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[0003] Ina CMOS image sensor, the active elements of a pixel cell perform
the necessary functions of: (1) photon to charge conversion; (2) accumulation of image
charge; (3) transfer of charge to the sensing node accompanied by charge amplification; (4)
resetting the sensing node to a known state before the transfer of charge to it; (5) selection

of a pixel for readout; and (6) output and amplification of a signal representing pixel

charge from the sensing node.

[0004] CMOS image sensors of the type discussed above are generally
known as discussed, for example, in Nixon et al., “256 x 256 CMOS Active Pixel Sensor
Camera-on-a-Chip,” IEEE Journal of Solid-State Circuits, Vol. 31(12), pp. 2046-2050
- (1996); and Mendis et al., “CMOS Active Pixel Image Sensors,” IEEE Tra.ﬁsactions on
Electron Devices, Vol. 41(3), pp. 452-453 (1994). See also U.S. Patent Nos. 6,177,333
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transistor 16 is on a side of the transfer transistor 17 opposite the photodiode 23. As

shown in FIG. 2, the reset transistor 16 includes a source /drain region 2. The floating

diffusion region 5 is between the transfer and reset transistors 17, 16.

[0007] Inthe CMOS pixel cell 10 depicted in FIGs. 1 and 2, electrons are
generated by light incident on the photo-conversion device 23 and are stored in the n-type
photodiode region 21. These charges are transferred to the floating diffusion region 5 by
the transfer transistor 17 when the transfer transistor 17 is activated. The source follower
transistor 19 produces an output signal from the transferred charges. A maximum output
. signal is proportional to the number of electrons extracted from the n-type photodiode

region 21.
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' BRIEF SUMMARY OF THE INVENTION

[0011] A pixel cell is provided having a substrate with an isolation channel of
higher carbon concentrate SiC provided in an exemplary embodiments of the invention.
The channel comprising SiC or carbonated silicon is provided above the layer of Si in the

substrate of the pixel cell to reduce the leakage of dark current.
BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The foregoing and other aspects of the invention will be better
understood from the following detailed description of the invention, which is provided in

connection with the accompanying drawings, in which:

3



BRI EF SUMVARY OF THE | NVENTI ON [ 0011] A pixel cell is
provi ded having a substrate with an isol ati on channel

wofhodsiogbses car bon concentrate Si C provided in BAT/US2005/028067
exenpl ary enbodi nents of the invention. The channel
conprising SiC or carbonated silicon is provided above
the [a9®B] of FI®. 1 1§ atsBigerS4RSd; ah& i zell. .0
reduc[:e th]e | eakage of dark c%rrenga%%ﬁggh@ﬁ%ﬁlﬁm
OF THE DRAW NGS [0012] The foregoi ng and ot her aspects
of t @014} el wklctosbechrizhhbriewndarehoattidi0pidheell;
follow ng detail ed description of the invention, which

isp | ded in connection wWith the acconpanying

dr aV\I ‘%Jsg ]ei ' Ihidch & coBe-agetiong viaw iof agosetreimtal pixel cell in

[.agr of a canventjopal pixel cell; [0014] FIG 2 is
accor(gdn%rggxggﬂ & EFS R ALY W%‘%ﬁﬁwngo’é@ﬁ\}@mm@ﬁm pi xel cell;

[0015] FIG 3 is a cross-sectional view of a

conv | dnalpral 1al N ith an,.

cxconb LS TS AR tiohRI R SPRER, $obn ek ssscf
procegdamg;cts the pixel cell of FIG 3 at an initial stage

of processing; [0017] FIGS. 4B-4L depict the pixel

cell_ of FIG 3 at internedi ate stages of processing;

[ 00105 ]G FEGSs4B-4dy depictabe pixched!] of BIG.B aginpéneaidiate stages of
mces%el | according to another exenplary enbodi nent of the
P PH¥ent i on; [0019] FIG 6 is a cross-sectional view of

a pixel cell according to yet another exenplary

embqy t gi(é}\/?% e%. En}égsggcicﬁghal LRt a g#)ﬁ%gcezuoaitcgﬂtadig!g to lainother

di agr am of sensor acco

exempéarg epitaidymenbotihetitentbnt he i nvention; and [0021] FIG
8 is a schematic diagram of a conputer processor
system i ncorporating the CMOS i mage sensor of FIG 3
or 40019] FIG. 6 is a cross-sectional view of a pixel cell according to yet another

- .exemplary embodiment of the invention;

[0020] FIG. 7 is a block diagram of 2 CMOS image senéor according to-an

exemplary embodiment of the invention; and

[0021] FIG. 8 is a schematic diagram of a computer processor system

incorporating the CMOS image sensor of FIG. 3 or 5.
DETAILED DESCRIPTION OF THE INVENTION

[0022] In the following detailed déscription, reference is made to the
- accompanying drawings, which form a part hereof and illustrate speciﬁc embodiments in
-which the invention may be practiced. In the drawings, like reference numerals describe
substantially similar components throughout the several views. These embodiments are
described in sufficient detail to enable those skilled in the art to practice the invention, and

it is to be understood that other embodiments may be utilized, and that structural, logical



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0022] In the
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woOhercacswapanyi ng drawi ngs, which forma part herast00s/028067
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the baﬁ@ﬁquﬁph‘éu@@% SHRqEHICOPr, fOpndwcuu siiprddities, despmicraylub@raced not

een utilized for ons or junctions i.n the base
be siigiBasfiybd Suid Be (B F ST aRtmb R, srimariim, e sl
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be based on silicon-gernmani um gerrmni um or
gal | i umar seni de. [0024] The term "pi xel" or "pixel
cel 1[002ef]er The aeran fpixelirar ‘Gissiesll” vufers t6 alpictafdlainBhenit cell

a, phot o- conversi on devi ce and transistors for
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illus tion orI|o of a
radioP 130 il HeBEE SForTiyrpored S fifiskfion 3up arepiesentative
pixel Jell GBS ARG ﬂﬁ%@ﬁ%ﬁ‘e& %H. H@srcﬁ Ron Rafkih yagid:@b c¥ll fabricatign of all
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FIG 3 is a cross-sectional view of a pixel cell 300

The 190c8] cBré" %%Saeu”‘éaﬁs?;qywﬁg?l‘%v”ﬁﬁép‘é{a@ueaé& hecpesing to an
excmpgagg icﬁ%b%%ljgg%t e é%‘{eg{t]ﬁ%gﬁ %ﬁ@t glgi)t() is s alr © lthecgllxcl:l cell 10
depicted in FIGs. 1 and 2, except that the pixel cell 300 includes an isolation channel 301
above the silicon layer 311. The isolation channel 301 is preferably constructed of SiC or
channeled carbonated Silicon. The use of a carbon rich layer of material increases the
bandgap of the device.. Isolation channel 301 has a higher bandgap than Si, typically
sixteen (16) orders of magnitude lower than Si, and the resulting pixel cell 30”0:has a lower
intrinsic carrier concentration. Therefore, the isolation channel 301 reduces the dark

current level.

[0026] Until ;ecently, growing high quality SiC substrates was prohibitively
expensive and therefore SiC was used only in selective applications. Recent advances in

growing SiC epitaxially have made it less expensive and decreased the defect densities.
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above the silicon [ayer 311. The isol ation channel 301
is preferably constructed of Si C or channel ed
woaodsmnaed Silicon. The use of a carbon rich Payas2m6/028067
mat eri al increases the bandgap of the device.
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|taX| hann nl\/bsfe Ar chi ecture
qualltyr?hglr bride 345@%3?@@53% Tver trehnter-bee 401 Mlms, Vol. 345 (2)
8pistics", T. Ernest et al, 2003 Synposi um on
1999{3/1_@,3%0 hoI ogy Di gest of Techni cal Papers, pp. 92-93;
"Fabrication of a novel strained Si GerC channel planar
S5nNnjO0E] etlTHealse ldf SIC Be CatsofekSiMSChadnel S @8 isoRtion
al , 2002 Synposi um on VLSI Technol ogy D gest of
channebigimpizel ce apéuces dark clggen® Jveln BetBekelth varrgrdatdls 0f reduced,
ali.ty 3CSiC usin saC|f|C|aI | ayer

u a Si

the pretsch HNGBUON PR BEHISY SR G prechents Ay 16%afer spping
cnabl&%l?.%e (9924, The use of SiC or Carbonated Silicon

Chan Fs as an isolation channel in a pixel cell

reduces dark current |evels. Because dark current

| eve]0028]e Mhduseds Sider Padspated SiiedH ChAnRS & diSisolation

greater scaling in the pixel cells arrays. Geater

. channglclw 4 pigelaet @lsgﬁ@atcmdg,bmonal hd¥aatagss be§au6e of thEhiehaeat pfoperties

r bopa i1ico annel s, as an.isol ation
of the megenals C@pcc ajl R catbonated' sr.l?h con materials permit a high temperature

operation and enable a pixel cell the ability to sustain high electric fields. Additionally,
these materials also have the property of effectively dissipating heat.

[0029] FIGS. 4A-4] depict the formation of pixel cell 300 according to an
exemplary embodiment of the invention. The steps described herein need not be
performed in any particular order, except for those logically requjriﬁg the results of prior
actions. Accordingly, while the steps below are described as being performed in a general

order, the order is exemplary only and can be altered if desired.

[0030] As illustrated in FIG 4A, a pad oxide layer 441, which can be a
thermally grown oxide, is formed on the substrate 311. A sacrificial layer 442 is formed on



channel in a pixel cell also creates additional
advant ages because of the inherent properties of the
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permt a high tenperature operation and enable a pixel
cell the ability to sustain high electric fields.
Additionally, these naterials also have the property
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conducted to extend the openings into the substrate

311. se . [ ch. utiliz]

di g gjg. 21, h‘gnuﬁhl%ggté’é Yoy g?’ng’dlgét%ﬁ. P iﬁ%ﬁﬁ%?%teiy 50 A%nd
approximerdys25Q A thivg, isi (5ined oh thBereBtl B30 SiRWaUS nga,_t&%égoid@ bottom

the trench 430 within substrate 311 to the desire
308, aygsvn ipFERAC e In ghe pbodienessiepicsed in BIG H(C) dwknsulator layer

. trench ,430.,,The ot or esi st mask (not shown) is
338 is p SO Anee 308 S p B SRS dbrepalspidisaion
techni ques, preferably by a plasma etch. ,

[0033] The trench 430 can be lined with a barrier film 339. In the
embodiment shown in FIG 4C, the barrier film 339 is a nitride liner, for example, silicon
nitride. The nitride liner 339 is formed by any suitable technique, to a thickness within the
range of approximately 50 A to approximately 250 A. Silicon nitride liner 339 can be

formed by depositing ammonia (NH,) and silane (SiH,), as is known in the art.

[0034] The trench 430 is filled with a dielectric material 337 as shown in
FIG. 4C. The dielectric material 337 may be an oxide material, for example a silicon
oxide, such as SiO or silicon dioxide (SiO,); oxynitride; a nitride material; such as silicon

nitride; silicon carbide; a high temperature polymer; or other suitable diclectric material.



[0032] A thin insulator [ayer 338, between
approximately 50 A and approximately 250 A thick, is
woaoosmd3ona t he trench 430 sidewal | s 336a, 336brPamais2005/028067
bottom 308, as shown in FIG 4C In the enbodi nent
depicted in FIG 4C, the insulator layer 338 is an
oxide layer 338 is preferably grown by thernal
In thegllpetrated embodiresa therdielectrinmatenizn3 Fais apghidess tynplosma (FIDP)
., barrier film339. In the enbodi nent shown in FIG 4C,
oxides e barrier film339 is a nitride liner, for exanpl e,
silicon nitride. The nitride liner 339 is forned by
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Prefcr?lgg §¥é %& glaﬁ}c;lhag uc{o 980 d1 toﬁlze1 . hcA?cglgt,igJ{f %]éetug)}b ggi Irnlggg not be

as snown 1 n

rown Wittt khbfefoRMeedbpth OF RXROREEn cHaid 381 fovel i
& buffe?gff- oxi de etch sptep and a clrégn st ep. [00366\%%56@%8

(e.g., Endep3 @)t may he siolershhothofepthaifahe tyecbbisolatiod QlannEhever the
itaxial isolation channel 301 is preferably grown by

e
+ non-fi $.qnal mea .g,, the method outlined by
. Er ns[%ggg jpr ii‘ ¥ Prqr}%rél‘f EF@PQPP%% Eirsab R penceptation is the isolation
. i draxi a ' | enperature. , The P
chann @RI s QTN g R R0 Rirafop Ml B AME AT Wi e siC i
grownPifREBItHE kirboh CodtedealtRANat B iddamiethaghbl ZpN. The
i sol ati on channel 301 need not be grown uniformy;

therefore, the depth of the isolation channel 301 over
t he [0088d rEypemembodiment of the invention, the isolation channel is only

located in the transistor region. In another embodiment of the invention, the isolation
channel is grown over another region of the substrate, €.g., a photo diode region. In yet
another embodiment, the isolation channel is grown over the periphery array of the
intendcd cell. In yet another embodiment, the isolation channel is grown over several
regions, i.e., combinations of previously mentioned locations, for cxamplc‘, as shown in
FIGs. 5 and 6 as described below. Although not shown, a nitride layer is formed prior to
the formation of the isolation channel. The nitride deposition is patterned to expose
particular areas to the formation of the isolation channel 301 depending on the aspect of

the invention.



(e.g., trench 430) may be snmaller than the depth of
the layer of isolation channel over the non-field
woegiemnsdos[ 0037] In a preferred enbodi ment, thecTaskms028067

concentration is the isolation channel 301 is

adjusted. It is known that controlling the tenperature

at i h i :C.is grown affects the carbo .

conc il | plspstizsBol ot bt cihisarolsan Chagesk PO} esulting
: ' . ' i.on e, ati on channe
in o RS HTRAMERL A of B8 YN, FIOCALSONAL 190 AINSh range
from 200 BO0LA GihdrBehd fyRaAl hQpht it laﬁpr'o‘iﬁhéﬁelg% FRanA&ne! S

grown over ‘anot her region of the substrate, e.g., a
emboghetns dfitbdinvesgomythe heighe bf dreisblatior chatiel801 is dgpeoximately 250
Aab I sol ation channel is grown over the periphery array of

oFhENG Rerigllregion and theyhsighs b threisoleripn ¢hamaal 308 tieless than
[4 [ hannel, i rown over several regions, i.e.,
approiéjg%g@&%%pﬁgg%\fe %Féfﬂog{fﬁ%}lsnenti oned | ocations, for

exanple, as shown in FIGs. 5 and 6 as descri bed bel ow.

Al th NOECRHMIME, the phinafizfifod @¥Sthk i L& i

t he orrra]ti or? of the ipgdol ation chlg’nnel. @Egﬁ%ﬁﬂﬂ)%te&%norm
the fodepiten of tre isclaghen tiemnel30 bisexpsed piitdiestial ndkBasicd Polish

he faqormatjon of the isolation channel 301 dependi ng :

(CMPé topn el hespigdde pray brecleeninsht fcgroved olepgnding loarthe icpditddiment of the
v ORGSR A e R A M e

nitriddhafer AShg e drhely fahghty can range from 1 COA to 500
A, @mheregthe trg%li ‘f:yal hei gll!n is approximately 250 A In

one enbodi nent of the invention, the height of the
i sol[A04d] cHEGnEH BHicts theafppmaniomes eleyrralerAraabions FITYFIG. 3)
on- field region and the height of the isolation

n d .
gate stagig AL and ghe reset ansistorl I 8) Eatastyclofis. AAlthowgh nheshown,
- th | el eq 0040] Fol | ow t lLlanari zation

e sl B AR end 901 B S B PRI o e e

concufreh iR tAnthe franb@r hiPlatd @hs&haaReY. 394 a%_ﬁesrcﬁggd By 2@ .

chem cal nechani cal polish (CWP) step. e nitride nmay

be sel ectively renoved dependi ng on the enbodi nent of

t he [08d&1t i ‘Ta fofothetramiter, gita sacketd7Ai40ceabhoviEATFIG. 4H, a

it may. be irable not to_renove the

first msulatmg layer zf(? Isa of, tor example, silicon oxide is grown or deposited on the
substrate 311. In a preferred embodiment, the gate oxidation is formed by either rapid
thermal oxidation (“RTO”) or in-site stem generation (ISSG). The first insulating layer
401a serves as the gate oxide layer for the subsequently formed transistor gate 401b. Next,
a layer of conductive material 401b is deposited over the oxide layer 401a. The conductive
layer 401b serves as the gate electrode for the transistors 317, 316 (FIG. 3). The
conductive layer 401b may be a layer of polysilicon, which may be doped to a second
conductivity type, e.g., n-type. A second insulating layer 401c is deposited over the
conductive layer 401b. The second insulating layer 401c may be formed of, for example,
an oxide (5i0,), a nitride (silicon nitride), an oxynitride (silicon oxynitride), ON (oxide-

nitride), NO (nitride-oxide), or ONO (oxide-nitride-oxide).



nitride |layer along the periphery of the cell. [0041]
FIG 4H depicts the formati on of the transfer

wonrersanser 317 (FIG 3) gate stack 407 and t heCTasi05/028067
transistor 316 (FIG 3) gate stack 406. Although not
shown, the source follower and row sel ect transi stors

19, 18 (FIG_'1), respective can be_ f
cond@lofé.;ﬂt | ;Fhwgtaw (IS lﬁsfeaﬁ‘é@ﬁw 4048, %@%%tnav rbsrfgrrg%bg

conveiegil EpeTigh P thodi Ru DS FRCHORT SOLIORAFAR £ CD g plgoma
cnhanfzécf Lg‘fcnhgaﬁ%g&l &%)(Jsg.% (SP:%%’%D t%{g st i alt%ce la%&xlf'ﬁﬂg 401b,

401c a‘ié @Eﬁé}f pﬁ&rﬁﬂ&b@ﬂd eRikd tb iy ﬂieﬁm@ltﬂﬁ%&i‘ igate deackh QOVEdO@yhown in
either rapid thermal oxidation ("RTO') or in- site stem

FIG. 4eneration (1SSG. The first insulating |ayer 401a
serves as the gate oxide layer for the subsequently

condi0dto " ThE ifeatt 3%8&*38%1@%@% e he gaegacks 407,
406 dé:s%? 6Ld ?‘ge)(g:\t%r ol%@cﬁpSﬁﬂq cs' I\rﬁg H)"é“fi fed 8%%;35%{%%%% 4{(}5}] %06 may be

SIS ors

altcrccﬂ'bqs defebaCIndVighdviry BT tlf&%@ P&Yexithple, laa¥RidOhyer (not shown) may be
pol ysilicon, which may be doped to 'a second

formed bathrehi thi gatd glpayodes ¢01 brntlythe sccandésoratinglapraddhg The

s b Sl B RS S
stack stuct g‘Je l)neﬁlaﬁﬂ %ysﬁﬁ rlo eg%éq r%%] o%g%illﬁﬂm gl?c)uﬁés g{#xgs%]n silicide,

cobalt(sﬂi’éld&'eﬁidlfbd&ﬂlm SRLidB] érf tafRhaY istlieidde. OrhiNlitional conductive layer
(oxi de-nitri de- oxi de).[0043] The gate stack | ayers

may ald® baa badddy, laysy  cefragtorbmethly suddasbycanmm sittidesaingsten (TiN/W) or
dep05| ti on met h ch as c apar deposition
tungstE Dy s/ SRS LR ook & RERIOR 100 @t PUEb el Fingaten hitride

(WN )( PECVD) , am)ng ot hers. The | ayers 40l1a, 401b, 401c are
*fhen patterned and etched to formthe nultilayer gate
stacks 407, 406 shown in FIG 4R [0044] The invention

i s 00451 mM Deped @-type valls 8841335 ade itdptarged &rt6trhe kisbstrate 311 as

407, 406 described above. Additional |ayers may be
shownaddd@. di. {The figat p-veslladAdsis fomedioahawsyb ﬁeataﬁﬂérseuoasdmg the
1solat1q(>jrggsfgloer? ﬁg? agﬁnown dh%g{]gwatile iso a%roner)égl n f 33.aTlsllc Isclc(c:)lngep-well 335
is formed in the substrate 311 from a point below the transfer gate stack 407 extending in .
" a direction in the substrate 311 away from where the photodiode 323 (FIG. 3) is to be

formed.

[0046] The p-wells 334, 335 are formed by known methods. For example, a
layer of photoresist (not shown) can be patterned over the substrate 311 having an
opening over the area where the p-wells, 334, 335 are to be formed. A p-type dopant,
“such as boron, can be implanted into the substrate 311 through the opening in the
photoresist. The p-wells 334, 335 are formed having a p-type dopant concentration that is
higher than adjacent portions of the substrate 311. Alternatively, the p-wells 334, 335 can

be formed prior to the formation of the trench 430.

10



formed between the gate el ectrodes 401b and the second

insul ating |layers 401c. The silicide |layer may be
wonaeledede i N t he gate stacks 407, 406, or in abPtTal2008028067

transi stor gate stack structures in an inmage sensor

circuit, and may be titaniun1si|icide tungsten

sili cobalt siljcide, ybdenum sil i ci de, or

¢ ant EOGHT I eclcaistcarin ok ¢ » & Hoped eGPy 82|l dy/emplanted in

the sl o, (O e @Zwa et 3481 ‘Piﬁ?ﬁf 0BGl 5er & photoresis

(not Sgh%vh gﬁ}; of" t ungst éé{#)fﬁ\{% sr,1|1t§{ra H;Jh%?no%gg]ogﬁ)%ﬁgc? ver the surface

of thepsubytpsre 8211 wh&3photorbody 823 (‘MGIFH déltd bé ornhl. SARSL fydE €lopant,
311 as shown in FIG 41. The flrst p-well 334 is

such dsphwspharns tateeniios knimeng,imay be iropldtadghroegh syl gpdnimg and into

B RO NS CHEE L
desireddn Bﬁoéiga ﬂnﬁﬁh&ho&%%é Bndc {oefor%q%x ac?)i;%@ ?ﬁg‘,’igg 321, whereby

ekt I on |n

the uﬁfp‘l:ﬁffhﬁ%l@ Is&:at*ﬂikﬁi pioitediRe @tli’a%%hiﬂ@deéﬁeek Selit@vcﬁ% thc surfacc of the
ormed. [0046] The p-wells 334, 335 are forned

substiteodbl.met hods. For exanple, a |ayer of photore3|st
(not shown) can be patterned over the substrate 311

ho GBS0 08 Bi F BESo b oh s E5biffom« pi
s PSR A0 . B 0 LRGBS PROCELS, HHE i

stack 402 ahd tlieedoelvh rﬂ%@n B3BY PEhede it 3XI0RE AR Al pHItOSnk iR charge
i s higher than adjacent portions of the substrate 311.

accumpilatisrgesgianefoy coum;g phoitd-ge8dated3dBrgean be forned
prior to the formation of the trench 430.[0047] As

ool QB T b ol i seion 7 a0 Boiie it thsion302 are
impl e q&no%()n eﬁ{ocﬁ)%aqgllugve fhels fur@ k %@‘?ﬁgl? ﬁ%l%j hg@Qtﬂoatmg

e patterne over e su In

' defusﬁ)n r@g@ﬂl 3115 aubfourbey daibfragien (8‘02t dre feuhst 4sat- @yp'i]rbgiﬁﬁh@r @ny
otod| ode 323 (FIG 3) is to be forimed. An n-type
suitab depsak, sash @h gh@wbpw, atacxyémmant@nomtmmmusqdayThe

ﬂoatmg dﬁiﬁﬁoxal r}cgelon %5 18 orrne fort ecnskc[]c of tl.i]lc thanster gate stack 407 opposite
the n-type photodiode region 321. The source/drain region 302 is formed on a side of
the reset gate stack 406 opposite the floating diffusion region 305.

[0050] FIG. 4K depicts the formation of a dielectric layer 307. Ilustratively,
layer 307 is an oxide layer, but layer 307 may be any appropriate dielectric material, such as
silicon dioxide, silicon nitride, an oxynitride, or tetracthyl orthosilicate (TEOS), among
others, formed by methods known in the art. |

[0051] The doped surface layer 322 for the photodiode 323 is implanted, as
illustrated in FIG. 4L. Doped surface layer 322 is formed as a highly doped p-type surface
layer and is forined to a depth of approximately 0.1 pm. A p-type dopant, such as boron,

11



the substrate 311. Multiple inplants my be used to
tailor the profile of region 321. If desired, an
wanglead3ioapl ant ati on may be conducted to form pogusSeed28067
regi on 321, whereby the inplantation is carried out at
angl es other than 90 degrees relative to the surface
of the substrate 311. [0048] As shown in FIG 4J, the
indium; oy othgi antadRlp-tgpd dopand, thapbe asqebionformdiapetype stiface layer
transfer gate stack 407 and extending in the substrate
322. 311 between the gate stack 407 and the isolation
region 333. The region 321 forns a photosensitive

o R THLI L BB S e

For e;{)agq&&ana;%%zgr}ﬁa BUESELAS) iyl Ay 2 369 tlGRERMpelings in a

nown nmet hods to achi éve "die structure sho

layer dfipRotdsesistT heltémaatdlydaydic B20shonbe fgined, I30bgansdurce plasma doping
source/drain region 302 are formed as_n-type regions.
processngr by flifbasing ap-tygredepasainto thesubsiertg bl biosr ag in-situ doped layer

ti b d.. Th l.oat |
or a dGb ST R 1o GrRariag e PATE G b g 1OE 227 LR P Fapmed.
transfer gate stack 407 opposite the n-type photodi ode
regi sl ThRQxRRULES/ F078k Rechedis@th 0% rdfaihel i8s form a

side of the reset gate stack 406 opposite the oat i ng

sidewdll §plab&i dina sidgvalh oBHe rebddQaly sthdkGOG KT He hiyet 307 B@nains over the

formation of a dielectric |ayer 307. |llustratively,
transfergase stadv49%, tha pherediofepas, %Blﬂoanag ¢liffision ragjorp éﬂéna;nd a

...ap riate diel ric nmpteri,al, such as sili .

portiofgfdft BB et e o6k 00 B pehic, Ui rmtie qBowgyin 1Y e Apprmatively,
i LI gat

@ dry G o R Pt PR R Bl e O R Y0 i J g only
sidewdlbgpatdre (pdtahostind dem3izSon shd tipisfartgact stack 407 wisd tiad ®setigate stack
. FIG 4L. Doped surface layer 322 is forned as a highly
406. doped p-type surface layer and is forned to a depth of
approximately 0.1 mm A p-type dopant, such as

o dodF 8, ' ForRbuRiia BioRt B bBRE St Bs0 B R oY
suﬁcttﬂgg Icq)giﬂgeyu%ig?l%mf. RS dx@nile, IeldRY, SicldpigTRE d B ediIlR¥on layers to
connect gate lines, and other connections to the pixel 300 may be formed. Also, the entire
surface may be covered with a passivation layer (not shown) of, for example, silicon
dioxide, borosilicate glass (BSG), phosphosilicate glass (PSG), or borophosphosilicate glass
(BPSG), which is CMP planarized and etched to provide contact holes, which are then
metallized to provide contacts. Conventional layers of conductors and insulators may also

be used to interconnect the structures and to connect pixel 300 to peripheral circuitry.

[0055] FIG. 5 depicts a pixel cell 500 in accordance with another exemplary
émbodiment of the invention. The pixel cell 500 is similar to the pixel cell 300 (FIG. 3)
except that isolation channel 507 is only applied to a portion of the image sensor arfay of
pixel cell 500. " |
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For exanple, layer 322 may be forned by inplanting
p-type ions through openings in a | ayer of

wohoisone®sst. Al ternatively, |layer 322 nay be PorTmsenoby28067
a gas source plasma dopi ng process, or by diffusing a
p-type dopant into the substrate 311 froman in-situ

e R
el 1B hSp B35 gt SR8 G250, 108 uc. o

exceptSHAE fsohBBn hAgndI BN9Tis 3Ri§ HPIBA fiSa g\éﬁiod BeHeriagt 8&nsor array of
gate stack 407, the photodiode 323, the floating

pixel @lIfS0dsilarn pefiromd SAbodiaredt,ahpdsoldtion dianhéled I7eis eppliat ® the
stack 406 to achi eve the structure shown in FIG 3.
sourcellnasy yegionssnyrougdingythe pppy stapgstonandenBa qudEdegion of the

fc tions .o he oxide | ayer 307 such that only
IﬁunogFHEﬁgﬁia%ﬁ?&é?&q%hgt shown) remain on the transfer

gate stack 407 and the reset gate stack 406. [0054]

Con NayRIQHE $BbIe MBS AR RScrRAAn BnhOt®Bn with the

ot h structures of the pixel 300. For exanpl e,

formation Wf pti-Poyps Phetadiiddrs tan thvebtionh ks watlingited ey eese é@bodiments.
_connect gate |ines, and other connections to the pixe
The inyeotiemplspdas epplisability snotheh&pss of peotwnednyersiorageviess, such as a

photogipef PEmed ieptaih o by b EaEY e 1ORGES> ARG ERIsSEF & |
phoro RSB J5 PLAS IR B BRE SBROIBPBE LIS e
of all gpr@vinde world aitingeakasdingy.ch are then netal lized to

provi de contacts. Conventional |ayers of conductors
and insulators may al so be used to interconnect the

st r UQ0f8ds o tleave ombedingpt are dewribgd ér gpnnection with
.circuibtry. [0055] EIG /5. depi a pi.xel cell 500,in .
T ping} 63 a0 beppRetmbp ol Bisel Rl 30 B sk Sty e Tavention
may als8 ¥eNhéAPoralbifinRh SeherGitdl @it ﬁavﬁi%'allﬂ@ ifRferk AuldiRrPbE&hnsistors.
cell 300°(FIG 3) except that isolation channel 507 1Is
Withoan byingdjhitieg, swchea @oniit may ofchides thregerandston(3 By piayl @fl, a five-

_pixel cell 500.[0056], FIG _6 depicts a pixel cell 501
transister Grlodpiselrel, awix-iragFision é?TéRB‘ﬁg‘F% JnQ AisBeFmnEHsIsEer pikel cell

(7'T). L{g}%ﬁnc%gg)r})eﬁ-r%% %n)é?clr trca?llsilsto§pbluti may hi¥e! AlesdrGrdldBed? a)él]ealccnt to a

. photodiode. The 5T, 6T, and 7T pixel cells differ from the 4T pixel cell by the addition of
one, two, or three transistors, respectively, such as a shutter transistor, a CMOS photogate
transistor, and an anti-blooming transistor. Further, while the above embodiments are
described in connection with CMOS pixel cell 300 the invention is also applicable to pixel

cells in a charge coupled device (CCD) image sensor.

[0059] A typical single chip CMOS image sensor 600 is illustrated by the
“block diagram of FIG. 7. The image sensor 600 includes a pixel cell array 680 having one
or more pixel cell 300, 500, or 501 (FIGs. 3, 5, or 6 respectively) described above. The

pixel cells of array 680 are arranged in a predetermined number of columns and rows.
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except that isolation channel 517 is only applied to a
portion of the inmge sensor array of pixel cell 501.

woOnom/psmter red enbodi nent, the isolation chanreir/uS1005/028067
is applied to the source drain regions surrounding the
array transistor and on the surface region of the

hot , VWi |
Ebg %‘bﬂod. 08 o By b 630 AR PPBRSGPY e
Accorfhglghro LF cellsin atrSQV eagreagfe nbogggﬁ Q%E&giﬁ’oxl Jggd&ﬂva% '?fxé e time

bya r@vb%@le&alﬁiéiﬁﬁh leG@bbikEIL LI G a@él@&édtr?ﬁ}ﬁiﬁoﬂﬁes as gnal reprcscntatlve of
phot o- conver si on devi ces, such as a phot odi ode f or nmed

receiviéd bghtneopa mradouplime foeg]smnlsumm 51 sh.dmtayaﬁ%), caclpbaluoygatley has a

or a photoconductor If an n-p-n-type photodiode is
select hm el theierd selfrtofpach eQfRECAE vele ‘tcfab@g @Mt i1 pesponse to the

| e {)E{}es woul d change accordi ngly. [0058] Although
Coumlnt?geﬁ ¥ enbodi ments are described in connection wth
4T pixel cell 300, the configuration of pixel cell 300

XeMpkaby 1636 id AR drYUH0 28 sOBM%ivelSR tREed by a row driver
|nco por ted Into other pixel circuits having

682 iflicspertisertt rovndekiiess decdder6sil s tlirescolivtihhiselett lirdsrage selectively
limtin such a circuit may |ncI ude a
activatedrhyea eolama driver 6841y respease toegalumg aglyess fia‘mes 1685 The array

680 132()5@%:\1@@')@@'&0&' i 6?“% Icéxét%rg cg.fsc:uftt% Q)Vq}&g}égo (PIF a ?iﬁctbs &codcrs
681, 4aEerol SARSHES tHe' a?g%pﬂa% row4hd B8N kN ResHok Eﬁ&f s1%nal readout.

transi stor Qadj acent” to a phot odi ode. The

7T pixel cells differ fromthe 4T pixel cell by the

addi f00®2 Jof Theejgnalsmn the cohmee réadans hﬁtmypl,ca.lly mclude a pixel reset
: res ectlvely, such as a shutter transistaor,

signal W@§ 6gd 1aep1¥¢ amgwgn (Npato fRr saalt pieloshi rl?g)thﬁmslsgr%fcad intoa

samplg i B34 %C% SRR Y GarORR S O AR R0 ffrentia

! lagnglified BB 7CRY 1 cell,
s1gnal$ev ice ? p(%ﬁlacgg edr%éorreﬁ@%lggl%] CA(lfqg%jl)caIW% Eg&ppm cell, and

each pitul pelCh/dfdremtipt siganlsio dighfed by addlegsto-digicil bynveher GADEK 688.
di agram.of FIG 7. The mEge sensor 600 jncluydes a,
The apglegitorigital sopusrtas B Sapphes e digitzempclyignals toqn image

procesggg g§é,gvg%1cﬁr e?f%%m%.gép%pr&tc u%agg préscegs%?é) B&hbk V&l(%}dmg digital

above
' signals defining an image output.

[0063] FIG. 8 illustrates a processor-based systeim 700 including the i image
sensor 600 of FIG. 7. The processor-based system 700 is exemplary of a system havmg
dlgltal circuits that could include image sensor devices. Without being limiting, such a
system could include a éomputer system, camera system, scanner, machine vision, vehicle
navigation, video phone, surveillance system, auto focus system, star tracker system, motion

detection system, and other systems requiring image acquisition.

[0064] ' The processor-based system 700, for example a camera system,
generally comprises a central processing unit (CPU) 795, such as a microprocessor, that

communicates with an input/output (I/0) device 791 over a bus 793. Image sensor 600
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pi xel cells of array 680 are arranged in a
predet erm ned nunber of colums and rows.[0060] The
woaws/0830pi xel cells in array 680 are read out POmAISENNS/028067
one. Accordingly, pixel cells in a row of array 680
are all selected for readout at the sanme tinme by a row
sel ect line, and each pixel cell in a selected row
also copfnoviicass withitha P EPb ewenbat 7% The peeeshspsdas¢dysystany 700 also

a readout line for its columm. In. the, ar each
includas shudbrm aregss Remary $RABEL 797184 AR INGHLe fﬁl&%‘fagfﬁew@% 794,
col umm el ectivel
such a5 a0 SOOI SDIDCAST TRRSR TS (0 /g% PREBRNDE: 193, Tmage
}16&9 | fc¥ssBE suviRbes APU adisr silfdaV¥ grocessor, or
smmor@QQ?Ha e%%%ﬁ%@aﬁﬁﬂi%gladﬁre§s decoder 68 fﬂé cglunn
micropt6desr, Withes vt ehanbiywedgaohiasaged 1r|,tyg1a1t¢;b¢1mmt orona
driver 684 in response to colum address decoder 685.

differefthehip thiaaythggocessasper at ed by the tinming and control
circuit 683, which controls address decoders 681, 685

o1 xEPOEE Tttt GCRBBE Skt UHaigh 4R kR
exemp{a%?g&;" fllulstié'gt%spr@éﬁjcﬁ AdbbdifEhdd QEataacHie?é@ |thf,r §Bj8Lts; Sfeﬁhﬁh@és and

i mage signal (Vphoto) for each

advantEgé& Jf the bkescxﬁther&im it $s @oteintenaldd Ithzttcxha psesept mvamton be
hold circuit (S/H) 686 in response to t e col um
limitedtir therill@Srhtedrembpdionantt.i Any iqshigationpf the preéﬁwolpmntrcgl which

d f | | f
o B R A i i
presen vghgb c{)%n]%l yftou ubA i@ iteal the QRUBPlAY exﬁ%&ﬁ&s

e ana nverter 688 suppli'es the

describ¥dGith ¥ﬁ€reﬁlcé( € a SMOS [$-ntppasl ¢dilh;1d&: mamsmmoﬁ gigited to that
whi ch perforns appropriate inmge ess

structqwc «3@/ gd iang igl a}gphclablc 4P @ﬁlmr@aﬁguwrlﬁgs 8 b beftg@ftlve and
FI 8
passwq)nrgp It]ﬁ%l%Vﬁlétlﬁ!) Stterggh?é?&ggtag g$§3§f)e£§, %38 %@bﬁkm t9ecp

based system 700 is exenplary of a system
tecmcﬁéépng %l[)gl tal circuits that could include inmage

sensor devices. Wthout being limting, such a system
could include a conputer system canera system
scanner, machi ne vision, vehicle navigation, video
phone, surveillance system auto focus system star
tracker system notion
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detection system and other systens requiring inmage

acqui sition. [0064] The processor-based system 700,
wobaooem2z30pl e a canmera system general ly conpri BET/US2005/028067

central processing unit (CPU) 795, such as a

m croprocessor, that comruni cates with an input/output

(I/0O device 791 over a bus 793. Image sensor 600al so

conmuni cates with the CPUCEAEMSver bus 793. The

processor-based system 700 al so i ncl udes random access

me RA: 92, and,can ipclude renoyabl e nmenpr
7o bt clabthed 36 he Fang e b BretErted Bmeh Bt of the
: . over the bus 793. |Inmage sensor 600 may be

-Uhﬁeggk%ligd with a processor, such as a CPU, digital

si gnal processor, or mcroprocessor, wth or wthout

menpr yA pixet agEcaifpdsisg:ngl e integrated circuit or on a

different chip than the processor. [0065] It is again

QP&&Q gggt t he above description and draw ngs are

exeonéry and illustrate preferred enbodi nents that
achi eve the objects, features and advantages of the
P{ FISABL IR @dvice formed M0said Bhissieies] abdat the present
invention be limted to the illustrated enbodi nents.
-Any nodi fication of the present invention which cones
wint isplation ehapial layendigpessdpeensaid hebstiatd.owi ng cl ai s
shoul d be considered part of the present invention.

crtioan Pkt AR PR PR TR vos p-n-p

pi xel cell, the invention is not l[imted to that

st rdict Thepixel egll, of atadmi ks whprstin said fisolatipnothasnel layer is
configurations of pixel cells, both active and
passivgq, nor is the invention [imted to that
technology (e.g., and is applicable to CCD technol ogy

weldy) . CLAI to | ai. med d ired t
2yl S U Lk ey et
is: 1. A pixel cell conprising: a substrate; a
phot o-CuhesrtsilehanrsliSdicohor ned i n said substrate; and

5. The pixel cell of claim 1, wherein said isolation channel layer is
formed to a depth of approximately 100 A to approximately
500 A.

6. 'The pixel cell of claim 1, wherein said isolation channel layer is
formed to a depth of approximately 250 A.

7. The pixel cell of claim 1, wherein said photo-conversion device
is a p-n type photodiode.

8. 'The pixel cell of claim 1, wherein said photo-conversion device

is a photoconductor.
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an isolation channel |ayer disposed over said

substrate. 2 . The pixel cell of claim1l wherein said
weubmieae is Si. 3. The pixel cell of clai m 1panaISei08/028067

said isolation channel layer is SiIC. 4 . The pixe

cell of claim1 wherein said isolation channel |ayer

is Carbonated channel Siljcon. 5 The pixel cell  of

cl af'm Iﬁe wiek esliolsdaim ls\ﬁhq@mosﬁldcmﬁﬂéqonwy@p qeyice

formed to a depth of approximately 100 Ato

appr oxis aegleityghO0 A. 6. The pixel cell of claimil,

wherein said |solat|on channel layer is forned to a

deﬂt)h g "ﬁgé )C%rrﬂgélelb 250 A. 7. The pixel cell of

clai'm phot o- conversion device is a p-n
type photodlode 8. The pixel cell of claim1, wherein
sapubsprts avingy tassisar meiowand 8 phojsheemissiom Lagien;9.

The pixel cell of claiml, wherein said

ph converS|o dev ce ot.ogate. 10. A I

o PhSTe R ded U ohSei o BT R e lnsepichrot®
Smdsd&%&naﬁ&ld a photo conversion region; a

photo conversi on device formed in the phot o- conver si on

region of said substrate; and an isolation channe
Iaybohﬂbﬂphmmﬁﬂ&werdkpbﬁdkwan$&$hmnﬁﬂbghqmoni1. The
pi xel cell of claim10 wherein said substrate is Si.

T P st £ SR SRS oottt or
12. The pixel cell of claim 11 wherein said isolation channel layer
is SiC.
13. The pixel cell of claim 11, further comprising:
a periphery région; and

a second isolation channel layer disposed over said substrate in said

periphery region of said pixel cell.

14. The pixel cell of claim 13, further comprising:
a third isolation channel layer disposed over said photo-conversion -
region.
15. A pixel cell comprising:

a substrate having a transistor region and a photo-conversion region

wherein said transistor region has source and drain region; and

an isolation channel layer disposed over said source and drain region

of said transistor region.

16. The pixel cell of claim 15 wherein said substrate is Si.
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13. The pixel cell of claim1l, further conprising: a
peri phery region; and a second isol ation channel |ayer
wdiepogse over said substrate in said peripher pCTESRME/028067

of said pixel cell. 14. The pixel cell of claim 13,
further conprising: a third isolation channel |ayer

di sposed over sai d photo-conversion region. 15. A

pi k& the pixebeairafsiang: lawhetsi sad sokiion rgaaneldaws st or
regi on and a photo-conversion regi on wherein said
transijgSar. regi on has source and drain region; and an

i sol ati on channel |ayer disposed over said source and

dragn i.on, of kd t istor region. 16. The pixe

ceft TR PAR Tkl iR B 13 s 17 The

pi xel cell of claim 16 wherein said isolation channe

| asesenil dsobition dwnnglieyesidisposesepver sfid phattencesyersiont her

. _conprising: a second isolation channel |ayer disposed
[C80yver said photo-conversion region. 19. A method of

formng a pixel cell, the nethod conprising the steps
ofiafo ; . . | i i ol over
e o o R i R e e

pattern; and form ng an isol ation channel |ayer over
the sub<RS%Ute at | ocations corresponding to said
exposed pattern.

forming a substrate;

forming a nitride layer over said substrate at selected location to form

an exposed pattern; and

forming an isolation channel layer over the substrate at locations

corresponding to said exposed pattern.

20. The method of claim 19 wherein said isolation channel layer is
- 8iC.

21. The method of claim 19 wherein said isolation channel layer is
Carbonated channel Silicon.

22, The méﬁhod of claim 19 wherein said isolation channel is
formed to a depth of approximately 100 A to approximately
500 A.

23. The method of claim 19, wherein said isolation channel layer is

~ formed to a depth of approximately 250 A.
24. The method of claim 19, wherein said isolation channel layer is

formed in a transistor region of said pixel cell,
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20. The nethod of claim 19 wherein said isolation

channel layer is SIC. 21. The nethod of claim19
wohersmssosai d i sol ati on channel |ayer is Car boraras2005/028067

channel Silicon. 22. The nethod of claim 19 wherein

said isolation channel is forned to a depth of

approximately 100 A to _approxi mately 500 A . The
hoal'lg methedon Jamhdy & SrouLe felian bRl e

| ayer is formed to a depth of approximately 250 A 24.

The nabhﬁddaﬁa%ﬁ@hﬂt&&mnwm@hqﬁ@nsﬁkddpﬁmlaﬂLon channe
layer is fornmed in a transistor region of said pixel

c . 25y { ofcl aj ; =Y ' .
O 2P a0 2o BB PO e
phot o- conversion region of said pixel cell. 26. The
net hodfosmed [imp pedpheryiegionof ssiddired 6¢lht i on channel

| ayer is formed in a periphery region of said pixe

cept.. "BHe mbleodTBE Hfich 00, Whede i isvhebRichas@] ayer is

i sol ati on channel |ayer is formed over a source and
drain geqgion of said pixel.cell. 28 .The t4hod of

cl ai mé’f‘?‘caﬁg?re? TP g‘ligﬁ%f?g&?fl 8?%%%%81’“@ ér is
formed in said photo conversion region of said pixel
cel$.. 'Blac mathed abdaint 27 owhernsin sidiselatiopshpnnel fayenist hod
conprising the steps of: formng a substrate; and ’

form nBrined & BAA phbedicorbRlsidn igichanned ?b:ay@m. over the
substrate. 30. The nethod of cl'aim 29, further

BT R G R RN
steps of:

forming a substrate; and
forming a carbon rich isolation channel layer over the substrate.

30. The method of claim 29, further comprising tilC step of
forming 4 nitride layer over the substrate before the step of
forming the isolation channel layer.

31. The method of claim 30, wherein said nitride iaycr is
selectively formed over said substratre.

32. The method of claim 30, wherein said nitride layer is
selectively formed over the substrate to expose a transistor
region.

33. The method of élaim 30, wherein said nitride layer is
selectively formed over the substrate to expose a photo-

conversion region.
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form ng the isolation channel l|ayer. 31. The nethod of

claim 30, wherein said nitride |ayer is selectively
woanoerd3over said substratre. 32. The nmet hod oPCTius2695/028067

30, wherein said nitride layer is selectively fornmed

over the substrate to expose a transistor region. 33.

The nmet hod of claim 30, wherein said njtride layer is

sedoctThemptifast pidaim20, whescin sist pissde kperdspose” a

phot oconversi on regi on. 34. The net hod of cl ai m 30,

wher eigglet@vdy Rirhlcddfrel BheeubsGate@beaposeal periphepd over
the substrate to expose a periphery region. 35. The

nmet hod of claim 30, wherein said step of form ng said
car borf*F1%h i sol ati on channel layer is effectuated
through epitaxial growh. 36. The nmethod of claim 31,
whafr.ei Bhemicthast efpclam 3Qrwierginssaidistep opfmming said

i sol ati on channel |ayer through epitaxial growmh is

per f oraxpshAlich Q¥latiBARBARI 16 er BleffedfiRtdRihogstof ¢l ai m

30, further conprising the step of formng said
nitride.l ayer over the substrate after the step of
form r@lﬁaﬁ%f P84t i on channel layer. 38. The nmethod of
claim 37, further conprising the step of formng a
se¥il |'Byemetlurd gfdlanmod] delhdrom sickstep of thrniing sadd | ayer .
39. The nmethod of claim37, wherein said seed |ayer is
for med. s HMish lsbR®Bn channel layer through epitaxial growth is
performed at low temperature.
37. The method of claim 30, further comprising the step of
forming; said nitride layer over the substrate after the step of
forming the isolation channel layer.
38. - The method of claim 37, further comprising the step of
forming a seed layer for gate oxidation over said nitride layer.
39. The method of claim 37, wherein said seed layer is formed
from silicon.
40. The method of claim 38, further comprising the step of
forming a gate oxidation layer over said layer.
41. The method of claim 40, wherein said gate oxidation layer is
. formed by rapid thermal oxidation.
42. The method of claim 41, wherein said gate oxidation layer is
formed by in-site stem generation.

43. A CMOS imager comprising:
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40. The nethod of claim 38, further conprising the
step of form ng a gate oxidation |ayer over said
woaymr23xde 1. The nmet hod of clai m40, wherein sSact/Uugai06/028067
oxidation layer is formed by rapid thermal oxidation.
42 . The method of claim4 1, wherein said gate
oxidation layer is formed by in-site stem generation.
4ixed celpomprasiieg: conpri si ng: a pi xel cell, conprising:
a substrate surface a phot o-conversi on devi ce forned
in said ubstra and an isolation channel |ayer
dlspo§esc‘fl1 %F’substrate. 44. The imager of claim
43, wherein sal d substrate is Si. 45. The imager of

cl ai my otm%lg Cade%e%@hﬁéd Rsaf@Rghee: aygr is SiC

46. Th I mager aim 43, wherein said I'solation
channel |ayer is Carbonated channel Silicon. 47. The

i magerandfolatien ohatihel lafper dispossdioded saal athstatechannel
layer is formed to a depth of approximtely 100 A to
approxi mately 500 A. 48. The irager of cI ai m 43,
wiidr ei Fhesimpager ob¢laim 44, Whﬁlf%?n? atesisShrned to a
"depth of approximately 250 A. 49. The i mger of claim
435, WiEieeinthggabf claite 43; whetett sid botielonahanseldayer is t ype
phot odi ode. 50. The i mager of claim43, wherein said
phot o-s(i&nversi on device is a photoconductor.

46. The imager of claim 43, wherein said isolation channel layer is
Carbonated channel Silicon.

47. The imager of claim 43, wherein said isolation channel layer is
formed to a depth of approximately 100 A to approximately
500 A.

48. | The imager of claim 43, wherein said isolation channel layer is
formed to a depth of approximately 250 A.

49. The imager of claim 43, wherein said photo-conversion device
is a p-n type photodiode.

50. The imager of claim 43, wherein said photo-conversion device
is a photoconductor.

51. The imager of claim 43, wherein said photo-conversion device
is a photogate.

52. A CMOS imager comprising:

a pixel cell, comprising:
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51. The imager of claim43, wherein said

phot o- conversi on device is a photogate. 52. A CMOS
WOmama3menpri sing: a pixel cell, conprising: aPCT/US2005/028067

substrate having a transistor region and a

phot o- conversi on regi on wherein said transistor region

has source and drain region; and an isol ati on _channe

| ayera mtspamehhvmgea trensisfor tgierearntha PHPER-RONEETION of

said tranS|st ion. .53, The imager of claim

BN TVACKSH] 8pi &vaglfl? QF ECZiQD ks sogjce %ﬁ@’i%’&&‘%fan | ai m

53 wherein said isolation channel layer is SiC 55.

|T2 g| Ia%r?a %ﬁ[ ];1 c% lé/% d%?&teaed' £ ORPShSch Qnd yrsigcond

anne spose over said
RIS POL QY Bh8HABr FIHON.

53. The imager of claim 52 wherein said substrate is Si.

54. The imager of claim 53 wherein said isolation channel layer is
SiC.

55. The imager of claim 52, further comprising:

a second isolation channel layer disposed over said photo-conversion

region.
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