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MULTI PLI CATI ON LAYER AND LOW VOLTAGE READOUT

ELECTRONI CS FI ELD OF THE | NVENTI ON [ 0001] The present ”
invention relates to i nage sensors which use a stacked

aval anche nmultiplication layer to anplify the 28 August2006
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
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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_reducing the size of the inage
sensor, the size oFI@a&pE?mEWWON
proportionately reduced. Smaller pixels reduce the
amount of charge that can be collected by each pixel
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BACKGROUND OF THE INVENTION

[0002] Amid the nsmg 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



28 August 2006 increases the potential for obtaining

a blurred image if there is any novenent by the inmage

subj ect or the device during exposure. On the other

hand, in order to maintain the sane sensitivity

wi thout having to increase integration time, the 28August2006
pi xel s must be nade larger, which limts the

resol ution. [0003] One solution towards achieving both

increpsesothe posential forsobiainamgia biugred image if thext istany movement by the image
di sclosed in "CMOS | mage Sensor Overlaid with a HARP

subjett Wrahe B¢ et e dafing ledpSdure. Oh the HbPRSd, $h oRller to maintain the same
publ i shed in the Program of the 1999 | EEE Wor kshop on

sensiFy SRS Mo DBl G, TR B B b tcger,

.FIGS, 1A and 1B, the pixel circuit 902 is overlaid
Whl‘-'\hiltfﬁ-m&dsftm]@éw@harge mul ti pl yi ng phot oconver si on

| ayer, such as a high-gain aval anche rushi ng anor phous

phot oconduct or ("HARP") photo-conversion |ayer 904 for

[i1fxiN he |.ight,signal roduced by each.pixel,. .
(005 S dnlop o itiing Bohr idfe FimBRTaA Sibhigh image
the HARP | ayer 904, a charge 910 in the form of holes
quality isdiprleseddn “4rMQinbmagd Senson Ovarlgidiwitke s FLABPPhofionahversion

| evel while being propelled through the HARP | ayer

Laye90%yt ‘0. WagabeQ b SI) publich &l tlﬁﬂ‘i-o?l-am bf titd 1999 tEER Woskshop on

: el ectrically connected to the bottom side 912 of the 7
F hat. { he lified 4 Si [ .
a8 DA S NI e RO, B8 03 Bl i snsor,
'chA" i s, conducted into the pixel circuit 902 as
whic|ipshowr in FIGar b andiB, eheipiyel cieif 02 iscaycrlaidawith a stacked charge
multiplying photoconversion layer, such as a high-gain avalanche rushing amorphous
photoconductor (“HARP”) photo-conversion 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 cénncctcd to the bottom side 912 of the HARP layer 904 such
that t}le 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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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 anmount of charge accumnul ated at

the node 914, which is proportional to the intensity
of |ight 906 detected, is read out. In this mannegd August2006

the image 2 28 August 2006 sensor of FIGS. 1A and 1B
al  ows each pixel to capture image data with an

sehdtr OFFIGS. AGndSEY ﬂéwyeicp ),ﬂg Y @hlike aﬁag%&% an inensity and

attai nabl e by signi ficant rger pixe 0 not

seilint il BB Eraserna by SRniseaaty Restrnitg whihida gor bave the
to be inproved w thout having to increase the si ze of
avilpache capabiligy. AsGOGHIL usef ddIARP kitrainables the image
aval anche nultiplication in the HARP | ayer, an
qualigabrbetiniprevel withoabRaving BSindréale tise §8616F ﬂ&%na@@ s&lor array.
is achieved by applying an operating voltage of
between 50 -100 V to the HARP |layer. In a typical HARP
e sensor, voltages of |less than about 8 V are

i ma
[00Q2 i nln héiqmtﬂellbtam ravalanchegnnkiplicatidreinetheHHARP IaydRPan clectric field

layer, with the pixel circuit generally having a

ofbbe@«mfvvyaﬁ lid Ag@ired, whithélacHicwdd DYNpIging ahHpe gwoltagc of
of the incident Ilg’ht on the |rmge sensor is at

reen f nr char
beliPRESPI 08 KO R BT e, B B 4&%‘@8%@%?@@% voltages of less
ac unulatlng at_the storage dlode beneath t he HARP
t $oY remBieddnithe il ercuit cannscesddrencartythe dIARPdayer, with the
applied to the HARP | ayer. Thus, voltages of 50-100 V
pixebgirduir gemetdlBchaving HBreakds g eomgad@f ABARGIINEV. | WaER the intensity of
sensor is exposed to a strong light, resulting in a

theEREACHEN  Bn Em:em{a%@qgﬂstor is at the upper end of the detection range for the

_n_

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 al. 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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conmponents of the -pixel circuit. [0006) To address
this problem attenpts have been made to build a pixel
circuit having a higher breakdown tol erance. An

exanpl e of such a high tolerance pixel circuit is
disclosed in the article by T. Watabe et al. ment 28dagust 2006

above, in which the pixel circuit is constructed as
MOS transi stor having a double drain structure. This

OB b v AR S B s e

6(?11\7] &W— dose n- [egkon 924 surroundi ng a conventi onal .
2 9EErna spesipl MOSLebriqationpresess isreapirad derstormagpthe double drain

drain MOS transistor structure was shown to achieve an
MéMiiuansistor, wottthg sizapf the MIOS ttundietor ridkeY it diffiero, attin small pixel
special MOS fabrication process is required for :

sided F5H High rBRIARIPIrfadl @hBorsMOS transistor, and the size
of the MOS transistor nmakes it difficult to attain

smal | pixel sizes for high resolution inmage sensors.
[ 0007] Anot her problem encountered in typical HARP

[008%he sdmshar prbblent bacoutticdda tyiva HARPtihfps saisd@ewhen the
node rises is that the effective voltage applied

t , g k:Ch
oo e MRy P U CHREHE 95 RIIEA across he
PHEfEORRRIOR 13kt Ueafehons, whichatepihe shargs anmriicegan raigion of the

a detected light flows fromthe HARP | ayer 904 and
phatacenutrsicadaynr. Ronexamgle, & theodrrdngenseno slhgen di FIES. 1Aand 1B, as the

vol tage at the node 914 increases, causing the -
charge representing a detected light flows from the HARP layer 904 and accumulates on
the node 914 of the storage diode, the voltage at the node 914 increases, causing the

tial diff ti i |

poten erence between the operating voltage V.., applied to the HARP layer 904
and the storage node 914 to decrease. The result js 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 cither accounting for the loss of effective operating voltage across the charge
multiplying photoconversion layer or otherwise addressing the decreasing amplification in

bright light conditions.



potential difference between the operating voltage

Vs applied to the HARP | ayer 904 and the storage

node 914 to decrease. The result is'pixel si gna

saturation and a nonlinear response in which the

signal levels recorded by the imaging device are A8tAugust2006
correctly represented in the pixel output. [0008] To
address this problem it is necessary to find a way to

anpl i fy the int gRIEFSTIPMMARINOFSTAERINVENTITNS ane

anmount under bright [ight conditions as for | ower

light <conditions, by either accounting for the | oss

096?ff feqf fie afiRef 8¢ thl g:&%{ n@6h gér%e{ {1& mﬁ@awsmmcms associated

i pl yl ng phot oconversi on ayer
ddr e t he decyeasi ng anpllflcatlon ri
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THE | NVENTI ON [ 0009] A first aspect of the present
conditioms ibyrinewpessinga protéciahaimmnitihenthegsise ciratit donnédtéd to the
the high voltages which may be generated by a HARP
HARPIhydN HiHe ﬁl’bt&ﬁbnlchgﬂitt r&RBR EHC | R¥tchit GHnP B own when

a protectlon CIrCUIt |nt t he pIX circult connect d
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in the plxel CIrCUIt reaches the o eratlng vol t age
mulgplyingipherochavastian fyer inutcsporisgitoghp iroage smser kiing exposed to a
| ayer in response to the inmge sensor being exposed to

strong $igh€N dnlpagtidular), Fhelfrokdctiondirculd 6F tAE %&em DRetidit Hiay be designed
of the present i nventi on may be desi gned

in any of several configurations in which additional voltage entering the pixel circuit from

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 pfcscnt invention addresses the problem of pixel
saturation and nonlinear amplification of the image signal output from a charge multiplying
photoconversion Jayer by incorporating an output control circuit into th1c pixel circuit
connected to the charge multiplying photoconversion layer. Preferably, the output control
circuit is constructed as a charge trans-impedance amplifier (CTTA) circuit inclading at léast
an opcrational 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.



in any of several configurations in which additiona

vol tage entering the pixel circuit from the charge

mul ti pl yi ng photoconversion | ayer "over a predetern ned

threshol d voltage level is dissipated before reaching

the storage node and other |ower voltage conponeng$August2000
downstreamtherefrom [0010] , A second aspect of the

present invention addresses the probl em of pixe

[6GLLY at | Bioas éxaﬂﬂhi-,mabomxitfdf&&f l;ﬁﬁaéﬁfcoﬁ%l LiPRSEin accordance with

signal output froma charge nmultip

[ | ayer by.incorporating an output
RSB BREH, the PR Bl n i rard Reipts & BlfCOR g clement ata
t he charge nul tiplying photoconversion |ayer.
censtndylgysl Yo provadeulipear auper diroughawntht cntirccopartting rage of the
as a charge trans-inpedance anplifier (CTIA) circuit

phomicodvergonteldrgan! Artheeieaipla)dmiiineht 8f an YRGHR Bntrol circuit in

the CTIA serves to fix the voltage | evel at the

ShPAAIE wi : r maiptaip a constant effective

2 oper at ?r%ﬁlgg?e'%?ﬁlgb aagg%s csttg“é ve aeross the phpYgGegversion element,
tgconversjon | ayer. 5 28 August 2006 [0011] In one

“EL] Hex #%aaﬁjawaﬂié gompressescths image sigoalt obsained flmn thé¢ photoconversion

accordance wwth the invention, the effective voltage

clementi Atthird edempliey smboiiatRCSMKE LRHIR RnB@EBfrcd@t pfovides a lincar
constant level to provide a |linear output throughout

dBa: Al ' e h nver sion .
olip SEhAI' 100 ieht LORLEAA0 b e ieeddl BBt BN B SloBPrversion clement
accordance with the invention al so

e
cqontrol circujt i
refchesa R‘ﬁ@CWPﬁﬁ shresholdvalucy whssrupon the outp csingrad sircuit then
switches the output to a logarithmic signal in brighter light conditions, Optionally, the

output control circuit of this Jast embodiment may be constructed so that the threshold

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.



and further logarithmcally conpresses the inmage

si gnal obtained. fromthe photoconversion elenment. A

third exenpl ary ‘enbodi nent of the output control

circuit provides a linear output signal in [owlight
conditions until the current fromthe phot oconveré}g&"ﬂgust2006
el ement reaches a predeterm ned threshold val ue,

wher eupon the output control circuit then switches

the out put to BRIBFADESCRIETEONGF THEDRAWERJS ght
conditions. Optionally, the output control circuit of

this last enbodi nent may be constructed so that the

[0013§shol FIG. V&l is& dp6is\@Etioridl ick i b s ;
outgut characteri st iscs S adjcusﬁﬁfﬂ[ﬂggﬁ]ﬁ%ﬁe}?g% g a charge

Q- n dvant ages of the present invention
Y %éi%?r’%&%%s‘?fs%ﬂ%m?g?%mﬁw& | owi ng det ai’l ed
description of the invention which is provided wth
reference to the acconpanyi ng drawi ngs. 6 28 August
[020@p BRIE: 1BESERIEH Gheelm DiEhOFAY NemideARh3kh&hFin FG. 1A;
IS a cross-sectional view of a prxel 1n an 1 nmge
sensor having a charge nmultiplying photoconversion
l.ayer as _known in the art; [0014] FIG 1B is a circuit
[09;1%1; r amE 6. 2rea groseisectionahyewamfta dihdlerdiain MOS thaivsistor as known in
[0015] FIG 2 is a cross-sectional view of a
thelaithl e-drain MOS transistor as known in the art;
[0016] FIG 3 is an illustration of an alternative
phot oconversion el ement usable with

milt
W
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[0016] FIG. 3 is an illustration of an alternative photoconversion clement 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. § 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;




the present invention; [0017] FIG 4 is a circuit

diagramof a first .preferred enbodi nent in accordance

with the present invention; [0018] FIG 5 is a

circuit diagramof a second preferred enbodi nent in

accordance with the present invention; [0019] FI& Aggust2006

is acircuit diagramof a third preferred enbodi nent

in accordance with the present invention; [0020] FIG
[00213 a FIQ: @ik adirdGit AWgPim BFABRY EmBbAMSEHtSA accordance with the

enbodi nent in accordanCe wth the present invention;

. t. 2006 [00211 FIG 8 is a circuit diagram

prétag"ﬁi%gé Lenmbodi nent in accordance with the pr esent

invention; [0022] FIG 9 is a circuit diagramof a

si xth enbodi nent in accordance with the present

[oopeent i @1G. ©Q92 3rcdit Qiagmn IoF a3ith eRIHJdiEAGARSfdaRce with the

sevent h enbodi nent in accordance wth the present

H%X jon, [0024] FIG 11 is a graph for illustrating
Pr eﬂcHovﬁg%?%’i on characteristics obtained by the

enbodi nrent shown in FIG 10;

[0023] FIG. 10 is a circuit diagram 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.




[0025] FIG 12 is a circuit diagramof a eighth

enbodi nent in accordance with the present .i.nvention;

[0026] FIG 13 is a circuit diagramin accordance with

a ninth enbodi mrent of the present invention; [0027]

FIG 14 is an exanple of an imagi ng apparat us 28 August 2006
i ncorporating the present invention; and [0028] FIG

15 is an illustration of a processing system

comuni cat i NDPB¥ATLED ® EICRITIONPEEHEIINVENTHON

present invention. 8 28 August 2006 DETAI LED

DESCRI PTI ON OF THE | NVENTI ON [ 0029] A first aspect of

[0029]pr ek ﬁi‘stiaﬂ%’&e b g2 ¢ivenfioRiptBtects 4 phttl circuit connected to the
connected to the HARP |ayer from breakdown caused by

i v, nsferr tq.tshe pixel ci.rcujt from . . .
EAHE Ao b RAT S5 b i Ro ot b Piel circuic from
pi.xel circuit is protected from breakdown by
~the dreriunsler heighs light qonditiansi chhegpiel sigcuigs protected from
prevents excess voltage above a predeterm ned

brelikdesino byl idsewpdrating Iﬂhtfre'ﬁcahjfﬂwcddm detiowRith prévents excess voltage
pi xel circuit downstreamfromthe protection circuit.

abdvP h’iﬁ]:d&%fdfﬁ%& rtﬁrcfgﬁbla (i%\%g ﬂ'ng gevz\llwawﬁg htll? 'é:?ﬂﬁ)%ﬁgﬁ{s Hithe pixel circuit

the irnvention I's descri erence to

FIGS. 4-7 showi ng fqQur exenplary  enbodi nents Qf a . )
doypRticam ﬂmc'i%FchP'ECCB?% Firehihg At RigCl SHFSBILE 1R 9C%8@H°H|§Eh this aspect of -
above.
the invention is described below with reference to FIGS. 4-7 showing four exemplary

embodiments of a protection circuit providing the capability described above.

[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 Vg at its upper plate and
connected to storage node 104 of a storage clement 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 clectrical 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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[0030] A first exenplary enbodi nent of the invention

is showmn in FIG 4, and is simlar to the pixel

arrangenent shown in FIG 1B in that it includes a

charge (hole) multiplying photoconversion |ayer 102
connected to a voltage V' .., at its upper plate afgAugust2006
connected to storage node 104 of a storage el enent 510

at its bottomplate. In this enbodi nent, storage

dielde s, Axldhown B PIG.AEbudpulcifdud¥ SQE nfly WeRimP-constructed as a row

Al t hough the charge nul t1plying photoConversion |ayer

i erall.y a high-gain aval anche rushi ng anorphous
s%ﬁ%?%@%%ﬁ%??%r (HARP) phot oconversion | ayer, other

structures for detecting and performng

phot oconversion of a |light signal and subsequently or

[oo3m! t a”PHé'%'ld/dc éf"ﬂ%fg?)é Ifsdd 166 1s8inkired t6'58&idd §iths to block current

charge nay be used. orage node 104 1s the cathode of

di.ode 6 ., for accunul atin Lge,.
855 SARGEHBHE 18 et e Holen 8 e EDF i higherjgrel than the ground
the image sensor integration tinme. An output circuit
cormgction cuhish ovill @lways Hedhe gase whemanl imagasignab ismeteived from the charge
node 104, for reading out the charge accunul ated at

maltipiyipg pholScotwvekiiin BHA6] 02]iskide thOSgndichaR@¥rd Roles. GThus, with

4, output circuit 500 may be sinply constructed as a

. . hat 031 he anode, of . .
rel el 18 Sl AbAB0B, BlerdiBfe ot fiit e sHTRA 5% Gupsistor 108 s open,
bl ock current flow through di ode 106 when the vol t age
Cha{fgqqﬁwwﬁomschargﬁ @ultiplyiagshoteeanversionleyarid)2 as a result of the

connection, which will always be the case when an
ddtemiye of ligtalwillacoanelavest disdu10he char ge

[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 V,,, so
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mul ti plyi ng photoconversion |ayer 102, since the

signal charges are holes. Thus, with respect to

storage di ode 106, therefore, as long as the row

sel ect transistor 108 is open, <charge flow ng from

charge mul tiplying photoconversion |ayer 102 as a28August2006
result of the detection of light wll accunul ate at

node 104. [0032] Row sel ect transistor 108 of out put

that whih ith&66ltdgee IeRi AEsbedelibde 10 iathes thalbvl of Vearlldditional
so that when the gate for the row sel ect transistor

v afrh@ oy b Shank B Bha B ARuERR. Bt 102 f bled off awey

col u | i ne containing the rel evant, pixel is ) :
fromy nasie K cawnsdithe yeltage: seurdeotiaut AB this gRannes, protection diode 112 serves
transferred out of the pixel circuit 100 into an inage

todimitahe soltageestanddedlO4ctoeVge is translated into inage
data along with the data read out fromthe other

pi xels in the inmage sensor array, to thereby
construct the output image. [0033] In order to preven )
(60381 o r@eceeelihginbler g gom ansie. 1A ThraER paeivrien fipde 112, image
br eakdown poi nt of storage diode 106 or row sel ect
ddts acpresehdng 18 intefnitidsaditected et theuigper 624 of dopcdpabiliny sange of
protection diode 112, the anode of which is connected

C%?%%‘@%ﬁ%ﬁﬂg%hgé&é%@gﬁmdlﬁg&qmﬂ HdfosC 2TRAL &R @olta%colwcl at source

I's cohnected to a voltade Vim

10, 28 August 20Q6 that when the, voltage | evel a .
Vashpuldbeisheo ke adalice berpcqpiRimifiog dae pgff:;mf to lose image data

additional voltage arriving fromthe charge
acquirtd ph vhempprrendafithe deicotioh aaree dflgyer 3 08|, and bifrfitingelye voltage at

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 fF/p*. 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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fromnode 104 toward the voltage source Vdd. In this

manner, protection diode 112 serves to limt the

vol tage at node 104 to Vdd. [0034] Once voltage is

bl ed off from node 104 through protection diode 112,

i mage data representing light intensities detect&bAggust2006
the upper end of the capability range of charge

mul ti pl yi ng phot oconversion |ayer 102 will be | ost.

20Muis thdnhdirecedd digugleviel priection’ diede Y08 ofpeotectidie civitit 520 so that the
to strike a bal ance betvveen mn|m2|ng t he potenti al

degggﬁﬁgﬂﬂ?ange?’g@q ayer andgﬁa#loﬁ ngﬁﬁgéﬁ‘;iolt ?de

at node 104 to a com‘ortable | evel to avoid the risk
of breakdown of the storage diode 106 and the row

[8@3Zct t Aahivd ke ﬂa@ﬁcnﬂ:@ﬂﬁﬁ&nb%f&ﬁ@ ﬁ%nﬁ&ﬁnik' shioWn mFIG 6, is
enbodi ment of the invention is shown in Fl G 5, and

A e 5 el o e

stora e, ca aCloér)r 202 instead of a storage dio

ircut eRlansd wigh ap 9oMQS trangistoy §02 ‘Both the drain and

capamtance val ue per unlt area, even nore preferably
thengath of tagewansisto?3@® fufe/ domnedtd to Bhe broragradiade BOB of storage element
provides a higher capacitance value while reducing the
530261 HRABIFRDAE nhh§s :%gﬁ J
to the use of a storage&g?’ggGisas "(g] In %ggpgtéﬁﬁ%fvﬁ'
enbodi nent, charge fromthe charge multiplying
photoconver5|on | ayer 204 is stored in the capacitor
[GOB8] untAd int the enshddimenatddsbberigpraciousiy, ¢ foahfe image signal
Vdd. Additional voltage flowi ng to node 206 fromthe

adclifh@fted M che RtothMOnbRO B80S MYPHR! Wial@%E hodd 304 reaches and surpasses

Vaa- Once this occurs, the higher voltage at the transistor drain causes the excess voltage to
flow through the transistor, so that the voltage at the storage node 304 remains around

'

[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



28 August 2006 204 is then directed through the
protection di ode 208 of protection circuit 520 so that
the charge stored in the capacitor 202 maintains a
vol tage of around Vvdd. [0037] A third exenplary
enbodi ment of the invention, as shown in FIG 6, #&August2000
identical to the pixel circuit of the first
enbodi ment, except that the protection diode of the
pixl eirait 400 fion ehd éhad@O niwdtiplemigastedosriviersion haydOB04 and the storage
transi stor 302. Both the drain and the gate of the
. ' are connected to the storage di ode 308
dl%‘gég?%rg%gédez?]éoﬁent 510, and the source of the
transi stor 302 is connected to a voltage potential of
vdd. [0038] As in the enbodi nents descri bed )
[0p4®Yi ouTihy preseacgef provestonacisonitgi 05 iegrtmidiedabeneras|protestion diode
at the storage node 304 until the voltage at node 304

41\?2 ?P&?&cs%ﬁ%tﬁ%ﬁa? ?ﬁﬁ@éﬁonvfor gg P&P&&M ,So thR€inihidN&ent the signal

tage at ansi st or n causes the excess
oltgge, to. flow {hrough the transistor,, sqQ th t.he ..
volsags lgwing fre ﬁb@f@@éﬂ\#&&gﬂ%aﬁm}a{w@l&ﬁ%}ﬁa Yog.jg Significanty
[0039] In a variant of this enbodi nent, the storage o
largenthan30§ thudt the sohge = rexderd] (6don pesyingahraygharssistan 402 is still too
the high capacity capacitor as described above with

higlP 1B @RGSs FOltddaGwill HERB P IR w A/ frétn(ehe 3torh@04{de4 (8 ard the row

Shows a fourth exenpl ary enbodi nent of the invention,

which is | tical to the enbodi of FIG 4 except
selefttransys °’b4€‘¥ﬂi’?]‘ the P’qufﬁnqé’z%oflg‘laﬁ?er i ncl udes a

resi stor 402 positioned between the bottom plate 406

of the charge multiplying
[0042] A first variaton of the FIG. 7 embodiment may be provided by replacing the

storage diocic 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




phot oconversion | ayer 404 and the storage di ode 408 of
storage elenent 510. The resistor preferably has a
hi gh resi stance val ue which reduces the voltage
passi ng through the 12 28 August 2006 pixel circuit
400 fromthe charge nultiplying photoconversion | ayépgust2006
404 and the storage diode 408 at node 410. [0041) The
presence of protection circuit 510, enbodi ed here as

layirQ$ Rchuced) ik affplifiddrion RNy @ PhotedbaiveRicH Rgér idalso reduced.
for the pixel circuit 400, so that in the event the

THohien 8 seRaicrafttei e Wpol el el ffch, e signa

than Vdd that the voltage at node 410 upon passin

leved rennsricd by the bnaging device will bedess thag %,ﬂ&mgfc@sﬂ@ég@w detected.
voltage will be directed away fromthe storage diode
408 and the row select transistor 414 through the

rgtectipon diqde 412 0042] A first varjiatien of e

(B3 °" hhstipfiameettar bl i it & Gpetafty

. storage di ode 408 of storage elenent 510 with the )

ingoupasiting intp casbspizel citsuitan eutpht contrplsdrcithigh provient the effective
Simlarly, the present invention also enconpasses a

volege atko¥sthediid@Borverditn fayeffos dendasing dirisghinkdigration of light in the
protection diode 412 is replaced with an n- MOS

A ransl Stor . : N . _ |

pHkdI* bR PciBEfSBE brhe SBRBL Lot ScGUHARMY AR, Bpede dfehe

. both the storage di ode 408 of storage elenent 510 and .

inyensign ssresctol fEnthegyalaac devel at thersiomee 8ad5,£q Fainfain a constant effective
capacitor of FIG 5 and the n-MOS transistor of FIG

oprating potential across the charge multiplying photoconversion layer. The pixel

structure disclosed herein will be further described below with reference to FIGS. 8-13
showing five exemplary embodiments of the output circuit in accordance with this aspect of

the invention.

10045] 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
Vg 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




respectively. [0043] In an image sensor using a charge

mul ti pl yi ng phot oconversion |ayer, as the . voltage

| evel at the storage node rises, the effective voltage
applied to the photoconversion |ayer decreases, which
affects the charge anplification function of the 28August2006
phot oconversion |ayer. For exanple, if the voltage

V',,, applied to the charge nultiplying
wrRRiRcad\EYebited bl gite AglhlSrandRi@ed b ¥ontBlle€ dugess the controller
the anplification achieved by the photoconversion

Siﬁéﬁg)wi?lﬂéﬁéeduced- Thus, when the signal Ie;/(re]le S

read out ‘upon dctivating the row select swtch,
signal level recorded by the imaging device will be
| ess than the signal |level actually detected. [0044]

[0846FCONRW RAEdt sQhitch IBORE esicrdd it RAGGRIERS1 10 so that when

this concern by incorporating into each pixel circuit

.CQNLr circuiit which preven he fectiyv
thSvftth 290 1 OBV HRIME oy S BREC e piRGaf 08 Lolfroller when
decreasi ng . during integration of light in the pixel. o
thesew selpeicswitchdp pyfransistorp the eutpusvoliege of the signal generation circuit 600
according to this aspect of the invention serve to fix

is trhnsfaredd a9€ coRiven radotibBns 1 DO agd fived ehére toRisainpldaril hold circuit (see,
constant effective operating potential across the

e ALHE B 4 hP#?’é.”ﬂde)‘.’ %@&Q%ecﬁ% g{e}n# ﬁ}/ce[ﬁxel-lip frafil d from the

structure disclose el n urther descri

belowwth reference to FIGS. 8-13 show ng five .
“@?L?r?ﬁdm‘iﬂgéﬁﬁ%it gitiger ﬁ%thf—ettﬁ@en ignags processor where that charge is
accordance with this aspect of the invention.
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.

[0047] As scen 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 Vigp 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 1s 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 amplificr 128 and parallel to the feedback loop 120,

for shorting out the capacitor 118 at the initialization period preceding each integration

15



[ 0045] According to a fifth enbodi nent of the

i nvention, shown in"FIG 8, the pixel structure

i ncludes a charge nul tiplying photoconversion | ayer
502 connected to a voltage V,,, at its upper plate
The bottom plate of the charge nultiplying 28 August 2006
phot oconversion | ayer 502 is connected to out put

circuit 500 which includes a signal generation circuit

120 ROW s@lect!sttchel RFis aBYW dopReddd o ThaB ug]?lBta% g.tli(S%f the differential

circuit 600 controls the characteristic

RS ATt fEindBedtth borl 40 pRd ot logp 2

connected to the output side of the signal generation
circuit 600 for reading out the accunulated charge

[acﬁm]esenrh@ E&%‘io a4 ghﬁé@m f&&&%& gglé% %k.):g&&&&&pm node 122

mul t'i pl ying pho ersion [ayer 5 refera

t(ﬁgw sel Ect1 S\%tch 130. |s folé%lg%&zthgé{}ggm 28 Au gg{-cnuﬂth

transmtted by a controller such as the controller

agoss tha ehwrge mulkiglyingiphé©oasteriton layet 562 ag wicopsranslevels
connected to columm readout |ine 110 so that when the

LeyWLeh $30. iSinélogRIndlkplicicH RE®r 19 REAICK 56 ﬁhﬂ%@ﬂ@ is amplified in

gate“signal froma controller V\,hen the row s

SRt PO 00 B B 8 Morocomvesion

col unn readout I|ne 110 and fromthere to a sanple and
layes) Erdaprthe potansiabat the ap the eligme ide 8 4h¢ phetogonteryionieer 502, which
i mage data fromthe pi xel is transferred fromthe

is At Anrbtbetifl o6 ithe Heédative u% ifdel B tcPihé differentiol Afiplifier 128,
i mage processor where that arge is
yields a constant multiplication factor of the image signals detected by the charge

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] ¥~ Vi — foretyr
. REF Cjb ................... (1)
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translated into i nage data along with the data read

out fromthe other pixels in the inmage sensor array,

to thereby construct the output imge. [0047] As seen

in FIG 8, the signal generation circuit 600 accordi ng

to this enmbodinent is a charge trans-inpedance 28August2006

anplifier (CTIA circuit which includes a ‘

differential anplifier 128 connected to a constant o
[0051} agewher Y, \i Gbd 3}, epp@sit theerurfon frond the timege ofultiplying

VIP is set to a value slightly bel ow the operati ng

. hWffarenti . i fi t.a th
pobfichAfigth LF st ' EE Bl Elprk By SUCH seprosents the
is, formed between_an output node 116 of the
cappcitarsecafithe capacpr 418 128 and a negative input node

122 thereof, and a capacitor 118 is connected in the
f eedback | oop 120. A reset switch 126 is connected in

OISBECSIARER CH1A SRS ISR S TR 600 i

amplifier 128 and parallel to the_feedback | pop 120, .
a linghr ayfgnt alegsshe chtiee opesvg sy PEcharer wéhupfvlgs photoconversion

initialization period preceding each integration 15 28
lay8ti§03t 2006 tinme. Row select switch 130 is al so

connected to the output node 116 of the differential

anplifier 128 downstream of the feedback | oop 120 and

second | oop 124. [0048], The differential anplifier 128
[0823Les FHa. 9sheowy pic! ciaitiagseorsdancepifh asqend zﬁlbf*ﬁaﬂmt of the

beconme fixed at Vim, which in turn maintains the
pretheinvemion pEha pixed cipatieof ihalsixvh amdeidiment isgentially the same as the

charge mul tipl yi ng photoconversion |ayer 502 at a

pixef Brh @0 lishi¥& 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

clements 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 photoconvcrsic;n layer 502 to be
Virger — Vezee Instead of a capacitor connected in the feedback loop, the CTIA circuit of

signal generation circuit 610 inchudes a feedback diode 218 connected in a feedback loop

220 between the output node 116 and the negative input node 122 of the diffcrential

17



i.e., Vim- Vxrp Since the nultiplication factor to
which an image signal is anplified in the )
phot oconversion | ayer 502 is a function of the applied
bias to the photoconversion |ayer, fixing the

potential at the at the output side of the 28 August 2006
phot oconversion | ayer 502, which is at the sane

potential as the negative input node 122 to the

anfPilficf 188! MHe aMAdeidfitRE fekdBack dibdk 3383s Eariradctddl to the negative input
nul tiplication factor of the image signals detected by

nc{dgce}}% oafr[ﬁf dﬁ%&F H{:@@héfﬁgﬁ Iigl Wl nrflf:sc fddeBEGH ?e%aback diode 218 is

S plxel &I cui
current fromthe photoconversion |ayer |
coppeated s dar owtpay eoda Jasiafshe differenial cF. oﬁ% gpgeeqt flowing across
swtch 130 is closed, the output voltage of the -
thel fdeibacndiodt 2a8pik Hétcﬁmrﬂcﬁ&cherdingmﬂqr pdetldw: t he
colum readout line 110. Configured in this manner,
the out put voltage fromthe di%ferenti al anplifier 128

p

resent s .t e, i {uxprbi(kat-oFu) b deggeied ingident, . ... . .. (2)
[005 ht on the pho ocdfﬁ'\/(er3| on | dyer 502, and is given
by Eq. 1 below [0050] Vont = VREF- | HARP tINT , M-
........................ 1) Cfb 16 28 August 2006

OB . HEE e A Sl A s

integration tinme, ectlvell>1/ and Cfbrepresentsthe
adianaahessrass (= lné yacpulomBbsi€C)), k is Boltzmann’s constant

(= 1.38.10% J/°K), T represcnts the temperature of the diode measured in degrees
Kelvin, V,,, is the output voltage from the differential amplifier 128, and I;,,, 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 Inare
[0058] Vew= Vasr p I (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
Lo 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 .dccrcasing cffective voltage across the
photoconversion layer as the detected light level increases, logarithmically compressing the

18



[0052] Wth the CTIA as shown in FIG 8, the signal
generation circuit 600 provides a linear output along

the entire operating range of charge mul tiplying

phot oconversion |ayer 502. [0053] FIG 9 shows a

pixel circuit in accordance with a second embodi mSpugust 2006
of the present invention. The pixel circuit of the

si xth enbodi nent is generally the sanme as the pixel

im&gd Gighdl vt HESCTTA P ehveesiphdl lpehefatibh REeuit 16l égabRs the pixel readout
except that the signal generation circuit 600 in FIG

. 8 epl i ' i FCul te 1

B ERARE Rio] 50 pRRLARL AR BLIGHAP PR bl cerrcd
enbadi ment which are equivalent to those shown in FIG

at ghephotoepnyersionleyfia FIG 9 with the same reference

nunmeral s, and description of those elenents wll be
onmtted in the description below [0054] Like signal

erati, | Leui [ C i
[OGRG" 77 Ao&~Enareigbolniens P preBGRipA R Ui in R, 10 and
. charge nultiplying photoconversion_ |ayer 502 anol t he,
inchedss an signahgencrater cixant 620 in place of et ouipubepntreliqrcuits 10 and 20
128, so as to maintain a constant effective input

in tiedifily ond sigth embodinddiededtaibed abovd. | Gbgipogents shown in FIG. 10 that
phot oconversion | ayer 502 to be V', - V. Instead of a
G ' ' f. c : ith th

wec ARG p SRE PG BHoA R shi\f (£ F0BTH ahd o MBHEH Bith the sarue
eedback di,ode 218 conne¢ted in a feedbg | oop ,220 ..

reference apmerals, andsliscupsiopo @saﬁampﬁe%@aﬁwmﬁfﬁdtm the description
node 122 of the differential 17 28 August 2006

of this embodiment below. Signal generation circuit 620 is constructed as a CTIA which

includes a first feedback loop 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 indudcs 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 V 4 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 berween 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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anplifier 128. The anode of the feedback di ode 218 is
connected to the negative input node 122 of the
differential anplifier 128 while the cathode of the
feedback diode 218 is connected to the output node

116 of the differential anplifier. The current fI%%@WﬁP“zOOG
across the feedback diode 218 is determ ned accordlng

to Eq. 2 below [0055] =1 {ex(vnr_vow) 1} =

[006202) THOAG WG] elﬁ%ni fhd Phdddeosvriiba tdyen502 Iﬂbﬁi@tthﬂfugh the CTIA
t he f eedback di odH“§18 g represents the charge of an

o i i a0 AR B e {2

tenperature of the diode neasured |n degrees Kel vin,
V,,,, is the o put vol t ageyf the differenti al
|f|§r.]c&§ W,urxlep) enCﬁ (VisheVaerlgre from . . . (4)

the charge nul y| ng phot coffizer si on | ayer 502.

[ 0057] Using Eq 2 t he out put voltage fromthe

differential anpli fier 128 can be determ ned as
[006¢] h i rlliggfirss terfr@paisents the EmEMAORViNg aghoss m;o@gqibaxs diode 218
can be seen fromEq. 3, the presence of feedback di ode

andlc] secéﬂlfccfr&e&?&s&ts HRORntiRAviak 96 the BRABA da@ﬂator 118. When

circuit 610 ope ates to ogarlthm caIIy conpress the

vCUrRe flow my
Vasnot cpe*onyl o3t Iy ?‘g‘% Zﬁlt'hrefﬂéh °13=h‘e ‘h‘Fé‘?‘e%@%fm of Bq. 4is
anplifier 128 Although the image signal obtained from
darhmapt.x b this sitedtions nownrrcnhﬂ@wesuomg &he ferdback-dipde 218, and the
conpressed due to the decreasing effective voltage

oxﬁpﬁeséltiézwwpﬁ@mﬁ@ BigRkISEcPRrdtYEdircas 63 CRisdRtGflifet according to Eq. 1

ITght |evel 1ncreases, logarithmcally conpressing the

set forth above.

[0065] On the other hand, when Vygy — Vo — Vg > 0, that is, when V. < Vg = Vg,
current flows through the feedback diode 218 and becomes logarithmically compressed, as
indicated by the first term in Eq. 4. When Iy is sufficiently large, the second term
becomes negligible, which yields an output voltage of the differential amplifier 128

according to Eq. 5 below:

I
(0066] Vo =Vame—Vig - == (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. > Vape — Vg, and logarithmic conversion characteristics are obtained when

Voae < Vazs — Vor  Thus, the readout signal obtained from the pixel circuit shown in FIG.
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18 28 August 2006 inage signal with the CTIA of the

signal generatien circuit 610 enables the pixe

readout signal to be correl ated nuch nnre'predictably

with the intensity of light actually detected at th

phot oconversi on | ayer. [0060] A seventh enbodlnenggdﬂgu“2006
the present invention is showmn in FIG 10 and

i ncl udes an signal generation circuit 620 in place of

1Q meriesJinganly wiht the! sigrial ouipustedFran ¢he Qharg nhllEplyirdg Photoconversion
and si xth enbodi nents descri bed above nponent s

lapd¥BO2 inMlow! l%!ntls@mﬁﬂﬁns ﬁ{c? g'(ljé@ thin Iag%ws&f c signal gutputted from

corrponents shown I n

erence nuneral nd_.di scussi on of those
con%%% ?%WﬁfP B@“UWPW?@@W §52 §8E%§$EBEC° wlitions. s
enbodi nent bel ow. Signal generation circuit 620 is
constructed as a CTI A which incIudes a first feedback

obegp 12 cct ed
[ ¥ Q)?Iiﬁ}fehagu?put nod&ﬁpﬁgsgaé& e ne %?‘SPV%MC’] ﬁ:ngrcmtézo

bet ween
diff t I 128 0061
swEtQﬂg é 5%8 &ﬂc}éﬁpx}ev:cgl]%g@ gtqe r ogn(yprslgn mode can be made

I‘OVIdI a | inear output from the differenti al
¢ bpgnabling 4 asdrytotapplyhevariablecicvmss biak pbltiaBto the feedback
Feedback | oop 320 is arranged in paraIIeI to feedback

diddeopl 8.2ThisndrikAch W eBe BixkESARACK P9 @hﬁm ?:age FIG. 12 and

of fset voltage source 328 that applies a vo

dist 0 d| o 218. O fset, voltage
sgﬁﬁ:@g’@%@& Hl% t&‘ PRGECO dReEntion. of a
di fferenti al arrpl ifier 128 and to the cat hode of

f eedback di ode 218, while the anode of feedback di ode
[0069]JconnEhE Pekel Bircuit 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 Vg + Voo The voltage level of Vg may be adjustable by a user td thereby adjust
the transition point between the linear and logarithmic operation modes of the pixel circuit.
The adjustable voltage V4 is applicd 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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the negative input node 122 of the differentia
amplifier 128. A third |oop 124 contains a reset
switch 126 and is al so connected between the out put
node 116 and the negative input node 122 of
differential anplifier 128, in parallel to feedbadkiugust2006
| oops 120 and 320. 19 28 August 2006 [0062] The

current | HAu fromthe photoconversion |ayer 502 flows

tHetaBh@ori430. Eien if e 1674 raﬁrlv,,g@wtaaj@&-cg ithe vbleageA@vel applied to the
according to Eq. 4 as foll ows: (\/ er-Vor-Vo$) } +d CA

capiE HEBETpAKiods 218 cinpraingfealhy, (Ufylling the BBt of time char the

flow ng across the feedback diode 218 and the second
32 cdeserl whicheosiolsahe s oS chareeife, Mebhgpreiche voltage across
capacitor 118. Wien VREF - Vout - Voff < 0, that is,
theifeedbdRk capacitdp#80< Vout < VREF, the second term of
Eq. 4 is domnant. In this situation, no current
flows through the feedback diode 218, and the output
vol tage Vout from the S|gnal generatlon circuit 620 is
[Mldr ni nuring the wiitilizatdorgeriad befare the smrtafeqeh iftogatipn time and
On the other hand, when V., - V- Vt >0, that is,

b&ﬁmﬁ&%ﬁgﬁy offset capdcitor @BO{ £ swhitcte32 Brobesgd aldl% with reset switch
f eedbac i ode 218 and becones logarithmcally

VRBP4 A8 AR Pefy e s o

RS, the capacitor 118 is shorted out to clear out any residual charge on the capacitors

associated with the image signal most recently read out from the pixel circuit and the

capacitor 430 is charged to V 4.

[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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beconmes negligi ble, which yields an output voltage of

the differential anmplifier 128 according to Eq. 5

bel ow. [0066] V,n, =Vxsp- V,g - qT 1nl"a"'R~ .. . . .

Ce e e (5) [0067] The resultin

conversi on characteristics represented by V,,,, dpdrugust2006

time is shown in FIG 11, where it can be clearly

seen that |inear conversion characteristics are i
[00B8] ai nédier vhagingaie hold/Rigracitor/b46 withdclimgae signal, ¢he charge isheld

conversion characteristics are obtained when V., < VIP

in the NOfdf caPa—cﬁf:b?’totch%lEQﬁgﬁﬂi% 150 foolhapielid borsadhsut by closing the
pi xel clircuit shown in Fi 20 28 August 2006 10

varies lin with the signal o f i

row AL R £ 2% b Bt BRSARR o of Ehdrffte fBeh ahfimage is caprured
l'ight conditions, and varies logarithmcally vvicih &he

by ani eptist imegpiensenpikeloway; e iawge genses can be pphgted 1n treeze frame
phot oconversion | ayer 502 in bright |ight conditions.

moddfbwhichitht @iadd signdl fer éd&:ﬁgﬁiﬂl iisofiozumi sot that thehinwdgctdaea from all the
signal generation circuit 620 switches fromthe

- hinear conver gi {%’%ﬂ I i ' BANR iR 542 is closed
P mer’f%‘&eélgaaﬁmgga‘?‘rgag& 0 eré) agﬁ1 E@?'ab e ’b'{‘/lggcgﬁ{l ng aﬁhgglr 18 €08
to apply a variable reverse bias potential to the ., .
andfthen opened by operatos of tirg wansier S0 A L0 alkfef %FM‘SS in the image
circuit of FIG 10 is illustrated in FIG 12 and ]
sengbiraet$ aethdahrwine, whereapgh tie ssvbseléarsipnabis applied to the image
present invention. [0069] The pixel circuit shown in
| ' j ' . : wn in FIG 10,
sc“g’i c%é"ﬁg’%?h}ﬂ ﬁ{eé‘%ﬁp?‘g Z’tm %ﬁ%&?@%ﬁ?@ »8 in FIG 10
is replaced with an of fset capacitor -

[0074] In the embodiments shown in FIGS. 9, 10, 12 and 13 described above,
feedback diode 218 may be implemented by use of the sub-threshold characteristics of 2
MOS transistér. 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 Vg 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 — Vi <V, (drain voltage),
wherein the current flowing from the drain is I, = (8/2) - (Vg — Vr)?% and 4) the transistor
is in a linear region when Vg — Vy > V,,, wherein the current flowing from the drain is

ID = B . (VG_VT_VD/Z) 'VD-
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430. Again, conmponents in FIG 12 that are equival ent
to those shown in the previous draw ngs are
identified with the sane reference numerals, and
descriptions of those elenments will be omtted in the
expl anation of this enbodi ment provided bel ow. [ jeust 2006
One termnal of a switch 432 is connected to the
of f set capacitor 430 at a node 434 |ocated_ along a. X
[00Z5dbac Knlcaslp of dee fish sheovghnintdhembpdisments of ention as shown in
feedback diode 218. The other termnal of the switch
FH3S, §-33 cheacis inecbtbnge clephdmgensected bedd&nhtheitigtam plate of the charge
voltage VIP + Voff. The voltage | evel of Voff may be
, ser ; [ :
mBfAtg BhGubnetoflaych anathE Bhed ditkrol chut SFRTHEIAR in the fist
nodes .of the, pixel circuit. The adjusta o] t.age ]
thyoypgh fourdyempadiments g ma@&m&@éﬁsi »in the
the switch 432 which enables current fromthe voltage
embodioené36f BIGS. 181 3 pihedicetbna glita gf theoksirge onfltiplyingpldtoconversion
28 August 2006 the capacitor 430. Even if the |evel of

1 SRS LT P B AARA A Ehe AR Al bt Qonurol ciruie

5(g(gntrolling the length of tinme that the swtch 432 is
sed; which controls the anmount of charge in, and

hence the voltage across the feedback capacitor 430.

[0071] During the initialization period before the
[0?]235 t OfAr?Q&cﬂﬁthfag]?&tt IoP%hd {dVenass gr@ﬁ&&r aegﬁéla{tﬂicgﬂrc having both an

e of f set capaci 430, the swtcCh 432 1's close
al ong wi.t set swi.tch 126 by a reset signa 1
oftpiy et S Frian e at ailiba s raRale bass myltilying
t he reset signal
photoconversion layer and a protection circuit 520 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 connc;:ted 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 pi;ccl 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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(err)RS, the capacitor 118 is shorted out to clear out
any residual charge on the capacitors associated with
the i mage signal nost recently read out fromthe pixel
circuit and the capacitor 430 is charged to Voff.
[0072] A ninth enbodi nent of the present inventi o8 \ggust2006
shown in FIG 13, and is identical to the enbodi nent
shown in FIG 12, except that the enbodi ment shown in .
trasgtor; 30% shoveand described ahovs with ireferesice g FLGr & agesistor and a diode
freeze frame shutter operation. Specifically, a
suth ae rie: fesistoe 492 dndlprodettivnddiadd4l 2 shapacindodesbdbediabove with
connected in the pixel circuit between the output

; 3 e 1
rc%g%?cgétﬁ gﬁclttr @;\%’\n}? gﬁ%ﬁ%ﬁ{{?{ég}g ; r ane Igs?ﬁaft cﬁ %Qg éﬂb%'
controlled by a transfer signal (err)T that doses the
freeze frame switch 542 to enable the inage signal to

[00F8)v t 0 Adneletemth embediment bfa pigklbtrirap@Cint 2tofdhdce Withinthis aspect of
the freeze frame switch is opened, no further charge

b B BROU TR bl AR SrdRadiRlentfiel stfucdee shopm in FIG. 9,

4 ith fhe image signal, the chayge.is hel in. the
““%égﬁw&%ﬁ&éid%? Profegham FECYih 60 © @’ﬁé’r"dlcoﬁ% mghe output coatrol
pi xel to be read out by closing the row select switch
cirt8id 506 Asowhh tbapoutctopeciatiitrdesdtitredesbanp the prhextian circuit in the
image is captured by an entire inage sensor pixel

ck?f%ﬁﬁi’ emBH%IﬂéfRWtﬁ%&@ﬁ aocBSEl@F@cg!l ds"thE 'De&eeBtion diode 112

frame node in ch the image signal for eacCh pixel
shé)\%nfarnazcﬁ:rs]cnstg)cdt a%%tvc twqga Ll-cggr%rexccdizziot ﬁlé.rgrgnﬁll-hbgetransistor 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.

[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 m 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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pi xels in the array can be read out row by row. Thus,
the freeze frane switch 542 is dosed and then opened
by operation of the transfer signal 4, T to all of the
pixels in the image sensor array at the sanme ting,
wher eupon the row sel ect signal is applied to the?8August2006
i mge sensor array row by row to read out the pixel
i mage signals. [0074] In the enbodi nents shown in
[Qﬂsﬁ. 9 A tirtedith ambddimeat of & pixdl sthoorere irf aeedibdarice with this aspect of
di ode 218 may be inplemented by use of the
the ivenba S AlyGRAAAG) 86 HEd digBiHOémBodiMdnt i Sira e ﬁﬂgswn in FIG.

is readily understood by onée of ordinary“skill int

rt .t a transi stor. has four erati onal. nnde
153be ke oo PRORHGT Hrae gt s b gne Tpit o the
.applied to the gate, the transistor is off and no =~
treptiphamplifigs i utput gentirel cizpitt 500. Ay with the rotestipp circuits
a subt hreshol d regi on when the gate voltage VGis |ess
ddséribedabovedbt @rotedeon clrbiie iheHecthiteddnal) @ mbbdimBet Ria} be constructed as

the current flowwng fromthe drainis ID=10

« 0 Pl Pk dop dlods 10 (R P fgleIbhR fiove wih refecence o
erein the current flowng fromthe drain.is IDs )
Flgffz)m o MO S trgngistor sech a5)the RaMO3 fransister 302shppynzand described above
| i near regi on when VG - VT > VD, wherein the current
with mfergcd 1wafilG.he atresistor iand lalliodd Sich(dd@he raéistor Y02 2hd protection
VD. 23 28 August 2006 [0075] In each of the fifth
dibd M&Mﬁ{ﬂ% QERPBeAEBbYe RthiBRUAVLGOIETE 28r S o 4nd an n-

FI GS. 8-13, ere I's no storage elenent coniecte
tween the potto | ate of the charge
MBS transistor as cfl)sciose(q1 agovc. g

[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.



mul ti plyi ng photoconversion | ayer and the out put

control circuit as is the case in the first through

fourth enbodi ments of the invention as shown in FIGS.

4-7. Thus, in the enbodinepts of FIGS. 8-13, the
bottom pl ate of the charge ful tiplyi ng phot oconvedghigst 2006
| ayer is connected directly to the input node 122 of

the respective output control circuit 500. [0076] An
addi ti onal aspect of the invention provides a pixe
structure having both an output circuit 500 for

i ntain] canstant voltage.across the cha
L0080} (' o1 JYHEER ot BRTHEFEY IR Meliea SrraeeSlshaRbeing e of
circuit 520 for dissipating excess voltage over a X
arrapgesprnt exemplifiedshyrthe fraththretighdowieepth ¢rabpdimgnis 4pds present in the
charge multiplying photoconversion |ayer into the
typeaftapangeanoert exnémpli e byt the @dst thiengh fountd dpdrodonenss dessribéd above
the charge multiplying photoconversion |layer is

and SiFETH AGS. - eidprifpcoefastbi@e kltpieht dnnkebied between the charge
differential anplifier 128 in the output circuit 500

mul?fé‘lgitr%l})glg%c%g#%rgign tlzﬁfér RPhe Fﬁﬂu@snto%é Sitbiit ciraf-anll A/prbiebtion

ment of a pi xel "structure 1 n accordance

. Wth this ect of.th i nvention, IS _near j j .
cireq i hsency irest UG onstitabi ot REF et g el o gl Elbtifier
. .8, but further jncludes a praqtection circuit . .
is fixed A Sree dHpyeyHell 3stprageement i presgnt aﬁﬁ? ifthyficfpential amplifier

circuit 500. As with the protection circuits described
and thedeedbatk boop(s) ecmalfienctioningi the icntrenignay them Accrdas atthe
may be constructed as a diode such as the protection
storghealemdit?2 shown and described above with reference to
FIG 4, an n-MOS transistor such as the n-MOS

[0083] In each of the embodiments described above, the charge multiplying
photoconversion layer is preferably a high-gain avalanche rushing amorphous photo
conductor (HARP) photoconversion layer. Alternatively, however, other photosensitive
elements for detecting and performing photoconversion of a light signal and subsequently
or simultaneously amplifying the resulting electrical charge may be used instead, such as a
photodiode or a stacked pixel sensor structure, wherein the effective light sensitive area
may be significantly 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 ef al.,




24 28 August 2006 transistor 302 shown and descri bed

above with reference to FIG 6, a resistor and a di ode

such as the resistor 402 and protection di ode 412

shown and descri bed above wth reference to FIG 7

or a resistor and an n-MOS ftansistor as discl ose§ August 2006
TEEEOW6Bcshb® 8 Sharde- ot évicssund i ARk Infgp S¥fdors, pp. 159-162,

structure in accordance with this aspect of the

] i ' V| ' i odi nent
Jun%?ggtﬂge?%ﬁ] clt: 6§:§fa‘g %P/mh%ﬁ% %@C@Oﬁ%ﬁﬁ%ﬁ] %ngrgpi ncl udes

a protection circuit connected to the node 122 in the

out put control <circuit 500. As with the protection

circuits described above, the protection circuit in ,
[0084)e el efvmxamplaiodan HargingASViesingerRarating theprasenhinyeriien is

such as the protection diode 112 shown and descri bed
showhon E1Gi t4h Spetdicellg entimaginGapparatus 860 OBides an singgeosensor 802

such as the a- MOS transi stor 302 shown and descri bed

havaiQVsi x ¥ iﬁyfaﬁaﬁ%@m‘c@oﬁﬂlﬁbﬁ B%ﬁel‘ SolbefiitértpattedN dA gharge
di ode such as the resistor 402 and protection di ode

mulgiﬁggfg]@mo&megﬁﬁq%&ggclﬂg%gmmyeﬂi@%@wg&a vEPedch ©f the

esistor a transi st i scl osed

._gbove. [0079 twel fth empodi nent,qf _a. pi xel .
pixdly i B aray prccs o Himelleqy BRCH AR spd coBiablsife protection and
i nvention is nearly  identical to the sevepth . .
readoph BEFHISR aghokdance iithany oge of tgryarigussrapodimgnts gdisgussed herein
further includes a protection circuit connected to the
abomede 122 in the output control circuit 500. As with
the protection circuits descri bed above, the
protection circuit 1in the twelfth enbodi nrent may be
constructed as a diode such as the protection di ode

[008552 The imaging apparatus 800 further includes a row decoder 806 includes a

plurality of row select activation lines 808 corresponding in number to the number of rows
in the pixel array of the image sensor 802, wherein each line is connected to each row
select switch in all the pixels in a respective row of the array. Similarly, column decoder
812 includes a plurality of column lines 812, the number of which corresponds to the
number of columns in the pixel array of the image sensor 802. Each column line 812 is
connected to the output sides of the row select switches in all the pixels in a respective

column.

[0086] To read the image data obtained by the image sensor 802, controller 824
controls the row decoder 806 to sequentially activate the row select lines, whereby the row
select switches for each pixel in a selected 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



shown and descri bed above with reference to FIG 4, an

n- MOS transi stor such as the n-MOS transistor 302

shown and descri bed above with reference to FIG 6, a
resistor and a di ode such the resistor 402 and
protection di ode 412 shown and descri bed above wi #h/August 2006

image bedcesioe by Sedqueiially activaiing ABihe cOhundNEhed fthidu lumn decoder
transistor as disclosed above. 25 28 August 2006

810, OBRQ) dagﬁc r iV 1&5 %E Eac%']@%eﬁ%{‘l?neo hh 2 ot ingd drl ShdHleRtidily

accolr e Wt | I'S aspect H erb dI nventi on : S
9
oot 9 e e Sod B Be R A BR It o

protection circuit connect ed to the negative input to
the differential anplifier in the output control
circuit 500. As with the protection circuits
[008&scr i bedpebmadingttheinmastdatatdud nf therpdxal array, thédata is passed
thirteenth enbodi nent may be constructed as a di ode
thratigh fa ragntieh 6f prooésizigicdruidd wHRh Lihdinelosder gehedisiBeintcinde a sample
above with reference to FIG 4, an n-MOS transi stor

and%@&‘cl?cﬁmtﬂ’lq Qn bt fiE B, éﬁ&’&al&%t%cﬁ BeaRofitet 858 ah et ge

above wth eenceto aresistor and a

Progefgods Z%U%’ld lg*tdresl gbgr 402 and protection diode

oA and” scrl above with reference to FIG

a resistor and an n- MOS transi stor as discl osed
above. [0081] A fourteenth embodi ment of a pixel
structure in accordance with this aspect of the

[008&lvent i oWitheuttesing ymitingnsuchahe inagitganparatts 800eotichempart of a
pi xel structure shown in FIG 13, and further
conputdrisgesmacymerh e pdtérnscanet,Unfichimevigioh 8 gstérn, Ydhicle navigation
negative input to the differenti al
system, video telephone, surveillance system, auto focus system, star tracker system,
motion detection system, image stabilization system and other systems requiring an

imager.

[0089] The imaging apparatus 800 may also be connected to a processor system
850, as shown in FIG. 15, such as a computer system. A processor system 850 generally
comprises a central processing unit (CPU) 852 that communicates with an input/output
(1/0) device 854 over a bus 856. The imaging apparatus 800 communicates with the
system over bus 856 or a ported connection. The processor system 800 also includes
random access memory (RAM) 858, and, in the case of a computer system, may include
peripheral devices such as a floppy disk drive 860 and a compact disc (CD) ROM drive

862 which also communicate with CPU 852 over the bus 856.




anplifier 128 in the output control circuit 500. As

Wth the protection circuits descri bed above, the
protection circuit in the fourteenth enbodi ment nay be
constructed as a di ode sug&las the protection di ode

112 shown and described abdve with reference to ESdugust2006

[009@% an  xiHelgh BRpYEshOmvetion RS bbdieddleibad ihralBtbisicarticular
302 shown ané descri bed above with reference to FIG

o830y R ARSI By ecome
sor s PRSP o s B DBl Mg P ot

[0082] Although it is not necessary to include a

the speeifig disclasaredipreinput palythyishe appended elaisrent
exenplified by the tenth through fourteenth
enbodi ments, as is present in the type of arrangenent
exenplified by the first through fourth enbodi nents
descri bed above and shown in FIGS. 4-7, the presence
of a storage el enent connected between the charge
mul ti pl yi ng phot oconversion | ayer and the inputs to
the output circuit and the protection circuit does
not affect the operation of the pixel since the input
to the differential anplifier 1is fixed at VREF.
However, if a storage elenment is present and if the
differential anplifier and the feedback |oop(s) are
mal functioning, the current may then accunul ate at the
storage elenent. [0083] In each of the enbodi nents
descri bed above, the charge multiplying



phot oconversion | ayer is preferably a high-gain

aval anche rushi ng anor phous photo conductor (HARP)
phot oconversion | ayer. Alternatively, however, other
phot osensitive elenments for detecting and performn

phot oconversion of a |ight signal and subsequent| A%g““2006
simul taneously anplifying the resulting electrica

charge nmay be used instead, such as a photodi ode or a
stacked pi xel sensor structur@dAlMi&rein the effective

light sensitive area may be significantly increased

by t st acked structur An exanpl e of acked

pi xe% éi i‘-‘@f#%s“icfil tB rRIPEQS‘t‘?CﬁblF crs Ratent of the United

S%% Gk bed in fuller detail in "A Stacked CMOS APS For
arge Particle Detection And Its Noise Perfornmance,’

by I. Takayanagl et al., 28 28 August 2006 |EEE

Vor k hop 0 %ge Coul§1 ‘ﬁd Devi ces and Advlanced

Sens i Dy RETOREA a4y Of RREI Y an jpaic sensor,

mhiqh are her eby |ncorporated by reference. [0084] An

CRpRpg: of an i magi ng device incorporating the present

invention is shown in FIG 14. Specifically, an

i magi ng apparatus 800 i ncludes an i mage sensor 802

havi nghargpimdtiphing@phétocanassionekaiditighd 0 a Bayer

color filter pattern. A charge nultiplying

phot oconversion | ayer such as a HARP | ayer is provi ded

over I

pat t %?ﬁﬁg&ag I%{%te?(léﬁi gglilﬁ%%{%%ﬁ [ (Eos[ﬁltrc %Hpﬂf&(r)ttﬁ gcc%l %%% Igdrjli ng
eadout circpits |n(gccordance Wi th any one of the

pWBH?r%%G i scussed herein above. [0085]

The i magi ng apparatus 800 further includes a row

decoder 806 includes a
a protection circuit electrically connected to the charge storage element for limiting

a voltage which accumulates at the charge storage element.

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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plurality of row select activation Iines 808
correspondi ng in nunber to the nunber of rows in the
pi xel array of the inage sensor 802, wherein each |ine
is connected to each row select switch in all tE A 2006
pixels in a respective row of the array. Simlar g,“g““
col umm decoder 812 includes a plurality of colum
lines 812, the nunber of which corresponds to the .
nuner ofThroimagesensor pixel picoedingte alainfl, vrhcreimedie storage element is
sensor 802. Each columm line 812 is connected to the

a ettt phrtd@dde] theREtHoAW cTeViaeh istenhedied tb thakhargbenultiplying
pixels in a respective colum. [0086] To read the
i mge data obtained by the i mage sensor 802,

Ph%’l‘fgfl‘é"lrﬁg? c%éll‘:mCont rol's the row decoder 806 to
sequentially activate the row sel ect |ines, whereby
the row select switches for each pixel in a selected
rowis activated to thereby dunp the imge data from
each respective pixel to the respective colum |ine.
Since each pixel in arowis connected to a different
colum line, the inmage data for each pixel is then .
read. out The inkege2enes pixelasordingao daimgl Whereisstdis starpge clement is
sequentially activating all the colum |ines through

a &igp decoder 810. Thus, after activation of each
row select line, the colum lines are sequentially
activated to collect the inmage data in an orderly
manner across the array. [0087] Upon reading the imge
data out of the pixel array, the data is passed
t hrough a nunber of processing circuits which, in
| i near order, generally include a sanple and hold

2'0:1&;} : eiral]]gt’lig‘?arég%c 41;5](}@)?6 a?c%?ﬂjn%r]toa}:rfa?rlnoﬂ vtvi?crg]]ngtl.l}ca];lrotcction 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 clement 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 muldplying

photoconversion element and the storage element.
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processor 820, and an out put device 822. [0088]

Wthout being limting, such the inmaging apparatus 800
could be part of a conputer system canera system
scanner, machine vision system vehicle navigatio
system video tel ephone, surveillance system autd August2006
focus system star tracker system notion detection

system image stabilization system and ot her systens

requlr i ng The imdgegensor[pRa 9 cofthagitoafdingl gwhareid tife @0fction circuit
may al so be connected to a processor system 850, as

ine R0 ah B-F1CS Pé?ns%t%g 'f)g\él%g ra?r?ﬁ%ﬁ)aﬁ%aﬁ%tﬁ'@lccﬁica&lglcomcctcd to the

processor sSys Yy rrses a cent

rocessi ng unit (CPU) 852 that co nicates with an, . . .
StPFASH RS ef%l)ccm'e@hssa £ B yoltaggsouFre which sts a limic
i magi ng apparatus 800 communi cates with the system
valtagr bk vétGeby valtgperacedmobninget tionstofige gemensssoexcess of the limit
system 800 al so includes random access nenory (RAM

viiB@e 1&R s &ﬂxs?c'ﬂ?cdcﬁ@a? fPdmahE iFRiEeC et BifougR¥he n-MOS transistor.
i ncl ude peripheral devices such as a floppy disk

drive 860 and a conpact disc (CD) ROMdrive 862 which

al so comuni cate with CPU 852 over the bus 856. 29a 28

August 2006 [0090] Although the present invention has

been described in relation to particular enbodinents

t hereof, many other variations and nodifications and

ot her usesg,w. Il becone _apparent to those skilled in ) ..
the rt. THELERSEECNORP é@@ﬁi}ﬂg r‘i%i’r’t‘-i"oi‘f" CIEH e protecuon arcuit
limted not by the specific disclosure herein, but

fuouhiey cdupptifes aaqegistod etk caliailysonnected 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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28 August 2006 CLAIMS What is clainmed as new and
desired to be protected by Letters Patent of the
United States is: 1. An inage sensor bixel anong an
array of pixels in an inmage sensor, conprising: a
charge mul tiplyi ng photoconversion el enent: and a28 August2006
charge storage elenent electrically connected to the
charge nultiplying photoconversion elenent, and a
protléct i dm mhagrisehscel pixdl amoaig an awanelpizcs iman krgage sensor,
charge storage elenent for limting a voltage which
d%§§ﬂﬂgeues at the charge storage elenent. 2. The

ge sensor pixel according to claim1, wherein the
charge multiplying photoconversion element is a high

gain | anche ruyshin r ph. c yet or . :
oI TTERSG R lekrat haMR RB S, BAC YO REHEISL fehe ignal and an
according to claim1, wherein the harge mul tjplyin .
owspiak Hdo FoF ruspeming thasistecred hglsttwv@i 54 rSignal; and
30 28 August 2006 4. The inmage sensor plxel accor di ng
to claiml, wherein the storage elenent is .
an output control circuit connected to the output side of the photosensitive

element, wherein the output control circuit fixes the potential of the output side of the

photosensitive element at a predetermined voltage level.

13.  The image sensor pixel acc\ording 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

clement is a charge multiplying photoconversion layer.
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a junction photodi ode, the cathode of which is

connected to the charge nultiplying photoconversion

el enent. 5. The imge sensor pixel according to claim

1, wherein the storage elenent is a capacitor. 6. The

i mage sensor pixel according to claima1, wherein $heusgust2006
protection circuit includes a protection diode

electrically connected to the storage el enent at the

anode. t HBlicimhage@dnsapied kechrtimgaowdditral2, wharoethephdtosensitive
sets alimt voltage |evel at the cathode thereof,

i version
B e e b e s
fromthe storage el enent through the protection di ode.
laygr. The i mage sensor pixel according to claim®6,
wherein the protection circuit further conprises a
resistor electrically connected between the charge
mul ti plying photoconversion elenent and the storage
el ement. 31 28 August 2006 8. The inmage sensor pixe
according to claim1, wherein the protection circuit
i ncllfdes Ahe imyBssensanpixsh ascording reyclaim A2 wherein she gugput control
both electrically connected to the storage el enent,
cire(fd confpRidés sh BpeGtibhslaniplifiep BAQ & fedibagk Poofo! t age
source which sets a limt voltage |evel, whereby
vol tage accumnul ati ng at the storage el enent in excess
of the limt voltage level is transferred away from
the storage el enent through the n-MOS transistor. -

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 differendal 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.




9. The image sensor pixel according to claim8§,
wherein the protection circuit further conprises a _
resistor electrically connected between the charge
mul ti plying photoconversion elenent and the storage
el enent. 10. The i mage sensor pixel according to %géﬁﬁ¥“2006
1, further conprising an output <circuit connected to
the charge storage elenent and to the protection
cir@@i.t . The inTipe stmmg pixebasordipgteclaimdd, avhegeinshe patpht control
10, wherein the output circuit includes a row sel ect

cirbdif ??6‘@39&' a WAL AR LSS theSnfapatigRalshipeded rokb he photosensitive
charge storage element. 32 28 August 200 12. An

1ina e sensor pixel anong an array of pixels in an

CcPHﬁge sensor, conprising: a photosensitive el enent
having an input side for detecting a |light 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 -
phot2ds en<Thd ineage|semsen pixel acopdiegao elaiinrfl] whereinghe output control
| evel ., 13. The i mage sensor pixel according to claim

cirdifit Cgﬁﬁﬁgw t he photosensitive elenent is a
phot odi"ode.

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

the differential amplifier,

a feedback loop connecting a negative input of the differental 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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14. The i mage sensor pixel according to claim12,
wherein the photosensitive elenent is a stacked pixe
structure. 15. The i nage sensor pixel according to
claim 12, wherein the photosensitive elenent is a
charge mul tiplying photoconversion |ayer. 33 28 A8d\gust 2006
2006 16. The inmage sensor pixel according to claim
12, wherein the photosensitive elenment is a high gain
av al2adnc h & Helisdige gemso Hided accopint oo @hdmcl Dyrwherein the output control
phot oconversion |ayer. 17. The inmage sensor pixe

o e e Ay AR PRl hE ARk e ignal outputted
f eedback Ioo?$ 18. The i mages sensor pixel according

from, the photosensityeclement he operational anplifier is a
differential anplifier having a first input, a second
i nput and an output, wherein the first input is
connected to a fixed voltage VIP, and the second i nput
is connected to the output of the differentia
anplifier via the feedback | oop. 19. The inmge sensor
pi xel according to claim18, wherein the first input
I's 24. poSitc ivrage BEsor pixel Aoddihfao ehiima? 3, awipdrein die @urput control
the second input is a negative input to the

cirblif EorpRtdal anplifier. 34

a differental amplifier having a fixed voltage Vg 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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28 August 2006 20. The inmage sensor pixel according
to claim 12, wherein the output control circuit
provides a linear anplification of the inage signa
outputted fromthe photosensitive elenent. 21. The
i mage sensor pixel according to claimz20, wherein28Hgigust 2006
output control ~circuit conprises: a differentia
anplifier_having a fixed voltage Vim connected to a
posi #Pve Lhpimagesensoreintlaterrding t clainpP4f whereimthe output control
f eedback | oop connecting a negative input of the

cictiviif farthiet cadnpeisglal setaid looptdoine el etwddncthe qutpramf the differential
capacitor connected in the feedback | oop. 22. The

i.xel. i NGt i rein the .

o P TR0 e Ein A Be e e the BBk oo, Shercin the

| oop, connect.ed between the output of the differential
Scﬁﬂ’b‘?hqp cHIFEs & Feschayial cannegtsgithersit-et o, in paral | el
with the feedback | oop, wherein the second |oop
includes a reset switch connected therein. 35 28
August 2006 23. The inmage sensor pixel according to
claim 12, wherein the output control circuit provides
a logarithmcally conpressed conversion of the image
signal outputted

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

circuit provides a linear conversion when the image signal outputted from the
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 Vyg 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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fromthe photosensitive element. 24. The i mge sensor

pi xel according to claim 23, wherein the output

control circuit conprises: a differential anplifier

having a fixed voltage Van connected to a postive

input to the differential anplifier, a feedback 3ddpgust 2006
connecting a negative input of the differenti al

anplifier to the output thereof, and a di ode

connsszbad fédibhéleldopadivnmeltin® tie négakive puarcfdhe differbatial amplifier to
di ode connected to the negative input to the

e S

anplifier. 25. The i mge sensor pixel according to

cl ai 4, wherein the dio I,s f.or med a .

C 1 o dhodk spRRSscd fh Hitoireria Grsgbadloo th i ahad ghfhe diode

pi xel according to claim 24, wherein the output
commentedab the megativefinputier theatiffeiental amplifissnand oop

connected between the output of the differential

anplifier and the negative input thereto, in parallel

Wi t frdvbie beRdbaske tonibcrethey dictativle sfabentiodonpthe second feedback
i ncludes a reset switch connected therein. 27. The

looi mage sensor pixel according to claim 12, wherein the
But put control

29.  The image sensor pixel according to claim 28, further comprising an offsct

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 offsct 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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circuit provides a |linear conversion when the inmage
signal outputted fromthe photosensitive elenent is
within a first signal range and a logarithmcally
conpressed conversion when the inmage signal is within
a second signal range. 28. The image sensor plxelnguguSt2006
according to claim27, wherein the output contro
circuit conprises: a differentj al anpllfler haV|ngcﬁ )
f i xe&d- volkhegmage senser pixel agrording tasdaim 28, whesgin thg diode is formed as
the differential anplifier, a first feedback | oop
a MO$haahdistgr.a negati ve i nput of the differenti al
anplifier to the output thereof, a feedback capacitor
connected in the first feedback |oop, 37 28 August
2006 a second feedback | oop connecting the negative
input of the differential anplifier to the output
thereof, in parallel with the first feedback | oop, a
di ode connected in the second feedback [oop with the
ano of e t
Che 11 Stiere? SGnsr BPRERE4b e T BPEE W o t s control
.connected to the cathode of the diode in the sec . .
cirpig dipmber comprises @ thirdiigop ¢rppectadhevesn M ougpuy Fl?f‘gdlﬁmnﬂal
to claim28, further conprising an offset
amplifier and the negative input thereto, in parallel with the first and second feedback

loops, wherein the third 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 frecze 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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vol t age source connected in the second feedback | oop

and to the cathode.of the diode for supplying the

reverse bias voltage to the diode. 30. The inmge

sensor pixel according to claim28, further conprisjin

an of fset capacitor connected in the second f eedF8Husust 2006
| oop and to the cathode of the diode, and an offset

switch having a first term nal connected to the second

f eedback Thedmagb eanser pixchaccording g cloim ti2e fythgrecomprising a
the offset capacitor, and having a second term na

prétediie tigelit SordfecRUf tdahe \vakhadtdssiithe phoebsensitiye tlenent and an input
of fset capacitor becones charged upon closing the

ffset switch t.o thereby apply the reverse bias
o Y ?‘é‘&é‘§{‘8“?ﬂle°’%ﬁ“%¥de.' 38 28 August 2006 31. The i mage
sensor pixel according to claim 28, wherein the diode
is formed as a MOS transistor. 32. The i mage sensor
pi xel according to claim28, wherein the output
control circuit further conprises a third | oop
connected between the output of the differentia
anplifier and the negative input thereto, in parallel ] .
wi t B6t heIhcriaxagamgepbmbacrcegﬁoam clajra 3%s whegeipahe prefection circuit
third |l oop includes a reset switch connected therein.

incBiles hstotd¥®OR dB6AsOor pixel according to claim12,
wherei'n the output control «circuit includes a freeze

frame circuit for performng a freeze frame shutter
function.

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 electtically 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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34. The inmage sensor pixel according to claim 33,

wherein the freeze frame circuit conprises: a freeze

frame switch, and a capacitor connected to one

term nal of the freeze franme switch, for capturing the
charge of an inmage signal when the freeze frame swdtaggust 2006
is dosed. 39 28 August 2006 35. The inmage sensor

pi xel according to claim 12, further conprising a

pr ot €& i onCled meagietsenson piwel actordinghte chimB3 8, vdiateinahe tpetection circuit
phot osensitive el enent and an input to the output

foaRkf @mprides dirksistdf- The image sensor pixel according

to claim 35, wherein the protection circuit includes

a protection diode. 37. The image sensor pixe

according to claim 36, wherein the protection circuit

further conprises a resistor. 38. The inmge sensor

pi xel according to claim 35, wherein the protection

circuit includes an n-MOS transistor having a drain

and gate.bath electrically cannected to the .output
of tf% ph F 0" BPEhaROrIaR 4o Saug, i vbereid thE Gutpu control

el ectrically connected to a voltage source which sets
cachik iacludasl t age | evel , whereby current flowi ng from
the photosensitive elenment having a voltage in excess
of the limt voltage level is transferred away from

t he a differential amplifier having a positive input fixed at Vgg;, 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 Vygg, a Regative 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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output circuit through the n-MOS transistor. 40 28

August 2006 39. The inmage sensor pixel according to

claim 38, wherein the protection circuit further

conprises a resistor. 40. The inmage sensor pixe

according to claim35, wherein the output controf8August2006

circuit includes a differential anplifier having a

positive input fixed at VIP, a negative input

c onratioddin thetfbedbagk podp biving is de eopindatedd te tearentput of the

and an output, a feedback | oop connecting the output
diffd?eindid) And}BRE b it BRBde Sdniridlfdiof theRBhtivd inp@li kihé @ifferential

and a capacitor in the feedback | oop and connected to

the output and the negative input of the differential
a“ﬁWﬁF?fier. 41. The image sensor pixel according to

claim 35, wherein the output circuit includes a

differential anplifier having a positive input fixed

at Vim a negative input connected to the output of

t he photosensitive el neent, and an output, a feedback

| oop connecting the output and the negative input of

the i 1 §58NH3E sedBRpidel $cordhf to claim 35, wherein the output circuit

includes

a differendal amplifier having a positive input fixed at Vg, 2 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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41 28 August 2006 a diode in the feedback | oop having

its cathode connected to the output of the

differential anplifier and its anode connected to the
negative input of the differential anplifier. 42. The

i mge sensor pixel according to claim 35, mherelnzﬁﬁ@%HNZOOG
output circuit includes a differential anplifier

having a positive input fixed at Vim a negative input
condgct eMimgngcMQuﬁqﬁsﬁghe phot osensitive el enent,

and an output, a feedback circuit connecting the

out put and the negative input of the differentia

anphid Lu?g n{p&@&%t}m{mbﬂv& BnlcRGAbACkngi rcui t and

connect tput and the negat’lve i nput of the
differential anmplifier, a diode in the feedback

circuit in aralle t he avil.n
2nodf mage %aﬂ%fouf%h%% Pty f . pARHA dadl Bixel comprises:
differential amplifier, and an offset voltage source
in the feedback ci rcwt in parallel with the capacitor
and conaBeuERLL Grouifeoanetted &o shc ehargemdEpling phetogeaversion
output of the differential anplifier. 42 28 August

cledf¥3, wherein the output control circuit maintains the potential across the charge

multiplying photoconversion element to be at a predetermined voltage level.

44.  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 an image signal outputted from the charge multiplying photoconversion element for the

entire operational range of the charge multiplying photoconversion clement.

45.  An image 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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43. An image sensor conprising: a charge nultiplying

phot oconversi on el ement; and an i mage sensor piXxe

array having a plurality of pixels, wherein each pixe
conprises: an output circuit connected to the charge

nul ti pl yi ng photoconversion el enent, wherein the 28August2006
output control circuit maintains the potential across

the charge multiplying photoconversion elenment to be

at a predgi eafputednuel tigtt tenfkted4d. thdrhirgegaukiphiog

conprising: a charge nultiplying photoconversion
rsi 0 d ithmicall
PP B R oy BB P B AT B S Blt Fongl RO logarichunicilly
out put contro] cifcujt connected to the charge oy
compEssindyoRyersimopirbimagesignyl enemeid from %Fﬁﬂ-’ﬂﬁéﬂulﬂplmg
output control circuit provides a |linear conversion
pbbtoaonvarsige ckinggralfoo tepeittire dptrationalhrenghef e charge multiplying
mul ti plyi ng photoconversion elenment for the entire
ve2h) g of the char.ge nultiplying
Pgﬁ%%g%onvgéggon el ement. 45. An i nage sensor
conprising: a charge nmultiplying photoconversion
el ement; and an i nage sensor pixel array having a
plurality of pixels, wherein each pixel conprises: 43
28 August 2006 an output control circuit connected to

t he gbar g&nfitafE BénsoR domprising:

a charge multiplying photoconversion element; and
an image sensor pixel array having a plurality of pixels, wherein cach 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 muitiplying 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;




phot oconversi on el enent, wherein the output contro

circuit provides a logarithmcally conpressed

conversion of an inage signal outputted fromthe

charge multiplying photoconversion elenent for the

entire operational range of the charge mul tiplyi rg August 2006
phot oconversi on el enent. 46. An i nage sensor

conprising: a charge nultiplying photoconversion .

el epkotacoavaitiag thelight sigma antopinxaléctrical signabin mphetosensitive element
plurality of pixels, wherein each pixel conprises: an

in @LiRIAEe GO0l circuit connected to the charge

mul ti pl yi ng ~ phot oconversion el ement, wherein the

out put control circuit provides a |linear conversion

ohorBEayaE S dit el ke B tscipR P ARk P Y10

mul ti pl yi ng phot oconversion elenent is within a first

range and, a _logarithmically conpressed conversion of
the‘?ﬂ%ﬁ'é’% r@ﬁaﬁ? sigh tBli'tSﬁ%agSFﬁ’t“FFé“bhar ge .
mul ti plyi ng phot oconversion elenent is within a second
range.” 47. A nmethod for obtaining an i mage signal, ‘
c onprcusiudgting dietrge fiony the dleqtical sigpahat the storageelgment; an
sensor; 44 28 August 2006 photoconverting the Iight
signal into an electrical signal in a photosensitive

el efRiMing it +dlige AR ke si6ABR element to a predetermined limit voltage level.

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 clement.

50. The method according to claim 47, farther comprising reading out the

charge accumulated at the storage clement.
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anmplifying the electrical signal in the photosensitive
el ement; transferring the electrical signal to a
storage el ement; accunul ating charge fromthe
el ectri cal signal at the storage el enent; and
limiting the voltage at the storage el enent to a 28 August2006
predetermined limt voltage |level. 48. The nethod
according to claimd47, wherein limting the voltage

i nclikles A mothbd for otsraimiveg gre imageysignalpcarhprisingy age

el ement when the voltage resulting fromthe

accumul at ed charge exceeds the predetermned [imt

| evedetedih aTtﬂ@a B0 th A€ aRAgH Rasé Cl ai m 48, wherein
l[imting t ol tage further i ncl udes | owering the

vol t age of the el ectrical signal prior to the charge

accu I atl n & I

acc @m} f:tl’nq‘lg;‘% %ﬁ? ﬁt&a@%ﬁ%ﬁ’ﬁgﬁﬂ ng ou%c multiplying

t he charge accunul ated at the storage elenment. 45 28
pheigirssitive glement of G ERIESFEPHIS obt ai ni ng an i mage

signal, conprising: detecting a light signal in an

i mge sensor; photoconverting the light signal into an

el eatmpld';aﬂngshg ebctriviat fignaldh shg eharge nngtiplying photosensitive element; and

phot osensitive el enent of the inmage sensor; anplifying

the electrical signal in the charge nulti pI yi ng

phot,g8@RghinpUAic PotiiRAl acrBfidhe photosensitive element to be constant ata

predetermined voltage 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.

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
46



mai ntai ning the potential across the photosensitive
~element to be constant at a predeterm ned voltage
| evel . 52. The nethod according to claimb51, further
conprising performng a linear conversion of the
el ectrical signal outputted from the photosensitige/iusgust2006
el ement over the entire operating range of the
phot osensitive el enent. 53. The nethod accordipg to . .
logakishmically comptdseng chnplettsicalgigroymbentthe oufpyrted electrical signal is
conpressing the electrical signal outputted fromthe
with9h Q&I fah}€ aBb MR hevesldlelent i re  operating
range of the photosensitive elenent. 54. The net hod
according to claimb51, further conprising performng a
| inear conversion of the electrical signal outputted
fromthe photosensitive el enent when the outputted
el ectrical signal is within a first range up to a
predet er m,ned r.esho Vﬁ%iﬁ] dr i é{ﬂ,gg a%@,g},@,-n the
I ogg ith 'hfa\‘PF";l/’%goaﬁgorrIggl t?l’g e§21 ect rc??gl Si ﬁg%al vvher%
the outputted electrical signal i.s wthin a second ..
thrcaireld lensbotwhish the oRESIcQRTE] Srcuivitefies Sgh pegorming lincar
according to claimb54, further conprising adjusting _ .
cot@sioh lifelé eledtricalwignahto lugiatthrhireconapression oftheptlectrical signal.
circuit swtches fromperformng |inear conversion of
the electrical signal to | ogarithm c conpression of
the electrical signal. 56. The nethod according to
claimb51, further conprising performng a freeze

56. The method according to claim 51, further comprising performing a freeze

frame operation on the electrical signal obtained by the charge multiplying photosensitive

clement.

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 clement 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 excceds the predetermined voltage

level.
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frame operation on the electrical signal obtained by
the charge multiplying photosensitive elenment. 57.
The met hod according to claimb51, wherein maintaining
a constant potential across the photosensitive
el enent conprises liniting the voltage of the 28 August 2006
el ectrical signal outputted fromthe charge
mul tiplying photosensitive elenent to the
pr edB. er Tinethethvad 1agedingtelclailh 8, Prhereindinsiting sho veltage further
to claim57, wherein [imting the voltage includes
in\EAl/Ha fo%c%ggh@%b&%c HPMel ek rAéal kipBaBhrisii tol tedlsfestiggalway the portion
IC s the pr

exce edet erm ned vol tage |evel. 47 28

ust 2006, 59. The nmethod accordin cl ai m 58,
Of\%ﬁg ﬂﬁ"ﬂlz Wg’l’#‘ﬁxﬁbcdls ﬁgc %flc{‘l'geg"gu?ﬂﬁ'%é’rg% i {r‘ltcfll]des | oweri ng
the voltage of the electrical signal prior to -
transferring away the portion of the signal which
exceeds the predeterm ned voltage |level. 60. An inage
processi ng apparatus conprising: an i mage sensor for
detecting an i mage and outputting i mage signals
corresponding to the detected i mage; and an inmage

pr oo s orAf fmage pressingapreatusreg@pssiggal s out put t ed
fromthe i mage sensor,

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 chargé storage element electrically connected to the charge multiplying

photoconversion layer, and

a protection circuit electrically connected to the charge storage clement for

limiting a voltage which accumnulates at the charge storage clement.
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wherei n the i mage sensor conprises: a charge
mul ti pl yi ng photoconversion el enment; and a pixel array
having a plurality of pixels, wherein each pixe
i ncludes a charge storage el enent electrically
connected to the charge multiplying photoconver stbfugust 2006
| ayer, and a protection circuit electrically connected
to the charge storage element for limting a voltage
whi ¢l. ac duprdcassing YPtCNh SOUIMISIRE: st or age el enent . 48 28
August 2006 61. A processing system conprising: a
processor for receiving and processing i mage data; and
an iarfRgeesser for geRbiggt aid pcessigpinyigeglatayagd data to
the processor, the imge data generator conprising an
i mage sensor for detecting |light and outputting an
i mage ; JancTole] E%#?ﬁ%ﬁﬂ{ S image data
imaggn;ﬂlagﬁa mgacﬁlgr% contsr e féﬁégg%aﬁ?gﬁﬁﬁgat&ﬁgﬂ%c image da
i mage sensor and the inage processor, wherein the
EERTRALRY ORI Eonpri ses a charge nul tiplying
phot oconversion el enent; and a pixel array having a

plurality of pixels, wherein each pixel includes .
an image sensor for detecting light 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 array having a plurality of pixels, wherein each pixel includes

a charge storage element electrically connected to the charge

muldplying photoconversion layer, and

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

element.
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a charge storage elenent electrically connected to the

charge nultiplying photoconversion |ayer, and a

protection circuit electrically connected to the

charge storage elenment for limting a voltage which

accunul ates at the charge storage elenment. 49 2828 August2006

August 2006 62. An inage processing apparatus

conprising: an inage sensor for detecting an i mage and

out @g.t i N@niiAREE pEd@EhS apPiras ROMBthg: t 0 t he

detected i mage; and an 1 nmage processor for processing

the image signals outputted fromthe i nage sensor,

whergi: ' o ' ' Vei .

i BB el P &7 BRaRle £F TRigeER GuBubig Bhddtsignals comesponding
C rises:. a photosensitive el enent having an input

t°§ﬁ8 cresreddmagei 3l a 1ight signal and an output side

for outputting the detected |ight signal as an

el ectrical signal; and an output control circuit

conrf@dirmage poodehsor don processingethefimape siginels ospuatited from the image

el ement, wherein the output control circuit maintains

schdd, potential across the photosensitive elenent to be

const ant .

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 clement at a predetermined voltage level.
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63. The inmage processing apparatus of claim62,
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
vol tage | evel. 50 28 August 2006 64. A processi g August 2006
system conprising: a processor for receiving and
processi ng i mage data; and an i nage data generator for
supfptyi ndy proegeing aysaeth pcdehprisingcessor, the i mage data
generator conprising: an i mage sensor for obtaining an
i mage and outputting an inmage signal, an inage

pr of pfdteésof fir REQFAT ahAPrbi@sihFimees HaRahnd and a
controller for controlling the i mge sensor and the

I mage processor, wherein the inmage sensor conprises a

kB LGRS SADASE LR SR, BB for g oo

i xel inclydes a photosensitive el enent having an

BCHCIOY CUPBESINGY detecting a |ight signal and-an out put

side for outputting the detected light signal as an
el ectrical signal; and an output control circuit .
connect euh inmgesensonf@uobtaimeg ah imhge 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 arriy 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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phot osensitive el enent, wherein the output control

circuit maintains the potential across the

phot osensitive el ement to be constant. 51 28 August

2006 65. The processing system of claim 64, wherein

each pixel further conprises a protection circuit2§§peust2006
limting the voltage | evel at the output side of the

phot osensitive elenment at a predetermn ned voltage

| evgds, SZhe processing system of claim 64, wherein each pixel further comprises a

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

clement at a predetermined voltage level.
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