| MAGE SENSOR W TH | MPROVED SURFACE DEPLETI ON FI ELD OF
THE | NVENTI ON [ 0001] The invention relates to inmager

wo e@hoglsegy. I n particular, the invention rel aP@USIH07/000408
i mager devices with a pinned photodi ode. BACKGROUND OF
THE | NVENTI ON [ 0002] CMOS inmagers are known in the
art. Exenplary CMOS imaging circuits, processing steps
thereof, and detail ed descriptions of the functions of
vari ous CMOS el enments of an imaging circuit are
descri bed, for exanple, in U S Patent No. 6,140, 630,
U S. Patent No. 6,376,868, U S. Patent No. 6,310, 366,

and JTRAGE Shvs Qe AT IR ORI NG R bR,

Technol ogy, Inc. The disclosures of the forgoing
patents are hereby incorporated by reference in their
entirety. [0003] A typical pixel of a CMOS i mage
sensor cell, in a 4T (four transistor) |ayout,
i ncl udes a phot odi HEE RO BRTHBINVENEIGNon device, a
transfer gate for transferring photoelectric charges
enerated in the charge accunul ating region of the .
[OOOIEhot odiTdgenvention rabaiep by impgeLisrbnologyi dn RastiAslangthe invention
: node). The floating diffusion region is typically
relate§ @9 H2GEeH dbPicas §akea PinrRdSMEeRISR. | ower transistor.
The source foll owertransi stor provides an out put
signal to a row sel ect access transistor having gate
for selectively gating the output signal to a colum
line of a pixel cell. A reset transistor

BACKGROUND OF THE INVENTION

[0002] CMOS imagers are known in the art. 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,
U.S. Patent No. 6,376,868, U.S. Patent No. 6,310,366, U.S. Patent No. 6,326,652, U.S.
Patent No. 6,204,524, and US Patent No. 6,333,205, each assigned to Micron
Technology, Inc. The disclosures of the forgoing patents are hereby incorporated by

refefence in their entirety.

{oo03] A typical pixel of a CMOS image sensor cell, in a 4T (four transistor)
layout, includes a photodiode as a photoconversioh dev.ice, a transfer gate for
transferring photoelectric charges generated in the charge accumulating region of the
photodiode to a floating diffusion region (sensing node). The floating diffusion region

is typically connected to a gate of a source follower transistor. The source follower
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resets the floating diffusion region using a supply
vol tage applied at a source/drain region to a

w@p@ciogisetd charge | evel before each charge trapcf/E82007/000408
fromthe charge accunul ati ng regi on of the photodi ode.
The pixel is typically isolated fromother |ike cells
of an inmager array by shallow trench isol ation
regions. A 3T (three transistor) pixel cell works
simlarly, but does away with the transfer transistor,
instead directly transferring charge fromthe
phot odi ode to the source follower transistor. [0004]

P . L i -
R e e L
phot odi ode is termed "pinned" because the potential in
selectivedy gatingdhe datput dighal to@ colewmslinmof ¥ pixed calherd tdset transistor

phot odi ode is fully depleted. A pinned photodi ode

tyRi fr o =] I\t r .
eset 0 RO AL, MO AT RS e
p-type conductivity |layers; the top being an inplanted
region &y erspgaidietiibapgr leyel befordeadichange stapsfarframypesharge

whi ch the i nage sensor pixel is formed. It is also

S o Sy P PR e 1P 13RS BRI other ke
phot odi ode reduces the inpact from surface states )

cells qfansispagrrArrasby aaslipw heenshrisriptipn regiongod SBedyrge fransistor)
| ower pixel noise, the pinned photodi ode offers

pixel EQUUGREs gh#aldy i@ ces dtma/t WitBUeB Cirl¥gerdransistor, instead directly
surface-interfacetraps and inproved bl ue response,

wansBGE shers s R rstof Bak el coaTolPEr Prsiva

with the pinned photodi ode. [0005] In p+/n-/p- pinned
[0004phot odPoues, phdtediaiesswe hititieed $n irypge abhsorhiedinioglogp e thoth CCD
and CMOS imagers. A pinned photodiode is termed “pinned” because the potential in
the photodiode is held to a constant value when the photodiode is fully depleted. A
pinned photodiode typically includes an n-type conductivity charge accumulating
region bound on the top and bottom by p-type conductivity layers; the top being an
implanted layer and the bottom one being the substrate upon which the image sensor
pixel is formed. It is also possible to utilize an oppositely doped scheme where the
charge accumulating region is p-type. A pinned photodiode reduces the impact from

surface states (trapped sites; dangling bonds) in silicon. Besides lower pixel noise, the

pinned photodiode offers reduced dark current, due to quenching of surface-interface



with acceptors by inplantation. Such inplants tend to
create a tail distribution and | ateral spread
waelepenglisey on the species of inplant (typicallBRCDhUsmn7/000408
BF2) energy, and dosage. This presents two iSsues:
conpensation of n- diode region, and therefore,
reduced fill factor; and deeper p+/n junction, which
| eads to conplex optimzation issues for the
phot odi ode and transfer gate region. [0006] In al
integrated circuit technol ogy, of which i mage sensor
devices are a part, there is a constant desire to
f a ame . ti
RO Ve ot B A 20808 (U108 DR i senerated
phot odi odes are scaled domn the photodlode
near ﬁb@ edicanisijcqyedioxideindetface with the phenedpiobadidde. t o
create the pinning effect in the phot odi ode as the
00 harge A2 h di gde, .
10 5ralear s t *) Ehﬁ% ﬁ%@g Ubst f a et%E%F% grlgép%ﬁg@f highly doped
t he hotodlodes are necessarily kept away fromthe
with %‘6‘@?*%& By tmpladetionhPaeh imaplantatenst toeereatest tagodistribution and
interfere with the photodi ode operation. To conpensate
laterdl¥prbie ddpRnieis SRk f | .
fufther into the sub§?¢§?§”§3§ﬁﬁ%ﬂS“2P§§H?Eﬁﬁggtﬁﬁﬁ%ﬁgqﬁ“a“d
was | ost. in width so that fill factor

dosafStBi e Pas el FHEucompRRIAtion furtfiefa remion; and therefore,
phot odi ode shape canl ead to cross-tal k between pixels

reduasl filldaqhotodi dager ?epaﬁmchehpwrﬁhetdaa@ |t@Ebﬁ‘@)lex optimization
structures (e.qg., | low trench isolation - "STI).

EI\ITI ON [ 0007] The i nvent| on
ISSue?ﬁ}ateﬁ { mqgg%ndﬂFﬁgsﬁﬁg?ﬁﬁe IO|5\nned phot odi ode

[0006] In all integrated circuit technology, of which image sensor devices are a

part, there is a constant desire to scale down the sizes of devices and at the same time
increase their density. Asimage sensors having pinned photodiodes are scaled down,
the photodiode necessarily gets a smaller and it beeomes harder to create the pinning
effect in the photodiode as the charge accumulating n-type region of the photodiode
nears the surface of the substrate. The n-region of the photodiodes are necessarily kept
away from the substrate surface, which has trap sites that could interfere with the
photodiode operation. To compensate for the smaller photodiode area the n-region is
pushed further into the substrate, gaining size in depth where it was lost in width so

that fill factor reduction is mitigated. However, such changes in photodiode shape can



utilizing an upper doped |layer (p or n) of the

substrate to facilitate the pinning effect. In an
wex@mosmsy enbodi ment of the invention, an hi ghCKUS2007/000408

dielectric | ayer can be provided over the substrate

and n-type region of the photodiode in |ieu of the

upper ptype layer to create a conventional,

i n-substrate, pixel cell. In another exenplary

enbodi nent of the invention the photodi ode can be

el evated over the pixel circuitry and can conprise an

n-type |layer and an overlying high K dielectric |ayer.

' odi ment s,,,an _oxide (.0f,

lead 4§ el bt SR o RIG B Raby ¥ irgdiRkon

regi on of the photodi ode and the high K dielectric
struqtayesr(e. gl choBpwTtinench mothtmrheSTHeat ures of the

invention will be better understood fromthe foll ow ng

detail ed description, which is provided in connection

wi th the acconpanyi ng draw ngs. BRI EF DESCRI PTI ON CF

THE DRAW NGS [ 0009] FIGs. 1-4 show a wafer

Cross- sect i ONBRIEFSUNMAR Y (IS THRIN VENTION
fabricating a pixel cell in accordance with the

invention. [0010] FIG 5 shows a pixel cell, fornmed by
[000%he pr dhesigviention relatesdolpixélicgs having 4 piraecopbiatocéode without
with the invention. [0011] FIGs. 6-9 show a wafer

utiliz§h@ aA viRfek Idepedliaydl %)Rgﬂﬁ§§§f)§(}9aétt8@§ciﬁpatrtﬁ the pinning effect.

fabricating pi xel Cell in accordance wt
i nvention. 0812] FIG 10 shows a pixel cell, forned
In angxepplagy grogediment ef thgiaveniorrpodigh Jodielectric layer can be

provided over the substrate and n-type region of the photodiode in lieu of the upper p-
type layer to create a conventional, in-substrate, pixel cell. In another exemplary
embodiment of the invention, the photodiode can be elevated over the pixel circuitry
and can comprise an n-type layer and an overlying high K dielectric layer. In either of
these exemplary embodiments, an oxide (or other. dielectric) can be provided between
the n-type region of the photodiode and the high K dielectric layer.

[0008] These and other features of the invention will be better understood from
the following detailed description, which is provided in connection with the

accompanying drawings.



in accordance with the invention. [0013] FIG 11 shows

an i mager constructed in accordance with an enbodi nent
wo@boowigissnvent i on. [0014] FIG 12 shows a pr ocBEEHUK2007/000408

system i ncorporating at |east one imger constructed

i n accordance with an enbodi nent of the invention.

[0015] FIGs. 13 and 14 show circuit layouts for pixe

cells in accordance with the invention. DETAI LED

DESCRI PTI ON OF THE | NVENTI ON [ 0016] Al t hough this

invention will be described in terns of certain

exenpl ary enbodi nents, other enbodinents will be

apparent to those of ordinary skill in the art, which

also are within the scope of this invention

Accordi ngly, the scope of the invention i s defined

only by ref eﬁR@ﬁ?ﬁ gmy@rﬁwé%dr escrl ptlg%'l ] The

term "substrate oW ng efers
to any supporting Iayer suitable for fabricating an

[0009Int egr SIEH. Cidrshidint a VBl EJskYe &BIH SONHHSTOprRRSEH s&lﬁs for
not necessarily so. A substrate may be S|I|con ba
i taxi | ayer s . of, S|I|con support ed by a

fabn%%srég %é)r‘ﬁeg(‘}ﬁ@ E}'&?Scroraﬁﬂ?ﬁj tihothe IRKNtRR- sapphi r e- based,
siliconon- irvsulator (SA), netal, polyner, or any

[00103t her HAGebishbwssupixabted], E@rméd,lbpmhé phgceas 1lﬂlﬁﬁt%1éa1b§£FIGs 1-4, in
circuit or imge sensor. \Wen reference is made to

acam§gh§g9ghgﬂghnw@£gg?ln the following description,

evli ous process Steps may have been utilized to form

[0011] FIGs. 6-9 show a wafer cross-section at various processing steps for
fabricating a pixel cell in accordance with the invention.

[0012] FIG. 10 shows a pixel cell, formed by the process illustrated by FIGs. 6-9,
in accordance with the invention.

[0013] FIG. 11 shows an imager constructed in accordance with an embodiment
of the invention.

[0014] FIG. 12 shows a processor system incorporating at least one imager
constructed in accordance with an embodiment of the invention.

[0015] FIGs. 13 and 14 show circuit layouts for pixel cells in accordance with the

invention.



regions or junctions in or over a base sem conductor
or foundation. [0018] The term"pixel" refers to a
w@bowroswBenent unit cell containing a charge PCT/US2007/000408
accumul ati ng phot oconversi on devi ce and associ at ed
transi stors for converting el ectromagnetic radiation
to an electrical signal. The pixels discussed herein
are illustrated and described as 4T (4 transistors)
CMOS pixel circuits for the sake of exanple only. It
shoul d be understood that the invention is not limted
to a fourtransistor (4T) pixel or CMOS technol ogy, but
may be used with other pixel arrangenents having fewer
(e.g., 3T) or nore (e.g., 5T) than four transistors
and ot her sem conductor imager technol ogy, e.g., CCD
and ot her spDEtTAIRDEDPDERER ' ' ' rein
with reference to the arc#??gg?ﬂgg?gﬁﬂgggg??ggﬁPgﬁ of
one pixel, it should be understood that this is
[0016kpr eseAltough this imvphtioahitlybeodeseibet Sn asrrhy BE 6akdir exemplary
woul d be arranged in an inmager array having pixels in
d . how ng detailed descrjption. . .
e e PR YL R0 B ey ieied ol iy il in the art,
.and the scope of the present invention is defined only
whighyalsp are i dlde s¢apiernf. thisiayentidhe Aicnoetinglyn thé Etopeasy the
be explained with reference to the acconpanyi ng
invehtigH i€8eMR&S BhIY lIJJr k&ref&IBtE [Pl‘?@a}?ﬁémfé}idg[rg used
consistently for ike features roughou the
rawi ngs. Fl Gs, %%5 show various stages of processing
for a ferge| qubstrpte”sndie fplowing desaiptivrcrfpisgpeny supporting
structure. The pixel cell 100 is forned wi thout a
layerdnpethld foreabiicatidieas ilepfate chQuat ta,‘pﬁ@al@uiefrﬁf'&@ndﬁe&q based, but

as an upper p-type doped | ayer use
not necessarily so. A substrate may be silicon-based, may include epitaxial layers of

[001

silicon supported by a base semiconductor foundation, can be sapphire-based, silicon-
on-insulator (SOI), metal, polymer, or any other materials suitable for supporting an
integrated circuit or image sensor. When reference is made to a substrate or wafer in
the following description, previous process steps may have been utilized to form
regions or junctions in or over a base semiconductor or foundation.

fo018] The term “pixel” refers to a photo-element unit cell containing a charge
accumulating photoconversion device and associated transistors for converting
electromagnetic radiation to an electrical signal. The pixels discussed herein are
illustrated and described as 4T (4 transistors) CMOS pixel circuits for the sake of

example only. It should be understood that the invention is not limited to a four



in conventional CMOS pixels to forma pinned p+/n-/p-
type phot odi ode (al though, if the photodiode 102 is to
wheon/gisel i n | ayout, the upper n-type doped | aper/uszmat/abo408
be omtted). However, the pixel cell 100 does have a
pi nned phot odi ode 102, and operates as a p+/n-/p-
phot odi ode 102, since it utilizes a high K dielectric
| ayer 42 with a fixed charge over the substrate 10
(instead of, for exanple, a doped p-type layer within
t he substrate 10), that functions |ike a capacitor
pl ate having a fixed charge (Q). The high Kdielectric
i Ll v, fixed charge if the jn{rinsic
trar B (A St or VR P ol B rvihraingt Bithaher poved
| ayer 42 are not conpletely randomy oriented in the

arrayegesndrdb haiﬁmg fleess (e.gnddot hicrede jgs M them fod@ansistors and other
greater the fixed charge. This dipol e nonent
and

' ' ' characteristic of the materi al

semed R0 R B SRR Gl Tt o8 obiea, Pt ofn g imvention i
di pol e monents w || determ ne whether the fixed charge

desqrébgsbipreiy withy referpare ve thef archirctupt end dhhuitation ofomiepixel, it
tend to produce a negative charge and sonme nitrides

hoti&Nske aTetiTy |t . erjals.for, .

S Pl et %} hepBeGRE0E o LR 01 B ¥ ypically

i.s fixed charge property and the respective doping

t

WOU&HM{@?B@% BRagHarsphayeng\pixele i ome's ehdtdodumns. The
associ at ed phot odi ode 102 can be selected in _

follcaciay dannied detdtiptioh BhedaerRé, ddigo Pedhidh 8 £ llizx%ﬁ{'\%%ense, and the

| ayer 42. [0020] The high K di el ectric layer ,
such as

scopRL St F Rieskat BN e sl a1y Buche anmodnd ckvape. ar

hol e accunul ati on region at the substrate 10 surface,
[0019hi | e aRheinwgtionegilbnodzbeéxpilhigedhoithderaendOd thela®companying

figures wherein like reference numbers are used consistently for like features
throughout the drawings. FIGs. 1-5 show various stages of processing for a pixel cell -
100, shown in FIG.5as a complete structure. The pixel cell 100 is formed without a
doped layer in the substrate 10 at its surface, such as an upper p-type doped layer used
in conventional CMOS pixels to form a pinned p+/n-/p- type photodiode (although, if
the photodiode 102 is to be n/p/n in layout, the upper n-type doped layer would be
omitted). However, the pixel cell 100 does have a pinned photodiode 102, and operates
as a p+/n-/p- photodiode 102, since it utilizes a high K dielectric layer 42 with a fixed
charge over the substrate 10 (instead of, for example, a dopgd p-type layer within the

substrate 10), that functions like a capacitor plate having a fixed charge (Q). The high K



as a charge accunul ation region. This results in
capadtive coupling in the photodi ode active area. The
wme@ansmsel charge of the high K dielectric | ayePCHBS2007/000408
creates a positively charged, shallow mnority carrier
rich region at the substrate 10 surface above the
ntype region 32, which functions |ike an extrenely
shal |l ow, but highly concentrated and defined p-type
| ayer.[0021] Omtting the conventionally-used upper
p-type | ayer fromthe photodi ode 102 and, instead,
utilizing the charge effect of the high K dielectric
i I Tolal : I r
e e O PG Rup IR BB ofthe
avai l apbl e in pixel cell scaling. The n-type region 32
molegyleape! thergateriat of thedayien 42 are st@ompletalp randsméeonented in the
the substrate 10 and as deep therein as all owabl e
maté&r 1S THe b afHess thidbk i el G is di
factor. Additi onal}l¥ skhsg%gggﬁsg{emﬁg{eﬁfﬁrhtgg é%\célagig r‘?tE % rgtrus dipole
uni nt ended inpl anting of p-type dopant into the n-ty
moment Orieniation Isf raraaeristin of Hie matesial japgtitpstoighiemetry. The specific
i nplant profile are overcone since no p-type inplant
orieritatipiof ohi¢rdthdd avembhe will Jarerma@ WhRethbiithe 8x8Q charge is positive
i mproves the resulting photodiode 102 fill factor ‘

e r.egion.i.s re consjstently n-type

ecause the n-ty
or nQ R g TS ot R oo e P s e chhtge and some
5 is provided in a substrate 10. An epi layer pwell 26
nitridestehd tproeddeeaiposithe dabgd. r Bhenddetislsfooaltich K dielectric layer
concentrated p-type region in which to formthe
42 arB i ol L 4 |§%%J} r Myle ilicon
s E%fset9 rat e%g gi%ptlrilgillg?& Fé | gﬁ%@ S Cf é&%er%\%? ?C%lé’ qteepng

added doping, an inplant may not be necessary. An
characteristics of the conductive regions of the associated photodiode 102 can be

selected in accordance with the charge of the high K dielectric layer 42.

[0020] The high K dielectric layer 42, preferably contains a fixed negative charge,
such as is produced by the aluminum oxides, and can create an hole accumulation
region at the substrate 10 surface, while an n-type region 32 of the photodiode 102 acts
as a charge accumulation region. This results in capacitive coupling in the photodiode
active area. The negative charge of the high K dielectric layer 42 creates a positively
charged, shallow minority carrier rich region at the ;ubstrate 10 surface above the n-

type region 32, which functions like an extremely shallow, but highly concentrated and

defined p-type layer.



n-type region 32 is provided wthin the substrate 10,
wthin the p-well 26 if provided. A source/drain
WO e@i7o81888 i s provided within the substrate 10PEI/E82007/000408
may be a floating diffusion region if the pixel cell
100 is a 4T (or nore than four transistors) |ayout or
an active area for connecting the photodi ode 102 to
reset circuitry (a reset voltage Vaa) if the pixel is
a 3T (or fewer than three transistors) |ayout. A 4T
pi xel circuit inaccordance wth the invention is shown
at FIG 13, a 3T pixel circuit in accordance with the

vent i A, transi stor )
[00252 te 1 6%“2? Gﬁ%@%ﬁ?‘gﬁg agtau}dlhar 3%9%& "B, at}’ﬁg}rom the photodiode

phot odi ode 102 and source/drain region 38. |If the
102 fpnd( dnsteed| utibpingaheicbargenffarh pbthe highi Kidielectridlayer 42 allows
transistor gate 16 is typically a transfer gate, which

ho @Ri6&e ¢ TN OR)e 102 ta _
P o%?? ng@gcgfﬁ%(ﬁlg gﬁ r e”g%‘gﬁe& b ihlife ﬂgétg%ﬁ rCerarared Ad‘btherwise be
| f the pixel cell 100 has three

{ai’g"n on 3 81
aval u} Rixg} cell sqqding; A nrtyeme 1gaien 35 can beypigeal foy esample, closer to

reset gate, in which case, region 38 is connected to a

the stiefet dpBhepibttate QD%%Gté%rde@?QBeﬁahR%)alloW gcgr?ﬁ&er%g cross-talk
its specific functl on, the transistor gate 1
nS| stor features, i

co ses .e.,
behaf B B SRR Rl Gieon. o e topoyprap geavih tirbatdntal or
14 and is insulated by sidewall spacers 40 and an

unintergiddaimpigntiag o G-tffR02ehant etoptheel-tygR tegld@Paisdciated with tail
isolated fromother |ike pixel cells of an i rrage

: w trench isol ation (STI, i.ons
d”“ﬁ‘ﬁ’m%%ﬁg‘at g §?§€9"f48 HY THEPILe SIRGE R Plyged iitds pprformed
gate 16 extends over the substrate 10 so as to at

above dhe n-typeaegione s absdiiogeoves the resulting photodiode 102 fill factor
becatse the n-type region is more consistently n-type and well controlled.

[0022] The pixel cell 100 of FIG. 5 is provided in a substrate 10. An epi layer p-
well 26 can be provided in the substrate 10 to provide a concentrated p-type region in
which to form the photodiode 102, if desired; however, since a silicon substrate or epi-
layer is typic‘ally p-type without added doping, an implant may not be necessary. An
n-type region 32 is provided within the substrate 10, within the p-well 26 if provided.
A source/drain region 38 is provided within the substrate 10 also; it may be a floating
diffusion region if the pixel cell 100 is a 4T (or more than four transistors) layout or an
active area for connecting the photodiode 102 to reset circuitry (a reset voltage Vaa) if

the pixel is a 3T (or fewer than three transistors) layout. A 4T pixel circuit in



102. Over the gate oxide 14 is provided the high K
dielectric layer 42. [0025] The high K dielectric

wo 200208881 can be nade of al um num oxi de havi ngP@r/US2007/000408
stoichionetry of ALOy, where x is typically about 2
and y is typically about 3. However, the stoichionetry
can be tuned to achieve a desired fixed charge in the

mat eri al, which changes based, in part, on

stoichionetry. OQher high Kdielectricmaterials, i.e.,
materials with a dielectric constant greater than that
of silicon oxide (nmeaning higher than about 3.9), can

d
acco?H§ﬁc@€v19§@1@ 1£9énlji(ﬂ'§/ﬁ;r (\é%\'&é’ 3§h%;5ﬁ|(iﬁg‘% gquri‘q?‘lé{%]ln;ccordance with

Zr ), hafnium oxi de
Hf aSi bQc) , for exanple. The th| ckness of the high K

the i VSPB@Pr‘?éhQ’VﬁSIémFH@ .so plays a roll in deternining
the fixed charge and shoul d be taken into

[0028Dpnsi de[qa(trbx%st@l- 2% 14 i Iﬁrbbﬁleﬁt i gl%net A lbWF‘geeth\e photodiode

provi ding the | ayer 42.
hi gh Kdl Iectrlc | ayer 42 of AIZCB or Hf q 2of about

102 S?‘erﬁ TP} ke 38.cHithp pixe aell 10@ Has Frunger miorabowbistors, the
2x10 12cnr 2 to about 10xlI0 12cm 2. [0026] The pi xel

transistok ghGO16OR ASrahsté I h LXe e
phot odi ode %g ge%er ates charge at tg@?‘?csacwrﬂu}f‘qed at the

re he i nduced capacitance
pho"b&{b St aﬁ{h rf‘@%ﬁﬁiﬁéﬁlf{%&mF%OR(@geFléq:murceffdaym refRomA8). If the
the n-type region 32 when the photodi ode 102 is struck

pixelispll|i0gitas thiwe tehatgeryenerahgdtRphiats iy o
phot odi ode 102 is gated, for exa% l e Wg}kﬁé sg'se?;esgpgate in

hicH&hL P kng diffusio -

whicHEhee, Eoeiok a0 San SR RIa Tk Pl e&lﬁum (et spwn).
(FIG 13) or nore, or a

Regardless of it$ specific funchon the transistor gate 16 comprises typical MOS

transistor features, i.e., it has a gate electrode layer 18 over a gate oxide layer 14 and is
insulated by sidewall spacers 40 and an insulating cap 20.

[0024] The pixel cell 100 is isolated from other like pixel cells of an image sensor
array by shallow trench isolation (STI) regions 44. The gate oxide 14, which is part of
the transistor gate 16 extends over the substrate 10 so as to at least cover the photodiode
102. Over the gate oxide 14 is provided the high K dielectric layer 42.

[0025] The high K dielectric layer 42 can be made of aluminum oxide having a
stoichiometry of ALQy, where x is typically about 2 and y is typically about 3.
However, the stoichiometry can be tuned to achieve a desired fixed charge in the

material, which changes based, in part, on stoichiometry. Other high K dielectric

-10 -



floating diffusion region forned as an extensi on of
t he phot odi ode 102 n-type region 32 if the pixel cell
wao@7io8188T (FI G 14). The charge at the fl oatiPQI/US2007/000408
di ffusion region is converted to a pixel output
vol tage signal by a source follower transistor
connected to floating diffusion region and this output
signal is gated by row select transistor to read
circuitry (not shown). After the signal is read out of
the pixel cell 100, a reset gate (gatel6 in a 3T
arrangenent (FIG 14), not shown with respect to other
matBHXRl ;.85 S) G .activated to connect a '
AUSHKR, 12" BRORIRNLM 2 B0 i APl ShenBiibmuab o iicon oxide
reset_the pixel cell 100. [0027] FIGs. 1-4 show cross
(meaging ighies than phowt3.Yetdn 4160 basiselidvnlayar B Guch @lzirconium oxide
vari ous stages of fabrication. The figures generally
ZrGh o g ap j e utilized.to forma
G R RO R MOt TR bbb Y o example e

. Jprocessj ng steps may be used also. Now referring to
thickaess of _,di%%sglb?todl_akeétrmgyms%abv ipdeych. a Adikirsdbstmatiag e fixed
is.typically silicon, though other sem conductor or
chargt hed drafed baltikasinth S6NS a8 R0 Fehianle for use
as substrates can be used. tgpgﬁgggig ethgoFW“nnerYVdmn
as an epi-layer over a

Si red,, can r o
pro"gﬁlﬁﬁo € 1Aye ‘ﬁ? TUbnepaes P3ropEsgrsShahighvKidielectric layer 42 of ALOs or
isolation (STI) is initiated to formtrenches 12 of

HfOzaboalout, 80y frim) stickitesd cA0HAvEs e 20me2
2, OOgA deep, fo)r what wil | becorreecsi'%lhg% g?ﬁé}%oﬁ?q?glg to about

10x18%em@hi ch are typically an oxide material and serve to
electrically isolate the pixel cell 100 from ot her
i xel cells of an image sensor array. STl processing,

[0026] ¢ tBemyxel cell 100 operates as a standard CMOS imager pixel. The

photodiode 102 generates charge at the effective p-n junction created by the induced
capacitance interaction between the high K dielectric layer 42 and the n-type region 32
when the photodiode 102 is struck by light. The charge generated and accumulated at
the photodiode 102 is gated, for example by transistor gate 16, to the floating diffusion
region, e.g., source/drain region 38 if the pixel cell 100 is 4T (FIG. 13) or more, or a
floating diffusion region formed as an extension of the photodiode 102 n-type region 32
if the pixel cell 100 is 3T (FIG. 14). The charge at the floating diffusion region is
converted to a pixel output voltage signal by a source follower transistor connected to
floating diffusion region and this output signal is gated by row select transistor to read

circuitry (not shown). After the signal is read out of the pixel cell 100, a reset gate (gate
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the etching of trenches 12, is well known in the art
and standard processing techniques may b e used. The
w@ooroiogrsspf the substrate 10 under the STI trePChusR07/000408
can be doped (not shown) to inprove electrica
isolation if desired. [0029] Over the substrate, a
transistor gate 16, which nmay be part of a transfer
transi stor in some enbodi ments of the pixel cell 100
or a reset transistor in otherenbodi nents, is forned,
typically simultaneously with the formation of the
gates of other transistors of the pixel cell 100,
61 T; i.st.or and row sel ect
16 T auBaAPMREAL (RS, THF RobROPh TN 1ol Rfr el arrangements)
others of the pixel cell 100) may be fabricated by

can pgagiivited tgaomnest alwoltagasemce (e sWhyts epAdiodiode 102 to reset the
conductive | ayer 18 over the gate oxide 14, and an
pmeiagyh@@jng | ayer 20 over the conductive |ayer 18.
These | ayers 14, 18, and 20 can be forned by known
{ ch%; ues, such as chem cal vapor deposition or
[Oozg]gut tidf3sn &4 sheav geass sextians of 2 pixel gabi 108 dsystrivin ©OPIG. 5 at various
di oxi de, but may be other materials as well, and is
stagelepOabREtON S The TP sLEaL Ay 1ol of Lhe
pi xel cell 100, iﬁ%lud?ng %n¥o ?ﬁgégggnﬁégﬁgﬁ&fﬁﬁm%ﬁgaybe
can be fromabout 1OA to about 8gA

...gat e pxide | ayer 1
ut’h%‘r{ tiﬂﬁ’rw £ RO s 1§M%P@f prher er edditionsd pronebsity steps may be
| ayer 18 is typically doped polysilicon, but may be

usedatlber Noon defetring toBI@! i, al siba&awel 02 is HogvidesuBld i
layer 20 is typically a nitride or T OSV(t et raetﬂgjlstrate 101s
: i xi;de) , but be ot her insulating
P lc?}u@%té g%r{é ‘ﬁgé‘?%ve PHICEsmUcon MsonQthes matgralszg disgussed above as
atterned wth a photoresi st nmask and etched using the

suitag}ﬁ for mse @ substagtes candp UsageThesubsaye 1, FdaisHask, 16 grown as
as shown in

an epi-layer over a supporting silicon base.

[0028] Shallow trench isolation (STI) is initiated to form trenches 12 of about 1,500A

to about 4,000A deep, préferabiy about 2,000A deep, for what will become STI regions

44 (FIG. 5), which are typically an oxide material and serve to electrically isolate the

pixel cell 100 from other pixel cells of an image sensor array. STI processing, including

the etching of trenches 12, is well known in the art and standard processing techniques

may be used. The portion of the substrate 10 under the STI trench 12 can be doped '(not

shown) to improve electrical isolation if desjred.

[0029]  Over the substrate, a transistor gate 16, which may be part of a transfer
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FIG 3 . [0030] Now referring to FIG 2, the wafer
cross-section of FIG 1 is shown at a subsequent stage
wo@boo7akrsscat i on. A photoresi st mask 22 is formedr/osm7/000408

the substrate 10 to protect the region that wll
beconme the photodi ode 102 whil e exposing the substrate
10 surfaces proximate the transistor gates 16, and
proxi mte to any other transistorgates of the pixel
where source/drain regions of pixel transistors wll

be fornmed. A ptype dopant 24, e.g., boron, is
inplanted into the substrate 10 to forma p-well 26

in..lf desired ource/drain regions for the
embblEhEhE 19 op80, Pificr B Brit e ouarithabe fomnation of the gates of
stage of processing, but these regions are preferably

other trameigtdns of thelpbed celd 106, ieqgfa 0buie TSRS &rakE
The photoresi st mask 22 CEZ% t hen be rermveda. {sg)Orsaﬁd row select

¢ erring t .FIGt)Er Whi Eshwsth waf er at a
ran{i"% Eg‘g%te{u Ov%'?)ag@%\ga ﬁ%@@é’l’ % ag gthepuet e} ¢elF108) may be
2. After formng the p-well 26 and renoval of the

fabrigpied dryefoirstingmsiate Dxiderbt dvedr the elibstestieS0, FREKIRBIF@ver 18 over
be applied, which exposes the surface of the substralye

the caf: t [ i1 for . n-type
B35 S0 5 5a BRIROMAAHE 1978 Mver B LaRdiiva Byen e P Trese Layers
rate 10 (directly there-into and at an angle

14 1f%subst
+ 18 8t bearsbe fruwmrgd b knemn teahniquepesutbpedtheattainagdr deposition
This n-type region 32 will forma charge accunul ation

or sppaetingn Tole ¢die oRRRE ROIsAPRiAAE si it BhHiBxiLPELf £41.90, | '
pr ef ergabl y %bout 8, wg%gleepg?lr%rgnht lgx}sd%f ?lé{:g%é’f § pf&rer materials
aswe?rijbﬁt rate 10. [0032] NoWeferring to FIG 4, this

r g1 d° dRBREthavsRifesubsFate Kintthe aresofithe pixel cell 100, including

u
into the STI trench 12. The gate oxide layer 14 can be from about 10A to about 80A
thick, with about 50A being preferred. The conductive layer 18 is typically doped
polysilicon, but may be other conductive materials as well. The insulating layer 20 is
typically a nitride or TEOS (tetraethyl orthosilicate oxide), but may be other insulating
materials as well. These layers 14, 18, and 20, are patterned with a photoresist mask
and etched using the gate oxide 14 as a stop layer to leave a gate stack 16 as shown in
FIG.3.
[0030] Now referring to FIG. 2, the wafer cross-section of FIG. 1 is shown at a
subsequent stage of fabrication. A photoresist mask 22 is formed over the substrate 10 J

to protect the region that will become the photodiode 102 while exposing the substrate

10 suifaces proximate the transistor gates 16, and pfoximate to any other transistor
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FIG 3 at a subsequent stage of fabrication. After
renmovi ng phot oresi st 28, another photoresist nmask 34

wa@an7logissorned to protect the photodi ode 102 rRgi/082001/000408
the substrate 10. An n-type dopant 36, e.g.,

phosphorus or arsenic, can be inplanted into the
substrate 10 to formactive area 38 proximate the gate

16, as well as source/drain regions a t any other
transi stors of the pixel cell 100. The dopant i npl ant
36 may al so beangled with respect to the substrate 10
so the doped regions extend under the gates, if
i . ' ation can he acconplished by
gateq SN e RARH o0 IRe AR tehlor ot it bt il be formed. A p-
cross-section of FIG 4 at a subsequent stage of

type ghomeas Sngg. hotan, is empleaitedintolthe pibétedte0Xb f3fn AH-well 26
insul ating layer 40 is deposited by known techni ques

there®Y.€Ef d i fe. r 1 nd.transi stor gate 16.
Thi s i%gru étgﬁ]%é’r%%glf@ O éﬁ(‘ﬁgﬁ PYE R @thswfors can be formed
protective side walls for the transistor gate 16,

P 7
at thip stageof prasessing turtitheselrkgowerart prefoubisiyfoimed Gn aBi®Requent
a high Kdielectric |layer 42°'is deposited over the

tageoflsriocadstn Al ; 0.l eave. the | ayer
° age42 over t h%@g%%%ﬁggh?@g?lg%%%?%% "?ﬂzﬁ%‘bBéf‘F@P@ego,
FIG 5. The high K dielectric |ayer 42 can

[0031@5 s&ovvn [ tn ] g
e deP¥SFEEE By kFlwr: eeishishows the wetferast OMbsetuent stage of
sputtering. As discussed above, the high K dielectric

proceksiygrto4Rat siiowe i dNg, 2li Afes EOHm AR @l@kﬁgjw%il .Ztéuz}n%lséemoval of the

preferably al um num oxi de ALOy), “zi rconi um oxl
haf ni um si |l i cates

Pho“’%%ﬁ%}“& % 4 %Or%gééggpégglg( ’ él,g ‘r2§ ket ke grpkedi wihédt exmoses the

| ayer 42 can be varied in material conposition,
surfacerfi thirisubetrate, 10awhetdthekpiasts didleotibai il bdgcesi r 8¢ n-type dopant
fi xed charge
30, e.g., phosphorus, is implanted into the substrate 10 (directly there-into and at an
angle thereto as shown) to form an n-type doped region 32. This n-type region 32 will
form a charge accumulation portion of the photodiode 102. This n-type region is
preferably about 8,000A deep from the surface of the substrate 10.
[0032] Now referring to FIG. 4, this figure shows the wafer cross-section shown in
FIG. 3 at a subsequent stage of fabrication. After removing photoresist 28, another
photoresist mask 34 can be formed to protect the photodiode 102 region of the substrate
10. An n-type dopant 36, e.g., phosphorus or arsenic, can be implanted into the

substrate 10 to form active area 38 proximate the gate 16, as well as source/drain

regions a.t any other transistors of the pixel cell 100. The dopant ilnplant 36 may also be
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characteristics; however, the high Kdielectric |ayer
42 is preferably between about 2gA and about 2CgA

wao bdocks1s¥he hi gh K dielectric |ayer 42 can be POF/Ismo07/000408
and left within the STI trench 12 (FIG 4). The STT
insulating materials 44 is forned over the high K
dielectric layer 42 within the trench 12. At this
stage of fabrication, the pixel cell 100 is
substantially conpl ete. Subsequent processing can
include the formng of protectiveinsulating | ayers and
conductive interconnects between the pixel cell 100

angléd St Pé:é'pe%lt r._cf@et {%Js\g\x{g?q?ﬁod'é%%g% %@éﬁ@%ﬁéﬁy&? the gates, if

is shown’in
enbodi nent of a pixel cell 200 in accordance with the

desiredy d}epant. inplenpiticel carebd ac0thpifshel By l,lr‘ibxivﬂ%éﬂ}ﬁﬁlﬁgé?

el evat ed phot odi ode 202, which is provided over
Iy within it as

[00333ubs Ff@éﬁgﬁgwgsth? %%%Iﬁ(%‘o%%s%lé%%: %rﬁllgz tidt @ sbgeqERnt stage of

In the odi ren
non-el evated pixel, it is conventionally considered

Processig: chfter remerabefetha phiotoiedispgtadirediatiry BYeLPKHED;
pi xel . El evated pixels, such as pixel ceIrIrg 288 of Fl‘%i)Slted by

knowiDtecRhiRiesTRME tRE pafV er planar pixels . .
i ncl udi‘ﬁ{;, hi gher gq%a%{}%?ngagf%{ ﬁ%u 2N a&ﬁ’at‘fre&ﬁﬁ%éé This insulating
talk due to close proximty to the

la er%ﬁt‘i g{a\l crlc_)lsa\;q ) ¢l
YL i &t Bi¥neEneqp ferm peofestve sikeiwaglsdor thetrpheitdisaeers, leaving the
202 of FIG 10 is elevated and, therefore, different

gate dxidel beep anaubsteté 10UTREN RIRE2MK F A
has many sinmlarities and i's api n%ggeé%gctlgg?ro%”‘gs dlsePOSlted over

f - e. |l ayer oyer the n-type region 80,
the Sulgg&%‘?eaijo TafeBed i ehhea 17 leavedbe ﬂ@{eréa@‘fph gh@pihot:beiiode 102

ound i
202 of pixel cell 200 utilizes a high K dielectric

region of the substrate 10, as shown in FIG. 5. The high K dielectric layer 42 can be
deposited by known techniques, such as CVD or sputtering. As discussed above, the
high K dielectric layer 42 can be many different materials, but is preferably aluminum
oxide AlxOy), zirconium oxide (ZrOx), hafnium oxide (HfOx), or hafnium silicates
(Hf51vOc). As discussed above, the high K dielectric layer 42 can be varied in material
composition, stoichiometry, and thickness to obtain the desired fixed charge
characteristics; however, the high K dielectric layer 42 is preferably between about 20A
and about 2004 thick. The high K dielectric layer 42 can be formed and left within the
STI trench 12 (FIG. 4). The STI insulating materials 44 is formed over the highK
dielectric layer 42 withi'n the trench 12, At this stage of fabrication, the pixel cell 100 is

-substantially complete. Subsequent processing can include the forming of protective
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| ayer 86 over the n-type region 80. An oxide |ayer 84
separates a high Kdielectric |ayer 86 over an n-type

WO e@7os1880 to create a virtual p+/n-/p- di ode.PdnUs2007/000408
structure includes the advantages di scussed above with
respect to the pixel cell 100 shown in FIG 5 due to
the utilization of the high K dielectric |ayer 86 and
om ssion of the p-type |ayer.[0035] The pixel cell 200
of FIG 10 is fornmed over a substrate 50. It is
isolated fromother |ike pixel cells of an inmage

sensor array by STl regions 52 within the substrate 50
Xi de regi ons (not

. er,isolation neans, e.g., O
insuffiheky 8110, FSS0 At ChiTeRBo e i Bptroeanhoceixabel 100 and other
Transistors are provided for operating the pixel cel
circl@@®; of these, a transfer transistor having gate 54
and a reset transistor having gate 56 are shown in

0034y G . 10.shows a cross-sectign of an exenplary .
L ‘gT pf%{e)?ltglle gl‘mf}zi(%fucgﬁfe 'Fﬁg‘o?”ﬁ\/‘é‘ﬁ@&ﬂ i ‘é’%ﬁﬁh shqwis erethep exemplary
such. The transfer transistor gate 54 is associ ated

embaglinterysiaceixe edlh20®igi aurerdhandith 8hanty drvictOMECHRE cell 200 of

with the overlying photodi ode 202 at the n-type region
.contact 76 to

FIG. (6 D¢c16084 88 ARLYSY hﬁég‘%[’ﬁgg%%@ﬁ Rryidediquer dhe ubstrate 50 as

source/drain regi o
54 is connected to the reset transistor gate 56

at e
C’Ppogt?‘gl $o sreetpatalln wishindhass) theembodianerteshionen frl BEE.i5) I nlike a
di ffusion region of the pixel cell 200 and
planag] achidl&altbd per R Gs @oxW'eH?ioﬁaﬁg UhRSdbPLd 8¥%1ﬁculé Lo create a pinned

transi stor (not shown). The reSet transis
source/drain region 70, which .

trans o oo
ph"tdCﬁOéBz‘(‘)é‘gsﬁig‘%tg@ %%evinatEE%‘éaé?d vorela gaclvaaporel cell @00 oA §IG. 10, offer

can
t he phot odi ode 202.
several advantages over planar pixels, including, higher Quantum efficiency and

reduced optical cross-talk due to close proximity to the microlense. While the
positioning of the photodiode 202 of FIG. 10 is elevated and, therefore, different from
the planar configured photodiode 102 of FIG. 5, it has many similarities and is a pinned
photodiode. Instead ?f a p-type layer over the n-type region 80, as found in
conventional pixel cells, the photodiode 202 of pixel cell 200 utilizes a high K dielectric
layer 86 over the n-type region 80. An oxide layer 84 separates a high K dielectric layer
86 over an n-type region 80 to create a virtual p*/n-/p- diode. This structure includes
the advantages discussed above with respect to the pixel cell 100 shown in FIG. 5 due to

the utilization of the hig)h K dielectric layer 86 and omission of the p-type layer.
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[0037] Over the transistors and substrate 50 is
provided an interlayer dielectric 74 to protect the

WO e@nessBor s and separate the substrate 50 froP€T/H82007/000408
el evat ed phot odi ode 202. this interlayer dielectric 74
can be may different insulating materials as is know
inthe art, but is preferably BPSG or siml ar
material. The interiayer dielectric 74 is
preferabl yabout 1 OOgL thick. An optional contact 78
can be provided fromthe photodi ode 202 ntype region

80 to the substrate 50 as a strap to assist in pinning
e of the substrate to

he t adi pd t yi he char
“mét] he n- %;%‘é‘ef %931 g‘ﬁ) %%‘LII&[Q 6@3%{“??@%9\’@ s Wradvate Bar {toadsolated from
stages of fabrication for the pixel cell 200 shown in

otherFil@: pbél cEllGof n $iaps stiriRFAEY ST Pé\;gi&%sﬁ gﬁ}gﬁﬁgﬁ% substrate 50

and reset transistors having respective gate
be simlar to or the

rate 50, which may .

and a%}égiygﬁélogdﬁg?l}s’a&g.,f@ma? I¢gens (Refshgren)sfiompunding the elevated
FIG 5, is pr o_vi ded. STI regions 52 are forned around

photediedgi2dal TrehbisRA® atdp@vided fobspértikpane p_iibl]{cgg gggl of these, a

A gate oxide 58, typically silicon oxide, "is
er. 60, which is

transfY 5 ) conducti ve, | .
anst ygif%ﬂasfi‘lﬁ)?§ gggg{&a%%leys ia‘rﬁc% Fﬁzseg&lanﬁﬁgpr Vdif 8ate 56 are shown in

als as well, is formed over the gate oxide |ayer

teri
FIG. B} FIg, 10rdeIves # Aepsspctiery of aB 2xemplaymtipXeeEell B®), but the
conductive layer 60. Inplants 64 are provided to form

invensiouri€ @/lod liphiled SILQHS ulating . -
si dewal | s 72e are f(gfrrgge gr%ﬁ?%g@%gg %EOIJB%%S\??% 1%@'?950‘?1?&‘3‘1 with
54 and 56 as well as the

$nucé@rnation of6$at§s ,

QP ERTSSE 0T 8 Gfandels coBnestad roithathe aretdlyikgquotodiode 202 at
processes and may be acconplished by known techni ques.

the n-type region (the charge accumulation region) by contact 76 to source/drain region

66.

[0036] The transfer transistor gate 54 is connected to the reset transistor gate 56 at

source/drain region 68, which can be the floating diffusion region of the pixel cell 200

and electrically connects with a source follower transistor (not shown). The reset

transistor gate 56 is also associated with source/drain region 70, which can be connected

to a reset voltage Vaa for resetting the photodiode 202.

[0037]  Over the transistors and substrate 50 is provided an interlayer dielectric 74 to

protect the transistors and separate the substrate 50 from the elevated photodiode 202,

this interlayer dielectric 74 can be may different insulating materials as is know in the

art, but is preferably BPSG or similar material. The interlayer dielectric 74 is preférably
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[0039] Now referring to FIG 7, which shows the wafer
cross-section of FIG 6 at a subsequent stage of
w@e@cosssng. Fig. 7 shows that an interlayer dP€l/@81007/600408
74 is deposited over the substrate 50 and transistor
gates 54 and 56. The interlayer dielectric 74 is
preferably BPSG but nmay be other insulating materials
also; it is preferably aboutl, OOgA thick and can be
deposi ted by known techni ques. The interlayer
dielectric 74 can be planarized by CVMP in preparation
for subsequent fabrication steps. Contact 76, which
4l ect ,t he photodi ode 202 (FIG 10) to the
abmﬁ‘& eorﬁlﬁﬁﬁﬁ'cm%?g?wl g ePicande wonided frps) tiwpbotodiode 202 n-
can connect the photodi ode 202 (FIG 10) to the

typegegion&il o, thersabisarates0 bhaauab tbhgsikNiepibaY i i
dielectric 74 by known etchi Eg and depolsi t i%ﬁhe photodiode by tying

' S. actg 76 ,and 78 c be many conductive
the Cfr}gf%pégﬁlﬂ\g ,Su?%£%§° é\?ﬁé’&%ﬁeﬁﬁ?‘bggl , titanium doped
, and other materials fornmed in vias in |ayer 74.

oly
[003£OO4ﬁIGN(ﬁkB shbenr vargot ©stag s oBfabyikhEbn $hoMR BR8] 48 R0 shown in

cross-section’'of FIG 7 at a subsequent stage of

FIG. PHOFRS S i ws the deposition of a silicon |
PUCRRS, B e (ot ol R FER0: tnS st domsistaretpving
76 and 78 that will provide the n-type region 80 for

respacHye gidsodi aud 5002 $ihstrata 6P, wAirhnmhy be sttopARto 82 t@hme as the
be inplanted to create the ntype region 80, or

substaateelOnst th §kdctd REsHRGh 9? Eﬁ@ % @B%igg&e ng ue%lgxq%?% Rsyformed

deposition. Preferably, e n-type region

t rovi de | ow trench in which to formoverlying
arou‘f‘g E‘;"eﬂs‘%@%@ ?F%Iﬁ-éo?l @sdpknews|in theext | A geve pxiderss; fypically

to FIG 9, which shows the wafer cross-section of FIG
silicom oxiden is formed over the substrate 50. A conductive layer 60, which is typically
doped polysilicon, but may be other materials as well, is formed over the gate oxide
layer 58. An insulating cap layer 62 is formed over the conductive layer 60. Implants
64 are provided to form source/drain regions 66, 68, and 70. Insulating sidewalls 72 are
formed on the gates 54 and 56. The formation of gates 54 and 56 as well as the
source/drain regions 66, 68, and 70 are well known processes and may be accomplished
by known techniques.
[0039]  Now referring to FIG. 7, which shows the wafer cross-section of FIG.6 ata
subsequent stage of processing. Fig. 7 shows that an interlayer dielectric 74 is

deposited over the substrate 50 and transistor gates 54 and 56. The iﬁterlayer dielectric

74 is preferably BPSG, but may be other insulating materials also; it is preferably about
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subsequent stage of processing. Fig. 9 shows the
formation of an oxide |ayer 84 over the n-type region

w@007/08880xi de | ayer 84 can be silicon oxi de aPdI/tsInonen0408
about 10A to about 8qgA thick, preferably about 5qgA
The oxi de | ayer 84 can be deposited by known
techni ques. Over the oxide |ayer 84, an high K
di el ectric layer 86 is formed, which canbe sane
materials as for layer 42 of the pixel cell 100 of
FIG 5. The high K dielectric |layer can be about 2gA
to about 2QgA thick. Chem cal nechanical polishing
) nari ze the wafer, using the
1000 SAK AL B BE BB BRACE Letholfiess e irtayer dictectrc 74
structure shown in FIG 10. [0042] FIG 11 illustrates

can bg\planawizedrby Cviigéx pr@saration for sutequeRnN&EDcatiBAltdRY Contact 76,

utilize any enbodi nent of the invention. The inage

] . . oY el ]
e G R Pl At I TS i fpeimavanity, and
With respect to FIG. 5 and 10 or using other pixel

optiogial gpntact fi$.eghickowr (omeecatie pebecdiodeyn @G, vof RAR%ubstrate, are

a rowdriver 710 in response to row address decoder
formea Ahrdu gt M Aps T diZRQ LT, Addr ess, decoder.
770 ar eg}gl SO | ncI)yudeoIl i nht?(g‘é|4 ?ga%g%%gﬁﬁmﬁ%n‘?ﬁiﬁﬁﬁmm
the timng and control circuit 750,

700 i s_oper at b
technifaties, @8&'&%‘1 %eﬁd%%% 78 qan begmany sdnductiaomardtalsTheh as tungsten,
control circuit 750 also controls the row and col um

nickedrtitaniumj dopied pyly Hhd FdRr inmatgﬁsgffgﬁﬂéﬁ i}{"!vtii!sf%.rl‘l%yer 74.

i nvention. [0043] A sanple and hold circuit

0040§SSOK] . th t col um.driver 760 reads a pi xel
[ O?esglﬁlog‘} S%s&“‘w 5%516%- %i E’]@hi Y& thegrafer grasspeidon of FIG. 7 at a
sel ected pixels. Adifferential

subsequent stage of processing. Fig. 8 shows the deposition of a silicon layer over the
interlayer dielectric 74 and contacts 76 and 78 that will provide the n-type region 80 for
the photodiode 202 (FIG. 10). An n-type dopant 82 can be implanted to create the n-
type region 80, or alternatively, the region 80 can be doped during deposition.
Preferably, the n-type region 80 is etched to provide a shallow trench in which to form
overlying layers; however this is optional.

[0041] Now referring to FIG. 9, which shows the wafer cross-section of FIG. 8 ata
subsequent stage of processing. Fig. 9 shows the formation of an oxide layer 84 over
the n-type region 80. The oxide layer 84 can be silicon oxide and can be about 10A to
about 80A thick, preferably about 50A. The oxide layer 84 can be deposited by known

- techniques. Over the oxide layer 84, an high K-dieléctric layer 86 is formed, which can
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signal (Vrst-Vs 5) is anplified by differentia
anplifier 762 for each pixel and is digitized by
wa@p@logssn- di gi tal converter 775 (ADC). The  PCT/US2007/000408
anal og-to-digital converter 775 supplies the digitized
pi xel signals to an image processor 780 which forns a
digital image. Thei nage processor 780 may al so
deternmine the gain setting of the inmager 700, which
can be used to set the |level of the voltage applied to
the pixels transfer transistor gates. [0044] FIG 12
shows a processor system 1000, which is a typica
be saf{eOR@$S@4] bfy j ngy i ' devjc .
08 eaeh Eeo Ry ER A8 ok o6 kel Bt o BRI R PTG feR K Betectri
00 or 200, as illustrated in FIGs. 5 and 10) of

e.g., .
layer tcﬁg be 62048 torﬁ}éo%fr%p@és%?k-sﬁhemall%echmiea!qjmishh‘? (CMP) can
of a systemhaving digital circuits that could include

be ustdBg plELNSE tHEEWLEGSusiNE O Wyl A3 idH 80 L sugh a ,
system coul d i ncl ude a onputgﬁﬁgggggkgﬂ%%ﬁgggxgﬁyﬁéﬁﬁﬂm‘“the
vehi cl e navi gation, video

scanper, [ ne vision,
, ‘I’ance system auto focus system star
struc SEEOW%%EILW% t to f t t
tracker system notion detection system inmage

(00425t abi | FE@L 1 Dlustrditeshn aREMBA inFR: 986 (08 |
ot her systens enpl oyi ng anﬁi rrxgger. [00459]' -@%%%eﬁ}é@m@&c{hatmay
s e a . c ra system._generally conprises a
utlhzeg g% r%grﬂ{{)g&r%}e Stsoﬁgge N t)(oaz,@lgq%@gers%)@ﬁ\aésa pixel array 705
m croprocessor, that communicates with an input/output
compyiping) pigel rells (A1 and A0QuDnsR2Rted ARGRBUHIE U e L0RB respect to
al so communi cates with the CPU 1002 over the bus 1020.

FIGe. SURPIPSERS0l BERF RS ATAN0 228 LIRS e by
arow ?}ﬂg‘ryﬂo in response to row address decoder 720. A column driver 760 and
column address decoder 770 are also included in the imager 700. The imager 700 is
operated by the timing and control circuit 750, which controls the address decoders 720,
770. The control circuit 750 also controls the row and column driver circuitry 710, 760
in accordance with the invention.

[0043] A sample and hold circuit 761 associated with the column driver 760 reads
a pixel reset signal Vi and a pixel image signal Vi for selected pixels. A differential
signal (Vre-Vsig) is amplified by differential amplifier 762 for each pixel and is digiti..zed

by analog-to-digital converter 775 (ADC). The analog-to-digital converter 775 supplies

the digitized pixel signals to an image processor 780 which forms a digital image. The
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1014, such as flash nenory, -which also communicate
with the CPU 1002 over the bus 1020. The i maging
wa@lea708188008 may be conbi ned with a processor, PGIUR208%000408

a CPU, digital signal processor, or mcroprocessor,
with or without nmenory storage on a single integrated
circuit or on a different chip than the processor.
[ 0046] Various enbodi ments of the invention have been
descri bed above. Although this invention has been
described wth reference to these specific
enbodi nents, the descriptions are intended to be

imaglel [ ' ' not. . jntended_to
BEPSEBt Ty, 136 LB ine e B3fh XifnBdis she eaesnads) which can

occur .to those skilled in the art w thout

nmay
be useddarset thy Ieveket: the wltagetapplipdstodpe pikel fearisferetdnidtor gates.
as defined in the appended clains. [0047] Wat is

0044g! ai ne S LK d cted by Letters

[ 4g’at ent dggf@ ¢ %g%ﬁ’?% e@%?? %@25&?'?5&%%&1?&,&8 Bit¥BicatRrqcessor
W th a _photodi ode, said_ photodi ode conprising a charge

systegtmﬁﬁfl%@ tQindlege an imaging idewidedPes (vuadr asan tnagargtevice with a
accunul ation region, and a fixed charge |ayer over

pixel gallte.9X 10@ ot 8@ ras iAusttAR dAI@IGCE! { . i
V\,herelgn said fixed charge | ayers gghg?llf)gg)g@é%}r#e&?%. The
terial. 3. The pixel cell of claim1,

proce\%%czrlr sgxlcs&errhgl()gg f%/?fi?ni‘l’rlfﬂr}iﬁ’tf arsygtesm hpying digital circuits that could
include image sensor devices. Without being limiting, such a system could include a
computer system, camera system, scanner, machine vision, vehicle navigation, video
phone, surveillance system, auto focus system, star tracker system, motion detection
system, image stabilization system, and data compression system, and other systems
employing an imager.

[0045] System 1000, for example a camera system, generally comprises a central
processing unit (CPU) 1002, such as a microprocessor, that communicates with an
input/output (I/O) device 1006 over a bus 1020. Imaging device 1008 also
communicates with the CPU 1002 over the bus 1020. The processor-based system 1000
. also includes random access memory (RAM) 1004, and can include removable memory
1014, such as flash memory, which also communicate with the CPU 1002 over the bus

1020. The imaging device 1008 may be combined with a processor, such as a CPU,
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present between said charge accunul ati on regi on and
said oxide layer. 4. The pixel cell of claim1,
wob@ressssai d fi xed charge | ayer conprises al uPdTu82007/000408
oxi de. 5. The pixel cell of claim4, wherein said
al um num oxi de has a stoichionetry of ALOy, where X is
about 2 and y is about 3. 6. The pixel cell of claim
1, wherein said fixed charge | ayer conprises a
mat eri al selected fromthe group consisting of
al um num oxi de, haf ni um oxi de, zirconi um oxi de, and
hafnium silicates. 7. The pixel cell of claima1,
digithas Rk ' i L.Qn i.s provided ‘
B DR SR BPRUTA A, v ER B Gl SRrage on a single
. wherei.n said oxide layer is provided at |east
integpafed; cirquit or/en aghifferengiship than the. provesspixel cel | of
claim1, wherein said oxide layer is a gate oxide. 10.
[0046The pi xedri | thiBer & | ;
jzgccurrul at i%ﬁd %@g?gﬁh@%tgog g @ﬁﬁ%&aﬁéﬂg%&rﬁege@ove.

charge | ayer,L are provi ded over a substrate.
Although this m\yentlon haspbeen described with reference to these specific

embodiments, the descriptions are intended to be illustrative of the invention and are
not intended to be limiting. Various modifications and applications may occur to those
skilled in the art without departing from the spirit and scope of the invention as
defined in the appended claims.

[0047] What is claimed as new and desired to be protected by Letters Patent of

the United States is:
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11. A pixel cell with a pinned photodi ode, conprising:

a sem conductor substrate; an n-type doped charge
wa@ewassdsat i on region within said substrate; a BCT/USM07/000408

oxi de | ayer over said substrate; and an Al 2C3 | ayer

over said silicon oxide layer. 12. A pixel cell with a

pi nned phot odi ode, conprising a charge accunul ati on

regi on, an oxide |layer over said charge accunul ati on

region, and a fixed charge | ayer over said oxide

| ayer, said fixed charge |ayer conprising a nmateri al

sel ected fromthe group consisting of alum num oxi de,

haf ni um oxi de, zirconi um ox.d nd hafniumsilicates.
13. A pixel cell with a pi n@%élgﬂ\gﬁot odi ode,
conprising:a substrate; an n-type doped charge

dccurupblel el WaeH @ phokSKBHE 9 ' 8 A
Sili cotr)1 oxi de | ayer@ over sai da %ﬁhﬁ)@ g%g%%cégélg'ga

accunuldiergnacaghalitioan@giim, Ah268dé BRI R¥éP saRkPitthrge
silicon oxide |ayer.
accumulation region, and a fixed charge layer over said

oxide layer.

2. The pixel cell of claim 1, wherein said fixed charge layer

comprises an high K dielectric material.

3. The pixel cell of claim 1, wherein no p-type implant region is
present between said charge accumulation region and said

oxide layer.

4. The pixel cell of claim 1, wherein said fixed charge layer

comprises aluminum oxide.

5. The pixel cell of claim 4, wherein said aluminum oxide has a

stoichiometry of ALO,, where x is about 2 and y is about 3.

6. The pixel cell of claim 1, wherein said fixed charge layer
comprises a material selected from the group consisting of
aluminum oxide, hafnium oxide, zirconium oxide, and

hafnium silicates.

7. The pixel cell of claim 1, wherein said charge accumulation

region is provided within a substrate.
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14. A processor system conprising: a processor and an

i mge sensor coupled to said processor, said inmger
w@ompsssng an array of pixels, each pixel conpeT/E52097/600408

phot odi ode, sai d phot odi ode havi ng an ntype region, an

oxi de layer over said n-type region, and a fixed

charge | ayer over said oxide |layer. 15. The processor

system of claim 14, wherein said fixed charge |ayer

conprises an high K dielectric material. 16. The

processor system of claim 14 wherein no p-type inplant

region is present betmeen said n-type region and said

i del : t f cl 14,
Ther ars HiS e ot PiEn Br S BT en clorigree Taunviriad
oxi de. S of claim 17, wherein
sgl d aﬂigarﬁtygﬁlgljéggﬁ%ldﬁ?tg%%i onet :ry of ALOy, :/\,her e

X is about 2 and y is about 3. 19. The processor

9y st @hie Pixdllcail Bf tthimM) QL RERIS §é1@l éohéﬁ ga}gé%g% gegaltg yer

conprises a nateri al selected from t
consi staxnde.of al um num oxi de, haf ni um oxi de, zirconium

10.  The pixel cell of claim 1, wherein said charge accumulation

region, said oxide layer, and said fixed charge layer are

provided over a substrate.
11. A pixel cell with a pinned photodiode, comprising:

a semiconductor substrate;

an n-type doped charge accumulation region within said

substrate;
a silicon oxide layer over said substrate; and
an ALO:s layer over said silicon oxide layer.

12. A pixel cell Wim a pinned photodiode, comprising a charge
accumulation region, an oxide layer over said charge
accumulation region, and a fixed charge layer over said
oxide layer, said fixed charge layer comprising a material
selected from the group consisting of aluminum oxide,

hafnium oxide, zirconium oxide, and hafnium silicates.

~13. A pixel cell with a pinned photodiode, comprising:
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oxi de, and hafniumsilicates. 20. The processor system

of claim 14 wherein said n-type region is provided
waowdoiosisal substrate. 21. The processor system PET/TEA0TV00408

20, wherein said oxide |layer is provided at |east

partially over said substrate. 22. The processor

systemof claim 14, wherein said oxide layer is a gate

oxi de. 23. The processor system of claim 14, wherein

said n-type region, said oxide |layer, and said fixed

charge | ayer are provided over a substrate. 24. A

nmet hod of form ng an i mage sensor pixel, conprising:

provi di g, trate; formng an n-type region;
form ng aH 8@?%@ | ayer over said n-type region; andW

formng a fixed charge | ayer over said oxide |ayer.
25. Theanmet 9@ fpeed dapd4 ' Ld fixed charge
| ayer conprises zfn hi gﬁgK %Cidgﬁggﬂ%rcﬁzlse%(?%Fleé’la.ge‘gﬁ‘.’e‘%he
met hod of seldasubs®dhite;wherein no p-type inplant region
'S

a silicon oxide layer over said n-type doped charge

accumulation region; and

an AkQs layer over said silicon oxide layer.

14. A processor system, comprising:

a processor and an image sensor coupled to said processor,
said imager comprising an array of pixels, each pixel
comprising a photodiode, said photodiode having an n-
type region, an oxide layer over said n-type region, and a

fixed charge layer over said oxide layer.

15.  The processor system of claim 14, wherein said fixed charge

layer comprises an high K dielectric material.

16.  The processor system of claim 14, wherein no p-type implant

region is present between said n-type region and said oxide

layer.

17. The processor system of claim 14, wherein said fixed charge

layer comprises aluminum oxide.

-25.
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provi ded between said n~type region and said oxide
| ayer. 27. The nethod of claim 24, wherein said high K

wale@messsi ¢ | ayer conprises al um num oxi de. 28pPCT82007/000408

met hod of claim 24 wherein said al um num oxi de has a
stoichionetry of ALOy, where x and y are adjusted to
effect a fixed charge of said fixed charge |ayer. 29.
The nethod of claim 28 wherein x is about 2 and y is
about 3. 30. The nethod of claim 24, wherein said
fixed charge | ayer conprises a material selected from
the group consisting of alum num oxi de, hafni um oxi de,

I8.r cam i de, hafni umsilicates, 31. The nethod
of ¢l aietﬁpé’g,éés\%ﬁ sy Qg Ty y‘ﬁ’bEFeé@iséﬁj Almin N dedde
Wi t hi n 1sai dstotpgbiat LOT t hod . of aim 31,
wherei n said oxi de Ilgfyoeffgtl 9”3?‘6@%&%& aﬁoqtgia%‘ﬂgn}’ Is

parti aldbpueder said substrate. 33. The nethod of claim
24, wherein said oxide layer is a gate oxide.W34. The

]gt hod of claim 24, wherein said n-type region, said
i déhe processor system of claim 14, wherein said fixed charge

layer comprises a material selected from the group

consisting of aluminum oxide, hafnium oxide, zirconium

oxide, and hafnium silicates.

20.  The processor system of claim 14, wherein said n-type region is

provided within a substrate.

21.  The processor system of claim 20, wherein said oxide layer is

provided at least partially over said substrate.

22. The processor system of claim 14, wherein said oxide layer is a

gate oxide.

23.  The processor system of claim 14, wherein said n-type region,

said oxide layer, and said fixed charge layer are provided

over a substrate.

24. A method of forming an image sensor pixel, comprising:

e —

providing a substrate;
forming an n-type region;

forming an oxide layer over said n-type region; and
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| ayer, and said fixed charge | ayer are provided over a
substrate. 35. A nethod of form ng a pinned

w@hbevoshisede, conprising: providing a charge  PCT/US2007/000408
accunul ating region; formng a dielectric |ayer having
a fixed charge over said charge accunul ating region;
and separating said charge accunul ating region from
said dielectric layer with an oxide l|ayer. 36. The
met hod of claim 35, wherein said dielectric |ayer
conprises a high Kdielectric material. 37. The met hod
of claim 36, wherein said high K dielectric mat eri al

CONpI | S gfn@hyial MW GdrPE a3 o IS IELIAE 19fc,C! &1 M 37,
wher ei n sai d al um num has ry of

ALOy, where x and y are adJ ust ed to effect the fixed

har g"ﬂimhesfmdjofcbleimaurwhefeaﬂ%md §>9ed EH@%&%?QF Of
claim 38, wherein x is about dy is

The et #sEPYsesAmhiglhek, dmﬂeeﬁrm mamiai dielectric | ayer
conprises a rraterl al selected fromthe group

nsisting.of. al
28NS the' Méimda & c alm 54 wherein no p-type 1mp1ant region is

provided between said n-type region and said oxide layer.

27.  The method of claim 24, wherein said high K dielectric layer

comprises aluminum oxide.

28. The method of claim 24, wherein said aluminum oxide has a
stoichiometry of AlOy, where x and y are adjusted to effect a

fixed charge of said fixed charge layer.
29.  The method of claim 28, wherein x is about 2 and y is about 3.

30.  The method of claim 24, wherein said fixed charge layer
comprises a material selected from the group consisting of
aluminum oxide, hafnium oxide, zirconium oxide, and

hafnium silicates.

31. The method of claim 24, wherein said n-type region is provided

within said substrate.

32.  The method of claim 31, wherein said oxide layer is provided at

least partially over said substrate.

33. The method of claim 24, wherein said oxide layer is a gate

oxide.
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oxi de, hafni um oxide, zirconium oxide, and hafnium

silicates.41. The method of claim 35, wherein said
weba@rgeisaccunul ating region is provided w thi nPEI/US2007/000408

substrate. 42. The nethod of claim4l, wherein said

oxi de layer is provided at |east partially over said

substrate. 43. The nmethod of claim35, wherein said

oxi de layer is a gate oxide. 44. The nethod of claim

35, wherein said charge accumul ating region, said

oxi de layer, and said dielectric |ayer are provided

over a substrate.. - 29 -

34.  The method of claim 24, wherein said n-type region, said oxide
layer, and said fixed charge layer are provided over a

substrate.
35. A method of forming a pinned photodiode, comprising:
providing a charge accumulating region;

forming a dielectric layer having a fixed charge over said

charge accumulating region; and

separating said charge accumulating region from said

dielectric layer with an oxide layer.

36.  The method of claim 35, wherein said dielectric layer comprises

a high K dielectric material.

37.  The method of claim 36, wherein said high K dielectric material

comprises aluminum oxide.

38. The method of claim 37, wherein said aluminum oxide has a
stoichiometry of ALQOy, where x and y are adjusted to effect

the fixed charge of said dielectric layer.
39. The method of claim 38, wherein x is about 2 and y is about 3.

40.  The method of claim 35, wherein said dielectric layer comprises
a material selected from the group consisting of aluminum
oxide, hafnium oxide, zirconium oxide, and hafnium

silicates.
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41.  The method of claim 35, wherein said charge accumulating

region is provided within a substrate.

42.  The method of claim 41, wherein said oxide layer is provided at

least partially over said substrate.

43. The method of claim 35, wherein said oxide layer is a gate

oxide.

44.  The method of claim 35, wherein said charge accumulating
region, said oxide layer, and said dielectric layer are

provided over a substrate.
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