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WO 0@A0752The present invention rel ates general | PCT/OSIOMIB®4574
i mge col or sensors and to nethods of form ng them
BACKGROUND CF THE | NVENTI ON [ 0002] Typically, a CMOS
i mager circuit includes a focal plane array of pixel

cells each aqne_of e l.s.j [
rehias TBIAGH SaRls OB AR S OE fagricaTioN
phot oconduct or, or a photodi ode. A readout circuit
connected to eac i G IWE. i ncl udes at
| east an out put Flrﬁ;ﬂﬁléleds)?ﬁ{%e pmﬂ%nversi on device
converts photons to electrons which are typically
[0001Y ansTRE pedehinRedticintdlags gendrilly @NCMOSIMmage abluestrsdrs and to
to the gate of a source follower output transistor. A
methods lidifgamingahsfier devi ce can be included as well and
may be a transistor for transferring charge fromthe
phot oconver si_ on i I ' (. f,f usi on
region. | mg@ggﬁwﬁlhiﬁ é’?:ﬂa@ WW transi st or
for resetting the floating diffusion region to a
edeqori, I!y3 heMedir Bl iRFluHSs £ RaDSlane array of pixel cells,
[000?1 ans?ﬁ’en éggﬁgﬁ%g[{lp%étf érfc tthe gource foﬁl ower yorp
each odel Githe el inchudiigg & phasocvmvetsiquiedieged. alphaogare; a
sel ect transistor. [0003] Exenplary CMOS i magi ng )
photocondectot.sor ppletediideg A regstout gieeis £onpgried 9 S%q?’eElXCl cell typically
) descriptions of the functigns of various . I
include i (st HbGRRICEPOToF. S PHIORPISEHOn Forcb anerS Projons to
' i B9 1 o088 usidnTeo R, @8hndRed to the
dcarmgs, ng%%o%@ﬁ S. Pa?ent No. S6,11315, 366 to
gate of AeGe Rllloder outpuS. traidiseoit Aleharg6,1B6fef B2vico cihbdasluded as well
U S. Patent No. 6,204,524 to Rhodes, and U.S. Patent
and madyicde a 8288802 6% ranskirgugshampedransibe phoreconyersiatfcvige to the

floatings REISIPT PEiL, FoRRe o8 750 FORDRY T2 UarsfySpF Bing the

s ) AT BB T P, OBt
The o@Fuﬂ@ﬁﬂ{d doreccafollv@er Rlaxsbtonly gated@dan oaopurtisigml by a row select
Y

_plurality of pixels arranged in a predetermn ned nunber
transistft. col ums and rows.

[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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The pixels of each rowin array 200 are all turned on

at the sane tine by a row selected 1 WD 2004/ 075299
wEeEIMEE2004/ 004574 1ine, and the pixels of ear¢T/T810041004574

are selectively output by respective colum sel ect

lines. A plurality of rows and colum |ines are

provided for the entire array 200. The row lines are

e, oSBT A RSB S bl ot et .
A pluratie} 6€fows iRBcdiMnIM Gk NRIVIAARLI: AL gHu&yarg%'z&(g)g L #0 gow lines

driver 260 in response to colum address
are scleThivaly aetivaoed by themiwidrivad2ii @ #srdspomeasi ieataddress@Rebder 220 and

i xel The i mager is operated by the contro

the colimpsglect hngs %isgﬁc%"é sivategdet disscobemodisiver 2600n rasponse to

f I ' e ropriate row andg,colum l.i.n for, .
column QU4 REQUARR & TRRE i B b BT S 8h S GrowtE Ry cach pixel
The CMUS ir2&fer Wb sdra@BMyYche oW kit 386 wiflch ang[)lsvaadr decoders

transistors of the" selected row and cofunn |nes.(?ﬁe
220, 27} fasiscleotingthe apprapsatewbincind yeluaal liyesifoe pxdbreadpin® @hd row and

rst and a pixel image signal, Vsjg, are

reset signal, Vi [ .

column, %-’é%Fr chltgfa%w,é%whw@ appli diving vobsge to ggodrive transistors of the
LAt i t.n t col u device 260 and a . . )
slected 57 8o Bllh ek P BTGB S5 B0 fpiplyiolags  pix
t sighal eV, WldCdpié] i Isfol nd, di.gid f |24 Brcui

e St U 8 A S IR B, 21,
262 assoointaet with thZ Solvomy devise 26€ aadal differinial sigh41nal. s Vi is produced

recej VES fromthe colum driver 260 and its

for each, pust whickds amplified pad digirized by analeg, tozBigitalsodiefitera?75. The
' [ fed tqg an inmage pr.ocessor, 280 to
analog ?‘%g@é‘f 8&%‘.’ C?Qﬁf a?sracé’&"“f%%t?sﬁmi%gwsgﬂ%ﬁl hfce Rglecolumn
driver 280N itPhssBLiaRr ik | i i
s TR OSSO 20F 2 YR BB e ae e
to an inhdge prokesser 28d t8Zorng hekygitB Imagand bl ue 83,
respectively and arranged in a nosaic pattern as

gfovvn. Since there is only one pixel per color, the
[0005} oy Arcomyenianal GMQseimagerserser pixelarragmsually follppe agfpical

' o FlG.,.3, is. i xel ich atte to
Bayer pftf 2o SO PIG 2 Vi ons Baft B S5t S ¥pecisToss i § 2 icen 87
d bludi83, @espRetietephii® af inl d fRRai %g-? $h :
. uPat ent Pgubl icati glﬁﬂn .dS%lO%ZI O%lgg)%gtgﬁ&%srﬁlg etri %en Cr%fs only

one pixpl pericodorp it argniceuiicon larget anfact arcaal Andtheeepedfeitel, shown in
FIG 3Ln one %;xa{ is that the colors cannot, in practice,
- 3,43 2 PLYRb Wdueh Jrtermptorainimige araycaen b detecting altthodeamblors at

differin BRbARAR LR Ao 12T e T 31 PARER PR, 3662 /Bbsssss.

One detriment of placing photoconversion regions for all three colors in one pixel is that

the colors cannot, in practice, be 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 secks to reduce array area while maintaining good color

separation by providing one pixel cell for one color, ¢.g., the color green, and another
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wavel ength. This inconplete color separation results
in cross talk between adj acent col or detection
wo e@isomeIand poor quantum effici ency. SUMVARY PEDOSH)D4/004574
The invention seeks to reduce array area while
mai nt ai ni ng good col or separation by providing one
pi xel cell for one color, e. the col or green, and

9.,
combinA Pk cell Zor¥ < B0%: QZE%S?,% Cﬂc%%lga%g b %%éﬁ}r@;%ﬁ? hgc%ij cell

pi xel cell for two of lors,

having tHeueva oblokshasTespeptinephs@cbnvdtdivhtitvidis at ?@fc&ﬂt% éﬂﬂ dito the
respective photoconversi on devices at diffterent 8 pt hs

substrateryhich qee spaged fiom eneknotheate rehireadldr aossedlle. Imettvercolor

. lsa}ouredglce col or crosstal k. The two color pixels are
pixels afe weilized in; 9 arpay B positignipe shem adjacgnt koo mndcilsomatingtwith the
inel r j | si.nal e col or pixels. .
snele GR8 AAE TR LT AL Bl g,

instead b6 thencorpienebaal thirdtspieals, Whild f6o& eoME L) Ql#)n fsHcAfved.
pi xel s, while good color separation is ac P eved.

0007] ,Additional features of the present invention
[0005%& N A%édmﬁ)@a-lr featurey offthetpresenoinvontiog vidltbai dppdrent from the

. descripti;on and draw ngs which i|lustrate exenpl ar
followiE BEA L P BFopised g PUch Bleskmt CRSarRIRT bagiments of the
inventiofdE DRAW NGS [0008] FIG 1 is a block diagramof a

conventional CMOS i mager chip having a pixel array;
[0009] FIG 2 is ais a diagramrepresenting a nosaic

ar r angenenBRIEFDESCRIPTOON OPITHEE IBRAWINGsa Bayer
pattern; [0010] FIG 3 is a schematic diagram of a
rior t. pi xel configuration of a pixel enploying
[0008} ;0K cb oot blogk dhagrara of agioprentiod VIO Braget ahipi Isaving a
pixel a-n.\%?herrati c diagramof a two pixel |ayout in accordance
fth the invention; [0012] FIG 4(b) is a schematic
di agram of a pixel array arranged in accordance with

[0009]he IFIGT isAls a diagram representing a mosaic arrangement of a three color

pixel array in a Bayer pattern;

[0010] FIG. 3 is a schematic diagram of a prior art pixel configuration of a pixel

employing stacked color 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

invention;



[0013] FIG 5 is a graph show ng Iight absorption v.
substrate depth for different wavel engths of |ight;
WO O®1475204 G 6 is a top view of a portion of aPCT/US2004/004574

i ntegrated pixel array containing green and conbi ned
red/ bl ue pixels in accordance with an exenplary
enbodi nent of the invention; 3 WO 2004/075299

001BET/ US04/ Ted)iB i

Lo e ot Ty Bl G eadr ) e O el 1 cqrancyich the

inventionyention; [0016] FIG 8 is a partial cross-sectiona

view of the 3T pixel depicted in FIG 7, through |ine

. 8-8, with a blue_ pixel sensor region depicted; [0017
[001g] g 3”15(3586\8 Eﬁl’fl’ftlaéFfQ?F'é%‘émé’é{:YlFWﬁgl the 3vpist! depictad in k. 7,
hxel, depi.gted in.FilG 7 t hr h. line 9-9, with a
thm“g?é%‘%rﬁ'gbﬁ’kg‘ean@%%t Prlxeegf%‘}?oﬁéc;%‘%‘% gg‘;g‘gf%ls] FIG 10 shows
a four transistor (4T) pixel in accordance with the

[0017DvenFIGNY is b PAAR cidssisectibnabviewidthe T pixel depicted in FIG. 7,
cross-sectional view of the 4T pixel depicted’in FIG

throughdine -y withre tedpexd sedsbr regivh deplsitedy pi xel sensor
regi on depicted; [0020] FIG 12 is a parti al

ossssectjopal vi of the 4 i xel depicied in FlG, )
(0018 FREC B RPrse ot Fansigipy h@fﬁgaflﬁi%sgw A Biith the invention;
regi on depicted; [0021] FIG 13 through FIG 16 show
[001%?38*9%@?&1qaégama?\éﬁ)ss’-gcc%oﬁgjf' ik@bhe 2T 5&RE EPIAGLLFIG. 10,

er during various stages processing I n
throughdinerldabt ewithtadblub@itahvanbi fdgion HEPiRAd;FIG 17 is a
schemati ¢ di agram of a processing system whi ch enpl oys

a CMOS_imager having a pixel array in accordance wth
[0020he pEESeAL 15 Aparial 6rpss-soxdparl HewmHIbr4ATPIER davoed in FIG. 10,

o VB AR B, 20 T

. hereof and show by way of illustration specific

[oozgrg’godmus thfougMFED. 1§ ehdw LRI IsORiSHRY yﬁ_%vsmacgdd t Sﬂl-ofa

se enbodi nents are described in sufficient eta
semiconduetoablaéertchoig wdcidusachgenof pmcassing in prcaedance witlhe the invention.
i nvention, and it is to be understood

[0022] FIG. 17 is 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.



that other enbodi nents nmay be utilized, and that
structural, logical, and electrical changes may be
wore@e/0vi2phout departing fromthe spirit and scPEBEUSL004/004574
the present invention. The progression of processing
steps described is exenplary of enbodi ments of the
i nvention; however, the sequence of steps is not
0024i1m t t a le¢ ehn and . be changed
[ ;’n;”; | o ooy vaRe? shd bibtey I B AREim ot tepepaderstood as
includingsiieny iligorpos Unsilter (SOR) §L&ilicdmoAl i
2004/ 075299 PCT/ D bos DoLoh [ o%gg]sq%%“ﬁé@ss) technology,
doped ang ugdopeghsemisonduetars cpitadallsyrs besikiton supported tyea bas
der st.ood i ncludi ng silicon, silicon-on-insulator

semicot{geft)or ?mkdral%ﬂ%t?o?l@% At ﬁﬁwpq@dpsm)sflﬂléaﬁﬁﬁl Bustherngensewhen
referend® § HAGORES «34F€ 8835\333%&?6” BRLE é(%a\gi&!gta q%gr?%tgémarp\éﬂgs

silicon supported ase ~sem

processimglistephiatay have beatuELAId & for&l fbRshs, Fukh r .
reference is made to a "wafer" gr §§ﬁbst?gigﬁlﬁﬁrﬁﬂggmmlnor

over the hapesgmpigorducser gricmre pr foninduton pinadditiony tsé apsicé®Yuctor need
have been utiliz to formregions, junctions, or
not be r?@f%‘}‘i 3red, §§‘é Fgu‘]%ﬂ%?asegmsﬂtq@@-%wm gomeaniwos gallium
arsenid® ot WehdH @nfilod fILRGRL I On. I n addition, the
sem conduct or need " not be silicon-based, but could be
based on silicon-germanium gernmanium gallium

[002&] seniltie torm Sphet,” ae ibabheket, %6fers to0PRRtoTEMERT it cell
. "pixel," as used herein, refers to a photo-el enent
containipg p phefeconyensioa diviey andpdssedaod vensisnorsdoy tegvedtiily photons to
anclecéfcs ¢l at e;i: transi si tgirﬂs for converting photons to an

S ReTFHala FoLipyrRgses phillustiation.essingleireprgsentativeowo-eolor pixel and
its manfkNf B rid Lvgtwo-eol or pi,xel and its. mariner
s manbbroh @k SAORSEINACLL8 t c BOLES AR it bl i RSt
typicallyl ébicativn of a pbi@lify; of kegiedls prdcxeas@ddmpé@&ﬂ . a}x{:é?)r}dﬁfgly the

.a plurality of |ike pixels proceeds sinultaneously ’

following defadeeh grseription is hot fobe nakeddhai liritingesense, philahe b&pe of the

0 be taken ina limtin ense, and the scope of
P rcscm?ﬁ\técntuﬁfle@gﬁﬁ“?ﬂﬁ?%&tt?yoﬁwi@Pﬁ’ég‘F‘i%lal%ﬁl y by the appended
clainms. [0026] Now referring to the figures, where

00267 ke - I S| te. like elenments,, FIG |

[0025) 5 g ieRlrRy (RE KPas WBOR B ifisn s RUFDGR epiemse like
clementsc G dé(ag andiRILG. 1(B) show & Hor@6n ofh Gixed afbhy BB rdance with the
. .rep entatjve pixel layout of two adjace%t pi xel's, in
inventio; o BHees shewha represangasine minel Lt of Hobugliehopixels, in

5.and a red,col or sensor 86 within
accordan€lWith r%c mnvention, with 'a Lﬁlc color sensor 85 and a red color sensor 86 within

the same pixel and a green color sensor in a separate pixel 87, positioned adjacent the
red/blue pixel. FIG. 4(b) shows a pixel 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 mvcntion, only a two-pixel area is needed for color processing, thereby increasing

the pixel array density.



the sane pixel and a green color sensor in a separate

pi xel 87, positioned adjacent the red/blue pixel.
WO-R@B4/022) shows a pixel array using the FI G 4Pl/US2004/004574

arrangenment 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

d/ bl i xel 90,i ' Lt s
(0021t e EAF Rt chnircliafRe aiebb aBsePprips yPus ligpn, ipstrate
1 7 1 " " t R H
depts BT Ay RIS BLBRROOR b B r1aeh LB fivclengts

of arouhd 450 aacaidiBrgprimiytdbsdbitediin\s#itbhan a dupkly oflabowr-QbXeh to 1.0
area i s needed for col or processing, there

b
nm. Grees bght baying hwaptlgegthaofraaguad AS0tmm iﬁomnzémlmﬂs@bm silicon at
PCT/ US2004/ 004574 . [ 0027] FIG 5 sh N
a depti F AL of- Pt Rofl e ABGUFISRERhOVEPUAd 650 Riad is optimally
f ' t '
b8 ERAHEBAR B 240 8 ok o 5

blue aréd greed 1450 ardatabebddsar@i¥pidiivhichals ecliigetly dlosd to 6anaddther.
a depth of about 0.5 pmto 1.0 pm Geen |ight having
Becausg | thege is inévitabhuindospicta mg‘n@f) wpaiation af the gordsied depths when

three GlRUTEHORTSR 5 Dakrobuo A FasriacrRERpnRARTY Prgbe Shadpcomplte
scparalgélrﬁ,a%ﬁﬂaﬁaﬂf‘?%%ﬁft@? B&@Lﬁ‘%&'&n% r@pcgﬂft? g-h%ogﬂalkaﬁxd poor

e seen e and green are
quantafedidiestyat depths which are relatively close to one
another. Because of this, there is inevitably
I ncompl ete signal separation at the junction depths
[002fHen Fhe swenddmmipgueodunprotlemrhy plheiogadlupsolor sersor 85 at a
anqgther in

depth § e Ben A Opap ut-Driy fioun SR e B1ehe Subrags easha red color
sensor &4 'aY &%t&%f{;%%&%{%n%ﬁﬁﬁ bERW BB RBhsor W[‘Hﬂg&hargc collection

-efficle e rnvention mtigates

regionp b6 Bha381séysopd @eith@s spabédigpaoboia @gmwh&’é i clargéeglidition
in the range of 0.5 pmto 1.0 pmfromthe surface of )
occurs; hEhesgiesn calas smepras yosmeddn @rseparatspixelBdy ,adeseribpshintronnection

. eqt than 2 pm. pel the blue sensor, 80., The
with FIGEE, e pickotedp B a bl Capr eiibiol S aegr SeolSy sasor 86 at
ciffei SR A6 SR ho RICR L ARk Mo e s B L S AR ol and
improwddkgharfidm efisienéyped in connection with FIG 4. The
pl acenent of the a blue color sensor 85 and a red
col or sensor 86 at
[0029] FIG. 6 shows a top view of the two by two pixel array layout in accordance
with an exemplary 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 transistor, 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 blue photodiode 10 and an accompanying
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differing depths wth no col or sensor between them

results in mtigated cross talk and inproved quantum
wetdosoremcy. [0029] FIG 6 shows a top view of PETIES1000004574

by two pi xel array layout in accordance wth an

exenpl ary enbodi nent of the invention. The enbodi nent

shown in FIG 6 shows three transistor (3T) pixels in

circuit, Midladinghy #GatingddiffusibArégiohel 6)99€dsdt RrRsRtbriiaVRlg a gatc 18, a source
however a four transistor 4T enbodi nent wt %1

followey daaehsmrémmgra gata 26 sindn xowasnlcat transistor hphagmrgaeti24n Ared

photodfiinkA i oV HurPotofiodet flor T Gt SHpturemIt H6red

oo A A LG 2 BB il Vo .
source follbvaitdrasBtaaving 4 @ite B2 aRY @lrolbR1dce SiafsitioyY ﬁavmg a gate 36.
red/ bl ue pixel cell 90 and green pixel cell

FIG.7 Fb@@s)]:hdjla(ﬁraﬂe}@m depedpegivesobthd ]_bmem() r Edf hﬁtﬂm@lary purposes,
6 in greater detail e red/Dbl

these r%%‘i arge qpc @s ol 8P+ SlOpRE TERIPE S (fgoyncwahﬁtﬁwd line),
an n -- ﬁ??c 1’ u‘g?‘%%) 1’?0Q’$4{ngc?l%ﬁ‘g éi% éig?%ﬂoﬁ{ 2083 c‘i‘ goped region 40

regi on

(shownrlgsa;uaw aa&t-ama&) hapi Reved ddpkg r(éjg%onawgﬂb% byf RiubRNEStted line)
transi stor having a gate 26, a row sel ect

and an mralwcstdmpctlavgmg 42 Ghowndy. ddttcrcbhlnc)p badthoolf whieh i8alss shown in

bl htdleTh t associ at ed
greater et o eReeh a&%ﬁoﬁ%bfﬁmmiﬁﬁéééém ‘sEpin L4, voltage source

tcrmin%'\f’fﬂé'?i‘a{l&Q} oqf%?%l?z%ranm S X e ﬁ%‘,’J‘aQ Eou

sour ce °fo Ravi ng ite 38,
and a row sel ect transistor haV| ng a gate 36. FIG 7

[0033hows FIGe 8| sidiad cids-sdttioffcheanadline i PBSFIE. ¥ h6r thkeHhe sensor
90. For exenplary purposes, these regions are doped

region.adhe@- nowsctum b3 ofi ppeblud cspmgbr |pé1g>mnhod6 10stfahm rd:d// blue pixel 90 is
h - - d 44 h

poscof) TSP TE e 4B0C0SESTE S B RSB o

surfacc&)@‘lggwﬂmﬁx 62 l“pc{reexg C??? Cclﬂfslcm %uBstrA 289" is g%pﬁrg Sgstrart]c A

squar e an n

blue seHsgdsl fdxﬁ‘i&cbih éfﬁll{sﬁjﬁﬁm Byvifl tatd%ﬂ)ckl' 15‘55& ,orQ%IerPfWMHh |28

is also shown in greater deta|I in cross sections in
exemplEypuiposgsds EisGa [Biypa. gjl’hmphbmeomemabn tityvice ghn bgea photodiode 10.

e pSF48 e SOSHL e B B Bk b 00 o any
other sfs‘ifetﬁgg ;p?l%%éﬁgac,t BURP Qxérhpﬁ:)ﬁf)érp%fses i @cagedf A I;ﬁ? pRoPodlodc and
as shown in FIG. 8, is a photodiode consisting of a p+ region 46, an n - - region 44, which
are within p-well 61. The remaining structures 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 (STT) 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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region. The p-n junction 15 of the blue sensor
phot odi ode 10 of the red/blue pixel 90 is positioned
wa@rooaotept h d in the range of about 0.5 to aboReT/LSOHIN4574

fromthe top of the surface of substrate 60. For
exenpl ary di scussion, substrate 60 is a p-type
substrate. A Dblue sensor is forned in a substrate 60
havi ng a doped layer or well 61, which for exenplary .

and maybe forsesl bdow the Hugsenyprephatedigsisol & ibthear-substrage P baving the

di
s T AR DSBS, 8 P
juncioO A5 PR BB R o i B s o

rea as sho [

exempldly pufpSsePRat Qe Daea PINPHHtodiodef a p+ region 46, an n
-"- region 44, which are within p-well 61. The
remai ning structures shown in FIG 8 include the reset
[0033] ansThe tad semaet plaptadipsiedl 318 posisianed at @ degperjunction depth than

tragnsi stor ing,a gate 26, row select trnansi.stor
that of s i a0 D% ARALD IQNECh UPRHIERR CLRSH AR o bout 650 nim,
i ' ' | S b&! QU PRGunction 19 i
wnd op 347 ML IR0 GE0LARILSe LBCRRANS QPR funcion 191
placed f#hod«pdhadef gteater thie aboewS gine froauilic ddface Shidid obstrate. The
trench isolation (STI) regions 55 which surround the

differencedt depitd lpﬁt)y@bn ¢k¢ phowdig l%f(g‘d:hg}ﬂgw §cr{sgggr.2n‘]l the photgdiode 13
o e S RS AL R RSSOt g e colo
o 38 AL RIS SN 4 o colr

separatidRl Svebe thd bRieseidsed sphwiodithdessddosstalk.hdhp remhimingstenctures
60 having the doped p-well 61. Like the blue sensor )
shown' phBI@d? daidudOrest himansistophayingih gate 38, sosree follawer transistor having

a gate 34 frop St SONBSIoR R HBR RS BT BRRRbTaspisd A dlgating
diifusid&i%%gog?%ggs l%gat%d%c%vp hoLQdi #8e A H0R3MonT 86 bRFREARYed

0
I'S positioned at a deeper junction depth

photodibd] 3 nhgpe et gibhet DidosRpsdiffudidnreged 281 Ahe- fegitges8 connects
wavel ength of red light, i.e., about 650 nm and )
the redgphtatodiodsi 13 totheagroungicironit d¢t. thik regigns) Engfetlsomhewngghich

. .sensoy cel -n junction, 19 is, ,.pl aced a.depth d'
again Sgiatg s gt (Aa BERR PSXﬁbﬁnng“r Hiifind Qs TLebiGH Spiigbarates laterally
v oA AT o g4y ot ettt v v
which 4180 mitigates against blue charges passing into regions 40 or 28.

[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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for the red sensor provides a physical separation for
the diodes 10, 13 with no other color sensor region,
wo e4exnpl e, no green phot odi ode, between thePCHEHO004/004574
provi des good col or separation between the blue and
red sensors with | ess crosstal k. The remai ni ng
structures shown in FIG 9 include reset transistor
of the ddlitiorgofia gansfeBGansfufdviny aver0f 72N %%t@insfégwaﬁgsto? and
. gate 38, row select transistor having a gate 36 an
associated gags, 79 gatesicharges generdeed #itbablurphatiotifadel Thts ggi flvating
el ow contact 27, n- region 40

e 28 1S I pecated An
diffusiof i L6 HESER RBI aRagusointhe £3isc/ 7 Beyepsharse onerated at
f i inf i r i . + 1 eqjpn 48 .conn
the red HRASRc 15/ ARG 481 400 Fbigh 28 e F o S GONBEH P and a7
pixels areegiowsadbxeaiplag! b SHMUAWE 68 inAGRion, biNrHifel LFuir
. pixel fromadjacent pixels. In addition, an STl region
architeatgres dgwingtfewer at greatdrynuntrers bbwensistets qindcoasedde from
t he upper bl ue photodi ode of the conbi ned red/ bl ue
i xel . whi L.sp mtigates agai nst bl ue charges
00361 &&; %‘&“f??f@*ﬁégsgawsmﬁgﬂﬁfn@ 9 peibed|ofpring = §f duabcolor pixel
1l in 2266kdEh f . ineregi ons
R V\ﬁ gﬁ%ﬂﬁé‘pﬁ%&ﬁ%@@{%&?%é\g#%q‘hgrsg;{g% ur gggegfsu?%rslg?‘he

convenicasgithe smwencionfvoilll sl 4s00rmelegh p-Weh 'Hla?@?é substrate
. The floating diffusion nodes 16 (FIG 8) and 28 °(FI G
using a gy’ na?fé)t@dm@as dhie photasensoss lovevEntHeoneentimt ray 2Bo b3Formed in
_diespectivel as_shown in Fl 7..[,0035] FIG 10 shows
a0 W PG Wity %%bSEﬁEﬁ RS AR B4, awr%‘@ﬁ?d'@rkaafr s phopsgigor

structure® may aldd Se gipdi ment is simlar to that depicted in
FIG.y7 mﬁt% ?ﬁg exception of the addition of transfer

“transi stors having associ ated gates 70, 72 which

[003Zpnnekirsttahmbstra@g0)ns skbwn P EIGH 1 90RFodRe NThIub&rdtb 0 is a p-
.respective floating diffusion regions 16 and 28.

type silicp gpssate arshown it BHa. 13 eithiepavall 61 Sormsidhiicasing The p-type
E 8.and Rl 9 r ecti.vely, wth the exception 8
well 610055 b S Tcorscar T o GMIPE SljFoliTien SR b R inesubstrate
60. Tht ' ' Qo 12 T ransf er
ThE el Shplh RS VX hdiiedl SL B el L8y a6 aBE ohype
periphegelogicateld, ahich veill bouenip hspio dirades 58 cbRurbiigl the ¥ideMSrray, have

di ffusion region 16. Transfer transistor and

differen dopuieaprofilesatis lamvgninedhects myeltipbmisighteae gt imgilines hesy be used
: t odipd 3 to floatjing diffusion region 28. In
to tmog%giﬂqlgg%, gfat%‘ﬁ?éﬁ@ﬁ iy é\ﬂd AT pixels are shown as

exenpl ary enbodi nents of the invention, other pixel
[0038&]l r cUsblation regions 55, 56 also shown in FIG. 13, are formed to electrically

isolate regions of the substrate where pixel cells will later be formed. The isolation regions
55, 56 can be formed by any known technique such as thermal oxidation of the underlying
silicon in 2 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 yet been formed, it may then be formed By blanket implantation or by
masked implantation 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.



architectures having fewer or greater nunbers of
transi stors can be used. [0036] Figures 13-16 show one
wez@apraey nmethod of forming a 3T dual col or pPEEIUS2004/004574

cell in accordance with the present invention at
vari ous stages of processing. For convenience, the
invention wll be described as forned in a p-well of a

03 e s A SRR, 395,836 B e 70,
' -wel |44 - . USi O
725 sty BRr ALY RS SR S5 B30 4 s e o

select tRfsist (%atc{s%z’% Jik T8imeéd Bybelltiaiotvibetlasdss 8@ blankdtldeposition
13, is Tormed. This substrate 60 is a p- type silicaon

of gatesuitidd, aped pslysiticon, depdsitien df3nesal fore gilicide niteide aoneadigng to form
~_therein. The p-type well 6 y be fornmed befqre.or .
a siicdst ean pAvETPADEIRA Gebios (1961 A1 DR ag GROY catbadiment with
ubstrate. 60. The .p-well i .
romec SR R EOPfh) b Rl AR R R Sclcc
transisdoP@4C wel |, which will contain logic circuits for

controlling the pixel array, have different doping
profiles. As known in the art, nultiple high ener

[004i0fp| aflsatimeydiffesiosedgions 16a28 endtshurgsy/@fdin gcgipns ﬁgy 54 are also
-1 Il 61. [0038] Isolatj i , 56.al so.
torme e et s Il egione iz P dh #1518, 2 Bhidin the o
wett 61,8 GRS A5 U39 FURUNGHE BoFBhrighipiilcs BbBL repons

be for
52, ardd¥+ ABYedk BRMLAESOIrAIE byUPplyass b iedskab thysdidtaeta0d doping the
the underlying silicon’in a LOCOS process, or by
regioneiXx by ivg inpmotacionaftdrisbhiioeg dtdie megion implangearefornedthe gate
(shal l.ow trench jsol ation) procgess..Follow n .
stack spdgpptlingfatgrs are sheg f%mﬁdgm @Q‘FSSI e Ofifficigatg §iacks using fpown
techni él 61 has not yet been forned, it nmay then be forned
cchmguCsh| anket inpl antation or by nasked inplantation to
produce the p-type well 61. Isolation region 56

[004F}t er aF1Q. e @splattafoR b ehdhaypeiapiensl40,f42t0 fom the red
floating diffusion region 28 of red photodiode 13. 9 .
phototliod2 434/ FiG 2B alkeThese deinglasadon of olzo blugphiotediede 10 regions,

pr s Rereh Ty dealonred b SechEtoRla FaH i BIGLT5To G e
. . . [l ' ;

s AR R QI I PURISOL 84 G, 28, AL ollrer
transist6t 26 kiRMowBlb@deansBtdt-24. bl anket deposi tion

[0042] The pixel sensor cells 10, 13 are essentially 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
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of gate oxi de, doped polysilicon, deposition of netal
for a silicide nitride annealing to form a silicide,
wao b@a/opave er ni ng and etching. FIG 14 shows anPCT/US2004/004574
exenpl ary enbodi nent with fornmed gate stacks for
reset transistor 18, source follower transistor 26,
and row sel ect transistor 24. [0040] Floating

di ffusjon regions 16,, 28 and .source/drajin regi ons 52,
condugfgrand ul3cts grayaiscpd Used todniarenngch Ehe strpsdpgey and to connect
thcpbé?ﬁf?%‘ipl’ga&c?& in FIG 14, are fornmed in the p-

we an

are doped to an n-type conductivity. For
exenpl ary purposes, doped regions 52, are n+ doped

[00431d nayAstshoker inERighses 8pPL Y1 pgndal Dpasklight rhdiatisnAS0rsadles the
and doping the region 52 by ion inplantation. After )
photodiedess heraichengrds epnverisantelecsionss for esamptes avhielt are stored in the

s 0SSP TOLEL ST B Ty 5o S5 6
st 2 i RuRE ! PR B IR S Aot o sy

occur dshegitep tansfet usingahe thasfet vengittot adtladeT thbrginens(FIG. 11, 12).
p+ region 46 and n- region 44 by nethods known in the

art. FIG 15 also shows the _insulating sidewalls )
[004ddded Fhr greenpaxad 87tisshawn in Figawes 4(a) andid¢bbr The green pixel sensor
transi stor 2 and row

squrce,.fol |l oner 6 el ect . .
cells arg JarEEd ppe v RO Piresing BchBihes pied Fe Bripconygntional pixel
cells. are essentially conplete at this stage, and

conventi onal processing nethods may be used to form

i nsul ating, shielding, and netallization |ayers to

[00450nne 1@ alt Zshowses pardssot histem G00e evhidnisichualet he ipphe!device 308
sensor cells, For exanple, the entire surface may be )
(FIG lp)dwtrhaying amimpagraarsancantaningagdy bss pikelsfasrayest avigdt geeen pixels, in

accordihes S iritior nEle ¥2PE5F S6TiEe S8 ANPAILCHS FaRirolgf efer dara
from stBml 360 FRkah! AFPHchAPR Yb&?s&%%ﬁivg}%g ;;gi'}trrraélgﬁréé‘@giﬁg unit

onductive plugs 17, 20 and 22 whi In an

(CPU) tisgutl lcatdmgnicagee viSvariols dbvicayole aBSG04. agyihe of tavddvices
the gate_ stacks. The conductive plugs 17, 20 and 22
connegtsevadhe bys 40¢iprevide sammupicarioniinig wdmusaf she systepa 300; an

npue SRR ZA- 58 308480 S o PR Mo e
Other devices connected to the bus 304 provide memory, illustratively including a random
access memory (RAM) 310, hard drive 312, and one or more peripheral memory devices
such as a floppy disk drive 314 and compact disk (CD) drive 316. The imager device 308
may be constructed as shown in FIG. 1 with 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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conductors and insulators may al so be used to
i nterconnect the structures and to connect the pixe

wao eooperizpheral circuitry. [0043] As shown in FPQUUER08004574
9, 11, and 12, as light radiation 150 strikes the
phot odi odes, photo-energy is converted to el ectrons,
for exanple, which are stored in the n-regions of the

ot odiyodes 10, 13 r fenr | '
L0477 U Psd et BMieeh GRUTLRLBvE Rkl PRt Mincthods and
typical WRvicBEoLihy HRrToRlEbE Qichd Prdieed T ThERGBVEEBcription and
may occur as a gated transfer using the transfer
drawings dhstratcoembaodintvmts) Wisctb adiienenthe(dhj&its, featuted) and advnatages of the
The green_pixel 87 is sho i.n Figures 4ga) and 4%bL’ -
presentripwentiern Hpweler sk st intaped thitdhe giricat dyepgon be strictly limited

convent i ona LOCess) techni S .

to the FEANTER <RGN B FEREALACS IS “AHEH I BRI, though prescnty

unforeRcaBRS &P Hw?ﬁ%%é‘iﬁ’ﬁ%tio%&@gdxﬁ@ WHERS (RO spifiRaed selpe sfahe
308 (FIG 1) but having an i mage array contai ni ng

followingaldimseshpibkdebes comsideayd pamiof the) pemsentpinyentson.i n
accordance with the invention. The inager device 308
may receive control or other data from system 300.
System 300 i ncludes a processor 302 having a centra
processing unit (CPU) that communi cates with various
devi ces over a bus 304. Some of the devices connected
to the bus 304 provide comunication into and out of
the system 300; an input/output (1/0O device 306 and
i mger  device 308 are such communi 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 imager device 308 nay 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 mger device 308 may, in turn, be coupled to
processor 302 for image processing, or other inage
handl i ng operations. Exanples of processor based
systens, which may enpl oy the imager device 308,
include, without limtation, conputer systens, canera
systens, scanners, nmachine vision systens, vehicle
navi gati on systens, video tel ephones, surveillance
systenms, auto focus systens, star tracker systens,
notion detection systens, inmage stabilization

12



systenms, and others. 11 WO 2004/ 075299

PCT/ US2004/ 004574 [0046] The processes and devi ces
waele®enized above illustrate preferred net hods BEMUS2004/004574

typi cal devices of many that could be used and

produced. The above description and draw ngs

illustrate enbodi nents, which achieve the objects,

features, and advant agesd‘gmlﬂfs present invention.

However, it is not inten at the present invention

be strictly limted to the above-described and

1| yehdeal eldirREPA0h R RhE ded¥ed 108k pidtadib@ by LdchedBitent of the

presently unforeseeable, of the present invention
Unitedt $rateséone within the spirit and scope of the follow ng

cl ai ms shoul d be considered part of the present

i nventj on. 2 WD 2004/ 075299 PCT/ US2004/ 004574

clal V@ fracolos pireh crmprisi®@ghew and desired to be

protected by Letters Patent of the United States is:
15y 1&mglﬁ@¥g#aghéﬁk.Conprising: a substrate having a
surface; a fIs

r color conponent phot oconversi on

devi ce | ocated below the surface of said substrate at
a firstr sdloabsmpphémiphigptdhvetsiordévicslocardeddctongtthe of

ééght' and a second col or conponent photoconversion
surfacedefisaishsybstratest ddisoebsortion depthder effirgavayelmgeh pht e at
. a second absorption depth for a second wavel ength of
hghm‘??éht; wherein said first color conponent

phot oconversi on device and said second col or

GAZPGHE BbloP 38[;1%%&@}{? ﬁé&@oﬁ@%&ﬁ%ﬁ dRVRE 16t PhElbGAhEY

wthin sai rate suc at the first color

surfacecofMaahartistiaboiacsvad abesrpdenidepth for d secatdd cl oser to
the surface of the substrate than the second col or

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 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.
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conmponent phot oconversi on device and said first and
second col or conponent photoconversi on devices are

W@ paeets2p om one another in a depth directi onP@HUS2004/004574
regi on of said substrate which does not produce
phot ogener at ed charges; and a two-col or out put
processing circuit respectively coupled to said first

d secaond color c ent, phot oconver si on, devi ces for
Fovi ADRG ™SIk PIXE) Ol it 2 SERa S eyt 8t SE8BLCy | ve
phouxﬁ&ﬁ£99§P gdidi¢s said first and second color
conponent phot oconversi on devices. 2. The two col or

pi xel of claim1l wherein said first and second col or

chnpoilbettwohailocpivelestsilaim Hexhieoas saiddimpthatlodi odes. 13

WD 2004/ 075299 PCT/ US2004/ 004574 3. The two col or
compopestdthaipcenversipn depies & nblygilight senser.and second

phot odi odes are PI N photodi odes. 4. The two col or

g xe! 198 GhAILIABSLELN AR HLERloF ALAL PORPREN!

ot oconver si on sensor

whereith s4i8bl&Olight &ABORAM p-BALOSONURARIIOR LRPROf Fone! @l M
4 wherein said blue l|)I ght sensor has a p-n junction

about 0.6qat ed abbutnldeptohfrod the aop satfonetofGhb spbsttaze.about 1. 0
pmfromthe top surface of the substrate. 6. The two

col or .pi xel of, clai wherei.n sai d second col or
c npoFF&?t%ﬁRleﬁBWg‘]Pé‘il%}H* Lsezenisaidiser cPlokt
ver S jce of claim®6
annpo%ﬁ@ﬁ%%%oggggﬂgggQﬁ%ggﬁpag%nggﬂsgg%ha p-n junction

| ocated at a depth of about 2.0 }imor greater from

the t dthespidtaeenwisibh eedbdst Elaing 6 Wheréftesaid red light
hot oconversi on device of claim®6 wherein said red

sensorB'asgahp-n pusion lheated apa deptlnefidbomt 202 predr gteaterdapnh of
the to{gbogtFZ;ﬁgbg\m&r&a g.eater from the top surface of the

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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9. The two color pixel of claiml further conprising
an isolation region for mnimzing |ateral charge

wao e@nsfer of charges generated by said first POI/082004/004574
conmponent phot oconversi on device into a region in said
substrate which receives charges generated by said
second col or conponent photoconversion device. 10.

he ol or, pi xel of cl,aim 9 2rein..sal d 4sq9liati on
105 iR L EIoPL S RpoStn ot Ot St E BviEElof chafid! LT
: d%hé I j MG @b Raidldge fi rst col or
ﬁlrthcrgco\gﬁn%lg%g%ta p ot&gggtﬁegéé}?%%;%fevi ge is part of a four
photocdnivaniirsdehicaior ebcebiifig ihage dape ransfgrrad fircan she first
transistor, a reset transistor, a source follower

photocanversinsdofice.and a row sel ect transistor. 14 WO
2004/ 075299 PCT/ US2004/ 004574 12. The first col or

onpaopen hot oconver si o evij ' r{sher
Wompri 3 figt SSTeE SORERaER oA GY bl Shn St bl 12
. fd RRLEPRYEr si on device for receiving inmage
thrcmcéﬁgfg%r)t r a%sf erred fromthe first photoconversion
device. 13. The first color conponent photoconversion
ldevi ¢Bhofirse calomchhpomshepkotocenvatsidoptericcafickmi E2,n+,

14, The first col or conpgonent phot oconversion device
whereingpidfaped negion R SIgB3e#HFegi on is a floating

di ffusion region. 15. The first col or conponent

hot ' ' ' ) .
oo 10F A SofR AR E bhoiEb Mo, deicc ekim 12,

further eb&?&a&g\@&ﬁm& g€ Yo rafe dtdwean chid RacbiROtOivekdon
gating i'mage charge accunulated in said doped region.

device difil sakhdopawbregidm forpgaxialg, infage chinge Acommubited gnsadd second
.color conponent photoconversion device is part of a
doped fegign.t r ansi st or pi xel circuit

'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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conprising a transfer transistor, a reset transistor,
a source follower transistor and a row sel ect
W e@asTRdor. 17. The second col or conponent PCT/US2004/004574
phot oconversi on device of claim 16 further conprising
a first doped region fornmed adjacent to said second
phot oconver si on device for receiving i mage charge
an rred fir t o I hfe.
e T L S R
19 wheﬁa‘inﬁéialseéonwoi%;vteﬁregidh sai«d first doped region is n-.
19. The second col or conponent photoconversion device
of claim 17 wherein said first doped region caonnects
Hai d The sendndaiober cunpomaritphoseeanyesiRieeYighobidiinte t o
a secaond doped region for, receiyl i nage charge
19 whersiaflaes el firRit HEPL BaGAIEABEBRDAFEREn devi ce. 15
WO 2004/ 075299 PCT/ US2004/ 004574 20. The second col or
npo t j ' H&; ginei N
%%id ggggﬁgﬂld%ggpéggﬁgﬁaF xﬁgagﬁ%n%%guggégﬁgﬂbolor
19, ﬁlrﬁféﬂ”léﬁﬂ@ﬁfsingfwﬁrmwgté feimadebdtoecnfaidlsacond 19 wher ei n
n

said second doped region is a floating diffusion
photocpagérsion device Thd saiccssnand dpped sesipd HngA NS nv er si on

device of claim 19, further. conprising a transfer
charge gggumylaedeig spicksreand 98?6‘5 5&28%d phot oconver si on
devi ce and said second doped region for gating imge

5831 0IRGGURHIGE Sl & Sl SAea dpmd: tdtgron. 23,
e two color pixel of claiml wherein said first
compofieh®photoesa@Rsoh deliot gty of s idore dewisiseripixglaircuisl a
three transistor pixel circuit conprising a reset
comprisingrasiesetdransisteip arsourdedpllower trapgsier.grd roxp 8eleCt ow
.Select transistor. 24. The first col or conponent
transistot oconver si on devi ce of cl ai m 23

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

16



wherei n charges generated by said first
phot oconversi on device are transferred to a doped

w0 e@itom2995. The first col or conmponent phot ocoPWEDS10041004574
device of claim24 wherein said doped region is n+.

26. The first col or conponent photoconversion device
of claim24 wherein said doped region is a floating

di ffusion region. 27. The two col or Plﬁ%'li of claim1l
photocagverstimdeaseios secsiing image chasas SRBMELEA TR shger si on

evi ce is.gar of a three transistor pixel circuit
second 1

EFPRYSY 8%t transistor, a source fol | over

transistor, and a row select transistor. 28. The

28econth & lcBhd ¢BIH @BaTHonRAL pREESVGAKEsioh diNdeCel aidime] ai m
27 further conprising a first doped region forned
28 whemih saié firsttdopsdirdgisngond 16 WO 2004/ 075299
PCT/ US2004/ 004574 phot oconver si on device for

recei Vi ng i mage, charge trang;’erred fromthe s

d
3not okbn¥EPEASRITEPIIRONCHS PhoHr TREIRY ‘éeo‘i_l%er Of‘écg??%g“o nent
28 whe hot OS%Xtec{oﬁJcﬂr}cgi_%W c%%.ngﬁxﬁ Ghil s@koxﬁc@g&éﬁ@? t6hdpondhtl first

oped redgion 1s e secon or conponent

photoc&‘[k%"r.ﬁ@@ AYEES k@B se@dCdopd ebiimfor 28ceiting énags abatgé i r st
doped region connects sai d second col or conponent

transferpdtbfronothessesommhplietpicorversion dswisénd doped regi on for
receiving image charge transferred fromthe second

B ARG bSO P ™
30 wheg%ﬁ%gﬁ S%?&g(ﬁg{)}g&l S, 32. The second col or

onen conversion device of claim 30 wherein
said second doped region is a floating diffusion

320i 0The3&onth@lbreoripbatntphorbcaivedion tedicaéckim a
doped region o _
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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connects said first photoconversion device to a ground

circuit. 34. The first col or conponent photoconversion
walewiozs20d claim 33 wherein said doped regi onPCEUS20p4/004574

doped region. 35. The two color pixel of claiml

wherein a doped region connects said second

phot oconversion device to a ground circuit. 36. The

e e Bl RS A Pt 5
. i xel i ; ;
e sl BTl SN HBEEL R o0

regionsPAhRGEEMRT PhotdcE@Mr§i8s deviee Micnadewed fent thd topsi ze
when viewed fromthe top. 17 WO 2004/ 075299
PCT/ US2004/ 004574 38. The two col or pixel of claim 37
3ther ei Fheavd calopgixal ofcleims lowhersin dpped regions of said

first an 3PRoRADTRI SPBRPOTE oD BN SBRTA BE D PR

. ' : ' omthe top. 39. The two col or

n shapg%@e\gwg{fgﬂ%ﬂfea}%;ei n doped regions of said first
and second col or conponent photoconversion devices are
40t cAmairgesf pixelsessureliswenpyisiaged from the top. 40.
An array of pixel sensor cells conprising: a substrate
containing a plurality of first and second pixel
arsubpigtg coptaipingf Rlpralipy of fisspagd é‘?ﬁ?né’cﬂ’lﬁ'f[’:\ﬁ 3iraggs

. first pixel %S%RrisLng a first color conponent
1nto IRy r UBBY%i ce, 1 ocated bel ow the surface of
said substrate at a first depth corresponding to an

QR P8¢ pIREBQIRbHGRy 8 ERdt ol B cotnpdretic phdYSdReisiorof
I'tght ‘and a ''second col or conponent photoconversi on
device denitabbtlovathedubfatouf talibsulstntaatn Hfst depih substrat e at

a second depth correspondjng to ap optinmal absorption
corresprsiing to An Hpsied ahsaraven éh‘agrh feyra glisg Wtayerlgngth of light
and a second color component photoconversion device located below the
surface of said substrate at a second depth 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 spaced 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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said first color conponent photoconversion device and

sai d second color conponent photoconversion device
wo@erhzeg ng vertically within said substrat ePGIUR2004/004574

that the first col or conmponent photoconversi on device

is located closer to the surface of the substrate

than the second color conponent photoconversion

Aot otRa L BE R B0 RO S B AT St B e by

1ﬂuecoﬁm§@ghgﬁt in a depth direction by a region of said
substrate whi ch does not produce photogenerated
charges; wherein said second pixel conprises a third
4| orThommy\eﬁtlaij@twhmixesaid Grstdeldreenimmeatt hi r d
wavel engt h, of ht; and wherein said first and second

PhOtocﬁi“SFé?l@néiF@C’él‘sraa ’g‘@dlglhﬁ SEMOBl ternating pattern in said
array. 18 WD 2004/075299 PCT/ US2004/ 004574 41. The

2 ay'rl"ﬁg FEdroB4 c%fﬂﬁ}ﬁ{eﬁ{t %h&géc%.‘n&rc{fon 84§ ofscﬁﬁﬁ?g red

and blue colors o e array o

whereiniied ®lue ﬁgﬂit@cﬁ&drﬂias 6@ AGuS@iRPRRRted RRAIPERBY Bloph ON
device is bl ue |ight sensor 43. The first col or

about (b&mmn@abombﬂqmrfm shotopaufae afthckabsmad®  wher ei n
said blue light sensor has a p-n junction |ocated at a

460" e aar of <Bie Joustrel 1 sdeonst ot odpPORSE] i m
photocéﬁvémel Relics & 4 r%ﬁ%lﬂ%eﬁ%ro r comnponent

ot oconver si on ceis ared light sensor. 45. ,
The second phot oconversi on devi ce of claim44 wherein

4hi d Thededorghphaeosmrerdias devige f claratddonhteoated at a
depth of about 2.0 pmor greater fromthe top surface
red lighsfsepsas hasprn awuomdocamd ag eclspth pheb@tohfamsiasn

of cI rein said
grcatcrq}:eom tﬁc top sur acc o% the suebstratc

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 5.0 pmor greater fromthe top surface of

wWo b@4oT2gde rate. 47. The array of claim40 furtPE&r/US2004/004574
conprising an isolation region for mnimzing |latera
charge transfer of charges generated by said first
col or conponent photoconversion device into a region

i.n said substrate which receives charges.generated by
5ai d Lhe Wnélcﬂoiﬂf %m@ﬁ@gﬁmo(%ﬁw Vit ol
48. The ar of .claimé in a doped region
50 th{:cé%ﬁaelgtdso%scé%glgpilsr§P+p Oggg\(?%%&gfsi on device to a
ground circuit. 49. The first col or conponent
500t OTRAYARES 0O Hlaif MGPh&tincdepdll deionstitisgidisedrtl doped
region is a p+ doped region. 50. The array of claim 40
second wbler eompondnpphiotoegnvarsion ieises arsanqt cosud in size
phot oconversi on device to a ground circuit. 19 WO
when vigwied/tom 2159 tRRET/ US2004/ 004574 51. The second col or

conmponent phot oconversi on device of claim50 wherein

id [ i . ' rray
DA R R R A
photoc88¢2418n et ccaipoNsnbllahetodanweiddepediegiasofahe not
coincident in size when viewed fromthe top. 53. The
second phoggcomversiaai device when sieweddiamdbpéepr egi ons of the
first photoconversion device occupy a smaller area
an i d doped .r.egiQng of. the .second phot nversi on
Hou o LR PESIEET 1D Sfhbrie s EEA o8 S P
second g e S oy A i eac B e o
when vievadcrégntheitopshape when viewed fromthe top. 55. The
array of claim40 wherein each said second pixe
senses
55.  The array of claim 40 wherein each said second pixel senses

grccgl color of light.

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

checkerboard pattern.
57.  An imaging 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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green color of light. 56. The array of claim40
wherein said alternating pattern is a checkerboard
WEaioserize9 57. An i magi ng system conpri sing: anP@r/ps3000604574

pi xel cells arranged in rows and col ums, each pixel
cell being operable to generate at | east one voltage
at a diffusion node responsive to detected |ight
|ntenS|ty by the cell, Saltﬂ arrag of. pi xel cell

the surfacsfspish %\J@saatcmt@rsswmif SRLOFGOIESSPRRGIBE LAY %Ptﬁﬂa a

u of segond said first and
absomﬂggc%ﬁahg‘%/& Ry ‘%avﬁfe%lnﬁg.‘ ar r%yéd in an alternating
pattern in said array; each of said first pixel cells

sﬁRstt §6169 8 %ﬁt pRbRoswionelvice phdtsaicioruendi on
devi ce | ocated bel ow the surface of a substrate at a

color cc{jmpm’;]cx#tq:émhcmrsaspdcndtmgvdrbpamg)mmﬁdly wskiarssid on

t f I th . d
substratg OPER CESTHH BETH AR PSR PP SR bel ow
ocnsa AT AR R E TR M it ac2 of

a Seco correspondl ng to an

comporfiMt r?mko@hﬁ@fsmli aevidemdishi@ ﬁrs’tt asdaesshdwesler engt h of
[1ght; said first col or conponent photoconversion
componkntiphetarzhvessioh dedorscire sprcod fr_mnmﬁ@@pthcr by a region

phot oconver si on devij ce, over | ap%hcg)t ertl cally wthin
in a depshidirecggpdyr nregia ehsaid sibstite L3I BEBHRTShent

h gg hot 0£ erssl,on device is located closer to the
Photogenptptel CN3F 8 he substrate than the second col or

conponent phot oconversi on device and said first and

SR cse Of said SeHRAAH el RBIN asapHessi thirddeldices ar e
spaced from one another by a region in a depth

compoflentehdtonommersion elgvion farfa Saidiwsvdengthrad Mhltcﬁlcbl oes not

produce phot ogener at ed charges wherei n each of sai d

second pi xel, cells conp es a col or

sﬁeﬁewwé%wﬁoa@lﬁdc@ Sl diodudSe B8 HRgeh FogRabent
thercfrl | ght and

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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processing circuitry coupled to said array for
produci ng i mage signals therefrom 58. The system of
W@ k@RI wherei n each said first pixel cell sSPCEHES2004/004574

red and blue colors of light. 59. The system of claim
57 wherein said first color conponent photoconversion
device is a blue light sensor. 60. The first color
conmponent phot oconversi on devi ce of c¢laim 59 erein
63ai d ‘Bhe sedongrrolerepypponsans PROFRGONVERIQD deviseebdllf ot a
dept h ,of ,t.r about 0.5 . fromthe

61 whefeGfsaid Frd BBR ertRE iy Rl RS A S SaB 6O | 72
. ' ' RlofeRaP@RRAite.

about ﬁgﬁg?gﬁﬁ@?ﬁ‘ﬂ‘“ﬁg@?g@s% a red light sensor. 62. The
second col or conponent photoconversion device of claim
@l whEhesystemiaf danh 57 ghtreim nady seeand pixel sengsenet i on
| ocated at a depth of about 2.0 pmor greater from

green cplps ofdigh&yur f ace of the substrate. 21 WD 2004/ 075299
PCT/ US2004/ 004574 63. The second col or conponent

ot ogan 1.0 ' | ai i n: sai.d: red
gt TRENERIRS A5 67 el e R P AR o
for mindAPAhg PitéraPERREe B bf éHa@?&st %Bh_ct'aftﬁd dyrshidlcfrsofolohe
cl ai

substrate. 64. The system of claim57 wherein each
composemtplbtpeomicrdenslevica intgrergiogoinoridbfubstrgig whish,  The

. system of claim 57 further conprising an isolati.on
roceives Uagrath S9RSTARH YA S9GOPG ClRLoRRaG At PRateEparerpn
charges generated by said first color conponent
phot oconversi on device into a region in said substrate
whi ch receives charges generated by said second col or

66NPOMeRtsyeat OFERine b ivititreidevdeed fgionl ey stsaid of
claim57 wherein a doped regi on connects said
first photoconversion device to a ground circuit.

device.

'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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first photoconversion device to a ground circuit. 67.

The first color conponent photoconversion device of
W@L@unTR®» wherein said doped region is a p+ dpEEUS2004/004574

region. 68. The system of claim57 wherein a doped

regi on connects said second photoconversion device to

a ground circuit. 69. The second col or conponent

P01 onth¥ S8R S7 She iR lbed ke tRBL 61 B B P>
secondPdol¥hESBpOnEIRRHbHEGHRES0P Heviddsthrt inot ko iHent 8 Mbpe

col or conponent photoconversion devices are not :
when dewed frdenthd topsi ze  when viewed fromthe top. 71. The
system of claim 70 wherein said doped regions of the
first photoconversion device occupy a smaller area
7Ran §§PH“§§E§§VK§QVHHBH@F8%he second phot oconver si on
devi ce when viewed fromthe top. 22 WD 2004/ 075299

P / he system of claim57 wherein
&ggggﬁﬁggﬁéﬁgﬁgiﬂ%%u§b¥%?§t and second col or conponent
phot oconver si on devi ces are not coincident in shape

viinedirayl Vit fadosecbhe pixel cellkForred iifegerdopedilgfr;

conprising: a doped layer fornmed in a substrate; an
array of first and second pixel cells fornmed in said
cwiesein eppl of saidifustepinelecglh compsisgsh first selopiceaiponent s

photof GURBUAY BB Sl SR e RSk Vet ST on
depth S5 op 5L 1y SPERERPALAS BB R T, ShREhon

light agdlasecomirpoloe Bbmiploatoc phy@cshwtsida\deorclloctbelost ow
the surface of said substrate at a second depth

the surfager efspishatibstyatemtarscopnd dapth esesppniliog toept optimal a

absorp?:l%%o(i]c%mgrezli Se¢ tr1 vsa{vclcin%m 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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wherein said first col or conponent photoconversion
devi ce and said second col or conponent
w@botoTamer si on device overlap vertically w tPCHUSRad/aD4574
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

onpoxrent phot.oconversi on,deyi ' ' nd
7Eocori U BHRE SRR ST kSt AR S ol phlcC
senses r%’fpﬁ?&ghfer&ﬂ&@'lﬁligﬂﬁt her by a region in a depth
Irection by a region of said substrate which does not

produce photogenerated charges; wherein each of said
75e cortheineger cevice of olpmi7Sewhereirhsaid fiesssicolor conponent

phot oconver si on devi ce f?r third wavel ength of
Componqngﬁhpt%@ﬁveféi‘)@r&“@i i @ by @g}?‘iﬁcﬁﬁ‘bﬂi n said substrate
ang el ectrically connected to the array for receiving
n c i.ng Si I i | t it
R e

whereird SRI BRRMUIH e thab Hzgﬁ iuritoRUbcated a¥\@ depat 606209
PCT/ US2004/ 004574 74. The inmager device of claim73
about Owh eneimalsachl .8 qind ffdm she pipxsirfacelof thesdssrared and bl ue
colors of light. 75. The inmager device of claim73

wherein said first color onponent. ,phot ogconver si on

davi ctEF MNATG) GFYIqS ﬁﬁkm@&&ﬁ%‘% §a1ﬁ1ﬁ8ccfr}cfg<§logol or

cQo .0, [ claim75 wherein
comp 0%%}%%%5%“8?%%&@%&%? ahtgg q%‘ﬁlﬁ?%lsjgg'ncti on | ocated at a

depth of from about 0.5 p.mto about 1.0 pmfromthe

1P SThE de@ef cdlbecsmpshémighotddonvEston dagjee ofleinte of
claim 73 wherein said second col or conponent

77 wheptintsaiclowed dighic sensoe e @ prig junctien Iprapd asadspih o7, The |

second col or conponent t oconver sion device of claim
about 276 HRR OF &FTRUSE ﬂmr%(‘} tPPjﬁ&%sfeﬂg@rcs E%tr%cp- n junction
‘|l ocated at a depth of

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 nm 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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about 2.0 pmor greater fromthe top surface of the
substrate. 79. The second col or conponent

w@betotamver sion device of claim 77 wherein seCHUS®A4/004574
light sensor has a p-n junction |located at a depth of
about 5.0 pmor greater fromthe top surface of the
substrate. 80. The inager device of claim73 wherein

each _sai d secqond pi xel, nses green cplor of |ight.
841. The imaggeredes PEeis TGS &ﬂ?‘f‘ﬂ&gl%npr i si ng
an.ksol at | Lon: fo NN Zogd &lcgfal charge
connecty jaig} sﬁg‘é‘?ﬁ%g H‘éﬁ%?’%’é‘g‘@‘é’é‘ n(iecrv{!z;tcgg "Qbéﬂog% d fi rtgt col or
conmponent phot oconversion device into a region in said
85ubs T Rcoticeloricoagionest phetageavasioarddvie dficldmi d
second col or conponent photoconversion device. 82.

84 wherEhesaidrdgped degivn és 0p+clopedrg@oher ei n a doped regi on
connects said first photoconversion device to a ground
circyjt.. 83. The first.cq,or, co nen hot oconver si on

8Qevi (L:J]Iéh"o‘fm“lﬁcéidﬁ\v‘éﬁ Of\‘i\}%‘@gg’nwgﬁriegp g%%% dre%é%rilso%foslalsf{s a p+
L6Q 75299 RCTLSRO04¢ QaAGddnt 84.
ﬁmtmuﬁ%%gﬁ%ﬁggg%gggﬁég oPﬁ§ﬁ§?%173 mherefn a doped region

in size Wwisdindewed Svnd tiseesnd phot oconversion device to a
ground circuit. 85. The second col or conponent

phot oconversion device of claim 84 \gwer in said.doped
87egi obh¢ tnagqy-deyised claigi ¥nwhewin yad Oﬁﬁgé\?glae% PEe of
cl.aim 73 wherei n doped reqgi gns of said. fjrst: and

the ﬁrsrs@&fﬂ_&"‘b"&%?‘_‘ gﬁﬁ‘ﬁ% HE?HPY&%P%ECS AVEY SFGRY e‘{\‘/ﬂgpi‘:é‘s are not

regions Of th¢ k&gﬁh. pH&o?&ﬁrW ﬁcﬁsﬁ Wadn fiQmd el @R tof/. The
i mager devi‘ce of clalm 86 erein said doped regions
of the first photoconversion device occupy a snaller
88.ea tlaninsict ddvpedf claingi78nshatin depeskxegrmns of said
phot oconver si on devi ce when viewed fromthe top.

first and second color component photoconversion devices are not coincident

in shapc 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 depth
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
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$8. The i mager device of claim 73 wherein doped

regions of said first and second col or conponent
w@hb@totamver sion devices are not coinci dent | PCHOS964/004574

when viewed fromthe top. 89. A nethod for formng a

pi xel sensor cell with two color sensors, said nethod

conprising: formng a first col or conmponent

phot oconversi on device within a substrate, and bel ow

vihecinsafdafist oblos apthpenbst photecanvessipn deyicg ape fsaid

corresponding to an opti

| .absorption depth for a
second ¢qlpg FOIWBQBFW%OB?H‘TCF%‘PHHBCW% g fE’FWFH&" é’% §E?:QJ nd col or

. _nconpaon [ [ it i aid
st SRRl POLRENUETBA A ARYLORr hbihent
photocifetsTEH d8RSOsNbEAREd 8R! td thelsuffacechihd sabviedrenhid of

['1ght, wherein said second col or conponent

the secapkiotalenamapenent plmtbamvessiaredevies and saiddirstand fir st
col or conponent phot oconversi on devh%f%in said

sccond gQIBE coBMPONBYt RhetOGPRYFIEPN Caviges YGRS OPHEh does
of contain 0 ' : Fce. wifd
snotherJip S S 45 BERCASERYGhAL TR P 0 808 iRy
does no@g,lrgau&%maggﬁcrgmt&qgg&g,er sion device and said second
col or conponent photoconversion device are forned to
overlap vertically within said substrate such that

e fThemabbdofcbmpdifewherephsnid fisThcoles GIMpRAEEe i s

| ocat.ed cl oser LP t.he surface of the substrate than
photocomersign SISHiCe & 3 &M phot oconver si on devi ce and

said first and second col or conponent photoconversion

%e\/i C?‘g’c it ﬂgp‘g‘g"é&&}?t %%to&ﬂ%ﬁ%n B¥vide 6£LLIBN9ON a

epth direction regron of said substrate which
whereifl 988 bl ligiodussr pRatpagaactideibeatear gasdepih of Tiven

‘met hod of claim89 wherein said first col or conponent
about (bhgotorbensi dhpeomaht sop swifass ofj thasuBESe |

92.  The method of claim 89 wherein 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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91. The first col or conmponent photoconversion device
of claim90 wherein said blue |ight sensor has a p-n

wQ eoveiam | ocated at a depth of from about O0.BCPDS1004/004574
about 1.0 pmfromthe top surface of the substrate.
92. The nethod of claim89 wherein said second col or
conponent photoconversion device is a red |ight
sensor. 93. The_photgconver.siopn device of claim9

9Gher eihe msthpd eﬁclmngﬁ? whegdi8 3rdopee LB CPnRFcES; S
fse phogpeoir g G APAEC L sl RHaT o ol Fe” T

phot oconver si on devi ce of claim92 wherein said red

9% ghtTHSRRE 06loR@8mpoReft phrotbavertionateeiteaif chirdes h of
about 5.0 pmor greater from the top surface of the

whereinsdisdopdderegiin ishher depdtbebgadn.cl ai m 89 furt her
conprising an isolation region for mnimzing | ateral

980} o L BIRURRRE I A UTENG Socrmyenen Fapdects L o
second gg?td)cogvesrggﬁ dRLE n%-guna%ﬁ@ i\fes charges generated by

secon 50T corfponent phot oconversi on device.
26 WO 2004/ 075299 PCT/ US2004/ 004574 96. The net hod of

90l ai NTRE seddRHaidlotccigRatnt phvesconvarsimt deded df dlainst
phot oconversion device to a ground circuit. 97. The

98 whefdin stidclwiped regiopdne pt dsipstlaegiviier si on devi ce of claim
96 wherein sald doped region is a p+ doped region.

8. T 0 n
1hnned e eeiPad L sbiRg pHBristLAverLreHOREst ek B
wwev@&k Qfe ROPBRAREAEDE in
and sccgﬁg%ggogﬁdve |I%)crr11tg§\?|m}gﬁg c aim 98 wherein said doped
size wheg@icwed o the tdpped region. 100. The nethod of claim
89 wherein doped regions of said first
.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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and second col or conponent photoconversi on devices are

not coincident in size when viewed fromthe top. 101.
wab@4nebod of claim 100 wherein said doped repiDNS2004/004574

the first photoconversion device occupy a smaller

area than sai d doped regions of the second

phot oconver si on devi ce when viewed fromthe top. 102.

The .met hod o | ai m 89 wher,ei n doped regi.ons of,said
RTINS S dRePrEL eIt COBPORCR AL RO GEBRG Bt Sy
. devi [ Nci te i whepqudgwed from
first Plxtcﬁié) c% ‘gcr%)l. @%@%és'rgr%‘%odﬁ ?i grsu?)gtrr %Enqgggﬁ ar rgél tgf pi xel
correspdRAARY tofAl bpti@AMIsbi i depthrfot 8gecond wawddgth of fir st
and second pixels on a substrate wherein said.
light, wheueinlshidyfirst cdlor sompoversgrimtdcqrivessien dedcarndisgéd i nt o
an array of ro and col ugns; form’nga irst.color

Secondlcc@’ﬁ?cfﬁ’é’i*%orltﬂﬁ‘étp ERRPEVLSION -ec%vcirlﬁpgr fRfafly pathin xel
L e o

locatedf @bsed th ithé buritéifeRgbibsgfatd HBRAltheddcod @164/ 075299
PCT/ US2004/ 004574 form ng a second col or conponent

compopémtt ploenovenwirsinn device end saiddirsk frid secopd gelor| ocat ed
bel ow t he surface of said substrate at a second depth
compopgRty é&%ﬁawrgm?a deviceAte TRRCAEMANH AR BY $ Eret

. CQ V. . Jyd - ] i ' col or

i deBF SR £l Ol Bt VB6EH Roslh et

phounggkgﬁe@enagegahdphotoconversion devi ce overl ap
vertically wthin said substrate such that the first

col or conponent photoconversion device is |ocated
¢omaiag seisl sceend prfchcempfisinge hifgseqlar compenenthe second

color, c onent phqt oconversi evige and said first
photo%cgggbagg%f%,a tggaﬁWﬁ&qgﬂbﬂg[}%%oﬁg rsion devices
are spaced from one another by a region in a depth

- (g{rfl'gcgg%gs% £%t 3nd S&o2A lﬂj(c@ Qliedarﬁﬁgéa ALR aWRhRRingoes not

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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phot ogener at ed charges; and form ng said second pixe
conprising a third col or conponent phot oconversi on

walewitozs2dor a third wavel ength of |ight; and Wher/E52004/004574
said first and second pixels are arranged in an

alternating pattern in said array. 104. The nethod of
claim 103 wherein said first col or conponent

10§ne fieph éfﬂc%ﬁv%%ﬁb?% it Feiciie Bherds ahed e o
light scrféo? 'Wak a #014 julitelo o' 1Bcated 9 Qldeﬁtﬂ B0 PO Y BRgrAd N

junctio at a depth” of fromabout 0.5 pmto

from thal@@pltsuxfa& ¢fithe sabdctadee top surface of the substrate.
106. The nethod of claim 103 wherein said second col or
conponent phot oconver si on device is red lig

10§ensoT e If@ﬁlhod-'ﬁ@dﬁﬁ@ﬂ@édﬁb"éﬁ!ﬂ wirl g e@%sompgpﬁmloe

t sensor has a p-n junction

photocSersin el i grErt SRLETEES. 0 o or orcater from
the top surface of the substrate. 28 WD 2004/ 075299
11*€ﬁT/ UBRO 3t H0d 2 f ¢1aink 493 JH&CBD%@m&Vﬁm%@at@ﬁyisqe of

cl ai m 106 wherein said red |ight sensor has a p-n
checkerboart parerhocat ed at a depth of about 5.0 pmor greater
fromthe top surface of the substrate. 109. The nethod

of clajim 103 wherein s third color co
1Hhot 0d 6 VRS P@r?f&g'b‘l"@@%’l @@%F@@Pm}ftﬁﬂn ggﬁgap 110.
he net haod tg
region oipiin A0 Hie ) bl BaMOFLELLR Eofilel Banlihess
color cSﬂn?bHEﬁ%cﬁﬂéEéWm@@@lEﬁt@h% ARciciPldaidsubstagi on for
mnimzing |ateral charge transter of charges

which geeieesathmigdsypenaraed by stid scainst cadonpompanent

phot oconversion device into a region in said substrate
photoconversion 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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whi ch receives charges generated by said second col or
conponent photoconversion device. 112. The net hod of

W@ k@708 wherein a doped regi on connects saPdr/ii§2084/004574
phot oconversi on device to a ground circuit. 113. The
first col or conmponent photoconversion device of claim
112 wherein said doped region is a p+ doped region.

4. e 0 f,_.cl aj 03.. ' . j.on
18 et & MM ol Tt Bl B oo BE dud B
and sec8hAEBrLontpient phStocbRFeBRMAN @8 LRy nSOFRAAEL in
phot oconversi on device of claim 114 wherein said

shape wlnmedewed)from ite w@pp+ doped region. 116. The nethod of
cl aim 103 wherein doped regions of said first and
second col or conponent photoconversion devices are not
coincident in size when viewed fromthe top. 117. The
nmet hod of claim 116 wherein said doped regions of the
first photoconversion device occupy a snaller area
than said doped regions of the second photoconversion
devi ce when viewed fromthe top. 29 WO 2004/ 075299
PCT/ US2004/ 004574 118. The nethod of claim 103
wher ei n doped regions of said first and second col or
conmponent phot oconversi on devices are not coi nci dent
in shape when viewed fromthe top. 30
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