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necessary functlons of: (1) photon to charge conversion; (2) accumulation of image charge;
(3) transfer of charge to the sensing node accompanied by charge amplification; (4) resetting
the sensing node to a known state; (5) selection of a pixel for readout; and (6) output and

amplification of a signal representing pixel charge from the sensing node.

[0004] CMOS image sensors of the type discussed above are generally known as
discussed, for example, in Nixon et al., “256 x 256 CMOS Active Pixel Sensor Camera-on-a-
Chip,” IEEE Journal of Solid-State Circuits, Vol. 31(12), pp. 2046-2050 (1996); and Mendis
et al., “CMOS Active Pixel Image Sensors,” IEEE Transactions on Electron Devices, Vol.
41(3), pp. 452-453 (1994). See also U.S. Patent Nos. 6,177,333 and 6,204,524, which
describe the operation of conventional CMOS image sensors and are assigned to Micron

Technology, Inc., the contents of which are incorporated herein by reference.
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transistor 17 when the transfer transistor 17 is activated. The source follower transistor 19
produces an output signal based on the transferred charges. A maximum output signal is

proportional to the number of electrons extracted from the n-type photodiode region 12.

[0008] One common problem associated with conventional imager pixel cells, such
as pixel cell 10, is dark current. Dark current is current generated as a photosensor signal in
the absence of light. Dark current may be caused by many different factors, including, but
not limited to: contaminants that diffuse into the photosensor silicon during the gate-

formation steps of pixel fabrication; photosensor junction leakage, i.e., diffusion of ions

2



by l'ight incident on the photodi ode photosensor 14 and
are stored in the n-type photodi ode regi on 12. These
wohergesséare transferred to the floating diffuBComS2006/031828
region 5 by the transfer transistor 17 when the
acrosstthapaf-p tayersaofshesphatostisar sargigihovat iedectithent Seiphoevsensor surface.

foll ower transistor 19 pr od ces, an output_signal based
Dark gyjgrephis f{eﬁgﬂ%@ﬁ? thy Qﬂ%ﬁiﬁ d ReRaRTARSAO R pPheipsegsgndiccpidingly,
K
it is dAARRRS %aewdg dnisd) ?tgongiggg%eghﬁ @f%%so%?k g&é@%@gﬁ&ﬁg&
contarpinahi lemrierste protedt dlae phiotdsensom Vit camalad contaigahe widedying ion

. .cell i xel cel]l ark curre

distitifin i wiitiatn fe it aeatp aawdBieoprotireictcrghbe

photodefisdr@rfagsence of light. Dark current may be caused by
many different factors, including, but not limted to:
contaminants that diffuse into the photosensor silicon
during the gBREEBSHMVHEARYtQ@BIBE INVENTIQN: i cati on;

phot osensor junction Ieakage i.e., diffusion of

02BN B s A B RAEh Pk coron

and meﬂhbdﬁm folingdt. r A mariied gite oiuhe lﬁiréﬁh@«hhgﬂﬁ)ﬁﬂﬂmately twice the
erf ormance .of a photosensor, Accordlng
‘fhlckna@sqfra&kspléalt%m&%aﬂa exigly 15 piovider sivet the pheigerssetiggion of a CMOS

mase B SRSy Ry YL ILO LA e

photosanm:raa:ontauhsethﬁ pdemipjanndisiribntidi & thelsutfacerofitie prapinhed fegion of the

e pho enso Qn a duce photon reflection
photosgSor RIS Bhatb lsefo & e BhseeRH o orieTHll decreasing

dark chitENTI ON [ 0009] The present invention provides a CM3S
i mager having reduced dark current and nethods of
formng it. Anitrided gate oxide |ayer having

appr oxi nmat &&IEMQW TR M THEOPRA WINGSal

nitrided gate oxide is prOV|ded over the photosensor

(e} ate de | a
Odﬁﬁl rrrrzl;hgislee cont f?ﬁqalgﬁto f%’ﬁ ?S 8 %4"&?’%1[8 f)}[ﬁﬁég Nedtiof! Sl be
more lﬁhthlyoaﬂemod feen iR foHowhe detailedilesdtptidh SF fhclimidn@Bn Which is
e surface of the p+ pinned region of the

FWUWdEﬁB%6§§ﬁ9ﬁ¥1WE%H”@@EHE@§WHWUFGWHE§fIect|on at the
phot osensor surface, thereby decreasing dark current.
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follow ng detail ed description of the invention which

[0019]Pr N Gded 4 RheRMEGihi@m Of 4 fyut-RanaKEOPRAMNLIIRE Frior art; .

~drawings:[0011] FIG 1 is a schematic diagramof a
four-transistor pixel cell of prior art; [0012] FIG 2

[0012]a dOs2 iseavisewcidn ofibe pixcbreltef FIGofl; FIG 1; [0013]
FIG 3 is a cross-section of a pixel cell according to
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[0018]  FIG. 8 illustrates a schematic of a processing system including the imaging
device of FIG. 7.

DETAILED DESCRIPTION OF THE INVENTION

[0019] In the following detailed description, reference is made to the accompanying
drawings which form a part hereof, and in which is shown by way of illustration specific
embodiments in which the invention may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the invention, and it is to be

| understood that other embodiments may be utilized, and that structural, logical and electrical

changes may be made without departing from the spirit and scope of the present invention.

[0020]  The term “substrate” is to be understood as a semiconductor-based material
including silicon, silicon-on-insulator (SOI) or silicon-on-sapphire (SOS) technology, doped
and undoped semiconductors, epitaxial layers of silicon supported by a base semiconductor
foundation, and other semiconductor structures. Furthermore, when reference is made to a
“substrate” in the following description, previous process steps may have been utilized to
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changes may be made w thout departing fromthe spirit
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the transfer transistor 27.
[0023] In pixel cell 20, the transfer transistor 27 and reset transistor 26 gates sit on a

gate oxide layer 35. Gate oxide layer 35, which comprises nitrided gate oxide material, has a
thicker region 36 located over the photodiode photosensor 24. In its thinner portion, gate
oxide layer 35 typically has a thickness in the range of approximately 30A to approximately \
40A, and a nitride concentration of approximately 18%. This may be the same thickness and
nitride concentration as gate oxide layer 15 of a pixel cell 10 of the prior art as illustrated in
FIG. 1. The thicker region 36 has a thickness of approximately double the thickness of the

thinner region 34 of gate oxide layer 35, more preferably, approximately 70A and a nitride



The reset transistor 26 is on a side of the transfer
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the photodiode photosensor 24.

[0027]  The present invention requires only a minor change from CMOS imager
fabrication processing steps. Referring to FIG. 4, at an early stage of fabrication, nitrided
gate oxide layer 35 layer is blanket deposited over the substrate 28 by any known method
including, but not limited to,' high temperature furnace oxide formation, chemical vapor
deposition (CVD), plasma enhanced chemical vapor deposition (PECVD), or sputtering.
Whereas, in the prior art process, the nitrided gate oxide layer 35 would have a uniform
thickness, the present invention forms a thicker region 36 and a thinner region 34, as shown
in FIG. 3.
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[0031] A sample and hold (S/H) circuit 207 associated with the column driver 204
reads a pixel reset signal Vrst and a pixel image signal Vsig for selected pixels. A differential
signal (Vrst-Vsig) is produced by differential amplifier 208 for each pixel and is digitized by
analog-to-digital converter (ADC) 209. The analog-to-digital converter 209 supplies the

digitized pixel signals to an image processor 210 which forms and outputs a digital image.

[0032]  FIG. 8 shows a system 300, a typical processor system modified to include the
imaging device 200 (FIG. 7) of the invention. The processor-based system 300 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, still or video camera system,

scanner, machine vision, vehicle navigation, video phone, surveillance system, auto focus



performed in accordance with known techni ques. The
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by differential anplifier 208 for each pixel and is
[0QB4di t iWhide thy inveatioghisbedh desoribed MK BY cdnfe¥Bon2Ath exemplary |

The anal og-t a{édj gital converter 209 supplies the

embodimgits kpayn 3f the|tin;, &shewld g readily agersippd deat ghsrinpargion is not

i . < i . |G 8
it 600 08 A i 4l B S L O o
any nupgi pf eatidtions, aitbratiens, kebstitraigng gr elpivaient 208nddldats not hefetofore

the, invention. The processqr-based system 300 is,

descrifgio s WG B SorupRtRITAR Fly BTy P RCRRer o gvinHign. For
example theckhioke} #@Rni JTREAEISEEIO bxdE Yy lﬁlay\%tfm&étd Rebfing a first thin

limting, such a systemcould i'nclude a conputer
layer of gateepridesever fhegubstiareandaeatierans g stoony thin layaeover thecplionadiode
: V.S e [ i,on, video phone, surveillance
resiond it RS e R P oL nBRGHOs BB v
approxitatielyt fwice tyshiekness obpe gaeaRide [apdrifomealsLile ran df gat a

COITRF essi 0[1 system, .
substrate. Accordingly, the invention is not to be seen as limited by the foregoing

description, but is only limited by the scope of the appended claims.



[ 0033] The processor-based system 300, for exanple a
canera system generally conprises a central
worowdggsiong unit (CPU) 395, such as a nicroproeesaiseq06/031828
that comunicates with an input/output (1/0O device
391 over a bus 393. I mgiopaes ce 200 al so
communi cates wth the CPU 395 over bus 393. The
rocessor - based system 300 al so i ncludes random access
ry WirnMclaged agnew eadh desins deibe protastesbeletsmoPstent of the
Unite tg%;%‘:h as flash menory, which also comunicate with
"over the bus 393. |Inmging device 200 nay be
conmbi ned with a processor, such as a CPU, digital
siignalpipsl eelkssmprisiag: m croprocessor, with or w t hout
menory storage on a single integrated circuit or on a

di ff@?l&ﬁbseﬁbﬂrﬁntarfﬁé‘t re£18n Bf @ 6@RRale: ad0034] Wi le the
i nventi on has been dedcribed in detail in connection

shout FEER Bl ﬁ"a"e@"r & S el R ¢ o
| h d h h
| nvelt ?%f?y r ft PR Rdo b b A TgE Bber of

vari atjons, al ter at| ons, substitutions or equival ent

ar r afienterend thigknpssylasaigdpver asecons sesion plisaidni ch ar e
comensurate with the spirit and scope of the

i nveswbsioate, Waareipxaiddizet, thickress i apperximetgiyotwiod ani t ri ded
gate oxide layer may be forned by formng a first thin
| ay ethichfasgaideccodddbichies. t he substrate and patterning
a second thin |ayer over the photodi ode regions such

t hat Thdgixelesyl df'cwmglafﬁﬁﬂféi( b&ﬁpﬂlﬁﬁ@é’c 10%85 thaliFer
phot odi ode regi ons has approxi nately tw ce the

thi ckness rgateté?&kg&le?sa‘?&‘k&%}ab?é’gﬁef°rm9d over the rest

of the su rate. Accordin Invention Is not to

% oRgPRR AR ohm i h%a{o%ﬁ pRdrideraem e

clalrrs CLAI M5 [0035] @Q is claimed as new and
desﬂaﬁae?f)aﬂﬁ’éo’ﬁﬁ@%e@é@ t‘b@/PPE@tltl’éPe&’ ent of the

United States is: 1. A pixel cell conprising:
4. The pixel cell of claim 1, wherein said first thickness is

approximately 70A.

5. The pixel cell of claim 1, wherein said nitrided gate oxide layer
over said first region of said substrate has a nitride concentration in
the range of approximately 15-20% greater than a nitride
concentration of said nitrided gate oxide layer over said second
region.

6. The pixel cell of clairfx '1, wherein said nitrided gate oxide layer has
a higher index of refraction over said first region than said second

region of said substrate.



a photosensor in a first region of a substrate:; and a
WO 20030024563 ed gat e oxide | ayer over said substrBtHUSWAe/A1828

nitrided gate oxide |ayer having a first thickness

| ocated over said first region and a second thickness

| e aftedial eell af slame Ngwhaginaaidaiitrkied gagWwiide lai@,

wherein said first thickness is approximately tw ce as

t hi GKhiBSs 'tgseﬁg&gﬁgctwilgkggés. 2. The pixel cell of
claim1, further Conprising at |east a transfer

td ansgi.Sk [ [ nd region. 3. The
o eate il <P bE T B B e BEGR0E oA P ks
is in the range of apptaximately, 3gA to, approxi mately
sqaPhope SorBiiaals Rt afa it BRI IoRIM Ti r s
t hi ckness is approximately 7gA. 5. The pixel cell of
cl aisHbstratéyherein said nitrided gate oxide |ayer over
said first region of said substrate has a nitride

o neenimagei, snmiprisinge r ange of approxi mately 15-20%
greater than a nitride concentration of said nitrided
gat e pixdl deay fyreledan lulssiatt, 566 8@ 41281 RRingda The pi xel
cell of claiml, wherein said nitrided gate oxide

| ay%lmﬂ?tﬁ of phb 138G HsitAARAs A s G ﬁétg;agd %@gﬁgitoq first

region than said second region o e.7.

theggh%ﬁ%rgﬁ%%%?%%&g b b a{%[ei n said nitrided gate

oxi aye S photosensor junction | eakage. 8.
L SR
sal ((j)f Erialgssisttorr gea ei: gtgclgsf; arfdai d

a second gate oxide layer over said photosensitive areas in said

substrate.
10.  The imager of claim 9, wherein said first and second gate oxide

layers are nitrided gate oxide layers.
11.  The imager of claim 9, wherein said first gate oxide layer has a

thickness in the range of approximately 30-40A.

12, The imager of claim 9, wherein said first and second gate oxide

layers have a combined thickness of approximately 70A.

10



substrate. 9. An imager, conprising: a pixel array
WO 2067¢R4%88 in a substrate, said pixel array habfHySH006/031828

plurality of photosensitive areas in said substrate
and a plurality of transistor gate stacks over said

BUbsThedin@geraficldist, gdieein¥did €irdt ai®secoNd® pats aikitle
substrate and under said plurality of transistor gate

St aQksers MM sBdDRERBEL AR OX LG & BYEde DHEENtPRIE in
phot osensitive areas In said substrate. 10. The 1 nmager
g

of . m 9. .wherei i by S at e oxi de
| ay éir)eg{aggg%bmﬁp??%%%t%gg gej'zg))éi %Itgat?ﬁg%? g%"&@g@ The i mager
of claim9, whereip said first e oxi de layer has a
Chi ceneslralion vhd Birg @G ods st At el y 30- 408 19
The imager of claim9, wherein said first and second
Hat A m@ﬁwé afdyistisg pavee! gelb srpiprsiag the sseds of

approxi mately 7gA. 13. The inager of claim9, wherein
sai dofmiing b gardxidclapet lgaing aofistthickagss bseovarbssatied

phot osensitive areas have a nitride concentration in

t he foRNEE aAfasRRRENIATBAE bYidd Bry@B%ngr eat er than a
nitride concentration of said first gate oxide |ayer

al o '?gmosliﬁ% pﬁg&'ﬁé Bpgai&’%?tfe%?(mquye?tcpé ¥&bné ﬂliélglgs%. ayer

conprising the steps orm’ng a gate oxl _
RodBuBrbad el BEOTRIeR Gl SR B S brk MY G
The Yot s Rimlien D 0o GHEPROS IO St ep of T orming a
6a.t eTh%anlgtﬁod of claim 14, wherein said step of removing portions of

said gate oxide layer includes removing said portions of said gate

oxide layer to half of said first thickness.
17. The method of claim 16, wherein said first thickness is

approximately 60-80A.
18. The method of claim 17, wherein said first thickness is

approximately 70A.
19. The method of claim 14, wherein said step of forming a mask

includes masking portions of said gate oxide layer over future

photosensor locations.

11



| ayer includes formng a nitrided gate oxide |ayer.

16. The nethod of claim 14, wherein said step of
woenn#g2porti ons of said gate oxide |ayer i neCuass006/031828

renoving said portions of said gate oxide |ayer to

i}gl A Heti & fhibdi@ling bh GhARS Fevidd, colipRisiRithostesf ofc| ai m

whereln said first thickness is approximtely

60- SgA. . 18. . [ ' gl first
thi dorusk % T BBAe RS o B Baee MRERE Pobded
claim 14 vvhe(g ein said st.e .ofdforrri ng a mask includes
mas Kitslgsigaate BIP‘@O%’PS@&F%‘OE%@E oxi de l'ayer over future
phot osensor | ocations.20. A nmethod of fabricating an

i madiermiga seeondcasitgreide layet oier ppdioas of said Hrstealg a
first gate oxide |ayer over a substrate having a

pl uradidd pyafand esidgiesigeated hdtossmrsraegiossi ons; and

form ng a second gate oxide | ayer over portions of

s dThd mSthodat elalX Rdewhay@lsariNikss@iddedasi gnadede
phot osensor regions. 21. The nethod of claim 20,

V\herﬁgée}agpélgtr{de[i% SigggRd gate oxide |ayers are

nitri gat e oxi g ayers. 22. The nethod of claim

, erej,n.said. step of form ' i de
égye ‘?Wé%gg cgg’? ?ﬁs’n lq‘%{e]fni P {s?t Q%)a(?fegog&?‘geag@g{;%a?éhavi ng
a thickness of approximately 30-4QA. 23, The net hod of
cl ai WIQQ}aYF\Hé‘P'é‘a?F Wngsatfgrﬁ%/%?te P%‘%ﬁil‘ﬁ'ﬁr hedREAnd gat e
oxi de | ayer conprises providing a nask over said first
gat ethigkindss dfapptoxiuaelyi30A040r ti ons of said first gate

oxi de | ayer over
23. The method of claim 22, wherein said step of forming a second

gate oxide layer comprises providing a mask over said first gate
oxide layer such that portions of said first gate oxide layer over
said designated photosensor regions are exposed.

24. The method of claim 23, wherein said second gate oxide layer is
formed to a thickness of approximately 30-40A.

25. An image processor comprising:
a processor; and
a pixel array formed in a substrate, said pixel array comprising:
a plurality of photosensitive areas in a first region of said substrate;
a gate oxide layer over said substrate, said gate oxide layer having
a first thickness located in said first region and a second thickness

located over a second region of said substrate, wherein said first

12



sai d desi gnat ed phot osensor regi ons are exposed. 24.

The nmethod of claim 23, wherein said second gate oxide
woOayer2es2f ormed to a thickness of approxi mat ePgT/US2006/031828

30-40A. 25. An inmmge processor conprising: a

pr ociskAss isdprokimbieBl twitcd aythiohragrsidisecondshiokigsat e,
said pixel array conprising: a plurality of
photgsensitive areas in a first region of said
substrate; a gate oxide |ayer over said substrate,

sai d te. oxide | ayer Vi N £ ' ess | ocated
in s%gﬁ“ﬂ%ﬂ gf[“trq,ngﬁf%#agnhsgacgcs gg%osﬁgfs[%h?%{}ﬁgég "l ocat ed
over a second regi on of i d substrate, erein said
26 sThaimags Eacesssr ﬁgﬁ?’&ag’a‘?@r %Ie@goggo A€k as said
second thickness; and a plurality of transistor gate
st acplurabifeef Matagensiidraicdsdy i'aéw.rle%ehottrﬁ@d@- mage

processor of claim 25, wherein at |east one of said
pi7ur @hé inyagefrrqubaoosfelair Y ewhereiasaidgate doidé lagler is a
phot odi ode. 27. The i mage processor of claim 25,

wher giildedaat SddeSlaperl de layer is a nitrided gate oxide
| ayer. 28.” The i mage processor of claim25, wherein

gg.iAdErggglg g&@ﬁgﬁ ﬁ@éliﬁgkgxg@&giﬁfsaﬂ%c&fd RRREQSTRL el y

e | mage processor of

claim25, wherein said . fiLgrst thickne [
appr Bkt an&ngf:)9{“Q,Qf/&{)mg@gel)fhégit%a%r%%%%@é@ﬁ\- of claim
25, wherein said gate oxide Lay,er ,ovtgtré %a' d first
P8gi dhe bragsprercaieh of Flgin 2AawWheret; spid fyst &%t ati on
in the range of approximately 15-20% greater than a
ni t r apigoximately 70A.
30. The image processor of claim 25, wherein said gate oxide layer

over said first region of said substrate has a nitride concentration in

the range of approximately 15-20% greater than a nitride

concentration of said gate oxide layer over said second region.
31. The image processor of claim 25, wherein said gate oxide layer has

a higher index of refraction over said first region than said second

region of said substrate.
32. The image processor of claim 25, wherein said gate oxide layer

inhibits junction leakage of said photosensitive areas.
33. The image processor of claim 25, wherein said gate oxide layer

blocks contaminants from diffusing into said first region of said

substrate.

13



concentration of said gate oxide |ayer over said

second region. 31. The imge processor of claim 25,
woher@#sesai d gat e oxi de | ayer has a hi gher i n#dex/ust006/031828

refraction over said first region than said second

B4gi Amahodel ockipstungdten mefal frotmediffosige iggo acessor  of

claim 25, wherein said gate oxide |ayer inhibits

J unctiskehgika@gionfcosrdinghot osensitive areas. 33. The
i mage processor ~of claim 25 wherein said gate oxide

I ay i d
OHB 8%5%3&%%‘5 SRR e LBRL OGS R Biediese,

bloc tun%%t {Lgt% fro dlfoS_I into a

phot i PRE TEHTSR 88’%‘?5? eGP ng” a gat e oxi de

| ayer haV| ng a first, thickness over a substrate;

for rﬁeﬁ)@Valng%tP@Ué% paid Igétem%‘éfieolélé‘ﬂéﬁ) piseRond dyelgess-and

removing portions of said gate oxide layer to a second

Bhi cKnemstho85f clahe 3drvhudinshidsite of fBuninglacgats axidmai d

step of formng a gate oxide layer includes formng a

ni triaglednelade oxhiae almyrkled gal oxidedayeet hod of clai m 34,
wherein said step of renmpving portions of said gate

9¥] dend fLod loPElatt 82, WRERM AR s‘@%i &re&wng DortRfns S d
gate oxide layer to half of said first thickness.

o Bl s ekl s
S R BB ST
37. The method of claim 36, wherein said first thickness is
approximately 60-80A.
38. The method of claim 37, wherein said first thickness is
approximately 70A.
39. A method of blocking tungsten metal from diffusing into a
photosensitive region comprising:
forming a first gate oxide layer over a substrafe; and
forming a second gate oxide layer over portions of said first gate
oxide layer and the photosensor regions.
40. The method of claim 39, wherein said first and second gate oxide
layers are nitrided gate oxide layers.
41. The method of claim 39, wherein said step of forming a first gate
oxide layer includes forming a first gate oxide layer having a

thickness of approximately 30-40A.
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phot osensitive region conprising: formng a first gate
WO 200024862 ayer over a substrate; and form ng 2EEEBHH/031828

gate oxide |l ayer over portions of said first gate

oxi de layer and the photosensor regions. 40. The

40t 'Fﬁéneamalo%mxﬁ% whereti saidakond gasbdxidathysesond gat e
OXI de layers are nitrided gate oxide layers. 4 1. The

t bod, 8k & hakie g?ef ?d’x%h@te 4t ep of formng a

rs gat e oxi de Includes formng a first gate
OXIde | ayer having a thlckness of approximately
30-40A. 2. The nethod of claim 39, wherein said second
gate oxide layer is forned to a thickness of
approxi mat el y 30-40A.
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