*159159* CMOS | MAGE SENSOR AND METHOD OF FABRI CATI ON
FI ELD OF THE | NVENTI ON [ 0001] The present mveﬁmﬂmmmm
rel ates generally to CMOS i mage col or sensors

nmet hods of formi ng them BACKGROUND OF THE | NVENTI @iso
[0002] Typically, a CMOS imager circuit includes a
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phot ogate, a phot oconduct or r _a phot odi ode. A
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transferring cﬂﬁgg@%ﬁ#éﬁﬁﬁﬁg)gﬁ%#gggﬁO%ﬁgﬂéﬁsdevice to

the floating diffusion region. Imager cells also

ooz ral | 'pygianio, ACMOB Sthag@ cirk @it ih@8@stal Bl plA8e array of pixel cells,

floating diffusion region to a predeterm ned charge
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incfddeSat A1 AR butpilitcddrlsBror P M §HutbebriveRIbE dhRE €6fiver@photons to
detailed descriptions of the functions of various

cleavns whishem typisallnransferidty afleaing diffnson rhgien, icpaegcted to the
f le, in US. Patent No.. 6 140 630,to Rh
ol YRR, ey P TR, QR B B R Rytnced s e

and n%é%c%@aﬁs&tﬂ%g S8ndfrridk chatdgeIroRahephotdeonveBictPeviedo the
to odes, U. S. Patent NoO. 6,204,524 to Rhodes, and

floatigg diffusiomtrepion. 1812883clogise oyritadiidiave Transisterdopraseitiog the

of. e of the farqoi ar.e e in
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308 having a pixel array 200 with each pixel cel
trapsEes. const ruct ed as descri bed above. Pixel array 200

Ml

[0003] Exemplary CMOS imaging circuits, processing steps thereof, and detailed
descriptions of the functions of various CMOS elements of an imaging circuit are
described, for example, in U.S. Patent No. 6,140,630 to Rhodes, U.S. Patent No.
6,376,868 to Rhodes, U.S. Patent No. 6,310,366 to Rhodes et al., U.S. Patent No.
6,326,652 to Rhodes, U.S. Patent No. 6,204,524 to Rhodes, and U.S. Patent No.
6,333,205 to Rhodes. The disclosures of each of the forgoing are hereby incorporated by

reference herein in their entirety.

[0004] FIG. 1 illustrates a block diagram of a CMOS imager device 308 having a
pixel array 200 with each pixel cell being constructed as described above. Pixel array 200
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 selected
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conprises a plurality of pixels arranged in a

predet ermi ned nunber of columms and rows. The pixels

of each rowin array 200 are all turned on at the sane
time by a row selected ~IIM 1Ll I IMIIIII JIMIIIII
[T 111 *000002* Iine, and the pixels of each colum

lmqa,ag §bq: g@cpﬁs@épzy:h@ghpum at;tysclcespdp buspait &9 IresFactHR! @Mimn select lines.
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theseoluran st pﬁdgxcmre seledtielyi acaivgmcdcbtynhatadxrmydﬁm 260 w R&iponse to
27

t I dd decod :
col vedrdg 55 s&°§ﬁa§7§ (go 5 égep&gug@u%p@ﬁ;ﬁwggm&fm each pixel.
ThoICMOS imhBe&r iCMpRatcdBGhe kSnd PEM%&%Z ltalgﬁ §88§-t§{§ %dgsfés decoders
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229,547 0sfer saledting thheprxppriap rrowtadrda»mrﬂm tn€fod Bikel teA88ut Md row and

| xe readout columm driver circuitry
col 2?@346{? M ARBLY\ssivingeoltage to thejdiivegransistors of the

cldc&ﬁlﬂ%ws
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fordadif !
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d“‘r%g?és\?é‘ 1P ARl samp Flr%is o%&hao Aigital signals which are fed

to AFHRiPe @&s@gng%wagioéan 261, 262 to digital

signal s which are ge processor 280 to

a djgital ima [ 0005] A conventional CMOS i mage
[ é@&go gt Kepvensiona) %M@a’ﬂ m;agt otnsonpixel dr;apmaiuy fBHY®S a typical

h_of
SRR SIS T8 e 50 e S rcn 7,
and Hsp 83t rosp:tcyivﬂ;ﬂ dn@ﬁxfr&igﬂ%laﬁnésmc?n RAHSH] $i8ce there is onl
. ce there is onl one pi xel per col or, t%% ¥
°n°aP1?‘é1Y;nP°F &9 F’rté§ Ay ’é@ﬂg‘thS %z;rg urfgqemca Amadther typy o€ pxtl, shown in
FIi LS a _pixel ich attepgpts to
h v 8 Basbhf o e e et edion

dxﬂ”gnmg depthy indesilidun substaatsJ lsx:@ mns SPHR&ltRbRca
3 ent P% catl on No. 2002/ 0058353. Ct'%g‘etru rre2f/00T58353

5811?13“ QGogemsiagi rogions for aflithree kokears TObmd ixel is that
thc'cBld?@@a:ﬁ’i'o’é% pk'a%nl:el:] Ye completely separated and discerned by the stacked

photoconversion regions, even when they are placed at optimal depths based on light
wavelength. This incomplete color separation results in cross talk between adjacent color

detection regions and poor quantum efficiency.

SUMMARY

[0006] The invention seeks to reduce array area while maintaining good color

separation by providing one pixel cell for one color, e.g., the color green, and another
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the colors cannot, in practice, be conpletely

separated and di scerned by the stacked

phot oconver si on regi ons, even when they are placed at

opti mal depths based on |ight wavelength. This

I nconpl ete color separation results in cross talk
copingddrixel gpth farw harcolmie,t ©g1, ihdrddegidblae 8R8rsP Ofe pixel cell
hagmg {u,eféll Ci enc%/ RY [0006] The invention

w0 FUar s SP&SF“’S RGPV erSIOH dqvmmtngﬁ‘gemddcptbs into the

sumlawwhﬁaraeé EQDEBM &, xel cell one

color, e.qg. Q{ahe col or c;b;ﬁgg%é}q;o‘}g&% ctoﬁ%crosémg%mli‘cn'é‘ﬂ’ color

pixsls,ags ueligad inan army bytpbanoﬁmlg(thﬁm Rljgtent £d)8nd EﬂT with the
sin c%%lcol&)r The \XFE cel|  having the fwo co or's th
especth X p'FIBTrB@ ¢ anea forgeasiccaado faﬂnaalﬁg‘ler@imtcdjmmmplxch
insteatl @f thecorfeRBbOA ed, from one .an th
to reduce col or %&E’Sﬂﬂbﬁe %"ﬁe%gﬁc 8?93“’&0)9&
§h zed in an array by positioning them adjacent to
[QRB7 4 ¢ etdditipal fmmrcstoﬁehc p‘cscgiten\tbﬂhaﬁ vall %€ hpparent from the

EQ&‘H} rea basi c co i magi ng 1's reduce
fol %’%.ﬁ%ﬁ&&gﬁ‘ a&?ﬂasméhle}a instratesamplaty erebodiments of the
mvpmx@is whi | e good col or separation is achieved.

[0007] Additional features of the present invention

w Il be apparent _ fromthe follow ng detailed

descri ption aR8IEF RESCRIRITOIN OF [[HEE DRAWENEG! ar y

enbodi ments of the invention. BRI EF DESCRI PTI ON OF

[ggﬁ% ]gﬁ?l\%ﬂréﬁaﬁ %\@&k ﬁg%m chfI apccﬁgrbl 0o aé?jl\gg,ﬁggagrrc;p having a

Pixplo@9] FIG 2 is ais a di agram representing a nosaic
arrangemsnt of a three color pixel array in a Bayer

kg%g]a 3 is a schematic diagram of a

prl rFI ‘St% FHR EAPTANERE & MpsRilarragqehant iofig three color

plxsltamk&damb&rpa%&ﬁgltlve regions; [0011] FIG 4(a) is a
schematic di agram of a two pi xel | ayout in accordance

th vention;
[6\6{ d:ll eFId % is a schemaric diagram of a prior art pixel configuration of a pixel

employing stacked cplor sensitive regions;

[0011] FIG. 4(a) is a schematic diagram of a two pixel layout in accordance with the
invention;

[0012] FIG. 4(b) is a schematic diagram of a pixel array arranged in accordance with
the invention;

[0013] FIG. 5 is a graph showing light; absorption v. substrate depth for different
wavelengths of light;

[0014] FIG. 6 is a top view of a portion of an integrated pixel array containing green

and combined red/blue pixels in accordance with an exemplary embodiment of the

mVCD.thIl



[0012] FIG 4(b) is a schematic diagram of a pixel
array arranged in accordance with the invention;
[0013] FIG 5 is a graph showi ng Iight absorption v.
substrate depth for different wavel engths of |ight;

iIs a top view of _a portion of an
L[Oﬁtlg r at ﬂ%ﬁ? g‘étWSaﬁr‘ih&‘;F CEiEtaF 11 hy esi/dhdve Piapldn eenpdanse with the
inveR84R! ue pi xels in accordance wi th an exenplary
enbodi ment of the invention; 3 [0015] FIG 7 shows a
three transistor (3T) red/blue pixel in accordance
WR0L6] t heFIG.r&/isratpaotinl cfBOBtioRdl Qicw of thea3Ppixtl ddpicted in FIG. 7,

cro i.Q aI |ew f the 3T pixel depicted in FIG
thrpu gﬁ?‘ﬂ?gfﬁg C?\?\?’tsﬂ”&gtﬂ c%?tigi sensor region

depi ct ed; [0017] FI G 9 is a partial cross- secti onal

10025 . of FIie BT pairdialcrdeRicabaSl vidw BF e 7T &tgéhmFIG 7,

line 9-9, with a red pixel sensor region eplc
th![OGGbLQ-PC Rr% witlpa sesbpiselsetisourcgiomdspisteds (4T) pi xel i n
accordance with the |nvent| on; [0019] FI G 11 is a

[}?)@'1'8:} al %@Sﬁf %‘r oug : n\él e f'It) ei Ifel i age %ngqe%ttgg invention;

sensor region depicted,; [0020] FIG 12 is a parti al

kﬂoégk seBIG.oHals aypaetial ofost-teetidalpiiese bf tRPTpRE ddpidddin FIG. 10,
l.i.ne éé 12 wWth a red pixel sensor

‘h‘i"é‘ét‘é‘ﬁ BZ#’&“@& 2 plis pfe! seneer reglontapiirlFi G 16 show

cross-sectional views of a portion of a sem conductor

feake] duFi@ glﬂﬁralpayﬁal%tcﬁgee%ueﬁal%&} 3 %ﬁ%dcpictcdm FIG. 10,

accordance with the invention.
thepugh fine i12- kﬂ,agttamqﬁplaclpcmoewmgdqy&tdm whi ch enpl oys
a CMOS imager having a pixel array in accordance W|th

res nt| 0 Al LED DESCRI PTI ON [.0023]
lt(ﬁﬁlrol |§fv§ nig';;:"'n g&%@’E POresHSeCPRRU VTS © Qoﬁ%ﬁﬂeO a
semirohthectar wafep dmylng gandii’s 3BT, probéssiig i@ heBoRdARRE fvith the invention.
her eof and show by way of illustration speci f| o

ﬁf&ig?l ”Eﬁ{é i?xs a schematic diagram of a processing system which employs a

CMOS imager having a pixel array in accordance with the present invention.
DETAILED DESCRIPTION

[0023] In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof and show by way of illustration specific embodiments in
which the invention may be practiced. 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. The
progression of processing steps described is exemplary of embodiments of the invention;
however, the sequence of steps is not limited to that set forth herein and may be changed

as is known in the art, with the exception of steps necessarily occurring in a certain order.



whi ch the invention may be practiced. These

enbodi nents are described in sufficient detail to
enabl e those skilled in the art to practice the
invention, and it is to be understood that other

[1%5323' rre?,és may be utilized, and that structural,
fda fEFres cwafer Cand Eqvbegats,” asaysed Bertht araMd BtOkiderstood as

- 40g fhrom the spirifeand f th t
inchRUAG saidh, sieh-oaafarer [ i SiRBE csrmpbist 6535) technology,
dopledand hadogcd sex@iRLiaersOEpi RO tyERUrSiIln Wiborted by a base

i nhvention; however, the sequen steps

T EARE o Sondons see bOTketisoaduandr kR GARIER, vhen
: i n.t.he, with, xcept i - steps
i egggar ﬁ\é@o 8¢ gba?c | R fupsrated in éli‘%f"iPB’Elfg descriiny previvas
prdcessifg StyRimdy havd Gecd ¥hBieiab Form 25 88E ShllBhHEL Uk n2hE; :

be. under st ood as Tncludi ng g???g%ﬁﬁs’ Sl B8, B il fayers in or
oved;the bass ssmiconduster 8ruqr®@ or fonnddtidnC din-addiod) Y defriconductor need

£ - le lL,oqy oped and undoped sem conductors,
ne egié]'%%c}naﬁ}?%’ybelg S bﬁ‘flc{éﬁp?ﬁsﬁgﬂn SYippRIscERayma geramaium, gallium
arsemide oo behite bhichbadirgssi on, and ot her sem conduct or

structures. Furthernore, when reference is made to a

ﬁg%fr r "sub“strag,e" in the fol |l owing description,
[8 ous D teamePixehy as nsegdchansiy, refore the photiot dlérmeminitee]l

' ' tions, qr terjal layers in or
colS PN MBI i il erl ol Layers o
an tlecuaidalisignah, Férpurpeves 60Mdstediin, Q‘i-ﬁ%}}c &B;csgﬁaﬁvc two-color pixel and

. Sili grg#-tbased, but coul d be based
1ts Sapperoy. aamwﬂ%usg@pd@% ggqﬁg_rlﬁed mdmscmgml 'aanpmowcvgr, -

: oo .S, e term"pixel," as use
opRallf Rt e ARy ot IR PRl af e e pmu@npotsly. Aecordingly, the

followingmdetnitgl desiynicncio A¥EEShORLEE W £ Bmaiiek s%ﬁ?cg . &lh?cdscg?c of the
an

ransi si.tors, f.or copverting photons to ctric
Prcé‘?“gﬁ%‘f“.‘m%ﬂs ‘éﬁﬁ“ﬁé@ég' byt the appendedidlaims. a si ngl e
representative two-color pixel and its mariner of
[0026t | qnoeivscﬁiﬁdgs{ortﬁgg j f.i gures and - .
descri&%i on herein; hovg?/%c?ﬁ&ﬂtfq?gﬁkgﬁ f?‘?“‘f%‘b‘f’f‘%ﬁf Aenigngge like

clemenys, FIG. 4(¢) ard FiGkel(p) stetvsa poakeesta d@kﬂ%ﬁﬂf&'&é}&ncc with the

. " Gl he follow ng detajled description is
mvﬁtgtt?ch,. gngg. ‘%(Qk%‘ﬂ“ﬁs a raprlc?qmq%ﬁ Quré:éhg@ut cgfmotaldgxcgu(gme:' lsofn
bldancgwith ehd inveMEsH. | ' i by th ende .
el ai . [ 0026] Now T o ?%“ESB%%‘@?‘%P ??a&%&%ﬂ@? gensor 86 within
the|sppg pixeband @ ateen solob eensodirsi gpataes pikKEs7, PbaHBRPadjdckt the

: show a portion of _a pixel array in
mdgé@l)g%kgc gi% ‘%(ﬁ’() ?%%m a Plxgl array using the FIG 4(a) arrangement where one

pixel 90 contains red /blue photo sensors 85, 86 and a second pixel 87 contains a green
photo sensor. As shown in FIG. 4(b), the red/blue pixel 90 is arranged in a pattern

alternating with and adjacent to an individual green pixel 87, in a “checkerboard” type
pattern which can replace the conventional Bayer pattern array of FIG. 2. In accordance

with the inycntion, only a two-pixel area is needed for color processing, thereby increasing

the pixel array density.
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invention. FIG 4(a) shows a representative pixe

| ayout of two adjacent pixels, in accordance with the
invention, with a blue color sensor 85 and a red col or
sensor 86 within the sane pixel and a green col or
sensor in a separate pixel 87, positioned adjacent the

Fe2791 ue FRGx®bhows| dzhafdckoristib ofiligit dbsxphiodvesiyss bifitdiOsubstrate
(itgg Fhﬁ%ﬁ%ﬁ) arrangenent where one I&lxel 90 contains

cpEfas difere oraycleratbs pklighs. Asshowa in HEe snblusilight hga wavelength

' n [ 0 .0 Fl

of AR50 Fndod S b AR o R o B o 1.
nnal Greaalightdiaving b vaweleagthasfandurids 500nin'id b}bﬁﬂﬂ&% aBeofs¥d in silicon at

$| el gz, |q%a "checkerboard" type pattern ich can
2 ‘@E‘P gEePqutd LBy dind lighthaga pavelprgth &f areunds66 Grmpangd;is optimally

| [.aV. 1on. only a two-pixel

soxbb SR BRSO 96 A o 928 6 i s,
blinandg=en dight 1€ alpioxiedd &rdepyhsoetiich bié refatif& 2icke f bne aother.

shows a characteristic of |ight absorption versus
Begcapse of, zh%wgé*ic Aningvitaphpingomplete|signal separatin/at tha gurstion depths when

j ' I [ight. has a wave t h
b Bl AR b R Bl b SR 1R Bt B complec
sepdration|graiticubily deowdienhe biud tdlgréden ffborsr@alts bl &3ks talk and poor
havi ng .a, wavel ength of around 550 nmis optimally
QUABSYPSEHISDRY-si | i con at  a depth of about 1.5 pm Red
i ght has a wavel ength of around 650 nmand is
pqral | Iatale : f
P po S LR il SYEPCLR® pP BB bk € fepsor 85 ot
deptlyirgthegnngd fit.5 anetcab.Oqirh édnathedmpfattsofithic ¢libdfage and a red color

sehifs e 3 denlh BESit (habnd b bEOY e i scaais bt Tliese collecrion

refitRs lof fifché QsslS RictBuiiled ,L[glﬁ-\.eﬁ}ég gé Sn %gltc%cﬁﬁl%?éesco t&ion

st acked above one another int me pi xel .
oqchtso diecgreen edprseasaranforpadtin e weparity pbet 8Badestditeedlih ¢énnection
reenwsensors resultsg.in ¢gross t d poor
B R S Ot A 0 genor 86 o
dlﬂ’ﬁhﬁﬁ el QbR ddIGICeRbrdeldtd thenQbsut€ B it Eﬁcékm‘?s talk and
. depth I'n the range of 0.5 pmto 1.0 pn1fron1f e
imprpyetb@uastumieliciapsyt rat e and a red col or sensor 86 at
a depth greater than 2 pm below the blue sensor 80.
bex2shar gl | regl ese. sensors are
IE2LD 3" 8 shih  00b v GBS oL bL MG BRERER Byt i accordance
withlahegémplary embodiment of the invention. The embodiment shown in FIG. 6 shows

three transistor (3T) pixels in which three transistors are used in each pixel, however a four
transistor (4T) embodiment with an added transfer transistér, can also be implemented in

accordance with the invention as described below in connection with FIG. 10. Other pixel
implementations using other pixel architectures may also be used with the invention. fIG.

6 also shows a blue/red filter 121 and a green filter 122 over the respective red/blue pixel
cell 90 and green pixel cell 87,

[0030] FIG. 7 shows a top view of the 3T red/blue pixel cell of FIG. 6 in greater
detail. The red/blue pixel cell 90 includes a biue photodiode 10 and an accompanying
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occurs. The green color sensor is formed in a separate
pi xel 87, described in connection with FIG 4. The

pl acenent of the a blue col or sensor 85 and a red

col or sensor 86 at differing depths with no col or

senson \ﬁﬁ; results in mtigated cross talk
circiity ing BAFEIER d e § resrbbamsisten laving sgrsad8, a source

folfdweP Brakéif¥r H&:ﬁ%@ gﬁeé%bxn WPl ﬁl,g& d:?{ndéﬂ{or gfa%{‘ﬁt gk 24, A red

accor dance exénplary e
phowdmdm Ighis bElvsy £ bimo pihorrdiodshbinTha cirti asSociitedsvich! the eed

{0 ﬁﬂ |xels n.which three transistors are
pha 3504 r511 %ﬁg % Pa pn seeiQRy 28, 3 Fesgigransistor having a gate 30,
sotﬁ@ﬁﬂfo%f‘ Erai’x‘én% ﬁ:{h%gég gﬂa 38 BRalS] £ %%‘Lr ﬁ@cct | Sl tor gxapmg lasggtc 36.

be 1 nmpl enent te w e inve
FIGe3 shomﬂhcﬂmcmthmnwmﬂ&o@eﬂ ir€gfioitd dfthElpiel 90. FOF BRimplary purposes,

i xel, ql ons using other pixel architectures
theit i Arp GOt RN IR YAPGEHPPOhICEINRAS (9oundey batched line),
hu / I filt
mE‘VZP@ g8t 0o e (it sl BpRESERG), S lof Agnst region 40

(showmeby sqalatc dﬁttcc{ lﬁﬁ&Cﬂ pFloSer aoptub Yégich 48 Pshomalb Cf:ﬁub’%Qiotn::d line)
T red/blu ce]l of FIG 6 in greater ta

and g or 9Pt tlabis sgioncta (shopn maqmééma),tﬂadeo Nbichel dhteshown in
ré@cr%&ﬂaiﬁ a:??‘s% QURBRY I B1G. 68 , a . ese%%{) ol ptgw 14, voltage source

| oat | ng usi on regil on ransli

tcmammg, 20,082 andl'Q,, termsinnl 22 34f 0t hRWehows aNEIGIDr havi ng
a gate 26, and a row select transistor having a gate

o 1 B St BB 8 o RS g i snsor
regibk! THE ? @]Lfdcﬁaﬁ BL:10S %é f)lﬂé 's&{}of PALRRIAR: I@Yfr the %d/bluc pixel 90 is

transi s havi ng a gate 30, source f
positigned gq@dcm\dl ingharapgt ef sl&mtamﬁl taabow 1s@ Ipm:ﬁ-om the top of the
S t he Iaterm

sl o Bt PP ey Aoy i Slbisn Eevpn posye. A

blyr 8epasaS fornicHas @ shlsEiaeNs0 Bﬁ&n%§ ﬂﬁgﬁﬁgg@% vgegsl %vlﬁéh for

upper doped regi on 46 (shown
exemplapippp etaﬁ%@pmmﬂkmmcwcsmmodm bea photod.lodc 10.

e g L AR ek S o

otlserisaitsble phoestlidde) Bjit forRferd) QB ks tg&gﬂjas
(shown b dotted line), eag%ﬁ%f which is al SO shogﬁﬁgdmﬂcand

as shovm iy Fia8is a photerlinsls congittingraf 4 pr fegion 45,anch H fegich 44, which
aré%vﬁﬁﬁ’fip Geh 1M AR rcrnaimr\xlgo lst.'ﬁ‘;Jl o§ Shown in FIG. 8 include the reset transistor

having a gate 18, source follower transistor having a gate 26, row select transistor having a
gate 24 and blue output at contact 22. Floating diffusion region 16 is located below and
around contact 17. A p+ region 48 connects the photodiode 10 to the ground circuit 14

Shallow trench isolation (STI) regions 55 which surround the red/blue pixel cell 90 are
also shown.

[0032] FIG. 9 shows a partially cut-away cross-sectional view through line 9-9 of
FIG. 7 and showing the red sensor region. The red sensor also employs a photodiode 13
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termnal V. 20, 32 and Vo": termnal 22, 34 are also
shown in FIG 7. [0031] FIG 8, shows a cross-section
through Iine 8-8 of FIG 7 for the blue sensor
region. The p-n junction 15 of the blue sensor
phot odi ode 10 of the red/blue pixel 90 is positioned

and®haPbdfirdd beldw P%Zolﬁ@%?oﬂ;h&geiﬂdc Q.09 ftRe ggewgggc 60 BVing the

fromthe top of surface of substrate
dopedgrptlh6y. dillscihs Hlwnsensoriphbradied6d 0 theaed phytodiode 13 is a p-n

. Substrate, l.ue sensor,.is forned . ,n a bstrate .6
jungfion n@otaﬁwéfgeﬂ B#}%W phprariede, oF any othag Spiggble Mﬂé\og}?&ut for
oSk 3 - ot oconver si on devi ce
mmggﬁﬂggﬁgx% é?g%?ggépigxﬁ%$ﬁ§n%ﬁ§?bdiode 10 may be a
p-n junction photodi ode, a Schottky photodi ode, or any
[003%r s Rheaiotsepsioopbdioditele 13uis positiossdayd decpepjungicgedepth than

g B B 80 38 DM B 650

and optirh83{1RBn 4BsorphbE Bf tHAf Faviiddph. Prheatd s&bor Hil§-n junction 19 is
remai ni ng structures shown in FIG 8 include the feset

plateda i depolr d' dfgreatgr thag abeutiBpmsframcthe suificowd the substrate. The
ARSI B o) S AT ALAE o

forth@#dd fedsdh ﬂr&ﬁﬁ&@p&%ﬂﬂ%ﬁp&_@déﬁ £bi105a deshcD 20 V8 #4 no other color
around contact 17. p+ regi on 48 connects the

sensbmtegiting fler ex8mple, nhgregmahotodiode, betwéeh the@haid provides good color
trench isolatiqgn (ST]) ,regions. whi ch surtround .the
seRpREPOIRSE R T T ATHORAVER o RREtlE0 S FEIR i Egtructures

shSWAP WEF G PRIncivdle Ir¥sct HansifEhAAS S p 2@ F0, S\Ate Mll8Wer transistor having
through Iine 9-9 of FIG 7 and show ng the red sensor

a gategd & mow Bhlsct wahsistorduringlagatedp ang sedopipot aionthet 34. Floating
.and . be, f. | t : t odi ode, 10
i pRR AL S A B AVAY THe D dbpeop s ragh ind Fed
~ phbiddeodeE3 Rlojse fepitnd2 maﬁﬂgqﬂﬁuﬁ&n rdgiéh 280 ARNOepidh A¥econnects
y

13 is a p-n _junction photodiode, a Schottk _
thpresipivitediede 48 ta e gromad crenit 38| STdvegiony dare alsgshewn which

exenpl ar ur,poses .i s treated as, a. Pl N t odi ode.
soE R P BHUIRRE ReisPert B b o Al &n ST eikgh 2 sepprages lcerally
thélReRe fed phétodivicdiyih fhd disper bhdaphdtbdiode obtieeohftineed! red Pblue pixel
based on the | onger wavelength of red light, i.e

whighalso BitEaten aganstblys charaes pAssing dntogBEIeRHED OR284 t hat
wavel engt h. The red sensor cell p-n junction 19 is

[0034] FIG. 7, FIG. 8 and FIG. 9 further show the source drain regions 52, 54,
which are n+ type for exemplary purposes, for the reset, source follower and row select
transistors. The floating diffusion nodes 16 (FIG. 8) and 28 (FIG. 9) are connected to the

source follower gates 26, 38 respectively, as shown in FIG. 7.

[0035] FIG. 10 shows a top view of another embodiment of a red/blue pixel 90".
This embodiment is similar to that depicted in FIG. 7 with the exception of the addition of
transfer transistors having associated gates 70, 72 which connect the n regions of
photodiodes 10 and 13 to the respective floating diffusion regions 16 and 28. Likewise,
FIG. 11 and FIG. 12 are also similar to FIG. 8 and FIG. 9 respectively, with the exception
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pl aced at a depth d' of greater than about 5 pm from
the surface of the substrate. The difference in depth
bet ween t he phot odi ode 10 for the blue sensor and the
phot odi ode 13 for the red sensor provides a physica

' f he di.od 10, 13 with h |
of @AM Fhnses Feaiisi hsvink £aicith 7B Risoiransey cransistor and
assbetited gﬂtctMgatemmpgcg\ch%imQQP qmcellugﬁ)ﬁofo:agé Cﬁ%ﬁé‘{hgﬂgaﬁng

. between the blue and“red sensors w
nyregian A6n frsesferaransisror and asvociatad gakdy72 $ated chitfSpenerated at
r ransi st or ~having a. gate_ 30, source follower
‘h“t'r%gﬁ’éf’é 0 f%ﬁ%lﬂ%ﬁﬂ"&l iapregion 28 ¢ [ additioaalthongh 3T and 4T
ixBl8 vt hoWnad efed laﬁfkgn ntact, 34.. o
Ple_I oating di f?ugi on r‘é‘g‘ﬁféﬁﬂﬁﬁd‘*f“@“ggﬁ‘%‘éﬂa QBhsT Rixed srguitct

archirectyygs having fivem od graacir meatters dRrasBrordbot Bohede 13
n-type region 42 to floating diffusion region 28. A p+

' he red diode 13 to th
(06860 St 1351 ne S uRbrs esbed of SemugadT htloelor pixel
cellaigaiceori A ak rBiexelny ' ixels. |
leig aicco atith iHeprdeneinvEsn ﬁ%&ﬁmtfgétsé?gfwssm% For

addj tion, an STl region 56 separates
COVERISPCS, &Ry iawentintt willebef daseriticdens fpred inl aip well f QG- §PE sfstrate

. i.ned red/ bl u I xel ich al]so mtigates
“s‘% EPZQ%F%%%%%\%& ggﬁg?ésﬁsa&; ﬁgfvquréb(v BIYsntden may 2180 be formed in
an h8RAWMh afildGypd subdtfate i ; ow t he

source drain ’rsggi ons 51;? 55},/&\1/%#81}{%6%4;gﬁcr@g}cﬁgé%‘ﬁ?mm

strychaneh may s pepseds, for the reset, source fol |l ower and
row select transistors. The floating diffusion nodes

Fl G | G, 9 d to_th
(95T PRt 2 At 00 S B BIG S Ryed a2 biataonmco s 2 -
typ€kilicory sutis@ta@mk shbwn id B1GBVwiR atg}%?{cﬂ B%Woﬂﬂc%%gﬂ&ﬁ; The p-type

ngPodi rgegg of a red/blue pixel 9 his e
el 81 3y hedprmed Prigre apifics theiformatpmof isolatibh regiens 55, 56 in substrate
60.T6e BloQNin®fiard LI f ransfer, transi,stors
haviﬁg asscutf:i atlt}gad ga%(;edsfﬁgﬁ,a s9f£ %aﬁﬂs Iﬁ’“‘fl}ﬂ’ﬁ%’c‘f’c‘f %%W\dap'typc
. peripbgiydngicotell, phidhostillogieaid egdelrchits Fst doREoUBHARE bi
difh] %gti nlg di f usia&r; regions 16 and 28. Li Kew Se,ebbcéfaéray,havc
T05 HAPIEE Erofflss. i kngvim instharta mulplFibigh @cagyintildats May be used
to talSPee proMik BOf tid lg!,ﬂct\g eption 8 of the addition of
a trantgfrer transllsstors &a(li\:/'i ng gates 70, 72. The

éé&sfer transistor and associated gate 70 gates
[Q038]ges Lsplaeomragipnst5s;, R6 alsb skowh i BIGOLE, atfdrel &6 electrically

. i i ffusion region 16  Transfer transistor and
molgl%gg%lpgggia&xé gpgsn?ic Béfx%ém&q]‘ s¢levill dater be foamgd. The isolation regions
55, 56 can be formed by any known technique such as thermal oxidation of the underlying
silicon in a LOCOS process, or by etching trenches and filling them with oxide in an STI

(shallow trench isolation) process. Following formation of isolation regions 55, 56 if the p-
type well 61 has not y;t been formed, it may then be formed By blanket implantation or by
masked 'unplaptation to produce the p-type well 61. Isolation region 56 laterally separates
the blue photodiode 10 from the floating diffusion region 28 of red photodiode 13.



the red photodiode 13 to floating diffusion region 28.
In addition, although 3T and 4T pixels are shown as
exenpl ary enbodi nents of the invention, other pixe
circuit architectures having fewer or greater nunbers
of transistors can be used. [0036] Figures 13-16 show

[0089FX enpibstitle B of thefpixalsdigoacdDaluatindidlgahe ransiir gates 70,
cell in accordance WI th the resent i nventi on at

72y EEpqt TRRSiston guiss &8, 3sche saureryfollpyer transisierngaiaTas, 38 and the row

sclf)ct\{:%%lst%n FJr %rgl‘cf%g' L -&8{)‘013 J.Eo%g Qﬁﬁ%ﬁﬁ débosition

of phteloRERNE6 e, pdﬁy&ﬂmsﬁr déﬂa;embﬁ\beﬂtdtﬂrfofrﬂymaus aitkide h@iealisl to form
I'n an n-well in an n-type substrate using an n/ p

a spmicomea@ettcramg icheschipbo FiGe b showsan gemplay cmbpdimens with
d.. [0 F| LSk bstr |
foT:)cch $a§ oc[rksng trangis u%’s? stour%égllg\ga @Ems?s@c? an Eévgbclcct
trapbibtot &l e as shovvnln FIG 13 vvlthapwell 61formsd
therein. The p- type wel | 61 may be formed before or

SHRACH R NEL ERTNEE, X AT
fofméd aﬁé?%lixféﬁ%taaﬁr ‘rﬁ?q{ﬂ degidhs 88 dsh%“& ihYHe, lgeﬂfcqgﬁﬁéﬁ in the p-

0gl C We ta|n1og|c circui

wdlO6ll fifd rk igpédieo i Kaypacdmlyctivigy d‘ord:bcéxfnpkaqnpmqboms,rdppcd regions
zproflles As known in the art, multiple hi gh ener g

@51 rnfepsdapdizeay Be fprmeg bb'appl&ngm'eaﬁ‘f@f éu‘aquqqaéld doping the

3 r
reBiob B imBhpspely Aack3ONEL) gl R M hplics a8 (R0, the gare
stickGidenall dfsulaters arelrbien fbrenedioer the idee bf tiel gase m&lds ukiag &nown
be formed. The isolation regions 55, 56 can be forned

Ig¥SP- known t echni que such as thermal oxidation of
the underlying silicon in a LOCOS process, or by

@m Ng tEIENEH 8Row nplahtafididof (heB-Wp Eh«:@&hﬁ@o 142 @Ford the red

shal Iowtrench i sol ation) process. oW n
phi@pdiade d8. &FIGi $blakbisbows éxg,umphnwonaff th¢ bi %p:tocilg@vew regions,

PhFELAR S5 PrREioh 4% PR AP ONRR SBE Fitp e B A L the

inBhiadke Sdéwhais R8s m%l tEstackb fflradet BAnEQOE D8, Rfrce follower
lateral |y separates the blue photodiode 10 fromthe
whnsissen 2 aod rowstloet rangistar 228 of red phot odi ode 13. 9

[0039] Next the circuitry of the pixel sensor cell 90,
'[BBM' ngrﬁcrﬁxélrs@ﬁk%ﬁ' %Ellsgﬁ)t, §3 a]cocsscntially complete at this stage, and

conventional processing methods may be used to form insulating, shielding, and
metallization layers to connect gate lines and other connections to the pixel sensor cells.
For example, the entire surface may be covered with a passivation layer 88 of, for example,
silicon dioxide, BSG, PSG, or BPSG, which is CMP planarized and etched to provide
contact holes, which are then metallized to provide contacts. FIG. 16 shows conductive
plugs 17, 20 and 22 which are formed in an insulating layer 88, which may be BPSG,
applied over the gate stacks. The conductive plugs 17, 20 and 22 connect to active areas,

providing contacts for V,, 20 and V,,, 22 to the pixel circuitry. Conventional layers of

10



72; reset transistor gates 18, 30; the source foll ower

transi stor gates 26, 38; and the row select

transi stor.gates 24, 36 are fornmed by well-known

nmet hods, e.g., blanket deposition of gate oxide,

doped polysilicon, deposition of nmetal for a silicide
coiidiictorél @and 3@ Rk d18 gndyQlsbBerse @t intercbhlifect HEInRalrt il t&onnect

and etchin FI G 14 shows an exenpl ary enbodi nent

the,pixel topsF itBt acks for reset transi stor 18,

source follower transistor and row sel ect

i sto t f .
OB = el 8 595 100 A
phefddindes fphayaieneyds kenveited adlcleagormn for tRamplRpwhich Ardstéxed in the

14, are forned, in the wel | 1 and are doped to an
n- W&%Q?%M?%awlo A3 ang); 5eg 19t e%gl% diffigsion regions 16
and 98! s wratsfer 57 &'Euﬂ?s%g CEFr 0 an%ﬂ;dtopl the ?%‘ embodiment or may

applying a nas e subs

occurgis argated tonsfon mmg‘p;haﬂtﬁdrmnsﬂdrem g4l embdﬂﬁhhdht (FIG. 11, 12).
region inplants are forned, the gate stack sidewall

(2" T sk 7ok Mﬁgﬁe&éﬁ P 4001 1% el sensor
ccl}s‘é%l: ?d[}h%?gg{h gn}r%?nclf:i}al Gﬁﬁ%%élgg teaﬁlﬁci{g:s ufslﬁd {¥obf ' BhiddBional pixel

cellsapl ant ati on of the blue photodi ode 10 regions, p+
region 46 and n- region 44 by nethods known in the

R80PI LS B Al P v 30
(FEQU) bat ﬁ@dlh%m in[f% d AR ShQinitd recdBHhud ﬁy&ﬁ%ﬁ%d with green pixels, in

transi st or 42] "The pi xél Sensor cells” 10,
acegrdancs yath thel mycmmpl'ﬂtcemgcndnmcwgaa}' macive control or other data

ent iapal t hod d to
el T B el B R PREPar FSBEPONE T SyRPLbregessing uni

(CPaNNhat caRin@nicafte Wit WriBhd@dviced BRE B4 SdnftCoflth Bhvices
sensor cells. For exanple, the entire surface may be

coppyardte thertnis30dprovids communisatipn ggrocnd qumof d;cam;pm 300; an

B e 1,70 e 208 i<l A SRS 308 e el il dovices
Otree dtViess conhedtéd f@ﬁd&w@@ﬁirﬁﬂd@ﬂi&xﬁﬁ?iﬂuﬂa@wi thchlyBa random
conducti v lugs 17,20 and 22 which are forned in an

ACEGHE m"—&t% Oy dpardglgivers 175 gng engpsmore pesinticeal meprary devices
subl&s Qﬁb X ac?ﬁ e 3160 Macl: dfsk Qbﬁ%sdnvz 3180 T mggzcr device 308

conne Ct I've area
may be constructed as shown in FIG 1 wuh the pixel array 200 having the characteristics

of the invention as described above in connection with Figures 4-16. The imager device
308 may, in turn, be coupled to processor 302 for image processing, or other image
handling operations. Examples of processor based systems, which may employ the imager
device 308, include, without limitation, computer systems, camera systems, scanners,
machine vision systems, vehicle navigation systems, video telephones, surveillance systems,

auto focus systems, star tracker systems, motion detection systems, image stabilization

systems, and others.
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providing contacts for V. 20 and Vo,,t 22 to the pixe
circuitry. Conventional |ayers of 10 conductors and

i nsul ators nmay al so be used to interconnect the

structures and to connect the pixel to periphera

circuitry. [0043] As shown in Figures 8, 9, 11, and

[(0463s | iThhtproasicasndodevicsd dsscribkad sbovedllugnand prtferebelsmethods and

hqt 0-.ener is,converted to el ectrons, for exgnple,,
ORI RViEERP F ) GoUid e vid A Rspduead. {Fhe gt dategniien and
: I ' dj [
crkPoph e SRR, LIS 2L LiS) ) s of e

predeatinvemsomar Hofvevaren is nottittenddd ehvdo el presdnt ixivendign be strictly limited
occur as,a gated transfer usipg the trans
t°t‘ﬁ%nﬁ ?

fer
erdserbed;and ilustrateg sam cpfs; énms)@z‘)qoqso@mph presently
N i . ' ' ). )
o P B S inienm08 My ek MR ofic 308 sl ehe
followingrddims ahoyld be esmsideged parb of thegeresene thvientdmr m

conventional pixel «cells. [0045] FIG 17 shows a
processor system 300, which includes an imager device
308 (FIG 1) but having an image array contai ni ng
red/ bl ue pixels, arrayed with green pixels, in
accordance with the invention. The inager device 308
may receive control or other data from system 300.
System 300 i ncl udes a processor 302 having a centra
processing unit (CPU) that conmunicates with various
devi ces over a bus 304. Some of the devices connected
to the bus 304 provide comruni cation into and out of
the system 300; an input/output (1/0O device 306 and
i mager device 308 are such comuni cati on devi ces.
O her devices connected to the bus 304 provide nenory,
illustratively including a random access nenory (RAM
310, hard drive 312, and one or nore peripheral nenory
devices such as a floppy disk drive 314 and conpact
disk (CD) drive 316. The inmager device 308 may be
constructed as shown in FIG 1 with the pixel array
200 having the characteristics of the invention as
descri bed above in connection with Figures 4-16. The
i mager device 308 may, in turn, be coupled to
processor 302 for inmage processing, or other inmge
handl i ng operations. Exanpl es of processor based
systens, which may enpl oy the i mger

12



~device 308, include, without limtation, conputer
systens, .canera systens, scanners, rmachine vision
systens, vehicle navigation systens, video tel ephones,
surveillance systens, auto focus systens, star
tracker systens, notion detection systens, inmage
stabilization systens, andpgggigg. 11 [0046] The
processes and devi ces descr ove illustrate
preferred nmethods and typical devices of nmany that

s B AR SO AR Sl bl Pl

dr aw ngs rate enbo
Uni®dd S@ats isf eat ures, and advantages of the present
i nvention. However, it is not intended that the
present invention be strictly limted to the
abole- dei twolnelorspigelidomprising:ed enbodi ments. Any
nodi fications, though presently unforeseeable, of the
prese I nvention %&;t cone within the spirit and
S

t
 scApUDSTAERAVIRER FUIRYe cl ai ms shoul d be consi der ed
part of the present invention. 12 CLAIMS Wat is

c! & G12elc ity RBMERAUNABRUE It hsibh EVREIBERLY Budwie” o

Patent of the “United States Is: wo col or pi xel

surfaCof dad B@hstratie atib fitst absorptivh kigpeh $oi { Afse wavelehg of
col or conponent phot oconversi on device | ocated bel ow

d surface of said substrate at a first absorption
depth for a first wavelength of |Iight; and a second

ik SeebR BRI oA A PR etor UEes R oY R
, SBEIHOSH pY B
B e e oL a IS 0 S

wavehbigtld of fight; conponent phot oconver si on device overl ap
vertically within

wherein said first color component photoconversion device and said
second color component photoconversion device overlap vertically within
said substrate such that the first color component photoconversion device is
located closer to the surface of the substrate than the second color
component photoconversion device and said first and second color
component photoconversion devices are spaced from one another in a depth
direction by a region of said substrate which does not produce

photogenerated charges; and

a two-color output processing circuit respectively coupled to said first
and second color component photoconversion devices for providing output
signals corresponding to respective charges produced by said first and second

color component photoconversion devices.

2.  The two color pixel of claim 1 wherein said first and second

color component photoconversion devices are photodiodes.

13
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sai d substrate such that the first col or conponent
phot oconversion device is |ocated closer to the
surface of the substrate than the second col or
conmponent - phot oconversi on device and said first and
second col or conponent phot oconversi on devices are

726+ o4 bf B 0 BBk s b oA oo iond
pﬂg%cﬁgﬁ&e&étﬁﬁ Eﬁ?‘f&ﬁédcsand a two-col or out put
|

processing circ respectively coupled to said first
and second col or conponent phot oconversi on devices for

provi 4i ng The twid color el 6f €lainh ASwherdinshid GrtRBRACL i ve
charges produced by said first and second col or

compeseah phetasoovensioar diving isle bluelghtsendre two col or
pi xel of claiml1l wherein said first and second col or

378" ol BOF CPIoF SpORERL o eRuR-BPR eaicg Ghom 4
T e
abotpOIfefin Bt aNg eins Foh dRViopSsurfacé of thesubstate.

sensor. 5. The first col or conponent photoconversion
device of claim4 wherein said blue |light sensor has
a p- n6j unckheo e selor @ixed of glaite 3t whereirt saidsecamdutolor 5
mto abogt 1.0 prn fromt.he t urface of the
FRRAPERT BRORCORKERIQRARCJ? 4569 BERBICISPE! m 1 wher ei n

sai d second col or conponent photoconversion device is

a redgl i ghtps §H3£Hcp3$?rgi§tifc}o§#tet&%@ﬂmeé WHRPeif] %&h;r@dfiifght

clai m 6 wherefn sai sensor has a p-

spnsorthiaoa p-ngahaibralocatedeanatiepth ababéu?2.0 pridlorGreater from
reater from the top surface of the substrate. 8. The
p 60R swdacsr of tha substrate. of claim 6 wherein said red

l'i ght

8.  The photoconversion device of claim 6 wherein said red light
sensor has a p-n junction located at a depth of about 5.0 pm or greater from

the top surface of the substrate.

9.  The two color pixel of claim 1 further comprising an isolation
region for minimizing lateral charge transfer of charges generated by said first
color component photoconversion device into a region in said substrate
which receives charges generated by said second color component

photoconversion device.

10.  The two color pixel of claim 9 wherein said isolation region is a

shallow trench isolation region.

11.  The two color pixel of claim 1 wherein said first color
component photoconversion device is part of a four transistor pixel circuit

comprising a transfer transistor, a reset transistor, a source follower transistor

and a row select transistor.
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sensor has a p-n junction |located at a depth of about
5.0 pmor greater from the top surface of the
substrate. 9. The two color pixel of claiml further
conprising an isolation region for mnimzing |ateral
charge transfer of charges generated by said first
col Qr. conponent phot oconversi on device, into.a regi.on
in ddid s firstch OR¢PBIPONERE PRAtOCORNFIIION é“é’ﬂaa#e %@%}1
sai d second cokor .conponent .phot Ver $i devi ce.
f“"i'g‘."'r %@P%gcao({lo erpricg n %’“ﬁ?pﬁl Fﬁcgﬁp e%é‘? ﬁg;ai d
| ' ABvied fdrSreBeivi Wehh@Rabadste@tel! fr8M the first
Pﬂroggll:cc?)éﬂ&g}?i The two g%r%r%qg%agel gl%@cl aim1 wherein
plestocortversion devioe. conponent phot oconversion device is
part of a four transistor pixel circuit conprising a
transfer transistor, a reset transistor, sourge . :
ol der Thefsstsolr comppnent sostaavErsigndeyics of claim 12,
12. T%%?féést .§ol.sor+conponent phot oconver si on devi ce
wherel s APRed FeBPPR & Mtonpri si ng a doped regi on for ned
adj acent to said first photoconversion device for
recei4/i NgThewas colsy &ﬁnﬁéx@eﬂﬁf@b&@&ﬁv&ﬁiﬁd Hevité bSElaim 12,
phot oconversi on device. 13. The first col or conponent
whinzimszid depsd ocgide s g foating diffusiciCregiother ei n sai d
doped region is n+. 14. The first col or conmponent
phot oconv vice of claim12, wherein sai.d, .

sion d
HopekP-r egiBA S 9191 CRPARERS BIOGAFSHCRIRR dhvicd §f clia 12,

fi i i . .
L A S
dbRt¥EEd saiddptd rédioR IToE gwﬁﬁ%&hugkeydcﬁmﬂa&dsaisdm

doped region for gating i mage charge accunul ated in
depediregion.

16.  The two color pixel of claim 1 wherein said second color
component photoconversion device is part of a four transistor pixel circuit

comprising a transfer transistor, a reset transistor, a source follower transistor

and a row select transistor.

17.  The second color component photoconversion device of claim
16 further comprising a first doped region formed adjacent to said second
photoconversion device for receiving image charge transferred from the

second photoconversion device.

18.  The second color component photoconversion device of claim

17, wherein said first doped region is n-.

19.  The second color component photoconversion device of claim
17 wherein said first doped region connects said second color component

photoconversion device to a second doped region for receiving image charge

transferred from the second photoconversion device.
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doped' region. 16. The two color pixel of claim1l
wherein said second col or conponent photoconversi on
device is part of a four transistor pixel circuit
conprising a transfer transistor, a reset transistor,
a source follower transistor and a row sel ect

transjsto 17. The second col or, conponent . .
phot Bk ony RS SeFondcrAlGECTPeREAt RhOFGCRRYSFHER devics of Sy

18 wlilchsh SARECLILELON [QraR A6l acent Lo said second
photoconversion device T or receiving i mage charge
transferred fromthe second photoconversion device.
18. Jhe swherecomd culot eompoasit phivtoocaversivhidevicdefictam
of claim_ 17, wherein said first doped region is n-.

19 svhettio ssidscoend dpped cegipo aenflopting difBwian sgion.devi ce
of claim 17 wherein said first doped regi on connects
sai eco color, c onent hat ocanver si on, devi to
2 sena s SheLFIRF FemBoacEl S GPHEGRoB VRS of tlid

r f er 4 RAGH BEQFRESI i ice. 15

1%0@&% cé@%é%’él%?oﬁgﬁs%%%‘%g Sce) nt p got ocC (;ﬁnséiec?ibicgﬁﬁd evi ce

phbtctoaiérsiohUenreagidsakibiedond lopdd degied foe gating irmager.
21. The second col or conponent photoconversion device

chirgelagiumulagediinenisl seconddlopedgegiodoped region is a
floating diffusion region. 22. The second col or
conmpgpent -phot oconversi pn.devi ¢ce ,of cl ai 9,.further
co np?? si N 3%25 tP”roa‘félf’{eP“‘ﬁg?feg?’(?? Ee‘&hﬁfgﬂ\i?éﬂhﬁsi c8lerecong

cBEJRERPNRSRLORYALh (Revitdds DAk Br AEARC-AINARE il ARuic
or gating I mge charge accunulated in said second

confeiingegiestt radistdt)a sovececfolloweptraabiswir, addia pow select
wherein said first color conponent photoconversion
trhesists. i s part of a three transistor pixel circuit

'24.  The first color component photoconversion device of claim 23
wherein charges generated by said first photoconversion device are

transferred to a doped region.

25.  The first color component photoconversion device of claim 24

wherein said doped region is n+.

26.  The first color component photoconversion device of claim 24

wherein said doped region is a floating diffusion region.

27.  The two color pixel of claim 1 wherein said second color
component photoconversion device is part of a three transistor pixel circuit
comprising a reset transistor, a source follower transistor, and a row select

transistor.

28.  The second color component photoconversion device of claim

27 further comprising a first doped region formed adjacent to said second
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conprising a reset transistor, a source follower
transistor, and a row select transistor. '24. The
first col or conmponent photoconversion device of claim
23 wherein charges. generated by said first
phot oconversi on device are transferred to a doped
region. 25. The first color co:gonent phot oconver si on
phitocavecion davice for reedidngiimageaicharsgeensfergdbifomsther
26. The first col pr. conmponent phot oconversi on device
scend PROTACORVERIND Vs ai d doped region is a floating
diffusion region. 27. The two color pixel of claim1l
wherngi n i ; FeRi
Govies ' SThEsPRERIG Aipo R aRARRCLoRINRNGA FeViet B ehim
28 VHRfdif isiid first @spRid depRopsSis at or, a source fol | ower
transi stor, and a row select transistor. 28. The
second col or conponent phot oconversi on device of claim

27 3t heThe seqonidstaler ecomporentphntgceryarsnndsyiee @f claim
adj

acent to.said second 16 photogconversi on device for

28 wiherein el BraGRORATEACGIPR, SOl B SR STEonh qor CopgRGRt
, J \

PO AREh Heblte 161 <6 on dopd NG 10 ek Bty PR RMARe
trififeded 6@nPthd SecBnd pBBtocbheesRindevical or conponent
phot oconversi on device of claim 28 wherein said first
doped regi on connects said second col or conppnent )
phot dkonv diheiseepnibeolos companericphetagepeersicagicyiseraf claim

ecei vi ng. j mage,charge .transferred fromthe second
3él’f@ﬁ§ e HdGiQPFgé‘?gl?l.ls HHe second col or conponent

phot oconversi on device of claim 30 wherein said
secogsl dongfl JEG®Bolof cBifiponent photoconversion device of claim

30 wherein said second doped region is a floating diffusion region.

33.  The two color pixel of claim 1 wherein a doped region

connects said first photoconversion device to a ground circuit.

34.  The first color component photoconversion device of claim 33

wherein said doped region is a p+ doped region.

35.  The two color pixel of claim 1 wherein a doped region

connects said second photoconversion device to a ground circuit.

36.  The second color component photoconversion device of claim

35 wherein said doped region is a p+ doped region.

37.  The two color pixel of claim 1 wherein doped regions of said
first and second color component photoconversion devices are not coincident

in size when viewed from the top.
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32. The second col or conponent photoconversion device
of claim 30 wherein said second doped region is a
floating diffusion region. 33. The two col or pixel of
claim1 wherein a doped region connects said first
phot oconversion device to a ground circuit. 34. The
first col or conponent photoconversi on device of claim
33  3Ber ei¥hestwaiceloppikel efjileim 37 whereinjsaid dopedjregions of
35 Thg two col or gixel of claim.1l wherein a gggfg
thefirst Rhoresamyersiondevaceseacynn asMALSE arrpdpan sud dapede 1 o
. C. , e .

rGp2 YD eieek Gl oot dfioBrdie SR inchRIIRGR e cop.
region is a p+ doped region. 37. The two col or pixe

of cBgj m 1ThBewei ddlélgsee JfetliMNE wHeréiai dbpellirkgions o said
second col or conponent photoconversion devices are not
ficssiandi s¢eond color somponepnphomeetvénsiom ddvices are. ndt7caigeident
.The two, col or %xel f claim 37 wherein said doped

in ghans &hen “ciwﬁ’a F‘?‘P§Bc Bt oconver si on devi ce occupy a.
smal l er area than said doped regions of the second
phot ggonvex Si i ' the top. 39.
The %&b c6$§?9% %gphgfﬁ%$alﬁ$%%§ﬁg¥%| ‘doped regions
of said first and second col or conponent

phot acsubseatd contaifitigcepluddlity vffiraaindcsedend pixels fhuged
Wwhen viewed fromthe top. 40. An array of pixel sensor
int amagaypf rewnand eolvomsi rate containing a plurality
of first and second pixels arranged into an array of

| : i.d fi i | i Si fir.st
col orELHRERI SomB e avimesdnt CorppoEt Mhde Savasmipby
deifeHE4te8 BeRfw Bl SirBldDBF § §u9§u&cifato gﬁggﬁﬁgor .

corresponding to an opti mal absor pt
dorresponding| teragi dptirhall abgintption depth for a first wavelength of light

and a second color component photoconversion device located below the

surface of said substrate at a second dcpth corresponding to an optimal

absorption depth for a second wavelength of light;

said first color component photoconversion device and said second
color component photoconversion device overlapping vertically within said
substrate such that the first color component photoconversion device is
located closer to the surface of the substrate than the second color
component photoconversion device and said first and second color
component photoconversion devices are épaccd from one another by a region

in a depth direction by a region of said substrate which does not produce

photogenerated charges;

wherein said second pixel comprises a third color component

photoconversion device for a third wavelength of light; and

wherein said first and second pixels are arranged in an alternating
pattern in said array.
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and a second col or conponent photoconversion device
| ocat ed bel ow the surface of said substrate at a
second depth corresponding to an optiml absorption
depth for a second wavel ength of light; said first
col or conponent: phot oconversi on device and said second
col of, co nent phot oconversi on devj ce .overl appi ng
ver t‘h:‘al %W’V r?lg§£i’i“8 ‘{QYYE‘&{%FQSMQ‘W“?%@# apdt
bﬁfé'&ﬂox@m jent phot oconversion device is |ocated
closer to the surface of the substrate than the second
color. conponent photoconversion device and said
firs42.andTheaons of elaix 40 atiefdie Biid s @slenyehpbAent
devi ces are spaced fromone another by a region in a
phetschnugrsioptdeyiseiya bluedigharsensorsai d substrat e whi ch
does not produce photogenerated charges; wherein said
seco pi xel conprises a third col or conmponent )
phot 'onvé&i%ﬁ%&% campanent RHAtpEORYTIPR deice of claim 42
, O . Cd fire : |
whefdh s W TR BN o EShnfidn IRAMAE Pl ME0ch OF oy
a¥dut 0Bqumans apoaf 1.0 winfrdll thBebpistrfad 6f thic'sabstacse!
senses red and blue colors of light. 42. The array of
claim 40 wherein said first col or conponent
phot #tonv dbsiasiy ef elaim 4G whetsin saidisgeend eploo compenefihe
i{ost col .or éor%onent ﬁh toconversi on device of claim
- PROTOCQRYSTSIOR dEXIh i fed 5€5§°"§%sor has a p-n junction
| ocated at a depth of from about 0.5 pmto about 1.0
pm f45m 1 Mhelseborid'phétR oRVersidR mtéﬁﬁp 44 whEl&n said

array of claim40 Wherein said secon or conponent

rgghbghitcsensar s arp-dguiction kocatedest d dephth ofabsat 2.0:E.m or
The secon‘_fl1 phot oconver si on devi ce of claim 44 erein
greater from the

top surface of the substrate.

46.  The second photoconversion device of claim 44 wherein said
red light sensor has a p-n junction located at a depth of about 5.0 ym or
greater from the top surface of the substrate.

47.  The array of claim 40 further comprising an isolation region
for minimizing lateral charge transfer of charges generated by said first color
component photoconversion device into a region in said substrate which

receives charges generated by said second color component photoconversion

device.

48.  The array of claim 40 wherein a doped region connects said

first photoconversion device to a ground circuit.

49.  The first color component photoconversion device of claim 48

wherein said doped region is a p+ doped region.

50.  The array of claim 40 wherein a doped region connects said

second photoconversion device to a ground circuit.
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red Iight sensor has a p-n junction |located at a depth
of about 2.0 mor greater fromthe top surface of the
substrate. 46. The second photoconversi on devi ce of
claim44 wherein said red |light sensor has a p-n
junction | ocated at a depth of about 5.0 pm or
greater fromthe top surface of the substrate. 47. The
arrdl.of Thaisecorsl ¢alot hemponenrphitogonyersion|dgvico of claim
region fqr.mnimzing |ateral, charge transfer of
59?1‘&%‘5%% s@‘&'@%\’ﬁe‘ifgﬁip B4Rt doped r€0Yr  conponent
phot oconversi on device into a region in said substrate
whi regel S ' r
Comsient TECrRYT S0 SREL B0obY roBfl 5FGRTfr b
séebAl Folt? cHRgstidht phdetRAvEROde iR MRE bt 88indideht Irbdize
phot oconversion device to a ground circuit. 49. The

whien yiewed fopomctheppopent phot oconver si on devi ce of claim
48 wherein said doped region is a pt+ doped region.

conrfitt s SHEATRY AL STRITAG BHEGH S APoRGTBIoG of t frs
PRI ice) ity o RUBERRY AL 08 CpERRMBE of b
séc@adPhotdcanwersic Aevice QlieAVviewed frofittt topy of clai m 40

wherei n doped regions of said first and second col or
conmponent phot oconversi on devi ces are not coi nci dent

in shbde be arpyp @€ dlaim ¢ whercinogopaBregivrs efrsaid first and
claiym 52 wherein sgid doped.reqgians of the first .

SEHRBE O AEP ORFRIRAtRCHBEER dedines 47 mod caincidras i shape
v@gﬁ%‘;&g' gﬁfd&ft e second phot oconversi on device

hen vi ewe romthe top. 54. The array of claim40
wher'ei n doped regions of said first and
55.  The array of claim 40 wherein each said second pixel senses

ngCl-.l color of light.

56.  The array of claim 40 wherein said alternating pattern is a

checkerboard pattern.
57.  Animaging system comprising;

an array of pixel cells arranged in rows and columns, each pixel cell
being operable to generate at least one voltage at a diffusion node responsive
to detected light intensity by the cell, said array of pixel cells comprising a
plurality of first pixel cells and a plurality of second pixel cells, said first and

second pixel cells being arrayed in an alternating pattern in said array;

each of said first pixel cells comprising a first color component
photoconversion device located below the surface of a substrate at a first
depth corresponding to an optimal absorption depth for a first wavelength of

light and a second color component photoconversion device located below
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second col or conponent photoconversion devices are not
coincident in shape when viewed fromthe top. 55. The
array of claim40 wherein each said second pixe

senses green color of light. 56. The array of claim
40 wherein said alternating pattern is a checkerboard
pattern. 57. An imagi ng system conprising: an array of

thpisurfacecof] saidl substmtgeat 4 secondudepricorsespondingta-an gptigial
cel |, being operable to genera t least one voltage

abgerpsiog ‘f%gif%ﬁa SR Q%Eggt’det ected |ight
intensity by the cell, said array of pixel cells

C o o .

o1 el 3P cBlor BblcRlichy pfibeccpriérsfi i Pestbecdind
colSC@ifipHhett photbtsnkediow davie @y ectldpping vatticellynavithirg said

pattern in said array; each of said first pixel cells
substratei suii ghat thiefisst eddneornpopritrhotopPRIcsHOn WEVSE dh

devi.ce | ocat.ed bel ow.the surface of ,a subsirate at a
lopated closgR i e SITASE 96 i SRPSIBTChaB Hhe SarOBERIPE L | on

d ' : . i cond
QP Hhetocdh T UBEO B ol S A sRBBdReRR 0
cAHpbiéhtPHOt8EShWREsiSR devisesait spdcRddtom Giecanstheeby b region

corresponding to an optinmal absorption depth for a
irsedepth dicectioartyt hragion pfjsai¢ sebatohté which dogomotcprogusent

hot oconvey si on devi ce and said second col or

ngﬁﬁﬁﬁgﬁﬁxgaﬁFS€%nversion devi ce overl appi ng

vertically within said substrate such that the first

colo 3 v [ \Cad ; d

cl osgh%?%m? E‘g{] Es)ﬂ ?‘{ﬂggg&&a ltﬁ%cél cs u gﬁﬁgtﬁgcgt ité\br#c?ﬁ(gbgec ond
c6RpBhentsHBIOBEANriibAldevien for 5 tiird daveleagendf Bghitdahd r st

and ‘second col or conponent phot oconversi on devi ces

are spaced fromone another by a region_ in a depth

di r e Proasesipg crcwisy ewplrd twasal apE fQr-RredipINgHMIgE S1ehals

B RREES

58.  The system of claim 57 wherein each said first pixel cell senses
red and blue colors of light.

59.  The system of claim 57 wherein said first color component

photoconversion device is a blue light sensor.

60.  The first color component photoconversion device of claim 59
wherein said blue light sensor has a p-n junction located at a depth of from

about 0.5 pm to about 1.0 pm from the top surface of the substrate.

61.  The system of claim 57 wherein said second color component

photoconversion device is a red light sensor.

62. The second color component photoconversion device of claim
61 wherein said red light sensor has a p-n junction located at a depth of

about 2.0 pm or greater from the top surface of the substrate.
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phot ogener at ed charges; wherein each of said second

pi xel cells conprises a third color conponent

phot oconversi on device for a third wavel ength of

light; and processing circuitry coupled to said array
for producing image signals therefrom 58. The system
of claim57 wherein each said first pixel cell senses
red Ghd bThe sewingk colof compbhentgshotThenveysion eyice off glaim

57 wherein sgid first color component ot ocpnver si on
6 Lahcean saidgeg light SERPRE hasagon Justonpgaterl At 2 degily pf |
[of0) rsi | ce ' 9 wherein
ST R of BRI et S ol heBiiey 10d o s
depth of from about 0.5 pmto about 1.0 pmfromthe

top ¢4ir f aTheQfstbicofSilift 5Aheréih cadh eyl Fiftl¥ensdsai m
57 wherein sald second col or conponent

grdentcobmrofdighton device is a red |light sensor. 62. The
second col or conponent photoconversion device of claim

61 w@grei%,said red ILghg sensor has.a p-n.ynction.
ocabed ahs SRFRORAAIY B urtbeheoPERnG 2B bolation grgion
g AR A HRERE ek pEE L  ndsd U Rt oo

cHRPoatR SladtdcoRetrbibt ldevite MSQ) a RirPsaid jsubstiat@®hich
| ocated at a depth of about 5.0 pmor greater from

redeives ohargos genrratstl yrsaidsdeond aptor @mpanent phote¢anytrsion
cl.ai m 57 wherein each second pi xel senses a green
dgBr®r of light. 65. The systemof claim57 further
conprising an isolation region for mnimzing | ateral

chargg tr nsgr%ticrrg Eg ?Qﬂﬁ GO SwhERH 9&8?&?&%% dohhéd said

col or * conpo toconversion device | a region
first phdjtécctivessidmtevivbte 8 ground circuit.
67.  The first color component photoconversion device of claim 66

wherein said doped region is a p+ doped region.

68.  The system of claim 57 wherein a doped region connects said

second photoconversion device to a ground circuit.

69.  The second color component photoconversion device of claim

68 wherein said doped region is a p+ doped region.

70.  The system of claim 57 wherein doped regions of said first and
second color component photoconversion devices are not coincident in size

when viewed from the top.

71.  The system of claim 70 wherein said doped regions of the first
photoconversion device occupy a smaller area than said doped regions of the

second photoconversion device when viewed from the top.
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recei ves charges generated by said second col or

conponent phot oconversion device. 66. The system of

cl ai m 57 wherein a doped region connects said first

pl ot oconversion device to a ground circuit. 67. The

first col or conponent photoconversion devi ce of claim
i s a p+ doped re |on

e i e S i
BT T e .

Wi Fiewsd fom el epyi ce of claim 68 wherein said doped
region is a p+ doped region. 70. The systemof claim

57 wherein doped regions of said first and second

col o7 3¢ onplmémagadavicey compsising: devi ces are not
coincident in S|ze when viewed fromthe top. 71. The
systen1of % erei n said doped regions of the
first? ﬁﬂﬁf €P§ R AFEPFEHCoccupy a smal ler area

t han sai d doped reglons of the second photoconver3|on
devi Tads t

cIaiﬁ?%? g?%ln c%%% gﬁgm%$§§§§%%#%$§§gétiﬁyl
second col or conponent photoconver5|on devi ces are not

coi ncwhiemin eathsdfapiel finshpixel catieeOnipriass 4 fiesticofor dGnpdient
i mager device, conprisin a doped layer fornmed in a

rshmgt:%tceésxmadcvam lﬂﬁatﬁfd belowt thaﬁu:fs@ccoﬁd Slpbmc akd fisst

SOk el P58 ST absorREn AcBet Bt B oherosth of

%&tagaw:eaﬁa QBIfo‘ii %}Sh&?odle &F}g ghs&tctaﬁbeeéiogﬁ&evﬁg 1&8&%&

bstrate at a first correspon

thptshrfate afbsait pibseratdaps Secbad depfh eéxtrcswﬁah@ﬂs Hn @btimal
absorption depth for a second wavelength of light;

wherein said first color component photoconversion device and said
second color component photoconversion device overlap vertically within
said substrate such that the first color component photoconversion device is
located closer to the surface of the substrate than the second color
component photoconversion device and said first and second color
component photoconversion devices are spaced from one another by a region
in a depth direction by a region of said substrate which does not produce
photogenerated charges;

wherein each of said second pixel cells comprises a third color

component photoconversion device for a third wavelength of light; and

signal circuitry formed in said substrate and electrically connected to
the array for receiving and processing signals representing an image output
from the array and for providing output signals representing said image

output.
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light and a second col or conponent photoconversion
device | ocated below the surface of said substrate at
a second depth corresponding to an optimal absorption
depth for a second wavel ength of |ight; wherein said
first color conponent photoconversion device and said

secqnd c r.conpopent toconversi.on _devi. gverl.a
ver th%al quy.ﬁmf‘é% Cé’éﬁc(fﬁg&d@tfgf@%%ﬁa?%g?&%ﬁg R‘ﬁ@?ﬂ
col ar H@ﬁgg version device is |ocated
SCP%%sngdt%g the g@ﬁé&g@@%&?t he substrate than the second
col or conponent photoconversion device and said first
and ZgconThe ghager deviqrosfildimp® wdmaeinsaid finst delor ces
are spaced fromone another by a region in a depth

cathpentritghotgcenvesipm devite isa biug Jight sersernhi ch does not
produce phot ogenerated charges; wherein each of said

sec pixel «cells conprises third celor, .co nen

ph o%@ 0 nvﬁg st 993% poRent RIQtPLPRYS IR doYiRe g? 7S
whERH pid Bhe BRORhedh B Y L bR oo R B
alsiet 06 §eR $6 aBeus 1 Pnainsfromnhe sop sirfaceoof thesgbstwattput

fromthe array and for providing output signals

representing said image output. 23 74. The | gagfr

devi @& of Thedmagyderies of dlaiandB whereinssapdsecopdcplare) |

senses red and blue cplors of li.ght. 75 The imager
CEWPBE“W%QFPS?W cfso*oM%P”éF 3 5‘?‘401‘&?% €PSUs or  conponent

phot oconversion device is a blue light sensor. 76. The

firsygcol qf, SeEB €6l F&Bﬁlﬁﬁﬁtf hétRBnd@ionedicedfidiin

75 g\%erei ncsai I uerl i ght sengor haé1 a p-n junction
77ochdreit said reddigtitsensorf iasm p-atjonetiéh oqamd ar sadepth of. 0

gm fromthe top surface of the substrate. 77. The
abany2:0 we\arEreyer fom Merwpmstase of 8 shbseatind col or

79.  The second color component photoconversion device of claim

77 wherein said red light sensor has a p-n junction located at a depth of

about 5.0 pm or greater from the top surface of the substrate.

80.  The imager device of claim 73 wherein each said second pixel

senses green color of light.

81.  The imager device of claim 73 further comprising an isolation -
region for minimizing lateral charge transfer of charges generated by said first
color component photoconversion device into a region in said substrate
which receives charges generated by said second color component

photoconversion device.

82.  The imager device of claim 73 wherein a doped region

connects said first photoconversion device to a ground circuit.

83.  The first color component photoconversion device of claim 82

wherein said doped region is a p+ doped region.
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U

conmponent phot oconversion device is a red |ight

sensor. 78. The second col or conponent photoconversion
device of claim 77 wherein said red |light sensor has
a p-n junction located at a depth of about 2.0 pm or
greater fromthe top surface of the substrate. 79. The
second col or. conmponent phot oconversjon device of claim
77 Bfer eibhesimager device ghiclaira fdovhersin 3 deped regien on

| ocated,at a depth of about 5.0 from
copREct S s pad EBoronre S frdecot B v ARt
device of claim 73 wherein each said second pi xel

SeNgEs greedlsee8halcofr dondpdnend pholbdnveRE d&8d 6£cigim
claim 73 further conprisihg an'isolation region for

84wherrdirt sdid doped redionlini ge dopedskgionof char ges
generated by said first color conponent
phot oconver si on device into a regi in id .subsg;ag(ae

on s
whi 8- r echins, isagas sleyics of cldmaA 2Wheiein 9986@ ESABS ©
co nent ot oconversi on _device, 82, . ' s
SRR P FORPANER BT SroRyfipe i S BBR S pciden
in%gi'cdw%édﬁkwﬁa(ﬂ&ﬁ%&%ﬁi on device to a ground circuit.
83. The first color conmponent photoconversion device
of claim82 wherein said doped region is a p+ doped
regi8h. 2Th&imagdradavinegficlainy8é svhefeinissidrdopgdwegiazisiofa
connects said seco

doped ' d ph '
HhsPCBhOiac QS FOOR AEVIcE CURYEY BURAI AR ERAFH igped

t phot [ devi . . Al [e]
<SR o B L eoR BHoN GELEE piinidwil it ML L

device of claim 73 wherein doped regions of said

firsgg.and Heceidhes dedice SFRANSTE whbRipdopstbfeions of said
devices are not coincident in size when viewed from
fitshend egrond color component photoconversion devices are not coincident

in shape when viewed from the top.

89. A method for forming a pixel sensor cell with two color

sensors, said method comprising:

forming a first color component photoconversion device within a
substrate, and below the surface of said substrate at a first dcpth

corresponding to an optimal absorption depth for a first wavelength of light;

and

forming a second color component photoconversion device within
said substrate at a second depth corresponding to an optimal absorption
depth for a second wavelength of light, wherein said second color
component photoconversion device is separated from said first color
component photoconversion device in said substrate by a region of said

substrate which does not contain a photoconversion device; and

25



87. The imager device of claim86 wherein said doped
regions of the first photoconversion device occupy a
smal l er area than said doped regions of the second
phot oconversi on devi ce when viewed fromthe top. 88.
The i mager device of claim 73 wherein doped regions of
said first and second col or conponent photoconversion
devi whéreitt said st ¢oloraiotepinent pheturpavetsion deveeand saidn

the top. 89. A nmethod for formng a pixel sensor cell
seapndh colps cemponent phetaconversion deyiasc ébﬁiwf tQ Ayerlap

B R T
L D

thlel s86énd cAlBf cbMipdheat phorkefnvtrsiohelevicerpadait first and
phot oconversion device within said substrate at a

seseud ndloteptipanent photrndinversion daviasparginaces fmponen
KHBENEY 578D g iSRS BB A ERORAH b TRt Which
déﬁspx?étg&r‘é%éé pﬂ?):% cﬂcxfa'técﬂha?g £Qr conponent
phot o on |

onvers evice 1n sdid substrate. by a region
of said substrate which does not contain a

photg.onv @heiméethddvofatiime8 wizreih siidi firssesldr tomponent
col or conponent phot oconversion device and said
phetasndversioordayingina dhue higlirssosarver si on device are
formed to overlap vertically within said substrate

S5 Sy €0 B AREAG L S RFLI R o
TARSACAUOIAO 0B LDEoPRREIN R IIIER:  depth of o

abound.5qanponbout ptOhacfiowetri top sdefuce of ther sbsprared
fromone another by a region in a depth direction by

a region @f sai bst r at ich
8|2 QI‘hcsx?llcgloSauofS cl;i?n §9\A\ﬂ'lnc2cin said second color component

photoconversion device is a red light sensor.

93.  The photoconversion device of claim 92 wherein said red light
sensor has a p-n junction located at a depth of about 2.0 pm or greater from

the top surface of the substrate.

94.  The photoconversion device of claim 92 wherein said red light
sensor has a p-n junction located at a depth of about 5.0 pm or greater from

the top surface of the substrate.

95.  The method of claim 89 further comprising an isolation region
for minimizing lateral charge transfer of charges generated by said first color
component photoconversion device into a region in said substrate which

receives charges generated by said second color component photoconversion

device.
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does not produce phot ogenerated charges. 90. The
nmet hod of claim 89 wherein said first col or conponent
phot oconversion device is a blue |ight sensor. 91. The
first color conponent photoconversion device of claim
90 wherein said blue light sensor has a p-n junction
| ocated at a depth of from about 0.5 prn to about 1.0
} un 9t om Tientethrod of tlaim 89fwhdreirsaidopediregiofXonfikets said
met hod of claim 89 wherein sajd second col or conponent
firptrphasocernersipn dlewispite @ ground cigmiti ght sensor. 93. The
phot oconver si on device of claim92 wherein said red

abod? 2. ot e ol tpE b SR Bih Bhufe 8F Rk 96
W\Aﬁgﬁf{aﬁi 8o &f‘rcg_ﬂ?ﬁ_isoi‘?iqgge&%gﬁbﬁn devi ce of claim 92

rein sald red ligh nsor  has a p-n junction .

| ocated at a depth of about 5.0 pmor greater from

t he 98op sThé awthod dfckrim8Sswheten a Wopediregiont tnodeots said
claim89 further conprising an i solation region for
seapRdl Rhetasgnyemsion e oo stquadititf char ges
generated by said first color conponent

photgFonv [ ' ' r eqi ' ' r

i o e taf pEbr G s B fahin BPon e Bhcsith o e
98 WHRPAS BhidRIVPACRBIGH BlaQht défsed fegior6 96. The net hod
of claim89 wherei'n a doped regi on connects said

first photoconversion device to a ground circuit. 97.
Thel@0.r st Toolmethodngfodaim: 89 wiierrin dopedirogions wf said dirst
c‘iai m36 wher ei n sai doged re%_i8 n.is a p+ doped )
and 3icoRd cotor cAMPARFIHAROSPCANVEFHIBEC AR HF MOL CQusitFat 1In
si&gg‘jhgﬂwﬁggqa@'gp.second phot oconver si on device to
a C I't.

ground circu

-101.  The method of claim 100 wherein said doped regions of the
first photoconversion device occupy a smaller area than said doped regions of

the second photoconversion device when viewed from the top.

102. The method of claim 89 wherein doped regions of said first
and second color component photoconversion devices are not coincident in

shape when viewed from the top.
103. A method for forming an array of pixel sensor cells comprising:

forming a plurality of first and second pixels on a substrate wherein
said plurality of first and second pixels are arranged into an array of rows and

columns;

forming a first color component photoconversion device in said first
pixel located below the surface of said substrate at a first depth corresponding
to an optimal absorption depth for a first wavelength of light;
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99. The second col or conponent photoconversion device
of claim 98 wherein said doped region is a p+ doped
region. 100. The method of claim 89 wherein doped
regions of said first and second col or conponent

phot oconver si on devi ces are not coincident in size
when viewed fromthe top. 701. The nmethod of claim 100
wher &mnsgua&cg@pé golorgomponeht phetocppyversion device in said

S50 phxeL Iabares bl st S At ohs SERdi o o™
céﬁ'a}el pegﬂr %sbgﬁpgéﬁqgl? ﬁ?&r’?&'& gg{:agﬁl ﬁg{oq

ligRfTReHeEin faltDfife @Ol coifpdnefy pEStocaneersivn &@idw:ﬁemd
n  shape when viewed fromthe top. 103. A nethod for

séapndi qojomeompongnthqrogeivessiors device blvsrlamvm'ncdlyngxthm
s sSPTERtE SHL FEAtHhL 1 sole FoRT TS POk SAvEPTE et
lc?é fc‘ﬂ 5109&%%:%[]899? {@h[% sﬁB ek WaP thd P8nd%Wlor

umns; formng a ot conponent

ceh@&eaapsbﬁic@ﬁv&@wn%vi& aiq@' did fifse and Beedd ddleat ed

bel'ow the surface of said substrate at a first depth
compoaspophotgonversinm dqyidesate spased frionwondapothet by axegion
gir elenghof ligh 7 formn econd co or

n%e#bmﬁtrc X@rﬂ?é’r%’i ﬁveiéﬁbé@awn slocs ppg pr

face of said substrate at a

ph%g%]g’%dﬁg{i%m}(%%%@pondl ng to an optimal absorption
depth for a second wavel ength of |ight, wherein said

firstfosfiny ssidsaondpixdRohpipmees shied coRyicothpyndnsai d
second col or conponent photoconversion device overlap

phatotanyersjomidevice forsathirdswivedlength of lightidndt the first
col or conponent photoconver5|on device is |located

cl oser, to. thed ur f a e ofc{ ubstrate&han ztnl e second
col or whcrcm sal rstan secon plxc ar€ arranged in an alternating

pattern in said array.

104.  The method of claim 103 wherein said first color component

photoconversion device is a blue light sensor.

105.  The first color component photoconversion device of claim
104 wherein said blue light sensor has a p-n junction located at a depth of

from about 0.5 pm to about 1.0 pm from the top surface of the substrate.

106. The method of claim 103 wherein said second color

component photoconversion device is a red light sensor.

107.  The photoconversion device of claim 106 wherein said red
light sensor has a p-n junction located at a depth of about 2.0 pm or greater

from the top surface of the substrate.
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conmponent phot oconversi on device and said first and
second col or conponent photoconversi on devices are
spaced fromone another by a region in a depth
direction by a region of said substrate which does not
produce photogenerated charges; and form ng said
second pi xel conprising a third_ col or conponent

phadt Q- onv dhsipheteranversiamdevice of ¢laimd 06 vehesem s9id red
ight; and wherein.sajd first and,s nd. pixels are
g SEpr s A b I Pshlacaing g Akip 3t aRL PP o btarer
&&914ttht!?> %Eggfg{c &bl 103 wherein said first color
conmponent photoconversion device is a blue |ight
sensor. 105. The first col or conponent photoconversion
devi@® of TheanstholsF ity 1031 wiereln shiderhirdgivloseoraponent
has a p-n junction |ocated at a depth of from about '
photocpryersionsdnyiceds @ greons ightseA®r: op surface of the
substrate. 106. The nethod of claim 103 wherein said

sec color co n .ph conversion.devi.ce | r,
7 gl ondtie HoRRY Gtaif 05 SARE P S MR Bedpifh,
cl#&ﬁci’ﬁ&!’r&i el d red light sensor has .a p-n junction
ocated at a depth of about 2.0 pmor greater from

the top surface of the substrate. 28 108. The
phol btonv éftsl methiel/oftdaiof 103 futhéNGomprsieg andsolatiord

a0 oSO HFIN afeE B IR SPOEES BEPHt Ly tHg s

bstrate. 109.. Th f h f . [ .03 . ' j.d
SR Eamhsispt BB BN S cy B r Sl pREuByage
vﬂl?gr? [él?éﬁivgg IH&&%@? géncrit_lg by 54R1 EebRa¢oRr Ondpdhek3

wher rnating pattern is a checkerboard
phetésmnversion device.

'112.  The method of claim 103 wherein a doped region connects

said first photoconversion device to a ground circuit.

113.  The first color component photoconversion device of claim

112 wherein said doped region is a p+ doped region.

114.  The method of claim 103 wherein a doped region connects

said second photoconversion device to a ground circuit.

115.  The second color component photoconversion device of claim

114 wherein said doped region is a p+ doped region.

116.  The method of claim 103 wherein doped regions of said first
and second color component photoconversion devices are not coincident in

size when viewed from the top.

117.  The method of claim 116 wherein said doped regions of the
first photoconversion device occupy a smaller area than said doped regions of

the second photoconversion device when viewed from the top.
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111. The nethod of claim 103 further conprising an
isolation region for mnimzing |ateral charge
transfer of charges generated by said first color
conmponent phot oconversi on device into a region in said
substrate which receives charges generated by said
second col or - conponent  phot oconversi on device. 112,
Thel#Bt hodThe mathedof ghimAdd3whersin dpped Fegippyof said first
hotoconversh%n device to.a

. . d f . . .
il Sk s rompondae Bhorsrarion dBicECiis dfos epidtident in

slg%&t&ﬁ&wi%mh%[ﬂ%gq of claim 112 wherein said
ped region is a p+ doped region. 114. The nethod of

cl ai m 103 wherein a doped region connects said second
phot oconversi on device to a ground circuit. 115. The
second col or conponent photoconversion device of claim
114 wherein said doped region is a p+ doped region.
116. The nethod of claim 103 wherein doped regi ons of
said first and second col or conmponent photoconversion
devices are not coincident in size when viewed from
the top. 117. The method of claim 116 wherein said
doped regions of the first photoconversion device
occupy a snmaller area than said doped regions of the
second phot oconversi on devi ce when viewed fromthe
top. 29 118. The nethod of claim 103 wherein doped
regions of said first and second col or conponent
phot oconversi on devices are not coincident in shape

~ when viewed fromthe top. 30 :
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