| MAG NG W TH GATECONTROLLED CHARGE STORAGE FI ELD OF
THE | NVENTI ON [ 0001] The present invention relates to
wo b@soemBsl of sem conduct or devices, parti cul aP¢USHOAOR6876
i mproved pixel cell for efficient charge transfer and
| ow charge | oss. BACKGROUND OF THE | NVENTI ON [ 0002]
Conpl enentary netal oxide sem conductor (CMOS) inmage
sensors are increasingly being used over charge
coupl ed device (CCD) image sensors as |ow cost inmaging
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array 190 conprises a plurality of pixels 200, which

are described bel oggrEH'EPIEE INVENTHENG M ned

nunber of colums and rows. [0003] Typically, the rows
of pi {@A0OLn drhegredDd imeation aclates to anefitld afisemiconductor
Accordingly, pixels_in a row of array 190 are all

seavices partigilasly se amimproved pixchrell foredidigntchargy gapséerand low
| ijne Pnd each pixel in a selected row provides a

s‘fh&ﬁ%fi 9 sépresent ative of received light to a readout
line for its colum. In array 190, each colunmm al so

has a sel ect BACRGRUOUNI® OF THE Y VEAFIION um are
selectively read out in response to the colum sel ect

l'i nes.[(00AJ4] Gdrapkmentaryastiloxpdeseimisondyctd®(CHI@S) image
selectively activated by a row driver 191 in response
ConpI AR ERSIngl R udbover Rhargs carpledaleatse (CGTAbimage

Lecti vely activated by .a .col iv in
8508 SR Sl B 8 T Sl SO e s
Al IRy illSstApEd B?Qﬁe Block ldeaghdIoF FIEN D . G8REIM9bay A0 LErhprises a
195, which controls address decoders 192, 157 for

spllieadity ofjpixhls 260 wdyiahi @t elesaribedtstlow, arranged in a predetermined

number of columns and rows.

[0603] Typically, the rows of pixels in array 190 are read out one by
one. Accordingly, pixels in a row of array 190 are all selected for readout at the
same time by a row select line, and each pixel in a selected row provides a signal
representative of received light to a readout line for its column. In array 190,
each column also has a select line, and the pixels of each column are selectively

read out in response to the column select lines.

T10004] The row lines in pixel array 190 are selectively activated by a
row driver 191 in response to row address decoder 192. The column select lines
are selectively activated by a column driver 193 in response to column address
decoder 197. The pixel array is operated by the timing and control circuit 195,
which controls address decoders 192, 197 for selecting the appropriate row and

column lines for pixel signal readout.

[0005] The signals on the column readout lines typically include a
pixel reset signal (V) and a pixel image signal (V) for each pixel. Both signals

are read into a sample and hold circuit (S/H) 196 in response to the column
1



colum lines for pixel signal readout. [0005] The
signals on the colum readout lines typically include
wa@2@sxede3s eset signal (V) and a pixel inage sPQIEB2004/026876

) for each pixel. Both signals are read into a sanple

and hold circuit (S/H 196 in response to the
colummdriver 193. A differential signal V- V) is
produced by differential anmplifier (AMP) 194 for each

pi xel , and each pixel's differential signal is

afpre 9 Arhifercgfial signal OY...an¥ibis producegi bsadlf&mmi amplifier
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aconveage 198 3aPpliesahe eligidb¢dpixel signild ®@rarf Bhageproessor 189
sensors has_been developed to serve in place of a

nié’ aperionm ARRroprRte iBpgse prasassingbeforeprayisting digital signals
giﬁgg t. phot o- gener ated charge accunul ated by a

prxe Le‘q-llm%?econtrolIlngthe|ntegrat|ont|me of the

pi xel cell. This feature is especially useful when

| Magi NEOTBYI NAS Blet@6AR shfteM R TmhHEsdnIBAha3 BASR Heveloped to
itself is noving and shortened integration time is

neesesisgplyce offa peahartigal ishegers . Tl@d)ﬂ@c?c}orﬁy shwiatd gorarqgld tel
cel | havIIa? an el ectropic shutter cludes a shutter

t fRRERkelphofpgenceated shareg agqum am pixel ¢alli agangrafling the

P d h t e. st o

BALBE6) B CBRRE iRl ool THR RIS TSR 38Ty B imaging
Pinot ey t@b@mvmvm@ema@e SdiBoiiselt is BRiving T siidHireq"
transi stor controls when and for how | ong charge 'S

t INBGETREOR Bitne is nepessay dongealideimagesand t heref ore,

controls the integration tinme of the p| xel cell.

000 g1, 5 R 8 AR5 S 0
edtRiiel BRhSisSRYhl & stORBE ALYiPASvideh & tsfﬁicLﬂ}ng pn-junction capacitor.
The storage device stores a voltage representative of the charge generated by a
photo-con{rersion device in the pixel cell. The shutter transistor controls when
and for how long charge is transferred to the storage device and therefore,

controls the integration time of the pixel cell.

[0008]  There are two typical modes of operation for an electronic
shutter: rolling and global. When an electronic shutter operations as a rolling
shutter, each row of pixels in an array integrates photo-generated charge one at a
time, and each row is read out one at a time. When an electronic shutter
operates as a global shutter, all pixels of an array integrate photo-generated

charge simultaneously, and each row is read out one at a time.

[0009]  Global shuttering provides advantages over row shuttering.
Essentially, global operation is able to provide a “snap shot” of the imaged
subject. Consequently, global operation offers increased accuracy of an imaged

subject and a uniform exposure time and image content.
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shutter, each row of pixels in an array integrates

phot o- generat ed charge one at a tine, and each rowis
_Woeadomsss one at a time. Wien an el ectroni c shRCT/E82004/026876
operates as a global shutter, all pixelsof an array

i nt egrate phot o-generated charge sinultaneously, and

each rowis read out one at a tine. [0009] G obal
shuttering provides advantages over row shuttering.
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BRIEF SUMMARY OF THE INVENTION
[0012] Embodiments of the invention provide an improved pixel cell
with increased charge transfer efficiency and low charge loss. A pixel cell
comprises a photo-conversion device for generating charge and a gate controlled
charge storage region for storing photo-generated charge under control of a
control gate. The charge storage region is adjacent to a gate of a transistor. The
transistor gate is adjacent to the photo-conversion device and, in conjunction
with the control gate, transfers photo-generated charge from the photo-

conversion device to the charge storage region.



BRI EF SUMVARY OF THE | NVENTI ON [ 0012] Enbodi nments of
the invention provide an inproved pixel cell with
w0 p@seaetl charge transfer efficiency and | ow BPOHU§®04/026876

| oss. A pixel cell conprises a photo-conversion device
for generating charge and a gate controlled charge
storage region for storing photo-generated charge

under control of a control gate. The charge storage
region is adjacent to a gate of a transistor. The

transi st or BRIEF DESLRECEHON OF RERRRAVEENGS si on
S BSOS AL oo,

phot oconversion device to the charge storage
regi oToBRUFE. BRGCRARTA Qb Pin Uiy BRAVENEST A28Rlingkan ]
is a bl ock” diagram of a ‘conventional inmage sensor;

[ infehGof &4 insemtidmgp pl an vi ew of a pi xel cell
according to an enbodi nent of the invention; [0015]

FIG 2B is.a cross-secti onal_ view of the pixel. c

of FI 00353 oKIGi 2Rds Beross mmafwmoféﬁﬁt Bixg & e, 2
exenpl. Li m ng diagramfor an inmage sensor according
t o‘%@%gd’i ment of the invention; [0017] FIG 4Ais a
schematic diagramillustrating the | ocation of

phot o-[@@nel at BUGC B feeRim @@t eodia@nel firiagrintie shsor
pi xel .[cel I qof FIG 2 [OOl%f@tFI_G gZdBl I's a schematic
cicegudimg i¢ hy smbadimentt ¢fghe daveniion; of phot o- gener at ed
charge at a stage of operation of the pixel cell of

1 FustlO97Rg EHG: Eddae pOh it ok oo U ahiioe arasiongf
?p&%&%@%@:&@%\‘t&gﬁﬁélﬁgé 8 %é BEopLrifibn G the ﬁ&?lec@onHG. 2;

a cross-sectional viewof the pixel
cellof FIG 2 at

[0018] FIG. 4B is a schematic diagram illustrating the location of

photo-generated charge at a stage of operation of the pixel cell of FIG. 2;

[0019] FIG. 4C is a schematic diagram illustrating the location of

photo-generated charge at a stage of operation of the pixel cell of FIG. 2;

[0020] FIG. 5A is a cross-sectional view of the pixel cell of FIG. 2 at

an initial stage of fabrication;

[0021] FIG. 5B is a cross-sectional view of the pixel cell of FIG. 2 at

an intermediate stage of fabrication;

[0022] FIG. 5C is a cross-sectional view of the pixel cell c;f FIG. 2 at

an intermediate stage of fabrication;

[0023] FIG. 5D is a cross-sectional view of the pixel cell of FIG. 2 at

an intermediate stage of fabrication;

i

[0024] FIG. 5E is a cross-sectional view of the pixel cell of FIG. 2 at

an intermediate stage of fabrication;



an initial stage of fabrication; [0021] FIG 5B is a
cross-sectional viewof the pixel cellof FIG 2 at an

WO nioseasas at e st age of fabrication; [0022] Fl GCBHUSB0#026876
cross-sectional viewof the pixel cell of FIG 2 at an
i nternedi ate stage of fabrication; [0023] FIG 5Dis a
cross-sectional viewof the pixel cell of FIG 2 at an
internedi ate stage of fabrication; [0024] FIG 5 is a
cross-sectijonal viewf the pixel cell of FIG 2 at_an
i nt er nKM128tle $H6ySFds 2 £rassseciianshvipweishe pixd cadiof BIG 2 atan
cross-sectional .yiew of the pixel cell of FIG 2 at an

i IRfPrckats sRes PR PTG i cati on: [0026] FIG 5Gis a

cross-sectional view of the pixel cell of FIG 2 at an

i nter nRYe HIBISP s ol R8dsiseadbi viehPORhk PitdPeeld bf FFG22 at
cross-sectional view of the pixel cell of "FIG 2 at an

i ot Extenpakididte seiga@d fabfrichadm; cation; [0028] FIG 5 is a
cross-sectional viewof the pixel cell of FIG 2 at an

i nter iare f fabrication;.[00 Fl J. s a
Cross n@i’@% on jﬁtlgg S@f\léfa "tfﬂ%*ﬁ?ﬁ%%'ilﬁ é’éqL'Y 8?3;3’1 Rh"&f‘:g@f ﬁG 2 at
[ r ' . jcation; [0030] FIG 5K is a
c%%%%ﬁ%tgﬁgltg@\%%‘%&é?ﬁé’ pi xel cell of FIG 2 at an

i nternedi ate stage of fabrication; and [0031] FIG 6
is a sEoEt i FIA. 80 ivdtobs-sechbnglesar of tisypikelnell of FIG. 2 at an

according to an enbodi nent of the invention. DETAILED
DBESTRICERtEagE of HbricANGINTI ON
[0029] FIG. 5] is a cross-sectional view of the pixel cell of FIG. 2 at an

intermediate stage of fabrication;

[0030] FIG. 5Kis a cross-sectional view of the pixel cell of FIG. 2 at

an intermiediate stage of fabrication; and

[0031] FIG. 6 is a schematic diagram of a processing system according

to an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0032] Inthe following detailed description, reference is made to the
accompanying drawings, which form a part hereof and illustrate specific
embodiments in which the invention may be practiced. In the drawings, like
reference numerals describe substantially similar components throughout the
several views. These embodiments are described in sufficient detail to enable
those skilled in the art to practice the invention, and it is to be understood that
other embodiments may be utilized, and that structural, logical and electrical
changes may be made without departing from the spirit and scope of the present

invention.



[0032] In the follow ng detail ed description,
reference is made to the acconpanyi ng draw ngs, which

wo evogiozeepsart hereof and illustrate specific enbOOUREN/626876
in which the invention may be practiced. In the
draw ngs, |ike reference nunerals describe

substantially simlar conponents throughout the

several views. These enbodi nents are described in
sufficient detail to enable those skilled in the art

to pradd038 t liEhd revasntivofer” andl “substmtd”carbdo ibederdetsooatl as

that ot her. enbodi nents y be utilized, and that
sioelyding ﬂh,com,@glpcearorhﬁ&g@t@dﬁﬂléa@r heonyen-s SQ%e
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a representative pixel is illustrated in the figures ,

allystarsed in phe Ggutes pad descsiptionyhsrain) 4nd typinally fabirisation of all

all pixels in an imge senspr will proceed . .

Behm an et frgotpil pheceteoncumrenlses armil distion 1o

the drawings, FIG 2A is a top plan view of a pixel

[0035] Referring to the drawings, FIG. 2A is a top plan view of a pixel

cell 300 according to an exemplary embodiment of the invention and FIG. 2B is
a cross-sectional view of the pixel cell 300 along line BB’. For exemplary
purposes pixel cell 300 is shown as a five-transistor (5T) pixel cell 300, but the
invention is not limited to a pixel cell having a specific number of transistors and

embodiments having other numbers of transistors.are possible.

[0036] Pinned photodiode 320 is a photo-conversion device for
accumulating photo-generated charge. Adjacent to the pinned photodiode 320
is a gate 341 of a shutter transistor for determining an integration time for the
pixel cell 300 and for transferring charge from the pinned photodiode 320 to a
charge storage region. For exemplary purposes the shutter gate 341 is a global
shutter gate, which operates at a same time as shutter gates of other pixels in an

image sensor so that all pixels have equal and concurrent integration times. The



cell 300 according to an exenplary enbodi nent of the

invention and FIG 2B is a cross-sectional view of the
w@Roosio2wes | 300 along |ine BB . For exenpl ary PUF/pPsxe$026876

pi xel cell 300 is shown as a five-transistor (5T)

pi xel cell 300, but the invention is not limted to a

pi xel cell having a specific nunber of transistors and

enbodi ments havi ng ot her nunbers of transistors are

possi bl e. [0036]. Pi nned photodj qde 320 is a .

phicatieBnhaveyesnis ey lisrited o glebal shntering techniques and other

phpt 0- gener at ed charge. Adjacept to the pinned
pﬁg?%%@&gecgﬁx@qegngy aft‘ésc‘g&iwgp' a shutter transistor
for determning an integration tine for the pixel cell

300 angobw%t I BN Ecaillidchie & Bangislady @ibdditheRk BREE: invention,
phot odi ode 320 to a charge storage region. For

extlerplisa stopagepdyes, whichsihatsingte Gall2 stagd. Typimally, a@CD stage is
hut t te, which t t. ' s shut

gainesalpds Ripicgndur@r (NS cofetore o SPS Sgoacier can be.

gﬁgﬁ%@ﬂeﬂ ?gs%risgﬁ% ad cftlgp ?&fr{eﬁﬁy rr% {Hggaq{ogtdt?&bctgnﬁﬁgﬁve material

'on, however, 1's no gl o
s b8 ek Hdee kit rﬁkl%ﬁaladégaxﬁicﬂeﬁy ahu{shﬁﬁhg GndteGdINIYBRSlly, the
may be used as well. [0037] In'the illustrated

exengiictivg matodali serves aph gateeofithe MOSeapaditoere is a
storage device, which is a single CCD stage.

(vos) - E0famP et e T s b Sk P el CCD

d [ ' :
SR, CRED i TRyl B i bt
s epattart gade By1 andiansaisiirigag: 343.eCICID gatky38( addtyols theCCD stage
conductive material serves as a gate of the MOS

c 2389 @nddiclps tooz@ysfar chargertatthe £1GD stage 3305 nwoagimnction with the

o AL SneEpiake CCIIRARR alrharky RS 5E W B
t pRnSeHEL 86 ageﬁﬁn%%%d@,n@meh %s%%l@%%fl% Q%%ﬁﬁ%%iﬁiﬁg?x g:gi&l 305,

380 controls the st age el ps to transt
c habg eeddouth ePiiNrcsteadent3 8 dhargon|jtransfered vid the €GP gate 380

and a transfer gate 343 to the floating diffusion region 305.

}

[0039] CCD stage 330 provides increased charge transfer efficiency for
the pixel cell 300 over a conventional pixel cell. As is known in the art, a CCD is
capable of providing almost complete charge transfer. Accordingly, almost no
charge will be lost when transferred from the pinned photodiode 320 to the
floating diffusion region 305 and the pixel cell 300 will have improved charge
transfer efficiency. Additionally, the CCD stage 330 reduces charge loss while
charge is stored in the CCD stage 330 over time. Near a surface of the substrate
301, charge carried by, for example, electrons may be lost when electrons
recombine with holes. Because CCD stage 330 is a buried channel device,
charge is maintained below the surface of the substrate 301 minimizing

recombination and charge loss.



gl obal shutter gate. CCD stage 330 stores the charge
until the charge is transferred to a sensi ng node,

waiosi2deds pref erably a floating diffusion regiPCT/BSHN4/026876

to be read out. Prior to readout, the charge is
transferred via the CCD gate 380 and a transfer gate

343 to the floating diffusion region 305. [0039] CCD
stage 330 provides increased charge transfer

efficiency for_the pixel_ cell 300 over. a, conventional

pi xel i ¥ 0] asThe ﬁwmdlfﬁlsmeream 30p iscisctacallisapnected to a

acs Bt Bh e naRE S afE 3B b oS ARPR°RY BEEbSliss follower
t r@ﬁ&ﬁ@&r gdsd‘u&@sydr&ﬁ Iegmesbmp&e%&@ Rraddiftd G &&ﬁmcted toa

floating diffusion regifon 305 and the pixel cel
wisipplp aokagapuoced,, c HEtgeesdtr sasiseor resdts dleeﬂmaung dﬁfusmn region
\M%%I tionally, the CCD stage 330 reduces charge | oss

gooltage Vucbetprs thedloating i aegion 805 weqpives

i S LA S ISR 5 S 96 AL
r Qﬁaﬁﬁ&bﬂ Sedbiviel ahiRé Bste ﬁ@%ﬂéi@ctﬁ@@ siirADRoAdthd foafing diffusion

buried channel device, charge is -nmarntai ned bel ow™t he

s wegion é05f 'Ehvesosmfdlamf 8asistonisralso atgmeetcdn:bl @i sefect
and Qhar | oss. ig] The fl pating fustklon region
Sé@n?létoé %‘flg AE 3 SPneRPEEIngA sigp mythg §QRKE dpllower

hay f
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reset transistor is connect ed to a supply vol t age

sour ce[8041 TheFIG s®is all éx8fi ligerifgepred@itindrhe
diffusion region 305 to a |xed voltage, V , before

Ib?eelfaﬁl@atqf ALl cel S08(FLEi 24y Zﬁ)ﬁqi@ndemg/ensan embodiment of the
hot f t h CCD 330.
B9 o G EATTC Dty fedea a0 CRtkflo 5 patasccbohnran 444 at
e kﬁg&sf dfcerstic et %&Eloémtm fAsOQ{dvﬂgmde(f} l'"fA %\té ogi QQC ives

The "'source follower transistor I's al'so Tonnect
t glcfbal shuteel(SS) sighalss COD gatead8 g caiverpdtargAopled dev1ce

ot %Ut)t s|1gnne\1sa gzsl‘éeg??fSl refcrcfx)ritns Erggsfcsro(l%)g)%lgn%llsl (g)\all\gr345 receives reset
(RST) signals, and gate 349 receives row (ROW) signals. All of these signals
could be provided with circuitry as in FIG. 1, by appropriate modification of
timing and control circuitry 195, which controls these signals. Supply voltage
V4 and other connections for gate 347 and for readout are made at connection

points 303.

[0042] ' Prior to the occurrence of signals shown in FIG. 3, the pinned
photodiode 320 collects photo-generated charge 444 in response to external
incident light, as shown in FIG. 4A. After an integration time, a global shutter
(GS) signal is pulsed high causing the gate 341 of the shutter transistor to turn
on and transfer the photo-generated charge 444 from the pinned photodiode
320 to the CCD stage 330. Also at this time, a CCD signal is pulsed high to
turn on CCD gate 380. The CCD signal stays high and CCD gate 380 remains
on to store the charge 444 in the CC]j stage 330, as shown in FIG. 4B.
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transi stor to a colum readout line in response to a

signal on a row select line. [0041] FIG 3 is an
wezx@spkmBy tim ng di agramrepresenting the opePEl/UBIW00626876

a pixel cell 300 (FIGS. 2A-2B) according to an

enbodi nent of the invention. FIGS. 4A-4C illustrate

the | ocation of photo-generated charge 444 at stages

of operation of pixel cell 300. As shown in FIG 2A

gate 3 r,ecei | obal s ter i S

gate 3@(]9453 W@i gﬁa‘ﬁ’@ég Jg%%f e*&""%gxaféé ?@)Stasgp%gg 4 RST

gﬁ% SRLRiEH @audih g RRd Eite@%oﬁhg P&k trafiddtBr & Airn on to
elv reset (RST) sig and gate 349 receives

reget(thOfibagig d&ﬁmorﬁelg@f 30hes¥,si Abahstliotihe, A ROW signal

provi ded with mrcwtry as in FIG 1, g approg‘gl ate

risdng oe she gate dB%ofitha gowmleébﬁam%ﬂtO%u Fhg resesvolgge on th

o BHERR FeriOS D5 AP er R I BB ﬁ%wef
NBsigidbr &PpYopRtel aoalr%ﬂt%&cﬁ% thd Q:Qé‘tzdolta ¢ %&Ppésﬁ@ through

occurrence of signals shown in FI.G pi nhed
pthetrodi seltet @2fsistof k@ e kolynuo fine g&hfsrcmlrmdt tsrmtghtémmto r reset
response to external incident %ht—' as, shown_in FIG

AyQltage ¥eo BHIGIHORE FEEHIEN (flphtho Prdpsnd entit Pevenrergjout is
HbPsred RS Tpd RO SR BBl eV er the

photo generated charge 444 fromthe pinned photodi ode
320 t 0[(0ae ] CCN&ic AOTXBhal N siscdl hifhlafid ther€CB s remains
signal is pul sed hi gh to turn on CCD gate 380. CCD
singhato transfer thie pihotorgenoptagbehargadd4 oni the GeD stagct 38@to

44 in the 0, shown in FlI G
4 e fronia difisien fosioR ALS oS At Toe Shgias A in Sanre e the
i Gyaa
Aokhg BfusiBn Fiof RS s %‘E%‘?‘ﬁ?é?fﬁ* 24‘?{]%‘1%?"%% 49 G gjgnals
tpss td tdti ng diffusion region 305 to V.. Also at this

time, a RONsignal turns on the gate 439 of the row

sel ect_transistor. The reset voltage on the
[00 Also, at this time a ROW signal again turns on the gate 349 of

the row select transistor. The photo-generated charge 444 on floating diffusion
region 305 is applied to the gate of the source follower transistor to control the
current passing through row select transistor. This current is similarly translated
into a voltage, V,,, and réad out. When a signal indicating the photo-generated |
charge 444 from the floating diffusion region 305 is read out, the ROW signal

transitions to low.

[0046] ‘The fabrication of pixel cell 300 is described below with
reference to FIGS. 5A through 5K. No particular order is required for any of the
actions described herein, except for those logically requiring the results of prior
actions. Accordingly, while the actions below are described as being performed

in a general order, the order is exemplary only and may be altered.

[0047] FIG. 5A illustrates a pixel cell 300 at an initial stage of

fabrication. Substrate 301, is illustratively of a first conductivity type, which, for
9



floating diffusion region 305 is applied to the gate

of the source follower transistor to provide a current
whawsn288 t he reset vol tage whi ch passes t hr oupgiT/URm®04/026876

row sel ect transistor to a colum line. This current

is translated into a reset voltage, V , by readout

circuitry (not shown) and read out. Wen readout is

conpl eted, the RST and ROWsignals transition to | ow

[0044] Next, a TX signal is pulsed high he. CCD, .
ihlérvabmp&armmbomrgwt 18 B-yP&n qwgfm’é{%g’ 2?%%“&1111 the

g?tg%tf: éﬁﬁr O CC&% c%g 8133“%%% 1 oe A} ﬁglcgéfcl i&erial may be
taﬁ%&@ﬁfa % éi Fob Qfaxﬁhﬁle atsn{a-,gmcaﬁd’w shead SO 6PSKO3 oxpitride; a

own | n TX and CCDS|gnaspassto OoW.
(3R] métesial, sacth ishiiliconi mieride; BB icgrbade; addgh teroperstwn
the gate 349 of the row sel ect .trans ﬁk}@tor

pedyroery on @tbqr@ut@lp.lg diglectrig repterislo A)Si Shewa; Lpf%e S\, the isolation

|, d ed to.th S
BB B b RO TP PR AL, decic
Lk PerBlyelhigh! RS bRkma (ISP Foxide/d magerial which h
s@m&ﬁgﬁy t?angﬁ‘gtgg I nt (I?Sg vnga;(ageopv andar éladwouct e
Wigh abilisy gmeffedtivelly dilt nargpw enphest o- generat ed charge
444 fromthe fl oati ng diffusion region 305 is read

out, the S|g itions taq | 046] . Th

f abr i JA04S i SZWP "&gﬁé gg@ %§Std’é ?tf‘}égy‘ifegf%% ‘\%Sf'brfon

r ef [ enc o F r

B H P b e e

St Bhd%(lﬁ ck FosthelsaBicekhily faesdd irngisthiegares UFirs mn‘ulatmg

prior acti ons Accordingly, while the actions b

dﬁﬁercﬁdékannt;ehiavaa ﬂbeqkngssw%pprmatw a0 g@gét:fams dgde iNext, a

the or I S.exe n and be, a r

HRsr 4 RoPpSH BB s A< BB bt5™ SpE e i 402 The

St ffachie layer 340b will serve as the gate electrode for the subsequently
formed transistors. Conductive layer 340b may be a layer of polysilicon, which
may be doped to a second conductivity type, €.g. n-type, and may have a
thickness of approximately 1000 A. A second insulating layer 340c is deposited
over the polysilicon layer 340b. The second insulating layer 340c may be formed
of an oxide (Si0,), a nitride (silicon nitride), an oxynitride (silicon oxynitride),
ON (oxide-nitride), NO (nitride-oxide), or ONO (oxide-nitride-oxide). Second
insulating layer 340c may have a thickness of approximately 1000 A.

[0049] The layers, 340a, 340b, and 340c, may be formed by
conventional deposition methods, such as chemical vapor deposition (CVD) or
plasma chemical vapor deposition (PECVD), among others. The layers 340a,
340b, and 340c are then patterned and etched to form the multilayer gate stack
structures 341, 343, and 345 shown in FIG. 5C. The gate stack 341 is the gate
structure for a global shutter transistor, the gate stack 343 is the gate structure
for a transfer transistor, and gate stack 345 is the gate structure for a reset
transistor.
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fabrication. Substrate 301, is illustrativelyof a

first conductivity type, which, forthis exenplary
weniwsa2zsent i s p-type. Isolation regions 302 aP€T/U8200%026876

in the substrate 301 and filled with a dielectric

material. The dielectric material may be an oxide

material, for exanple a silicon oxide, such as Si O or

SiO; oxynitride; a nitride material, such as silicon

nitride; silicon carbide; a high tenperature pglyner;
or ot hEG05Q; t Ahedinyerticacis og hﬁ’é@rmgﬁ ¢ syctype phthegates 341,

L 240 e SR SRR s AgARF b B g 501,

NBASTdrnd 345 ?cheilt%@cb’as% Hé%d%ﬂ%n‘bﬁwﬂn%%ﬂ( HE¥P example, a

OX|de a mate which has a high ability to
edificide layet {ndtishownd magf\bctfbemccﬂ] bstween[th6 48te decteduras340b and

o esonerllc ShedbSi i tindofs e
SHE AR 4% R T AR BBk ¥kl h A8 g popoor

| @y&iic, %ﬁaanywe favsud sﬂﬁid%kﬂﬁl%iteﬁfsﬂﬁw Q¥baTRLifLMe SO
Angst fons ( a |layer of conducti ve materi al

mbckndapnhﬁde,cbrcmmalmh silioilie d I HisgdsditiGdd aondhetive layer may
cond ctive yer 340b will ser trode
f¥po bpe h@ela YrsAFaiACkas gtal, fv%aﬁlﬁ}@ %&M@ it could
Igé@ eﬁo&tﬂ@ I ayer of polysilicon, which nmay be
dope 0 a sé cénductivity type, e.g. n-type, and

may have a thi ckness of approximately 1000 A. A second

i-nsul af0ogL ] ayep-wdD804 & idpheted BoQuBstrdt@801 as shown in FIG.
pol ysilicon | ayer 340b. The second insul ating |ayer

34Dc Prawellz04 :@rfmmecbm the suhstease 8L Grom agpoint bdl@w the shutter
(Cgflitlt: (in naiﬁt)%lhg nrlf:tgl{ob%tﬁl& sc(%g S thfl: pc%gt gate
&%%5 %geaél{é ﬁod&e%nqg*): g?éw dp 'vs;é'ﬂl'@ i 18 (l))% quﬁﬁT%gg S]'lown

a thicknes appr oxi rrate
Thethalse Bor 3dtple, 348fer ofiphlotdiéiist (natyshiosvid) anaebe pytterned over

S%@%%ggqhdm&b%gﬁé r(])?rgrsﬂlesaggahwﬁgre%rjsvrenﬂ %%|4 is to be
formed. A p-type dopant, such as boron, may be implanted into the substrate
through the opening in the photoresist. Illustratively, the p-well 304 is formed
having a p-type dopant concentration that is higher than adjacent portions of the

substrate 301.

[0052] Dc;ped regions 320a and 330a of a second conductivity type
are implanted in the substrate 301 for the pinned photodiode 320 and CCD
stage 330, respectively, as shown in FIG. 5E. Pinned photodiode region 320a,
and CCD stage region 330a are illustratively lightly doped n-type regions. The
pinned photodiode and CCD stage regions 320a and 330a may be formed by
methods known in the art. For example, a layer of photoresist (not shown) may
be patterned over the substrate 301 having an opening over the surface of the
substrate 301 where the pinned photodiode and CCD stage regions 320a and
330a are to be formed. An n-type dopant, such as phosphorus, arsenic, or
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pl asma chem cal vapor deposition (PECVD), anong

ot hers. The | ayers 340a, 340b, and 340c are then
w@adosmeasesl and etched to formthe nmultilayer geCEUS1080U26876

structures 341, 343, and 345 shown in FIG 5C. The

gate stack 341 is the gate structure for a gl obal

shutter transistor, the gate stack 343 is the gate

structure for a transfer transistor, and gate stack

345 is the gate structure for a reset

tanfimsery.ds implestyd treughthennesing andyinto thedubsgraten3Qhe

B g R 83550 2R M S5 330
i’ﬂ'kesﬁékﬁan%l&f‘ﬁn@taﬁ@n AdyBELbRfuckS Q}eﬁ)irﬁletﬂe ished

nown I n the-art. For exanpl'e, a silicide layer "(not
spiovvoricdryaniteCOD srage befiowse3R Gahmdydd @a, shdctirao dapladdion is
and the second insulating |l ayers 340c. The silicide
| eayded pry peangles eiberthan Fhdegraesslativg to shgsurfacg of gl substrate
o%%'n all of the transistor gate structures in an
i jge sensor circuit, and nay be titaniumsilicide,
tungsten silicide, cobalt silicide, nolybdenum
silicigps3]r tEiY FinHed phbiodisie reﬁbrﬁ?:@@djistdrpﬂ%}?posite side of
conductive |l ayer may also be a barrier layer/refractor
néteashptten ghteaddt ITirdinwherCGD stagecrogliah 3304 wrdris dppraximately

of WN .. [.0051] A p-well 304 is j anted into suhstrate
iengd veio A edge pf e shuttepe)ie 14 LOIYAZ f pPRERIRHOTa EaTEe

PRSI e S A BRI R ! 182108 e

0fegidlﬁ38@§ﬁtbc@ﬂéﬁ1 SftbayieGisn el taﬁgh&ﬁwﬁtfna@ﬁé e fah€shutter
34 P-wel | 304 n‘g%/ be f or nmed gy nown net hods. For

egataPdd  andl dmgdge off thp ensiee gatst34Gniormétg astorageyregion for

pat t.erned over the substrate 301 having an opening
otfeHng RRoLe-gsnGiRtedc I8k | 304 is to be formed. A

p-type dopant, such as boron, nmay be inplanted into

t he sulsigsat e Advihduehint [ [ gj[y)slhﬁ;

I'l1 ust atﬁir ely, t%e pmﬁgﬁ%ggpgyggpﬁggrﬁmt fants are
performed by known techniques to provide LDD regions 305a and 307a. LDD

]

region 305a is implanted between transfer gate 343 and reset gate 345 and is
approximately aligned with respective edges of transfer gate 343 and reset gate
345. LDD region 307a is also approximately aligned with an edge of the reset
gate 345, but is implanted adjacent to the reset gate 345 on a side of the reset
gate 345 opposite to the transfer gate 343. For exemplary purposes LDD
regions 305a and 307a are lightly doped n-type regions.

[0055] FIG. 5G depicts the formation of a layer 342, which will
subsequently form sidewall spacers on the sidewalls of the gates 341, 343, and
345. Tllustratively, layer 342 is an oxide layer, but layer 342 may be any
appropriate dielectric material, such as silicon dioxide, silicon nitride, an
oxynitride, ON, NO, ONO, or TEOS, among others, formed by methods
known in the art. Layer 342 may have a thickness of approximately 700 A.
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havi ng a p-type dopant concentration that is higher

t han adj acent portions of the substrate 301. [0052]
woepsm22688)i ons 320a and 330a of a second conduPCT/VBE1094/026876

type are inplanted in the substrate 301 for the pinned

phot odi ode 320 and CCD stage 330, respectively, as

shown in FIG 5E. Pinned photodi ode regi on 320a, and

CCD stage region 330a are illustratively lightly doped

R R R O
RRRRIALS 330 hd HETRIS sufle 58U MeoRetbid: AT hnecl
aflhwsperdrig FIG 5Hh®opedisafacedbydr1B268biasd 3306 230 dopbtbtcea first

the pinned phot odi ode and CCD stage regions 320a and
3eordustivity 6Ypse whiehnéar exemplhy pp@oswsianttypeulepad surface layers

ARG e s SRR s A ph BB st
i kS q. t.0:.Liai i

 BIHSSAN oSy SR i 5 oA i fom pe

i spffarn dayter032 0mynd 830bnduct ed to form the pi nned

phot odi ode and CCD stage regi ons 320a and 330a, such

that i lantation is carried out at angl es other than
90 deg rjr el Hg pe swéaqu@'e&ﬁz%@%ﬁ?»&h anay hesformed by known

oBooleRER ol RERRTE R E2DR AR 380038 R AF0RY BeBhiog p-
Zggﬁfioﬁ@ﬂir@ﬁgﬁ% éniaBdir §1agamtpﬁd%_&te§iky Alcb Bk hfre820b

e of the Shuiter gate 341 form ng a photosensitive
ctiad §30hanaynkd foirined bysggmsotuse phshiasdaping process, or by diffusing
phot o- generated charge. The CCD stage, region 330a is
bR eiies 383@%&59 B ﬂ%@t«%‘ 3 %ﬁ’féd“’\mrsﬁu&fg’%&d@’%mﬁﬁ@wd

fsgifﬁ%g Eﬂé’eg aéﬁ%sft;% 0@7@9 tl?enargf&ﬁc&fl%};e?sﬁ aﬁélﬁ %& 3308 aatree ogég

e region or stor pnot o-gener a
clfoihd. |

[0058] Asshown in FIG. 51, a dry etch step is conducted to etch the
oxide layer 342, with the remaining parts of layer 342 forming sidewall spacers
342 on the sidewalls of gates 341, 343, and 345.

[0059]  An insulating layer 381 is deposited by known methods over
the substrate 301 and over gates 341, 343, and 345, as shown in FIG 5]J. |
Insulating layer 381 may have a thickness of approximately 100 A. Ilustratively,
insulating layer 381 is a layer of silicon nitride (Si;N,), but other appropriate

dielectric materials may be used.

[0060] A conductive layer 382 is deposited by known methods over
SizN, layer 381. Conductive layer 382 may have a thickness of approximately
1000 A. Tllustratively, conductive layer 381 is a layer of p-type polysilicon, but
other appropriate conductive materials may be used. Layers 381 and 382 are

patterned and etched to form CCD gate 380, as shown in FIG. 5K.
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[0054] As shown in FIG 5F, lightly doped drain (LDD)
i nplants are perforned by known techni ques to provide
wa bpsegsoHns 305a and 307a. LDD regi on 305a i SPCT/US2004/026876

i npl ant ed between transfer gate 343 and reset gate 345
and is approximately aligned with respective edges of
transfer gate 343 and reset gate 345. LDD region 307a

is also approximately aligned with an edge of the

reset gate 345, but is inplanted adjacent to the reset
gate 3066bh aSwirde/dirt trziomssiis g‘ai é()’ém}’d?ﬁpmplmed by

the transfer gate 34 For exe

1@@“@@ é@s*atgﬁeﬂnsm "a?t’@lCF‘Frﬁﬁ %ﬁgg 3 Sf/f%‘fce/ drain

s 0 AR ROt o
Sded ! oAny E\ﬁtmé faypddo ﬁft;ssuom@

345 Il ustra ively, layer 342 is an oxide |ayer, but

| phyosphdi4R, arssnidyer anyinepy; up!mkwneed ite fetse soercazdenn rigions

Sl 3, Seice K imngion POR ECRIMEH GV Eh Bresfer gy, 343 and

h

BT Ko O R e e 4
| G £ 5idle 32 Bacpiate 3ABMOPpUsitt b6 vphsteegatpi3dBodi ode 320 and
the CCD stage 330, respectively, are inplanted, as

illustrated in FIG 5H_ Doped surface |ayers 320b and
330D dﬂ@éabpe@onaemwal procesyieg methedsymay pe | uS%r%wmblﬁte the

exe pyr poses | s ed sunf

o0 cshaoasals ragmpls, i e peR e B PEILGL e o

pco&%ﬁggﬁ %‘E’P Afls atiGh cf“%ofﬁ?é’c?i@ns o elCUellQmO &taﬁ‘ 8E formed.
p-type dopant, nmay be used to form p+ surface

| Alye)the 308k arfhcd 3y bd dMerdd Whth apassvatioacleydraynet shown) of,

320b and 330b may be fornmed by known tecﬁéﬁgues For

efyoamplel %Smrsdl@m §§§,?§@b planarized and

nglgqgf I%FPJ /ﬂooi%éeic% E}f }c{;hr §1 g%h{édatol p’%%d@ contacts.

Conventional layers of conductors and msulators may also be used to

interconnect the structures and to connect pixel cell 300 to peripheral circuitry.

[0063] While the above embodiments are described in connection with
the formation of pnp-type photodiodes the invention is not limited to these
embodiments. The invention also has applicability to other types of phc;todiodes
and to photodiodes formed from npn regions in a substrate. If an npn-type
photodiode is formed the dopant and conductivity types of all structures would
change accordingly, with the transfer and shutter gates being part of PMOS
transistors, rather than NMOS transistors as in the embodiments described

above.

[0064] Although the invention is described in connection with a five-
transistor (5T) pixel cell, the invention may also be incorporated into other
CMOS pixel cell designs having different numbers of transistors. Without being

limiting, such a design may include a six-transistor (6T pixel cell. A 6T pixel cell
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and 330b may be forned by a gas source plasma doping

process, or by diffusing a p-type dopant into the
waawsemse 301 froman in-situ doped | ayer or BCTHORMA4/026876

oxi de | ayer deposited over the area where | ayers 320b

and 330b are to be fornmed. . [0058] As shown in FIG

51, a dry etch step is conducted to etch the oxide

Iayer 342, with the remaining parts of |ayer 342

ers 42 0 e .si dewal | s _of tes .
o 88 P caPBPRELSI0AG Bha bl Ehaf 23 apfuSoming
d%ﬁﬁ§hbﬁd by known nethods over the substrate 301 -and
over gates 341, 343, and 345, as shown in FIG 5J.
Insul ating |layer 381 may have a thickness of
appr ox{0@d¥l y A®Ording ltb lansmladdimehy of thesnvattiony ohayemore

' f I d S b h
2%@@%%3%3 fds?qaséhlai@%?;%p&ééiegﬁﬁéﬁwt@% o 5EomaD pe part of

oSBAHG o FixafuT 36 3 aERARY L balof BBy Singila co
t Hi@iﬁﬁ@%sscﬁafor HBrIbed MboOE ¥n d6Hichon MithBIGaL i vel y,

conductive layer 381 is a |layer of p-type polysilicon,
but ot her appr riate conductive materials may be
used. [(@QGH G. &nshossa tarpr@amtot@mebasaddysﬂ:mlﬁ? ingluding an

fsg{}%n%fecff%gf%a@ B s 9y aharaterlyResem o anmege g the pixc
WL ST R o GAARRVE P SN WP PRIS. 3 BKE! Bprocessor-

raln regions are

r b@edn;?stelfn G778 @ﬁﬂﬂp&@ﬁ dfig bystdrh hatinpigivdlicirbuitothat could

exenpl ary purposes Is n-type. Any suitable n-type

du}sé:de msagérscqu@ h%tbn@t bsingdimisinge suchra Wﬁtﬁﬁnﬁﬂb}ld inelyde a
to formsource/drain re |o s 305 and

88?1'?18 8 GGy ‘é"d'?gﬁ SBOE™ BT AL ? ’é‘i“’lgauon
93ideo %n@ Em3fno B0 B $fad tARer’ §EEAT motion
307 I s f.ormed adj ace t td reset g te 3

detection system, image stabilization system, and data compression system.

[0067]  Processor-based system 677, which for exemplary purposes is a
computer system, generally comprises a central processihg unit (CPU) 670, such
as a microprocessor, that communicates with an input/output (I1/0) device 675
over a bus 673. The image sensor 699, which produces an image output from a
pixel array, also communicates with the system 677 over bus 673. The
processor-based system 677 also includes random access memory (RAM) 676,
and may include peripheral devices, such as a floppy disk drive 671 and a
compact disk (CD) ROM drive 672, which also communicate with CPU 770
over the bus 673. The image sensor 699 may be combined with a processor,
such as a CPU, digital signal processor, or microprocessor, with or without
memory storage on a single integrated circuit or on a different chip than the

Processor.

[0068] It is again noted that the above description and drawings are

exemplary and illustrate preferred embodiments that achieve the objects, features
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on a side of reset gate 345 opposite to transfer gate

343. [0062] Conventional processing nmethods may be
waised/orw3conpl ete the pixel cell 300. For exanptBEUS2004/026876

i nsul ating, shielding, and netallization |ayersto

connect gate |lines and other connections to the pixe

cell 300 may be forned. Al so, the entire surface nay

be covered with a passivation |ayer (not shown) of,

for exanple, silicon dioxide, BSG PSG or BPSG which

i 1 dCMRantageof the presedt pivehddni &t jsmwt iinkendedh that théptesent

which_are then nmetallijzed to proyide contacts,

apFetian belimitedyre the Blustatcd pbrdimens- Hg"f%{“éldbﬁ‘éﬁﬁﬁ;?f the

| d i he. . .
SeFfad e SR ASEL PR ER AR Py s
Whichud b oRRRLEd ?meqﬁitﬁr@ eV iBvelRss!.i bed in

connection wth the fornati on of pnp-type photodi odes
the invention is not limted to these enbodi nents. The
i nvention also has applicability to other types of
phot odi odes and to photodi odes forned from npn regi ons
in a substrate. If an npn-type photodi ode is forned
the dopant and conductivity types of all structures
woul d change accordingly, with the transfer and
shutter gates being part of PMOS transistors, rather
than NMOS transistors as in the enbodi nents descri bed
above. [0064] Although the invention is described in
connection with a fivetransistor (5T) pixel cell, the
i nvention may al so be incorporated into other CMOS

pi xel cell designs having different nunbers of

transi stors. Wthout being limting, such a design may
include a six-transistor (6T) pixel cell. A 6T pixe
celldiffers fromthe 5T cell by the addition of a
transi stor, such as an anti-bl oom ng transistor.

[ 0065] According to an enbodi nent of the invention,
one or nore
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pi xel cells 300 as descri bed above in connection wth
FIGS. 3-5K may be part of an array of pixel cells.
weeok/ozs3array nmay be part of an i mage sensor BCTUBZN04/026876
to the i mage sensor descri bed above in connection with
FIG 1. [0066] FIG 6 shows a typical processor-based
system 677 including an i mage sensor 699 havi ng an
array of pixel cells, wherein one or nore of the pixel
cells are forned as descrbg%(iﬂgove in connection wth
FI GS. 3-5K. A processorbasSed system 677 is exenplary
of a Spigd hawhitds elaBhdRhs sew §4d Hesitddtdo BeOMotedt&E by d@tters
i mge sensors. Wthout being limting, such a system
cBatknt ofidHeudrited Stangsus:er system canera system
scanner, machi ne vision, vehicle navigation, video
phone, survei)lance system auto focus system star
tracker é’yE’tXé Cﬁnﬁ?ﬂ%ﬁﬁtﬁét ection system image
stabilization system and data conpressi on system
[0067] Prngieseaonnbasied deykt ehatGeneratts cdiardedr exenpl ary
purposes is a conputer system generally conprises a
central pr ' i .
i o1 opr ondas eI achc Rolhe? [CkioR it Borelihe photos
(1/0O .device 675 over s 673, The inmage sensor 699,
vﬁ"rr’c?‘iatﬁatﬁbﬁ"cg@é‘“zﬁlﬁr? ‘gll;‘t‘iﬂ%mlllgéﬁ’én i xel array,
al so conmuni cates with the system 677 over bus 673.
The pr ocedustr trivemsseel Isaypigeits gat@ batween thelphdes-coavatsion
access menory (RAM 676, and may incl ude peri pheral
(o] SVA Y o3I [ ' act
di sk (cg)ﬁ%h(/l 3 is?}%‘faé%@%ﬁ F erdtsfetfing hoftfederdQAP
CRU 770 over the bus 673. The i e sensor 699 may be
APt bRud etk delfie 10 B SAEBE Stostih TeBOn
si gnal processor, or mcroprocessor, with or wthout
mendry s tldreapjrelanll of claing e wiheradiy tla chirge stomige regionris a
different chip than the processor.
part of a buried channel MOS capacitor.

3. The pixel cell of claim 1, wherein the charge storage region is
below a surface of the substrate.
4. The pixel cell of claim 1, wherein the charge storage region
comprises:
a doped region of a second conductivity type; and
a doped surface layer of a first conductivity type over and in
contact with the doped region of a second conductivity type, the control
gate being over the doped surface layer.
5. The pixel cell of claim 1, wherein the control gate comprises

polysilicon doped with a first conductivity type dopant.
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[0068] It is again noted that the above description

and drawi ngs are exenplary and illustrate preferred
weredpsazazeest s t hat achi eve the objects, featur eBemnusS2004/026876

advant ages of the present invention. It is not

i ntended that the present invention be limted to the

illustrated enbodi nents. Any nodification of the

present invention which conmes within the spirit and

scope of the follow ng clains should be considered

par 0- of tlte pirelsehof iC%Vé At Mdierap Ahe/Brst (e sFtopkse shuster

claimed as new and desired to be protected by Letters

Radsitoofor deeerbiihingthnShedeestidb time Br phexgikelcelll
conpri sing: a photo-conversion device that generates

chakge; . 1Ccont I %EQE e regi on that
st o?'es tf]re& ‘%?%ggr?g?%@g’c ar%ecoun@gr %ontrol of a

control gate, and a first transistor having its gate
bet ween @HEDHASNOdeANFer si on device and the charge
storage region for transferring photo-generated charge

f rom t he apbosrd aemigosholing &y igee bawtbie tihdiagge sbaigage
region. 2. The pixel cell of claiml1, wherein the

e Leql is part of a buried channel MOS
g‘gggog‘. or.ﬁ{egsgﬁﬁ]ﬁgglggg'el cell of claim1, wherein the
charge stqrage regign is below a surface of the .
sub8trat Eﬁw@m Wéﬂ@fﬁbrméewhema ¢ peoping prdeds g flogeing

charge storage region conprises: a doped region of a
sdiffasidnaegidnct i vity type; and a doped surface | ayer of
a first conductivity type over and in contact with the

dopgd |r CHIHRIDiRL R11BFCAM 75 WHUGH KL E¥ndrdPEite bRast

contro

partially overlaps the first and second transistor gates.

10.  The pixel cell of claim 1, wherein the photo-conversion device
is a pinned photodiode.

11. A pixel cell comprising:

a photo-conversion device that generates charge;

a gate controlled charge storage region that stores the photo-
generated charge under control of a control gate, wherein the charge
storage region comprises a doped region of a second conductivity type
and a doped surface layer of a first conductivity type over and in contact
with the doped region of a second conductivity type, and wherein the
control gate is over the doped surface layer; and

a first transistor having its gate between the photo-conversion
device and the charge storage region for transferring photo-generated

charge from the photo-conversion device to the charge storage region.
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gate being over the doped surface |layer. 5. The pixe

cell of claim1l1, wherein the control gate conprises
w@oiogsRiesgon doped with a first conductivity tREEUS2004/026876

dopant. 6. The pixel cell of claiml1l, wherein the first

transistor is a shutter transistor for determ ning an

integration tinme for the pixel cell. 7. The pixel cell

of claim1, further conprising: a sensing node; and a

secqnd transistor havjng.i.ts gate between the chayge
§3age s, pirelsll of Klaid dids Whgr%alée. charge proragodegiongds |

of claim7, wherein the sensing node is a floating
dpdrt of i bried ghanel Metdlhexide seaticareduictod (MIQS )roapacitor.
wherein the control gate at |east partially overl aps

thgafirse l?cn[%lx | g1 %hgﬁ’ . The pi xel
celqls' of (;Jfai %ﬁ&ah%grcglhﬁn‘qtqﬁe rg?%t o- donveFsi on devi ce
is a pinned photodi ode, 11. A pixel cell conprising: a
phot 0- coM¥% 5|’i‘°g€iﬁn6{e that generates charge; a gate
controlled charge storage region that stores the

phot ogenersatent ohasiger havileg its gaterbeitwedn thecdnrgoitomate,
wherein the charge storage region conprises a doped

rﬁg'i&pa&{t@s%gg?lgqmggnductivi ty type and a doped
surf 0

ace | ayer a first conductivity type over and in
CoBC ARSI Sheole iS00 SOTGHELY
surface layer; and a first transistor having its gate
behevirstnandheecphd tansistoy gass.on
15. An image sensor comprising:
a substrate; '
_an array of pixel cells formed on the substrate, wherein each
pixel cell comprises:
a photo-conversion device that generates charge;
a gate controlled charge storage region that stores the photo-
generated charge under control of a control gate, and
a first transistor having its gate between the photo-conversion
device and the charge storage region for transferring photo-generated
charge from the photo-conversion device to the charge storage region.
16. The image sensor of claim 15, wherein the charge storage
region is part of a buried channel metal oxide semiconductor (MOS)
capacitor.

17. The image sensor of claim 15, wherein the charge storage

region comprises:
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devi ce and the charge storage region for transferring

phot o- generat ed charge fromthe photo-conversion
waleawsoze® t he charge storage region.12. The pPREUSIEHD26876

of claim 11, wherein the charge storage region is part

of a buried channel netal oxide sem conductor (MOXS)

capacitor. . The pixel cell of claim, further

conprising: a sensing node; and a second transi stor

having its gate between the charge storage regi on and

t he sensiadppedaegionpf amgeond senducsivity 6¥pes| ai m 13,

wherein the control gate overlaps the first and second

transi st qrdcq&uesﬁrfaaéla¥éi«rbfi ABGEcGRITONitE Oy dvier B4 ird
substrate; an array of pixel cells formed on the

ormaC b P ARR B P fonRond Rl FGane sopuel

controll ed charge storage region that stores the
pse bgingevardhe dopedjsurfasadaycEont rol of a control gate
and a first transistor having its gate between the

PhQi8o- CorMpigy hape s8@30r OF chitel I5) eviriein dhe sbMral0gate €gi on
for transferring photo-generated charge fromthe

phot Q-.conver si on V| to 1 or age region.
18 RRE ipr?g‘ése C%@ncg) nggacﬁ}gi m%fgl?a%%gtr@%h t he charge

storage region is part of a buried channel netal oxide
sed% ondEroimageseysas 96 sleimdd, whereinthe figsg (ransisios dya of
cl ai m 15, wherein the charge storage

shutter transistor for determining an integration time for the pixel cell.

20. The image sensor of claim 15, further comprising:
a sensing node; and
_a second transistor gate of a second transistor between the
charge storage region and the sensing node.
21. The image sensor of claim 20, wherein the control gate at least
partially overlaps the first and second transistor gates.
22. A processor system, comprising;:
(i) a processor; and
(ii) an image sensor coupled to the processor, the image sensor
comprising:
a substrate;
a pixel formed over the substrate, the pixel comprising:
a photo-conversion device that generates charge;
a gate controlled charge storage region that stores the

photo-generated charge under control of a control gate, and
20



regi on conprises:a doped region of a second

conductivity type; a doped surface |layer of a first
w@owdozeds/i ty type over and in contact w th theCTHUOREA4/026876

region of a second conductivity type, the control gate

bei ng over the doped surface |ayer. 18. The i mage

sensor of claim 15, wherein the control gate conprises

pol ysilicon doped to a first conductivity type. 19.

The image sensor of claim 15, wherein the first

transi st or afystiransiperdravingits gate hetwesn detrioteni ng an

integration tinme for the pixel cell. 20. The inmge

$BRSQsionlf devicRiait khe chitit BRIragoragiosion giansfesis phigro-
node; and a second transistor gate of a second

ok ianeS o ol GaRbIGaRhUARE L BB ol

wherein the control gate at |east partially overl aps
tregiohi r st and second transistor gates. 22. A processor
system conprising: (i) a processor; and (ii) an inmage
sep3or cawnhegrited theuipeoepssiag: the i mage sensor
conprising: a substrate; a pixel fornmed over the

substrate, the pixel conprising: a photo-conversion
devi ce tﬁgféﬁgﬁgrates charge; a gate controlled charge
storage region that stores the photo-generategd charge
under conn emy of pixckehs pbr sydace of %Iéugtfﬁt’ia%"Y #1838+t or
having its gate between the photoconversion

least one of the pixel cells comprises a photo-conversion device that

generates charge, a gateAcontrolled charge storage region that stores the
photo-generated charge under control of a control gate, and a first
transistor having its gate between the photo-conversion device and the
charge storage region for transferring photo-generated charge from the
photo-conversion device to the charge storage region;

circuitry coupled to the array, wherein the circuitry comprises a
conductive line coupled to the control gate, the conductive line providing
signals to the control gate.

24. A method of forming a pixel cell, the method comprising:
forming a photo-conversion device that generates charge;
forming a gate controlled charge storage region that stores the

photo-generated charge;
forming a control gate that controls the charge storage region,

and
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devi ce and the charge storage region for transferring
phbt ogener ated charge fromthe photo-conversion device
W eoosloz26ahar ge storage region. 23. An integratBdI/US2004/026876
circuit conprising: a substrate; an array of pixel
cells at a surface of the substrate, wherein at | east
one of the pixel cells conprises a photo-conversion
devi ce that generates charge, a gate controlled charge
storage region that stores the photo-generated charge
under cofarmeng affirst teamsistas| hayigits gatg b§tweengthe photo-
transi stor having its gate between the
RbavasiRksieiad tHe ¢hageatstagh regidiafgaratsferdgg pheti-on
for transferring photo-generated charge fromthe
phot o- conver si.on devj,ce t . ch t Wayak
B Re T PTBE SO AR e S i AT, B PR SRR,
conpri ses a conductive |line coupled to the control
degen.- t he conductive line providing signals to the
control gate. 24. A nethod of formng a pixel cell,
t hgs et hQthe aREAOBE DfRRIMT2H, Wirgeia thé atts of fomengithe
devi ce that generates chargé; formng a gate
conLtro t ' : Q.
Shabes b TP Spd BRAOF g ETcbrS T e,
controls the charge storag?@g)ison, andformng a first
tchanselonetal azide semicoadyeros EP2EHE- phot oconver si on
device and the charge storage region for transferring
ph26ogendhatmethodafghihr2anvtieeeiptthe actoafifoemuigtheddwaigee
to the charge storage

storage region comprises forming the charge storage region below a
surface of the substrate. |

27.  The method of claim 24, wherein the act of forming the charge
storage region comprises:

forming a doped region of a second conductivity type; and

forming a doped surface layer of a first conductivity type over
and in contact with the doped region of a second conductivity type, and
wherein the act of forming the control gate comprises forming the
control gate over the doped surface layer.

28. The method of claim 24, wherein the act of forming the
control gate comprises forming a layer of polysilicon doped with a first
conductivity type dopant.

29. The method of claim 24, wherein the act of forming the first

transistor comprises forming a shutter transistor for determining an

integration time for the pixel cell.
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region. 2 . The nethod of claim 24, wherein the acts
of formng the charge storage regi on and control gate

W@ oovs022388 Tor m nga buri ed channel mnetal oxi de PCT/US2004/026876
sem conductor (MOS) capacitor. 26. The nethod of claim
24, wherein the act of form ng the charge storage
regi on conprises formng the charge storage region
bel ow a surface of the substrate. 27. The nethod of
claim 24, wherein the act of form ng the charge
st3fr.age Tegmethabapelpised4, fusther sgmprigeged regi on of a
second conductivity type; and form ng a doped surface

layer of figmbid $tedsRipdbsdd; whdy type over and in contact
with the dope% rcegi on of a second conductivity type,

and whergin.the act .of formn C r

conpri se¥" et ﬁ%OPﬂéfaé‘SﬁE?r&a egéfgs%:\g)g? t?a égg’f;‘g’é‘éw een
surface layer. 28. The nethod of claim 24, wherein the
ab¢ cldrgé storgeyeghon awhthegengisg 80denpri ses forning a

| ayer of polysilicon doped wth a first conductivity

t ypE. dOpPRAé me2Rod bhelaiik Bogehefeis kiad xotDf forhiagaha t he
act of formng the first transistor conprises form ng

hut t t i St f k- - 1 nt ti
B e R R L R S Y
further conprising: form ng a sensin de;. an
f 0324 ng Ihsmh@dpfahgn@owhgéﬁ%ﬂ&afg (gg‘é’éﬂ'&g e

transi stor between the charge storage region and the
LOREoN gate@dprises forming the control gate at least partially

overlapping the first and second transistor gates.

33. The method of claim 24, wherein the act of forming the

photo-conversion dcvice comprises forming a pinned photodiode.
34. A method of forming a pixel cell, the method comprising:
forming a photo-conversion device for generating charge;
forming a doped region of a second conductivity type spaced
apart from the photo-conversion device;

forming a doped surface layer of a first conductivity type over
the doped region of a second conductivity type;

forming a gate of a first transistor between the photo-
conversion device and the doped region of a second conductivity type;
and

forming a gate electrode over the doped surface layer.

35. The method of claim 34, further comprising;:

forming a sensing node; and
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The met hod of claim 30, wherein the act of form ng
t he sensing node conprises formng a floating
walrdosziess regi on. 32. The met hod of cl ai m 30, PEUTERI041026876
the act of forming the control gate conprises formng
the control gate at |east partially overl apping the
first and second transi stor gates. 33. The nethod of
claim 24, wherein the act of formng the
phot o- conver si on devjce conprises formng,a pinned,
phot odi df@sminga gaepfarseord URBHSEPR ge'avfﬁrl £ dgeF regigg
nmet hod conprising: formng a photo-conversion device

foPh se@Rr @ndugticibatype antiahssagim doged regi on of a
second conductivity type spaced apart fromthe

Pg@é.o' ¢ Oﬂ{$ Ifri?cgg&(l: gﬁ él'ﬁig)? 350 Qi egrg 11 P@.Q)?@L%xzﬁggggg gate

erof a ivPty type over t

region of a second conpductivity type; formng a gate
slectrogle oyer WMC§tSBf£%fekaM€ewm}?¥éeb g %%queo n

devi ce and the doped region of a second conductivity

teldeeroda nsteflapping thefigahnd sdcont tesistragratdéshe doped
surface | ayer. 35. The nethdd of claim 34, further

cCoppri si Q. ] e i 84 bR Riat €
01%2' Secgﬁlae%‘?g%{]g}tj%ﬁaggta\@g% @gggmgope regi on of a
second conductivity type and t h?@g si.ng nade. 36. The
met hod oCnaraing duirgqHLrEpeneHe BFng 3P ntrgragn
gate el ectrode over the doped surface | ayer conprises
fpetiotdng the gate el ectrode overlapping the first and
second transi stor gates.

transferring the photo-generated charge to a gate controlled
charge storage region by operating a gate of a first transistor and
operating a control gate that controls the charge storage region; and

storing the photo-generated charge in the charge storage
region until a time for readout by operating the control gate.

38. The method of claim 37, wherein the act of storing the photo-
generated charge comprises storing the photo-generated charge below a
surface of a substrate.

39. The method of claim 37, further comprising determining the
length of the integration period for the pixel cell by operating the gate of
the first transistor.

40. The method of claim 37, further comprising transferring the

photo-generated charge from the charge storage region to a sensing node

by operating the control gate and operating a gate of a second transistor.
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37. A nethod for operating a pixel cell, the nethod

conprising: generating charge in response to |ight
waleoosoge6as | ntegration period; transferring theRCT/US2004/026876

phot o- generated charge to a gate controlled charge

storage region by operating a gate of a first

transi stor and operating a control gate that controls

the charge storage region; and storing the

phot o- geper at e harge in the ch e stora r.egi,on
el 3 hranethod o sBin ey yhcpin ahe R QHEASGHITBIC
gate. 38. The nethod of claim37, wherein the act of

ghotdpgneheediinrggantdratasing hadgeomprises sasfatiogithy
t he phot o- generated charge below a surface of a

if Piﬂ;}ﬁj Medibn. f urt her
?%%%Jr)iélhﬁlgt e%%%%%e%ﬁgt}?%’e@ enéttﬁ1 gg‘ tnhe i ntegration
period for the pixel K cellby operating.the gate of, the
Fi#3¢ tr dheimscpd of sy, SuEhisFOSPIAIg Fradins 9Yfthhier
conprising transferring the photo-generated charge

fphono igeaerioat derge by applyinggi witage ca dierssisigg node tdy
operating the control gate and operating a gate of a

%E&fg]ﬂ&rc?ﬁ.si stor.41. The nethod of claim 40, wherein
the act orf transferring the photo-generated charge to

b o- goAoRatet oA RE APy BT PG T egi on.
42. The net hod of claim40, further conprising reading
awmpismghot o- gener at ed charge by appl ying a vol t age
on the sensing node to a readout circuit. 43. A nethod
of oper abtRGafiflg CHRYE i BdlpBhse toliBcidBANBEht concurrently
within a plurality of pixel cells during an integration time;
transferring the photo-generated charge to gate controlled
charge storage regions within respective pixel cells simultaneously by
operating gates of shutter transistors and operating control gates that
control the charge storage regions;
storing the photo-generated charge in the charge storage
regions until a time for readout by operating the control gates;
at a time for readout of a first pixel cell, transferring photo-
generated charge from a first charge storage region to a first sensing node
by operating a gate of an associated first transistor;
sampling a value of the first sensing node;
at a time for readout for a second pixel cell, transferring photo-

generated charge from a second charge storage region to a second sensing

node by operating a gate of an associated second transistor;
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conprising: generating charge in response to incident

light concurrently within a plurality of pixel cells
waleoosogeeas | ntegration tinme; transferring the PCT/US2004/026876

phot o- generated charge to gate controll ed charge

storage regions within respective pixel cells

si mul taneously by operating gates of shutter

transistors and operating control gates that control

the charge storage regions; storing the

phot o- gesempliregia vhlar g thosdched stsingnederaage r egi ons

until a tinme for readout by operating the contro

gat es; Pfﬁcggééﬁ% dhovarh&ad taiﬁfanain{a'thSt pi xel cell,

transfer togenerated charge froma first charge

age |on t nsi.ng, node eratr
A oA F o RSAIPE Ao of YRt
value of the flrst sensing node; at a tine for readout
f @mprise gonetapig eharge within alpited celismf aprastaygemenecedy.
charge froma second charge storage region to a second

sensi Ng MG EhARSH it 1, aviddtid Ak adNofERRE gcthe
second transi stor; sanpllng a val ue of the secon

nsrn node nd process he values to obt.ain an
sarateh BT 04 P LDph RS FHie SPORERAC o

generatrng charge conprises generating charge within
aransfirrieg the photd-gameratedahargertounhargs storags 3egivhe within
met hod of claim44, wherein the act of transferring
t1EpiRAIIHs BERE hAthpdoshiaflyl 0 @ plurality of storage
reglons conpri ses transferrlng the phot o- gener at ed
charge to charge storage regions within all pixe
cells of an array concurrently.
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