WD 2004/ 114652 PCT/ US2004/ 018183 CHARGE PUWPS FOR
CMOS | MAGERS FI ELD OF THE | NVENTI ON [ 0001] The
wonant4an rel ates to a CMOS i nager havi ng an BCTAR20#/018183
i mage sensing cells and to the driving signals, which
operate the cells. In particular, the present
invention relates to the use of a variety of punps in
CMOS i magers. BACKGROUND OF THE | NVENTI ON [ 0002] CMOS
i magers are | owEH8YE iPRUBT AR CPECBBCERS ful | y
conpati bl e CMOS sensor technol ogy enabling a higher
| evel of integration of an inmage array with
associ ated processing circuits would be beneficial to
many di gital apﬁﬂﬁgg?Kﬂﬁ§T§Edﬂq¥§@¢fE@b%xanple, in
caneras, scanners, machine vision systens, vehicle

navi gati Of[so‘é)m eMghe YhlBRioh GLBRRADSSCVROSRHASIr HabRiglan array of

devi ces, urveil lance systens, auto focus systens,

st ﬁhat%é SPKRE I RNRedrRehd 8BnSY SVIEER opeih@Ee: cells. In
stabiTizati on systens and data conpressi on systens for

hi ?Hrtiiﬁidrﬁﬂici p2Bsent Blventicn edlatel B9 B useMia vanegesSpurapein
a low voltage operation and | ow power consunpti on;
CMOMOsaigerggrsar e conpati ble with integrated on-chip

el ectronics (control logic and tim ng, inmage

processi ng, and signal conditioning such as A/D
conversion); CMOS i mgers allow random access to the

i mage data; BACKGROUNIYOE THREINGHENTIA@N i cati on
costs as conpared with, for exanple, the conventiona

oD since dogagar %ﬁﬁ%ﬁfggﬁeﬁé RO EGAEGIRER0. Ay

used. Additionall OWer - consumnp S achi eve

POk MBI BIRIS 86 finolBBl XnfMlthe! LMERE: RvdiS)fIn@brfion of an

tinme needs 1o be active dur g theTreadout and t here
image array with associated processing circuits would be beneficial 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 operation 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.

: Additionaﬂy; 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



Is no charge transfer (and associ ated switching) from
pi xel to pixel during i mage WO 2004/ 114652

weERONAWEEeN4/ 018183 acqui sition. On-chi p i nt egP@EL/UMV00618183
el ectronics is particularly advantageous because of
the potential to perform many signal conditioning
functions in the digital domain (versus anal og signa
processing) as well as to achieve a reduction in
system si ze and cost. [0004] A CMOS imager cjircuit
i nafqruEson. {Qrghipiptaseationy ehclerqnicsds paggticpfasly agdyaaginus

OBt e eEn ] betletonnat S RS RdGamnRmRgons i the
nd el BpRat Ot Baelfa o Eot ERe) Rl B e § g spduction

pi xe l - includes at | east an output field
ef?é%§&$é3%§?g gPﬂforned\in the substrate and a

charge transfer section forned on the substrate

adj acent tfhgorhot %fgéﬁvft)@ Ema%(%}%?lggit ng&u@%\e/d f?)gal lm.(fﬂ'gof pixel

node, typically a floating sl on no ornnect e

t 0cdIRC M Snobf @R el Rbkudid PO $aPhotdffte RRIMotEBMSde
i nclude at | east one electronic devicé such as a

tr analBhga shbstrdre fskainhungng phogs gbhaarddnhatgder dhy ivdderlying
portion of the substrate to the floating diffusion
nogertamdobte substirate, Aalesdouttoppuiras tonmectadamsdash gixel tet and
resetting the node to a predeterm ned charge |evel

pr ingtudes at ddasty geowtpan §¢ldreliecietrafsioosiorinedan dMOB bstrate and a

I mager, the active elenents of a pixel cell perform

t heharee asasley sqcginatdpaned on tha jubskateriljacent Hir pleotogate or
conversjon; (2) accunulation of inage charge; (3)

t r BRQIasHods havpiag g scnsie; ;e Fsepa'faﬂmgnfgqaﬁpg 10p e, connected

G R A RN T
PRPL S SlL ) Pl Pl LT B R By wnerng

s Eaﬁtorf SPRIEBL-RE & itﬁ%eﬂoaﬁng diffusion node and one device, also

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

to charge transference.

[0005] Ina CMOS imager, the active elements of a pixel cell
perform the necessary functions of: (1) photon to charge cor;version; (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) selection 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 photosensitive element of a CMOS imager pixel
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charge. Photo charge may be anplified when it noves
fromthe initial charge accunulation region to the

w0 b@atii4es2 di f f usi on node. The charge at the flPpaEr/usmyo4/018183
di ffusion node is typically converted to a pixel
out put voltage by a source follower output
transi stor. The photosensitive el enment of a CMOS
i mager pixel 2 WD 2004/114652 PCT/ US2004/018183 is

typi cal laﬁ ei ther a depleted p-n junction photodi ode or '
a fis Bipiraly gisherr depdtted ipomjuncsignahasediede lor a fiskbinskige@ depletion

CorBRIER P BAAREE hEOp RBDBNe, PR 76 seole climinated by
GerfGrNFiGY dentRi e et St EPebriaRapl e | n N xor

et al., "256 x 256 CMOS Active Pixel Sensor

Greurtar Q08151 QPSP Tt o e disi g gpneraly

'?:r . é gﬁo@g&%&r@ﬁg c? %%#Eabgl\?ll\] ?@?%i’ I.I"zﬁﬁ %SGp%_MOS Active Pixel

45% Aot CARSE-G8 8 ib, "aFEE RournBAbEIYLEdNatOCHESiL 81, 31(12)
and U S. Patent No. 5,471,515, which are herein

i ngffy’. POu81B00Y 906 MegdE @t al, 0OMOS Actihorikél Iatige Sensors," IEEE
understood that the CMOS i mager may include.a :

phatraniaedienosn Bldteton Dagess] Yok B BEps 4B 45 BNLORENS well as U.S.
inlieu of a photogate, as the initial accunul ator

f orPapdiate g A68 2168 indHAISy ®ateh® OOB]5,47 G513, whichsire Atsin
a block diagramfor a CMOS i nager having a pixel

ar iagorpoted-byefanghows a 2x2 portion of pixel array
200. Pixel array 200 (FIG 1) conprises a plurality

of pixels arranged in a predeterm ped nunber of

col umms ang)qoga/s. Itrshould gél“éldé’f“ that ghe CMQSrimpgonmay

are qll tui_lned.gn at the sane ti a row,sel e
clude g p!

time b ct ..
i AR ofqdiadeer ¢hsEIRIgS TOARRIELIRRVERREIAse, n lieu 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, e.g., line 86 (see FIG. 2A), and the pixel
signal output, V., of each column is selectively clocked onto a column select
line, e.g., V., line 42 (see 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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si gnal output, Vout, of each colum is selectively

cl ocked onto a columm select 1line, e.g., Vo,,t, line
wd2oogaessFl G 2A). A plurality of row and col uPeT/UB206$018183

are provided for the entire array 200. The row |ines

are selectively activated by the row driver 210 in

response to row address decoder 220 and the col umm

select |lines are selectively activated by the col um

driver 260 in response to colum address decoder 270.

Thusdoat,ramt mwdambtelompadidiree sgcuisry 21dy 246 dviicn apply kiriving

pi xel . The CMOS inmager is operated by the control

ci valige @5hewhivetirapsitareb§theddlcetsd rodeasterlsmelines270

for selecting the appropriate row and colum |ines for

pi xel 3 WO 2004/114652 PCT/ US2004/018183 readout, and

row and cdlO9®]]dr iTheropsration efrthe gharge zebeshancef tgSFALOS

driving. voltage to the drive transistors qf the .

selBag@ds kKpowany torsAnd i3 drssribqomasyer aHaps Sighgs Mendis

e GO E 08 vt PE LR SERARD LPPERBITA. . 10-
a5 R0 2. NEhaflex REROE oL PENT R AR §80 B KB Hrighly

Vel Sribd BaginpQYERufol e Tkt AR SERSCRSEOVOL. 32(2)
§0h9g7%c%)1§,?;§5§1§n MOAEIOS ?1%3%@ Sens3R/ : ERAGoficiCanffera on a

oSsSsu e Sensors: ctronic Canera on a

Chighip, " ITEPMAVEbL. 9%3%@9@%237(-1@5% 496l adsthseblubR&tions. These
ot her” publications.” These references are incorporated
heggtrenbys drefiedeponted REEB] bylleéeraise. and operation of a
V' charge punp for CMOS Inmagers is described in U S.
Patent No. 6, 140,630, incorporated in its entiret
herei n by [0&dendde ysoand jopPration ofrat V. OMBBgE Ipugepré)rzﬁMOS
not without their

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 higher voltage than the supply

voltage V,, to improve the gating operation of the reset, transfer (if used) and



shortcom ngs. For exanple, these CMOS i nagers
experience | eakage in the transfer gate. Furthernore,

WO eomowed2 be desirable to provide a variety of PEIIPR04/018183
i ncl udi ng pi xel voltage punp so that the CMOS i mager
array operating voltage could be different froma
peri phery supply vol tage, positive and/or negative
punps,; and substrate punps. SUMVARY OF THE | NVENTI ON
[ 0012] The deficiencies of the prior art are overcone
by Y talery tragsistass. By oecrdfivingeoneesranogaofthetgasassifahe reset,
gate (if used) and the row sel ect gate with one or

gafred r/g whanpHap Wids irueatpat ief g veltagoprmgepixel to
than t voltage Vdd, tp .inprove the gating
opePth e AT mfltaﬁgﬁﬁqha(wcr&g@ay F ghege arapgistors can

s R L Sbel R Ghfas a
L 2Rl BOGHLANEEbESh SLEARYIRADL ot Dol SRR TR above

a vol tage punp, plxe

di T e LeNHERs bP ﬁ?ﬂe? FHaE' %rgber‘fé}ﬁl (ing)gﬁ glr\x/}t()ﬁtta%g gu&fp l%un: BBuld not be

transi stors ca avol

phoﬂﬁaﬁgﬁﬁ&béﬁnﬂﬁﬁg to acquire inmage charges this too
may be overdriven by an output voltage froma voltage
punp. The above are exanples of gates that can

benefit frpd0ks]vol Addigopalypidestpsihash f Aegh®e ;hﬁhﬁ@o CMOS
to be limting. [0013] Additionally, incorporation of

a negger gEepump o reddbgate, nagersclgat gfic ouahrasfea ga@s@f used)
gate, a row select gate or a transfer gate (if used

al | dwrstthe ceuenterft, of, foerfoomrice qfahtsr gaece infprohesewell as thc
gates to |nprove as wel] as the overall inmage

perdvsiiemage periofrpamas thakddOSimageptoimprovhi Shid also allows the

allows, th e length to shrink and nore die/wafer
B e e e e 0 St T fnager

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

pump but should not be taken to be limiting.

[0014] Additionally, a substrate pump is described, where the pixels
of the array are linked through the substrate.

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

which is provided in connection;with the accompanying drawings. g

BRIEF DESCRIPTION OF THE DRAWINGS

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

f

chip;

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

layout according to one embodiment of the present invention;

5



performance. The above are exanples of gates that can
benefit froma negative punp but should not be taken

W eooba14esmi ti ng. [ 0014] Additionally, a substrBCEURNP018183
is described, where the pixels of the array are
i nked through the substrate. [0015] The above and
ot her advantages and features of the invention wl]l
be nore clearly understood fromthe foll owi ng detail ed
description which is provided in connection) with the

acconpanyi fQOLB awi Figs .2 BRikideks DESERIIPEH GlgnaFappHEd to any gate of a
DRAW NGS [0016] FIG 1 is a block diagramof a CMOS

actCMOpimeagersensor chip; [0017] FIG 2Ais a
representative pixel |ayout showi ng a 2x2 pi xe

| ayout acc ing to one enbodi nent  of the present. ‘

i nventi on; %&/% 247 ZLa8spvsporpeiemdooly Balase vhighgpn be
FI G__2B,shows a gene |zed signal applied to any gate
of agpﬁaxﬁﬁa?%ﬁ@tépﬂ[@@fgﬁzﬂﬁ% 2C shows a repeating

cl ock voltage which can be applied to any gate of a,
CMOS i : 00 = 2D is - :

emboc mont L1274 ATl e et e AR ppLesteial Ve
fi ' iﬂHﬂp X EIG 2E i

elx\éé'ﬁjpjmll§ g%srtg%‘rglgéﬁ trtrgﬁt%c% an Z%e;en(r%gé}}%a’d suppifl g? a

| ower voltage as the input to five separate internal

punps; [ 00P®I21A! G FIZE JiFSis 3R cRXAPRkERboan & SRy M
suppl y appF(igdedﬁto a posisti\fe hi gh vol ?age punp and o Ve

negapplyart hdviveovdlage apdifdinput to five separate internal pumps;
[0022] FIG. 2F is an example of an external V, sﬁpply 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 pixel using negative

substrate pump in accordance with the present invention;

[0026] FIG. 6A is 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 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.



[0023] FIG 3 is an exploded view of a four transistor
(4T) pixel of FIG 2 using a Vaa-pi, charge punp in
waemendmsre with the present invention; [0024pCTFHUS004/018183
is an exploded view of a 3T pixel using a Vaa-pix
charge punp in accordance with the present invention;
[0025] © FIG 5 is an exploded view of a 3T pi xel
using negative substrate punp in accordance with the
present invention; [0026] FIG 6A is an exploded view
of a 4T pixel using a negative gate punp in
accor dan@ETAIREThDESGREPTION OF TEHE INVENTEDS 6B
is an exanple of a timng diagramfor a reset gate

System | nclUEoHs  aHewErh ?Pgo{&g‘ﬁ’g?lf’ﬁvéfé fcﬁ & it refeence
o SrfieRE RN nlemS IR e AbisAgyR B3R portion
I nventi oA. 6 4

o ohanr e ey e trac G Gl BiSEhe Hifagon imwhich

t 0 rkdpRcliveditaBe plRBPEBEOCIN T Sn WD HPed@sc,HQ:ol%hgfllygée gitH voltages

figure shows a portion "~ of an active pixe

corfst theatast taasiond] ehster daberrfisttenind e BdlEQNridistors 31, 29
whi ch respective charge punps 300, 301 and 302 are

us @ddt38. shpghowt ineFIgat3; reset tragssor 8d1s fditheddsen+ region 30 and
transi stor, transfer gate transistor and row sel ect

t r anrsicgionr 3¢ &id c@groliddby3RST Agnahdduiltansfetr Gandstor @96s formed
transistor 31 is formed by n+ region 30 and n+ region
34 by weginn 3 pedinpyeHST ) apdatorBrlledtrbyriEXsignal 28. In FIG. 2A,
trapsistor 29 is formed by n+ region 26 and n+ region
30 CMES PHHRR g% Eehgymier prejading ageats woltags, toppphotogatiegié for
[ I, di tage to a
Bﬁg‘g%%g?:én;f&fqp g)mrgfeoprun% %&l qsl srllgov?n Po%tp?‘ox\'/i?ilngag voltage pump to a
N+ junction, which is the Vy, pixel supply junction in this case. This figure
shows a 2x2 array of pixels for simplification. It should be understood that the

invention is directed to a MxN 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



charge transfer. Charge punp 304 is shown for
providing a voltage punp to a N+ junction, which is

W0 b@4Ndgspi xel supply junction in this case. TPECBUS2004/018183
figure shows a 2x2 array of pixels for
simplification. It should be understood that the
invention is directed to a MKN nultiple pixel array of
any size. [0030] The operation of the FIG 2A pixel
array will now be described. Photodetectors 14 of a
r ohigher phareths g supply ypliagesi I 2 Nei systess shatgepaimp Q2 will
select transistors 38 to colum |ine 42. The

ph&tRIEVaeth orVaaphs te thagate Of siw Sféé%tda@fmswra?@ i Hethggbsence of
wi | | prowde el ectrical current deglagi, upon t he
voF‘tC JECHUMR RB tgaf@%satgo@&resef grtecher Nrosics weitraggiscor 31,
d b t 30.  As

%fcwénr&e i ”Eéﬁ‘%@#fm‘»’é‘e 3RE Le ek oe”w%ﬁsﬂﬂcw o,
l Oagxg Bpgxgoelta < CO éfksg It‘%{les?s% #nd gbg fftual gate 32a
S
YR e e e
i ﬁ%ngﬁokglamgb aNBRaPUSP V802 . PULkHUELi¥A h@a@r ﬂBQHYlg diffusion

sel'ect l'ine 86 I's connectéd”to Charge punp’ 3

OV QpRideRsdthalucm 584£80D at SBy‘Bh@&ﬁn%D H&tt:cécﬁ voIti@ available
gate vol tage of transi st or 2004/ 114652

PCit 152688/ D¥ede? Aynhinghespdisanaridess Yetdlabledpl yhe pixtlagaput

In a Vdd system charge punp 302 will supply Vpanp >
Vdeignall 4rsl tapiatine iy shevadfageawvdathetdte ftaatingi ditffosioB8ode 30 is reset
the absence of a charge punp on the reset gate, the

r edot tgsheragTransisier 3h Vinesaintion isnsfseask 31,  which

causes the floati ng di ffusion node 30 to be reset to a

potenti al of \Vdd- V. _h wher e h is the, threshol
voI t age ofl00gé re?@lﬁ thoé?l%%t%tzgt osvﬁghg‘;%rgg}aﬁlg%rgc pump

h
? o 303eruris thiebpe sl < ThRRAL S of dhereel MRy ppred in
di ){l?l L %e?r gflbs\{&tggenca}:/lg ghc 19h %hg:!\t%vuen LG0E0 bk lt@a%tsfeﬂ%d 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 28a voltage is also supplied f_rom a charge pump
301 in response to transfer signal TX; once again ensuring that the transfer
transistor is overdriven to its on state and eliminating the V,, voltage drop which
normally occurs. The charge pump on the transfer gate enab}@s 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 potential which is greater than the supply
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vol tage reset value on node 30 at Vdd. By having a

hi gher -reset voltage available at node 30, a w der
wa@lyvati4ss2 esponse range i s avail able for the pP&EIUS2004/018183

out put signal and variation in the voltage at which

the floating diffusion node 30 is reset due to the

reset transistor 31 VWh variation is reduced. [0032]

The photogate 24 is al so supplied froma charge punp

303, ensuring that al| possible collected charge for

an potenjial Yugrddle pumpadovalgr snbanses Hrmpriformanse o4 e transfer and

beneath the photogate until it js to be transferred .

outre$st tRREStOEy | Inceiden ko Hiraa onf' ghg¥griogsdransiston Rf the pixel array, a

circuit shomséﬁse of. a transfer gate 28a and

as 857 WRIEAECLP 4hs FARsiHPR ARt PisFob 8 Soyiee o slrifrigl g rlspending
otk B AR T 8, P IR B ATR e vl
30y t i | : in .
2 RS RABEEB LA SRR of] 808l B o 165 B e

IAE iﬂg@%rf%ﬁ&fs atss a%s?i@cﬂf_ﬂ%ﬁ H@ns\i@o%%f{ttﬁ% grﬁ{r W turned

normal ['y occu e charge punp on

t r aRgi &y 't e, ﬁ{éﬂml 8% 1t PPE SRAKMS to kh f8htrol sienals to th
bet ween t he pﬁotosgnsorggn tho floati%g %@?quignggn s to the

TheaeResfahé 8andéors; BEnE@nsidbroivhieiake H12nad 4Bl @re more "on"
transfer and out put pixel charge is otherw se as

pr elthodiey toasistorbed refyd03d]sistdielyaharstperipg apd /80 0mplifying the
301 provide voltage to the reset gate 32a and

t r el ehanges waderred tatheqiied vughutdinect? i bikgmasat some phthe
the supply 8 WO 2004/ 114652 PCT/ US2004/ 018183 ) )
potteamsistars which apsupgdpef’ vt maye " efih dhrreethon gransistors causing

performance. of the transfer and reset_ transistors. In
or deakage fnsas reglgeteding ap AMPERRET OUERIY] ooftSt&x@PSotP e¢itng the charges

pi xel, array,, a ate vol tage, the transi stor nust
P colectad B i ah b agraler SEcIde (Gepond: ny
[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.

[00J36] While multiple charge pumps 300, 301, 302, 303 and 304
are shown in FIG. 2A for the entire 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,



on the type of transistor) such that Vp,,,,,p > Vvdd.

However, the threshold voltage (Vth) may differ for
weawhitwansi stor of a pixel array due to manufBcCT/usiongoisiss

i mperfections. As a consequence, when all transistors

of the array are turned "on" or "off" using the

vol tage supply potentials to supply control signals to

the gates of the transistors, sone transistors which

are turned-on" are nore "on" than other transistors

t hepeRyy se@nsitSLeNHdpRdBaSE Qhd g seppsly At siasnit ibleytineigrstood

the pixel charges transferred to the pixel output

| i RRatd2chakddehnpanaysberaseaf fot bae ot nersicfithess gattsah aghieve a
turned "oft" are nore "off" than other transistors "
cabshefy oveeakagetiohhl EMQS irmfges whikhado ant hppr elpse pump. Itis
output of signals reflecting the charges collected by .

t hendhotarkbtae thy pesensinvention i$ pogBmittHdothe exmplghgescribed
300, 301 and 302 heI% to overcone. the inconsistent )
on/efdint MerstromploopLagds L \EHOOIMageEs Uesosidnpiaedsypporting

overdriving the ates with voltages which ensure.that
t hegohal slutges, b.]rghoc%fnaggc FRGH F{gijgu;gé:é)gy%ﬁsggsgm%gpp ications.

gﬁ l&’g{ngg%:tdg %?sg?ﬁ@%?%m%ﬁwggg%%gﬁgg'gscgaﬁgﬁc&l%%s as well.
coll.ected in e col | ecti [ )
ondtEiva by inr IR PSR S8R0 gy e o e
2Ok P PER AL P S e o

t hagh o SlBghE VENATR RYBnRaying, st Li pl e control | ed
outél%ll?t %S/%Ft age§d mﬁﬁ@e uggd fBIrPthedgenti re CMOS

i mger and for associated logic circuits. Also,

i ndi vi dual w(hsmge ThPE iGN drsusedoh of tik {fiegeptunp is not
portions of the imager circuit and for the associated

| ogiriical tocdk tisvenflonandwharyecitduéts chranig eap bapse0BepROmtative
302, 303, 304 are shown supplying voltage for the

r esattpgavadrageh of thags pumpg 306, 30D, 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., 2 Vg +
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,,p, > Ve 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 (0V) 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,,, where V,, is
greater than input voltage V4.

10



WO 2004/ 114652 PCT/ US2004/ 018183 the row sel ect gate

and the photogate and Vvdd supply, it should be
waordensteond that a charge punp may be used f oPCDNS2004/018183

nore of these gates to achieve a benefit over

conventional CMOS i magers which do not use a charge

punp. It is understood that the present invention is

not limted to, the exanples described herein. Mre

conpl ex 5T, 6T, 7T CMOS imagers are contenpl at ed

suppor t i ngl0Q3&bal FIsh 2B showshi @mew}lﬁadisi@nzgarglél,cdéﬂ@ny gate of a

dual_conversi on &ai n applications. A Punped gates o

- di fEMOPSmegar) Mk A6vdheoragesperting dedswligswhigh F@Lbe applied
32 &[@3’&6@2@%@& %g‘é?fp"gﬁé‘esf&a r@%iﬁ?@&i%@ §|(€7§§l gNdd)- The
e B R B0 S BB s opingin
ot e ostig s Y S B BB he T hvent Lon and many

circuits circuit can be used. Representative output

vol t ages OL%(Yiﬁr 881“1&‘1{%6 %ﬁ)sgussﬁgflhz?s?tﬂ%cm &1@3‘]11?[1@ Jgr an

4.0, 4.0 a respective or a 3.3 Vo

SURREMpBRF 283 Purel Biovkh & FIQ S M I BideSatie R h&RBtional pump

transistors is less than 0.7 volts. Wiile it is

advafehi@e @uﬁ?lsrar_oltag@V}{p- B diffudde mode\ddhadd thrdupRdiffusion node
required or 1imiting. The photogate punp when turned

on 3ytd featinpoditfusive nolded southsethea®MERS ahagerppepatihg voltage
vol tage such that Vpunp > Vdd. Wien the clock voltage
applouétibe diffednentphonagatriphest upply wodtage s Thewuwnp circuit includes a
off-state voltage that ofd state may be punped | ow so

t ha¥a fitrlatgs puspewhighiegwplicd by sikecand pomyer sepply Ve The pump
ot her gates of the CMOS i nager nm ber&efit from havj ng

a EGEONEP S sy supply vrl@es 15ROl (e ReYE boote Vaapix

a0 L TS, BT S ES, A Clrme
oo pss L SRR et e Pt o
[0040]  As described above from V,, a voltage V,, ;. is created using
a pump circuit such that V., > V4. The present invention also encompasses
the situation where V,,,,,, < V,, using a regulated power supply that is less than
the supplied voltage source V4. In the alternative Vi could i)e 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

reg

this instance, V4 could supply the array and V,,, could supply the periphery

g

where 0 <V

reg

< Vdd'

[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 purﬁp 140. These could
be pumps to independently supply V., > V44 and/or they could supply a
11



304 may vary, individually, depending upon the Vdd
and/or V5, supply as well as the Vh of the individual

WO e@asistnrs. For collecting charge in the phorOmES®N4/018183
the charge punp 303 is configured to supply an out put
vol tage Vp9p where Vpbp is greater than input voltage
vdd. 10 WD 2004/ 114652 PCT/ US2004/ 018183 [0038] FIG
2B shows a generalized signal applied to any gate of a
CMOS imager. FIG 2C shows a repeating clock voltage
whiregatenoffetasppolicagt totthe amgoussshewnTdeckedgrolegeas driving the array
vol tage 205 is punped above Vdd (Vpu > Vddk. The
cl deasigisirtgates adpliffusioneefipmger array 12& v regifaren b is also
vol tage 215, resulting in a punped voltage that is.
be|sawgrm9wélqme.g‘{1@e@gyltaﬁ?et%gge@awrsféwah riphery, such

Shanmeniary @resi L (50« Hbinaia Tapy ., K peta-3 vols,
nodben i b iSSP RaRr Bt fotbly Kb ey such
dif ' 0 t: [ - af ]

vol PAoGemsodkn Boodf phitlen oy BrHIPAEh ARRIANID0.7 voles

vol C i QU L1 d P
v ST SRS Ue Sy RRRlg g, T

The, ould ARY ikclR8d ﬁy%aﬁva pUBiYs T8 RBhitoV e @8k RbltdpR of the
boot ed. The new booted V.-Pi,, supply then is used to

suppltigatiocks supping ¥e SraylditcaitpeTol doséive pohdel ihthg@kample,
array to operate at a different voltage than the
perthpheguatof B04Ppliddadéscs Vheo sippusr theincWdsinathe imager

voltage V.-Pi,, is created using a pu circuit such

t hateriphery. dinxthis exdmplerMg, ipites mmge iofivenM tonl 2§ snight be

enconpasses the situation where Vpunp < Vdd using a

r egeasanablep Brephetypmmcyit2h@dd ) &n s sxamplg is dreensdisentydy the Vyg
| t Vdd. In the alt t.i |.d

\é?g:ﬁ?egggtssgg{agre For examglc, pf:eri[z)ahc:rgre Cruit \16(1\489 could be 'gitgl 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..,

<V4(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



vol tage such as depicted in FIG 2B. Fromthis high
state voltage a regul ated voltage VCeg can be

wee@atiess2 where the regul ated voltage is a | owGT/aEM04/018183
voltage. In this instance, Vdd could supply the array
and VCeg coul d supply the periphery where 0 < Vreg <
Vdd [0041] - FIG 2D is an exanple of an external Vdd
supply 115 as the input to five separate interna
punps, Vaa-pi. Punp 120, photogate punp 125, row
sel e @HTRUbLERe fURP D8N THRUR PEsUbIRa@ Slh POV sppplies
140. These coul d ™ be punps to i ndependently supply
VPyaRage Mg vl p tilsiyra€o92l Thpployitike highMdltage pump 190 and
2004/ 11465 PCT/U§5004/018183 negati ve off-state
volthagegdtivetibw wobmgopsmpHdbneach cualy avwosdt algiver 8654 rogv select
the array transistor gates and diffusions of imger _
ar rdaiyed 105, sraesfen gatodritets §0s aphotogash dviicpl &y il A Y .aq:, driver
regul at ed voltage to the imager circuits in the
perliZfhexah, ofswkich ineoupded wridieymaperarray 11Q.15pthis example, the
external supply, is, for exanple, 3.3 volts, . then the
f i woskivehehyeagenwm 188 ﬁﬁﬁ SBailics Ve tag%k EIPEPheRy sicyis 2
t he r such that V .> Vdd. 1.0 our, exanpl es
£ nd195h Bty skris | PG ishpled dhgcdy by BB gl Vi supply
Leﬁjgnable Vummp high voltage to the array gates woul d
e 4.

0 volts. The punps could also include negative
punps to control the of state voltage of the voltage

cl ocks sup ()’44']9 t‘fnl‘_gﬁ f’eifvﬁﬁ‘étéﬁ%&s%c}ﬁion-r& CROSliM&gers is described

power, in I S “exa e redulator 1s supplied at

VCagint VAR tANSMRRIAT) UM OSI ihfdtE. SAtthal OB1O8BSAECrs may contain
periphiery. In this exanple VCeg is the range of 2.5 V

t 0 flwer & Moghthadefour aagitaR! dr isRetdepftesy thitrthuiuse 8f 4T CMOS
(155) in this exanple is driven directly by the Vdd

extigfageds isnephiyanttorlimix ahppeserpanvauitemytocd 4 €eintbadiment. If the
(150) could be digital circuits and periphery circuit
2 (ASK)S onageat rbguisgsahorg tham Euirttsansistors Hihen sgmepifehoserpglditional

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 region 34 is actively driven by V,, ;, charge pump 100, which gets its supply
of voltage (charge) from V, 105. AV, ;. charge pump allows the CMOS imager
to operate at higher voltages and, thus, achieve better image performance. The
V.apix charge pump permits lower voltage periphery and can be coupled with
shorter transistor lengths to improve periphery performance. N+ type region 30
(floating diffusion node) is also supplied by V,, ., 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

13



I mager array 110 is provided wth voltages greater

than or equal to the supply voltage for the "high
w@L@bai4662 "on" vol tage of the array circuits.PdEs2004/018183

peri phery circuits 150, 155 are provided with

vol tages |l ess than or equal to the supply voltage.

[0042] In FIG 2E the external supply could be at a

| oner voltage of 2.5 volts. In this case it would be

advant ageous to have a periphery circuit punp 160 to

i ngr (A\Reovd gatige ifsumghive sibstrateanunpds priovisieids sUhyf present

periphery circuits 2 (155). It would also be possible

t o InvEREOR Asevapplipeipdrairery GRBIRIRERE, N-ransistopd (1. 2.

1.5, 1.8, 2.0, 2.2 V) supplying the digital circuits

[ i ph ' it 1. [004 Fl G Fis I

of b ext O0ABIVA IS in HOGHPTIFE T AR SR of the

oL O Pk D A Ak PR PRl B grrc. 4.
t.l b { 97, h t trate. .

SRS OB TAL T AR B AAIR S KB SURRE B wed n

DY pri \ .

ool FRamRAIhN Ao Lo, ek Ypaop PPt Aoy Sl oy

dr i SLERgeR TPV B EHT, dihak %slpeﬂﬁla A5 38R difi@iéh region,

driver 180, & photogat’e driver 185 and a Vaa-pi X

dr iRer si%rlﬁ Q] 0epiirol a Wik Cltarsterfophed byPIb OS5 dirigdiffusion
array 110. In this exanple, the positive high voltage:

PUMEEidR@ 18| ehichuipphinesdifaliba geidn. Werdiffhgdoy region d20ds Zctively
(15 5). Periphery circuits 1 (15 0) is suppli-ed
di deiven py B, 1, kbampetppmmai2 Voshish gptsyits 1pply pOAdpe THwrge) from
advantageous operation of CMOS inmgers is described )
usiVhg430 f Blag ntohadryicss are ipam-welOF Herprgeant invengieh atsveeplies to
i magers may contain .

an array containing p-ch transistors.

[0047] FIG. 5 is an exploded view of an exemplary 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 transfer

14



fewer or nore than four transistors. It is understood
that the use of 4T CMOS inmgers is not nmeant to limt

W0 b@4presSent i nvention to a 4T enbodi ment. |f PE¢EUSIOMIBS183
i mager requires nore than four transistors, then sone
of those additional transistors wll show inproved
performance by having their own punp. [0045] FIG 3 is
an expl oded view of an exenplary 4T pixel of the
present invention illustrated in FIG 2A, where the
Pi %8hsidtdr DORABc4ts kAdsik@r 3¢handeler by abgatileyacepumpidod via a
conponents. are |l abeled the sane as in FIG 2A N+
t y pansfegidlugd4iriver 855 anéhyestt voleagehyrivéa®6pimspehtivp which gets
punp 100, which gets its supply of voltage (charge)
f r arupply debltage Mom Fid Shaboh tharrmnafer gaks andethevest gate could
i mager to operate at higher voltages and, thus

ac bicevmedaeivt pumpralget-gotc linan bet tRyevowldhase scRaRf glocks in
AL TR ———
o e
| :j Ir gfli?{? :eétic:t eo?rgmyo?ée f’%;bws gn%%e.rna_%td ylg 1;185 limited l.)y the
0 LSRR, ol 0 B AR g 08 g

PCT] 422004 Q1318 FirnifdQ Wsce Qi &, ARSRE H¥Rcds! gBbal shutter
nedat punp

ative substrate pu I's provided. The present

in | ) SO4ARRL 1 188h [d9nARicAhh 8y deRedsaind 1@ rd-ovbrflow drai
tr?ﬁgil&sst?gtrog.g%?OO%]’ F?th%dlf is angééxpl odsed Vi e\gv of rar?w w

ex k&, YFRT. 6B %ain @hnipheof issentiagram vt oreséogarednd a transfer
usi ng n-ch devices. The 3T transistor pixel of FIG 4

i S gafd. Midl @ichtcasd, e gatepircapplfedsiiEh ahegrteppumped voltage.
there is no transfer transistor used in the 3T

i npl enentation. FIG 4'is appropriate for a Vaa-pix .

charge punfG49] arbhe fEr@Bt inwsgapn cary be arfilizad within agy integrated

any type. PD 405 is n-type diffusion regjson,rcc FIG. 7 illustrates
ou . .

circuit which receives an input signal from an extern
an exemplary processing system 600 which may utilize a processor circuit
comprising a 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 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 631 using the present invention. The imaging device, e.g. a

15



RST signal 410 controls a reset transistor fornmed by

PD 405 and diffusion region 415, which is an n+
walpdotasiodon regi on. N+ di ffusion region 420 i s BCT/US®OY018183

driven by Vaa-pi. charge punp 425, which gets its

supply of voltage (charge) from Vdd 430. The n-ch

devices are in a p-well. The present invention also

applies to an array containing p-ch transistors.

[0047] FIG 5 is an exploded view of an exenplary 3T

pi XM Qfsimapea, mapghod ibenegistd with pueporiherdpdreemenory module

formed using n-ch devices. The PD 505 is diffusion

n- epge; CHUfmwchndan@g\mh tlse] prepentdnydngisino nExapprlenel mymery

diffusion re on 520 under the ubstrate 5) cont ,ct

5261qdlesinc inlfg e FRAMQFY én ang) dgal |

%Sg?e?ﬁeééf%péf Ep Me\ié% dxa%a%?fae %ﬁée”%@%%“ 134 or more

e aopg] ditioea g neR s dere Pl &S TP RER, the

en?&g@eﬁﬁfgéqg[gog e R 5B, iRl SodcB 58 BSeriglprescnce
@felcy FS[?EZB{CE% Wnéxﬁoﬁp&?ﬁg{ géb@prfx%?al% b&8¥%oupled to a

resent I nventi‘on so appli'es to an

a%%ﬁ%@ﬁl@&'}nﬁﬂg THeRatHARemdtPEe5 &Mﬂlﬁ'&l ReiHR&hemory in

ment, @ negative gate punp supplies a negatlve

Vokﬁégﬁ)cemg3§yste%1 aﬁ&lﬁhﬁﬁvé? @BtedevitNforexiRphy, Ipﬁméssors 601
transter gates Specifically, FIG 6A is an expl oded

Vi esyallscinélidei csethe mikbmiobies, pridsie niayi fowant ¢aohe hiesrehpwith cache
the pixel is formed using n-ch devices. The gates

( 28@ma&2aj050f Iftthapsde@ssing gystatr 8004ndadsperipherals or controllers
PCT/ US2004/ 018183 transistor 29 and reset transistor

31 verich arei basrmippen og athichesuppoet ¢itasp nBBORY] agcess (DMA), the
transfer volta e drlver 655 and a yeset voltage drl\igr
66@1%@1§e€<9tm f%cntuat%\[}ﬁ 6P CYSPCX/BW%% the

s 807 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 I/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.
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see a negative punped of state voltage but they would

have separate clocks in that instance. In this
wepndvedi4sent , t he negative gate punp operates tPCHUB2004/018183

the gate "off" harder in n-ch devices. The negative

gate punp could also be applied to the row sel ect

gate or any gate on a CMOS inmmger and is not limted

by the exenplary enbodi nents descri bed herein. \

Typi cal gates used in CMOS imagers include but are

not |imtewos]r eI stiCesntrdllcadlfledoupdsiokrsor more storage
gl obal shutter ™ devices, storage devices, high dynamc

r agedceleyl 3,85 andrigttrisall 20vetid pavipheailrbus @40 dées.example, the
FIG 6B is an exanple of a timng diagramfor a reset
gakeragcanttolkn $ilérmaygat 2 SCOhcearbllaase stotge gaviess Grdemay be
supplied with a negative punped voltage. [0049] The

pr 8€Shdischv heilg® demice@l 4imay bgeaywprtmfpesipheral. For example,
integrated circuit which receives an input sigﬂal

f r e BAOedevisertli wayibe an lagabares nepy ok ipgirse as an Ethernet
exenpl [ [ I i . !
o e CBhe BHepBaN bUeGRUE SHHGUTSANS ifager cdditional Hevices via

ConSL a8 R RICE ! BT Bl SRR T e
ti Mth Fi e 1- . i

SRR -5 ot SRR gk

550, PR SERLERL D, S5 A0 por 18

Th (fnzgrg l?{@ SSUAY NS GiRe6 QEh iRy cdrACOLES, othel HipR! f Eli® nterface,

cont ers 602 and/or multiple prinmary bus bridges

, 603hidl ghay BIEBY cADN @ bitd adiidogdl debites fichnBisyedikes 619. The
bridge 603 may be integrated as a single device 606.

[ 0050y Heceanireryceasdl i abddto &APlé kgatsdeviaupfoedxample, older

one or nore nenory buses 607. Each nenory bus accepts

ci rseiéd ReybuwahdsamdaAReytu thie procissidg sysiem| X t Inoavislifipx e¢ pixel

631 using the present invention. The inmagi ng device, .

e. ¢h3lawhfsh may contain a pump circuit of the present invention multimedia
processor 681 of FIG. 7 may also utilize an imaging device of the present

invention including the CPU 601.

[0053] Tilc processing system 600 illustrated in FIG. 7 is only an
exemplary proc):éssing 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



WD 2004/ 114652 PCT/ US2004/ 018183 CMOS | mager, may

al so be integrated with a nenory card or a nenory
woreediietssand a CPU i n accordance with the preseer/us2004/018183

i nvention. Exanples of nenory nodules include single

inline menory nodul es (SIMVs) and dual inline nenory

nodul es (DI MVs). The imagi ng device 608 may include

one or nore additional devices 609 (not shown). For

exanple, in a S—IMor DIMM the additional device 609

m gitightoradededsi (ulheding sysoembased sudie global meiticaling system

presence detect (SPD) nenory. The nenory controller

602GRaY amd gor inertidupvigatian), end digitabcaresras ynds(F. reqorelers. The

cache nenory 605 nmay be the only cache nenory in the

pr ocekSéatipns yatydanrlude £ for aranmple) glimigatien of sppeesssary gpmponents,

exanmpl e, processors 601 may al so jnclude cache .

meAddities, ofmﬁ@hhwdﬁwmracwéﬁeaﬂ&%@ﬂwmnt of aplufplity of

menory 605. |If the processing system 600 include

pefEPR®r al s or controllers which are bus masters or

whi ch support direct nenory access (DMA), the nenory

controller may i e . .

pr ot ocol . ﬁ(ﬁ)%@e Xﬁ@% f@%&?@bﬁ%@?gé’%g% @ouBIS%%PI%CS 2

a plurali I ; Vi )
bRt PRAR R Ro Bls gRRFL QR Bes. I
rang [ﬂ%})ﬂ][‘ﬁ . Y husas “0@7 harder in n-
[08g§% e p??ﬁgﬁgﬁgggﬁgpggggﬁ%%%kfg?ggﬁpledéto at

| eagtdcones. peripheral bus 610. Various devices, such

as peripherals or additional bus bridges may be

coupled to the peripheral bus 610. These devices may

i ncl ude a [GI5&]agdnaaniteaidtee chibbdimentyagositiva pampssupplies a
I/ O device 614, a secondary bus bridge 615, a .
mulpokinied ivaltpgq cdssois pBed angatansucbgasysct apd gransfer gates. In this
interface 620. The prinmary bus bridge 603 npy ggso )
cowpiteglimentthe posifie pumpapicstesir Hosethrigghe e barder in p-ch
ports 622. In a personal conputer, for exanple, the
speEVigrs- pur pose port

[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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m ght be the Accel erated G aphics Port (AGP), used to
couple a high performance video card to the
wW@e@sas®ing system 600. 16 WD 2004/ 114652 PCT/US2004/018183
PCT/ US2004/ 018183 [0052] The storage controller 611
coupl es one or nore storage devices 613, via a storage
bus 612, to the peripheral bus 610. For exanple, the
storage controller 611 nay be a SCSI controller and
storage devices 613 may ber &3k di scs. The 1/0 device
614 may be any sort of peripheral. For exanple, the
|/ O deVi ce\ pikél fvayn bagingldeciat campaisingt wor k i nt er f ace,
such a an Ethernet card. The secondary bus bridge may
be used to interface additional devices via another

bu S t : FO ABLE prdik -

seadipsbuRREREREL B! FRbins R RERLE proiiing phofo

port (USB) controller used to couple USB bus devices
gengrated charges; t he processi ng system 600. The nulti nedi a

processor 618 may be a sound card, a video capture

card, or any other type of nedia interface, which may

al sciteitcesgiaed twithcael Etdbtensiniat ddweve taprovidmeast least one pixel

speakers 619. The |egacy device interface 620 is used
ouq&@t & 'rgpde@&%cdﬁwa%oté-%En@r&@c@mﬁrgc@! S84 cir&liviRfhding at

eyboards and mce, to the processing system 600. In
addition to pjxel , 631 which may contain .a.pu . .
leasEf PSS OPCEREVE RSV T BB TPRUBHEI B 70 SotfEl g P gppration of

681 of FIG 7 may also utilize an imaging device of
saidtdssocprted emntuitsiamdent i on i ncl udi ng the CPU 601. [ 0053]

The processing system 600 illustrated in FIG 7 is

only an exenplary processing systemw th which the

| nvuemd SimpRYchR. used. Wiile FIG 7 illustrates a

processing architecture especially suitable for a

general purpose conmputer, such as a personal conputer

or A \Aqrhlésptb?etliaggdrdintg t%hc?ﬁlndl,%ercin said circuit and said photosensitive

device correspond to a CMOS imager.

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

voltage to said first operative device.

4. The pixel according to claim 3, wherein said voltage supplied is a periphery

voltage.

5. The pixel according to claim 4, 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.

19



recogni zed that well known nodifications can be made

to configure the processing system 600 to becone nore
waeiokabdes2 f or use in a variety of . applicatiPOEUSH04/018183

exanpl e, many el ectroni c devices which require

processing may be inplenented using a sinpler

architecture which relies on a CPU 601 coupled to

i magi ng devi ce 608 and/ or menory buffer devices 604.

These qlhedixQ BE@ordH%VﬂoC&ﬁmn@)’WHlé}@ﬂn%ﬁi fiktpusdpeciR@it includes a
limted to audi o/ vi deo processors and recorders,

i l.es, digital televisi t i red
e e SRR S B T S B LRl
PCT/ US2004/ 018183 navi gation devices (including _
supply yolghasielhamsuppdy yolotpalsupplying wiiagg te yaiddirst gropajve device.
and/or inertial navigation), and digital caneras
and/ or recorders. The nodifications may include, for

exap| Gheglikdlabedrdiy; ©f NG oribEainysalkDARE BP&tasive device is formed
addi tion of specialized devices or circuits, and/or

ongER LR APl s s G 6 v isin

negative voltage, which is applied to gates such as
regiopsdisaidrfi st ppmativrdeyitees. In  this enmbodi nent, the

negati ve punp operates to drive the gate "of P harder

in n- ch devices. [0055] In an alternative enbodi nent,

a @si tiheepipel rpcrdpy toedaim 6 pobdreinvaid/ fitst agerativbidevicd  formed

applied to gates such as reset and transfer gates. In

.this, e [ . Syt re ri SO
sl SRS O SRR A iR B0 R i P atsin

the invention has been described and illustrated with
regioafafsaiddirst ePpYg dvicCexenpl ary enbodi ments, it shoul d

be understood that many

9.  The pixel according to claim 6, wherein said new suéply voltage is greater

than said periphery voltage.

10. The pixel according to claim 6, wherein said new supply voltage is regulated

to a voltage less than said periphery voltage.

11. The pixel according to claim 6, wherein said new supply voltage is negative,

being less than a ground reference voltage.

| 12. 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.

13. The pixel according to claim 1, 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.

\
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nodi fications and substitutions can be made w t hout
departing fromthe spirit and scope of the invention.
w@\ewandionyl y, the invention is not-to be consiPer/E8208$018183
limted by the foregoing description but is only
limted by the scope of the appended clains. 18 WO
2004/ 114652 PCT/ US2004/ 018183 CLAIMS 1. A pixel for
an i magi ng devi ce conprising: a photosensitive device
prqw d i1 i t f, QM| i O device i
Geney ands B PO BRI, B EhREPPRALR: device s a
phot osensitive device for providing at | east one pixe
trangi§tfut si gnal representative of sai d photo-generated
charges, said circuit including at |least a first
operative device that is responsive to a first contro
- si gkal Therpixgd aomedagi torclaf 1,selhacassatisso@aedicircuit fyrther
and a first punp circuit. 2. The pixel according to
confrBhh fer MNP R AT I 1B0niRA™ QRahESeRTLI R duting
according, to claim.1l, wherein said first punp circuit
OPCEHS™ 9 waQQﬁ?QQE“PB said first operative device. 4.
The pi xel according to claim3, wherein said voltage
supplied is a periphery voltage. 5. The pixe
acddr. dilihg piel akeirding, towdamel T, veladrdingeid ffsepympaifitcaigsupplies a
is regulated such that a regulated voltage is

voltag RS §d 3RideFREhAY 86l sHQ ke RBY HRirftel RSRel han said
supplied voltage and greater than a ground potential.

17. The pixel according to claim 16, wherein said supply voltage is a periphery

voltage.

{

18. The pixel according to claim 17, 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.

19. The pixel according to claim 15, wherein said first pump circuit supplies a

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

20. The pixel according to claim 15, 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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19 WO 2004/ 114652 PCT/ US2004/ 018183 6. The pi xel
according to claim3, wherein said first punp circuit
WO p@ades2 a charge punp supplied by a peri pherBRCT/US2004/018183
vol tage, said charge punp outputting a new supply
vol tage, said new supply voltage supplying voltage to
said first operative device. 7. The pixel according
to claim6, wherein said first operative device is
f oryed | Bgeln;, = [ . [ o
SuppTy oo PacerREEly VARG, QRNCRERPTE Bk SR includes
of said fi rﬁt erat.i ve deyice. .§. The pi xel accarding
chafs REPHBPIvhBY PTG VoI SR ShatEc R o g GRINGS 2 Tew
formed using p-channel (p-ch) devices and said new
supplypyiltage pdaichgewisappsly pplthgdsupplyingvoldigkfroshwanfirst epirative device.
of said first operative device. 9. The pixel according
to claim®6, wherein said new supply voltage is greater

thegp sapt Bkl RESIdng & £139821 19hertiesall KR oBEREHEIdRGce and said
to claim6, wherein said new supply voltage'is

regulated ,to a vglta l.ess than said .periphery .
secQiGf PRgatva deviohart IplBrt uibE Aergoely Bes uldavises aRLpai e supply
said new supply voltage is negative, being |ess than
volaggisowpplicd ter ercdiffusipn aggion 0P said fiest pipzaitivaclevicdi ng t o
claiml1l, wherein said first punp circuit supplies a
voltage to an inplanted active array diffusion region

of ZRi diHd ;tﬁiﬁél RBGIdA teclaiay DT ewhdrdin shitEfiRt ¥Bbrative device and said
according to claim1, wherein said first operative

secyibpBgalife Mo SBF Sortivie P 43RO YO RE el METReew sopply
"a storage devi ce, a high dynam ¢ range device and a

voltage isr APPBe@ £9 R pw diffasion degivr of sad firyDopeGUiNG HaG5e.
PCT/ US2004/ 018183

24. The pixel according to claim 15, 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.

25. The pixel according to claim 15, wherein said second operative device is a

transfer device.

26. The pixel according to claim 15, wherein said first operative device is a

transistor.

27. The pixel according to claim 15, wherein said second operative device is a

transistor.

28. The pixel according to claim 15, wherein said first pump circuit includes a

negative substrate pump connected to ground, said negative substrate pump outputting
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14. The pixel according to claim1, wherein said first
operative device is a transistor. 15. The pi xel
wa@ewandiony to claiml, wherein said associ at edPCI/D82004/018183
further conprises a second operative device that is
responsive to a second control signal during
operation of said associated circuit. 16. The pixe
according to claim15, wherein said first punp circuit
vol . .
o ne PRI Folfogey Bt A0F LT Rase {PIRE iRl Wifuion region
t.q claim 16, erein said supply voltage is a
OfsﬁgﬁﬁﬁﬁﬁFﬁmﬂW %%§e. 18. The pixel according to claim
17, wherein said periphery voltage is regulated such
that a regul ated voltage is created, said regul ated
v 0l20agd hbegiired at@edingltamlami 28, whepghiseid fst opayetivwndevice is
greater than a ground potential. 19. The pixe
forrREE 8h H-ASnhel @-ahBclres.yherein said first punp circuit
supplies a voltage to said second operative device
t hrough said first operative device. 20. The pixe

scoardga Lo SLAMAS, e nssld Lrsl opuIp cLreu s

an inplanted active array diffusion region of said ‘
atta¢hadsto ppevalk ofseiddmbstrate and stid pswicl isewuredtedgoran drvay of p-wells
devi ce through said first operative device. 21 WO
throtig@44HitH 68 BagRGE sARA46Q1R1E3: opekative@eviRiod®@ld RELQEhAGperative
to claim15, wherein said first punp circuit includes
devid charge punp supplied by a periphery voltage, said
EVi¢trar ge punp outputting a new supply vol tage, said new
supply voltage supplying voltage to said first
operative device. 22. The pixel according to claim
21 3lnhdheipire a¢a@rdingse clagrarldt, iwhsreia vpiddiraienmpicgcuit 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.

32. The pixel according to claim 31, wherein said first operative device is

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

33. The pixel according to claim 31, 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.

34. The pixel according to claim 15, wherein said first pump circuit includes a

negative gate pump supplied by a periphery voltage, said negative gate pump outputting
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second operative device are fornmed using n-channe
(n-ch) devices and said new supply voltage is
weoppliies2to a n+ di ffusion region of said firBCT/US2004/018183
operative device. 23. The pixel according to claim 21,
wherein said first operative device and said second
operative device are fornmed using p-channel (p-ch)
devi ces and said new supply voltage is supplied to a
a nd@v“s@;‘[ﬂ}ﬁ uslicapt, Eegnew s@.f)ph}fazioﬁjta%é sgiplying faltheralavd fisst operative
24. The pixel according to claim15, wherein said
d_Cvfirst operative device is at |east one of a reset
G&vice, a transfer device, a row select device, a
gl obal shutter device, a storage device, a high
dynam ¢ _range device and a |lateral overflowdrain,K . .
de\A5 e Thempixefpecqsiing todaisy 3t-gherensris fist SpCraHes device is
said second operative device is a transfer device.
forméd offhehphiel(nadh) dediceg t o cl ai m 15, wherein said
first operative device is a transistor. 27. The pixe
according to claim15, wherein said second operative
deviceni ' (gRpe i ' e
ol a1y TR Byl LRI € chififas, (DRl AEOBIRNR. W¥ice s
negative substrate punp_connected to ground, said
leash@B@ PF 9 EcS6LBRPTIHPD APtHISTES ARSI nytovp Selogs tngiprars A ghobal
PCT/ US2004/ 018183 a new supply vol tage, said new
shusepEhiysistor, taagerage ppahyistog, avlbighatyeamic mnpd tdnfiftos iaod a lateral
region of said first operative device. 29. The pixe
gﬁﬁpggﬁﬁ aim 28, wherein said first operative
ove evi ce |gnh$g$%ed on n-channel (n-ch) devices.) 30.
The pi xel according to claim28, wherein said p+

di ffusion reqgion i,s attach to a p-well of said ..
sub¥tr g?’@ PIFd 26" Rﬁ’eﬁﬁ%m% ggac‘%%@&pséﬁf fe605% OBF‘IE“&;YC gevice isa
-wel |
trangfe\pkteraniistor.

38. The pixel according to claim 15, 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 {foltage to said first operative

device.

39. The pixel according to claim 38, wherein said first operative device is

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

40. The pixel according to claim 38, 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.
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t hrough which voltage is supplied to said first
operative device and said second operative device.

W@ 2004Thes5pi xel according to claim15, wherei n B&i/tS2004/018183
first punp circuit includes a positive substrate punp
supplied by a periphery voltage, said positive
substrate punp outputting a new supply voltage, said
new supply voltage supplying voltage to a n+
di f{usipre pigel a‘l@_ox‘afin%c‘ﬁi Haitd B8 wRARIAHY Se YU diRratie-device is a
The pi xel ‘according to claim31, wherein said first
operative device is formed of p-channel (p-ch)

“mﬁ%VF5¥§§“§3. The pixel according to claim31, wherein
said n+ diffusion region is attached to a n-well of
said substrate and said n-well is connected to an
ar r4%. ofhepiwel dcsording wughinwhj whereo! saadpuing Grgugd inelideoa
said first operative device and said second operative

negd@ivé 68bstrdfe plidf Bh¥&lre @ &S BFHIAJ s4i@ nekAive s}i@strﬂé(iﬁﬁﬁﬁ outputting
said first punp circuit includés a negative gate punp
suppl i.ed a ri phery, vol.t age al d negative gat.e. . .

a i REPRT vpltes s ns Vb sotArRd SR AeB0 6 #7at Busion region
a new supply voltage, said new supply voltage

of saishisy pperatied desiee-t o sai d first operative device. 35,

The pi xel according to claim 34, wherein said first
operative device is formed of n-channel (n-ch)

devi g esThe3fixel le€ofingSto ASiGOLY] WHedel QidRMA 3peratlre devibe is
said first operative device is at |east one of a

et- trhansi.stor, a transfer transistor, a row sel ect

of n-ch’ dévices. .

nsistor, a global shutter transistor, a storage

transi stor, a high dynam c range transistor and a

| ateral  overflow drain transistor. . .
44. The pixel according to claim 1, wherein said first pump circuit includes a.

forxt[nr%

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.

45. The pixel according to claim 44, wherein said first operative device is

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

46. The pixel according to claim 1, 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.

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

formed of n-channel (n-ch) devices.
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37. The pixel according to claim34, wherein said
second operative device is a transfer transistor. 38.

wab@4pi466t according to claim15, wherein sai dP€T/S1004/018183

punp circuit includes a positive gate punp supplied
by a periphery voltage, said positive gate punp
outputting a new supply voltage, said new supply

vol tage supplying voltage to said first operative

devigce TIRDixclhecdiif ccAaSal Ui e GlPpaindircwhtandubles a
said first operative device is formed of p-channe

- d | di .
posiie eatrPRRPuppiet brpar b pyE oRH et dose BaluflgR gutputting

of a reset transistor, a transfer transistor, a row

a neve bugrptly voltapsi, stid m,cwwug»pbib@;ﬂtagg seprleng tvokags 0 gnid figst operative

deviRA!

storage transistor, a high dynam c range transistor

d alateral overflowdrain transistor. 24 WO

2004/ 114652 PCT/ US2004/ 018183 41. The pixel according
to claim38, wherein said second operatlve device is a

tr %f é’[ Ctﬁglg Sa‘l‘dcs%ghopg s ?1%15{]%8 % aCCCf)ﬁrslc ng %agvé: LG i

substrate punp connected to ground sald negati ve

formmedh of pachenpeldp-dltdsuices-ng a new supply vol tage, said

new supply vol tage supplying voltage to a p+ diffusion
region of said first operative device. 43. The pi xel

ac @y, dimg pitelekedrdirdZeo dikiat ) furdet domprisihgapetatd pemp circuit.
device is formed of n-ch devices. 44. The pixe

according to claiml, wherein said first punp circuit

| ngjyudeg, m{i%ﬂ:& d.\{r%a&)uaﬁr{ 86 Swh SHPREsE B ciftuit is a gate

periphery tage id positive substrate pu

pump.

52. The pixel according to claim 50, wherein said second pump circuit is a

substrate pump.

53. 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 including at

least a first operative device that is responsive to a first control signal during operation of

said associated circuit; and
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out putting a new supply voltage, said new supply
vol tage supplying voltage to a n+ diffusion region of

w@ aiod/1§4665t operati ve device. 45. The pi xel ackoOr/tib19g4/018183
to claim44, wherein said first operative device is
formed of p-channel (p-ch) devices. 46. The pixe
according to claiml1, wherein said punp circuit
includes a negative gate punp supplied by a periphery
volatfagepuripicthciiggat i ve gate punp outputting a new
supply voltage, said new supply voltage supplying
voltage to said first operative device. 47. The pi xel

accqr di . | aj rei i & T o) ' :

dovtice T8 irdgigllch ducolliteRortiaR! Sa,biEbin0RR Blifad said

2004/ 114652 PCT/ US2004/ 018183 . 48. The pi xel according
photescasisvariavicarsrespond & o (PP 1813g60i t i ncl udes a

positive gate punp supplied by a periphery voltage,

said positive gate punp outputting a new supply

vol5thag&he dmiagingailovive pptording] toademsi@phlydroim saal fisgputnp circuit

said first operative device. 49. The pixel according

| Al [ i i:L.St operative device is
supfs ke fo SHIRER RSB deHES 20T S0 Y The pi e
according to claim1l1, further conprising a second punp

Ci rcui ,51.. Th i xel agccordin claim50, .wherein, |
sai%@- f iLl‘.hgtlmaawg devfee afeorlndgsan %ﬁﬁﬁb@r@zl. saieh ErshPREp circuit

according to claimb50, wherein said second punp
incledescuttarges pampsuppliadabiea pemgher 8oltdge, sard ghmagedmmp eutputting a
conpri si ng:
new supply voltage, said new supply voltage supplying voltage to said first operative

device.

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

device.

58. The imaging device according to claim 53, 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.

59. The imaging device according to claim 53, wherein said associated circuit
further comprises a second operative device that is responsive to a second control signal

A

during operation of said associated circuit.
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a pixel further conprising: a photosensitive device

provided within a substrate for providing photo-
w@emenateszl charges; a circuit associ ated w t h BEI/US2004/018183

phot osensitive device for providing at | east one pixe

out put signal representative of said photo-generated

charges, said circuit including at least a first

operative device that is responsive to a first contro

si gioal Ty ﬁﬂnagingwweia@fbrafn &5 0ChékROsaid festiplimp circuit
and 26 WO 2004/ 114652 PCT/S§2004/018183 a first punp

s Sibined TR AR NS SASE R BRI

correspond to a CMOS i mager. 55. The inaging device
according to clajm53, wherein said first punp circuit
suPdt i d6¢ imogingdexice gceeding for dumppRywhergin f@gﬁ@é pugw circuit
The i magi ng device according to claimb55, wherein said

supplics Stvold e t€ said st opetivy desicaviaharigeplitsd astind it difision
a periphery voltage, said charge punp outputting a

L R T E

i magi ng devi ce according to claimb53, wherein said

0P¢F¢W§@¢E&ﬁp circuit supplies a voltage to an inplanted
active array diffusion region of said first operative
devi ce. 58. The i magi ng device according to cl ai m 53,
whélei Ths amndgihgrdevico pecatlingeto e £2, wiserain daghfitst pnmp circuit
of a reset device, a transfer device, a row select

i i I GoleeS §A0 MG dH i
A R R R T R
new supply voltage, said new supply voltage supplying voltage to said first operative

device.

63. The imaging device according to claim 59, wherein said first pump circuif
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. |

64. The imaging device according to claim 59, 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 59, wherein said first pump circuit

includes a negative gate pump supplied by a periphery voltage, said negative gate pump
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device. 59. The imagi ng device according to cl ai m 53,

wherein said associated circuit further conprises a
wG@e@andiesper ati ve device that is responsive toPEI/ES0408183

control signal during operation of said associated

circuit. 27 WD 2004/ 114652 PCT/ US2004/ 018183 60. The

i magi ng devi ce according to claimb59, wherein said

first punp circuit supplies a voltage to said first

q?:&%ﬁ L Jed upPIe vdlh 188 voftdge tid first
ot 'naggﬁ§%§% [ éig%% Fﬂ%ﬁgﬁ?§q0€g$n15d%§s ?%?% sa%%

first, punp circuit supplies a voltage to said first
OPERSIF JEVI% device via an inplanted active array

diffusion region of said first operative device and

to said second operative device through said first o

op&tat iThe inlegingalevge achdingnegilng Ydvwireremcsast Hishgump circuit

claimb5b9, wherein said first punp circuit includes a
inclGAG GSoRilIas ?Qﬁi ashpPieAbPE HeRPIRS v&SRh%@}Q@jd Sitire gate pump

charge punp outputting a new supply voltage, said nhew

supply volta S lying voltage tn said fi.rst .
outiiBhg R SRy Fetbestsadnewishiel noagtr e pR splirey q id et
claimb9, wherein said first punp circuit includes a
operstiyatdeviee.subst rat e punp connected to ground, said
negati ve substrate punp outputting a new supply
- voltage, said new supply vol tage supplying voltage to

a By, Uhtfimagog dedeancatigiotdin 53, whaehl davépdeip deuit
64. The imagli ng device according to claimb59, wherein

. isaid first ' it ide gy I
inctifiss adsBle S4Bt bitbiconbRit F Bl St BB RRAME pump
substrate punp outputting a new supply voltage, said
oUtPRENGROPAYY SURILY Helsagsy pAdt PFWGUPRI IVOHARE $wpplyipg voltage to a p+
di ffusion region of said first operative device.
diffusion region of said first operative device.

68. The imaging device according to claim 53, 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.

69. The imaging device according to claim 53, 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.

70. The imaging device according to claim 53, wherein said pump circuit

includes a positive gate pump supplied by a periphery voltage, said positive gate pump
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65. The imagi ng device according to claimb59, wherein
said first punp circuit includes a negative gate punp
waeppliies2 by a periphery voltage, said negati VRCTHEE®04/018183
punp 28 WD 2004/ 114652 PCT/ US2004/ 018183 out putting

a new supply voltage, said new supply vol tage
supplying voltage to said first operative device. 66.
The i magi ng device according to claimb59, wherein said
. | b . :
o D o B M DB A BydRiRgRiMRge o said e
punp . outputting a new supply voltage, said new supply
OPeIAGIVE 8§BCSuppl ying voltage to said first operative
device. 67. The inmagi ng device according to claimb53,
wherein said punp circuit includes a negative
sulydt r dhe ipagingotavive ckeatding @rdaind5 3 stirdhen egaipiriviag a second
substrate punp outputting a new supply voltage, said
apply vol tage supplying voltage to a p+
Pung???ﬁgﬁon region of said first operative device. 68.
The i magi ng device according to claim53, wherein said

firgst np_circujt. includes a.positive substrat unp . .. .
Sugat | BB Beavis P OTE BURATL 4L RS P D1t PRt circuit i
substrate punp outputting a new supply vol tage, said
a ganepuspppl y vol tage supplying voltage to a n+
di ffusion region of said first operative device. 69.
The i magi ng device according to claimb53, wherein said
PUMB. Cilhe WinhginigHdvitd @S cardiRORY di¥igh TR Wwherisasdl jondPump
by a periphery, voltage, sald negative gate punp
.__out put ti a_new supply voltage, said new supply .
Clrc\}‘gll{)aaﬂlebsgrggp?uﬁﬁg voltage to said first operative
device. 70. The inmagi ng device according to claimb53,
wherein said punp circuit includes a positive gate
purf- s APPIIEHNGHYSEHEPIMPHERG: vol t age, said positive
gate punp

a processor;
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 associated circuit; and
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29 WD 2004/ 114652 PCT/ US2004/ 018183 outputting a new

supply voltage, said new supply voltage supplying
woeltagwsi o said first operative device. 71. A¢EUS2004/018183

i magi ng devi ce according to claimb53, further

conprising a second punp circuit. 72. The inmagi ng

devi ce according to claim 71, wherein said first punp

circuit is a gate punp. 73. The inaging device

accordinganﬁgqhﬁh?kﬁ@ﬂtwherein said second punp
circuit is a substrate punp. 74. An imagi ng system

conprising: a processor; a nenory device coupled to

saig p via a bus;.. n. i BRQgi devi.ge, said, .

el ha MabRgne o &Ry Ol TR IR §16 Sirc iRl saia

conprising: a photosensitive device provided within a
phosegsasifiyg devies cosresppadl ig 2 (PHBIompsser at ed charges; a

circuit associated with said photosensitive device for

providing at |east one pixel output signha

r epices @il diviagitgafy s dbcphidh® t@elnen ddeohersn gdd fir&adudnp circuit

circuit including at least a first operative device

suphfia JohabE 3PS IAAE Jftedlok idede cONt 0l i gnal during

perati o sai soclated circuit; and 30 WO
2004/ 114652 PCT/ US2004/ 018183 a first punp circuit.

75. . The, i ' tem acgording tg claim74, wherein

sai‘d: c ﬁ‘lhig %é&%&?@wecorﬁng to Hg.lm 96, W%erem %d%ﬂst 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.

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

device.

79. The imaging system according to claim 74, 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.

80. The imaging system according to claim 74, 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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phot osensitive device correspond to a CMOS i nager. 76.
The i magi ng system according to claim74, wherein said
WO Roogtiigeenp circuit supplies a voltage to sai BCT/URHD4/018183
operative device. 77. The inmaging systemaccording to
claim76, wherein said first punp circuit includes a
charge punp supplied by a periphery voltage, said
charge punp outputting a new supply voltage, said new
sugpl y vi . : o
cporal Lhe b aaB s RE -G AIR, o dfnt 807 BhEich 4 figr punp cireui
| aim 74, wherein said firs u circuit supplies a

supglist & YGHAgLUTIG HEY QREBEYS i o PP ?Rca%tiw&f?cr"éc& on
of said first operative device. 79. The i magi ng
system according to claim 74, wherein said first
op8Rat The imdgngcpstem amtoldamsto daig 80, wherssesaid st pampacircuit
transfer device, a row sel ect device, a gl oba

suppilab'h bBlra8eM &8d fidst %ﬁ;efaﬁge deavd Gig ’a_n&irdgﬂ At YN Lrdyifigsion

evice and a | aterall overflow drain device. 80. The

.1 magi ng .system accprding,to claim 74, wherein.said

regio QLA FiER APEFLIFLCVICE AP ST AEPMSCP SR ditis thiough said firs
operative device that is responsive to a second

opexaom¢t devicsi gnal  during operation of said associ ated
circuit. 31 WD 2004/114652 PCT/ US2004/018183 81. The
i magi ng system according to claim80, wherein said
fi g3t PHERN&ELEWtemSieBPIdigStAcligd BOgRhtRis adid fikdtpeinp circuit
operative and to said second operative device. 82. The

o B8 APPSR, S R v

operative device via an inplanted active array )
newgiupplysiotiage.rseigi mew stpnveltgcrsypplypur welrags tasoiddirsterprative
to said second operative device through said first
device.

84. The imaging system according to claim 80, 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.

85. The imaging system according to claim 80, 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.

86. The imaging system according to claim 80, wherein said first pump circuit

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

1
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operative device. 83. The inmaging systemaccording to

claim 80, wherein said first punp circuit includes a
webangetspunp supplied by a periphery voltage, BEi/tS2004/018183

charge punp outputting a new supply voltage, said new

supply voltage supplying voltage to said first

operative device. 84. The, imaging system accordi ng

to clai m 80, wherein said first punp circuit includes

outp, tgliggtnl %esuégpf (}19 gus%lp%frxpcv& %?}f?ﬁgaégosug&l%%v?ﬁe@EQO said first

voI tage, said new supply voltage supplying voltage to
operatlmdc‘dm‘fusu on region of said first operative device.

85. The imagi ng system according to claim80., wherein

said first punp circuit includes a positive substrate

PUBP. SERPirh&Eind¥ystern thtcﬁljﬁn’gyco\dlﬁﬂna&Q wisereith saabfitst pemp circuit
substrate punp outputting a new supply vol tage said

ot 5 RN ) B PR B MR8, B8 e

The i magi ng s stema cor di ng t cl ai m 80, v\herel sai d,
OULRItHRE 2 MEHUPPHCYALEEE i R ang! RN ET Syt ol e mlﬁa;ge to said first

supplied by a periphery voltage, said negative gate
opefatii@dedee. WO 2004/ 114652 PCT/ US2004/ 018183 out putti ng.

a new supply voltage, said new supply voltage

supplying voltage to said first operative device. 87.

Th ' of
7795 "HEL IR AR 0o el P A e et

suppl i ed by eri phery volt sal itive
inclislip Begatth s BN RAFSI S oGt S ot Chprtg Pump
vol tage supplying voltage to said first operative

outpileting @ ne88supphevoltwg) syl syve sepplpveltagt wwgptyng velitagens,a p+
wherein said punp circuit

diffusion region of said first operative device.

89. The imaging system according to claim 74, 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.

90. The imaging system according to claim 74, 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.

91. The imaging system according to claim 74, wherein said pump circuit

includes a positive gate pump supplied by a periphery voltage, said positive gate pump
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i ncl udes a negative substrate punp connected to
ground, said negative substrate punp outputting a new
waappliyespl t age, said new supply vol t age suppl RETYS2004/018183

voltage to a p+ diffusion region of said first

operative device. 89. The inmaging systemaccording to

claim74, wherein said first punp circuit includes a

positive substrate punp supplied by a periphery
outptttihf@eevs Aiphlipasitddey fid ﬁy@%hp@&%&ag@s@lﬁﬂg%ﬁ%@m said first

new supply voltage, said new supply Vol t'age Supplyi ng

e to a n+t diffusion region of said first

°P“%§%%§??9% device. 90. The imagi ng system according to

claim74, wherein said punp circuit includes a

negative gate punp supplied by a periphery voltage,

s aga- néBainegingaysepaeperding fsuelaion 7g’4ag-\n§wr sompirging a second

vol tage, said new supply voltage supplying voltage to
pumpadiftuid r st operative device. 91. The inmaging system

according to claim 74, wherein said punp circuit

i ncludes a positive gate punp supplied by a periphery

ot B bl R BPR § P Bt e i

. said new supply vol tage supplying voltage to said

15 2 g3t¢ PEMPyper ati ve devi ce. 92. The imagi ng system
according to claim 74, further conprising a second
punp circuit. 93. The imagi ng systemaccording to
cl 8&.m Bz imdging isystamniadedrilingf topdlain 92y whérein da8d secgall ump
punp. 94. The i nmagi ng system according to claim92,

Cﬁaﬁpﬁgghgm§§£%u§ﬁ£ond punp circuit is a substrate punp.
95. The nethod "of operating a pixel cell of an imaging

devi ce, said nethod
95. The 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.

96. The method of operating a pixel cell according to claim 95, wherein said at

least one pump circuit is supplied by a periphery voltage.

97. 'The method of operating a pixel cell according to claim 96, wherein said
periphery voltage is regulated such that a regulated voltage is created, said regulated

j
voltage being less than said supplied voltage and greater than a ground potential.
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conprising: storing photo-generated charges at a
st orage node; producing a pixel output signal from

wa@ adod/184662 ed phot o- gener at ed charges; and usi PQI/EB2004/018183
| east one punped vol tage produced by at | east one punp
circuit to acconplish at |east one of said storing
and produci ng operations. 96. The nethod of operating
a pixel cell according to claim95, wherein said at
| ea8! DRenfhdd of bpdthting & piebpdll &dohling t¢ €lai 9, wherein said at
vol tage. 97. The netho oF operating a pixel cel

according.to. cl ai m96, wherej j er i
leas R P ekt S TR R Ay BB b B
said regul ated voltage being |ess than said supplied
supplpvelsags, smd ngweapply ‘10%395 SIRPhGDE dolsegector atdpast gre pfpaid storing
2004/ 114652 PCT/ US2004/ 018183 98. The nethod of -

and BRRTRIANEp&aibxe! cel | according to claim96, wherein
said at | east one punp circuit includes a charge punp,
sai d charge punp, producing a new supply voltage,
sa . .
o208, PRH ALY o 84S BB MR HRUARGE chin ¥, 851 i

met hod of operating a pixel cell according to claim
new §BpPIfYOHaghIsEFRfer &@W%@W G fA@8Ci s greater than

sai d periphery voltage. 100.  The nethod of operating a

pi xel cell according to claim98, wherein said new
suppOyThe hiabed iof opagtihgt @iket oclhaacotdingeo kksn Aavherein said
sai d periphery voltage. 101. The nmethod of operating a

. : : h . ! W
B e I R Ly e AL
reference voltage. 102. The nmethod of operating a

o182 Tfie msifipdir pottatite ferisacar aecREgaED sHenidp reecin sad
punp, said negative substrate punp

new supply voltage is negative, being less than a ground reference voltage. |

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

{

one of said storing and producing operations.

103. The method of operating a pixel cell according to claim 96, 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.

104. The method of operating a pixel cell according to claim 96, wherein

said at least one pump circuit includes a negative gate pump, said negative gate pump
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produci ng a new supply voltage, said new supply
vol tage supplying voltage to at | east one of said
war@niingsand produci ng operations. 103. The nep¢iDUSN4/018183
operating a pixel cell according to claim 96, wherein
said at |east one punp circuit includes a positive
substrate punp, said positive substrate punp
produci ng a new supply voltage, said new supply
.yl ' |k t i valedgd to at least
prod’@u‘i?g %CWBE%V \%@tagé’, shidGfew Supplly V(Llﬁ%}sugﬁﬁﬂg

storTtng and oducT'ng oper ations. e met hod of
oper.ating a pixel, cell according to claim 96, wherein

one PﬁaéﬁngéﬁggiBﬁﬁhﬁﬁﬁﬁPRﬂQQQﬂ% i ncl udes a negative
gate punp, said negative gate punp 35 WO 2004/114652
PCT/ US2004/ 018183 produci ng a new supply vol t age .
sail®5new Fhophethediof agerasioppl pikelgell erearding to dam Y@syherein
one of said storing and produci ng operations. 105. The

said BB 1d30o0f pORBI Al GnAuddsehostBlel gaC s, Bgd positivaighte pump
.96, mhere?n said at |east one punp circuit includes a

ositive gate pu sai ositive gate '
prodi Sy Py e B Rttt Bty B Pl PO cas
supplying voltage to at |least one of said storing and
oneprfcadctonngped pradysing @erations.
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