
have the avalanche nultiplication capability. As a
sensor eSINGS. Ifsend il BalldaRRatiaye] toraptws imhge Hamgeith e adtehsity and
to be inproved wi thout having to increase the size of

sensitivit® lehﬁﬁﬂl%n@%]ﬁﬁrt la_?cﬁiﬁﬁﬁbﬂc by_[s%?ﬁ%an'd 1%'?5?129%{%19 \ﬁﬁ&l@ﬁg not have the

aval anche multiplication’in Rl

el ectri.c.fi.eld f..aboyt 106 V/cmijs ired, which .
avalany® lliitaHO  ngiiGr s ancoie st ph FUARE gt ppables the image
between 50 - 100 V to the HARP layer. In a typical

qualityjrgrbe imprpyed evisiryt havingagescrofsel the size tofiaine mhaget seBsor array.
are used in the pixel circuit connected beneath the

HARP | ayer, with the pixel circuit generally having a

r eakdo vol tage of arpund 20 V. Wyen the intensity i
[00055f me‘%ﬁ% e highin. ?‘@llﬂncgﬁ mylEpliceHge 18 &he SFARR layer, apeslectric field
upper end of the detection range for the charge
of abamu[10f §Arimiy rphnairat; ovhiet &iaohicked by applizgvol opgeineveitage of
accunul ating at the storage diode beneath the HARP

e R0 P ABSIAND ffcinl i SRR AL e of e
. . . wh h .
i oA B B 8 S GBSl 0 BTRISs wih e
breakdown of the readout conponents of the pixel

pixel ddicnig\gencrajlp baehg fidraduiosasvaltigs gfnahireh?20 31 t &Vipdrsthiednensity of
been made to build a pixel circuit having a higher

the inGHEANENMD A Ple§AABBE GenshPis@X BPLFp QenSUH e ditehon range for the

tol erance pixel Circuit is
charge multiplying photoconversion layer, the voltage level accumulating at the storage
diode beneath the HARP layer approaches the level of the operating voltage applied to the
HARP layer. Thus, voltages of 50-100 V may be applied to the storage diode when the

image sensor is exposed to a strong light, resulting in a breakdown of the readout

components of the pixel circuit.

[0006] To address this problem, attempts have been made to build a pixel circuit
having a higher breakdown tolerance. An example of such a high tolerance pixel circuit is
disclosed in the article by T. Watabe ¢z /. mentioned above, in which the pixel circuit is
constructed as MOS transistor having a double drain structure. This structure is shown in
FIG. 2, in which the n-doped drain formed in the p-doped silicon laycr"922 includes a low-

dose n- region 924 surrounding a conventional high-dose n+ region 926. The double
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di sclosed in the article by T. Watabe et al. nentioned
above, in which the pixel circuit is constructed as
wOoB401wnsi st or havi ng a doubl e drai n struct ureCT/UB2083/026253

structure is shown in FIG 2, in which the n-doped

drain formed in the p-doped silicon |ayer 922 includes

a low dose n- region 924 surroundi ng a conventiona

hi gh-dose n+ regi on 926. The double 3 WD 2004/ 019609

drain MCI} U8RESBL 62628 wds sliawiMosadhievesingtnoiurarice yoltageupas just under

shown to achieve an endurance voltage up to just under

60 V. 63 oWevdiOWBYEHal MOSHEEH&ioNPRot @b ahired fdX BERAF the double drain
required for formng the double drain MOS transi stor,

nd.the size of t ransi stor makes it difficult .
MOS BSOS, g e, St MO FEE G kR KrBishlstp il pixe
. sensors. [0007] Another problem encountered in typica
sizes fpilmphirpsnetior iagessonbem. t he vol tage |evel at the
storage node rises is that the effective voltage
appl i ed across the photoconversion | ayer decreases,

i ch, af t he char ge [ i f.i [ function of th
(000781107 Gitbe RIOGET spesutEsi it FARD iREe sriarguhehine

shown in FIGS. 1A and 1B, as the charge representing
voltaga layet gcthedtdraghnodl¢ des if thanthdefddaRPvoliagerapplidd aomss the
accunul ates on the node 914 of the storage diode, the

photo¥SHveAE6n Blyet & rOREE which ARGELRI hardealsplIRatiBf function of the
potential "difference between the operating voltage

phorog b5k O S T oS s L 508, s e

saturation and a nonlinear response in which the
chargestegrrsknting eldstaceasblighsdlaws frore thedfARY laey P64 aadacaonulates on
correctly represented in the pixel output.
the node 914 of the storage diode, the voltage at the node 914 increases, causing the
o ~ |
potential difference between the operating voltage V... applied to the HARP layer 904
and the storage node 914 to decrease. The result is pixel signal saturation and a nonlinear

response in which the signal levels recorded by the imaging device are not correctly

represented in the pixel output.

[0008] To address this problem, it is necessary to find a way to amplify the intensity of
light signals by the same amount under bright light conditions as for lower light
conditions, by either accounting for the loss of effective operating voltage across the charge
multiplying photoconversion layer or otherwise addressing the decreasing amplification in

bright light conditions.



[0008] To address this problem it is necessary to
find away to anplify the intensity of 1light signals
whyooheesane anount under bright |ight conditiPOEUS®03/026253
for lower Iight <conditions, by either accounting for
the |l oss of effective operating voltage across the
charge nultiplying photoconversion |ayer or otherw se
addressing the decreasing anplification in bright
| i ght condi t (BRIEF U OF1 OB IIREENISLIY3/ 026253
BRI EF SUMVARY OF THE | NVENTI ON [ 0009] A first aspect
of the present invention serves to mtigate problens
[00093s s 0cA dirse dspeti bf tHehgreteing nwenkivagesestn niitigmy pbeblems associated
generated by a HARP | ayer under bright |ight
. I . o
with (iR AR RGP B Bh e I FERAE BRe{Ubdss brghfihe
.protection circuit preyents the pixel, circuit from
condigprsRY WGORARALR & RIOEHPR, grqlgtg@tg fhe pizelgiscit coppgcteq to the
reaches the operating voltage applied to the charge
HARPrisdyti. pLlé peptpéidrodanmepisvants Haypixeli drengdpon decaling dewn when
i mge sensor being exposed to a strong light. In
the v H e A AR EAREL R ik VolPlec cDUE B A charge
.ﬁqnfiqggations.in whi.ch additional, voltage Snlering q
muldplFagRhespcaqVersinn laystdhreprasc it iyd Magr P?%P{/ figs exposed to a
phot oconversi on | ayer over a predeterm ned threshold
strong/lighitagén peniehlarj the girssipan edticliebOthe presenh imgntibe may be designed
st orage node and other | ower voltage conponents

in anydéme%r _ Bl %hﬁc@loé]cgjiﬁénﬁ‘véfi&g‘&t@ﬁﬂg Che ﬁ9i.fxelt ARt from

present 1 nvéntion addresses the probl em of pixe
the charge multiplying photoconversion layer over a predetermined threshold voltage level

is dissipated before reaching the storage node and other lower voltage components

downstream therefrom.

[0010] = A second aspect of the present invention addresses the problem of pixel
saturation and nonlinear amplification of the image signal output from a charge multiplying
photoconversion layer by incorporating an output control circuit into the pixel circuit
connected to the charge multiplying photoconversion layer. Preferably, the output control
circuit is constructed as a charge trans-impedance amplifier (CTTA) circuit including at least
an operational amplifier, wherein the CTIA serves to fix the voltage level at the storage
node to thereby maintain a constant effective operating potential across the charge

multiplying photoconversion layer.



saturation and nonlinear anplification of the inmage
signal output froma charge nmultiplying photo
w@ornumtsdIon | ayer by incorporating an output cPEI/U81003/026253

circuit into the pixel circuit connected to the

charge nul ti plying photoconversion |layer. Preferably,

the output control «circuit is constructed as a charge

trans-i npedance anplifier (CTIA) circuit including at
[001]]eastIn ame openpiiyemabodimeht bf dre, owmher edmirdlerc@flivaccordance with

serves to fix the voltage level at the storage node

the inb@tdig tROYIFORIVE B thodis HRNatadUd £148GIHNEEoQRRERII dement at a
pot ential across the charge nultiplying

t oconversion.layer., 5 2004/ 019609 .
const B GEST S BseD e Diyba A i ke s peERgRRREROf the
of the output control circuit in accordance with the
photocapeansippelendns. dfrfosleeri axempliry sgdbodiment oftaai oeguncontssl circuit in
a photoconversion elenent at a constant |level to

accordnR¥ high @hel ihi@RlonOldPlbestthe QUBARUcrdBeh&phbiRonversion clement,
operating range of the photoconversion el enent.

ot her enphary enbodi nent of .an .oyt put , contr,ol .
ant AR o U G mERR R e R R GHEPF G085 B3 plagoconversion
the vol tage across the photoconversion el ement, and
clemenyr Arbird|e3gmplarn pinbatingensorfithe svepnttcoetioheigatis ppvides a linear
obt ai ned fromthe photoconversion elenent. Athird

outpu@Xigipl iarywapke doAtitiond fintintheQtr Rk G HOphbESHeksion element
provides a linear output signal in |ow light

ey . unt.i | current fromthe photoconvyersi.o
reach ¥ AN MR chicsh G Bl STy Qo SRl g then
. whereupon the output control circuit then swtches
switchep shouiput te 8 logarshamic signdldn Srightdr light pendjtipes. Opglenally, the
conditions. Optionally, the output control circuit of
outputt Ebﬁtrgblﬁgcu@ﬁmﬁism lenfBRyiBen€RRs be ehatited s dartthe threshold
resho

value between the linear and logarithmic output characteristics is adjustable.

[0012] These and other features and advantages of the present invention will become
more apparent from the following detailed description of the invention which is provided

with reference to the accompanying drawings.



val ue between the linear and | ogarithm c out put
characteristics is adjustable. [0012] These and ot her
wo e@u01989 and advant ages of the present inventPORUBR00$/026253

become nore apparent fromthe follow ng detail ed

description of the invention which is provided wth

reference to the acconpanyi ng drawi ngs. 6 WO

2004/ 019609 PCT/ US2003/ 026253 BRI EF DESCRI PTI ON OF

THE DRAW NGBRIBEIESERE’TIAN ©OFIHHPRAWEINGSHal vi ew

of a pixel in an inmge sensor having a charge

mul ti plyi ng phot oconversion |ayer as known in the art;
[0013[]00144IFI1A is hRrbss-sacbiat wicky of agixaininaih itddge Bevtsdh having a charge

arrangenent shown in FIG 1A, [0015] FIG 2 is a

A R OB o KBy A ARG RE ™ C B 11 st rat o

of an alternative photoconversion el enment usable with
the present invention; [0017] FIG 4 is a circuit
[0014di agrENG.dB B afditcait ddgehersfatic o0 doit sRERANAFIGE 1A,
wWth the present invention; [0018] FIG 5 is a
circuit diagram of a second preferred enbodi nent in
accordance wth the present invention; [0019] FIG 6
[0015]s a HG- s e cvsageetinnad vigw of a doyhletdeain dOSposistendts known in
in accordance with the present invention;
the art;

[0016] FIG. 3 is an illustration of an alternative photoconversion element usable with

the present invention;

[0017] FIG. 4 is a circuit diagram of a first preferred embodiment in accordance with

the present invention;

[0018] FIG. 5 is a circuit diagram of a second preferred embodiment in accordance

with the present invention;

[0019] FIG. 6 is a circuit diagram of a third preferred embodiment in accordance with

the present invention;

[0020] FIG. 7 is a circuit diagram of a fourth preferred embodiment in accordance

with the present invention;



[0020] FIG 7 is a circuit diagramof a fourth
preferred enbodi nent in accordance wth the present
WO poogfotdeomn; 7 WO 2004/ 019609 PCT/ US2003/ 026253rPCT/08203/026253
FIG 8 is acircuit diagramof a fifth enbodi nent in
accordance with the present invention; [0022] FIG 9
is acircuit diagramof a sixth enbodinent in
accordance with the present invention; [0023] FIG 10
[0021] s aF&Gr 8us & cdeuigdiagraot ofa §6hembodimsatiimegsordance with the
accordance with the present invention; [0024] FIG 11
present fiven@é@Ph for illustrating the conversion
characteristics obtained by the enbodiment shown in
FIG 10; [0025] FIG 12 is a circuit diagramof a
ei ght h enbodi nent in accordance with the present
[0022] nve®lGoR;is i 0026t diEgam va isixtlacmibodimentd ageardnige with the
accordance with a ninth enbodi nent of the present
presen{ﬂl%ﬂﬁj)&n; [0027] FIG 14 is an exanple of an imaging
apparatus incorporating the present invention; and
[0028] FIG 15 is an illustration of a processing
system comuni cating with the inaging apparatus of
[00231 he [Fl6santis & nivarit dagram of a seventh embodiment in accordance with the

present invention;

[0024] FIG. 11 is a graph for illustrating the conversion characteristics obtained by the

embodiment shown in FIG. 10;

[0025] FIG. 12 is a circuit diagram of a eighth embodiment in accordance with the

present invention;

[0026] FIG. 13 is a circuit diagram in accordance with a ninth embodiment of the

present invention;

[0027] FIG. 14 is an example of an imaging apparatus incorporating the present

invention; and

[0028] FIG. 15 is an illustration of a processing system communicating with the

imaging apparatus of the present invention.



8 WD 2004/ 019609 PCT/ US2003/ 026253 DETAI LED
DESCRI PTI ON OF THE | NVENTI ON [ 0029] A first aspect of
WO b@4fo1®8ent i nvention protects a pixel circuiPCT/US2003/026253
connected to the HARP |ayer from breakdown caused by
a high voltage transferred to the pixel circuit from
--the HARP | ayer under bright light conditions. The
pixel circuit is protected from breakdown b
i ncor por aDEATIHED YRS GRPP BI@D: DErTHiErINVENﬁQJH
prevents excess voltage above a predeterm ned
threshold I evel fromreaching the conponents of the
[00290i xel Adirstcaspéct of e pies@arinfermion fretqueod pixtl drcudt dommietted to the
A pixel structure in accordance with this aspect of

AR A0SR S DALt B10E i i o
e BB SRt Bt kP T SR R

invention is shown in FIG 4, and is simlar to the
breakdowel|bydncepoenig thelewa procektiéh cit@it whidhgirevdnts exadesshedtage
a charge (hole) rmultiplying photoconversion |ayer 102

abovegaoﬁﬁa‘éﬁe? il ArdAbiPRG] oth $€ichfte ﬂfestoﬂgg)g{crel SHhe PRI circuit

onnected to storage node 104 of —a stor ement “510
at its bottomplate. .In this,  enbodi nent, storage. .
downsii e §om 1y PEtHIOR dicHitadh Ri%e] BRIEGH I Gieordgece With this aspect of
Al t hough the charge multiplying photoconversion |ayer
the inventporefseteadrityedabdhowgwigaraferanal wnEKES.r442 showingafomr phouplary
phot oconduct or (HARP) photoconversion |ayer, other

embodih&its Wfﬁi)r&&&i&?&ﬁ&h't bevicﬁﬁg tREE{HRAbMP escribed above.
phot oconversion of a |Itght sTgnal "and subsequently or

simultaneously anplifying the resulting electrical
charge nmay be used. Storage node 104 is the cathode of
[0030] A first exemplary embodiment of the invention is shown in FIG. 4, and is

similar to the pixel arrangement shown in FIG. 1B in that it includes a charge (hole)

multiplying photoconversion layer 102 connected to a voltage V,

arget

at its upper plate and
connected to storage node 104 of a storage element 510 at its bottom plate. In this
embodiment, storage element 510 is provided as a storage diode 106. Although the
charge multiplying photoconversion layer is preferably a high-gain avalanche rushing
amorphous photoconductor (HARP) photoconversion layer, other structures for detecting
and performing photoconversion of a light signal and subsequently or simultaneously
amplifying the resulting electrical charge may be used. Storage node 104 is the cathode of
storage diode 106 for accumulating charge corresponding to image data being collected
during the image sensor integration time. An output circuit 500 is connected to and

positioned downstream from node 104, for reading out the charge accumulated at storage
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storage di ode 106 for accunul ati ng charge
corresponding to image data being collected during
WO b@4ionmge sensor integration time. An out put BCT/UB2003/026253
500 is connected to and positioned downstream from
node 104, for reading out the charge accunul ated at
storage 9 WO 2004/ 019609 PCT/ US2003/ 026253 di ode 106.
As shown in FIG 4, output circuit 500 may be sinpky
diode dO6s tAsshibeah iasFI&s. Mg wutpel actittS0sig be sinie copgostgd as a row
The anode of storage diode 106 is connected to ground
scbct%%nﬁ&nYQOQ!OCk current flow through di ode 106 when
the voltage at node 104 is a higher level than the
ground connection, which will always be the case when
an image signal is received fromthe charge
[0031ful t i Phey amgdepdiotaagadarde 6 isapanectO®ro giovpel gohas to block current
signal charges are holes. Thus, with respect to

flow tg)écﬁ.{ z Afiodt 906 wilks: t{% gf%[t&‘é@ﬁtenocft‘:sl OPRG lﬁg?&h_@vél%n the ground

t transistor I STopen, charge owi ng from
char ge I tiplying photoconversion |ayer 102 as
connc 4Gy whish BRI BEEPE Gvegroen ghinagerenal Bheficbigm the charge
node 104. [0032] Row sel ect transistor 108 of out put

multigliingittota@thve sicolapact (¥ singe she sipvahthargesdeulolks. n€hasy Gvith
so that when the gate for the row sel ect transistor

respect$8 si:’cﬁa% 9%@9 106N EherCBRE, 38 1&g SLOE3GE sBREErdAstbS108 is open,
transfefred to the columm readout |ine 110. Wen the

cql umm Line contai ni the rel evant pi xel, |
chargg, dopiis HAM §1E8S MU HaEPPOFORITRRIGH REGE 102°as a result of the
transferred out of the pixel circuit 100 into an inage
detectiom obEglor wilheecemubaae athedgt04.s translated into i mage
data along with the data read out fromthe other
pi xel s in the inmage

[0032] Row select transistor 108 of output circuit 500 is connected to a column
readout line 110 so that when the gate for the row select transistor 108 is closed, the
charge at storage node 104 is transferred to the column readout line 110. When the
column line containing the relevant pixel is activated, the image data from the pixel is
transferred out of the pixel circuit 100 into an image processor where that charge is
translated into image data along with the data read out from the other pixels in the image

sensor array, to thereby construct the output image.

[0033] In order to prevent the charge accumulating at node 104 from reaching the
breakdown point of storage diode 106 or row select transistor 108, a protection circuit
520 comprising a protection diode 112, the anode of which is connected to node 104 of

storage diode 106. The cathode of protection diode 112 is connected to a voltage V4, so

10



sensor array, to thereby construct the output inmage.
[0033] In order to prevent the charge accunul ati ng at
woome/019d9 f r om reachi ng t he breakdown poi nt OPCHUSI088/626253

di ode 106 or row sel ect transistor 108, a protection

circuit 520 conprising a protection diode 112, the

anode of which is connected to node 104 of storage

di ode 106. The cathode of protection diode 112 is .
that wienribe yellagedeeel vobtoazge natt, 1 Gbreachasmhe doys! of Ygpany additional

PCT/ US2003/ 026253 that when the voltage |evel at

t 0 N v
Voltagg Jg{lﬁgg rf]irabl‘ﬁq %1\1/%%558 aaNBSlyindeH ¥ EnvetsiofdRye@T02 is bled off away

e arriving fromthe charge

mul t | i ng .phot ogonver si layer. 102 is bled off ,a
from Bt R SOLADE SRUFEF TR Gr drie TP R VR oy PRE Y12 serves
manner, protection diode 112 serves to limt the
to limitotht arglfaget atnoote 1@ ta ¥yvdd. [ 0034] Once voltage is
bl ed off from node 104 through protection diode 112,
i mage data representing light intensities detected at

t.he upper end of e ability.range of charge,. .
(0034}, t | RS HelRsisap Bl Fompnofe )0t Migsehinrpiesiof digde 112, image
Thus, the voltage | evel at source Vdd should be set
data represértingdight hadeasides Baturednt thaipperiend afttbe parability ainge of
to lose image data acquired in the upper end of the

' i : hofl tihRG, thesonakd RE
chareASEAR, 90810 B5cd 0 ARG RS, ARSCNOKS oo s

of eakdown . of e storage di.ode 106, and the row . .

Vi shCBE S8 obalses DT DRSS e StsrS Bt image dara
enbodi nent of the invention is shown in FIG 5, and is

acquifedeintthe app¢moeridhef fhiexdetectioncange of layérel G2, nod liembiogithe meltage at
except that the storage elenent 510 is

node 104 to a comfortable level to avoid the risk of breakdown of the storage diode 106

and the row select transistor 108.

[0035] A second exemplary embodiment of the invention is shown in FIG. 5, and is
identical to the pixel circuit of the first embodiment except that the storage element 510 is
embodied as a storage capacitor 202 instead of a storage diode. Preferably, storage
capacitor 202 has a large capacitance value per unit area, even more preferably in the rage
of 2-5 fB/p’c. Such a capacitor provides a higher capacitance value while reducing the

space required for the charge storage region, relative to the use of a storage diode.

[0036] In this embodiment, charge from the charge multiplying photoconversion
layer 204 is stored in the capacitor 202, until the voltage at the capacitor 206 reaches V.

Additional voltage flowing to node 206 from the charge multiplying photoconversion layer
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enbodi ed as a storage capacitor 202 instead of a
storage diode. Preferably, storage capacitor 202 has
wa@2doangsocapaci t ance val ue per unit area, evenP@DUS2003/026253
preferably in the rage of 2-5 fF/ p2c. Such a
capaci tor provides a higher capacitance value while
reduci ng the space required for the charge storage
region, relative to the use of a storage diode. [0036]
204 iy thenhiiscedithdouginthe mhtacgenfdiedn 208 of protgesianutirdu 53 (hsp that the
phot oconversion |ayer 204 is stored in the capacitor
chargd 9dred!H dHe éagsciﬁbqlzto@%aa&ajﬁmy@lag%fta%mwﬁ J.eaches
vdd. Additional voltage flow ng to node 206" from t he
charge mul tiplyi ng photoconversion |ayer 11 WO
2004/ 019609 PCT/ US2003/ 026253 204 is then directed
[0037]hr oufyhhirt ex@nptaee tinbodihadef 208invEnpons chbon inikIGuUi6t is
520 so that the charge stored in the capacitor 202
identitB!BLRL P&eﬁcﬁ‘&i&{ Qﬁﬁleq{r?i?érﬂwmm_ %ﬁg,-cxkgﬁsfﬁlat ﬁc%){?&tion diode of
s sh

exenpl atry enbodi nent of the iInvention, a I n

FIG. 6, .is. jdentical to the pj ci r.cui f 1th :

the profseioPsitsB A riiednvich AL prbtiSet 308 Holf ahflrain and
the protection circuit 520 is replaced with an n- MOS

the gate af shestransist0230Batchcdrmecttd ap mhe stwragehdiodaBO8 aff stdrege element
transi stor 302 are connected to the storage di ode 308

510, 8{d 81cQ0a8e & BFBAhsistF B30280e0AHR RO £6ollgelfRential of V.
transi stor 302 is connected to a voltage potential of

Vdd. [0038] As in the enbodi nents descri bed

previously, charge fromthe i mage signal accunul ates
[003&]t t hAs &t threagebodidenB0desuribdd pichiuslyl tlagge AbnndaeinBd@é signal

reaches and surpasses Vdd. Once this occurs, the

accunfUI S ke MR sft&gge abat P@‘lﬂrﬁﬁ ﬂiles\tr(ﬂfaﬁg 2@ nBdE 3¢9682dHS and surpasses
excess vol tage to low t roug e transi st or, SO
v, GIELthe voltage gt the storage nade 304 remains

flow through the transistor, so that the voltage at the storage node 304 remains around

Vg

[0039] In a variant of this embodiment, the storage diode 308 of storage element 510

may be replaced with the high capacity capacitor as described above with reference to the

embodiment of FIG. 5.

[0040] FIG. 7 shows a fourth exemplary embodiment of the invention, which is
identical to the embodiment of FIG. 4 except that the protection circuit 520 further
includes a resistor 402 positioned between the bottom plate 406 of the charge multiplying
photoconversion layer 404 and the storage diode 408 of storage element 510. The

resistor preferably has a high resistance value which reduces the voltage passing through the
12



vVdd [0039] In a variant of this enbodi nent, the
storage di ode 308 of storage elenent 510 may be
wo eplacesd with the high capacity capacitor as PEBUS1008026253
above with reference to the enbodinment of FIG 5.
[0040] FIG 7 shows a fourth exenplary enbodi nent of
the invention, which is identical to the enbodi nent
of FIG 4 except that the protection circuit 520
pixel direnitHl0 fromothodtbsrga mekiphting puo®cpowirsippAugr BOtwedthe storage
the bottom plate 406 of the charge multiplying
diode H0RtR¢RQ¥e19l on | ayer 404 and the storage di ode 408 of
storage el enment 510. The resistor preferably has a
hi gh resi stance val ue whi ch reduces the voltage
passi ng through the 12 WO 2004/019609
[0041RCT/ UR2OPR60R6 2F Pprotectien crtuic b0, dobodicd ietdas protaction diode
mul ti pl yi ng phot oconversion | ayer 404 and the storage

412, [qjo‘@ﬂ%s ﬁ’@cﬁti@hal:]igglf‘ctcﬁé{% -(1)“01[ g&n_ﬁbpgic_l TheuiPueneas &halfin the event the signal

protection ci di ed here as protection

di pde 12, prqvides additional protectipn f t he .

voltag; fefing e e oot BuTRmEE RhOASoBIRD Phe Lipfiaeniicanty
voltage flow ng fromthe charge multiplying

largerphat ¥gothwettsi witagayenod©410 sipongnsding throhgh résistged02 is still too
than vdd that the voltage at node 410 upon passing

high, HY Q4ER Joj?c%%éw b8Q8etRdSiWal frdnP ehe fbBiEe dib&: 208 88§ the row
voltage wlIT be directed away fromthe storage di ode

e S50 A1 S BSR4 LI v e

FIG 7 enbodi nent may be provided by replacing the
[0042] A first variation of the FIG. 7 embodiment may be provided by replacing the
storage diocie 408 of storage element 510 with the capacitor discussed above in the
embodiment of FIG 4. Similarly, the present invention also encompasses a second variation
of this embodiment in which the protection diode 412 is replaced with an n-MOS
transistor as described above in the embodiment of FIG 5. In a third variation of the FIG.
7 embodiment, both the storage diode 408 of storage element 510 and the protection

diode 412 are replaced with the capacitor of FIG. 5 and the n-MOS transistor of FIG. 6,

respectively.

[0043] In an image sensor using a charge multiplying photoconversion layer, as the
voltage level at the storage node rises, the effective voltage applied to the photoconversion
layer decreases, which affects the charge amplification function of the photoconversion

layer. For example, if the voltage V... applied to the charge multiplying photoconversion

13



storage di ode 408 of storage el enent 510 with the
capacitor discussed above in the enbodinent of FIG 4.
w®ERovklosashy, the present invention al so enconmnpaBEEESA03/026253

second variation of this enbodinent in which the
protection diode 412 is replaced with an n- MOS
transi stor as described above in the enbodi nent of FIG
5 1In athird variation of the FIG 7 enbodi nent,

layer ibodductderhs ordifeatibroachias@d hyf the photerenstisinaays ipalsey geduced.
the protection diode 412 are replaced with the

Thus, GRARACGHE @{egngf_ 1@ radan upod Rblongl tharsivsdeltct Shitdl, Ghe signal
6, respectively. [0043] In an image sensor using a

char mul] tiplying phot nversion,l ayer, . as the

tevel st e sPoedod A Bog il BE LS Bl e BB 498 APl etsgredt
vol tage applied to the photoconversion |ayer
decreases, which affects the charge anplification

funct i gt QRion EssesOi
006417 APl S8 REROPRRIABLGRc Bea o, e v

T R E—

achi eved by the photoconversion |ayer is also reduced.
voltagEhiamyss irephatoeosvegsiah ldyew &b deareaihgodiringpigegration of light in the
activating the row select switch, the signal |[evel

pixel. PIOOE SdifNlf, RRe bURAINGnHBY Lt aborlitd &5hid BpBet dFRhe

signal” level”'actually detected. [0044] A second

. aspect of .the present invention addresses.this concern .

inven(igh St oy 285 F et Lo AL T staet BPPEES Fraibibihs FRtae Hective
control circuit which prevents the effective voltage

operating pesenitiabagrbstthe chugesnultiplyaye phétosemvkesipp dayieng The pixel
during integration of light in the pixel. Mre

structiRESi {16l Heteintiifl HRULRNEr 86REBE bEloWowith SeREGRE D FIGS08-13
this aspect of the
showing five exemplary embodiments of the output circuit in accordance with this aspect of

the invention.

[0045] According to a fifth embodiment of the invention, shown in FIG. 8, the pixel
structure includes a charge multiplying photoconversion layer 502 connected to a voltage
Vurger At its upper plate. The bottom plate of the charge multiplying photoconversion layer
502 is connected to output circuit 500 which includes a signal generation circuit 600 and a
row select switch 130. Signal generation circuit 600 controls the characteristics of the
charge received from the charge multiplying photoconversion layer 502. Row select switch
130 is connected to the output side of the signal generation circuit 600 for reading out the
accumulated charge representing the image signal acquired from the charge multiplying

photoconversion layer 502. Preferably, row select switch 130 is formed as a MOS

14



i nvention serve to fix the voltage level at the
storage node to naintain a constant effective
wopedatieny potential across the charge mul ti pl pETYS2003/026253

phot oconversion | ayer. The pixel structure disclosed

herein will be further described below with reference

to FIGS. 8-13 showing five exenplary enbodi nents of

the output circuit in accordance with this aspect of
transistwearicheparatedrby 4 g04 Signakicarsaiirigd by acomitraller.sipas thergontroller

of the invention, shown in FIG 8, the pixel

824 sIdvwved Br@©. i4cl udes a charge mul tiplying
phot oconversion | ayer 502 connected to a voltage

Vtarget at its upper plate. The bottom plate of the
charge mul tiplyi ng photoconversion |ayer 502 is

[0046 onnekoedeltar switghut 3Qisrconnects&d e whinom feadpuidléne 10 so that when
signal generation circuit 600 and a row select switch

the sv&ﬁg-lﬁ 90R)sc QBT RUrhPR, Ghbie HickiviPa eARLsilaS frblifa controller when
characteristics of the charge recerved tromthe

charge nul tiplyin ot,oconversi.on | r .502. Raw.. .

the ro it STUFH 7 SABBOHD) Lo IBE LRI g e e Dr Huogycireuic 600
the signal generation circuit 600 for reading out the

is tranafecterhib at elurharagtout dipe ddOranidrigomitberertacpesasipla and hold circuit (ses,
acquired fromthe charge nultiplying photoconversion

e.g., clcRYek 8293n F_I)G?fl@:g.amh)é,imﬁ Wdg@! fesih tBbixehis kdhsfesretigFdrRdhe
as a MOS 14 WO 2004/ 019609 PCT/ US2003/ 026253

transi stor and operated a gate.signal transmtt :
sampl A ol irt £ OEHEH au0 i BENT 1B ockb BT Wil Bt charee s
FIG 14. [0046] Row select switch 130 is connected to
translatotl imno imegd data dlpng withoths slatheead \oris from Hee ailict phelpdp the image
is closed (for exanple, upon receiving a gate signa
sensof 51945, %o EXIEHPLO®Erith 8k output image.

[0047] As seen in FIG. 8, the signal generation circuit 600 according to this
embodiment is a charge trans-impedance amplifier (CTIA) circuit which includes a
differential amplifier 128 connected to a constant voltage supply Vg at a positive input
114 thereof. Vg is set to a value slightly below the operating voltage of the differential
amplifier to obtain sufficient output voltage swing. A feedback loop 120 is formed
between an output node 116 of the differential amplifier 128 and a negative input node
122 thereof, and a capacitor 118 is connected in the feedback loop 120. A reset switch
126 is connected in a second loop 124 formed between the negative input node 122 and
the output node 116 of the differential amplifier 128 and parallel to the feedback loop 120,

for shorting out the capacitor 118 at the initialization period preceding each integration
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the row select swtch is a transistor), the output
vol tage of the signal generation circuit 600 is
woe@nsiewnred to a colum readout |ine 110 and PEDIS2003/026253
there to a sanple and hold circuit (see, e.g.
element 814 in FIG 14). The image data fromthe pixe
is transferred fromthe sanple and hold circuit to a
digitizer and then to an i nmage processor where that )
time. duaw gededt switch di3élistled contaxtédhraydedattauahnoy 1 b o thendifferential
data read out fromthe other pixels in the imge
- r @eard € 126 4nd BRoAHUSHS 124RTe.
ampli Og%gfkﬁgﬁseen ?%&%Fé?ﬂ%}'gﬂz;signal generg??on
circuit 600 according to this enbodinent is a charge
trans-i npedance anplifier (CTIA) circuit which
[0048]nc| Udesdifferatitiaf enplifi¢ral 2&foptdsfthevolt aahaecg@ivetiopat node 122
constant voltage supply VWEF at a positive input 114

f1.. NVEF | - B o
to bedod Id at X \ﬂfl’ﬁcﬁ'g# tt%rﬁ é‘ﬁ‘ad.lﬁ i eech§ cﬁ%ﬁ%ﬁoﬁ&ﬁi’g b&ential Vi,

operating V't age renti al ifier to

obtajn sufficient output valtage i ng. A feedback
across) g sharge mltip bk BROKPREEHOR KYEL P HA AT A SRR TECETh { he
differential anplifier 128 and a negative input node

i.c., V122 Vher eSifice drednaltiplipatintt factot 18 wiscic amipegedgna it dgplified in
feedback | oop 120. A reset swtch 126 is connected in

the ptﬁ)gég&grg%igrg %9613‘%(22 {9 fiRdubs g?ﬁfcna 8d Megabithe gthB&bnvcrsion

out put node 116°of the differentia

layer, ?iggllglsi%lg ,%E)p:%{é_?aé g{l el %lﬁg‘lauft gi{dtel%% geggﬁgénlf&gi%n]lgy%k 502, which

initialization period preceding each integration 15 WO
is at tROSMOPSEAHIRCEhEIFR2HAB02H@5B0det 1210 &m/ah% etcatinl anplifedy 128,
130 is also connected to the output node 116 of the

vields %L%%@Jfggm'ﬁ%phﬁﬁehgﬁdit& ofidR igﬁg@ $igheR WeRlcedd 6y fiRedRARK

secon oop 124

multiplying photoconversion layer 502.

[0049] During integration time in this pixel circuit, current from the photoconversion
layer 502 is integrated on the capacitor 118. When the row select switch 130 is closed, the
output voltage of the differential amplifier 128 is transferred to the column readout line
110. Configured in this manner, the output voltage from the differential amplifier 128
represents the intensity of the detected incident light on the photoconversion layer 502,
and is given by Eq. 1 below:

[0050] 7 o Vge — ZHRPCENT (1)
Cr
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[0048] The differential anplifier 128 forces the
vol tage at the negative input node 122 to becone
wo 20086109 VHF, which in turn maintains the effRPCI/US®03/026253
operating potential Vtarget across the charge
mul ti plyi ng photoconversion |ayer 502 at a constant
level, i.e., Vtarget- V. Since the multiplication
factor to which an i mge signal is anplified in the

[0051phot sdnsiark,, grandayeremegnt shachuuentt from the chimge apptipbing
bias to the photoconversion |ayer, fixing the

photo%ﬁ%v@ﬂid@ @JSGi‘%F@Ehct ing étlidﬂ"ﬁm‘é' E@»péﬁﬂv%ﬁeand represents the

OCOHV rsion |ayer 5 ICh I's at € Sa

ten ial as t egatlve i nput node 122 to the
capacigpfg g @%anF‘ClEﬂ'ngll%h er 128, yields a constant

mul tiplication factor of the inage signals detected by
the charge multiplying photoconversion |ayer 502.

[OOSZE 004847 4hE @H’ﬁ\ JLS%%B%' RTFIG, rgetﬁé"sxé cﬁéf&ﬁbn QirEﬁ?l‘t' 600 provides

urrent from t ot oconver si on

el eSS B0 Lhe copator L1 %ﬂ@g@@% | &5 hversion

differential amplifier 128 is transferred to the
layer 50@L umm readout line 110. Configured in this manner,

the output voltage fromthe differential anplifier 128

represents the intensity of the detected incident

i ght_on the photoconversion Iayer 502, an g .ven

[0053ﬂ)y EFIG: Sowhiosts:2 pinglseruy in aggordings vpth a seagn Ciljlb nt of the

REF 16 WD 2004/ 019609 PCT/ US2003/ 026253 [ 0051]
presenthgvediion| . Thanpixéll dNtuzpfesesikttt drabodintents ermmllythe same as the

charge mul tiplying
pixel circuit discussed above with reference to FIG. 8, except that the signal generation
circuit 600 in FIG. 8 is replaced by signal generation circuit 610 in the embodiment shown
in FIG. 9. Components of this embodiment which are equivalent to those shown in FIG.

8 are identified in FIG. 9 with the same reference numerals, and description of those

elements will be omitted in the description below.

[0054] Like signal generation circuit 600, signal generation circuit 610 also fixes the
potential at the output side of a charge multiplying photoconversion layer 502 and the
negative input node 122 to a differential amplifier 128, so as to maintain a constant
effective input node voltage across the charge multiplying photoconversion layer 502 to be
Viager = Vige- Instead of a capacitor connected in the feedback loop, the CTTA circuit of
signal generation circuit 610 includes a feedback diode 218 connected in a feedback loop

220 between the output node 116 and the negative input node 122 of the differential
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phot oconversion | ayer 502 and the integration tine,
respectively, and CA represents the capacitance of
w0 b@sosgeci t or 118. [0052] Wth the CTI A as shpomUS2903/026253

FIG 8, the signal generation circuit 600 provides a

| i near output along the entire operating range of

charge mul tiplying photoconversion |ayer 502. [0053]

FIG 9 shows a pixel circuit in_accordance with a .
amplifiesd@8d Erbauthdeeofithefeadback diods @d8 15 porimictashto thsaiegativg input

circuit of the sixth enbodinent is generally the sane

node B2 bhghe BFRERItiG dBplifier dRSoMsiketheaatiurlcvdfithe feidbadndiede 218 is
to FIG 8, except that the signal generation circuit

60Q .i n, Fl i Sq.r j rad.i ' '
conneg] trint gutralyisiieEi SEE ite-Sh @I Ao ERE THE S Eht Alfhing across

this enbodi nent which are equivalent to those shown in
the feqrback diqglee? J&isicrarmined #ecprdmg 60 fid B Relevsane

reference nuneral s, and description of those elenents

will be omtted ip ﬁhe descr)i pti on bel ow. [0054] Like
[Oossiignammgedbhaqﬁ Veeuf'e) 800 &igral- generation - - - - - . (2)

ircuit 610 al'so fi xes the -‘potential at the output
side of a charge multiplying photoconversion [ ayer 502
and the negative input node 122 to a differentia

[00563P! I h&kinl28s t1RQafFatliOn BBIrEBbfMthe f&Abatiaflode 9B Glrept@sents the
i'nput node &o?tage across the charge nultiplying

hot oconversign | ayesr 502 to Vtgrget - VREF
charg HEYLERAEPN A dabal e o BGRHEEE Bakih BpRE R REER R op,
the CTIA circuit of signal generation circuit 610
(= 1.38nd 044 °RK),IE egfiveschtsdiho dempd@turomficlat dipdicrmenstiesddbategrees
| oop 220 between the output node 116 and the negative

Kelvid, 1PUts thedRiddyQfagk Mondlkhd @ifRAdntAl arhplifier 128, and I,z represents

the current from the charge multiplying photoconversion layer 502.

[0057] Using Eq. 2, the output voltage from the differential amplifier 128 can be

determined as set forth in Eq. 3:

kT . Irare

[0058] I/tmt': VREF - 7111 Jo Tttt (3)

[0059] As can be seen from Eq. 3, the presence of feedback diode 218 in the feedback
loop of the signal generation circuit 610 operates to logarithmically compress the current

I szp flowing from the charge multiplying photoconversion layer 502 through the
differential amplifier 128. Although the image signal obtained from the pixel circuit shown
in FIGS. 1A and 1B becomes compressed due to the Idccrcasing effective voltage across the
photoconversion layer as the detected light level increases, logarithmically compressing the
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WO 2004/ 019609 PCT/ US2003/ 026253 anplifier 128. The
anode of the feedback di ode 218 is connected to the
woe@anisse i nput node 122 of the differential BOPUSINNE026253
128 whil e the cathode of the feedback di ode 218 is
connected to the output node 116 of the differentia
anplifier. The current flowi ng across the feedback
di ode 218 is determ ned according_to‘Eq[ 2 below
image [@055{ith Dhe €114 ¢fthPyignal ganerjtion gircuit 610 enables the pixel readout
(2) [0056] wherein lo is the saturation

signal @61 bE @Bkrchifed Hifch agste pekdiciaBRewie Bhe Thté By @F¢gheadthsly detected
charge of an electron (= 1. 10"19 coulonbs (C), k

th iE Bol t zmann',s constant (= 1.38 .10-23 J/K), T
at the pRAIOCOBKI SO Fenper at ure of the di ode neasured in

degrees Kelvin, V,,,, is the output voltage fromthe
differential anplifier 128, and | represents the

[006oguIr r eRtsefd M ehilfo diRehO6r the!préhY IiVenRER isohoMEhHI® 10 and
ayer 502. [0057] Using Eg. 2, the output voltage from

. the differential anplifier 128 be et erm ned..

includtyen Pgpiligenarien oo aean lbed hpenmitgg i) 8fgiA%0 and 20
[0059] As can be seen fromEq. 3, the presence of

in the fifhciyaicdix i cpaleo A @ nisrdesengb ac ICompanenss shaven i Bzl 10 that
generation circuit 610 operates to logarithmcally

arc cqRARREES G APEASRS shdwd¥RIFIGRW it § nedndehefied dithihe same
mul t1 plyi ng photoconversion |ayer 502 through the

differenti al lifier.128. Although t .nege, si gha .
referesyGH RhAERE gt Dot s oSk O B cqeriprion
1B becones conpressed due to the decreasing effective )
of thisveshbadjencae beksv.t égnap Bonaseden sireiinA20 ipeanstyctedeas a CTIA which
detected light |level increases, logarithmcally
include® Bk F8ddMack Ibp 120 and a second feedback loop 320 both connected between

the output node 116 and the negative input node 122 of a differential amplifier 128.

[0061] Feedback loop 120 includes a capacitor 118 for providing a linear output from
the differential amplifier 128, similarly to the embodiment of FIG. 8. Feedback loop 320 is
arranged in parallel to feedback loop 120 and includes a feedback diode 218 and an offset
voltage source 328 that applies a voltage V4 to the cathode of feedback diode 218. Offset
voltage source 328 is connected to the output node 116 of a differential amplifier 128 and
to the cathode of feedback diode 218, while the anode of feedback diode is connected to
the negative input node 122 of the differential amplifier 128. A third loop 124 contains a
reset switch 126 and is also connected between the output node 116 and the negative

input node 122 of differential amplifier 128, in parallel to feedback loops 120 and 320.
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18 WD 2004/ 019609 PCT/ US2003/ 026253 inage signal with
the CTI A of the signal generation circuit 610 enabl es
w0 b@4/196e9 readout signal to be correl ated nuRtT/IB2083/026253
predictably with the intensity of light actually
detected at the photoconversion |ayer. [0060] A
sevent h enbodi nent of the present invention is shown
in FIG 10 and includes an signal generatiﬁn circu
[0062520 iThephasat it Fonvthemhoteervesion layei 7% lows Hygugh the CTIA
inthe fifth and sixth enbodi nents described above.
of sigr@PFRARANS ciShAMG20 Hcc’c_)_hﬁléle Bdatas fallewsqui val ent to
t he conponents shown in FIGS. 8 and 9 are identified
with the same reference nunerals, and di scussion of

t hose conpgngnts wi |l belondtted in {h escription

[0063bf this e & éﬁéﬁﬁt Vtﬂé‘IVé;). ‘*Sglgéféﬂmﬁéh . t"g’é”l‘i" circuit - - (4)
620 is constructed as a | A which includes a first
feedback | oop 120 and a second feedback | oop 320 both

onnected between the output de 116 and the .

[0064 egat%ig ISh R G9BEFECTD Eheo?lﬁéer&iqﬁ)fv@% A5 ﬂjzfn%?ﬁltﬁcg fliode 218
128. [0061] Feedback | oop 120 includes a capacitor

and tht k8cdmt tepmaeprhiserys ehd cureant flomtipgto thofeedbank capacitor 118. When
differential amplifier 128, simlarly to the

_§pbodyme | v Feegbacks | Qop, 328 is&cond teARGFEq. 4 |
Veer ?ﬂgbgygﬁ{gfﬂ%%ﬁ#ggﬁég@ﬁFIgg% 198 andi ncl udes a 425

. feedback di ode 218 and ap offset ., volta our ge 8
domirygs gt HEetony Speagenvipys frongh e FRaRedCHoRg 238 mmd the
di ode 218. O fset voltage source 328 is connected to
output heltaet Yyt fromabe sipBalogensraticinf @raaitt 624 isalepdrifined accpgling to Eq. 1
and to the cathode of feedback di ode 218, while the

set fordh9Hsvof feedback diode is connected to the negative
i nput node 122 of the differential anplifier 128. A
third |l oop 124 contains a

[0065] On the other hand, when Vygz — V. — Vg > 0, that is, when V,, < Vygr — Vg,
current flows through the feedback diode 218 and becomes logarithmically compressed, as
indicated by the first term in Eq. 4. When Iy,yp is sufficiently large, the second term

becomes negligible, which yields an output voltage of the differential amplifier 128

according to Eq. 5 below:

kT . lrarp
[0066] Viwe =Vrer— Vogr = 71117 ...................... (5)
[0067] The resulting conversion characteristics represented by V,; over time is shown

in FIG. 11, where it can be clearly seen that linear conversion characteristics are obtained
when V., > Vggr — Vo, and logarithmic conversion characteristics are obtained when

v

out

< Vagp — Ve Thus, the readout signal obtained from the pixel circuit shown in FIG.
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reset switch 126 and is al so connected between the

out put node 116 and the negative input node 122 of
waledorerene i al anmplifier 128, in parallel to ferdbasi003/026253

| oops 120 and 320. 19 WO 2004/019609 PCT/ US2003/ 026253

[0062] The current I HARF from the photoconversion

| ayer 502 flows through the CTIA of signal generation

circuit 620 according to Eq. 4 as follows: d [00631 _

10 varigs lingagly with thergignal ovguttted o) the cliarge. mulyRiFs phvimapnversion
=lmp . . . . . . . (4) [0064] The first term

layer F@PLEERNLight EhdRiGHsS Bhd Fhidd IBgaRRRRSIy It fiReghat butputted from
ayrdi ode 218g and the second term represgnts t he currenq

| owi ng..t0. the feedback capacitor 118. Wien VxF, F -
the cligs B hilgginl g SRR ARG Vincbriche pihf condion®

VREF, the second termof Eq. 4 is domnant. In this

situation, no current flows through the feedback di ode

[0068218, @)tp@ljohﬂﬁy, R RS YR pbBES: Vdlich ﬁ{g%g%ﬁam ggéérgﬁgﬂé cigguit 620

generation circuit 620 i's determ ne cofdin

F
switcfil'cs\g%{eﬁl tlgé) i %racgg%eersp glgg$&JSto QHSVO he& cg}gx%gslio%\/\g}ec?q.cvyan be made

current flows through the feedback di ode 218 and
to be pdizstble hypegzablingri usat tojapmdyrp vesade revasse hiasdiarenwd toyhe feedback
the first termin Eg. 4. Wien IxnaF is sufficiently

diodel 8 €This Weri SEHOkHe 448l RREANBS FAET ) % BliGracdld M?f@. 12 and
yi el ds an out put voltage of the differential anplifier

djscus%%c? PCI%%V(Cj%Lt?‘IF ggghttg c%@;}od?mgr?tl Fthe Qgs%g in\\/félgct)n.:TT i

[0069] The pixel circuit shown in FIG. 12 is nearly identical to that shown in FIG. 10,
except that the offset voltage source 328 in FIG. 10 is replaced with an offset capacitor
430. Again, components in FIG. 12 that are equivalent to those shown in the previous

drawings are identified with the same reference numerals, and descriptions of those

elements will be omitted in the explanation of this embodiment provided below.

[0070] One terminal of a switch 432 is connected to the offset capacitor 430 at a node
434 located along a feedback loop 320 between the capacitor 430 and a feedback diode
218. The other terminal of the switch 432 is connected to a voltage source 436 having a
voltage Vygy + Vg The voltage level of V,; may be adjustable by a user to thereby adjust
the transition point between the linear and logarithmic operation modes of the pixel circuit.
The adjustable voltage V ; is applied to the feedback diode 218 by closing the switch 432

which enables current from the voltage source 436 at the selected voltage level to flow to
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[0067] The resulting conversion characteristics
represented by Vout over tine is shown in FIG 11,
wob@ro19609 can be clearly seen that |inear convRCHUSIW03/026253

characteristics are obtained when Vou, > VHF - Voff,
and | ogarithm c conversion characteristics are
obt ai ned when VO , < VHF - V. Thus, the readout si gnal
obtai ned fromthe pixel circuit shown in FIG 0 WO

the capi2tét 8306 FcR@he$26D8f V262 58t adjostedy thesvdltage meyamhpd to the
the signal outputted fromthe charge multiplying

cathoc%%f@&ﬂﬁ\fﬁ IR 1d axfbe %asthatkaWn‘:rbﬂmg e Nehdth@T%ime that the

var i es garl thmcal I'y wi t he signal out putted

switchy 4 iclgtecy Pre copalrPe e orBORE T Bt ad Ty oC HRGyotie across
transition point at which the signal generation
the fealbacluc4pabiz®r 430 t ches fromthe |inear conversion node
to the logarithm c conversion node can be made to be
adj ust abl e by enabling a user to apply a variable
reverse bias potenti al %qsge fe dback d| d
[0071Fhi s uipsERoiHizien Beg giore tHe SCeft OFFich %@5%“0“ time an
illTustrated in FIG 12 and di scussed bel ow as the ]
beforeailghgihg ehboffierenpacitbr 486, greesewh 43viealose alongosioh repheswitch
pi xel circuit showm in FIG 12 is nearly identical to
QWG 4 t nal
126 oS04 S ey SR L2d  abhRebs ol e g
capaci tor __430. Again onents in Flg\ 12 that
RS, @alﬁaml@ﬁtllﬁolstshegtsdﬂ%m CATr PWeAT ISt Bilchatge R #g%capmtors
are identified with the same reference nunerals, and
associgted GvittptHednmgo kighhbmest rekarmyntesd wiuk Ifrohetlm@iktleﬁircilit andehe
expl anation of this enbodi nent provi ded bel ow. [0070]

. switch 432 is connected to the
capadiy f45 f“qc:I'EzEIIp &d?érv}’ﬂso at a node

[0072] A ninth embodiment of the present invention is shown in FIG. 13, and is
identical to the embodiment shown in FIG. 12, except that the embodiment shown in
FIG. 13 further includes a circuit for performing a freeze frame shutter operation.
Specifically, a freeze frame switch 542 and a hold capacitor 540 are connected in the pixel
circuit between the output node 116 from the differential amplifier 128 and the row select
switch 130. Freeze frame switch 542 is controlled by a transfer signal T that closes the
freeze frame switch 542 to enable the image signal to flow to and be stored in the hold
capacitor 540. When the freeze frame switch is opened, no further charge can accumulate

in the hold capacitor 540.
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434 | ocated al ong a feedback | oop 320 between the
capacitor 430 and a feedback diode 218. The ot her
W evorionsho of the switch 432 is connected to a ROI/USYE3/026253

source 436 having a voltage Vur + Voff. The vol tage

| evel of Voff may be adjustable by a user to thereby

adjust the transition point between the |inear and

| ogarithm c operation nodes of the pixel circuit, The .
[0073%d] ustfitlcbanging digeholdicapaciron paPivath the intgersigaghabg charge is held

di ode 218 by closing the swtch 432 which enables

in the GB[d @Jgtaciftmm driBleBk LAd8e §i8HAIGBr ABE palel td1Be seldemitesy) closing the
voltage level to flowto 21 WO 2004/ 019609

CT/ US20 2625 t he _capaci t ory 430, en.d :
row selegy et Laper et et BB RBiEh” (et WGamplet Rich lylfhage is caprured
applied to the cathode of feedback diode 218 can be
by an amfjinestege bynsov pixebdrrdyn ghe eageesaniay cen bejapsratedio frpgze frame
swtch 432 is closed, which controls the amount of

mode ${heS ﬂh'édm@%éj si?ﬁﬂqﬁr 0 piRtitiagezaciednt tidgndgeattvadiom all the
capacitor 430. [0071] During the initialization period

. bef.ore the start . of each integgat.i ' :
pixels g iRy eagaptd Bpr ERERerOYT Ul Ol ZE AR SAYYR i closed
closed along with reset switch 126 by a reset signal,
and theRR@enwh by ophationi afche sransfer sigal £5Dtoyplbof thepigelpin thedmage
reset signal cbRS, the capacitor 118 is shorted out

sensorl @rdy Rne Mhe AME, (visidipah thbas@clet difiel Gdpplicd @6 She image
associated Wi th the i mage signal nost recently read

out fromthe pixel, cirgcuit and the apacitor 430 is
SensOL ALY PRV .rcafidﬁlffﬁegnﬁfﬁﬁgeesﬁ%%qﬁ'nent of the

present invention is shown in FIG 13, and is

identical to the enbodi nrent shown in FIG 12, except
[00749hat e emhRsiieRts sSBRANNIFIGS. 9, 10, 12 and 13 described above,
feedback diode 218 may be implemented by use of the sub-threshold characteristics of a
MOS transistor. It is readily understood by one of ordinary skill in the art that a MOS
transistor has four operational modes depending on bias conditions: 1) when no bias is
applied to the gate, the transistor is off and no current flows from the drain; 2) the
transistor is in a subthreshold region when the gate voltage V; is less than a predetermined
threshold voltage Vi, wherein the current flowing from the drain is I, = I, - exp{q(Vs -
V;)/KT}; 3) the transistor is in a saturation region when Vg — Vip < Vj, (drain voltage),
wherein the current flowing from the drain is I, = (B/2) - (Vg — V1)’ and 4) the transistor

is in a linear region when Vg — V. > Vp, wherein the current flowing from the drain is

ID= |3 ’ (VG_VT_VD/Q’) 'VD'
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FIG 13 further includes a circuit for performng a
freeze frame shutter operation. Specifically, a

wo e@enedshy ame switch 542 and a hol d capacitor P@DUS2083/026253
connected in the pixel ~circuit between the output
node 116 fromthe differential anplifier 128 and the
row select switch 130. Freeze frame swtch 542 is

ontrolle y ansf e t hat ¢l.oses
100757, cerf® 340k tad kbbb Snd bt AL P e gishovn in
flow to and be stored |n the hol d capacitor 540. Wen
FIGS &4 3{ theee & rfa stnmgs wildnodnti conopemné betwieenf thethngron iplatg of the charge
can accurul ate in the hold capacitor 540. 22 WO

multqtﬁ%ﬂ W@%@%Md%@ ud QR Abhie ks ﬁhcﬁé %d%gn the first

I d capaC| tor' 540 with the |mage si gnal ,

ehrough ol phariTeHS Bﬁ%ﬁ“ﬁeﬁ%ﬁ‘l’o@ PR G %S?wgth

the row select switch 130 for each readout operation.
emboéipnergx afifI@S. S éntherbotmemeplits of st clrasgie nhyitiplyingnphoeteconversion
i mge sensor pixel array, the inmge sensor can be

layer i9 ESﬁﬁ‘éc%jd Hiedilyaezfe iAo bMthefttsectifteon i@ ontrol circuit
signal for each pixel is frozen so that the imge data -

500 fromall the pixels in the array can be read out row
by row. Thus, the freeze frane swtch 542 is closed
and t hen opened by operation of the transfer signal PT
to all of the pixels in the imge sensor array at the

[oomaﬁe Ah TBdicMsr a%E@&rbfttB@ ifRWiSE Ipe&HdS D@t drfuctiR! Ha@ﬂag both an
e I mage sor array rowby rowto read out the

er e Si nals 0074
outpw‘c’ﬁ Ericg0085: Soiiintie 4 bt aRirSatnaTs Tlet Bl Hiing
di ode 218 may be |nplenented by use of the
photosabvarsipe ddyot dnd hprotereen sirqws 53 for dissipating excess voltage over a

predetermined threshold being outputted from the charge multiplying photoconversion
layer into the output control circuit 500. Here, the bottom plate of the charge
multiplying photoconversion layer is connected to both the negative input of the
differential amplifier 128 in the output circuit 500 and the input to the protection circuit

520.

[0077] A tenth embodiment of a pixel structure in accordance with this aspect of the
invention is nearly identical to the fifth embodiment pixel structure shown in FIG. 8, but
further includes a protection circuit connected to the node 122 in the output control
circuit 500. As with the protection circuits described above, the protection circuit in the
tenth embodiment may be constructed as a diode such as the protection diode 112 shown

and described above with reference to FIG. 4, an n-MOS transistor such as the n-MOS
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MOS transistor. It is readily understood by one of
ordinary skill in the art that a MOS transistor has

wo ocar/otgsey at i onal nodes dependi ng on bi as condPCT/ORR03/026253
1) when no bias is applied to the gate, the
transistor is off and no current flows fromthe drain;
2) the transistor is in a subthreshold regi on when

.th t | t V I i ned .
transis iy SRS R4 AgrTAped SR BicH TERECER P GE (O BUFHOF Pk diode
the drainis ID=10o exp{q(VG- VT)/kT}; 3) the

such as it sdisistarrd 02sardpmtedtonr divflod 12 egioyn swredesg@bed wipove with
(drain voltage), wherein the current flowing fromthe

referef¥eBoFIG 7 Bra 1‘@&1&’{6221nd aY&-MO9 h%ns&@@ aé fistloSed abov\e}D

transistor is in a linear region when VG - VT

wherein the current flowng fromthe drainis ID =R

(VG VT-VD/ 2) VD. 23 WD 2004/ 019609 PCT/ US2003/ 026253
[0078[]007An tlevashlentfodiment bf 2 pixchstoughrenimadroeddimd iwrgnthes aspect of

of the invention as shown in FIGS. 8-13, there is no

the in iﬁfo%%? n@%@fm&ﬂ Y& ﬁgﬂ'p&ﬁ%&ﬁlérﬁ SROLE-QR R ﬂid?wﬂ)fn FIG. 9,

arge tiplying photoconversion layer and t
circuiit as is th

put contr ol C

ant Sl RS RGBT TR ESIBE PR TRty bag 4 Hisygur control
in FIGS. 4-7. Thus, in the enbodinents of FIGS. 8-13,

circuit $@0.bAs tvotn ghiegpiretenfion kizceitmdeeriped abgiey thegprotection circuit in the
photoconversion |ayer is connected directly to the

eleventA RHbJARAEN LAy BE bRE&riRSPECE HNRIcRUER | tlfc%l‘o"té@uon diode 112
circuit 500. % 0076] An additional aspect of

i nventiq rowdesa i xel

showr R dcBPrE apev<SBBh FEPHARF it S Ay hm Rt %ﬁ’eﬂ%f bighes the n-
across the charge nultiplying

MOS transistor 302 shown and described above with reference to FIG. 6, a resistor and a

diode such as the resistor 402 and protection diode 412 shown and described above with

reference to FIG. 7, or a resistor and an n-MOS transistor as disclosed above.

[0079] A twelfth embodiment of a pixel structure in accordance with this aspect of
the invention is nearly identical to the seventh embodiment pixel structure shown in FIG.
10, and further includes a protection circuit connected to the node 122 in the output
control circuit 500. As with the protection circuits described above, the protection circuit
in the twelfth embodiment may be constructed as a diode such as the protection diode 112
shown and described above with reference to FIG. 4, an n-MOS transistor such as the
n-MOS transistor 302 shown and described above with reference to FIG. 6, a resistor and a
diode such as the resistor 402 and protection diode 412 shown and described above with

reference to FIG. 7, or a resistor and an n-MOS transistor as disclosed above.
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phot oconversion | ayer and a protection circuit 520 for
di ssi pating excess voltage over a predeterm ned
w0 booeswsbe bei ng outputted from the charge nul PCPUSI08026253
phot oconversion layer into the output control circuit
500. Here, the bottomplate of the charge nmultiplying
phot oconversion | ayer is connected to both the
egatjve input of the differential anplifier 128 in .
[00805 he e%flpttrﬁcreth@nb@éigmt fhd M@sqrwufc 1% 2¢qoEdagpcstvBigh Elaﬁ aspect of
circuit 520. [0077] A tenth enbodi nent of a pixe
the insdntionitisl heardynidaaticd] danke cightihembbdinaapegiitel ofruttige shown in FIG.
invention is nearly identical to the fifth enbodi nent
[ I [
12, ool BBk LIS e SOMEn et Fomenfo el 6l L s
. out put contro circuit 500. As_.with th rotection . .
differcainabafppliticsda che BEEPUISONEC ‘leFémp&?d;Qeéﬁ AR BierRrgrqctioR circuits
the tenth enbodi nent may be constructed as a di ode
descrisetibavs, theeprpratieatdwnitdn cblethidfersh@mbodingnd esyrbcheohstructed as
above with reference to FIG 4, an n-MOS transi stor

a diodg4Géh Qé&kﬁﬁggb'zc'é{gﬁ c%dé/ﬁdﬁ gﬂ&(’& 198 Q%é?ﬁ%%%_%@ﬁ%@%@?éénce to

transi sto own an escri bed above wt

T €15 TN SGIE E  T

descri bed above with reference to FIG 7, or a
with refesinst o0 FaGd 6aa resisdiSuid adsids tsoch asthei resibtos 02 alndvgrotection
[0078] An el eventh enbodi nent of a pixel structure in

diode 239 QRIRACR AU dsBibdd SHRERAM reBérentd'® FIVENdONekRtor and an n-
nearly identical to the sixth enbodi ment pixel

structure,shown, iin FIG 9, and further includes a
MOS Fapuger pofisgPiedahoVEonnect ed to the node 122 in the

out put control
[0081] A fourteenth embodiment of a pixel structure in accordance with this aspect of
the invention is nearly identical to the ninth embodiment pixel structure shown in FIG. 13,
and further includes a protection circuit connected to the negative input to the differential
amplifier 128 in the output control circuit 500. As with the protection circuits described
above, the protection circuit in the fourteenth embodiment may be constructed as a diode
such as the protection diode 112 shown and described above with reference to FIG. 4, an
n-MOS transistor such as the n-MOS transistor 302 shown and described above with
reference to FIG. 6, a resistor and a diode such as the resistor 402 and protection diode
412 shown and described above with reference to FIG. 7, or a resistor and an n-MOS

transistor as disclosed above.
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circuit 500. As with the protection circuits described
above, the protection circuit in the eleventh
wenivadigsent may be constructed as a di ode suchPeBEUB1063/026253

protection diode 112 shown and descri bed above with
reference to'FIG 4, an n-MOS transistor such as the
n- MOS transi stor 302 shown and descri bed above with
reference to FIG 6, a resistor and a diode such as

circuitt dees mes nfft arthd 0peandnpifahe phiebsindi theengdrosthewhffamedtial amplifier
descri bed above with reference to FIG 7, or a

is ﬁxe? epv/st O'I—It \Agvc?{‘xﬁ Q s%& El@ﬂr%h@% sPreRar 5!1‘1& ﬁjtﬂé eEkraboy s amplifier and

078 A I ment a pixel structure in

th thi t of th t
the feﬁéga CF‘; 33(113 r%/rVIF I 891%21@: ecgltmf?né e \éjggi:clt&q&lléf’e at the storage

structure shown in FIG 10, and further includes a
elemept.ot ection circuit connected to the node 122 in the
output control circuit 500. As with the protection
circuits described above, the protection circuit in

he twel fth _enbodi nt be. c tructed as a di.ode
(00834 ,ch Tn<Lagh of Hhoemm OAGRETH HERSriDad Abaffo b gmgsa Hplpeg
above with reference to FIG 4, an n-MJS transi stor

photosomiersien tdyer ispréfEbly ahgjhsgain a@d2nchkeouwshing dnsephousysitbto
above with reference to FIG 6, a resistor and a

condu@t&ctmy‘gn 3 ogescé'rﬁéhg&y‘ego rﬁﬁﬁel? &é&éﬂ&m@f BH@t&sensitive

412 shown ribe erence to
, Or a resist nd an - MOS tranpsi s sed
clemegis fGpddtss Dot OB IOt TIRU00% e st aag sabscquently
thirteenth enbodi nent of a pixel structure in
or simattencalalycenplifyingt thi sesadtpes tleaticaltdbergenmeynbe osed mstead, such as a
nearly identical to the eighth enbodi nent pixe

photoaIJdéQJrlérs%ac‘kQQyikcﬂ SerfsbfSstruckare, mr{] iH th O effe e ﬁ??cr@mgc area may

pr ot ection ci It connected’to the negatlve nput

be mgn.%cantly increased by the stacked structure. An example of a stacked pixel sensor
structure is illustrated in FIG. 3 and described in fuller detail in “A Stacked CMOS APS
For Charge Particle Detection And Its Noise Performance,” by I. Takayanagi ez al., IEEE
Workshop on Charge-Coupled Devices and Advanced Image Sensors, pp. 159-162, June

1999, the contents of which are hereby incorporated by reference.

[0084] An example of an imaging device incorporating the present invention is shown
| in FIG. 14. Specifically, an imaging apparatus 800 includes an image sensor 802 having a
pixel array arranged according to a Bayer color filter pattern. A charge multiplying
photoconversion layer such as a HARP layer is provided over each of the pixels in the array
under the filter pattern. Each pixel 804 contains the protection and readout circuits in

accordance with any one of the various embodiments discussed herein above.

27



differential anmplifier in the output control circuit
500. As with the protection circuits described above,
WO b@4fporwdecti on circuit in the thirteenth enmboPCTERL003/026253
may be constructed as a diode such as the protection
di ode 112 shown and descri bed above with reference to
FIG 4, an n-MOS transi stor such as the n-MXS
transi stor 302 shown and descri bed above with
[0085] ef erBrcienaginghparsus §00dsithemincludds arowsiteodardi{eigcludes a
the resistor 402 and protection diode 412 shown and

plural @£ 8E£FdwP %ie&té@h{@atwnt Ihds %fogr&ﬂ&@}%&%ﬁ & § ndmbRF téithe number of rows
resi stor and an n- MOS transi stor as di scl osed above.

o e DL R T AL e St M o i

~ nearly identical to the ninth enmbodi ment pixe
switchsinraligha péxedshiovanrespecEVGrow ®f theaardayh. (sirhlerly; erdtumaedecader 812
protection circuit connected to the negative input to

include$'€ p ﬁiraﬁtgr&%hﬁhn 1i8eP8 14 1 18E nhdfhel Bf WP BhoRQNHT e number
circuit 500. As with t he protection circuits descrlbed

above rotectdon.circuit | fourtee
of col AR il Horx et o Bt btor D2, "r b EF i 412 i gonnected
protecti on diode 112 shown and described above w th
to theraaftputesides afdher@y salectswitahepinll therpikels oy a saspectivs cohenn.
n- MOS transi stor 302 shown and descri bed above with
reference to FIG 6, a resistor and a di ode such as
he resist.or 402 and prote %bon di ode 412 shown and

[00864cs o rt pEddhe imags fpta qht % the Ipgge SeRsor, controller 824
resi stor and an n- MOS tranS|stor as di scl osed above.

contrdl6 thadoR0dd/oded 806 tPETqudsRialBAaRER e roivr ssldict linese sheutby the row
af fect the operation of the pixel since the input to

select SWRCIHs b LERRALIi R i8AREIEd8 row is activated to thereby dump the image data

from each respective pixel to the respective column line. Since each pixel in a row is

connected to a different column line, the image data for each pixel is then read out to the

image processor by sequentially activating all the column lines through column decoder

810. Thus, after activation of each row select line, the column lines are sequentially

activated to collect the image data in an orderly manner across the array.

[0087] Upon reading the image data out of the pixel array, the data is passed through
a number of processing circuits which, in linear order, generally include a sample and hold
circuit 814, an amplifier 816, an analog to digital converter 818, an image processor 820,

and an output device 822.
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is fixed at VHF. However, if a storage elenent is
present and if the differential anplifier and the
wo e@dlossko | oop(s) are mal functioning, the currPC/UREY3/026253
then accunul ate at the storage elenent. [0083] In
each of the enbodi nents descri bed above, the charge
mul ti plying photoconversion |ayer is preferably a
hi gh- gai n aval anche rushi ng anor phous photo conduct or
[0088( HARWYithbiot bainglierisngsuchyle imaging ppparhips 3P0 el be part of a
ot her photosensitive elenents for detecting and
compBREF §yRfe NANRPOLREINVRAS @ mathife kisEin sty§ﬂ_cﬁﬂ aehRlkthavigation
subsequently or sinultaneously anplifying the

respl ti el ectrical charge be u i ns :
systen S tpfegngR ot cafng® SRR g Eteb it ke 3din, motion

wherein the effective light sensitive area may be
detectiingystiein amapy siahdizetior sysEym ahé osherSKEEMS reqEting an imager.

exanpl e of a stacked pixel sensor structure is

illustrated in FIG 3 and described in fuller detai

tn "A.Stacked CMOS AP For arfge Particle Detection
[0089hng 114 Rsedes RRraRanRaney B e Cammpisyte st PReEght Hhtem 850,
| EEE Wor kshop on Char ge- Coupl ed Devi ces and Advanced
as sholwmegFISeASorech pm cABPUEEHstehund pProgesor sylent §hP ganerally
of which are hereby incorporated by reference. [0084]

compri¥ds %%@HRQ%}%EC@&# UBOIOBUY 88D GRatl d¥pRiRAlaEds REtH fAinput/output
present i1nvention is showmn in FIG 14. Specifically,

an i j Ng appar 00 incl udes _an i e_sensor 80,
(/O ridiartd Sy R Rate g e s RS AT O 5 G G e Vith dhe

color filter pattern. A charge multiplying .
systenphuedrdusrBsér @i Dpottey eonwcihnagﬂ@ MoRpsonsystent 809 alsqiiadades

over each of the pixels in the array under the filter

randoRAidcBEsmeRBEN(IPAXB! 8530 4n& AR cAE RiseldTR donghaet syefendnfay include
readout circuits i'n accordance with any one of the

periph\/c?e{lld%l\'lnsccse sﬁ;%%da{s geffgpsi)yddisﬁcc&%g’cegjédj fiEh @ogl?)ggtedisc (CD) ROM drive 862

which also communicate with CPU 852 over the bus 856.

[0090] Although the present invention has been described in relation to particular
embodiments thereof, many other variations and modifications and other uses will become
apparent to those skilled in the art. Therefore, the present invention is to be limited not by

the specific disclosure herein, but only by the appended claims.
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27 WD 2004/ 019609 PCT/ US2003/ 026253 [0085] The

i magi ng apparatus 800 further includes a row decoder
w@o@4iomesbudes a plurality of row sel ect acti vBET/082003/026253

| i nes 808 corresponding in nunber to the nunber of

rows in the pixel array of the inmage sensor 802,

wherein each line is connected to each row sel ect

switch in all the pixels in a respective row of the

array. Sinilarly, colum §4¢98&% 812 includes a

plurality of colum |ines 812, the nunber of which

CRLEERINR R S RLER 4B SELIRE AL LR RSl oot Unicd

StatesG@nnected to the output sides of the row sel ect
switches in all the pixels in a respective colum.
[ 0086] To read the i mge data obtained by the imge

nsor A80;

305 o ‘ot Rl il afitthe SRR AR B ABEELor,
whereby the row select switches for each pi xel in a

compy#Epgcted row is activated to thereby dunp the imge
data from each respective pixel to the respective
colum line. Since each pixel in arowis connected to
aa dhirpe neultiplyoigiphotocoeversibe clemeays; dat a for each pi xel
is then read out to the inmage processor by
sequentially activating all the colum |ines through
colHB. Q%Qg@élem%ﬁg elea_ﬂﬂi&lly & diRetedbl thatch@geGhukipbhing
row sel ect the columm lines are sequentially

hotc2S ctivated,to colhfct the image data in an orderly

p OKHBHW%POQSF%@§“t array. [0087] Upon reading the inage
data out of the pixel array, the data is passed
t hrough a nunber of processing circuits whic
| R peQiECtoRy e.rcmgelﬁetrﬂaplf comerisdeodhe shige ngag% sheaient for limiting
circuit 814, an anplifier 816, an analog to digital

a voltegdwhichekc@h8lar@ntitht gearpe o@esgotleii2ay,.

2. The image sensor pixel according to claim 1, wherein the charge multiplying
photoconversion element is a high gain avalanche rushing amorphous photoconductor

photoconversion layer.

3. The image sensor pixel according to claim 1, wherein the charge multiplying

photoconversion element is a stacked pixel structure.
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and an out put device 822. 28 WD 2004/ 019609
PCT/ US2003/ 026253 [0088] Wthout being limting, such

w0 b@4ionmgd ng appar atus 800 coul d be part of a PCDUIR2DE026253
system canera system scanner, nachine vision system
vehi cl e navigation system video tel ephone,
surveill ance system auto focus system star tracker

syste notion detectjion system  inmage stabilization .

Yot crRGmIEREF0y POSHERPBHOE P RE B GO (F GBHC cloment i

The i magi ng apparatus 800 may al so be connected to a
a juncpibo phesatiody,sherndifite ofathisthswonnectEd @ théchage mudgpking

conmput er system A processor system 850 generally

[: ntral processing unit (CPU) 852 that

phou%%%ﬁ%%?@ék%gﬁﬁﬁth an input/output (1/0 device 854

over a bus 856. The inmagi ng apparatus 800 comruni cates

with the system over bus 856 or a ported connection.

The processor system 800 al so includes random access

menory (RAM 858, and, in the case of a conputer

system nmay include peripheral devices such as a

fl oppy disk drive 860 and a conpact disc (CD) ROM .

dbi ve GB% imagicshnwr Poxed asrRudngpslaimy b wpenshe shipse clement is

the bus 856. [0090] Although the present invention has
acqxﬁﬁ@ﬂ described in relation to particular enbodi nents

t hereof, many other variations and nodifications and

other uses will becone apparent to those skilled in

the art. Therefore, the present invention is to be

limted not by the specific disclosure herein, but

only by the appended clains. 29

6. The image sensor pixel according to claim 1, wherein the protection circuit
includes a protection diode electrically connected to the storage element at the anode
thereof and connected to a voltage source which sets a limit voltage level at the cathode
thereof, whereby voltage accumulating at the storage element in excess of the limit voltage

level is transferred away from the storage element through the protection diode.

7. The image sensor pixel according to claim 6, wherein the protection circuit
further comprises a resistor electrically connected between the charge multiplying

photoconversion element and the storage element.
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WD 2004/ 019609 PCT/ US2003/ 026253 CLAI M5 What i s

clainmed as new and desired to be protected by Letters
w@aie1960d the United States is: 1. An inmage BENES2003/026253

pi xel anong an array of pixels in an image sensor

conprising: a charge multiplying photoconversion

elenent and a charge storage el enent el ectrically

nnec d to the charge mul tiplyi hot oconyer si on
e enent hejimpes SEROY PSS B OE gl}ptcli]agqne]gtvylpqggqrq tXne protection circuit

connected to the charge storage elenent for limting
includes wnlnt MBS whinsibroa havinglaatrein @aid ¢ gee doaln gecatabipgennected to the
el enent. 2. The image sensor pixel according to claim

storag%’elé/fﬁ@ﬂte bl 5*; RV G ttci)ﬂlllé’c't&gto RYQi: Y&‘Ee%vﬁﬁh sets a limit

ement '1s a |gh gal n aval anche rushln anmor phous
conduct or, phot oco The

voltagggﬁ VBRI RY v%%ﬁ?ra&ﬁﬁ@ufa\égéf%%ﬂ? §t0 %&?ef#%riﬂﬁn& lﬁecxe?fgrog ghe limit

mul ti plying photoconversion elenent is a stacked
voltageilxed 1sstransfarradeawB0rodd the b §gc0d e@ e PCHrEgD 6ldd 02MeBBtransistor.
4. The i nmage sensor pixel according to claim1,
wherein the storage elenment is a junction photodi ode,
t he cat hode of which is connected to the charge
mul tiplying
9. The image sensor pixel according to claim 8, wherein the protection circuit

further comprises a resistor electrically connected between the charge multiplying

photoconversion element and the storage element.

10.  The image sensor pixel according to claim 1, further comprising an output

circuit connected to the charge storage element and to the protection circuit.

11.  The image sensor pixel according to claim 10, wherein the output circuit
includes a row select transistor which reads out the charge stored at the charge storage

element.
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phot oconversion el enent. 5. The inmage sensor pixe
according to claiml, wherein the storage elenent is
w@2@apsdt or. 6. The i mage sensor pi xel accor dP@US®03/026253
claim1l1l, wherein the protection circuit includes a
protection diode electrically connected to the storage
el enent at the anode thereof and connected to a
vo| t age source which ets alimt voltage |evel at the
ok hodkn TEABF SPO! BErEBYRE B pHgECLBRE{ AR THASAIRE
storage element in excess of the limt voltage |evel
compiising:r ansferred away fromthe storage el ement through
the protection diode. 7. The inage sensor pixe
according to claim6, wherein the protection circuit

fa gﬁ&%e&mrél&ﬁén@mﬁg £1 Bipuekidelfl §aktting 2NBRELiSEA] and an
ween t he charge nultlply|ng phot oconver si on

nt and the stora nent 004/ 0196
outpub&%?%éz%@%% B B iR o3 by MR PR i ghafnd
to claim1l1, wherein the protection CIrCUIt |ncludes

an n-MOS transi stor having a drain and a gate both
edreeuipus gphirok eirvéicsaneesdithahe o id eewfgfhé PROTQSRASIEVE
source electrically connected to a voltage source

clemedhiveer&atthe dukpud dontodkiragefikavlt powigiab b theobitpgeside of the
accunulatlng at the storage elenent in excess of the

photoscEnsmve R ér?tgaet a R%E&étefrﬁm%ﬁ@ﬂ&&%@% away fromthe

rage el enent rou ransistor. 9. The
i mage sensor pixel accordlng to claim8, wherein the
protection circuit further conprises a resistor
el ectrically connected between the charge multiplying

13.  The image sensor pixel acc\ordjng to claim 12, wherein the photosensitive

element is a photodiode.

14.  The image sensor pixel according to claim 12, wherein the photosensitive

element is a stacked pixel structure.

15.  The image sensor pixel according to claim 12, wherein the photosensitive

element is a charge multiplying photoconversion layer.
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phot oconversion el ement and the storage el enent. 10.
The i mage sensor pixel according to claim1, further

W@ pnisINg an output circuit connected to theCT/OS2008026253
storage elenent and to the protection circuit. 11. The
i mage sensor pixel according to claim10, wherein the
output circuit includes a row select transistor which

reads oqut the charge stored. at the char stora -
i rarithe BeERO-BBU ]SS BT R B0 R 095e: Tipphogpsensitive
I mage sensor pixel anong an array of pixels in an _
clementivgeigle psioravalandmpruiskinggrmaerpphos petesionidyesoe phatagpnversion
having an i nput side for detecting a |Iight signal and
an output side for outputting the detected |ight
signal as an electrical image signal; and an output
control circuit connected to the output side of the
phot osensitive el enent, wherein the output control
circuit fixes the potential of the output side of the
phot osensitive el enent at a predeterm ned vol tage

l evel . ,13.. The i mage. sensor ..pi xel , ac di,ng_.t | aj

157" 6 P3RS PSP 10 Slelfedp WYHETeih th ofttplle control

phot odi ode. 14. The i mage sensor pixel according to
circuitcdcanpnist® an \wiperagionak 4replptesnod arfs¢dbaglk loet-enent is a

stacked pixel structure. 15. The i nmage sensor pixe

according to claim12, wherein the photosensitive

layer.

18.  The images sensor pixel according to claim 17, wherein the operational
amplifier is a differential amplifier having a first input, a second input and an output,
wherein the first input is connected to a fixed voltage Vg, and the second input is

connected to the output of the differential amplifier via the feedback loop.

19. The image sensor pixel according to claim 18, wherein the first input is a
positive input to the differential amplifier and the second input is a negative input to the

differential amplifier.
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element is a charge nultiplying photoconversion | ayer.
33 WD 2004/ 019609 PCT/ US2003/ 026253 16. The i nage
wa@engorepd xel according to claim 12, wherein tP€r/US2003/026253

phot osensitive elenent is a high gain aval anche

rushi ng anor phous phot oconduct or phot oconversi on

| ayer. 17. The inmage sensor pixel according to claim

12, wherein the output control ircujt conprises an

Sbr atHlemianagssenioripsyel aﬁd)rém%é@d@%\@kli,d’&%?rg%sﬁheﬂ%Pm control

i mages sensor pixel according to claim17, wherein the .
circuit@Revidkd fatar aaiifichtiiar of eheandigt pnehtupltadiftorhithe photosensitive
having a first input, a second i nput and an out put,
H@erein the first input is connected to a fixed
vol tage VREF, and the second input is connected to
the output of the differential anplifier via the
f eedback | oop. 19. The inmge sensor pixel according to
claim 18, wherein the first input is a positive input
to the differential anplifier and the second input is
a negative input to the differential anplifier. 34 WO
2004/ 019609 PCT/ US2003/ 026253 20. The image sensor
Riel Hoconaiargnsae prdiassordingfivedam2@ nehesginpthe output control
control circuit provides a linear anplification of the

circuit dBRGRises:gnal outputted fromthe photosensitive
el ement .

eleme

a differential amplifier having a fixed voltage Vyg; connected to a positive input to

the differential amplifier,

a feedback loop connecting a negative input of the differential amplifier to the

output thereof, and

a capacitor connected in the feedback loop.

22. The image sensor pixel according to claim 21, wherein the output control
circuit further comprises a second loop connected between the output of the differential
amplifier and the negative input thereto, in parallel with the feedback loop, wherein the

second loop includes a reset switch connected therein.
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21. The inmage sensor pixel according to claim 20,
wherein the output control circuit conprises: a
waledormrene i al anplifier having a fixed vol t agePC/REF2003/026253
connected to a positive input to the differentia
anplifier, a feedback | oop connecting a negative input
of the differential anplifier to the output thereof,
and a pacitor connected in the feedback | oop. 22.
The i nigé IRABE SN HEFL ASEXGHRE Foyclpign igaW s Hig @ity control
the output control circuit further conprises a second
circuitl ropides adegirabmiedlyweompirtssedadputsiaf of He ididef asigmat datputted
anplifier and the negative input thereto, in paralle
.t . oop, wherein the second |oop
ﬁonl?%é#ﬁﬁggn%%?gg%?ﬁgﬁﬁtch connected therein. 35 WD
2004/ 019609 PCT/ US2003/ 026253 23. The i mage sensor
pi xel according to claim12, wherein the output
control circuit provides a logarithm cally conpressed
conversion of the image signal outputted fromthe
phot osensitive elenent. 24. The i nage sensor pixe
according to claim 23, wherein the output control
c24cui Lhe dmpes sas0r pixel Kriding raflaimmg P VRercihERG agpat control
fixed voltage V..F connected to a postive input to
circuit f@nphifcker ential anplifier,

a differential amplifier having a fixed voltage Vyz; connected to a postive input to

the differential amplifier,

a feedback loop connecting a negative input of the differential amplifier to the

output thereof, and

a diode connected in the feedback loop with the anode of the diode connected to
the negative input to the differential amplifier and the cathode of the diode connected to

the output of the differential amplifier.

25.  The image sensor pixel according to claim 24, wherein the diode is formed as

a MOS transistor.
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a feedback | oop connecting a negative input of the
differential anplifier to the output thereof, and a
walr@dpiwennected in the feedback | oop wi th thePEnOS®0»626253
the di ode connected to the negative input to the
differential anmplifier and the cathode of the di ode
connected to the output of the differentia
r‘rgl ') crt nwﬁgqf Qg-lrlggq }i%nng%emggq gl:;ugl %or a output control
transi st or. 36 WD 2004/ 019609 PCT/ USZOOS/ 026253 26.
circuitffnethemagmpsietssnsecpind Elopacmmedicddhdrweal dieno@ddnt whdreadifferential
the output control circuit further conprises a second

ampliﬁ&oai’ldctﬂ@ Qﬁ‘:gﬁtg\%t 1&2{1 VERAbNR ?&put t ﬁ-](.; tHe e didck %ﬁgtvlfl?%mm the

i fier negat|0e reto, in par
th th eedback | in the second | oop
secongl LqR, Hs ‘%sﬁé§%¥S§WW %F@Bntherein. 27. The

i mage sensor pixel accordlng to claim12, wherein the
out put control «circuit provides a |linear conversion
when the image signal outputted fromthe

phot osensitive elenent is within a first signal range
and a logarithmcally conpressed conversion when the
i mge signal is within a second signal range. 28. The

| PRge Thes@agPicnsdr pikelaictording to clhiah IR 2wheiie tigd Sutpie control
out put control «circuit conprises: a differentia

c1rcu1%;%kf{c{els %rhn'éﬁy ex%le %A Yol £R08 sral oGPUESH! £m! Bed

Ive 1 np

photosensitive element is within a first signal range and a logarithmically compressed

conversion when the image signal is within a second signal range.

28.  The image sensor pixel according to claim 27, wherein the output control

circuit comprises:

a differential amplifier having a fixed voltage Vg connected to a positive input to

the differential amplifier,

a first feedback loop connecting a negative input of the differential amplifier to the

output thereof,

a feedback capacitor connected in the first feedback loop,
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the differential anplifier, a first feedback | oop
connecting a negative input of the differentia
waopkioideey to the output thereof, a feedback PeEpESiN®026253
connected in the first feedback |oop, 37 WO
2004/ 019609 PCT/ US2003/ 026253 a second feedback | oop
connecting the negative input of the differentia
anplifier to the output thereof, in parallel. Wwth the .
fai sesend Gedberkidopp eprnectigisdhe NEsHEEIPRY ?ﬁthF fereppppmplifier to
feedback | oop with the anode of the diode connected
the outpitlth€reBE A phrabel Withitthe frst fieedBadld opnt i al anplifier,
and a reversSe bias voltage connected to the cathode of
the diode in the second feedback |oop. 29. The image
sensqr e Car - QFRhd giode
IR Bt e R L BRI it e e o
f eedback | oop and toé%he, athgﬂe of..t he di ode for
connegfa 50 Rhgcaaiae Rt tedhp differouial agRLfishARE di ode. 30.
The i mage sensor pixel according to claim 28, further
conprising an of fset capacitor connected in the second
ferdbac ki vopagmabrinectedgodhe hathedofof thediogiedaghe sgsgndicedback
of fset switch having a first term nal connected to the
second feedback | oop between the cathode of the diode

loop'and the offset capacitor, and having a second term na

29.  The image sensor pixel according to claim 28, further comprising an offset
voltage source connected in the second feedback loop and to the cathode of the diode for

supplying the reverse bias voltage to the diode.

30. The image sensor pixel according to claim 28, further comprising

an offset capacitor connected in the second feedback loop and to the cathode of the

diode, and

an offset switch having a first terminal connected to the second feedback loop
between the cathode of the diode and the offset capacitor, and having a second terminal
connected to an offset voltage source, whereby the offset capacitor becomes charged upon

closing the offset switch to thereby apply the reverse bias voltage to the diode.’
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connected to an offset voltage source, whereby the

of f set capacitor becones charged upon closing the
wobdsmesni t ch to thereby apply the reverse biBGI/US2003/026253

voltage to the diode." 38 WD 2004/ 019609

PCT/ US2003/ 026253 31. The i nmage sensor pi xel according

to claim28, wherein the diode is forned as

transistor. 32. The |nage ensor ccord
Alat e, Imges enso: DES] BYOBIBELO RS aT et tthLg&’ﬂ?‘??e’P formed as

conprises a third [ oop connected between the out put of
a MOS hangditbferential anplifier and the negative input
thereto, in parallel with the first and second
feedback | oops, wherein the third | oop includes a
reset switch connected therein. 33. The i mage sensor
pi xel according to claim 12, wherein the output
control circuit includes a freeze frame circuit for
perforning a freeze frane shutter function. 34. The

ensor_pi xel [
07 oTIFY e ffr A Ihe 0 G 28 Ahelhibli el dheh Bcontrol
SMAtCh and a capacitor connected to one ternln I ial
circuittfhether easaprises arfblrdvlp@}c ronpesieds BEGER K3 PREPULSE éﬁ@ Gﬁ%rf entt
an i mage signal when the freeze frame swtch is

amplifidr Q88 dhe 380 20P4 D66 JinRGET/IdEROMANE H@5Ed BBond fredback
i mge sensor pixel according to claim 12, further

loops, RS thn hitd loop includes a reset switch connected therein.

33.  The image sensor pixel according to claim 12, wherein the output control

circuit includes a freeze frame circuit for performing a freeze frame shutter function.

34. The image sensor pixel according to claim 33, wherein the freeze frame

circuit comprises:
a freeze frame switch, and

a capacitor connected to one terminal of the freeze frame switch, for capturing the

charge of an image signal when the freeze frame switch is closed.
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protection circuit connected to the output side of the
phot osensitive elenent and an input to the output
W@ oomooleoTi rcuit. 36. The i mage sensor pixel aPCDU81008/026253

to claim35, wherein the protection circuit includes

a protection diode. 37. The image sensor pixe

according to claim 36, wherein the protection circuit

further conprises a resistqr. 38. .The i e Ssensaor.

pixel Becragici§niqs RI¥ iaﬁﬁ%&n%efrl%%f%h‘g? bERUPLENS 2

circuit includes an n-MOS transistor having a drain _
protec@iod circgitcenbedrbd ed elod outpak kige ob ninephemstwitieeclcanpand an input

of the photosensitive el enent, and a source

el ' : nected to a voltage source which sets
tOth2§4§%#%ﬁ€%1¥gggﬂleveI, whereby current flow ng from

t he photosensitive elenent having a voltage in excess

of the imt voltage level is transferred away from

the output circuit through the n-MOS transistor. 40

WO 2004/ 019609 PCT/ US2003/ 026253 39. The i nmage sensor

pi xel according to claim 38, wherein the protection

circuit further conprises a resistor, 4g. The image . . .

sdhisor The ieigeascospiping aceoising 1A daim gReVerisy ﬁ“éi B‘iﬂ% n circuit

control circuit includes a differential anmplifier
mcludggyip@gteaﬁmajddeye i nput fixed at VRF, F, a negative

i nput connected to the output of the photosensitive

el enent, and an out put,

37.  The image sensor pixel according to claim 36, wherein the protection circuit

further comprises a resistor.

38.  The image sensor pixel according to claim 35, wherein the protection circuit
includes an n-MOS transistor having a drain and a gate both electrically connected to the
output of the photosensitive element, and a source electrically connected to a voltage
source which sets a limit voltage level, whereby current flowing from the photosensitive
clement having a voltage in excess of the limit voltage level is transferred away from the

output circuit through the n-MOS transistor.
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a feedback | oop connecting the output and the negative

input of the differential anplifier, and a capacitor

w0 poothedsheedback | oop and connected to the outPCr/uswd3/026253
the negative input of the differential anplifier. 41.

The i mage sensor pixel according to claim 35, wherein

the output circuit includes a differential anplifier

having _a positive input fixed at VHF,_ a negatiyve input ..
cOfnecildg MISE AEsOH Pﬁiﬁi 265prding (D RBIB s sthersre the peifgtion circuit
and an output, a feedback |oop connecting the output

furthandnipisenegasistore i nput of the differential anplifier,

and 41 WO 2004/ 019609 PCT/ US2003/ 026253 a diode in

t he feedback | oop having its cathode connected to the
output of the differential anplifier and its anode
connected to the negative input of the differentia
anplifier. 42. The inage sensor pixel according to
claim 35, wherein the output circuit includes a

3 g TP 08 B R e oo

t he photosensitive elenent, and an output, a feedback

circuigindedes connecting the output and the negative input

of the differenti al

a differential amplifier having a positive input fixed at Vigg, a negative input

connected to the output of the photosensitive element, and an output,

a feedback loop connecting the output and the negative input of the differential

amplifier, and

a capacitor in the feedback loop and connected to the output and the negative input

of the differential amplifier.

41. The image sensor pixel according to claim 35, wherein the output circuit

includes

a differential amplifier having a positive input fixed at Vg, a negative input

connected to the output of the photosensitive elmeent, and an output,

a feedback loop connecting the output and the negative input of the differential

amplifier, and
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anplifier, a capacitor in the feedback circuit and

connected to the output and the negative input of the
waledormrene i al anplifier, a diode in the feedbaP&T/US2003/026253

circuit in parallel with the capacitor and having its

anode connected to the negative input of the

differential anplifier, and an offset voltage source

in the feedback circuit in parallel with the capacitor
i dhoonbe detlongk [P ket no fheoc i HACRBpHeOf the
output of the differential anmplifier. 42 WO
differ@ad AMpHEEOarROTE USAH0MRERE30 hE negativierinpet cftths slifferential
conprising: a charge nultiplying photoconversion
anq,-%@nent; and an image sensor pixel array having a
plurality of pixels, wherein each pixel conprises: an
output circuit connected to the charge nmultiplying
phot oconversion el enent, wherein the output control
circuit maintains the potential across the charge
mul ti plyi ng photoconversion elenment to be at a
predeterm ned voltage | evel. 44. An inmage sensor
CQBpPri §igmage SERLYBiEHALbRIME BY cRIATIEC WMEREiR itBE output circuit
el ement; and~an inmage sensor pixel array having a
. lurality of pixels, wherein each pixel conprises: an
lnClu‘g‘iﬁtput control circuit connected to the charge
mul ti plying photoconversion el enment, wherein the

output control circuit provides a |inear_ conversion
a differential amplifier having a positive input fixed at Vygg, a negative input

connected to the output of the photosensitive element, and an output,

a feedback circuit connecting the output and the negative input of the differential

amplifier,

a capacitor in the feedback circuit and connected to the output and the negative

input of the differential amplifier,

a diode in the feedback circuit in parallel with the capacitor and having its anode

connected to the negative input of the differential amplifier, and

an offset voltage source in the feedback circuit in parallel with the capacitor and

connected to the cathode of the diode and to the output of the differential amplifier.
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of an image signal outputted fromthe charge

mul ti plyi ng phot oconversion elenent for the entire
wopmaatieonal range of the charge nultiplying PCT/US2003/026253

phot oconversion el ement. 45. An i mage sensor

conprising: a charge multiplying photoconversion

el emrent; and an i mage sensor pixel array having a

plurality of pixels, wherein each pixel conprises: 43

VG- 200 T1OR0GNFT ORI 026253 an out put contro

circuit connected to the charge nultiplying

phot oconver si on el enent, wherein the output control

Gi dtauid mpl@pliidephotbagarisidmelemkhy andonpr essed

conversion of an inage signal outputted fromthe

charge nmultiplying photoconversion elenent for the

Ll tpll"ﬁg'ﬂ bliMByCdTasieds, Rt drtipl et @ixel comprises:
%ﬁGb%'ggggﬁgion gﬁgﬁgﬂﬁﬁggghiAn i mage sensor ? P
conprising: a charge mnultiplying photoconversion

ol ur aretg gt sl SRR BP o gl es T PR R Ronverson

out put control circuit connected to the charge
elementy nthiepdiy ithg oufhvstcontmy eirgtiomaiitaips e PolisaHe; arres ghe charge
out put control circuit provides a |linear conversion

i¥ink MRS ESnYBRlon0dlt bkt ®Obd sanpleteteemaieagievaiuigt lpleli ng
muluﬁg)hg%% ngedlo tﬂmﬁle ¢ oftalg

oconversi on el ement when t out put of the charge
mul ti plyi ng photoconversion element is within a first
range and a logarithmcally conpressed conversion of
the i mage signal when the output of the charge

44.  Animage sensor comprising:
a charge multiplying photoconversion element; and
an image sensor pixel array having a plurality of pixels, wherein each pixel comprises:

an output control circuit connected to the charge multiplying
photoconversion element, wherein the output control circuit provides a linear conversion
of an image signal outputted from the charge multiplying photoconversion element for the

entire operational range of the charge multiplying photoconversion element.

45.  Animage sensor comprising:
a charge multiplying photoconversion element; and

an image sensor pixel array having a plurality of pixels, wherein each pixel comprises:
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mul ti plyi ng photoconversion elenment is within a second

range. 47. A nethod for obtaining an inmage signal,
w@ompnising: detecting a |ight signal in an iPEDES2003/026253

sensor; 44 WO 2004/ 019609 PCT/ US2003/ 026253

phot oconverting the |ight signal into an electrical

signal in a photosensitive elenment in the inmge

sensor; anplifying the electrical signal in.the.
phot o SERYPIY éowglrfé‘ﬁtl}t COPP%‘HE% £? A thyrge “Elrhé@tyﬂgc al
signal to a storage elenment; accunulating charge from

phototdifepi@ctkieat, whgaal thatoutive ®nordgacek enendes salegarithmically
limting the voltage at the storage elenment to a

cornprgsrsgg %éﬁ%ﬁl%ﬁ%flahq}rfagg g’ilghﬁgcﬁltkﬁﬁ’c@di fronfBhe di@gdBiIGSlying
accordi ng I 7, n i

to claim wher e Imting the voltage

i ncludes transferring .charge.away fro he, st ar age: 1.
photogpraigesien GlsEIFE ¥ %F%&@%W%%%‘PW AT harge Mdftiplying

accumnul ated charge exceeds the predetermined |imt
photot@welsiod Blenikine. met hod according to claim48, wherein

limting the voltage further includes |owering the

vol tage of the electrical signal prior to the charge

accurmul ating at the storage elenent. 50. The net hod

according to claim47, further conprising readi ng out

the charge accunul ated at the storage el enent. 45
46. An image sensor comprising:

a charge multiplying photoconversion element; and
an image sensor pixel array having a plurality of pixels, wherein each pixel comprises:

an output control circuit connected to the charge multiplying
photoconversion element, wherein the output control circuit provides a linear conversion
of image signal outputted from the charge multiplying photoconversion element when the
output of the charge multiplying photoconversion element is within a first range and a
logarithmically compressed conversion of the image signal when the output of the charge

multiplying photoconversion element is within a second range.

47. A method for obtaining an image signal, comprising:

detecting a light signal in an image sensor;
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WD 2004/ 019609 PCT/ US2003/ 026253 51. A nethod for
obt ai ning an i mage signal, conprising: detecting a

wo e@hbisdgnal in an i mage sensor; phot oconver t PEUS1963/026253
light signal into an electrical signal with a charge
mul tiplying photosensitive elenment of the inmage
sensor; anplifying the electrical signal in the charge

nmul tiplying photgosensitive el enent.; .and . mai nt ai ni ng.
¢ HotoBpRYRTAL the hEEe el RQrdLEHEr P Rropepspiye element
constant at a predeterm ned voltage |evel. 52. The

in thermstagodermocor di ng to claim 51, further conprising
performng a linear conversion of the electrica
signal outputted fromthe photosensitive el enent over
t heplifitd iR QRaFiadlisipaal @nue phbrékasiahotlesrasgi tive
el erent.” 53. The net’hod according to claim51, further
conprising logarithmcally conpressing the electrica
si.gn outputted.from P [tive el enent over
th%ngng$@%e§%§géa?%énagﬁﬁégé%%Eﬁg%%rgtosensitive :
el emrent. 54. The nethod according to claimb51, further
conprising performng a linear, conversion of the
ereemylagns shayaa frogythssledrcsls #é%ﬁﬁara%%%me%énd
el ement when the outputted electrical signal is
within a first range up to a predeterm ned threshol d
| Béding eredvaltigd@: 200600 6lnRETEL UG2008L0RBREJimit voltage level.
| ogarithm cally conpressing the electrical signal when
the outputted electrical signal is

48.  The method according to claim 47, wherein limiting the voltage includes
transferring charge away from the storage element when the voltage resulting from the

accumulated charge exceeds the predetermined limit level.

49.  The method according to claim 48, wherein limiting the voltage further
includes lowering the voltage of the electrical signal prior to the charge accumulating at the

storage element.

50. The method according to claim 47, further comprising reading out the
charge accumulated at the storage element.
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wi thin a second range above the threshold | evel. 55.
The nmet hod according to claimb54, further conprising
wa@djoustdeny the threshold | evel at which the oRPCPUB2003/026253
control circuit switches fromperformng |inear
conversion of the electrical signal to logarithmc
conpression of the electrical signal. 56. The nethod
accordi ng aimbl, further .conprising performng a
f2leezel Ot tgﬁé l?@ﬂ%%ﬁn%ees%ﬁwgp?weréﬁng i gnal
obtalned by the charge mul tiplyi ng photosensitive
el ement. 57. The nethod according to claimb51, wherein
nadtettaigna hghasigom st amimpg @89l across the
phot osensitive el enent conprises l[imting the voltage
of the electrical signal outputted fromthe charge

Nt doBb M eREn ® lagd E%Iﬁfbﬁgdal o ahei@iica sighhlewith a charge multiplying
predeterm ned VO tage | evel . 58. The method according

PhOK??gﬁg?gf] gQEg%nQ 5ﬂng t he vol tage incl udes

oh of the electrical signa

whi ch exceeds the pr edeterm ned voltage |level. 47 WO

2004/ 019609 PCT/ US2003/.02 59. The. et hod ..
atephifyingthesl %qteﬁ:e\#ﬁlgsall w&g ﬁ%FgF .%ﬂPPE{gn& BEOR?S?‘%SEQV:S clement; and
further includes |owering the voltage of the

el ectrical signal prior to transferrin way the
paitrtaningthet preestia patoswtieghharsmeiive E?ﬁ@ﬁpﬁ dddeaonsiqagat a

vol tage level. 60. An inmmge processing apparatus

predc&?ﬁﬂ{éﬂ&&ge level.

52.  The method according to claim 51, further comprising performing a linear
conversion of the electrical signal outputted from the photosensitive element over the

entire operating range of the photosensitive element.
3

53. The method according to claim 51, further comprising logarithmically
compressing the electrical signal outputted from the photosensitive element over the entire

operating range of the photosensitive element.

54. 'The method according to claim 51, further comprising performing a linear
conversion of the electrical signal outputted from the photosensitive element when the

outputted electrical signal is within a first range up to a predetermined threshold level, and
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an i mage sensor for detecting an i mage and outputting

i mge signals corresponding to the detected inmge;
warp@samedage processor for processing the i naPET/US2003/026253

signals outputted fromthe i mage sensor, wherein the

I mage sensor conprises: a charge nultiplying

phot oconversion el enent; and a pixel array having a

_plurality of pixels, wherein each pixel includes. : .
logarimpirgl covemsy PG SerF] LA o onReRFd el genat is
charge multiplying photoconversion |ayer, and a
withinpt @kend iraigecibosaithe gireshold &atl y connected to the
charge storage elenent for Ilimting a voltage which
accunmul ates at the charge storage elenent. 48 WO
2004/ 019609 PCT/ US2003/ 026253 61. A processing
system conprising: a processor for receiving and
processi ng i mage data; and an i nage data generator for

s&pP! YTRY nl ABGE 283k @ink o lREmPT O FRERS corhpiisihgradiasdag ahe

generator conprising an i nage sensor for detecting

threshplcae e B or@e Pt Pa R 8 B RARine linca

controller for controlling the image sensor and tgf,
conversiagef preodetsaal signal to logarithmic compression of the electric signal.

56. The method according to claim 51, further comprising performing a freeze
frame operation on the electrical signal obtained by the charge multiplying photosensitive

element.

57.  The method according to claim 51, wherein maintaining a constant potential
across the photosensitive element comprises limiting the voltage of the electrical signal
outputted from the charge multiplying photosensitive element to the predetermined

voltage level.

58. The method according to claim 57, wherein limiting the voltage includes
transferring away a portion of the electrical signal which exceeds the predetermined voltage

level.
47



wherein the i mage sensor conprises a charge

mul ti plyi ng phot oconversion elenent; and a pixel array
whaniogeead pl urality of pixels, wherein each piR&/US2003/026253

includes a charge storage elenent electrically

connected to the charge nultiplying photoconversion

Iayer and a protection circuit el ectrically connected

t char tora r 3
-ch B diedion seoRtog G BB rge 0ts %%Wéﬁlhﬂge e fBlrigigfircher
WD 2004/ 019609 PCT/ US2003/ 026253 62. ' An i nmage

includps vesiignc appagaciheabenpricad siggal pien tﬁég@sﬁf‘éﬁgg avRg the portion
detecting an inage and outputting inmage signals

of thc%grfa?%ﬁﬁﬁdéxﬁgcdsttﬁc pheictahptéboltdgroRyeland an i mage

ocessor for processing the image signals outputted

frontthe I mage sensor, wherein the i mage sensor
conprises a pixel array having a plurality of pixels,
wherein each pixel conprises: a photosensitive
el ement having an input side for detecting a |ight
signal and an output side for outputting the detected
Iiaht signal as an.electrical %nal and an out put

troﬁnéﬁﬁgﬁPﬂXESWH%HﬂEﬁ“PBC?%@ §88put side of the

phot osensi tive

an image sensor for detecting an image and outputting image signals corresponding

to the detected image; and

an image processor for processing the image signals outputted from the image

sensor,
wherein the image sensor comprises:
a charge multiplying photoconversion element; and
a pixel array having a plurality of pixels, wherein each pixel includes

a charge storage element electrically connected to the charge multiplying

photoconversion layer, and

a protection circuit electrically connected to the charge storage element for

limiting a voltage which accumulates at the charge storage element.
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el enment, wherein the output control circuit maintains
the potential across the photosensitive elenent to be
w@omnghasd? 63. The i mage processi ng apparat us PET/TBEN0F026253
62, wherein each pixel further conprises a protection
circuit for limting the voltage | evel at the output
side of the photosensitive elenent at a predeterm ned
vg&tag | evel.. 50 WD 2004/.019609 PCT/ US2003/ 026253
6 .'A-gﬁ688§§Pﬁ§V§9§¥EW?Pﬁgﬂﬁrising: a processor for
recei ving and processing i nage data; and an image data
generator for supplying imge data to the processor,
t meroqessye folateaciviggrrmdaprocessingpmagt Agta; and i mage sensor
for obtaining an i mage and outputting an image signal,
an i mage processor for processing the inmge signal,
amdl irfagOddth gkh&hrdrddbr agplyias Eﬂi@% die tb Mhg proedseor, thdiinage data
the i mage processor, wherein the inmge sensor
i .a charge nul tiplying photoconversion
gm““§%5n8%§§§%%ﬂ a pixel array having a plurality of
pi xel s, wherein each pixel includes a photosensitive
el emrent having an | nput side Lor etecting a. |ight
Si gnal YAHAAEHCHORTHOF J6igEnE Sebbud ALHINENE A idaesEat:
light signal as an electrical signal; and

an image processor for processing the image signal, and
a controller for controlling the image sensor and the image processor,
wherein the image sensor comprises
a charge multiplying photoconversion element; and
a pixel array having a plurality of pixels, wherein each pixel includes

a charge storage element electrically connected to the charge

multiplying photoconversion layer, and

a protection circuit electrically connected to the charge storage
element for limiting a voltage which accumulates at the charge storage

element.
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an out put control circuit connected to the output side
of the photosensitive elenent, wherein the output

W@ oomle0Ti rcuit mai ntains the potential acr oBGT/URME03/026253
phot osensitive el enent to be constant. 51 WO
2004/ 019609 PCT/ US2003/ 026253 65. The processi ng
system of cl aim64, wherein each pixel further
conprises, a protection circuit for limting the
vt agd\ll BRAAC RIPCEHESGRPHIHSSORRPIBING he phot osensi ti ve
el ement at a predeterm ned voltage level. 52

an image sensor for detecting an image and outputting image signals corresponding

to the detected image; and

an image processor for processing the image signals outputted from the image

Sensor,

wherein the image sensor comprises a pixel array having a plurality of pixels, wherein

each pixel comprises:

a photosensitive element having an input side for detecting a light signal and

an output side for outputting the detected light signal as an electrical signal; and

an output control circuit connected to the output side of the photosensitive
element, wherein the output control circuit maintains the potential across the

photosensitive element to be constant.

63.  The image processing apparatus of claim 62, wherein each pixel further
comprises a protection circuit for limiting the voltage level at the output side of the

photosensitive element at a predetermined voltage level.
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64. A processing system, comprising:
a processor for receiving and processing image data; and

an image data generator for supplying image data to the processor, the image data

generator comprising: \
an image sensor for obtaining an image and outputting an image signal,
an image processor for processing the image signal, and
a controller for controlling the image sensor and the image processor,
wherein the image sensor comprises
a charge multiplying photoconversion element; and
a pixel arréy having a plurality of pixels, wherein each pixel includes

a photosensitive element having an input side for detecting a
light signal and an output side for outputting the detected light signal

as an electrical signal; and

an output control circuit connected to the output side of the
photosensitive element, wherein the output control circuit maintains

the potential across the photosensitive element to be constant.
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65.  The processing system of claim 64, wherein each pixel further comprises a

protection circuit for limiting the voltage level at the output side of the photosensitive

element at a predetermined voltage level.
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