METHOD AND APPARATUS FOR PROVI DI NG AN | NTEGRATED
CIRCU T HAVI NG P AND N DOPED GATES FI ELD OF THE
WO DMEREISE®N [ 0001] The invention relates to PCT/US2007/000407
sem conduct or devices and systens. In particular, the
invention relates to a nethod and apparatus providing
n and p-type gate structures. BACKGROUND OF THE
I NVENTI ON [ 0002] For high speed circuitry it is
desirabl e to have devices, such as transistors, with
both p and n-type gates to allow for smaller device
sizes while enabling the high speeds. For exanple, in
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i ncl ude both hlgh speed digital circuitry and anal og

circuitry. |mage SEEI® ORTEERIVENFION appar at uses
that can have an SOC design. | nmage sensors typically
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circuitry for signal processing. Ideally, inmage
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in addition to high speed digital processing. Hi gh
gatpeaciigtie sensor circuitry requires small gate
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ficiency is nore inportant than speed. This is true

trareistoms) HiBMVEGap dniME/ seyates so all0G0®)r sGaxllee ridvideadizes while
NMOS devi ces use n+polysilicon gate el ectrodes over a
enabling the high speeds. For example, in DRAM processes, both p+ and n+ gate

electrodes are used to allow both high speed processing and smaller sizes.

[0003] Many system-on-chip (SOC) designs include both high speed digital
circuitry and analog circuitry. Image sensors are examples of apparatuses that can
have an SOC design. Image sensors typically include an array of pixel cells and
peripheral circuitry for signal processing. Ideally, image sensors would be capable
of analog signal processing in addition to high speed digital processing. High speed
image sensor circuitry requires small gate length devices compatible with high drive
currents and low threshold voltages, whereas analog signal transmitters,
particularly in a pixel array, have rr}uch different operating characteristics where
high quantum efficiency is more important than speed. This is true for both PMOS
and NMOS devices.

[0004] Conventional NMOS devices use n+ polysilicon gate electrodes over a
substrate having a p-well. Such devices are surface channel devices. If the same n+
polysilicon gate electrode is used in connection with an n-well in a PMOS device,

the threshold voltage becomes too high. However, using n+ gates throughout an



substrate having a p-well. Such devices are surface
channel devices. |If the sane n+ polysilicon gate
webk@cnssse i s used in connection with an n-wel PCT/HSA07/000407
PMOS devi ce, the threshold vol tage becones too high.
However, using n+ gates throughout animage sensor or
any other integrated circuit is a | ow cost process. To
accommobdat e n+ gate el ectrodes in PMOS devices, a
p-type inplant is used at the substrate n-well surface
to create a buried junction in the channel region of
" the transistor. Using a "buried channel” PMOS device
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|ntegrated CI alts havi ng both p+_and n+ gate
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e dopant types, particularly p- e dopan suc
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channel regions of the devices during the thernal
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such as inmage
the gate oxide into the channel regions of the devices during the thermal processing
steps. N-type dopants, such as phosphorus and arsenic, have relatively low
diffusivity through oxides and therefore, are not a primary concern. To 'address this
problem, it has become standard to uniformly use nitrided gate oxides when both

p+ and n+ gate electrodes are used.

[0006] Nitrided gate oxides, however, are known to have significant -
disadvantages, particularly in noise sensitive integrated circuits such as image
sensors. For example, when a nitrided gate oxide is used, the interface between the
gate oxide and substrate surface is poor. Further, nitrided oxides cause fluctuation
in transistor characteristics, such as carrier mobility, transconductance, trapping, de-
trapping, among others, Which are undesirable in analog circuitry. Additionally,
nitrided gate oxides used in pixels significantly increases noise, particularly “1/f” or

random telegraph signal “RTS” noise in image sensors, which is undesirable.
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sensors. For exanple, when a nitrided gate oxide is

used, the interface between the gate oxide and
wgeaiwssmBe surface is poor. Further, nitrided PKI/UER07/000407

cause fluctuation in transistor characteristics, such

as carrier nobility, transconductance, trapping,

detrappi ng, anong ot hers, which are undesirable in

analog circuitry. Additionally, nitrided gate oxides

used in pixels significantly increases noise,

particularly "1/f" or randomtel egraph signal "RTS"

noi se in imge sensors, which is undesirable.[0007]
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[0009] A first oxide layer is formed on a substrate for a first plurality of gate
structures to be located over a first area of the substrate. A nitridation process is
conducted to form a first nitrided oxide layer from at least a portion of the first
oxide layer. Portions of the first oxide layer and first nitrided oxide layer over at
least a second area of the substrate are removed. A second oxide layer is formed on
the substrate in at least the second area. A conductive layer is formed over the first
nitrided oxide layer and the second oxide layer in the first and second areas. In the
first area, the first oxide layer, the first nitrided oxide layer and the conductive layer
are patterned to form a first plurality of gate stacks for a first plurality of devices. In
the second area, the second oxide layer and the conductive layer are patterned to
form a second plurality of gate stack for a second plurality of devices. Within at
least one of the first and second areas, the conductive layer is doped to at least one

of a first and second conductivity type.



| east a second area of the substrate are renoved. A
second oxide layer is fornmed on the substrate in at

wO e@3nstsBe second area. A conductive |ayer is POT/IemH07/000407
over the first nitrided oxide |layer and the second
oxide layer in the first and second areas. In the
first area, the first oxide layer, the first nitrided
oxi de layer and the conductive |ayer are patterned to
forma first plurality of gate stacks for a first
plurality of devices. In the second area, the second
oxi de |l ayer and the conductive |ayer are patterned to
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| east " one of a first and second conductivity

enlygEinRR tHf tRESGRTdON OF THE DRAW NGS [0010] FIG 1
is a block diagramof an inmage sensor according to an
exenpl ary enbodi nent of the invention; [0011]] FIG 2
i 0415 chéiat 2 és alischpraatiofliagrpine a pixel celt eeratiding toamexemplary
exenpl ary enbodi nent of the invention; [0012] FIG 3
enphodimenyaf the Y I vi ew of a portion of the pixel
cell of FIG 2; [0013] FIGS. 4A-4H are representative

R e T L e
the i mage sensor of FIG 1 at different stages of

P[ODABESi wmsmﬂ-malé}%ﬁb@mﬁﬁbé cBoslseetkosilagéwbiPortions of the
processor systemincluding the i mage sensor of FI 1.

imageAbh&lr OHICRIIPTI ON OF THE | NVENTI ON [ 0016] This
i nvention provided p and n-type gate structures in a

singl e :
tOO%tl] FIGS. 5A-51 depict the formation of the image sensor of FIG. 1 at

different stages of processing; and

[0015] FIG. 6 is a block diagram of a processor system including the image
sensor of FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION
[0016] This invention provided p and n-type gate structures in a single
integrated circuit. Although this invention will be described in terms of certain
exemplary embodiments, such as a CMOS image sensor, the invention is not limited
to such exemplary embodiments. Accordingly, the scope of the invention is defined

only by reference to the appended claims.

[0017] The term “substrate” is used in the following description to refer to any
supporting layer suitable for fabricating an integrated circuit, typically
semiconductor based, but not necessarily so. A substrate may be silicon-based, may
include epitaxial layers of silicon supported by a base semiconductor or non-

semiconductor foundation, can be sapphire-based, silicon-on-insulator (SOI), metal,
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integrated circuit. Although this invention will be

described in terns of certain exenplary enbodi nents,
w@omh/osiss@ CMOS | mage sensor, the invention i SPEDUS2007/000407

limted to such exenplary enbodi nents. Accordingly,

the scope of the invention is defined only by

reference to the appended clains. [0017] The term

"substrate" is used in the follow ng description to

refer to any supporting layer suitable for fabricating

an integrated circuit, typically sem conductor based,

but not necessarily so. A substrate may be
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substrate in the follow ng description, previous

fopndaéiesn. st eps may have been utilized to formregions,
junctions or other structures in or over a base
seniconductor or other_ foundation. [0018] Exenplazy
medxemplaph embedémenshofite ingeriienate dpedgiibed with respect to

a‘{ﬁf}gfig%ﬁ?ﬁr BBvis SF b it B RLs Y Bt et pequisition
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cont alning a charge accumnul
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convertl ng ectrormgnetl c radiation to an el ectri cal

trangistals fortenyextdhs etbicsonsggttivandiatiar © ad blestri@l eignal. The
and described as 4T (4 transistors) CMOS pi xel
Pigplsdipeussedherdip asakléussratesd amel dessribpd aISt4Ts(]4dmm@51@t@1‘S) CMOS

AL ML e et o |5 Jol it bef o s Lot
1n?@1¥tlgﬁ‘ %ﬁ.ﬁ?phmlteg t%t hporurnxay}%lﬁtgg L@lﬁ% ou?ctvrservgen\é: ;t?l\/f(%\@echnology,
blggﬁgf'ggeﬁseﬂrmﬁﬁ loth&CHRE] 8F¥%ngbPlenBXRARhE fe%?(egg.,.BT) or more (e.g.,
5T) than four transistors and other imager technology, for example, charge coupled
devices (CCD). Although the invention is described herein with reference to the
architecture and fabrication of one pixel, it should be understood that this is
representative of a plurality of pixels as typically would be arranged in an imager
array having pixels arranged, for example, in rows and columns. The following

detailed description is, therefore, not to be taken in a limiting sense, and the scope of

the present invention is defined only by the appended claims.

[0019] Additionally, while exemplary embodiments of the invention are
described in connection with image sensors, the invention is not so limited. The
invention is applicable to other integrated circuit devices and systems, which might

employ p and n-type gate structures.



devices (CCD). Although the invention is described
herein with reference to the architecture and

wo ariogmsd on of one pixel, it should be under sPCDUSI00ZA000407
this is representative of a plurality of pixels as
typically would be arranged in an i mager array having
pi xel s arranged, for exanple, in rows and colums. The
followi ng detail ed description is, therefore, not to
be taken in a limting sense, and the scope of the
present invention is defined only by the appended
claims. [0019] Additionally, while exenplary
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ntegrated circuit devices and systens,
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invention is now explained with reference to the
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are used consistently for like features throughout the
ernbgdlmgrst offhg inyengon. Bhedmage sgnson W0 inclodes peripfheral circuitry
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[ ncI udes a plurality of pixels 10 The peri pher al

C' Uil ” @@cﬂr@@ﬂtﬂ?ﬁjﬁﬂl RGN &ﬁ‘@ca%‘ﬁfét A @b® driver 145
0 as the pi X array 10 [ 0021] The peri pher al

ami f@iulaﬁdteéé)dedcﬂielr ugbs Rowlinexafiflecarray 10Watk selectiielp activated by
and row address decoder 155. Row lines of the array
thegevwadrver 14% in tesppnae to vewagldygss dreodew18pi veeolunmn dpiver 160

anghp "1°”Seaeﬁa$ﬁ%vrvi;33 e Lggticnles iy eﬁ%ﬁlé\n it Benpbelatreuitry 101
1.. T
Thd'i 1ma e é)@q%b tl%%p%rra%ﬁ E)yx:h B ag}d G rCUI (E%pc%gélg& which

IS O |mngan contro

cofp Al ﬂ?@Q&&Pés% deb§q&das8s ?7@@9@@6§tréﬁéraﬁ?@50 AR¥8 controls the row

control circuit 150 also controls the row
and column driver c1rcu1try 145, 160.

[0022] A sample and hold circuit 161 associated with the column driver 160
reads a pixel reset signal Vrst and a pixel image signal Vsig for selected pixels of the
array 102. A differential signal (Vrst-Vsig) is produced by differential amplifier 162
for each pixel and is digitized by analog-to-digital converter 175 (ADC). The
analog-to-digital converter 175 supplies the digitized pixel signals to an image

processor 180 which forms and may output a digital image.

[0023]  As described above, the peripheral circuitry 101 includes digital
circuitry, e.g., image processor 180, and analog circuitry, e.g., sample and hold
circuit 161 and amplifier 162. Digital circuitry of the imége sensor 100 includes
PMOS and NMOS surface channel devices and analog circuitry includes buried

channel PMOS devices. Additionally, the image sensor 100 includes transistors
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and columm driver circuitry 145, 160. [0022] A sanple

and hold circuit 161 associated with the colum driver
was@7remes a pi xel reset signal Vrst and a pi XeCT/URRGE000407

signal Vsig for selected pixels of the array 102. A

differential signal (Vrst-Vsig) is produced by

differential anplifier 162 for each pixel and is

digitized by analog-to-digital converter 175 (ADC).

The anal og-to-digital converter 175 supplies the

digitized pixel signals to an inmage processor 180

which forns and may output a digital inmage. [0023] As
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and anplifier 162. Digital circuitry of the inmge
sensor 100 includes PMOS and NMOS surface channel
dbRdps &hASahahd@, depictiatpiyelicetll 10dsfsthb w0616 aNRepixel cell 10

PMOS devices. Additionally, the inmage sensor 100
funeféongley reeivisigsplntonaef ghband convemingtiwsa pthapens into charge
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caffiSE By sl grar this 45 P ShneiueEnmeboresiodedh. o any type of
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charge carried by efectrons. For t

acturphiletion fedibntadindde pype Burfany ldpepa20f
phot o- conver si on devi ce such as a photogat e,
phot oconduct or, or other photosensitive device. The
pR8ERi oHaclspixeheelld8slse ipgbidesiaonensfhntrgesistor 32 for transferring
and a p-type surface |ayer 42.

ch B e Py cdkapofaenarsaler s alafimsgion 41 to
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ST ok 9154 AR 90 8| B 5 Frir o charge vt
The pixel cell 10 also includes a source follower transistor 36 for receiving and
amplifying a charge level from the floating diffusion region'45 and a row select
transistor 35 for controlling the readout of the pixel cell 10 contents from the source
follower transistor 36. The pixel 10 is isolated from other pixels of the array 102 and

other devices of the image sensor 100 by isolation regions 43, which are depicted as

shallow trench isolation regions.

[0026]  In the illustrated embodiment, the transistors 32, 33 each include a gate
stack 201d supported by a substrate 210. The transfer transistor 32 dnd the reset
transistor 33 may have different gate stack structures. In the illustrated
embodiment, the substrate 210 is a p-type substrate. Each gate stack includes a
plurality of layers including a gate oxide layer and a gate electrode. As shown in
FIG. 3, the transfer transistor gate stack structure 201d includes a gate oxide 225 and
a gate electrode 230. In the illustrated embodiment, the gate electrode 230 has
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di ffusion region 45 to a predeterm ned charge | evel

Vaa- pi x, prior to charge transfer. The pixel cell 10
wW@bk®o/081880 udes a source follower transistor 36PEDUS2007/000407

receiving and anplifying a charge level fromthe

floating diffusion region '45 and a row sel ect

transistor 35 for controlling the readout of the pixe

cell 10 contents fromthe source follower transistor

36. The pixel 10 is isolated fromother pixels of the

array 102 and ot her devices of the inmge sensor 100 by

i solation regions 43, which are depicted as shal |l ow

subseirttiallysed atii 08 dbPEhPASH ceh®EBh, hd e!skz{ci‘}ks%feﬁitaﬁga erincludes

enbodi nent, the transistors 32, 33 each inclu
arsirsckatit(y hyen dpowhéch &h be, fobetample, 2d@acthe ot iR @le (TEOS), a
Lransistor 32 and the reset transistor 33 iy have
sikieart exiglet(Sifa)ea itaidle (sig. wilicoresitritin), tineosyiditisde gikebn oxynitride),
O%%d' ment, the substrate 210 is a p-type substrate.

O ETIGe)NQ (étridreexisleyl anr@NQ {oxdfleindyrideroxide). The
| udi ng a_ga oxi de | ayer a gate el ectrode. As
i Y Rl ol 21 Bt Brmiptn Y fouTrol B o8 Thasrensrer

traidisiel 45 1 | Nel.u . j 2b.and a gate .

Helectrode %%%glq%&t%%%?ﬂ%bg%la?gébg‘%ﬁ%&ﬁ’ﬁ%& ,egﬁg ysflg 225 and

gadé elcrrode 2380 hassubstantially no active dopant
concentration. The gate stack 201d further includes an

insul ating | ayer 46, which can be, for exanple,
t 022kt hy¥s shomro st FIG a2, ¢h¢ TE@BIranaissod 3 imelwdésie ghi dback

,ca ntri (e.g., silicon nitride), an oxynitride
str},g:ﬂqe. f'o%ﬁ igate %téyk stmc(\ggﬂ@éf i sgr@]@g;}g .tmate stack structure
208 e B e Rhanso DRt e i e el Hade g 1 coped ntype.
| ' 2 al i nclud
T e s P st IR SRSl pelo S R D 5 motype

regioheofeheetibsgte280. [ 0027] As shown in FIG 2, the
reset transistor 33 includes a gate stack structure

201f. The gate stack structure 201f is simlar to the
JRPe8lst akdeallyy tha twpmsfer transistor 32 has a very low potential barrier

during charge transfer from the photodiode 31 to the floating diffusion region 45. A
low potential barrier increases the efficiency of the charge transfer from the |
photodiode 31 and minimizes lag by reducing or eliminating the potentiél wellin
the photodiode 31 when the transfer transistor 32 is operated. The electrical field
between the transfer transistor 32 and the photodiode 31 is determined in large part
by the dopant profile of the transfer transistor channel region 232 and the thickness
of the gate oxide 225.

[0029]  Ideally, the effective gate oxide 225 thickness is configured to vary with
the voltage applied to the gate electrode 230. For example, when an n-type
polysilicon gate electrode 230 is biased positive, the majority carriers (i.e., electrons)
are depleted near the gate electrode 230/gate oxide 225 interface. This depletion is

electrically equivalent to adding a dielectric layer where depletion has occurred, and
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201d of the transfer transistor, except that the gate

el ectrode 230n is doped n-type. The reset transistor
wW@00a081880 ncl udes a source/drain regi on 44n, wWCTS1087/000407

an n-type region of the substrate 210. [0028] Ideally,

the transfer transistor 32 has a very |ow potenti al

barrier during charge transfer fromthe photodi ode 31

to the floating diffusion region 45. A |ow potenti al

barrier increases the efficiency of the charge

transfer fromthe photodi ode 31 and m nim zes | ag by

reducing or elimnating the potential well in the
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gate oxide 225. [0029] Ideally, the effeclive gate

Reaitidiieg PROattivedopsast dmcentrhtighroddhé gawadlgcirbdd 280@r having
vol tage applied to the gate el ectrode 230. For

substamsiadly nwhaetiemdopayireneeniratibhdnthe gate deerodeda0 pa&ults in
IS biased positive, the magjority carriers (i.e.,

greater deplrtionyr e depl et ed near the gate el ectrode
230/ gate oxide 225 interface. This depletion is

. | . : . :
T T AR
potydiRebh glgjvizh  iea%@sly R6 albhi e Iﬂﬁfyﬁﬁt %n(.tepl@rﬂﬁirﬁopﬁéﬁﬁg an active

|‘ayer 2 en the nt'ype gate elfectrode 230 is biase
n-tiggadopmt ddieegitionlequhl ader RIV¢GhbA abouda X288 atoms/cm?. Using
i nterface accunul ates el ectrons, decreasing the
a lewesclaped gpte elestiagte 28050t deindigves she Betdualectgod®d30 to be at least

agtive dopant. concentrati‘on of the gate el ectrode 230
Paapaﬂkxa@ﬁﬁget@a U1 PRETAORe RSB AdpsiRase o tanthrgsheld voltage

for dglpttg%l%gtto? 33' %%errgf%%e,zassgarﬁee: %l!ilrlets ofcf1 v<():’lrtzc1egaet &8 a more heavily doped
gate electrode can be obtained using a lower active dopant concentration, e.g., lower
p-type active dopant concentration, in the channel region 232. Such a reduction

desirably reduces junction leakage and dark current.

[0031] Additionally, an increase in the effective gate oxide 225 thickness when
the transfer transistor 32 is operated in full inversion reduces the peak electric field
in the region from the photodiode 31 to the floating diffusion region 45. This
desirably reduces gate-induced drain leakage, white-spot defects and tunneling-

induced drain leakage.

[0032]  In order to achieve an image sensor having high speed digital circuits,
analog circuitry and pixel cells such as pixel cell 10 described above, it is desirable to
form transistors having various operating characteristics and, thus, differing gate
stack structures. FIG. 4 is a representative cross sectional view of different gate

stack structures 201a-f that may be used for the various transistors employed to
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[0030] In one exenplary enbodi nent, the gate el ectrode

230 is formed of polysilicon having substantially no
W@ewregiIssbpant concentrati on or having an act i RET/HS109pE0407

dopant concentration equal to or |ower than about

| Xl Q20 atons/cm 3. Using a | ower doped gate el ectrode

230 to configure the gate electrode 230 to be at | east

partially depleted during operation, results in an

increase in the threshold voltage for the transistor

32. Therefore, a sane threshold voltage as a nore

heavi ly doped gate el ectrode can be obtained using a

iy AERlerR T € FROPPIhaEORGRRL ﬁap'n s B A1 deBlaPedtRBlary method

opant concentr e channef Tegl on

fof fermHEthetsthe@iedd N adesi rabl y reduces junction
| eakage” and dark current. [0031] Additionally, an

increase in the effective gate oxide 225 thickness
Wik033G he Thesinsdgr sensan3iGiratudss a phoplityavedifferefitiphte stack
i nversion reduces the peak electric field in the
strugfiigs, bubdotried neessedioiielade ab of e fliféerenhgate stack structures

i ffysion region 45. This, desirably reduces

2033#@5% i il 4 Fiot espale, onpPr exdigt thegatq sragkgtructures 201a-
wnnelingi nduced drai.n | eakage, 032] | rder to .

20 R e R e LR BT 100 Qpeetbel fingr® deteil below.
circuits, analog circuitry and pixel cells such as

P{otdl) CelHachQate stk BadcBRRe1aid01F & A8 Iredld By ta%ubRHAte 210 and
transi stors having various operating characteristics
inalndlestahgkte ethictfoelel 21g1 gghte otideRaywdrt Utdditiemal Eyers Aot Shown can be
a representative cross sectional view of different
adgledetosengfr srarg of the gatzGtackf strizgiurem30lae2Ql @d desiredh&or example,

ari pus transi stors enpl oyed .t oi npl enent, of the Fl 1
any gy lat F g0 be fpimbd XCs hegaiF AleckP s P yiﬁayer may be
ad@hhg&gr%o&%&%i ng the structures 20la-f. [0033] The
or 0

image se includes a plurality of different
gate stack structures, but do not necessarily include

afdo3sf t Mhedirst gaRHadeditudhd€ BOR #idhidEsaPthin gate oxide layer 221
in contact with the substrate 210. At least a portion 222 of the oxide layer 221 is
nitrided. For simplicity, the oxide layer 221 is referred to as a nitrided oxide layer
221. An n-type gate electrode 230n overlies the nitrided oxide layer 221. The stack
structures 201b and 201c are similar to structure 201a, except that stack structure
201b has a p-type gate electrode 230p and the gate electrode 230 of structure 210c
has substantially no active dopant concentration. In the illustrated embodiment, the
gate electrodes 230n and 230p are heavily doped to the respective conductivity
types. Alternatively, structure 201c’s gate electrode 230 can have an n-type dopant
concentration of less than or equal to about ‘1x102° atoms/cm? or be a lightly doped p

or n-type gate electrode.

[0036]  Gate stack structure.201d includes a thick gate oxide layer 225 in
contact with the substrate 210. In one embodiment, the gate oxide layer 225 is not

nitrided. Alternatively, the gate oxide layer 225 can be partially nitrided, as
10



201la-f shown in FIG 4. For exanple, one or nore of
the gate stack structures 20la- 201f can be omtted
WO ca@mostsed i nage sensor 100 as described in noreCHESANT/000407
bel ow. [0034] Each gate stack structure 20la-201f is
supported by a substrate 210 and includes a gate
el ectrode and a gate oxide layer. Additional |ayers
not shown can be added to one or nore of the gate
stack structures 201a-201f as desired. For exanple, an
i nsul ating |layer can be formed over the gate el ectrode
or a suicide |ayer nay be added, anong others. [0035]

o PSP Bt TR B AT copon
g s B 88,87, 2 OB Pk 0o
hd& &% hletg' t Siocﬁzarﬁ Bhbérk L5008k (s kiRYEbr gﬁéal @%Afé)’l{tg)%gpm atoms/cm?

gate e 230n overlies the nitri oxi

o?l2d a lighelysd@ysdd ptifypetgatesled@biieaBthckAttudhfossi0Teladid 2MAf are
structure 201a, except that stack structure 201b has a

sipnilay|te strarceurs 28d; edeep 3tpt stadk stracigat 0% bas nqaeyRBGate electrode
of structure 210c has substantially no active dopant

230prrachtegk istmctyre 2HE hap ppdrbaege terpbentrada?30n. He thetiBustrated
el egtrodes, 23 nd 2 re h g oped,to th .
RS ARG B B AP0 a5 2t AR el Goped to the respective
3 C] I s 3P
o A PRE T o8 ey Al od e (A D B 3 (oM S0p are
polybiiEn B hom cedf oth@r fndtbARs! cAndsPeL P e¥., dlitdREermanium.
gate el ectrode. [0036] Gate stack structure 201d
includes a thick gate oxide layer 225 in contact with
t (FROF b s tTiteise of vadinany skl enthedirevill readidy gppeecdatedhat the gate

%%/er 225 is not nitrided, Alternatively, the gate o
stagk dteustyyes 20kt eanbe sedin A yaripty pf fewicss imaniintegsated circuit,

f h bel ow. . I havi .
and WA e e odan I Bt R e etaplasy dpgices 401a-do1t
ea@HifAutEh réPectlel BhO UK Shlrcrt RO HALRE! ect T ode 230

[0038]  FIG. 4B depicts a transistor 401a including gate stack structure 201a.
The transistor 401a further includes source/drain regions 44n; which are n-type
regions. The transistor 401a is a surface channel NMOS transistor and can be

located, for example in the peripheral circuitry 101 (FIG. 1).

[0039]  FIG. 4C depicts a transistor 401b including gate stack structure 201b.
The transistor 401b further includes source/drain regions 44p, which are p-type
regions. Additionally, the transistor 401b is formed in an n-well, which is an n-type
region of the substrate 210. The transistor 401a is a surface channel PMOS transistor

and can be located, for example in the peripheral circuitry 101.

[0040]  FIG. 4D depicts a transistor 401c including gate stack structure 201c.
The transistor 401c further includes source/drain regions 44n. The transistor 401a is

a surface channel NMOS transistor and can be located, for example in the peripheral

11



have an n-type dopant concentration of |ess than or

equal to about IxlI Q20 atons/cm 3 or be a lightly doped
w@2aoypgisgat e el ectrode. Stack structures 20le BeugD»AT/000407

are simlar to structure 201d, except that stack

structure 20le has a p-type gate el ectrode 230p and

stack structure 201f has an n-type gate el ectrode

230p. In the illustrated enbodi nent the gate

el ectrodes 230n and 23Qp are heavily doped to the

respective conductivity types. In one exenplary

enbodi nent, the gates 230, 230n, 230p are polysilicon

Ci%ﬁt‘ﬁ%on g(\g?é’fe{ : lﬁﬁ%&-@}f [ﬂ%@ §§te %chpgtrﬁgt%;e §§uﬁ? bfz jised to form a
suirfedhlanyYel PM@Q@ﬂaﬂls@@P reChithe E! @ uded fird ions 44n

structures 20la-f can be used in a vari ety of devicCes

wounldibe iprtygRrregRihscidpcand th@fitn¥istdti wodlll bebGenS@ R ok n-well (e.g.,
100. FI 4B- 4H depi ct exenpl ary devi ces 401a-401f,

nve&ﬂﬂ‘l‘h(ﬂ@dﬂﬁg a respective gate stack structure
201a-201f. [0038] FIG 4B depicts a transistor 40la

Bﬁj lﬁi gﬂgatg tack structure 20la. The transi stor
4048 depiidee ey dpid mq%@mqgatg@ﬁaclmnecwure 201d.
t 401a i
T BRI R R T Bt Bidont By GPIE e netype

I h
BRI RSN S AR Nt By o o

logfted, Riraskngile iis the 8rrdP 102 (FIE. 1)) ang spbaFic4l bah %ttﬁé kransfer
i ncl udes source/drain regions 44p, which are p-type
tranesigton 82 ofddiikelolfedd showmen FIGn3.i st or 401b is forned
inan n-well, which is an n-type region of the

e
. 101. 4 El
ﬂl?@é}pglgto'tr Qoﬁé‘@xgﬁéxil l{s?ltlg Il{rgeydlrg é\l rﬁélodg;t%f}))s?%% is fo S rmed in an n-
wdll 1441 URE tRR)Gtor A elik %rb%'rﬁitc@ 'chdRAer PcD ﬁranbﬁ%ﬂ‘é}ﬁf can be

source/drai n regi ons 44n. The transistor lai1s
located, for example in the array 102 (FIG. 1). Also, if in plxel 10 an npn-type

photodiode is used rather than the pnp-type photodiode shown in FIG. 3, the

conductivity types of the pixel 10 devices would change aécordingly. In such a case, -

the transistor 401e can be used in the pixel 10, for example, as the reset transistor 33.

[0043]  FIG. 4G depicts a transistor 401f including gate stack structure 201f.
The transistor 401f further includes source/drain regions 44n. The transistor 401d is
a surface channel NMOS transistor and can be located, for example in the array 102
(FIG. 1), and specifically can be the reset transistor 33 of a pixel 10 as shown in FIG.
3.

[0044]  FIG. 4H depicts a transistor 401f including gate stack structure 201f.
The transistor 401g further includes source/drain regions 44p and is formed in a p-
well 444. Additionally the channel region of the transistor 401g includes a p-type

layer 445. The transistor 401g is a buried channel PMOS transistor, which can, for
12
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a surface channel NMOS transistor and can be | ocat ed,
for exanple in the peripheralcircuitry 101 (FIG 1).
Wa\R@0208IR80 vel y, the gate stack structure coul dPEBEUSRET000407

to forma surface channel PMOS transistor. In such a
case, the source/drain regions 44n woul d be p-type
regions 44p and the transistor would be forned in an
n-well (e.g., n-well 444 (FIG 4C). [0041] FIG A4E
depicts a transistor 401d including gate stack

structure 201d. The transistor 401d further includes
source/drai n regi ons 44n, which are n- type regi ons.

ex-g?xg% I'Be ﬁ‘lc‘iﬁﬁ d4? Jaﬂgieosﬁ aﬁ{r&%(\fethghﬁ gg‘p FNQ/OSLQ% particularly

si stor can for

ciftifi gy sleﬁ&t(v'élt@nol%e. and specifically can be the
transfer transistor 32 of a pixel 10 as shown in FIG

3. [0042] FIG 4F depicts a transistor 401e incl uding

gHI#53t adhestransistore4QDig ard kretupknyi @ilgrardDite date shek structures
|ncludes source/drain regions 44p and is formed in an

Wef qandeinciyded imaties deviees pad ethar integreated chranite) for example, in

tran |st can, be | ocated, for exarrpl e in
@ Eirayrapasteros - APEgmage Fivgn Hesgnae) RERineyp ekl in the ar

S8 5 R o
de%ﬁeathQ 88 MOt & tﬁ@%‘%@@s@@ﬁ Qpel Hﬂle¥ 2 14 SHgh tl?eégﬂfcg transistors

the transistor 40le “can be use In t e pi xel

402agnpirebe amitted fremahetirapeisehosr BR). Hcﬁ%&lmﬁlecif dtGired only gate
depicts a transistor 401f including gate stack

staplrsfowctnee 20lfcanTireusadainsihetaoray 002 ahd/idrigate stacksties:ture 201c can
sourc ra| n reg| ons 44n. The transistor 401d is a

beqpit r@ﬁ% Hheperipheral ciryitsr 801.and can be | ocat ed,
for exanple in the array 102 (FIG 1), and

i@@%j ;ﬁg%g | %&Eﬂ@%p&&%%%%p%{%ﬁ% g?rgngg RIS gate stack

strulcnes S0P4-f 4l sdrhelsUBbRgtedaie &4 ﬁSl@dSzIHd{f‘ét, WoeaBGtthe gate stack
structures 20ta-f must be formed. For simplicity, the method for forming all
structures 201a-f is described, but, if fewer structures 201a-f are desired, certain

processing steps can be eliminated as described in more detail below.

[0047]  Referring to FIG. 5A, the substrate 210 is initially provided. Processing
steps to form structures such as p-type and n-type wells, isolation regions, such as
shallow trench isolation regions 43 (FIG. 3), or other structures as desired can be

performed prior to forming the gate stack structures 201a-f.

[0048]  As shown in FIG. 5B, a blanket oxide layer 221 is grown on the
substrate 210. In the illustrated embodiment, the oxide layer 221 is formed having a
thickness between about 10 A and about 30 A, although other thicknesses can be
used (if desired). Nitrogen is added to the oxide layer 221 by, for example, a
decoupled plasma nitridation step according to known techniques. The resulting

nitrogen concentration of the oxide layer 221 is preferably between about 20 atomic

13



The transistor 401g further includes source/drain

regions 44p and is forned in a pwell 444. Additionally
wo b@7osenel regi on of the transistor 401g i ncPam©sS2087/000407

p-type | ayer 445. The transistor 401g is a buried

channel PMOS transistor, which can, forexanple, be

included in analog circuitry of the i mage sensor 100,

particularly circuitry sensitive to noise. [0045] The

transi stors 40la-g are exenplary only and the gate

stack structures 20l1a-f can be included in other

devi ces and ot her integrated circuits for exanple, in

peg%eg\ft‘gas ﬁ%%%go;ﬁégg{: %rc he ar F dE%r eag&l‘mm%ug hitrided oxide
lay&C@ANhiRal b uddie Fdiaéﬁéh?ﬁlepﬁ'@\&h%ge@ %&f‘dé‘la’j‘r@g 2§{ €an be prepared

not limting. If desired, 'one or nore of the“gate

byshagkabhitHdaubas AZ@A@&@MEOBH@;@M% forinedicied tige nitrided
401a g can be omtted fromthe i nage sensor 100. For

oxidealagke221.f desired only gate stack structure 201f can
be used in the array 102 and/or gate stack structure
201c can be omtted fromthe peripheral circuitry 101.

[16548] Figrhotoresist mapk op2 ifos yaﬁﬁmﬂsbov%rrpomons of the
th ate s k struct s 201 0
sulf S D Bet Ble Skt 205 de o Bri i g shown in FIG.
t I
S T s E ™ PR UARTe LR 221 pyg removed from
pozﬂéﬁs bf it sdﬂfs@falt@ Otherbighte sthelt eMaEnitE D01AUFQ%e E9BATdrmed, as
are desired, certain processing steps can be

depidted raFEG. 5. ddecrenimdhliof layere SAZL51] argbP 2ilicar] Bé)é&’c]omplished by
Referring to FIG 5A, the substrate 210 is initial

etqhing o &t Qﬂleyegéﬁgn@toe%e tewef 82}rb§tlmmm techrsgiaes. afsor example,
ateBp o Bretia S S Rl el Ye Peabon it s Bhude, grbuftered
S O T T S —
aci?)lnhélﬁ éémb&b@byiiﬁdﬂat@@akﬁgerpﬁwﬁdé /YAl orBifbReDbAWR etch to
remove the TEOS layer 551 and nitrided oxide layer 221.

[0050] Asshown in FIG. 5E, the remaining photoresist 552 and TEOS layer 551
are removed by known techniques. An oxide layer 225 is grown on the exposed
portions of the substrate 210 and specifically where the gate stack structures 201d-f
are to be formed. In the illustrated embodiment, the gate oxide layer 225 is thicker
than the nitrided oxide layer 221. For example, the oxide layer 225 can have a
thickness between about 20 A and about 100 A, although other thicknesses can be
used (if desired).

[0051]  Optionally, as illustrated in FIG. 5F, the oxide layer 225 can also
include nitrogen. In the illustrated example, the nitrided portion 226 is shown at the
surface of layer 225. Desirably, the nitrogen concentration of the layer 225 is less

than or equal to about 10 atomic percent. The “partially nitrided” layer 225 can be
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substrate 210. In the illustrated enbodi nent, the

oxi de layer 221 is fornmed having a thickness between
wW@bwansB8 A and about 30 A, although other thi PRIES®ET000407

can be used (if desired). Nitrogen is added to the

oxi de layer 221 by, for exanple, a decoupled plasm

nitridation step according to known techni ques. The

resulting nitrogen concentration of the oxide |ayer

221 is preferably between about 20 atoni cpercent and

about 30 atom c percent. Qther processes for formng a

nitrided oxide |ayer can instead be used. For exanple,

okt KhPF BRSSP R RS BLEPRTE Rbpppted plasma
o0 T 816 of UL AR, Hor URIICHS, ok a0 r 225 s depicted as
haB8h is0BStatial W SHIBS S EorrcbB iiiRIEindsther Abasds.

structures 20la-c are to be forned, as shown in FIG

5C. The sacrificial TEOS | ayer 551 and nitrided oxide

| $3052] 22 1A ssleowsrin\RG. BGomgate eleotrodeflaydre2Mlibsormeé over the
wher e gate stack structures 201d-f are to be forned,

substrabp?EQ and ilayers G215825 anvd plastsized, &ir ©wpepls 552 chemical
e S S Rl PO e S Lncoped
PSR 185 IR GBI TOR SUPELFAHY Sl v cecroce

aflfda (R0-RSHdibRAy b8 PorPRMEot PP R/
© 552. A ho(?ﬁ)phosgzgr ip[: acigoet ﬁqfiﬂgﬁ% by ao%cﬁ)ﬁfdeopmt

cobnyentrgtionfdf leysi then elrayual tdubder BaoPxdtdmspit!) Alternatively, the gate
renove the TECS | ayer 551 and nitrided oxide |ayer

electiodg 23b04n be fotroed of a differerBEnaterial rsachiasisilgcon-germanium,
hot oresi st 552 and TEQS | ayer 551 are renoved by

w he-Hndgped or donrsd v&yPayer 225 is grown on the
exposed portions of the substrate 210 and specifically

IS A RS BB PR S S B patemed o
bel %@ pctions df thé §#Bdtrate 210 where gate stack structures 201b-e are to be
formed. n-type dopants are then implanted into the gate electrode layer 230 to form
heavily doped gate electrodes 230n for gate stack structures 201a and 201f. The
active ddpant concentration in the gate electrodes 230n can be, for example, greater
than or equal to about 1x10%° atoms/cm?®. The photoresist mask 553 is then removed.
Additional implants (not shown) to create threshold voltage adjustments and p-

wells can also be conducted after the removal of the mask 553.

[0054] Referring FIG. 51, a photoresist mask 554 is formed and patterned to be
- over portions of the substrate 210 having gate stack structures 201a, 201c, 201d, and
201f. p -type dopants are implanted into the gate electrode layer 230 to form heavily
doped p-type gate electrodes 230p for gate stack structures 201b and 201e. The
active dopant concentration in the gate electrodes 230p can be, for example, greater

than or equal to about 1x10%° atoms/cm?®. The photoresist mask 554 is then removed.

15



than the nitrided oxide | ayer 221. For exanple, the
oxi de |l ayer 225 can have a thickness between about 20
wo@nbswbout 100 A, al t hough ot her thi cknessesPCHIS1967/000407

used (if desired). [0051] Optionally, as illustrated

in FIG 5F, the oxide layer 225 can al so include

nitrogen. In the illustrated exanple, the nitrided

portion 226 is shown at the surface of |ayer 225.
Desirably, the nitrogen concentration of the |layer 225

is | ess than or equal to about 10 atomi c percent. The
"partially nitrided" layer 225 can beforned by known

pﬁ)g)gﬁjaq u ‘ff liev%eg gﬁ%g]'?é)fgga%e rsf'%er %&S&rzoggfff’agg t&§ ge formed, certain
pré&%geiﬂa%géeegf dR¥EG6ed G¥6ve é4vbk %nﬁ%ﬂ%ﬁ%ﬁ%é@\’d BBtain only the

no nitrogen concentration in other

debired rs&zucr&&@fzbh als Fhewamiple Ff Girubfare20gaistecbesiiadd, the
| ayer 230 is forned over the substrate 210 and | ayers

pré@ddssirgPsiepn deptrdbed i eshndabionewitinfle:Sh pHaawd Shicambe modified such
mechani cal polish step. The gate el ectrode | ayer 230
thatalhremabripg pestions @b eicgrolydive lagar 2%@/@?9-11 fhetmirided oxide layer

illustrated embodi nent. Alternativel
22bpge flrpad R:aﬁnﬁgps%wﬁeﬁ SHUCHyeE é&ﬂ%ﬂqg e %rsﬁe.be omitted,

th?h ﬁ\é%pegp ng{ Egscgb e{ﬁ/ ) g(qr%fﬁhoc s ﬁ'ﬁlb ¢ élglnar?é 51 &X' be modified
subh t&l@%t‘@f féiﬁ«l:lﬂ'uné Eﬂ%rﬁ@f@ of h?&&;rﬁﬂfctgl%Qa&‘@f‘Zf@ofr&r m:é%ﬁclee layer 225

ferent mat , such as silicon-germani um which
ar@aapba ripgaped or doped n-type. [0053] Referring FIG
5H, a photoresist nask 553 is fornmed and patterned to
be over portions of the substrate 210 where gate stack

sk00ael ur @hgolwegs £ be inrluded én ﬁ]é%lgﬂtetsifﬁfé( sisneivees 30%a-f canbe
rouehah LRSS e gaLe clect rade Loy 200 Lo
o, S P e e .
ga?é(m 8iru@fiB@5©01a-f can then be patterned as desired. Additionally,
conventional processing methods are used to form other structures the peripheral
circuitry 101 and array 102. For example, photodiode 31, floating diffusion region

45, source/drain regions for transistors, shielding for pixels 10 and metallization

layers to form connections of the image sensor 100, among others are formed.

[0057] FIG. 6 illustrates a processor system 600 including an image sensor 100
of FIG. 1 containing two or more of the FIG. 4B-4H transistors formed according to
the method described in connection with FIGS. 5A-51. The processor-based system
600 is exemplary of a system having 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 other image acquisition and processing

system.
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than or equal to about |xI Q20 atons/cm 3. The
phot oresi st mask 553 is then renoved. Additiona

WO pgol7asus80 (not shown) to create threshol d vol t BQEUS2007/000407
adjustnments and pwells can al so be conducted after the
renmoval of the mask 553. [0054] Referring FIG 51, a
phot oresi st mask 554 is fornmed and patterned to be
over portions of the substrate 210 havi ng gate stack
structures 201a, 201c, 201d, and 201f. p -type dopants
are inplanted into the gate el ectrode |ayer 230 to
form heavily doped p-type gate el ectrodes 23Qp for

OB S O S 4 S rny
coRBAReLa cEiteal fgfo&gﬁﬂg‘?fniﬁfé‘lang)s E@% %%QHtas{aﬁIé\%gprocessor, that

atons/cm3. T phot oresi s 'S

coniiit@chtb) WAE] ah inp@YBLHIEAD/GY devdte 880 8vel #BKs 615. Image sensor
structures 20la-f are to be forned, certain processing

108t dgs comscunive tesabithehediPU €06 wiviet bds 605.10Hefprededsor system 600
obtain_ only the desired structures 20la-f. For
aleg inghndes randam gecessaneomeyi(BANM) 620, @midi cadinchide removable
scribed in connection with FIGS. 5H

A e I AR forPEtAteg with CPU 605 over
' f L I . 23 the nitrided
8 8BS el e SOE TPl Ui RN ehlitetld f s ceu,

digith UG EHARSro:@dshrapg n?iQ?ﬁpl%E@ssb?, WRhAE Withbut ﬁ%ﬁl?}%’ storage on a

processi ng steps described 1 n connection wt
siragid ibtegeatedodrauitiof bAt Giffehertha@tip ahhn HeOPtdieBr.
portions of the conductive |ayer 230 over the oxide
|l ayer 225 are doped n-type. [0056] OQther layers to be
i Hﬁ)ﬁahedlﬁ desirpd, gelditignaldntegratast ciresit dediges of thre system 600 can
or.nmed as desir%geg¥ conyentignal techniques. For

. f
m%l%gﬁ.[ﬂ an fléﬁ,yp&ag ed aperrdipsto ap eﬁgq@l%rqu;pbodiment of the

N e e —
gabSstdeR bFradured 01478 hEd a‘é@&‘éﬁﬁ% k9Ral ex@frﬂﬂﬁéﬁ LB odiment of the

met hods are used to formother structurest
inpentigher al
[0060] Itis again noted that the above description and drawings are
exemplary and illustrate preferred embodiments that achieve the objects, features
and advantages of the present invention. Itis no't intended that the present
invention be limited to the illustrated embodiments. Any modification of the
present invention which comes within the spirit and scope of the following claims

should be considered part of the present invention.
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circuitry 101 and array 102. For exanple, photodi ode
31, floating diffusion region 45, source/drain regions
wo e0o708mBei st ors, shielding for pixels 10 and PCT/US2007/000407

metallization |layers to form connections of the inmage

sensor 100, anong others are formed. [0057] FIG 6

illustrates a processor system 600 including an inmge

sensor 100 of FIG 1 containing two or nore of the

FIG 4B-4H transistors forned according to the method

descri bed in connection with FIGS. 5A-51. The

processor-based system 600 is exenplary of a system

having digital circuits thﬁ.i i%d i ncl ude i mage

sensor devices. Wthout be 8 iting, such a system

COH A 15 Qﬂiﬁ’l@ﬁ. & TN Ll estdert £ Be ﬁmﬁt@dﬁ%}ﬁtgﬁé? Patent of the

scanner, mnachine vision, vehicle havigation, video
UniteQ/®WaRs igur vei I |l ance system auto focus system star

tracker system notion detection system image

stabilization system and other imge acquisition and

pt.oces i mgtisyd b€ hofrlidEsd plhimlipy of gsteatrisygtesnmellintégmated circuit,

exanpl e a canera system generally conprises a central

.ng:.uni.t (CPU) 605, such as a m croprocessor,

themtgﬂ-g)t%ﬁg%h r?#g\t es wWth an input/output (L/0O device

610 over a bus 615. Inmage sensor 100 al so communi cat es

whraviding epubgigatepver bus 615, The processor system

600 al so includes random access nenory (RAM 620, and

CRRmIAE U8t ORIV RIS oFBRRSUbEEate Y GIYids gmﬁﬁhy of gate structures

menory, which al so”communi cates with CPU 605 over The

us 615. I npge sensor. 100 may be conmbined with a
tObefﬂ“B??éis% r,angg%ﬁ‘r%’%o thetybsdiet al  si gnal processor, or

m croprocessor, wth or without nmenory storage on a

sedrgliectiny £ G atrderidation ipro€dss @0 faritliaf fixk altriddd gxitlbddyer for at

the processor. [0059] If desired, additional

in ra cl.reuit,.devices of the system 600 can
leaSt%%éﬁg)&gg&aen Sﬁg’f%/dpeeleaé’gf’es formed according to an

exenpl ary enbodi nent of the

removing portions of the first oxide layer and first nitrided oxide layer over at

least a second area of the substrate where a second plurality of gate structures are to be
formed;

forming a second oxide layer on the substrate in at least the second area;

forming a conductive layer over the first nitrided oxide layer and the second
oxide layer in the first and second areas in the first area;

patterning the first oxide layer, the first nitrided oxide layer and the conductive
layer to form a first plurality of gate stacks for a first plurality of devices; and

in the second area, patterning the second oxide layer and the conductive layer to

form a second plurality of gate stacks for a second plurality of devices.
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i nvention. For exanple, RAM 620 and or CPU 605 can

include two or nore of the gate stack structures
wQema/8188mr ned according to an exenpl ary enbodPemEn$2007/000407

the invention. [0060] It is again noted that the above

description and drawi ngs are exenplary and illustrate

preferred enbodi nents that achi eve the objects,

features and advantages of the present invention. It

is not intended that the present invention be linmted

to the illustrated enbodi nents. Any nodification of

the present invention which cones within the spirit

d f .t | | ow | ai houl d b i der ed
ol o hempeedtes ferR fe At RPRE What s ol ai med

as new and desired to be protected by Letters Patent
in thedfrst fird Watdredl atias) depirgg a poromef tioelcaiddaive lagento a first

plurality of gate structures in an integrated circuit,

t he.net hod conprising: providing a substrate; form ng
Cond%t]fvilg}éiyp&i de layer on the substrate for a first
plurality of gate structures to be |ocated over a
f3.r st FTheanethothef dains iy furdhercaordpeisingg a first
nitridation process to forma first nitrided oxide

i f - i t e i | -
i ac BYEI B Bhed SRBIn R RGN the BRAUHESL LR35 1 B16
nitrided oxide |ayer over at |east a second area of

condudievigulyPer at e where a second plurality of gate

structures are to be formed; formng a second oxide
layer eReASHIHRSAANS 1] Audher &ABprisiHy SRRAG(,ah8 R least one of the

first and second areas, maintaining substantially no active dopant concentration in a
portion of the conductive layer.

5. The method of claim 1, further comprising the act of conducting a second
nitridation process to include nitrogen in at least a portion of the second oxide layer.

6. The method of claim 5, wherein the second oxide layer is formed having a
nitrogen concentration less than that of the nitrided oxide layer.

7. The method of claim 1, wherein the second oxide layer is formed having
substantially no nitrogen concentration.

8. The method of claim 1, wherein the first gate oxide layer is formed having
a thickness between about 10 A and about 30 A.

9. The method of claim, 1 wherein the second oxide layer is formed having a

thickness between about 20 A and about 100 A.

19



form ng a conductive |ayer over the first nitrided

oxi de layer and the second oxide layer in the first
wanw7ege8nd areas in the first area; patterni nRCT/I82007/000407

first oxide layer, the first nitrided oxide |ayer and

the conductive layer to forma first plurality of gate

stacks for a first plurality of devices; and in the

second area, patterning the second oxide | ayer and the

conductive layer to forma second plurality of gate

stacks for a second plurality of devices.2. The nethod

of claiml1, further conprising: in the first and

SR AR SRR A8 AR AL AR Y8 LY Bimprise

1, further conprising: in at least the first area,
periphipl cigcaityoof amimefge shes@ardat i ve | ayer to a second
conductivity type. 4. The method of claim1, further

CPIPr i S0 %éﬁ%daé‘ftclgiﬁ'n 1! Vvh@}eﬂlecﬂ tﬁer::‘I]‘t?lu‘?Hl[y'gf 4Lvigts comprise
and second ar eas nalntalnlng su Ia no active
dopant concentration in a portion of the conductive

digital ay@anabg qireuitst-hod of claim 1, further conprising
the act of conducting a second nitridation process to

| gl udenpi 'ntlétﬁ%ﬁrbf' dlaidh 1} GRetei tﬁ@ lsbéHY ahultangy 8edepites comprise
oxi de layer. 6. The nethod of claim 5, erei’n the

secaqnd OXIde Iayer is formed having a nitrogen
an arrggd @X¢18t i on | ess than that of the nitrided oxide
layer. 7. The method of claim1, wherein the second

0x3.de Thy efethedfsfrdizign llawmgelatthatcanduahw layeris foroged
concentration. 8. The nethod of claim1, wherein the
oxi de |l ayer is forned having a thickness

comp{}gm%?'gﬁlggp 10 A and about 30 A

14.  The method of claim 1, wherein, in the first area, the devices comprise
PMOS and NMOS devices.

15.  The method of claim 1, wherein the first and second pluralities of devices
comprise transistors.

16. A method of forming an image sensor comprising:

providing a substrate;

forming a first oxide iayer on the substrate;

conducting a nitridation process to form a first nitrided oxide layer from at least
a portion of the first oxide layer;

removing portions of the first nitrided oxide layer and first oxide layer over a
first area of the substrate;

forming a second oxide layer on the substrate in at least the first area;
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9. The method of claim 1 wherein the second oxide

| ayer is formed having a thickness between about 20 A
wanpw7akeed 100 A 10. The nethod of claiml, wheCEUSRWDNEN0407

first plurality of devices conprise periphera

circuitry of an inmage sensor array. 11. The net hod of

claiml1l, wherein the first plurality of devices

conprise digital and analog circuitry. 12. The nethod

of claim1l, wherein the second plurality of devices

conprise an array of pixels. 13. The nmethod of claim

1, wherein the conductive layer is formed conprising

Piiatine o ESpuddve (i HEEP Bk Mlor i dlbisr AR Migadbride ayer

devices. 15. The nethod of claim 1, wherein the first
and thasdcaet oridlegayenl i ti es of devices conprise
transistors. 16. A nethod of form ng an i nage sensor

i.0Q.nr [ te; ] o & .
PR B BrioB i BB BYPEYE (8 0 (B TR BiRS o
process to forma first nitrided oxide |ayer from at
deping a putionsf the condurtive daysitga sesged Condistiviy type;
portions of the first nitrided oxide |ayer and first

??g'tt@?nir%y Bl ARSEOxRI liaﬂféil;, At eRitAl el tRige RS ler A the conductive

rmng-a second oxide l'ayer on the substrate in at
layer tpRgrTya BTt BTy 5] Gate PRFET o R BT 0T Ry Aeocine

t he second oxi de | ayer;

patterning the second oxide layer and the conductive layer to form a second
plurality of gate stacks for a second plurality of devices.

17.  The method of claim 16, wherein the first oxide layer is formed having a
thickness between about 10 A and about 30 A.

18.  The method of claim 16, wherein the second oxide layer is formed having
é thickness between about 20 A and about 100 A.

19.  The method of claim 16, wherein doping a portion of the conductive layer
to a second conductivity type doping the portion to have an active dopant
concentration of less than or equal to about 1x10% atoms/cm?®.

20. The method of claim 16, further comprising the act of maintaining

substantially no active dopant concentration in at least a portion of the conductive

layer.
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dopi ng a portion of the conductive layer to a first
conductivity type; doping a portion of the conductive

WO 20021081880 a second conductivity type; patterni PQI/UB®07/000407
first oxide layer, first nitrided oxide |ayer and the
conductive layer to forma first plurality of gate
stacks for a first plurality of devices; and
patterni ng the second oxide |ayer and the conductive
| ayer to forma second plurality of gate stacks for a
second plurality of devices. 17. The nethod of claim
16, wherein the first oxide layer is forned having a

t Bi ckn 1 bout. 30 18. .The
retnod 1F BELRF 26888 20 RaerRn R Bt rdhe tlpaiife layer
formed having a thickness between about 20 A and about
maintpiedhwitlosulidtentielinog astiveldaipant pnedraration topvergtha second oxide
portion of the conductive |layer to a second
layenconductivity type doping the portion to have an active
dopant concentration of |less than or equal to about
I x| @20 _atonms/cnB. 20. The nmethod of claim 16, further
c&dpr i dhegnetwdaef claim dai whareindfgrming thameoxigle lpyancomprises

active dopant concentration in at |east a portion of

formi&%&h@ QREUC [y hb_@ig% a %itro%&? cOfddnerh i ©eb@tiréfhat of the nitrided

erein the porti of the conductive layer malntai ned
) ith substantially no active dopant concentration is
oxidedg¥¢r -t he second oxide |ayer. 22. The method of claim
16, wherein formng the oxide | ayer conprises form ng

the oxilHe rhatpeid dfadtaing 16, wherdifi@he secsreNphathli®f of B86ices are
than that of the nitrided oxide layer. 23. The nethod

forme%fw‘ftlh&ﬁimg]nla%aw%ﬂei]s.t he second plurality of devices
are

24.  The method of claim 23, wherein first plurality of devices are formed
within circuitry peripheral to the array of pixels.

25.  The method of claim 16, wherein forming the peripheral circuitry
comprises forming the first plurality of devices.

26.  The method of claim 16, wherein forming the second oxide layer
comprises forming the second oxide layer having substantially no nitrogen
concentration.

27.  The method of claim 16, further comprising, maintaining substantially no
active dopant concentration in a portion of the conductive layer.

28.  The method of claim 16, wherein the conductive layer is formed
comprising polysilicon.

29.  Animage sensor comprising;:
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formed within an array of pixels. 24. The net hod of
claim 23, wherein first plurality of devices are

WO eoomeglised t hin circuitry peripheral to the arrBgT/082007/000407
pi xel s. 25. The nethod of claim 16, wherein form ng
the peripheral circuitry conprises formng the first
plurality of devices. 26. The nethod of claim16,
wherein form ng the second oxi de | ayer conprises
form ng the second oxide | ayer having substantially no
ni trogen concentration. 27. The nethod of claim 16,
further conprising, nmaintaining substantially no
acti.v pant . concentration in a portion of the
cﬂmﬁg?ﬁa@&rﬂa} COBWTISHME net hod of claim 16, wherein
t he conductive Iayer is formed conprising polysilicon.
29. AnrM@feleviresdravingprgase sigck stnughenealongprisimigt a first nitrided
conprising: PMOS devices having a gate stack structure

[ oxi de layer and a
gate O%?cireofaé’ ﬁgaafv Egggltéélegtg ﬁ{ﬁ/% %devi ces having a gate
st ack st ructure conprising a second nitrided gate
oxi de NWEIS dendcemhavingpegatatstack] ssouctodecomypaisiing arseegnd nitrided
of pixels adjacent said peripheral -circuitry, at |east

gate o?&?e Q)?éﬁlanacﬁpﬁ'&PQ%at@elggt?&@eﬁa‘}{&/ef si on device, and a

I rst “transi stor ransterring charge fromthe

phot o- conversj on device, the first tranS|stor havi ng
gt arsyRieixelsmdaseng saidgeerahstpheirralier af lgashgne wgel
than or
comprising:
a photo-conversion device, and
a first transistor for transferring charge from the photo-conversion device,
the first transistor having a gate stack comprising a gate oxide layer having less than or
equal to about.15‘ atomic percent nitrogen concentration and a gate electrode.
30. The image sensor of claim 29, wherein the first and second nitrided gate
oxide layers are different than the pixel gate oxide layef.
31.  The image sensor of claim 29, wherein the thickness of at least one of the
first and second nitrided gate oxide layers is between about 10 A and about 30 A.
| 32.  Theimage sensor of claim 29, wherein the thickpess of the pixel gate
oxide layer is between about 20 A and about 100 A.

33.  The image sensor of claim 29, wherein the pixel gate electrode has an

active dopant concentration of less than or equal to about 1x10?° atoms/cm?®.
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equal to about 15 atom c percent nitrogen
concentration and a gate el ectrode. 30. The inmage
wG@en3ns18ed claim 29, wherein the first and sepONtS2007/000407

nitrided gate oxide |layers are different than the

pi xel gate oxide layer. 31. The inage sensor of claim

29, wherein the thickness of at |east one of the first
and second nitrided gate oxide layers is between about

10 A and about 30 A. 32. The i mage sensor of claim 29,
wherein the thickness of the pixel gate oxide |ayer is
bet ween about 20 A and about 100 A. 33. The inage

ok arTl iR Rmsinot iLan LT Ghe PR ef) g0 has

equal to about IxIOZO atons/cm 3. 34. The i nage sensor

substa@iftiatlyandaddve dbpari corideatipiioal gat e el ectrode has
substantially no active dopant concentration. 35. The

f
R e R R e e s

The i mage sensor of claim?29, wherein the peripheral
substagitiadly no pitcoggr comendiagional and anal og circuitry. 37.
An inege sensor conprising: a processor coupled to an

i s|ge ; 1 @
RS T bR ARG ANCRIRIAS bEpt ORI SN comprivs

structure conprising a first nitrided gate oxide |ayer
digitahand anplaggiecitive el ectrode, and NMOS devi ces having a
gate stack structure conprising a second nitrided gate

03¢ de haviglagdi¥énahr BomyRRigat € el ectrode; and an array
of pixels at” | east one pixel conpri sing:
a processor coupled to an image sensor, the image sensor comprising:
peripheral circuitry comprising:
PMOS devices having a gate stack structure comprising a first nitrided
gate oxide layer and a p-type gate electrode, and
NMOS devices having a gate stack structure comprising a second nitrided
gate oxide layer and an n-type gate electrode; and
an array of pixels at least one pixel comprising:
a photo-conversion device,
a transistor used in operation of said pixel, said transistor having first gate
stack comprising a gate oxide layer and a gate electrode.

38.  The image sensor of claim 37, wherein the image sensor is a CMOS image

sensor.
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a phot o-conversi on device, a transistor used in
operation of said pixel, said transistor having first
W@2102/08188C Kk conpri sing a gate oxide | ayer and BCHSB®07/000407
el ectrode. 38. The inmage sensor of claim 37, wherein
the i mage sensor is a CMOS i mage sensor.39. The i mage
sensor of claim37, wherein the image sensor is a
charge coupl ed devi ce i mage sensor. 40. The inmage
sensor of claim 37, wherein the pixel gate oxide |ayer
has | ess than or equal t.o about 15 atom c percent
nitrogen concentration 41. The i mage sensor of claim
wh L . P .
 Ber o THE P Benidrv Hith S SDEr AN Whe A 0Ly harge
42. The image sensor of claim 37, wherein the
coupledhidekinesisnage sgnsPeast one of the first and second
nitrided gate oxide |ayers is between about 10 A and
apput o Amafd serdfth dFBAE SENSRErD thé Pi)@l $hte YRRISYer has less
the thickness of the pixel gate oxide Tayer is between
about 20 A and about 100 A 44. The i nage ,sensor of
than q71equal 47 abgH bl RIPTRISP PR NIFRBEN COBEENEAECRas an
active dopant concentration of |less than or equal to

apput Tkb G2 gakensdrdttlaifd37, iReldim gke Siestsid sdcotidanittided gate
37, wherein the pixel gate el ectrode has substantially

., ho active.dopa copcentration. .46, The inmage sensor
oxide lgyezp éf‘?‘nggge,gﬁﬂ E}?aé} ﬁ"et Iﬁ’ée%’%&oxb%‘? 1Y5%i de | ayer has
substantially no nitrogen concentration. 47. The inmage
sénsor Thé imlage sedsor offdaied 87, twberdn ithd Briaknessrafirttleyst one of the
conprises digital and analog circuitry.
first and second nitrided gate oxide layers is between about 10 A and about 30 A.
43,  The image sensor of claim 37, wherein the thickness of the pixel gate
oxide layer is between about 20 A and about 100 A.
44.  The image sensor of claim 37, wherein the pixel gate electrode has an
active dopant concentration of less than or equal to about 1x10% atoms/cm?.
45.  The image sensor of claim 37, wherein the pixel gate electrode has
substantially no active dopant concentration.
46.  The image sensor of claim 37, wherein the pixel gate oxide layer has
substantially no nitrogen concentration.
47.  The image sensor of claim 37, wherein the peripheral circuitry comprises

digital and analog circuitry.

48.  Anintegrated circuit comprising:
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48. An integrated circuit conprising:at |east one

first gate stack structure for at |east one first
wa@lewrog188t he at | east one first gate stack strRCI/USE07/000407

conprising a nitrided first gate oxide layer and a

first conductive layer of a first conductivity type;

at | east one second gate stack structure for at |east

one second device, the at |east one second gate stack

structure conprising a nitrided second gate oxide

| ayer and a second conductive | ayer of a second

conductivity type; and at |east one third gate stack

structure for at |least one third,deyice,.t 1 | gas
GHh0e3% 0 13t e sk St R F U o s E e Roe Bt east one
oxi de layer and a third conductive |ayer. 49. The
first gatatsegrlasedcttire eoinprisingh aitmidesl firsé getaoxide laper andatferst
oxi de layer has |ess than or equal to about 15 atomc

ercent nitr n_concentration 50. The integrated
Condug?‘?’ﬁ yergit ac'?%’l ﬁ?‘&@‘,‘g%bf gfﬁne't he nitrided first and

second gate oxide layers are different than the third
gatleastindesekayd gatsdtack slruitmre fontiddast onausecont! d¢virenthe at least
48, wherein the third gate el ectrode has an active

one se?%?%tcg ?%%F%M%gzoﬁ%ﬂéﬁﬁg Jﬁ@ﬁd@& s@&ﬁ?& Le &Q@.@tla}rrﬁr and a

tegrated circult of clai

48, wherein the third gate_electrode is of the first
second gpuiductive tayer pbe samng gondieetivibrprreiaRgd at | east one

fourth gate stack structure for at |east one fourth

dRvbER orl it oA 18aBIckORR1GQEY {d? o8 8Bt Shackirg! detdte)fthe at least one
conprising a f%urth gate oxide layer and a fourth

IR T R R I AT e—

at least one fifth gate stack structure for at |east
layer.one fifth device, the at | east one fifth gate stack
structure conprising a fifth gate oxide |l ayer and a

fiJ.t h TRE gr%jt%tgire%gd lc?%&lrt o@%ﬂiﬂ&l@, WREkY ShSARAE tgate oxide layer has
less than or equal to about 15 atomic percent nitrogen concentration

50. The integrated cir'cuit of claim 48, wherein the nitrided first and second
gate oxide layers are different than the third gate oxide layer.

51. The integrated circuit of claim 48, wherein the third gate electrode has an
active dopant concentration of less than or equal to about 1x10% atoms/cm?®.

52.  The integrated circuit of claim 48, wherein the third gate electrode is of
the first conductivity type and further comprising at least one fourth gate stack
structure for at least one fourth device, the at least one fourth gate stack structure
comprising a fourth gate oxide layer and a fourth conductive layer of the second

conductivity type.

26



concentration less than that of the third and fourth

conductive layers. 54. The integrated circuit of claim
w®G3o708wssher conprising at | east one sixth gatBCEUSR7/000407

structure for at |east one sixth device, the at |east

one sixth gate stack structure conprising a sixth gate

oxi de layer and a sixth conductive |ayer having an

active dopant concentration |less than that of the

first and second conductive |ayers. 55. The integrated

circuit of claim48, further conprising at | east one

fourth gate stack structure for at |east one fourth

deyi ce TH@itéirat@PSkc AP 6f EAUR N ﬂﬁ&ﬁeﬁ%&ﬁgrﬁh{éﬁ%ﬂ%& one fifth gate

conprising a hitrided fourth gate oxit yer
fourth conduigive | ayer having an_active dopant

stack spvicie fr a6 easkere fifthndevige. the af lrast ppe fifdngatesttaridstructure
conductive | ayers.

comprising a fifth gate oxide layer and a fifth conductive layer having an active dopant

concentration less than that of the third and fourth conductive layers.

54.  The integrated circuit of claim 53, further comprising at least one sixth
gate stack structure for at least one sixth device, the at least one sixth gate stack
structure comprising a sixth gate oxide layer and a sixth conductive layer having an
active dopant concentration less than that of the first and second conductive layers.

55.  The integrated circuit of claim 48, further comprising at least one fourth
gate stack structure for at least oné fourth device, the at least one fourth gate stack
structure comprising a nitrided fourth gate oxide layer and a fourth conductive layer

having an active dopant concentration less than that of the first and second conductive

layers.
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