WO 2004/114652 PC'T/11S2004/018183 CHARGE, PUMPS FOR CMOS
wo 2AM@ERS FIELD OF THE INVENTION [0001] The inventiop¢glatesta/aig1ss
CMOS imager having an array of image sensing cells and to the driving

signals, which operate, the cells. It. particular, the present invention
relates to the use of a variety of pumps in CMOS imagers.
BACKGROUND Og &II}I{\J/MEPIEITIQN OOOZJW%ME%S imagers are low cost
imaging devices. A tully compatib}ie S sensor%echnology enabling a
higher level of integration of an image array with associated processing
circuits would be beneficial to many digital applications such as, for

example, in cameragstaers, MEiNg Vs Ry$tems, vehicle
navigation systems, video telephones, computer input devices,

suvellance gysams. AU s SYSIES. St (ppkers, MOOf detecton. o oo

systems, image stabi i25tion systems arnd syste

| fﬂ%g@e@?ﬂﬁﬁg dalevizion, [BRARI Y Aedmagers-RayselQvoltage 1n

operation and low power consumption; CMOS imagers are compatible
witidintégrated miesehipuetentioniesafesntrahlogie afd tmiegy dagenps in
processing, and signal conditioning such as A/D conversion); CMOS
ir@%@r@ BlidgF¥andom access to the image data; and CMOS imagers
have lower fabrication costs as compared with, for example, the
conventional CCD since standard CMOS processing techniques can be

used. Additionﬁgdﬁ&w@fngggﬂ WW&QCMOS

imagers because only one row of pixels at a time needs to be active
during the readout and there is no charge transfer (land associated

switching) T8RP gikel folis HORR HARGle™ cost imaging devices. A fully
compatible CMOS sensor technology enabling a higher level of integration of an

image array with associated processing circuits would be bcneﬁcial to many

- digital applications such as, for example, in cameras, scanners, machine vision
systems, vehicle navigation systems, video telephones, computer input devices,
surveillance systems, auto focus systems, star trackers, motion detection systems,
image stabilization systems and data compression systems for high-definition

television.

[0003] CMOS imagers have a low voltage opcrétion and low power
consumption; CMOS imagers are compatible with integrated on-chip electronics
(control logic and timing, image processing, and signal conditioning such as
A/D conversion); CMOS imagers allow random access to the image data; and
CMOS imagers have lower fabrication costs as compared with, for example, the
conventional CCD since standard CMOS processing techniques can be used.

: Additionally,v low power consumption is achieved for CMOS imagers because
only one row of pixels at a time needs to be active during the readout and there

is no charge transfer (and associated switching) from pixel to pixel during image
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1 WO 2004/i14652 PC [S2004/018183 acquisition. On-chip integration of
WO 200[gHfSRics is particularly advantageous because of the pSfehfiartg+/ 018183
perform many signal conditioning functions in the digital domain (versus
analog signal processing) as well as to achieve a reduction in system size
and cost. [0004) A CMOS onager circuit includes a focal. plane array of
pixel cells, each one of the cells including either a photogate or a
aphotediode Ouerlyiimgnacgubsirate foraccumulating:phdtosgehenatagt-ous
charge in the underlying portion of the substrate. A readout circuit is .
ResAHER R HS PRI CRI A IFt e Al cAst A YURR RIFefe LR the
ransistor formed in the substrate and a charge transfer section formed on
R A S R S A e 2o
inadesdypigallyifloating diffusion node, connected to the gate of an
output transistor. The imager may include at least one electronic device
such as a transistor for transferring charge from the underlying portion of

the substraf®®dthe Hosiig e imakm Aoeeamglodedelicel Blsae ppmany pixel
a fransistor, for resetting the nade ta a predetermined charge level prior
Cares eI BRCE ODUET TR & CRIBS RHEERFIR heA Ahieits of

B RS LeY RBHOMM tBe Nesrssali REIRDSAs il PhRIARde Ehag8 nderlying
conversion; accumulation of image charge; (3) transfer of charge to the

floatiog diffusienbmnode adcompanied by chargeramplificatior (ixcbsetting
the floating diffusion node to a known state. before the transfer of charge

Baupsy sélketiorroP BIpBIC IO CREASTRNEMP TSP BRELITA Y SRR EtBRAC 2

of & slonal enreseniing Rixel shatge, RRAIR NI MU LBRARRIR or

WneR it moves rrom the initial charge

photodiode having a sensing node, typically a floating diffusion node, connected
to the gate of an outpﬁt transistor. The imager may include at least one
electronic device such as a transistor for transferring charge from the underlying
portion of the substrate to the floating diffusion node and one device, also

typically a transistor, for resetting the node to a predetermined charge level prior

to charge transference.

[0005] 1Ina CMOS imager, the active elements of a pixel cell
perform the necessary fanctions of: (1) photon to charge conversion; (2)
accumulation of image charge; (3) transfer of charge to the floating diffusion
node accompanied by charge amplification; (4) resetting the floating diffusion
node to a known state before the transfer of charge to it; (5) selecton of a pixel
for readout; and (6) output and amplification of a signal representing pixel
charge. Photo charge may be amplified when it moves from the initial charge
accumulation region to the floating diffusion node. The charge at the floating
diffusion node is typically converted to a pixel output voltage by a source

follower output transistor. The photosensitve element of a CMOS imager pixel
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accumulation region to the floating diffusion node. The charge at the
floating diffusion node is typically converted to a pixel output voltage by a
WOsHitEd4¢8tiower output transistor. The photosensitive elem@tiBFOMOEs3
imager pixel WO 2004/114652 PCP/U52004/018183 is typically either a
depleted p-n junction. photodiode or a field induced depletion region
beneath a photogate. For photodiodes, image lag can be eliminated by
completely depleting the p,hotodi.ode upon readout. [0006] CMOS
imagersefithédype digsuesed-abavesre generallydknewndd diseusaatspierion
for example, in. Nixon et at., "256 x 256 CMOS Active Pixel Sensor
CaffERE AR bPIEE S urhar shoshdistateirseies Vo, 1 glimyinsced by
20486- - Mcndis e "CMOS Active Pixel Image Sensors,"
|Eé§ ra%l igt%@ﬁy%gﬁ?e%%ﬁ %8%?%8%?%?3 P8y pp. 452-453, 1994 as
well as U.S. Patent No. 5,708,263 and U.S. Patent No. 5,471,515, which

are herein incedpotatedbirefenepes. PORT Hipshivsddsbel undetsiooddhatally
the CMOS imager may include a photodiode or other image to charge

corfERRG tRICES ity B BRI hot G s tHe it AccUmfuliosdetive Pixcl
pheigsgenerated. chargsni ,001%@%&'1'%%‘%28&%’4&%@"'Z‘):(%E%mxﬁ‘%{ %2)

CMOS imager having a pixel array 200 shows a . pbr'qon
pixpp a2i@d 6200 Rixep @ridyrileHG ! ChMomplisee 2RMIMBINEIRXAIS " TREE

arranged in a predetermined number of columns and rows. The pixels of

eadF HBRACRCEH 8Y Bt ape dciraad oh 4t thermme dirhedhy A% bwssetdcts U.S.
i [ IG. the.pi i tput,.V,,1,, of each
“nq?a%é%‘t‘ 1“1%6 § éé%% A éﬁgﬁﬁ)&aﬂgtenf IB!JX.eFI)é ?E#rg:’xﬁl%xgkh érfs%%r%

column'is selectively onto a ¢olumn Selec

2Améoiuralily by reranekcolumn lines are provided for the entire array
200. The row lines are selectively activated by the

[0007] It should be understood that the CMOS imager may
include a photodiode or other image to charge converting device, in licu of a

photogate, as the initial accumulator for photo-generated charge.

[0008] FIG. 1 illustrates a block diagram for a CMOS imager
having a pixel array 200. FIG. 2A shows a 2x2 portion of pixel array 200. Pixel
array 200 (FIG. 1) comprises a plurality of pixels arranged in a predetermined
number of columns and rows. The pixels of each row in array 200 are all turned
on at the same time by a row select line, ¢.g., line 86 (seec FIG. 2A), and the pixel
signal output, V,,,, of each column is selectively clocked onto a column select
line, e.g., Vo, line 42 (sec FIG. 2A). A plurality of row and column lines are
provided for the entire array 200. The row lines are selectively activated by the
row driver 210 in response to row address decoder 220 and the column select
lines are selectively activated by the column driver 260 in response to column
address decoder 270. Thus, a row and column address is provided for each pixel.
The CMOS imager is operated by the control circuit 250 which controls address
decoders 220, 270 for selecting the appropriate row and column lines for pixel
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row driver 210 in response to row address decoder 220 and the column
w0 206g1egshines are selectively activated by the column driver 12@9/&{&%’(91%??3
to column address decoder 270. Thus, a row and column addressis
provided for each pixel. The CMOS imager is operated by the control
circuit 250 which controls address decoders 220, 270 for selecting- the
appropriate row and column lines for pixel 3 WO 2004/114652
PCT/US2004J018183 readout, and row and column driver circuitry 210,
SRNRIAR QBRI MR U IAGE t6 dile ittt nSisforsTof hedsblabtthrow
nd col lines. [0009] The gperatign of the :Charge collection of the
‘%}%‘é %ﬁgéeaf%ck%%wﬁ R ébglé;}casn%cg%é—:é%ﬁ’ba&fliﬁ BRPat Bublications
such as Mendis et al., "Progress in CMOS Active Pixel Image Sensors,"

SPIE Vol.[2072,}pp. T8: 30:h994: Mendistatab  AMASAstive RiXgh s
Image Sensors for Highly Integrated Imaging Systems," IEEE Journal of

imgpgrItke e ishyart 3pd) dogibaddibxivdta FodsimmtitGMOSh Insddendis
>ensqrs: Electroni eraon a. Ch.ip," IEDM Vol. 95 pages 17-25

Fom TR SN Db i o Wt Ve oSl Tebrobr s 19-

deretmby 1eferance |j00 i | 4 mp

S Sk I R S SR

Incpocatéchigitg eivtitetys, W EDjoeielestso R0t ARk @ik CMD S 2(2),
imagers are not without thgir shortcomings. For example, these CMOS
Imagets CxpEEnOEHRagE M 6 LiresiSramaes: Filenamind dnwoulehbe

- desira vidg.a variet u ncluding pixel voltage pump so
S e S e S kL R bt s
feediphesy skppbovpinged PReliNeand/or-negative

[0010]  The use and operation of a V. charge pump for CMOS

Imagers is described in U.S. Patent No. 6,140,630, incorporated in its entirety

herein by reference.

[0011]  Prior art CMOS imagers are not without their
shortcomings. For example, these CMOS imagers experience leakage in the
transfer gate. Furthermore, it would be desirable to provide a variety of pumps
including pixel voltage pump so that the CMOS imager array operating voltage

could be different from a periphery supply voltage, positive and /or negative

pumps, and substrate pumps.

SUMMARY OF THE INVENTION

[0012]  The deficiencies of the prior art are overcome by driving
one or more of the reset gate, transfer gate (if used) and the row select gate with
one or more pumps. A voltage pump provides a highc:r voltage than the supply

voltage V, to improve the gating operation of the reset, transfer (if used) and
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pumps, and substrate pumps. SUMMARY OF THE INVENTION [0012]

WO The/dedisiencies of the prior art are overcome by driving one@F,729564f 15153
the reset gate, transfer gate (if used) and the row select gate with one or
more pumps. A voltage pump provides a higher voltage than the supply
voltage Vas to improve the gating operation of the reset, transfer (if used)
and 4 WO 211114/114652 PCT/US2004/018183 row select transistors.

By, evereiiving, 00, or. more of the gates of die reset, transfer and .row
select transistors 1vvithst'hé36l(JTtv|c()ill}%J(5 ARORSgY PURTS, PikBr8aisixel the reset,
fabricatienadiffecences n elestrisal charastelstiss ofthess Jransistors am

also be avoided. Moreover, if a photogate is used to acquire |n¥)atlgnelp »piel to

chargedthrcaBamstfidrercve idrilerby arhottpit oitags from aMolagss can
pump The ab ‘fV&F R{r‘e examples of gates that can benefit from a -voltage
uld 'no

pump s BEFERert (ol irgiigS poIh Adeindisaliyage charges this

iINncPeUReR 818 [ S imager gates such as a reset
gate, a r?w select%%?ggoxéz%gﬁ%%ga%g ?ﬁcurfs?é) %1%8 4%hBEhRent Bff above

loffrperfonplance ghthesegatestadmpiore asyelasiie,wveralimage . p.
performance of the CMOS imager to improve. This also aﬁ)ows the gate
le RISRAAREHE fore dielwafer is achieved without sacrificing imager

performance. The above are examples of gates that can benefit from a

e by ISR U0t i o

a substrate pump is described, where

thiougivitizs tsabbstiate. {0045]5Eks abovesare;Qther GYaRAGES AN (if used)

fea or%g Ietrcl:ﬁrrcnt off, Lg, performance of these gates to improve as well as thé
overall image performance of the CMOS imager to improve. This also allows the
gate length to shrink and more die /wafer is achieved without sacrificing imager

performance. The above are examples of gates that can benefit from a negatve

pump but should not be taken to be limiting.

[0014]  Additionally, a substrate pump s described, where the pixels

7

of the array are linked through the substrare.

[0015]  The above and other advantages and features of the
nvention will be more clearly understood from the following detailed description

which is provided in connection: with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a block diagram of a CMOS active pixel sensor
chip; |

[0017]  FIG. 2Ais a representative pixel layout showing a 2x2 pixel

layout according to one embodiment of the present invention;
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invention will be more clearly understood from the following detailed

WO 2004{%ption. which is provided in connection; with the accBRTER3f}018183
drawings. BRIEF DESCRIPTION OF THE DRAWINGS [0016] FIG. 1is a
block diagram of a CMOS active pixel sensor chip; [0017] FIG. 2Ais a
representative pixel layout showing a 2x2 pixel layout according to one
embodiment of the present invention; WO 2004/114652

PCT/LIS2004/01.8183 {0088 k4G 2B.shows.a gensralizedisignal aprlied o .
to any gate of a}CMOS imager: [(530%9] FIG. Zégg%g\g% a "repeatinﬁggillcgzltggcfglzg b

Wikagemdsrch can be applied to any gate of a CMOS imager; [0020] FIG.
21) is an exemplary embodiment of an external Vdd supply as the input to

five separgfe.iptern :.[0021] FIG. 2E is an exemplary embodiment
of an extﬁ@r%d ?&%ﬁ)@e;ts T8 ﬁ%ﬁ%{g@g&gj‘ﬂ{g THAE6 FrE Lefratdte
ajgﬁg@t(pgﬁgpgé@gggjgﬁj@gzgﬂgg%@; example of an. external Vdd supply
applied to a’ positive high voltage pump and a negative low voltage pump;
[0023] FIG. 3 is an exploded view of a four transistor (4T) pixel of FIG. 2
using a VMR 8hargBlpurdp in accordaptewitn thelpresentfinventienial V,,
OOH2]14] FIG. 4 is an exploded view of a 3T pixel using a V,a,P;x charge
SEs‘E ) i %8}8%8%%MW?H@&?%&%WWM%BH?{OO%] FIG. 5is an

exploded view of a 3T pixel, using negative substrate pump in
accordanggyih theryesgRtine RIS Riplary embodiment of an external Vi

- supply at a lower voltage as the input to five separate internal pumps;

[0022]  FIG. 2F is an example of an external V, supply applied to a

positive high voltage pump and a negative low voltage pump;

[0023] FIG. 3 is an exploded view of a four transistor (4T) pixel of

FIG. 2 using a V, ;, charge pump in accordance with the present invention;

[0024] FIG. 4 is an exploded view of a 3T pixel using a V.

aa-pix

charge pump in accordance with the present invention;

[0025] * FIG. 5 is an exploded view of a 3T pixe! using negative

substrate pump in accordance with the present invention;

[0026] FIG. 6Ais an exploded view of a 4T pixel using a negative

gate pump in accordance with the present invention;

[0027]  FIG. 6B is an example of 2 timing diagram for a reset gate

and a transfer gate;

[0028] = FIG. 7 is a processor system inclnding a CMOS Imager

constructed in accordance with any of the embodiments of the present invention.



- -l0026] EIG. 6A is an exploded view of a 4T pixel using a n}egzi\}{y o8Pl 5183
wo 2"53’?%3]‘%2 accordance with the present invention; [00271 FIG. 68% an

example of a timing diagram for a reset gate and a transfer gate; [0028]
FIG. 7 is a processor system including a CMOS imager constructed in.
accordance with any of the embodiments of the present invention. 6 WO
2004/114652 PCTIUS2004/018183 DETAILED DESCRIPTION OF TFIE

INVENTION [0029] The present invention WiIITnow be described with
referenc® g G- rBL FeRFBAFOS oW mEHe INNFTENIRI NS figure

shows a p‘o‘rtion of an active pixel array constructed according to the

present invigttisr in Whichreaspeeiive 6bargal pusns-30Q.30L @nd B0 erence

are used to supply the gate voltages for the reset transistor, transfer gate
trarbis e Eise révwiasie ransisorsia 1028 Gnd /88 Ths dhpwa MEIG 2B ortion

reset transistor 31 is formed.hy n+ regiop 30 and n+ region 34 and . .
R oNed by R T nArS ST e FA o ZOETaTnda By P et
28prant Fegien Fohandeentselied Ry 3% SIINAA80Rf: @y%ﬁe g;ﬂ@rgc?ltagcs
pump 303 is shown for providing a gate voltage to a photogate 24 for
doarde tresesfenn€ittargepuiap 804 isshivwr fordorowidiiera walisgepuiip 29
to a_ N+ junction, which is the Vdd pixel sup%Igjunction in this case. This

fififte Show s SRIBRSS oF phdsls fareriplifid a6 Sprmeshbila becgion 30 and

yndersta dggg %:I invention i%}g' cted t XN multiple pixel grray.of
a‘%;? s%ie?{oo %} ﬁ%noﬁjéﬁ rcaéiox 0 tﬁ:‘S 1Igf@l. %2 ;b)f:ﬁ%ﬂsg]%atf/pav%ﬁgﬁ%{/vféem formed
deseribedi Rhotogdelectorsikh SR pixgledase TouRladViBghgiIrrIG. 24,
respective row select transistors 38 to column line 42. The photodetector
sdletgsPbina f8l@ is shown for providing a gate voltage to a photogate 24 for
charge transfer. Charge pump 304 is shown for providing a voltage pump to a
N+ junctioh, which is the V,, pixel supply juncton in this case. This figure
shows a 2x2 array of pixels for simplification. It should be understood that the

invention is directed to a MxIN multiple pixel array of any size.

[0030] The operation of the FIG. 2A pixel array will now be
described. Photodetectors 14 of a row of pixels are coupled via their respective
row select transistors 38 to column line 42. The photodetector selected by a row
decoder via line 86 will provide electrical current depending upon the voltage at
the gate of source follower transistor 36 supplied by floating diffusion node 30.
As noted, the gate of transistor 36 controls the current through load transistor

39 (not shown in FIG. 2A) and in consequence the voltage on column line 42.

[0031] Signal ROW SELECT turns row select transistor 38 on.
The voltage controlled by the row select signal on line 86 is a charge pump 302
output voltage. Row select line 86 is connected to charge pump 302 to

overdrive the row select transistor 38, that is, the gate voltage of transistor 38 is



decoder via line 86 will provide electrical current depending upon the
WO 200Hilid§¥ at the gate of source follower transistor 36 supplidd BiPfizHAgs183
diffusion node 30. As noted, the gate of transistor 36 controls the current
through load transistor 39 (not shown in FIG. 2A) and in consequence the
voltage on column line 42. [0031] Signal ROW SELECT turns row select
transistor 38 on. The voltage controlled by the row select signal on line 86
lisgh ohdrge thariWp, 302pbutplitgeltajes Rouesetect liher86 js:comi3étediio
charge7pump 302 to overdrive the row select transistor 38, that is, the i
YRiIX Sisage of craRkis T B SR DUt ies6 s pEsToR 8 0day dhcgdsence of
2[1i her than the V.r., up ly voltage. In‘avqg

S | m, charge pump 302
T BB G A T U s P Tbn St o Pt g g 31
whReNcA:s ahehRsasiMmANe fesel Ualednesases JperERLIHmS o

thy

reset transistor 31, which causes the floating diffusion node 30 to be reset
herbtentidicOivadioldvolthgeeol this the thresisodd Gdltadboithereset 32a

transistor 31, The actyal gate 32a to transistor 31, is supplied by charge
U S00 bibRITOL e S R R TER Y AR S S EY6IBIgR ofeser

VA JBR, Z 3dd %%?c&%é‘!ﬁh%‘ floating qwgéiﬁ&yﬁé% fﬁé&éﬂ%'g%@agn

node 30 at Vdd. By having a higl¥r resét voltage av e atno
willeg dynamisiiespo neel a8 adS/ayaiiziteviartheipikel eutptivSigpabaiitble
variation in the voltage at which the floating diffusion node 30 is reset due

16 B¢ cXbtaraiigs dyBINGrrReRo nasge tuedafdo 30T e protoyapet

24 is,alsq supplied from a charge pu 303, ensuring,that.all possihle .
R S PR SR R S (e 0 Rl i res
Bepeaththe photgated il isyahe dansfermed.gut of the collection

area. [0033] The FIG. 2A circuit shows use of a transfer gate 28a and
[0032] The photogate 24 is also supplied from a charge pump
303, ensuring that all possible collected charge for an image signal is stored in

the imager substrate beneath the photogate until it is to be transferred out of the

collection area.

[0033] The FIG. 2A circuit shows use of a transfer gate 28a and
associated transfer transistor 29. If the CMOS imager cells uses a transfer
transistor, then the transfer gate 282 voltage is also supplied from a charge pump
301 in response to transfer signal TX; once again ensuring that the transfer
transistor is overdriven to its on state and climinating the V,,, voltage drop which
normally occurs. The charge pump on the transfer gate enables improved charge
transfer between the photosensor and the floating diffusion. The operation of

the FIG. 2A circuit to acquire, transfer and output pixel charge is otherwise as

previously described.

[0034]  The charge pumps 300 and 301 provide voltage to the reset
gate 32a and transfer gate 28a at a potental which is greater than the supply
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WO 2mdg0siated transfer transistor 29. If the CMOS imager cell$Usasmaransfes
transistor, then the transfer gate 28a voltage is also supplied from a
charge pump 301 in response to transfer signal TYL once again ensuring
that the transfer transistor is overdriven to its on state and eliminating the
V,b voltage drop which normally occurs. The charge pump on the transfer

e fnables mRrevedchargr. transienhetimesn-theplgtosenser andsibeand

floating diffusion. The operation of the FIG. 2A circuit to acquire, transfer
anstoutpuispixel chargéeistothemwise Ashpraviouslyraessribed! 0634k dheray, a
charge pumps 300 and 301 provide voltage to the reset gate 32a and

RSN G 2 S At AT ORI HIEFR T, Gr SRS T HEnS Ty B RpRgnding
ﬁﬁ%%gf%@&ﬂ%&%@%ﬁ%%}%ﬁ pgt%ﬁgi.a'ﬁo@@eeymgﬁﬂr%ak@ggmxmge

ances the performance of the trdfi&fer ahd reset transistors. in order
tovyimgndithe YarieustransistorsodhthgPixebarday, o gaigufotiage to the
transistor must exceed a source or drain voltage (depending on the type
OMBIASISIONSSUBh ARNVFIISOVE AV IMEvIE eI B AR €3HbIY Vsttags vag!
may diffey for each transistor of a pixel array. due to manufacturing.
ot S, R SO IEn e S T S IO e MLy e o the
turpedofon: Raneifidisingthe vallags SuRRk: Retentials 4o SHPRR: ¢RBEOlon "
signals to the gates of the transistors, some transistors which are
tuhnedhthortaresmoretionbithacootire ithnsisisfsr thegemdiicomsigtdyitly the

transferring and/or amplifying the pixel charges, transferred to the pixel
o%%ﬂ%éga%ﬁwé%ré‘é}, S B HBRSII6 e hicH e et G e

MOL s Qs AR PUIRT HHARSIP Y CAUSING: e AB08 HNISHR FRIREISL A% Aking
improper output of signals reflecting the charges collected by the
pratadeteClipriciraiiitdet as an improper output of signals reflecting the charges

collected by the photodetector circuit 14.

[0035]  The charge pumps 300, 301 and 302 help to overcome the
inconsistent on/off threshold voltages (V) of the transistors by overdriving the
gates with voltages which ensure that they turn on or off as required, regardless
of manufacturing inconsistencies. The charge pump 303 ensures that the
maximum possible charges are collected in the collection region beneath the

photogate.

[0036] While multiple charge pumps 300, 301, 302, 303 and 304
are shown in FIG. 2A for the entre CMOS pixel array, it should be understood
that a single charge pump having multiple controlled output voltages may be
used for the entire CMOS imager and for associated logic circuits. Also,
individual charge pumps may be used for different portions of the imager circuit
and for the associated logic circuits. Also, while the charge pumps 300, 301,

302, 303, 304 are shown supplying voltage for the reset gate, the transfer gate,



[0035] The charge pumps 300, 301 and 302 help to overcome the

WO 200#a4HSistent on/off threshold voltages (V,.,,) of the transistsFg/E§2004/018183
overdriving the gates with voltages which ensure that they turn on or off
as required, regardless of manufacturing inconsistencies, The charge
pump 303 ensures that the maximum possible charges are collected in
the collection region beneath the photogate. 10036] While multiple charge

arge 300,30, 302 303 410,308 31 SO I FIS, 2 OL NG S01E

pixel atray, it sho erstood’ that @ single charge pump

dRavingnultiplenceniralied euipubyeliagasiiaay be thisrd-tatdhe etititee o
CMOS imager and for associated logic circuits. Also, individual charge

purpsanayche rsetbfod dilfErshipegtonsiotthdimagerseirctirrgnd forphelt is

associated logic circuits. Also, while the charge pumps 300, 301, 302,.
o508 Al Sy REF UG o D18 T gito: TE b ah e e

OWVQ-2004/1.146) 2 RCP{U 520040 3. L83 - Re W 218G 98! orting

and the photogaté and.Vdd supply, it should be understood ‘that a charge
g snawde hisgddonone armgerearef thase gatesionaghiievpidaanafit
over conventional CMOS imagers which do not use a charge pump. Itis
Draeeddrdanar didpieseritlmreptdrmRasoumndbays welsampias well

scribed herein. More complex 5T, 6T MQS,imagers . are .
e TR R S e R
CORYEFIIARIGR @Jﬁﬁﬁh@@é@ B clRuMped gates-eldiffasiapinit Bensfer,
advantageous in these applications as well. That is, a common charge

phmpssamslculdipplysed lorsuppNsthe>high-state voltage level to all
pumped clocked gates (e.g. reset, row select, transfer, photogate and

Vdd SUppIY?)ég %?ng ﬁcv Sdfﬁetﬁa\r/'constmction of the charge pump is not

critical to the invention and many circuits circuit can be used. Representative
output voltages of charge pumps 300, 301, 302 and 303 are 4.0, 4.0 and 4.0,
respectively, for a 3.3 volt V, supply and assuming that the V,; of each of these
transistors is less than 0.7 volts. While it is advantageous to have V., 2V +

V,, it is not required or limiting. The photogate pump when turned on by the

positive clock pulse can be at a pumped voltage such that V,,,

> Va4 When the
“clock voltage applied to the photogate returns to its low or off-state voltage that
off-state may be pumped low so that the gate sees a negative voltage. All of the
other gates of the CMOS imager may benefit from having a negative pumped
voltage applied to turn the transistor off. The negative voltage can be any value
so long as it is lower than a reference ground (OV) potential. It should be
understood that the output of voltage charge pumps 300, 301, 302, 303 and
304 may vary, individually, depending upon the V4 and/or V,, supply as well as
the V,, of the individual transistors. For collecting charge in the photogate, the

charge pump 303 is configured to supply an output voltage V,

eV e
oep Where Vs

greater than input voltage Vg,.

10



37‘t]~The particular construction of the charge pump is not_critical to the

00 CI v
wo zoh‘Wéf‘i i6n and many circuits circuit can be used. Represer‘ft%l%éS B 6’[‘1?183

voltages of charge pumps 300, 301, 302 and 303 are 4.0, 4.0 and 4..0,
respectively, for a 3.3 volt Vdd supply and assuming that the V,,, of each

of these transistors is less than 0.7 volts. While it is advantageous to

have VP,,,,,p ? Vdd + Vt, it is not required or limiting. The photogate

pump wheiORBfied oRlby Hesipositiveolocklipalseigan berdicd pumpegate of a

voltage such that't7P~.P > Vdd. When the clock voltage applied to the
Bt édf@%%ffarﬁ@%-i?sqé%O&fS&rﬁ%egﬁé%|f§a§ﬁﬂ8 5 S ) Bl
RY %%?Ogalpcw ﬁ%&ﬂ%&b&&@%ﬁﬁgg mg%w&#gga%v@mf the other » Ty

gates of the CMOSimager may benefit from having a negétivé'Fumpé
voliageodpRitediditdrrethentransisior offolfhenegaiivgaolisge sodixieiany
value so long as it is lower than a reference ground (0V) potential. It

- ghourtbaoliagediod bsketheewsut®f voltage charge pumps 300, 301,
302, 303 and 304 may vary, individually, depending upon the Vdd and/or

V" supply ggyawell asy, the M. sl e Roiyidual LansISiors. Fakqellegting
charge in the photogate, the charge pump 303 is configured to supply an

autpubeltage VisePsuwhereiy PISL, isAgréateritsantinpit-voltagdinidehl Homp
WO 2004111402 PC /US2004/01.8183 [0033] FIG. 2B shows a.
JarRa 2T RRINAPHB B G.to. ShjidBE T Bm s anshdEp i ddmsapwede

repeating clock.voltage which can be ' any gate. The high
A e L R
appliachretiesde- oy Ppaibtetatennhiosel Rk’ resuing:hp airbnpRdudes a
voltage that is below ground (OV). [0039] The above discussion has
desgribergiersiropit farienis supplied by external power supply V4. The pump
circuit outputs a new supply voltage that is booted. The new booted V, ;,

supply then is used to supply all of the pixels. This permits the CMOS imager

array to operate at a different voltage than the periphery.

[0040]  As described above from V, a voltage V.

aa-pix

is created using
a pump circuit such that V,, . > V4. The present invention also encompasses
the situation where V., < Vy, using a regulated power supply that is less than
the supplied voltage source V. In the alternative Vy, could i)c a high state
voltage such as depicted in FIG. 2B. From this high state voltage a regulated
voltage V., can be created, where the regulated voltage is a low state voltage. In
this instance, Vy, could supply the array and V,,, could supply the periphery

where 0 <V, < Vyqu

{0041] = FIG. 2D is an example of an external Vy, supply 115 as the
input to five separate internal pumps, V,,_;, pump 120, photogate pump 125,
row select pump 130, transfer gate pump 135 and reset pump 140. These could
be pumps to independently supply V., > V44 and/or they could supply a
11



exemplary 2x2 pixel shown in FIG. 2A. It is desirable for an additional

wo 2()0;){/;16146’% gircuit to supply voltage: V,,-P,, to diffusion node 3 arg Sﬁ%’#’(ﬁ‘d’g}ﬁ]%
diffusion node 34 to floating diffusion node 30 so that the CMOS imager
operating voltage could be different from a periphery supply voltage. The
pump circuit includes a V"_F,;, charge pump, which is supplied by
external power supply Vdd, The pump circuit outputs a new supply
voftage thidtsistsoobdgT he thewbotedDy ey alasisply dhieads dgeagohe array

TR VSMate SAR R bEHBHES: BOAOT AL RSBt Sob4s e
%gogvﬁré&’g@%\é%% 3. CLEAEHMRING APHIRGTCHIESHAR RNV ARER:y Zuch

e present invention also encompasses the situation where

YhuniPhe vdikaising @l Eegulafet powemsiipphpthatsisttessdingsici®e3 volts,
supplied voltage source Vd ,. In the alternative Vdd could he a high state
Vorta dec SihsBe e FERSTIRTRG C30 BreBes tHRehfghveltg Soipals rray such

[ ted vgltage V.cs can be cr ~eciywh re the requlated. volt '
t%g%”@ > 91 ?‘f d%%xi‘lrxlrsl es 1%?@6 ?30%% ﬁ &Ygﬁéngﬁéors 1%& volts

is
low stat® voltdhe- In ance, vd seu%)% t y and Vies

eRMich SURRINABR Reriphabh WIRIEQ s ety @dedOBLIE K2, 2D 48180 The

example of an external Vdd supply 115 as the Input to five separate
iptenpalkcpuidpsdspumind20¢ phioro gatepum 0280l the séfettpurnls2p80f the
tranpsfer gate pump 135 and resetpump 140. These could be pumps to
oA 1Ay SRR TS AN o h S5 BT SRy LGl
208)2 114607 E\&%ﬂed 22004/0¢8 1@%\%@%%@?&%@ ¥pligofda.the-

various shown clocked voltages drfving array transistor gates and
ditftisions. ofirdagerxamaie 51,0.iAthegulagerdf4h 5sTalso 1shdmiphoviding a
regulated voltage to the imager circuits in the periphery, such .
reasonable. Periphery circuit™2 (155) in this example is driven directly by the Vg,
external supply. For example, periphery circuit 1 (150) could be digital circuits
and periphery circuit 2 (155) could be analog circuits. In this example, the
imager array 110 is provided with voltages greater than or equal to the supply
voltage for the “high state” or “on” voltage of the array circuits. The periphery

circuits 150, 155 are provided with voltages less than or equal to the supply

voltage.

[0042] In FIG. 2E the external supply could be at a lower voltage
of 2.5 volts. In this case it would be advantageous to have a periphery circuit
pump 160 to increase the voltage supply to the analog circuits of periphery
circuits 2 (155). It would also be possible to have a lower regulated voltage, V.,
< Vg (1.2.1.5,1.8,2.0,2.2 V) supplying the digital circuits in periphery circuits
1.

[0043] FIG. 2F is an example of an external Vg supply 115 applied

to a positive high voltage pump 190, a negative low voltage gate pump 195 and

12



as periphery circuit 1 (150). If the external supply, is, for example, 3.33

WO 2{itsi4¢ffen the five shown array pumps can produce clockpgvotanes 1 q;
the array such that Vp,,m" >V dd. in our examples if th.e V,b of the array
transistors is 0.7 volts then a reasonable AT,,,,, high voltage to the array
gates would be 4.0 volts. The pumps could also include negative pumps
to control the of state voltage of the voltage docks supplying the array
circuits. To conserve power, in this example, the regulator is supplied at
V18 &NV 10 Stpporting Citduits fPefidgBtb periisherynmn! thisserpheple
Viag,is-t fi2.5 ight be reasopable. Periphery circuit
e e R et AP ey, 3 and
champieipeiliphenlaizeuit gl 50 eauldshsmoita Circyits. ANEPEIBHEY e

circuit 2 (155) could be analog circuits. In this example, the imager array

FHYTE provitleawiits vaiagscsrbaterthantareydaivio theSsupply Woltagere:

apix

fordhe "hj te" or "on", voltage of the array circuits. The periphery
e R, e R R R ot hidh dmetpemiarmes che

sushlyc wolinge 00434, 115 26 e erternal suppl soulibe at alower

voltage of 2.5 volts. In this case it WOU?d be adv geous ave a
pehpheBetipbely purmpb0t60ndseapplibe diotiage spBRlyciedhRenalog, iy
ciii%uits of periphery circuits 2 (155). It would also be possible to have a
[ower regulated voltage, V,r,, <Vdd (1.2. 1.5, 1.8, 2.0, 2.2 V) supplying

the digital circuits in periphery circuits 1. [0043] PIG. 2F is an example of

an externajl0¢dd supicLib-apnlied LOARSIYS highroitage hump 190,
a negative low vqltage gate pump 1-950@and 1.2. WO Zooﬁ%ﬁ)%rgé&%esmbﬂ
using a four transistor (4T) CMOS imager. Actual CMOS Imagers may contain
fewer or more than four transistors. It is understood that the use of 4T CMOS
imagers is ot meant to limit the prcscﬁt invention to a 4T embodiment. If the

CMOS imager requires more than four transistors, then some of those additional

transistors will show improved performance by having their own pump.

[0045]  FIG. 3 is an exploded view of an exemplary 4T pixel of the
present invention illustrated in FIG. 2A, where the pixel is formed using n-
channel (n-ch) devices. Like components are labeled the same as in FIG. 2A. N+
type rcgion 34 is actively driven by Vaapix charge pump 100, which gets its supply
of voltage (charge) from V,, 105. AV, wic Charge pump allows the CMOS imager
to operate at higher voltages and, thus, achieve Bcttcr image performance. The
Vapix charge pump permits lower voltage periphery and can be coupled with
shorter transistor lengths to improve periphery performance. N+ type region 30
(floatng diffusion node) is also supplied by V. aapix Charge pump 100 through N+
diffusion node 34 via reset transistor 31. Photodiode (PD) 26 is an n-type

diffusion region. The n-ch devices are in a p-well. Substrate contact 20 may be



PCT/ | TS2004/01 8183 a negative substrate pump 197. The negative
WO 2004 itfate pump 197 supplies voltage to p-well and p-subétf%?t/éji HHHiss

positive high voltage pump 190 and the negative low voltage pump 195
each supply a reset driver 165, a row select driver 175, a transfer gate
driver 180, a photogate driver 185 and a }~, P" driver 170, each of which

is coupled to the imager array 110. In this example, the positive high
yoltagé (i1 90malsocstippliesvisttagestoaperipharyicirouiis &L (IIBBpresent
Periphery circuits | (I SO) is supplied directly by the external Yaa supply
TS IO0R AP HEBER VR Gty dﬁé’r‘%&%ﬂ?ﬁ)f}éﬁ@@qﬁfé@@s is described
using a four transistor (4T) CMMIOS imager. Actual CMOS imagers may

contain fggm%ﬁm%@%g%{ Lansiptarsell s tdersiopt hatthedsss the

of 4T CM Imagers is not meant to limit the present invention to a AT
embeadimeshdbihéGMOSimagehrdevires WS tharmfoistoepisidtofSI1G. 4 is
then some of those additional transistors will show improved performance

sipkbvig thieft DRAPUPABLfO0A ST RIS, B8 BT Exis 00t ARE Srasistor used in

exemplary 4T pixel of the, present invention Iustr@ted inhFI . 2A, where
t eerp‘?lge’ﬂ}é o?lrﬁrel‘é?%gfﬁg%rlea- 'cﬁésn%%?r()rﬁrcﬁsc evices Pike CoMponents are”

lzhaled thesamemssin MG, 2A. Mradypgeedian 3disiastivgly diigmbyegion,
V",Ptx charge pump 100, which gets its supply of voltage-(charge) from
\RETC 10804 4T achaxje pursys thowstida@maisbimabet Ok apbeataiaen
higher volt ges_a;med, thus, leve better i e performance. The charge

R R R T G “SHoher™ely
OIS BloRag el O ) o
tQuigo NFhdliffusicleviogleaBdiia resetltraiisistoe@hr Rirctodiodels¢RPPIRS to
Iil?gr?gfygc?ntairﬂng p-ch transistors.

[0047] FIG. 5 is an exploded view of an cxempiary 3T pixel using a
negative substrate pump. The pixel is formed using n-ch devices. The PD 505 is
diffusion n-type; diffusion region 515 is diffusion type n+. The diffusion region
520 under the substrate pump contact 526 is p+. Negative V ... pump 525 is
also connected to ground 530 and the external power supply, V4. Reset signal
(RST) 510 controls the reset transistor formed by n-type diffusion region 505
and n+ diffusion region 515, which supplies V, .. The n-ch devices are in a p-
well. All p-wells in the entire array are linked and the p-well attached to the

negative substrate pump is connected to the array p-wells. The present invention

also applies to an array containing p-ch transistors.

[0048] In another embodiment, a negative gate pump supplies a
negative voltage, which is applied to gates such as reset and transfer gates.
Specifically, FIG. 6A is an exploded view of a 4T pixel of the present invention,
where the pixel is formed using n-ch devices. The gates (28a, 32a) of wansfer

14



WO z(gLiﬂH |(9Q region. The n-ch devices are in a p-well. Substrate t 20
may be 13 WO 2004/114652 PCT/US2004/018183 groukg B tsnes

negative if a negative substrate pump is provided. The present invention
also applies to an array containing n-ch transistors. [0046] PIG. 4 is an
exploded view of an exemplary 3T pixel of the present invention formed
using n-ch devices. The 3T transistor pixel of FIG. 4 is similar to the 4T
pixeiebE D). Sekeapt thaisthreresis no tensfebyrangistor gsedpinmthe 3¢ via a
implementation. FIG. 4 is appropriate for a VU"- charge pump, fO{Ya
S

CMTS IFRAGEE STV STOUTABTA 5755hy P& M6 R Heshse Wit oRpich gets
reqi RST si 410 i
R TS ot 10 o T o i rould

420,i5 Bctivelyp SriyRa BYF\Varp vslarg e pumpyebuhichgeisatss upplysah
voltage (charge’ from Vdd 430. The n-ch devices are in a p-well. The
phesemtimeentionthissrapplits ¢ot.dhanesptontanmpUBRehoPaFRStpsdrive the

[0047] FIG, 5 is an exploded view of an exemplary 3T pixel using a :

00 BTN THE o oM TERHGN ORGP HIOh SEUlAce g b plicd

3 e &%@E&g@&@%& qﬁwﬁge@ S8giema i AEUSIRNIUPER tiefiR&L by the
Iffusion. region 520 under the substrate pump contact 526 is p+.

Negapyefi cubsaice:aunics2bis! hiseiconhguited garground B30 magers

external power supply, Vdd. Reset signal (P.ST) 510 controls the reset

taslsideob w6 e BBy RIS RIS PGo 8BS A tifiRSh

S B e et SRS ) Shthod R ARt

sgbsteate PUM B 15 soRneaiagditoothe aay Rhaetan The presefirvaentianransfer

also applies to an array containing p-ch transistors.

gate. In each case, the gates are supplied with a negative pumped voltage.

[00491  The present invention can be utilized within any integrated

circuit which receives an input signal from an external source. FIG. 7 illustrates
an exemplary processing system 600 which may utilize a processor circuit
comprising 2 CMOS imager constructed in accordance with any of the
embodiments of the present invention disclosed above in connections with Figs.
1 — 6B. The processing system 600 includes one or more processors 601

| coupled to a local bus 604. A memory controller 602 and a primary bus bridge
603 are also coupled the local bus 604. The processing system 600 may include
multiple memory controliers 602 and/or multiple primary bus bridges 603. The

memory controller 602 and the primary bus bridge 603 may be integrated as a

single device 606.

[0050] The memory controller 602 is also coupled to one or more
memory buses 607. Bach memory bus accepts circuits such as 608 which include

at least one pixel 631 using the present invention. The imaging device, ¢.g. a

15



[004§1 In another embodiment, a negative gate pump supplies a negati

ve

wo 200\‘}61&36’@, which is applied to gates such as reset and trans g{r@éﬁ%‘?f‘ 18183
Specifically, FIG. 6A is an exploded view of a 4T pixel of the present
invention, where the pixel is formed using n-ch devices. The gates (28a,
32a’ of transfer 14 WO 2004/114652 PCT/US2004/018183 transistor 29
and reset transistor 31 are driven by negative gate pump 650 via a

ardisfetafiagerdrivesbbb antaaredervbltage driverca 60 sespectivety. module
Whicgé%ets. it supply of voltage from V,jd 105, Both the transfer gate and
b 1 &Rt pire SOURRnSE AP atRIEHHPEENSHREtafe-IBIRIGE Bur ey
would have separate clocks in_that instance. ﬁb}ﬁﬁﬁ od] he
Hﬁ%g%??&e%%‘tlé? 68&%%%6@%%%&%‘%“ %?}(/g] t %eu%%.t ; 0 a%%ﬁ%-c devices.
mhsnegRlie gat poulth alsabeanpligd: EoReramiseient gatecdrmore
any gate on a CMOS imager and is not limited by the exemplary
eihibooinhetots ate S th uoh sbeiwrTy giealcyateslosud A B S1irddéhs, the
include but are not limited to reset devices, transfer devices, global shutter
AR A M IBAE i dyFHIE TARB PO T A BUeh P
9&’5& @ﬁf&éﬁ%q@ Bigan.expnple shailinieoiiagramdya et gate,

and a transfer gate. In each case, the gates are supplied with a-negative
puRped ¥eitage {007 ThdpresanirindOhtionychn He utilized aithincanyry in
integrated circuit which receives an input signal from an external source.

DICDIPARISREIESER e XUFRPIAFY Pio R8s Ecsy<tenfOs GEANMILh Ry Tifze00
a processor, circuit comprising a CMQS imager.co ' :
O S TR SR R e P o st A e

embo e pres nvention disclosed ‘above In

£RNEKIB0S WithdrigsrodestiBe FRa @060 EYSIRRSIGRChides 0Dd s
more processors 601 coupled to a local bus 604. A memory controller
ma;weamﬁmmgzdmgbﬁm support direct memory access (DMA), the

memory controller 602 may implement a cache coherency protocol. If the
memory controller 602 is coupled to a plurality of fncmory buses 607, each

memory bus 607 may be operated in parallel, or different address ranges may be

mapped to different memory buses 607.

[0051] The primary bus bridge 603 is coupled to at least one
peripheral bus 610. Various devices, such as peripherals or additional bus
bridges may be coupled to the peripheral bus 610. These devices may include a
storage controller 611, an miscellaneous 1/0 device 614, a secondary bus bridge
615, a multimedia processor 618, and an legacy device interface 620. The
primary bus bridge 603 may also coupled to one or more special purpose high
speed ports 622. In a personal computer, for example, the special purpose port
might be the Accelerated Graphics Port (AGP), used to couple a high

performance video card to the processing system 600.

16



WO 20@034ape also coupled the local bus 604. The processing sysienH00e3ay;
include multiple memory controllers 602 and/or multiple primary bus
bridges 603. The memory controller 602 and the primary bus bridge 603
may be integrated as -a single device 606. [0050] The memory controller
602 is also coupled to one or more memory buses 607, Each memory

bus accepts circuits such as 608 which include at least one pixel 63i
using t e Eb@g&it ins\ﬁ‘rﬁ%ﬁ?&i%ﬁecﬂﬁgﬁﬁgﬁ g&%lé@"é”ﬁs &£1% Weore storage
ORALASERPCIS2AM DI IAMEMOBITAGEI AN R0 Dempic, the
integrated with a memory card or a memory module and a CPU in.
saccoftlancewith the pieseatidesitiom xdmplesd abmemaeyidaositesay be
include singili%inline memory modules (SIMMs) and dual inline memory
M) Crievifs i g sV itebb8Hay iRelidlecste Sprgrmple,
dditional devices 609 (not shown). For example, in.a SIMM or DIMM, the
%83%%?%‘86@236 Smglar?flhﬂe)cgf::oﬁ @ﬁerggftlotr)% r%%%%‘?ﬁ’ 8lich 858 senginet

qresense deliaehiPRR) sRERORyT he themer-¢eatallen $02 Mayakseshe,

coupled to a cache memory 605. The cache memory 605 may be the only
gavhembemorytin pilve qsrore seirgrsy SensxAdteinative be,cotidbrrd dvicbsidoe

GO ARG A IRRATER ] BAEnCL IS CRPGUES PG BrGCEEling S
§afnckideperphes ﬂk%@és%@t'égg&rﬁ Yauchiale s mAsiers QL uiehs 1 8

support direct memory access (DMA), the memory controller 602 may
implemesdanchehd cohdrencyp pretaasd, [btheymehesnysobii alleti 602 dsface,
coupled to a plurality of memory buses 607, each memory bus 607 ma
Bhighararctish brarameics: itaferdians sleitge suRap LI GHEEREd%0 [he

cgf%eﬁ%v”{‘c%“;hotr agcsgﬁ(ss 9571186d to couple legacy devices, for example, older

styled keyboards and mice, to the processing systermn 600. In addition to pixel
631 which may contain a pump circuit of the present invention multdmedia
processor 681 of FIG. 7 may also utilize an imaging device of the present

mvention including the CPU 601.

[0053] Tﬁc processing system 600 illustrated in FIG. 7 is only an
exemplary processing system with which the invention may be used. While
FIG. 7 illustrates a processing architecture especially suitable for a general
purpose computer, such as a personal computer or a workstation, it should be
recognized that well known modifications can be made to configure the
processing system 600 to become more suitable for use in a variety of
applications. For example, many electronic devices which require processing may
be implemented using a simpler architecture which relies on a CPU 601 coupled
to imaging device 608 and/or memory buffer devices 604. These electronic
devices may include, but are not limited to audio /video processors and
recorders, gaming consoles, digital television sets, wired or wireless telephones,

17



WO 20 Q/0151,”The primary bus bridge 603 is coupled to at least one &%%)heral -
1800, various devices, such as peripherals or additionaf ﬁﬂ&]e%

may be coupled to the peripheral bus 610. These devices may include a
storage controller 611, an miscellaneous 1/0O device 614, a secondary bus
bridge 615, a multimedia processor 618, and an legacy device interface
620. The primary bus bridge 603 may also coupled to one or more
ipecialpupesehightispeecports 622:dma persdnahComputernforystem
example, the special purpose port might be the Accelerated Graphics
(ﬁd}&(m@d,oase@rmg@@ﬁibHﬂﬁéﬂ&%%@%@&éé@fmﬁédm The

rogessing system 600, 16 WO 200411..1 4652 PCI/182004
RS R S BT eBso ey S o Aion o ARl fBbponens,
B13rvia BrslorageitsBlidstorthe Rerpheral hus 810 e exarppleiltheof
storage controller 61.1 may be a SCSI controller and storage devices 613
desicke SCSI discs. The I/O device 614 may be any sort of peripheral.
For example, the I/C) device 614 may be an local area network interface,

such as a E net..card. The secondary bus bridge m %eﬂ ﬁtso
interface;@ g; J A other SR6e m%ﬁ\pan a ché%ls]l gS esa

n O
al devices via “another bus to the pro tem. For

%%{g)%evma ECRRtAYshipIRIdaS -6 fMal RerasevmiversalSerighpert in

controller used co couple USB bus devices 617 via to the
prcessingisysteniBOd: shhscrpultip ediarpiescessoive 1Be gy e deriddr in n-
card, a video capture card, or any other type of media interface, which
Q%S%e coupled to one additional devices such as speakers 619. The
legacy device interface 620 is used to couple legacy devices, for example,

older styleghlsgghoards angericade daghpraeassing sysiters HMhpRupplies a-
addition to pixel 631 which. may contain a pump circuit of thefpresent )
ipvgniorvoluigimediich is applied to gates such as reset and transfer gates. In this
embodiment, the positive pump operates to drive the gate “off” harder in p-ch

devices.

[0056] While the invention has been described and illustrated with
reference to specific exemplary embodiments, it should be understood that many
;nodiﬁ‘cations and substitutions can be made without departing from the spirit
and scope of the invention. Accordingly, the invention is notto be considered as

limited by the foregoing description but is only limited by the scope of the

appended claims.
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processor 681 of FIG. 7 may also utilize an imaging device of the present
invention including the CPU 601. [0053] The processing system 600
illustrated in FIG. 7 is only an exemplary processing system with which
the invention may be used. While FIG. 7 illustrates a processing
architecture especially suitable for a general purpose computer, such as
a personal computer or a workstation, it should be recognized that well
Igﬁg)%\‘/w%odifications can be made to configure the processing system
600 to become more suitable for use in a variety of applications. For
example, many electronic devices which require processing may be
implemented usingearsinRIeh AERIGSIEEWhiShIRHes on a CPU 601
coupled to .imaging device 608 and/or memory buffer devices 604. These
electroniprdevieesimayindiedepbiutaneithot fimilesttaatdioniaeoy photo-
processors and recorders, gaming consoles, digital television sets, wired
sleWelessteigstiones, 17 WO 20041114652 PCT/tTS2004/018183
navigation devices includirg] system based on the global positioning

I

system® (GPS) Zid/dP el AAGgaibIE Y aighAredmeray dingsr least one
BRI dals i APl onR MG HAG, L SXAMRI S ST Aten oL

: |
unnecessary components, a on of specialize VICES 0r CIrCUlts, gnd;

Ardni@eEasion:t a plurali:ofydeviges (19PRALULaRgtReL eMRAdIMERL B nal

negative pump supplies a negative voltage, which is applied to gates
suicha@speseband daasfesqgates! dncthissembodiment, the negative pump
operates to drive the gate "off" harder in n- ch devices. [0055] In an
alternafivié Sribodi Mt avpesiiiveaslifing suplielscait supplies a periphery voltage

to said first operative device.

2. The pixel according to claim 1, wherein said circuit and said

photosensitive device correspond to a CMOS imager.

3. The pixel according to claim 1, wherein said periphery voltage is
regulated such that a regulated voltage is created, said regulated voltage being less

than said supplied voltage and greater than a ground potential.

4. A pixel for an imaging device comprising:

a photosensitive device provided within a substrate for providing photo-
generated charges;

a circuit associated with said photosensitive device for providing at least one
pixel output signal representative of said photo-generated charges, said circuit
including at least a first operative device that is responsive to a first control signal
during operation of said circuit; and
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positive voltage, which is applied to gates such as reset and transfer

gates. In this embodiment, the positive pump operates to drive the gate LLOYD wisk
"off"harder in p-ch devices. [0056] While the invention has been

described and illustrated with reference to specific exemplary

embodiments, it should be understood that many modifications and

substitutions can be made without departing from the spirit and scope of

the invé’n’?féﬁ%@@o‘?‘é?ﬁﬂly, the invention is not-to be considered as limited

by th ' iption but i limited h f th ‘
7 SRR s BRI SRR oo

appended claims. 18 LLOY ing
deviar: comprising: a photesensitve device, Bﬁ@)’%d@%@@%&ﬁ%@ itage

providing phato- 5 generated charges; a circuit associated with sai
photosensitivesdeviceifdirprovilinyatileast one pixel output signal
representative of said photo-generated charges, said circuit including at
least a first operative device that is responsive to a first control signal
during gperation of said associated circuit: and 10 a first pump circuit,

whereir? said firSf pURpPErelH SLISHIRS Hptishay vaitye! foaatvardevice is
ive.devi i ding to claim 1, wherei id circuit and
R o B S B e bR o 2 e

said photoSensitive device correspondto a ger.
asreiding:tacslain davhersptsaigdkperiphery voltage is

5. The pixel according to claim 4, wherein said first operative device is

formed using p-channel (p-ch) devices and said new supply voltage is supplied to a p+

diffusion region of said first operative device.

7. The pixel according to claim 4, wherein said new supply voltage is

greater than said periphery voltage.

8. The pixel according to claim 4, wherein said new supply voltage is

regulated to a voltage less than said periphery voltage.

9. The pixel according to claim 4, wherein said new supply voltage is

negative, being less than a ground reference voltage.

10. The pixel according to claim 1, wherein said first pump circuit supplies a

voltage to an implanted active array diffusion region of said first operative device.
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regulated such that a regulated voltage is created, said regulated voltage

being less than said supplied voltage and greater than a ground potential.  LLOYD WiSE

20 -4. A pixel for an imaging device comprising: a photosensitive device
provided within a substrate for providing phato- generated charges, a
circuit associated with said photosensitive device far providing at least one
pixel ou ﬁ)ut si%nal representative of said hoto-%enerated charges, said

| [

circuit 25 incluifig AtTe4SCA 18 B 5ét Stivie WEVIEK AT i€ Yepardive d514pe 's at
fleseanuef stacel: dutiba gReration Al ald cligpiLAnd &%H&%&M%ﬁu@ef

first pump circuit, wherein said first pump circuit includes a charge pump

supRlied Ryor:peTiRRRRY, alAGS rRRICRALISBURD HUtRUHIBEPOEMow drain
supply voltage, said new supply voltage supplying voltage to said first

aperative device. 5 5. The pixel according to claim 4, wherein said first
operative device is formed using n-channel In-ch)) devices and said new
supply voltage is supplied to a n-i diffusion region of said first operative
device. 106. T %Ee ixel accor.din%; to claim 4, wherein said first operative
device 12 formBer Ui -CHARER (BR) HURASE AR LAIa R Elpiy=ice ' @
\{pgy%g&& supplied to a p+ diffusion region of said first operative device.
The pixel according D. claim 4, wherein said new supply voltage is 15
greater than said periphery voltage. e. The pixel according to claim 4.
wherein said new supply voltage is

13. The pixel according to claim 1, wherein said associated circuit further

comprises a second operative device that is responsive to a second control signal

during operation of said associated circuit.

14, The pixel according to claim 13, wherein said first pump circuit supplies

a voltage to said first operative and to said second operative device.

15, The pixel according to claim 14, wherein said periphery voltage is
regulated such that a regulated voltage is created, said regulated voltage being less

than said supplied voltage and greater than a ground potential.

16, The pixel according to claim 13, wherein said first pump circuit supplies

a voltage to said second operative device through said first operative device.

17. The pixel according to claim 13, wherein said first pump circuit supplies
a voltage to said first operative device via an implanted active array diffusion region of
said first operative device and to said second operative device through said first
operative device.
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regulated to a voltage less than said periphery voltage. 20 9 The pixel

according to claim 4, wherein said new supply voltage is negative, being LLOYD WISE

less than a ground reference voltage. 10 The pixel according to claim 1.
wherein said first pump circuit supplies a voltage to an implanted active
array diffusion region of said first operative device, 20 LLOYD WISE 11,
The pixel accarding to claim 1, wherein said first operative device is at

least oné'of a reset YRVicEC L ParSIR iR iceYatrol sIdd deried agidbiarudes
devi I Vi high dynamic range device and

O AR B P B S R IR AR e

Wbﬁﬁﬁ_}"\'f@?&!@é!r%j@ﬁ%@(@)@?w%@%%}@?m%QB% e THERIXGLACCRFIING device.

to claim 1, wherein said associated circuit further 10 comprises a second

operative device that is responsive to a second control signal during

operation of said associated circuit. 14, the pixel according to claim 13,

wherein! Said fitSegtrRpacitelitsusphiesn d Soltage o saitfifisspopertativeevice and

and to said second operative device. 15 15. The pixel according to claim

TAWITEREH QRIITHERSEEIAVERAGE S ey iitatet) SUER ihat i Fstigteand said new

\y JsGreated. . said regulated voltage being less .than said.supplied
R e S BT R G

claim 13, wherein said first pump circuit supplies a voltage to said second
operative device through said first operative device.
20. The pixel according to claim 18, wherein said first operative device and

said second operative device are formed using p-channel (p-ch) devices and said new

supply voltage is supplied to a p+ diffusion region of said first operative device.

21. The pixel according to claim 13, wherein said first operative device is at
least one of a reset device, a transfer device, a row select device, a global shutter
device, a storage device, a high dynamic range device and a lateral overflow drain

device.

22. The pixel according to claim 13, wherein said second operative device is

a transter device.

23, The pixel according to claim 13, wherein said first operative device is a

fransistor.

24, The pixel according to claim 13, wherein said second operative device is

a transistor.
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17. The pixel according to maim 13, wherein said first pump circuit

supplies a voltage to said first operative device via an implanted active LLOYD WiSE
array diffusion region of 25 said first operative device and to said second

operative device through said first operative device. 21 LLOYD /VISE 18.

The pixel according to claim 13, wherein said first pump circuit includes a

charge pump supplied by a periphery voltage, said charge pump

outputtigﬁ a néWF SUpIFraItEne (4 a'WeW'é/tﬁIb‘*iﬂ?”i‘/@ﬁéjg UPPRArgcult includes

voltage to said first operative device. 5 '10. The pixel according to claim

T8, SHrein B Tk DDBrAS ASUILs LRd Eaitr SbA5Ra BoeatNe Fehiae

J@ formed wsng nsehanneld-eh)y %W%%mp%%g@%pwp@wgg@% iSp+

supplied to a n+ ditfusion region of said first operative device. 20. The
pixelaccargngdoselaimsl @pahereinsaid first operative device and 10

said second operative device are farmed using p-channel (p-ch) devices

and said new supply voltage is supplied to a p+ diffusion region of said

first operative device. 21. The pixel according to claim 13, wherein said

first opeétative HeVieRGEHCIEHEE SREBIMaTeskbaislicerd trahersry dwmcsyige is

row select device lobal shutter 15 device, a storage device, a high

%Wz}i?ndlig ?gﬁ%%agg%/lé’é”cg% a lateral overflow drain device. 22. The pixel
according to claim 13, wherein said second operative device is a transfer
device. 20 23, The pixel according to claim 13, wherein said first

Operatige devite:ipizeteansistior 4| dihezpixghacgarsingdo @idoh3egion is
wherein said second operative device is

attached to a p-well of said substrate and said p-well is connected to an array of p-

wells through which voltage is supplied to said first operative device and said second

operative device.

28. The pixel according to claim 13, wherein said first pump circuit includes
a positive substrate pump supplied by a periphery voltage, said positive substrate
pump outputting a new supply voltage, said new supply voltage supplying voltage to a

n+ diffusion region of said first operative device.

29. The pixel according to claim 28, wherein said first operative device is

formed of p-channel (p-ch) devices.

30. The pixel according to claim 28, wherein said n+ diffusion region is
attached to a n-well of said substrate and said n-well is connected to an array of n-
wells through which voltage is supplied to said first operative device and said second

operative device.
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25 a transistor. 2.2 I- OYD WISE 25. The pixel according to claim 13,

wherein said first pump circuit includes a negative substrate pump LLOYD WISE
connected to ground, said negative substrate pump outputting a new
supply voltage, said new supply voltage supplying voltage to a p+

diffusion region of said first operative device. 5 25. The pixel according to

claim 2§ wherein said first o erativci device is formed on n hannel (n-ch)

devices: 27. ThEIXST &SEOHIRG fo Clitn' 25 A BiRFLATT S P aFRSHSH!! Includes

f&ﬂ&%é% T @;tt&%ﬁ%%&;&d'wfﬁ %gﬁg%%{&?égg gglg %"é“ a{i)\k\’!z\@%% gtérg%

connectedto an array of p- wells t oltage is'supp

fshopeative-devigeipndisais second, aperafiveidewicepr8ininR PiXel to said first
according to clairri 13, wherein said first pump circuit includes 15 a
positijecstubstrate pump supplied by a periphery voltage, said positive

substrate pump outputting a now supply voltage, said new supply voltage
supplying voltage to a n+ diffusion region of said first operative device.

29. he %B@I a to claim 28, wherein said first operative device is

di her, o
20 forméd of ﬁ%ﬁ#@r%ﬁfﬁ%ﬁ’}”@e@ig T3 THE ke A8l A T vice is
M@%ﬁ%@cﬁg%gfmj siQy;region is attached to a n-well of said

substrate and said n-well is connected to an array of n- wells through
which voltage is supplied to said first operative device and said second
25 operative device. 23
33 The pixel according to claim 31, wherein said first operative device is at

least one of a reset transistor, a transfer transistor, a row select transistor, a global
shutter transistor, a storage transistor, a high dynamic range transistor and a lateral

overflow drain transistor,

34. The pixel according to claim 31, wherein said second operative device is

a transfer transistor.

35. The pixel according to claim 13, wherein said first pump circuit includes
a positive gate pump supplied by a periphery voltage, said positive gate pump
outputting a new supply voltage, said new supply voltage supplying voltage to said first

operative device.

36. The pixel according to claim 35, wherein said first operative device is

formed of p-channel (p-ch) devices.

37. The pixel according to claim 35, wherein said first operative device is at
least one of a reset transistor, a transfer transistor, a row select transistor, a global
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LLOYI)"i'J ¢’Slci 11. The pixel according to claim 13, wherein said first
pump circuit includes a negative gate pump supplied by a periphery
voltage, said negative rate pump outputting a new supply voltage, said  LLO
new supply voltage supplying voltage to said first operative device. 5 32.
The pixel according to claim 31, wherein said first operative device is
med of n- cPannelén oh dewces 3 The pixel accordln to claim 31

ATEh SR st bpEIAHad BAVLE 1€ dY oI HELT e B R arter

Whereln sai

a fransfenansistok, g row select tranS|stor, a global shutter transistor, a
storage transistor. s high dynamic range transistor and a lateral overflow

drain transistor. M. The pixel according to claim 31, wherein said second
operative device is 15 a transfer transistor. 35. The pixel according to

claim 13¢wheridin said firsoplingp cireuit itcludesea positivegate prumtjye device is
supplied by a periphery voltage, said positive gate pump outputting a new
SUpPIyGbitage’siid new supply voltage supplying voltage to said first 20
operative device. 36. The pixel according to claim 35, wherein said first
operative device is formed of p-channel (p-ch) devices. 25 37. The pixel

accordigg to claim 3o, Whesein said st oPFtive, deviss is i aﬂ?mpﬁg a

a reset transistor, a transfer transistor, a row select transistor, a g oba

lhdf2ivle) dVbStratshiiltes tansister 1@ sterage Jeansisiariva BIgRtEBAMIED outputting
range transistor and a lateral
a new supply voltage, said new supply voltage supplying voltage to a p+ diffusion

region of said first operative device,

40, The pixel according to claim 39, wherein said first operative device is

formed of n-ch devices.

41, The pixel according to claim 1, wherein said first pump circuit includes a
positive substrate pump supplied by a periphery voltage, said positive substrate pump
outputting a new supply voltage, said new supply voltage supplying voltage to a n+

diffusion region of said first operative device.

42. The pixel according to claim 41, wherein said first operative device is

formed of p-channel (p-ch) devices.

43, The pixel according to claim 1, wherein said pump circuif includes a
negative gate pump supplied by a periphery voltage, said negative gate pump
outputting a new supply voltage, said new supply voltage supplying voltage to said first
operative device,

25
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overflow drain transistor. 38. The pixel according to claim 35, wherein said

second operative device is 5 a transfer transistor. 39. The pixel according {[0YD wise

to claim 1. wherein said purnp circuit includes a negative substrate purnp
connected to ground, said negative substrate pump outputting a new
supply voltage, said new supply voltage supplying voltage to a p+ diffusion
10 region of said first operative device. 40. The pixel according to claim
39, wherein said 'first operative device is fonred of n-ch devices. 15 41.

The pixg} accom‘gﬁg;g, %'&B?d%é{"@%% %S@Sd fH@FfQH%aC”rW é)%?!altlzgg%gv;c;@ is

positive substrate pump supplied by a periphery voltage, said positive

subsiate pumP RUIPLENgG:aipew supply voltage, said new supply voltage
supplying voltage to a n+ diffusion region of said first operative device. 20

42. The pixel according to claim 41, wherein said first operative device is
formed of p-channel (p-ch) devices. 43. The pixel according to claim? 1,
whereirf Said pURPIERCEFCRIEINEES daedatifie Ghte pdmpravpphed ’[39“39‘% a

peripher olta ge, said negative gat 250 ttn anews

MR AT G S e T B i R
e

L e B P O 0 e

pixgktaccording to clalm 1, wherein said pump circuit includes a

46, The pixel according to claim 45, wherein said first operative device is

formed of p-channel (p-ch) devices.
47 . The pixel according to claim 1, further comprising a second pump circuit.

48. The pixel according to claim 47, wherein said first pump circuit is a gate

pump.

49, The pixel according to claim 47, wherein said second pump circuit is a

substrate pump.

50. An imaging device comprising:

a pixel further comprising:

a photosensitive device provided within a substrate for providing photo-
generated charges;

a circuit associated with said photosensitive device for providing at least one
pixel output signal representative of said photo-generated charges, said circuit
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positive gate pump supplied by a periphery voltage, said positive gate

purrrp outputting a new supply voltage, said new supply voltage supplying ~ FLOYD WISE
voltage to said first operative device. 10 46. The pixel according to claim

45, wherein said first operative device is formed of p-channel (p-ch)

device:. 47. The pixel according to claim 1, further comprising a second

pump circuit. 15 48. The pixel according to claim 47, wherein said first,
m@'emﬁﬁe@%‘%ﬁ ﬁBY%@%%‘B%&é%é%%%?awtwéimt&??méw*

B B B 2 o s

comprising: a pixel further comprising: a photosensitive device provided

within aasubstiate f@rcm@\égmr@h@&%w@&%ﬁa@%@rg%@%w&%@ to said
associated with said photosensitive device for providing at least one pixel
dutpupsignal vepresentative of said photo-generated charges, said circuit

26 LLOYD WI SE including at !east a first operative device that is

responsive to a first control signal during operation of said associated

circuit; and a first pump circuit, said first pump circuit supplies a periphery ,
voltage b said et GHAVAHGH Hediiis” & Aot ThAGTHLF BOiEe BELardiRg: sai

10-61RLBRANYRRIRIA SRIFLEKSHE RNIEHYS imager

52. The imaging device according to claim 50, wherein said first pump
circuit includes a charge pump supplied by a periphery voltage, said charge pump
outputting a new supply voltage, said new supply voltage supplying voltage to said first

operative device,

53. The imaging device according to claim 50, wherein said first pump
circuit supplies a voltage to an implanted active array diffusion region of said first

operative device.

54, The imaging device according to claim 50, wherein said first operative
device is at least one of a reset device, a transfer device, a row select device, a global
shutter device, a storage device, a high dynamic range device and a lateral overflow
drain device.

55. The imaging device according to claim 50, wherein said associated
circuit further comprises a second operative device that is responsive to a second

control signal during operation of said associated circuit,
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photosensitive device correspond to a CMOS imager. 52. The imaging

device according to claim 50, wherein said first pump 10 circuit includes a LLOYD WisE

charge pump supplied by a periphery voltage, said charge pump

outputting a new supply voltage, said new supply voltage supplying

voltage to said first operative device. 53. The imaging device according

to. claim? 50...wherein said first pump 15 circuit supplies a voltage to an
implan[[g%l' acti%%%@&%@&gﬁe@@%’ﬁdg@st&&Eﬁi’%’t 5 p&’ﬁé?f\‘?é“(fé’\’ﬁ%@?‘ﬁ?mp
Thedmagina.devics arerding i el WRETE.SRIG WA PRSIBING device
device is at least one of a reset éev ce, a transfer device, a row se ect
device, a global 20 shutter device, a storage device, a high dynamic

range device and a lateral overflow drain device. 55 'ilie imaging device
according to cldimibgwmbereiivsaicastoriateticiretitfusther compesesan
second operative device that is responsive to a second 25 control signal
HifRG Bperafich Gt aar) e ssot i @efretiite 27 eV WIGE286( Phive array
ign \%in%device cco{gjing to claim 55, wherein said first pump circuit y
s&ip 184 FYUBRAGS 15K TIPS UpErdavE St Sl SEEORY Bpdriiigetevice
qiﬁ%lﬁgh 2L W&? &r&ggip\g %v;gg according to claim 55, wherein said first
pump 5 circult supplies a voltage to said first operative device via an
implanted active array diffusion region of said first operative device and to
said second operative device through said first operative device. 58. The
imaging@evicéfactoading tie dlairactbrdivisereiesaid firatpremps A0 giscpitmp
includes a charge pump supplied by a periphery voltage; said charge

ﬁﬁﬁwj includes a charge pump supplied by a periphery voltage, said charge pump

outputting a new supply voltage, said new supply voltage supplying voltage to said first

operative device,

59, The imaging device according to claim 55, wherein said first pump
circuit includes a negative substrate pump connected to ground, said negative
substrate pump outputting a new supply voltage, said new supply voltage supplying

voltage to a p+ diffusion region of said first operative device.

60. The imaging device according to claim 55, wherein said first pump
circult includes a positive substrate pump supplied by a periphery voltage, said positive
substrate pump outputting a new supply voltage, said new supply voltage supplying

voltage to a n+ diffusion region of said first operative device.

61. The imaging device according to claim 55, wherein said first pump

circuit includes a negative gate pump supplied by a periphery voltage, said negative
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outputting a new supply voltage, said new supply voltage supplying
voltage to said first operative device. 59. The imaging device according to
claim 55, wherein said first pump 15 circuit includes a negative substrate
pump connected to ground, said negative substrate pump outputting a
now supply voltage, said new supply voltage supplying voltage to a p-r
diffusion region of said first operative device. 60. The imaging device

HECORING (3 EIHI S5, Wietaith Yaid it piiiig 28 Eiteal ifitideres spplying voltage
9c9§gi¥‘?ir%'t'$}3g%\/8lﬁ8@ C%qpplied by a periphery voltage, said positive

substrate pump outputting a new supply voltage, said new supply voltage
supplying voltage to a n+ diffusion region of said first operative device.
61. The imaging device according to claim 55, wherein said first pump 25

circuit ifigludes renegafive gatespurap suppliettby amperipheryvolage, saich
negative 28 gate pump outputting a new supply voltage, said new supply
VOREG & sUppR/ g rditege o rsait firstriperativerdenitesy 62/t Tte imidgingtive gate
device accor,dingnto claim 55, wherein said first pump 5 circuit includes a

BYSiEVE A BUMElppNe 1Y'a95e ipREI Y SitAgY, Ciiadsouitivy garoltage to

' new supply voltage, said new supply voltage supplying
gg@%ﬁ%@%&%%gﬁﬁé? %}ggrative device. 63. The imaging device according to

claim 50, wherein said pump circuit 10 includes a negative substrate
pump connected to ground. said negative substrate pump outputting a

new supply voltagen sgichnewisupplynoltagecsupphingivakiagesto guPp circuit
diffusion, region of said first operative device. 64. The imaging device
dEeeiamng TeEHNR SOSWRE SNYaidNinsCisunip A5 wircwitithokaiyasubstrate

positive substrate pump supplied by a periphery voltage, said positive
pump outputting a new supply voltage, said new supply voltage supplying voltage to a

p+ diffusion region of said first operative device.

64. The imaging device according to claim 50, wherein said first pump
circuit includes a positive substrate pump supplied by a periphery voltage, said positive
substrate pump outputting a new supply voltage, said new supply voltage supplying

voltage to a n+ diffusion region of said first operative device.

65, The imaging device according to claim 50, wherein said pump circuit
includes a negative gate pump supplied by a periphery voltage, said negative gate
pump cutputting a new supply voltage, said new supply voltage supplying voltage to

said first operative device.

66. The imaging device according to claim 50, wherein said pump circuit

includes a positive gate pump supplied by a periphery voltage, said positive gate pump

29
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substrate pump outputting a new supply voltage, said new supply voltage
supplying voltage to a n+ diffusion region of said first operative device, LLOYD WISE
65. The imaging device according to claim 50, wherein said pump circuit S
20 includes a negative gate pump supplied by a periphery voltage, said
negative gate pump outputting a new supply voltage, said new supply

voltage supplying voltage to said first operative device. 66. The imaging

QElREE BB COPEIM G 1BRAIATRIBOS \TREY8RY SRIEPU NP &R G iReIveleaog to said first
positive gate pump supplied by a periphery voltage, said positive gate

88%3“% €%X‘.@‘(D "All i S' E: outputting a new supply voltage. said new

supply voltage supplying voltage to said first operative device. 67. The

imaging device according to claim 50, further comprising a second 5

pump cireuit. 68d hedgagingideviesacegnding:ie sRirtémhensinsait second
first pump circuit is a gate pump. 10 Fig. The imaging device according to
clainp 67cwiherein said second pump circuit is a substrate pump. 70. An
imaging system comprising: a processor for controlling components of

said system; 15 a memory device coupled to said processor via a bus;

d an imaging device. said imaging devi LS el said pixel
compriShg: & SOIHLE R E CBGE L rovided WD o SUatiatd fop = Purme
RIQyiding, Rhotos generated charges;

69. The imaging device according 1o claim 67, wherein said second pump

circuit is a substrate pump.

70. Ar imaging system comprising:

a processor for controlling components of said system;

a memory device coupled to said processor via a bus; and

an imaging device, said imaging device comprising a pixel, said pixel
comprising:

a photosensitive device provided within a substrate for providing photo-
generated charges;

a circuit associated with said photosensitive device for providing at least
one pixel output signal representative of said photo-generated charges, said circuit
including at least a first operative device that is responsive to a first control signal
during operation of said circuit; and

a first pump circuit, said first pump circuit includes a charge pump
supplied by a periphery voltage, said charge pump outputting a new supply voltage,
said new supply voltage supplying voltage to said first operative device.
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20 a circuit associated with said photosensitive device for providing at

least one pixel output signal representative of said photo-generated LLOYD WISE

charges, said circuit including at least a first operative device that is
responsive to a first control signal during operation of said circuit; and a

first pump circuit, said first pump circuit includes a charge, pump 25

supplied by a _periphery voltage, said charge pump outputting a new :
supply Vbltag F%W%@%%’ﬁﬁ?ﬂ“y%?ﬁﬂ@%??pg@mg Q/OW%S%@FS Wfgiyapt and said
gRsralive fevies A0du kIl bW Yo af<The faging system according to
claim E;B wherein said circuit and sai photosensitive device correspond

to a CMOS imager. 72. The imaging system according to claim 70,

wherein said first pump 5 circuit supplies a voltage to an implanted active
array diffusiori regroagoisajdtfirsta ogetitty e déviioe’ 07 vhEneinmaginigst pump
system according to claim 70, wherein said first operative device is at
{eastionedita resstdevicenanrnsier delies iolifseieer aevice! aaobal

10 shutter device, a storage device, a high dynamic range device and a
PREVANGERER drain device. 74. The imaging system according to claim

70. wherein said associated circuit further comprises a second operative
device that is responsive to a second 15 control signal during operation of
said asggciataq, Sirguiingos thsmading-system;aceoréing 4o daimidd operative
wherein said first pump circuit supplies a voltage to said first operative

andde isaidiseaant operative dexice o BarfeTheitaagingvsystemievice, a global
according to claim 74, wherein said first pump circuit supplies a voltage to
shidtdir sieajver ativo devide Wiz anhighldynediactvgadrgce and a lateral overflow

drain device.

74. The imaging system according to claim 70, wherein said associated
circuit further comprises a second operative device that is responsive to a second

control signal during operation of said associated circuit.

75. The imaging system according to claim 74, wherein said first pump

circuit supplies a voltage to said first operative and to said second operative device.

76. The imaging system according to claim 74, wherein said first pump
circuit supplies a voltage to said first operative device via an implanted active array
diffusion region of said first operative device and to said second operative device

through said first operative device.

7. The imaging system according to claim 74, wherein said first pump
circuit includes a charge pump supplied by a periphery voltage, said charge pump
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diffusion region of said first operative device and to said second operative
device through said first operative device. 25 77. The imaging system LLOYD wise
according to claim 74, wherein said first pump circuit includes a charge

pump supplied by a periphery voltage, said charge pump 31 LLOYD "/'dl
outputting a new supply voltage, said new supply voltage supplying

voltage to said first operative device. 78, The imaging system accordingto
Ol 29 {HEVE T BRIY fREEPUMP IS BCHPIENRIES 2 FEALIvE Kolbdpale said first
%%Qgti%%n&%g:ged to ground, said negative substrate pump outputting a

new supply vc’)?t‘age, said new supply voltage supplying voltage to a p+
diffusion region of said first operative device. 79. The imaging system

according to claim. 74, wherein said first pump 10 circuit includes a

positiver Substrate ipumipsupgked Ly @dqeg phepivottage;said pasitive pump
substrate pump outputting a new supply voltage, said new supply voltage
stipplyingudeitage 16ty ms ditfisionyegionvistid firstropedative devidee

80. The imaging system according to claim 74, wherein said first pump 15

SiEalAIRRIERE A RGN E Gare HiRlp Sisshed sy Aperisiiyy iiagatrPving

sajd negative gate pump outputting.a new supply, valtage, said new
S T 0 S e B B evice. o The
imaging system according to claim 74, wherein said first pump 20 circuit
includes a positive, gate pump supplied by a periphery voltage, said

positiveriate pumpredtpyiingeanencstippho \Wiiage4 SaitkRew Syt pump
voltage supplying voltage to said first operative device.

circuit includes a positive substrate pump supplied by a periphery voltage, said positive
substrate pump outputting a new supply voltage, said new supply voltage supplying

voltage to a n+ diffusion region of said first operative device.

80. The imaging system according to claim 74, wherein said first pump
circuit includes a negative gate pump supplied by a periphery voltage, said negative
gate pump outputting a new supply voltage, said new supply voltage supplying voltage

to said first operative device.

81. The imaging system according to claim 74, wherein said first pump
circuit includes a positive gate pump supplied by a periphery voltage, said positive gate
pump outputting a new supply voltage, said new supply voltage supplying voltage to

said first operative device.

82. The imaging system according to claim 70, wherein said pump circuit

includes a negative substrate pump connected to ground, said negative substrate
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02. The imaging system according to claim 70. wherein said pump circuit o

25 includes a negative substrate pump connected to ground, said LLOYD WisE
negative substrate 32 i_ii),f.) VVI!1 pump outputting a new supply

voltage, said new supply voltage supplying voltage to a p+ diffusion region

of said first operative device. 83. The imaging system according to claim

70, wherein said first pump 5 circuit includes a positive substrate pump

RUPBIRGRY AR AGHETY RISAGE242i 4350 8file S stratasupHpROLSuttifges © @
new. supply voltage, said. new suppl ltage supplying voltage to a n+
D A R S e tnaging syster
according to claim 70, wherein said pump circuit 10 includes a negative

gate pump supplied by a periphery voltage, said negative gate pump
outputiisg a nNeve supplyveliage, saidriew isuppily: Voltage supphythityst pump
voltage to said first operative device. 85. The imaging system according

o elaivcroewRdresiiisaisl paiiateotani subrhetlbes agvsitnevghaspuinip positive
supplied by a periphery voltage, said positive gate pump outputting a new

SUBHIF GAItADR Lt HARASUpPIT-PoraY SEp i Vit ks Calidef L PPYINg

oneiatiye devige: 86, The imaging sysie aseordig dg claim 70, further
comprising a secon pump circuit. 87. The imaging system according

to claim 86, wherein said first pump circuit is a gate pump. 25 88. The
Imaging system according to claim 86, wherein said second pump circuit
is a substratepumpagddiy system according to claim 70, wherein said pump circuit

includes a negative gate pump supplied by a periphery voltage, said negative gate
pump outputting a new supply voltage, said new supply voltage supplying voltage to

said first operative device.

85. The imaging system according to claim 70, wherein said pump circuit
includes a positive gate pump supplied by a periphery voltage, said positive gate pump
outputting a new supply voltage, said new supply voltage supplying voltage to said first

operative device.

86. The imaging system according to claim 70, further comprising a second

pump circuit.

87. The imaging system according to claim 86, wherein said first pump

circuit is a gate pump.

88. The imaging system according to claim 86, wherein said second pump
circuit is a substrate pump.
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WYL VV ISE 89. A metnod of operating a riixe cell of an imaging device,
said method cornprisirig storing photo-generated charges at a storage LLOYD WISE
node; producing a pixel output signal from said stored photo-generated
charges; and 5 using at least one pumped voltage produced by at least
one pump circuit to accomplish at least one of said storing and producing
operatigns, wherein said at least one pump circuit js supplied by a A
periphgegry voltgg%%kgﬁ g o&v%%?é?ﬁ "Shid pet r?gi%g: Y VOItAGE F@qrgﬁ Uiate gt dprinod
chatasregulated voltage is created, said regulated voltage being less than
said supplied voltage and greater than 10 a ground potential 90. A
methadcoihgperatingea pixelceibajaninaginggevize, said method
comprising. storing photo-generated charges at a storage node; 15
produBifgEipixél Buehatsighaibfreifraaidastoseuteahphoigenerated chasges;: and
and using at least one pumped voltage produced by at least one pump
circuit f"AEL OBl SRSP IEaRE OME/ BPE AP etsImAgPAR IsRsd@eimgUMP circuit to
perations,. wherein said at least one pump circuit is supplied by a
ag\ér?%%ﬁtgﬁ e WG One of said stornhg .g §t%0a Cé?\%?ﬁﬁ%z%ri}%uit includes a

ery vo[(:fage, and wherein sai

Charg@fﬂé%@?ﬁ"s%‘?cida%:!%aa@%ﬂé‘MOCPE%%QQ@?H&W@%?B%%&&?}P\Z&?&%% and

new supply voltage supplying voltage to at least one of said storin

produsing apesationsihknThemethod ofiererating & AixeLrI-ACSOMing. i

to claim 90, wherein said new suppiv voltage is greater than said

cpetipheyvolagetsd @2adheangthod bhopeiating aipixebeel-as60ngdotan
claim 90, wherein said
a ground potential.

90. A method of operating a pixel cell of an imaging device, said method
comprising: |

storing photo-generated charges at a storage node:

producing a pixel output signal from said stored photo-generated charges; and

using at least one pumped voltage produced by at least one pump circuit to
accomplish at least one of said storing and producing operations,

| wherein said at least one pump circuit is supplied by a periphery voltage, and

wherein said at least one pump circuit includes a charge pump, said charge pump

producing a new supply voltage, said new supply voltage supplying voitage to at least

one of said storing and producing operations.

91. The method of operating a pixel cell according to claim 90, wherein said

new supply voltage is greater than said periphery voltage.
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new supply voltage is regulated to a voltage less than said periphery o
voltage. 93. The method of operating a pixel cell according to claim 90, LLOYD WiSE
wherein said 5 new supply voltage is negative, being less than a ground
reference voltage. 94. The method of operating a pixel cell according to
claim 89, wherein said at least one pump circuit includes a negative

substrate pump, said negative substrate pump producing a now supply .
voltag&ZsaPribi by Raitige QaBHyieg %ﬁ%%@%’ot%f %6%%‘%%%@5%6% said
said storing and produci rati ) rati
el et et S R R R
includes a positive substrate pump, said positive substrate pump

producing a new supply voltage, said new supply voltage supplying
voltage o atdeasthdsd dnpebsaidstoxinganatpootiugingebperationsc88n said
The method of operating a pixel cell according to claim 89.. wherein said
p@WeasPON@ rERpsHiraat ifclbRies Brelaie Yate'purfpesar negative
gate pump producing a new supply voltage, said new supply voltage
supplying voltage to at least 20 one of said storing and producing

operat.'kg)éps”g@?mT%eogu &I%Bgrgtfu%) &t Qgﬂ:glipéé%?cﬁ” .%m%@%@@@w&ggid at

wherein said at least one€ pump circuit includes a positive gate pump, sal

;@%{t%%&%ﬁﬁemt PredUENg A-BeW SURBAHRIBGR SN SURPY bstrate
voltage supplying voltage to at least 25 one of said storing and producing-,
ORERANABICIBY a new supply voltage, said new supply voltage supplying voltage to at

least one of said storing and producing operations.

95. The method of operating a pixel cell according to claim 89, wherein said at
least one pump circuit includes a positive substrate pump, said positive substrate pump
producing a new supply voltage, said new supply voltage supplying voltage to at least

one of said storing and producing operations.

96. The method of operating a pixel cell according to claim 89, wherein said at
least one pump circuit includes a negative gate pump, said negative gate pump
producing a new supply voltage, said new supply voltage supplying voltage to at least

one of said storing and producing operations,

97. The method of operating a pixel cell according to claim 89, wherein said at
least one pump circuit includes a positive gate pump, said positive gate pump
producing a new supply voltage, said new supply voltage supplying voltage to at least

one of said storing and producing operations.
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