Pl XEL CELL HAVI NG A GRATED | NTERFACE FI ELD OF THE
I NVENTI ON [ 0001] The present invention rel ates
w@emenadoky to i magi ng devi ces, and parti cul ar |l pCT/OSB05/025076
pi xel cell having a grated interface, and a nethod of
. forming the pixel cell having a grated interface.
BACKGROUND OF THE | NVENTI ON [ 0002] I ntegrated
circuits, PIXELCEL HAVINGA GRATHR INTHRJRACE es
such as chargecoupl ed- devices (CCD) and conpl enentary
metal oxi de sem coppigh OF TENIRVENERONhave conmonl y
been used in photo-imgi ng applications. [0003] | nmger
di es, such as the CMOS i mager die, typically contain

t housands of pixels in,a pixel array on a single chip.,.
[0001h{ o Be psspat FvnsRn TeITey Sanear bt g Fodiing e, 4 phiticularly
can then pe stored.and. recal ] ed n. electrical. .
to & PR el RauEB ABraFOi BRI SsriReL O i e pixe cell having a

l.ectrical signals that are stored may be recalled to

grategig €an i mage on, for exanple, a computer screen or
a printable nedia. [0004] Exenplary CMOS inmagi ng

circuits, proc j N‘%@T ai |l ed ’
descri ptions o%%@mc i o?gefggggari ous el enent s

of an imaging circuit are described, for exanple, in
U.S. Patent No. 6,140,630, U S. Patent No. 6,376, 868,
[0002]. S. Itagatied Nocuits, dndudee diesdor psaraple, Npager, dizs sgeipas charge-
U S. Patent No. 6,204,524, and U.S. Paten{ No. )
couplpdadavices CaLané romplemenarngreiagddie serisopdgctar (CMOS) dies,
Technol ogy, Inc. . The discl osures of .each of the
haV@F@F@%‘PW@gq?ﬁﬂé’&Fé in PROHR RGN MISBHAREd by reference
in their entirety.[0005] FIG 1 illustrates a bl ock
di agram of an imager die 10, having a CMOS i mager
[0003}eVi Traaferf dieseichhmethe CMOBdmaRESdientigecaliesinteirBthoasands of
a pixel array 15 that conprises ' )
pixels in a pixel array on a single chip. Pixels convert light into an electrical signal that

can then be stored and recalled by an electrical device such as, for example, a processor.
The electrical signals that are stored may be recalled to produce an image on, for

example, a computer screen or a printable media.

[0004]  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 of which being assigned to Micron Technology, Inc. The

disclosures of each of the forgoing patents are hereby incorporated by reference in their

entirety.



a plurality of pixels arranged in a predeterm ned
nunmber of colums and rows. The pixel cells of each

WO oweiomoshe pixel array 15 are all turned on aPCT/082005/025076
same time by a row select line, and the pixel cells of
each columm are selectively output by respective
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a pixel inmage signal Vag, which is taken fromthe
acﬁvagé&ﬁ?&‘ﬁdéaé@ M daRh reNAE ARQLBANST AbctniydAfed FROLsPOAse to a

ransferred to the node. The Wst and Vsig signals are

colunfrPAIIiYs deSiitrl4e BRACHODS imhgauddvite Azt gted bt fhrcoatrol
by a differential anplifier that produces a

circuifls, FWRIBN@atS19tR) addfess decodeirg?, 4 for selecting theedppeipriate row and
whi ch represents the anount of |ight inpinging on the

colun@i Bedssfor Piked rdaddrey end eowi aymbtolitmrddgyen cheiity 1a for applying
anal og-to-digital converter (ADC) 9. The digitized

driving) waltagtisftd éhediwe srapsitersafshe selacted dovarghcalnagelines.
processor 11 to formand output a digital imge. In
addition, as depicted in FIG 1, the CMOS i mager

evi i i i@ AnS I LpXeIReBONIBRAION .« taken f
[0006]ghi pﬁ?eoﬁ ?(g?%‘nuﬁﬁlet Sﬁ‘%‘gﬂ élé)de] yiig [00%137] A part?gl Haken toma

charg§ %gfﬁ%% ﬁllsgie grelﬁén i¥ iPilsef aritl § PiNe b e slgnRl W&l waeth isk3ken from
the storage node after charges generated by an image are transferred to the node. The
Vet and Vsig signals are read by a sample and hold circuit 6 and are subtracted by a
differential amplifier 7 that produces a difference signal (Vs — Vsig) for each pixel cell,
which represents the amount of light impinging on the pixels. This difference signal is
digitized by an analog-to-digital converter (ADC) 9. The digitized pixel difference
signals are then fed to an image processor 11 to form and output a digital image. In

addition, as depicted in FIG. 1, the CMOS imager device 8 may be included on a single

semiconductor chip to form the imager die 10.

[0007] A partial cross-sectional view of a conventional pixel cell 13 that could be

incorporated into the pixel array 15 of FIG. 1is illustrated in FIG. 2. The illustrated
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i ncorporated into the pixel array 15 of FIG 1 is
illustrated in FIG 2. The illustratedpixel cell 13
WO 2084958 | ncl udes a photosensor 12 havi ng a PET/E§:0051025076

12a and n-region 12b in a p-type substrate 14. The
substrate 14 is typically a p-type silicon substrate.

i '13)%#&&1@ HftoRh@be $2havkglPpirsgionnizaaindn-region 12b

pmel%—égﬁﬁ)gﬁﬁ%’ the pot grﬁi al of the psuk%stlr)atge 14 for &

ina pgcg)é SlB&a@Ra ateubsfrateet ip Bppiesien s rtype silidom qibsedate. The
cetl 13 a?so I ncludes a transfer transistor with

-regiSI0% GHRE phdtdtebor B if kpgichldy colifled o dhe pegintial dBthe p-

pre formed in gam)re h_eaviliﬂg‘opgg p-I?ype W€|F 20, and a

substF28 ¢4 fbr &fisient opemition cEhe photosengatil. Zhe pikel celiskdtalso includes
transi stor 22 has an associ ated source/drain-regi on 30

a tranSRPNeaisedod with Sup@htedvnitt 26 e Naeting diffusion regios é8 fomed ina
reset the floating diffusion region 18 to a

more Pegdidy defbd ertyplean¢lb20,earel a fésebtransisiopiwitly assoaipted gate 22. The
Vaa-pi x level) prior to charge transference. [0008] In

reset GpRsiator@2, hasmn aisatiatedgotr@dd fain pegion3gvonsectied 4o agupply
striking the surface of the p-region 12a of the )

voltagi¥tagpix it id Asefbtereacicthedlaatingshffusivarregion Kola apregdgtermined
In the n-region 12b. Wen the transfer gate 16 is on,

chargefieve dher supply sioktege Yiae-pix leved) priokty dinrgefragperence.
transferred to the floating diffusion region 18 as a.
result of the potential difference existing between

[0008}1 he BhobQRBBALIckRneight Befrohvalishgselict 88isatikingghesurface of
8. The floating diffusion region 18 is coupled to the

the p-885®nOf2ad SR phetdsehs Vi gdnepatss sleotrofid thatlare bollected in the
receives the charge stored by the floating diffusion

n-reglRUIZH) Wheartte tratsfif gase 6 isain, dyegemratesipedions indhe heregion
charge to a first source/drain termnal of a row )
12b afetrantfetredrinithe foattg diflfesion reginnd8lasatreswit of the potgntipl
RS goes high, the voltage corresponding to the . )
differgnoeexiseng Dhtwean fhe phodpssneer tYand theHoalang difysiera region 18.
where it is further processed by sanpl| e/ hol d a]géj . o4
The flnatingsdiffugion reginm 18 isienplest torfbe gaipla spifor fplipwer transistor 24,
_circuit 6 (FIG 1). [00Q9] The illustrated pjxel cell
which geqesvashaehatansibied RS LAtne YHORIh SRt 4 Sug Sgtees o
Voltatgé g&%gﬂl)q% v 'gatglttgﬁp@( agt"éﬁ rgﬁglﬁgs Sso%%ée/gpaem eymiﬁlggbp g ?ox;?%elect
transistor 26. When a row select control signal RS goes high, the voltage corresponding
to the generated charge is transferred to the column line 28 where it is further processed

by sample/hold and processing circuits such as the sample and hold circuit 6 (FIG. 1).

[0009]  The illustrated pixel cell 13 is formed between two isolation regions, or
shallow trench isolation (STI) regions 32. The STI regions 32 prevent crosstalk between
adjacent pixels, as pixel cell 13 is only one of hundreds or thousands of pixels that can
be incorporate into the pixel array of an imager die (e.g., pixel array 15 of imager die 10

(FIG. 1)).



adj acent pixels, as pixel cell 13 is only one of
hundreds or thousands of pixels that can be
wo pweiopossat e i nto the pixel array of an i nmagerPdi/@S2005/025076
(e.g., pixel array 15 of imager die 10 (FIG
[)).[0010] The pixel cell 13 is typically formed with

[001@2. o@g&ie%%gy Lge'tilh 1355 ?ﬁﬁ%ﬁ@{’]f 7 uéiﬁrg%% leggtl%:éﬁg?éﬁqu{gf? the surface of
e OB SO i 'y A gl e
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depodRe®® Effﬂlé)&ﬁﬂeltl g rgﬁ%illnﬁ%ﬁgg; %Qt)%g%%éélr{k@gﬁiggi{g lg?%sg (BPSG) layer

and insul ating er can a
, ‘ i
o P e Sy S POy AR o Ty B 80ty can

also beHbSSditedoRir thepida el 15 ght 36. In operati on,
incident light 36 fromthe |ight source 38 encounters

the oxide |ayer 34 before striking the p-region 12a of
t he
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8 . .0 I ' hi
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transi‘lfacﬁ%éﬁﬁﬁ indd¥eof rRAGXHGH of £6%S alo &%ﬁg{ ?g@ﬁ%{cgﬁa& of

I n the above-descri bed exanpl e,

incidger lighttraflectich 46t. Dhd prcbatage of ifkide®light 36 48k is reflected can be

Therefore, the photosensor 12 fails to capture

deterayined wbing thlefoll8¥imf fdrhrilanci dent |ight 36 to which it
' is exposed. This is undesirable. [0012] Accordingly,
there is a desire and need for a pixel cell that can

(1) CapPture a Reflection = IX-Y12/ (X+Y)2

wherein X represents the index of refraction of the oxide layer 34, and Y represents the
index of refraction of the substrate 14. In the above-described example, the reflection
percentage is 14.0-1.612/ (4.0+1.6)2 ~ 18%. Therefore, the photosensor 12 fails to capture
approximately 18% of the incident light 36 to which it is exposed. This is undesirable.

[0012]  Accordingly, there is a desire and need for a pixel cell that can capture a
greater percentage of incident light by reducing the percentage of incident light that is

reflected.



greater percentage of incident |light by reducing the
percentage of incident light that is reflected. BRI EF
WEMMBRYE THE | NVENTI ON [ 0013] The present i nRENUSINS/025076
provi des a pixel cell that can capture a greater
percentage of incident |ight, as conpared to
conventional pi i ntion
relates to a @@gkgmui‘gmm%ﬁ@ﬁ within a
silicon substrate and an oxi de |ayer provided over the
phot osensor, wherein the oxide |ayer has a grated
[0013] nt eTlﬁeapHesmnt invehtoniprovisies syl call éhatTdam qupateh greater
interface allows a greater percentage of incident
percehtagetof ncidenclighty e domphiechto conaentienalipipelsvement  over
the art. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0015] The
above-descri bed features and advant ages of the

[0014]’f nv&mé gfbsgh% inv@ﬁgﬂié rElafdsaB "l éurt@ﬂrmtv@@g a lph R dehSor within a

etalle escripti whi ch ded wt
5111c01'i %@gtﬁﬁ@ anHerl Hada %@?{iﬁﬁﬁd’éa dife@‘ﬂ‘l@ggotdéeﬂﬁbrc%herem the oxide

FIG 1 illustrates a block di r am of

layer hH@Q gﬁat@ﬂﬁnte&ﬁt@é Wlﬂfﬂ@ sificdil sulsstiadd. ePh@ghasd hl@ﬂerface allows a
cross-sectional view of a conventi onal p| xel cell

greatdrQk8inthE&of oiddritdightte@be aaprairéd, alhichds avae@i&mpnmbment over
view of & pixel cell constructed in accordance with an

the arexenpl ary enbodi nent of the invention; [0019] FIG 4
illustrates a magnified portion of the photosensitive
region of the FIG 3 pixel cell; !0 20 FIGS 5A and

5B are gr aphBRiIEFDESCéR]iPiT@ON\@F
reflection as a function of varying the depths of the
trenches formng the basis of a grated interface and

[0015} he PRt iRtiRe- Qésc'isﬁb%d%%?é’s A AV AR8gdFAhb n'ﬁ'@mrpwﬁl be more

lustrate stages in fabrication of"the FIG
clearlP RRIRERHSH Fotk theIRWing detailed description, which is provided with

reference to the accompanying drawings in which:
[0016]  FIG. 1illustrates a block diagram of a CMOS imager die;

[0017]  FIG. 2illustrates a partial cross-sectional view of a conventional pixel cell;

[0018]  FIG. 3 illustrates a partial cross-sectional view of a pixel cell constructed in

accordance with an exemplary embodiment of the invention;

- [0019]  FIG. 4 illustrates a magnified portion of the photosensitive region of the
FIG. 3 pixel cell;

[0020]  FIGS. 5A and 5B are graphs illustrating the percentage of reflection as a
function of varying the depths of the trenches forming the basis of a grated interface

and the periods of the grated interface.



[0022] FIG 9 illustrates a partial cross-sectional
view of a pixel cell constructed in accordance with a
wgewonwexenpl ary enbodi nent of the invention;P¢DORBP5/025076
FIGS. 10 and 11 illustrate a partial cross-sectional
view of a pixel cell constructed in accordance with a
hir A ' . | ¥ o, . P
10021}, FG3 P yBiabrefLBRe T ok HoaliOf of BUERC. Aol region
a pixel cell constructed in accordance with a fourth
exenpl ary enbodi ment of the invention; and [Q023] FIG
[0022]3 FEI@. %ﬂh@m@t&s(ﬁ partigl srpssectignadriess of appelerll constructed in
constructed in accordance with an exenpl ary, embodi ment
accorgpnegwithw serondrexeptan enbedorerri de arvertion; NVENTI ON
[0026] In the follow ng detail ed description,
reference is made to the acconpanyi ng draw ngs, which

[0023] OF MERG I arlte I Blfustrage & pavidlrimseefiohdlHehGitd }%Rel cell
Speci fic enbodi nents in which the invention may be

constPtigetiif @deordanseweiibothire stemplaey daioidiiedt bfithe invention;
sufficient detail to enable those skilled in the art
to practice the invention, and it is to be understood

oo 8RR Bt
o M0 By BRE GRSy R D BB o AR08 O

steps described is exenplary of enbodi nents of the
i nvention; however, the sequence of steps is not

[0025]i ni FEd. Thistapshematicidiagarmef & PFOGRRWPT By teha comsiryded iy

is known in the ﬁ{rt, v%qtdjthe ception of steps
accordapes wath a1y exprapiary gg naleeép%e é}erm%*é?r}- [0027] The

ternms "sem conductor substrate/' "silicon substrate,”

and "substr . R any

sem cond ucttgéf%gg[éﬁ @%@W@ﬁ @:Egﬁ%' lerﬁgﬁ

sem conductorstructure shoul d be understood to include

silicon, silicon-on-insulator (SA), )
[00263i | i & thofdlappihg detdiBdSiescsiptipooreferenemisimagie to fecaceampanying

undoped sem conductors, epitaxi al ] ) »
. drawings, which form a part hereof and show by way of illustration specific

embodiments in which the invention may be practiced. These embodiments are
described in sufficient detail to enable those skilled in the art to practice the invention,
and it is to be understood that other embodiments may be utilized, and that structural,
logical, and electrical changes may be made without departing from the spirit and scope
of the present invention. The progression of processing steps described is exemplary of
embodiments of the invention; however, tﬁe sequence of steps is not limited to that set
forth herein and may be changed as is known in the art, with the exception of steps

necessarily occurring in a certain order.

n

[0027]  The terms “semiconductor substrate,” “silicon substrate,” and “substrate” are

to be understood to include any semiconductor-based structure. The semiconductor

6



| ayers of silicon supported by a base sem conduct or
foundati on, and ot her sem conductor structures. \Wen

WO edoefoerye®e i s nade to the substrate in the fol POWUSZY05/025076
description, previous process steps may have been
utilized to formregions or junctions in or over the

struc raess%cﬁﬁ %gfé‘f%%d 9% u{c(fH&]éj rhc81‘? Slil&ggﬁ% insifla fo%r(gbl), silicon-on-

I Xe ere n, 0 a

oA e B g o
layers'clf sﬂgctro %fpgﬁrrteﬂ 1 DBh& 4 e?ﬂc@ﬁ&ﬁ&%f fé‘lﬁl(ﬁll’ﬁ“ ?ﬁHQ)théIS

I‘on are ustrated Int I gures and

semic &l{f&b%ﬂrﬁ?ﬁﬁ?g %Elenqgfé??{&fe’ls hRICR] thi sﬁBerét‘é%'tH@ félfowing

urality o pi xel s proceeds sinultaneously.

descn?ﬁ%ﬁ e]gltégzgclél}(ns Efd?z@ssf SbpOM o nggia%‘lﬁbh eiliZed &b oo Qé‘glbﬁs Bﬁfunctlons

n a sense, and the scope of

in or dife?%ﬁé‘baéé“éé@xﬁl%ﬂd‘uétér getddiethtionl y by the appended
l'ai ns. [0029] The terns "grated interface" or

gratlng as used hereln refer to an interface
[oozsﬁ:: e %‘gﬁé it f" seEEE) 8RB B Lpi0-SrmefifubiiRe,
conafi ST BT RSB S s o
1llustr8{:ugur eslggy\eg%@%%nﬁﬁﬂeg}% %E%%%Hé@%%% a%%e #ﬁstratedm
e e R BT S TACHES gyt o1

plxelsﬁiré%ecﬁ%'ﬂn %ﬁ§1¥t @Fccéfcﬁﬁ%lfg' H?é‘foﬂdﬁﬁﬁg‘d%@md @scription is not
erface 1

ng a grated In bet ween an oxi de | ayer

g [ R RESE T the stees oNthbyFetdntliiPersidisisidifred only b
tObeg‘a%élncont aining a phot oser?s%?é 112. T70031] The grated U

ﬂqeapr?@hg@a@m% of the pixel cell 113 serves to create a
ybrid index of refraction between the oxide |ayer 134

and the substrate 114. In contrast to the FIG 2pi xel

cel .13, when i i ght tr | t ' :
[0029] 13, Tl}ent’grlinis étag élgt%g% ck rrgg t gf?égin%, AR ARG, ¥er E8h interface
between two material layers, wherein one of the two material layers has at least one

trench, and the other of the two material layers is provided within and over the at least

one trench.

[0030]  Referring now to the figures, where like reference numbers designate like
elements, FIG. 3 illustrates an exemplary pixel cell 113 constructed in accordance with
an embodiment of the invention. Pixel cell 113 is similar to the FIG. 2 pixel cell 13 with
the significant improvement of having a grated interface 135 between an oxide layer 134

and a photosensitive region 152 of the substrate 114 containing a photosensor 112.

[0031]  The grated interface 135 of the pixel cell 113 serves to create a hybrid index of
refraction between the oxide layer 134 and the substrate 114. In contrast to the FIG. 2

7



abrupt transition in the indexes of refraction between

the oxide layer 34 (FIG 2) and the substrate 14 (FIG
wWQoosReober , the hybrid i ndex of refraction i sPti/gkmns/025076

than that of the oxide |ayer 134, but |ower than that

of the silicon substrate 114, thereby decreasing the

pse B EEUBE BRSPS 310 PHLEEN 8 (o ot mectn

abru;%h : Oltidﬂ { thd thhbustr "i‘%fg%cﬁ(bﬂ‘&"eftﬂ}e_@h ?He BRId 192%%4 (ﬂ% 2) and the

sensitive region I ncl udi ng phot ose

subs ft% tl% Sﬁ’l?e.%). RafletShe ;H?’bkid]ﬂ\aex bf @;freﬁc,tfdrﬂ iY Rigtadrahak B8t of the

ayer 134 provi ded within and over

idet IS r il dpie §iheors bidsstrab @14 Iferddyad &Bdasing the
Odeefwrmﬂr?g']tD%gﬁg{éa}ttg?qi%terfacel 135. Each grati ﬁg -

ofisddast e [iséanca (FIQND) foRmnidaai theicogveaitiag pixel cell 13
percefl{r%%ch 144 to The beginni ngﬂlof rthe next trench 144 P

(FIG. ¢phown by arrow G)) has a predeterm ned peri od that is
represented by L. The predeterm ned period L of the
grating G nmay be in the range from about 100 run to

o 5 IO i
o BRSO SO G oroi
layer il? isgé)ﬂo%g&c%d‘%iﬁﬁq gﬁg r?%g %ﬂ&ﬁ’esel)&ﬂ%#lﬁéé{ vRRAdhERObstr &k 114,

esent 1 nventl ) are not Imting I n any

mereWYomﬁﬁgﬂzgé %%g infelBc81.| Bah HAUhE (HR48uRY A0®e distance from

onger nm or shorter Than 100 nm Simlarly,

the bd forf @éndMRI4OERE D 60fethde HéaeR 244 (dhfvn by

nm or shallower than 10 nm~ The actual periods L

arrovwP(y) KR predét&@afinbg peplodthaeid répreseimedinr Al dlegredetermined
wavel ength of the incident light that is intended to

periofe\ 68fHeurRENR)G by Indiot the easgy frodPabdit190ugh to about 1000 nm.
illustrated as sem -rectangul ar, the trenches 144 of

The tfenGhest1 4¢ dsobhvs a predéterdineRatdpgh, represeatediby d. The depth d of the
di nensi ons of the trenches 144 are dependent upon the

trench A4 sldeld be in the range from about 10 nm to about 250 nm.

[0033] It should be noted that the foregoing ranges are only exemplary
embodiments of the present invention, and are not limiting in any way. For example,
the gratings could have periods A longer than 1000 nm or shorter than 100 nm.
Similarly, the depth d. of the trenches 144 could be deeper than 250 nm or shallower
than 10 nm. The actual periods A and depths d can be optimized for the particular
wavelength of the incident light that is intended to be captured by the photosensor 112.
Although illustrated as semi-rectangular, the trenches 144 of FIG. 4 are not so limited.
Rather, the actual dimensions of the trenches 144 are dependent upon the intended

application.



application.[0034] FIGS. 5A and 5B are graphs that
represent the percentage of reflection of incident
WO 2@ht1®68 (FI G 3) as a function of varying t heCPpEs1008025076
L of the gratings and depth d of the trenches of the
exenpl ary enbodi nents of the invention. FIG 5A
[0034] | | UBIGSB2S atid) BBREE g@iﬁl%&ﬁapfe PréEnd & p bfcﬂﬁ%a(%z of reflection of

reflection as a funcCti'on of varyl ng the peri

incidémight 361 (RIG. 3) dsRefuBlctich of ¢ thoperibe A Bf/&iétgrﬁﬁngﬁnd depth
illustrated in FIG 5A the grating has a constant

d of thieBehcitbsasfihb ekempOityrenboditRnpes@RliAgentin.! FIC. S illustrates the
light reflection Is approximtely 18% w th no grating,

percedsagi cfdnisidedlt Aghveilattitn hea prtdtidroofVddyings theseriod A of the
percentage of incident |light reflection continues to

gratifgeirhthgipix¢ieel 11Bef ple¢ invéntions AkGll(stratedAn RIGe 5A¢ theoghating has a
of the grating is decreased, however, the percentage

constaint depthdeequal kg b0 nat. | But pecentaga eﬁlﬂcydahﬂ lightatefidctitin ia
period L of 340 ran. As the grating is further

appralématey % with mpegrdingagedistussediabene Witly nespeef toekiG. @n The
increases. [0035] FIG 5B illustrates the percentage

perceptagernfiineident ligit reflettier cordinues ta bedrigh ivdnerefthe period A is 1000
depth of the trenches 144 (FIG _ 4). As illustrated,

nm. Ah éhegpqﬂqxﬂa g %fatéleegraans isdecrepsefphowese she percentrgermf incident

e incident refl ection decreases as the depth

hght ecHen i%’é%?ébé%hwt(ﬂila@ pesiof{ pE34Ram. oy ﬂn%gw@an@ ig further
el i m nated when the .trenche Have a,d th d of 100 nm

decreggedy the BefseRtAGe Rt Gaiee &5Ps.er 100 nm
however, the percentage of incident light reflection
increases as well. Therefore, the actual periods L and

[0035P e pt FiSs. dBdtubitates theperdnthgpef dhcidenildghttdeflectéot asa function of
anount of reflection. [0036] .FIGS. 6-8 illustrate

the depthglesf the teemcbeeidd @lG. Apthoilustratet, thegrating K& censtant period
photosensitive region 152. FIG 6 illustrates a

A equah b 34 rThelinc hireflection dectdagemasstiiestapdin of ﬂlezltrenches

The ﬁlg\ ot osensor, 112 has_a first doped region _112a a
144 (Hee dhigcrrages anddgr agarly slipdnaied when the wendhasdwnge mchepth d of 100

Th rst doped reg ion 112a of t hot osensor
i?he éepé1 o‘% the frenchies incicases atter 1'6‘8 m, however, the percentage of
incident light reflection increases as well. Therefore, the actual periods A and depths d

could be varied depending upon the desired amount of reflection.

[0036]  FIGS. 6-8 illustrate stages of an exemplary method of forming the FIG. 4
photosensitive region 152. FIG. 6 illustrates a photosensor 112 formed within a silicon
substrate 114. The photosensor 112 has a first doped region 112a and second doped
region 12b formed in the substrate 114. The first doped region 112a of the photosensor
112 is typically coupled to the potential of the substrate 114 for efficient operation. For
example, if the substrate 114 is a p-type substrate, the first doped region 112a is
typically a p-region. Conversely, the second doped feéion 112b is typically the other of

a p-type or n-type region. For example, if the substrate 114 is a p-type substrate, then
9



112 is typically coupled to the potential of the
substrate 114 for efficient operation. For exanple, if

WO b@oduIst rate 114 is a p-type substrate, the PCT/EBE2005/025076
doped region 112a is typically a p-region. Conversely,
t he second doped region 112b is typically the other of

the se"?:o %d% ni P i ?ﬁil@&[lly aiPh- t?g@ TEdiBn. 'Itf Hd#d be n. é)ted that the

te 1 4 |s a p-type “subst thent e secon

17Ritiefp fryBhFRaly FaR ek r@tﬁ@amra 5| 112
foreg ghggbgd(}t\%td tlhat t he }?orggm nS% nple is ng?e region 112a

and thé E&Edtfb@e i 4 B dBRYd ol w%eﬁrgt dé}bleﬁmté | driet tHé0feend doped

region 112a and the substrate coul d be doped with

reg1oﬁiﬂm@oﬂ@m§pecﬁwﬂthtd1p t?ﬁ@ﬁﬁ?aﬁ'@ped region 112b could
doped with a p-type dopant. [0037] Although

| I lustrated as a phot odi ode, the photosensor 112 is
on s BIGEBEERR-450 s D el B e o
ve inGFBER) e RER B PELRRGbERID 158 Y bRt
esiob 55 B 135065 B ke Bl ALt can

112. The trenches 144 could be forned by
be sto%gcg%ﬁgigr@c%ﬁ{(: ing, reactive ion etching (RIE), or other

technlques for creating a recess in the silicon

ubstrate 114. It should be noted that the foregoin
(0038 et 1B TollugatesierRurHEy of érerbes Idformed wishin figesilicon

iy it Pece DR BESR B S ERRhD b
etching sgeqteon ining R g LGRt araRBi S St sepisf & the silicon
s ikl ok O e bl et

. I |
1 53 e KORP: -Gl e ey dpt gy
examBlE Rl fihd Heniis 185abath ARb eLlBfReFphaNying aa%l%cf%%&&fﬁ&@?ﬂ on the

aving a pre eterm
silicon substrate, and creating columns of silicon substrate material by epitaxial growth,

where a trench 144 is formed between each-of the silicon substrate material columns.

[0039]  FIG. 8 illustrates the oxide layer 134 provided over and within the trenches
144, thereby creating the grated interface G having a predetermined period A and

having a predetermined depth d.

[0040] It should be noted that FIGS. 6-8 illustrate only one exemplary method of
forming the pixel cell 113, and that the method is not intended to be limiting. For
example, the plurality of trenches 144 could be formed prior to forming the photosensor
112 (i.e., before the doping steps described above). It should also be noted that various

material layers (not shown) may be deposited over the oxide layer 134. For example, a

10



[0040] It should be noted that FIGS. 6-8 illustrate

only one exenplary nethod of form ng the pixel cell
wQalBs/0868 t hat the nethod is not intended to bRCT/US2005/025076

limting. For exanple, the plurality of trenches 144

could be formed prior to form ng the phot osensor 112

L N e A —
o S S O 0 4 s ko Bl cver
TEOS I e IavE e Sl ing an%?aé@gﬁe&g@enogvsd over the

deposi ted over the TECS | ayer. A
OXId&P#J P|1$‘§at, on | ayer and insulating |layer can al so be

deposHed over the oxide layer 134. [0041] FIG 9
| ustrates a second exenpl ary enbodi nent of the
[0041|ﬂr es @ﬁ@ 9 illustratesa sqiond| exesiplaryi@nbedisnent afrthe predeat invention.
.pixel cell 113, with the exception that a
Plxelrﬁallé’rlﬁ as simijasrto the Fias3 pixgt ealbHl3, meidh thecexcepBonithat a inaterial

oxi (i@gl ayer 134. The a%r ated interface 155 may further
layergoQhasacgratrd ipetiase 1Pamith the axidedayerid4 ﬂ&iecgmted inggrface 155

may fitass %qecr%%@éﬂaf@%?ﬁt%%‘%@i‘ﬁ@ﬁ thagas eﬁgﬁ‘f %rﬁge ‘a%I 3) may

0
encofffigges fmp ¥$éw v T et Toeer 0 B headadaverias, e
mateﬂ%%yeﬁ%’? rg%t%r veiﬁgd%je?lé &g?&g ﬂgfi(gz?élg@ lef | degtelé rﬁlggve to the
OXidé ﬁ%le ur elgaﬁ%q%ﬁ 35 eﬁﬂ g)r& I %‘e[t %%ﬁﬁ#i%ﬁf&%ﬁz ﬁ%ﬂ%ﬁon 40
(1 210 hd 202 s A S50 A A .

is captiAPb R iille BHORALARA10f the invention. The FIG 10
pi xel Cell 313 ts S|m]ar to the FIG 3 pixel cell 113

with the exception that the trenches formng the basis
R E e L p——
in accé)ﬁg e%uﬁe&upcf éxerrr‘ril}g a%rr e&%%ﬁlﬁqggt 5 tﬁe_nttsgrtlt?otg thae FIG. 10 pixel
cell 313 is similar to the FIG. 3 pixel cell 113 with the exception that the trenches forming
the basis for the grated interface 235 between a silicon substrate 214 and an oxide layer
234 have a blazed (or step-wise) shape, rather than the semi-rectangular shape of the
grated interface 135 of the FIG. 3 pixel cell 113. The blazed grating over a
photosensitive region 252 of the pixel cell 313 provides for a further decrease in the
disparity of indexes of refraction between the oxide layer 234 and the silicon substrate
214. The illustrated blazed interface 235 between the oxide layer 234 and the silicon
subétrate 214 achieves up to a 30% decrease in the incident light reflected, or a 30%
increase in incident light 36 captured by the photosensor 112.

11



grated interface 135 of the FIG 3 pixel cell 113. The

bl azed grating over a photosensitive region 252 of the
w@Rooelo1wes | 313 provides for a further decreaseCT/NS1008025076

di sparity of indexes of refraction between the oxide

| ayer 234 and the silicon substrate 214. The

i+l lu a blazed interface 235 ween the oxide .,
10041, o PGP B Rl Tion.alihe PROsesmeibis Teione2s2 of the
FIG. 30 B 808" 0 s DS M S e B, Tre

r 43] F 11 @l lustrates magni fi ed
trench370 8 ESIT e formiedCamCotingdrotbgry HebGu5tt Sl idréspect to
' . 13,1 i t.ate 2 has a

FIG. &e Ry FRIAE bt eptbaalaftunh). R HERUIE Fod eefieSe has atteast

f : [ ith. . .
three, JCEEN YO 20, 2 AULTHhc HARSARE AN Wit Weh 8 i sidenwal

1 f i ’ | {

reglof s MaviiCa predtabiiinedl dep e iRaataghy Trpe Rilen 264 also hasa

Co o : : . B
S g B i e Rl AT gl . The
preddi@amire@éptAdr o the sb@hPsiddwaNde 'bﬂ%h'coﬁﬁﬂh?@erﬁ Y4hie less

having a predeterm ned depth représented by d". e
than, poedbtes bighederigRinthe depth 416 the ERAGIGEWENLLichSLUON The third
gt i i a5

e n

i 244a. The third si de\NaIII)reregi on 244cpty;?§al I yecllﬁggda' The
deptlpd €dxfitbe thine dicteypalhrapier 24terty pitally tdis'a valhe eqesl o the depths of

of the third sidewall region 244c typically has a
the fixsiland sequiad sidewatkregipisi?d4af24dheomibined éind, deabhdd”’). The

si dewal | regi ons 244a, 244b conbined (i.e., d' +d" =
predeferminegidenthededer ¢ maay eyr awalite indhe range frayn deoted 18 nm to

val ue in the range fromabout 10 nmto about 250 nm
about 3941 The grating (or the distance from the beginning

of one trench to the beginning of the next trench
(shown as arrow G)) has a predeterm ned period that

[0044] s r'Ehe geatiiigo(drithle HistancEforarhe beginmine 8f BRE HRdhto Be

the grating G may be in the range
beginning of the next trench (shown as arrow G’)) has a predetermined period that is
represented by A’. The predetermined period A’ of the gratihg G’ may be in the range

from about 100 nm to about 1000 nm.

[0045] It should be noted that the foregoing ranges are only exemplary
embodiments of the present invention, and are not limiting in any way. For example,
the gratings G’ could have periods A longer than 1000 nm or shorter than 100 nm.
Similarly, the depths d’, d”, d”” of the trenches 244 could be deeper than 250 nm or
shallower than 10 nm. The actual periods A" and depths d’, 4"/, 4"’ can be manipulated

depending on the intended application.
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fromabout 100 nmto about 1000 nm [0045] It should

be noted that the foregoing ranges are only exenplary
weredvodigvesit s of the present invention, and ar eP€DUS2005/025076

limting in any way. For exanple, the gratings G

coul d have periods L |onger than 1000 nm or shorter

han 0 imlar) depths d',,. d", d' " of .the
[0046] ; ¢ ngﬂfgsﬁ;ﬁf&mg&{gs& B’&h@é@a Cpﬁﬁ&uﬁ@é lﬂrﬁCB‘?r%@ﬁﬁq* Wé'&b@ fourth
t 1 n T tual peri L' th t,od” )
exemigldty expbgBnaih o e verBepe dde <l el 05 B auptated photodiode
application.[0046] F 12 il lustrates a pixel_ cell
212 ne £ At hred Blori g et sR i Zlatr eyt below the
di faql e i mvention. . The pi xel [l A413.has a
surfafi{ RER S atS 1 b TUEHasPR gkl Bl Ml B il St ghe FIG. 3
. ! A formed bel ow t he
pmel?gﬁgg%gﬁg@}gnggﬁgglr‘agggu%%g{%&%.ﬁae&i | lustrated pixel cell
413 is otherwse simlar to the FIG 3 pixel cell 113
7ii ncl udi ng the %rat ed interface 135). [0047] The pi xel
[0047¢ el | The pixel zells TH} 213 4113, 413 ofitheiimventidromayde dombined with
. conbined with peripheral circuitry on an inmager die
peripBeral cicuitey phan images diegigular fo Hratillustrated llé%éﬁpl-eFOr example,
the pixel ra¥ 15 of the FIG_ 1 ipnager die could )
the pixgLaiyax 15@2 t%? Her kirpagarithe spuld) ingladeonecy monesof thepixel cells
3.60 ructed in,accordance wth ex | ar .
113, 3356 AL PSRSTIGHRR o AGERERE WhEe ean%oqhawrﬁ@ ofthe
. i xel,array with one or nore pixe], cells 113, .213,
inverli THeniteat e Ay BIYCLOERY I i PLAES P fells 118, 213,
' ing. devi ce. inagi devi ce coul d further. be. .
313, 41 T8 8 piRhoR ol b BALEEL Y ERaB R dhod | T iifiin device
i I 0 . .
could fefiee oo RN L pRUGSERHRESA PSSR iy P 10
ExarrPe & ProcB SO BALC o/ Fitals BRINAS WP SRR oN fter systems,
camefY$s&Mis, REARerdsOHASh¥SiSBR syStbRls %élﬁ@f_ég{avﬁ’%ﬁcﬁ{'%stems, video
not’i on detection systens, i|mage stabilization systens,
teleplRdtibsIaiFeIRRE 8§ SteAly, AN BEEs Syterhs, Fidlada el sPdtems, motion
detection systems, image stabilization systems, and data compression systems for high-

definition television, any of which could utilize the invention.

[0048]  The system 1100 includes an imaging device 1108 including an imager die
having the overall configuration depicted in FIG. 1 with at least one pixel cell of the
pixel array 15 (FIG. 1) constructed in accordance with any of the various embodiments
of the invention (e.g., pixel cells 113, 213, 313, 413). The system 1100 generally
comprises a central processing unit (CPU) 1102, such as a microprocessor, that
communicates with an input/output (I/O) device 1106 over a bus 1104. Imaging device
1108 also communicates with the CPU 1102 over the bus 1104. The system 1100 also

. includes random access memory (RAM) 1110, and can include removable memory 1115,

such as flash memory, which also communicates with CPU 1102 over the bus 1104.
13



tel evision, any of which could utilize the invention.

[0048] The system 1100 includes an i nmagi ng device 1108
WO p@b0ti958) an i nager di e having the overall PCT/US2005/025076

configuration depicted in FIG 1 with at |east one

pi xel cell of the pixel array 15 (FIG 1) constructed

g SR 005 O 1 o S TG Bl s

procddser, V ThRPOPHIEss08 Wtﬁ'dr%mﬁl%mfrhéﬁ%rﬁ‘ s&#%& 8h a single integrated

processing unit (CPU) 1102, such as a m CYoproces

circulith@iorc® AR aéld M%ﬁg@d@@é&!out put (1/0O device
1106 over a bus 1104. |Imagi ng device 1108 al so

conmuni cates with the CPU 1102 over the bus 1104. The

oS T e B S S, ooty
e R R o R S 5B E b o
AR R T T
N TR I
Al i e S e S e
o S TR A RV o
advaARgeSBY tHEp1é5a¢ ihfetion.! ARGLA h%@ﬁ_ﬁﬁ@&d’\?‘antﬁ%(si Wf ed

e
the present invention may be Used 1 n conju

embodified & oo digviibed Gb&R), thoRaKilled iH@edRPVAII recognize that
description and drawings illustrate preferred
substitatiols, mefditiond)ideletivnis] eioelifideiodbja@df s otheRtlkiBies mffbe made
advant ages of the present invention. Although Certdin
withauthdepeaeiies frand the gieit be scoreafdhebmntentiony A &reedingly, the invention
) descri bed above, those skilled in the art wl|
is notrlip g bydhe fetegoirgs descuiptiondutasidnly lomited bl theisonse of the
nmodi fi cations and/ or other changes may be made w t hout
apperydeshelpime fromthe spirit or scope of the invention.
Accordi ngly, the invention
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is not limted by the foregoing description but is
only limted by the scope of the appended

w@eb@iens9 Al M5 What i s claimed as new and desi PEDUSOHE25076
protected by Letters Patent of the United States is:
1. A pixel cell conprising: a photosensor within a
silicon substrate; and an ©gAfgs ayer provided over
sai d phot osensor, said oxide |layer and said substrate
defining a grated interface. 2. The pixel cell of

clVitha i clathedeish e ablddieaired th BePrbReRd t§f Betters Patent of the -
sem -rectangul ar grating. 3. The pixel céll of clalm

United Staberiei n sai d sem rectangul ar grating has a peri od
within a range from about 100 ran to about 1000 nm 4.
The pixel cell of claim3, wherein said grating has a

period. of 340 _n The pixel cell of claim 2,
wher ei %‘sai E@F@&fgﬂgﬂﬁ%'gr ating has a depth
W thin a range fromabout 10 nmto about 250 nm 6.

st R Wi SR RLREEER 2 PP "oner e n

said grated interface is a blazed grating. 8. The

Phx ¥xid€ldyePbrévtidbdlober YA PHIRoRASGr, RERZSHd0 1Y
and said substrate defining a grated interface.

2. The pixel cell of claim 1, wherein said grated interface

is a semi-rectangular grating.

3. The pixel cell of claim 2, wherein said semi-
rectangular grating has a period within a range from about 100 nm

to about 1000 nm.

4. The pixel cell of claim 3, wherein said grating has a

period of 340 nm.

5. | The pixel cell of claim 2, wherein said semi-
rectangular grating has a depth within a range from about 10 nm to
about 250 nm.

6. The pixel cell of claim 5, wherein said grating has a
depth of 100 nm.
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has a period wthin a range of about 100 nmto about

1000 nm 9. The pixel cell of claim7, wherein said
whb@sowes at i ng has trenches having a first depthusnds/025076

second depth. 10. The pixel cell of claim9, wherein

said first and second depths have a depth wthin a

range 1 om fROHxel il digind Ha%gﬁ?e%@ B grhied iHlerrRlece!

cell of clai Fein sai ot osensor i s a

phat;qdi : The pixel cell of claim11l, wherein
slgi%c})q%%égfg%aen dOr is a photodi ode having first and

second doped regions. 13. The pixel cell of claim12
wherein said first doped region is a p-type regjon.
14. Th® pi xEhe pixel celt okelainay 1whergia saidPlazed;s d
doped region is an n-type region. 15, Th i xel cel
das peried withina winge 4 phowk %@ﬁ@@bo}lﬁ%& Bned
phot odi ode. 16. The pixel cell of claim1, further
conprising a material |ayer over said oxide |layer. 17.

The pigel cehé pplel edibbfieldn 7yiveiedin sail blaned gratilg
| ayer and sai d oxide | ayer define a second grated

| R bRdRs hb@inglh €irgtidepith aalllsecdnddeptin. 16, wher ei n
said material layer is a tetraethyl orthosilicate
(TECS) layer. 19. The pixel cell of claim18, further

compriy ng afhtéoﬁ&&rk%ﬁ%q Uaim 9, wherein said first and
second depths have a depth within a range from about 10 nm to

about 250 nm.

11.  The pixel cell of claim 1, wherein said photosensor is

a photodiode.

12.  The pixel cell of claim 11, wherein said photosensor is

a photodiode having first and second doped regions.

13.  The pixel cell of claim 12, wherein said first doped

region is a p-type region.

14.  The pixel cell of claim 13, wherein said second doped

region is an n-type region.

15.  The pixel cell of claim 11, wherein said photosensor is

a pinned photodiode.
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silicate glass (BPSG |ayer over said TECS | ayer. 20.

An integrated circuit conprising: an array of pixel
w@edbm19968 | east one pixel cell of said array PCT/US2005/025076

conprising: a silicon substrate having a photosensor

f or med therein and a plurality of trenches | ocated

over sald tos 0 and an_oxj de | ayer, provi ded
Wi t hin @md Gﬁﬁf gletni t@r@ertqomg@dnatﬁrw

grated interfa et ween sai d oxide |ayer and said
t ﬁEﬁ@%r&éé X#ﬁ%EWﬁTegrated circuit of claim 20,
wherein said plurality of trenches have a
substantially sem -rectangul ar shape. 22. The

i ntegr@f.ed The pindl cell of tlairm18lwhetein saidl matetial layer

sem rectangul ar grating has a period within a range

f sredrsaidaonidd Dyer alefihe asecortd §E06d imtesface. The i nt egr at ed
circuit of claim 22, wherein said senirectangul ar
grating has a period of 340 ran. 24. The integrated

ol ural 18y ofne PRcERell OF Bt 16 e RAR b BB Bl 1
35l a0 ﬁigl%?%*sﬂgcg@@qcsq) t 250 nm 25. The

i nteg Fat Cl rcul , Wherein said trench
has a depth of 100 ran. 26. The integrated circuit of

claim 20, wherein_said grated jnterface is a bl azed
gratinl.  Thepixel cell of dafm 18, gurther comprising a boro-

phospho-silicate glass (BPSG) layer over said TEOS layer.

20.  Anintegrated circuit comprising:

an array of pixel cells, at least one pixel cell of said array

comprising:

a silicon substrate having a photosensor formed therein, and

a plurality of trenches located over said photosensor; and

an oxide layer provided within and over said plurality of
trenches to form a grated interface between said oxide layer and

said trenches.

21.  Theintegrated circuit of claim 20, wherein said

plurality of frenches have a substantially semi-rectangular shape.

22.  Theintegrated circuit of claim 21, wherein said semi-
rectangular grating has a period within a range from about 100 nm

to about 1000 nm.
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27. The integrated circuit of claim26, wherein a
first sidewall region has a first depth, a second

W@ 2@emnsdobs r egi on has a second depth, and a t hiPdI/US2005/025076
sidewal | region has a third depth. 28. The integrated
circuit of claim?27, wherein said first, second, and
third depths_are wthin a range  fr bout 10.nm¢to
about 230 n ?ﬁhegg’_cegfﬁr@di %‘fc@&i'ogtciadnbﬁﬁ é‘ﬁﬁre’é‘f sl ge1i-0,
wherein Iéai d phofﬂosensqr iq:%1 g hot odi ode. 30. The
i neegraylan eEating s 3PeRPrdid 398 Myher ei n sai d
phot odi ode is a pi nned photodi ode. 31. An inmage
processi ng system conprising: a processor;an inaging
devi ce 2¢puplTée ihtegsated qircodtaststaim Zhiwhedregatigastemece
conprising an imaging array containing a plurality of
piof shidogluk alityaif trerarhies haga preddtemeinedatapth iveithig:a a
phot osensor within a silicon substrate, and an oxi de
| agege pf ahoutdd rando abeitti2Fhomosensor, sai d oxi de | ayer
and said substrate defining a grated interface; and
readout circuitry within said sem conductor substrate,

sai d readou i j i o ' j
oot oseugor THEJRErbicl BEA & MinPp QR Sreld O BRI

3Yas Whftth £ 360 fnflr ated interface is a .

sem -rectangul ar grating. 33. The inage processing
system of claim 31, wherein

26.  The integrated circuit of claim 20, wherein said grated

interface is a blazed grating.

27.  The integrated circuit of claim 26, wherein a first
sidewall region has a first depth, a second sidewall region has a

second depth, and a third sidewall region has a third depth.

28.  The integrated circuit of claim 27, wherein said first,
second, and third depths are within a range from about 10 nm to

about 250 nm. '

29.  The integrated circuit of claim 20, wherein said

photosensor is a photodiode.

30.  The integrated circuit of claim 29, wherein said

photodiode is a pinned photodiode.

31.  Animage processing system comprising:

a processor;
18



said grated interface is a blazed grating. 34. The

i mge processing systemof claim31, wherein said
w@rooelo1wes | further conprises a material | ayerPOWE82005/025076

sai d oxide layer. 35. The inage processing system of

claim 34, wherein said material |ayer and said oxide

| ayer defing a second, grated interface. 36, The jmge
prt Euaging deyLiedonpled O BIOCRHu A1 imiaging device
hqt osensor ,is a phot odi pde. 37. The Jnage processing
comBYEg AAJMAgIaE AFaY, copuntieA Blralitesredslls stdcast
Igiiénfe(ﬁ;‘g}hm qdi ode. 38. A nethod of form ng a pixel
one RIXF} Cels P 8od conprising the acts of: forning a

plurality of trenches within a silicon substrate over
oxi de- 1 BpSRaRR B BRC LSRRt A D' o ¢ encnes
to forma grated interface between said oxide |ayer

ol ai m 45 S Fher liad NS ptbrp Rl e

ey S Wb B iR RIS A erein

said act of formng a photosensor conprises the act of
doRbagusatGifYy Withih Sl SR dWcld? substrate, said readout

circuitry providing signals from said photosensor.

32.  Theimage processing system of claim 31, wherein

said grated interface is a semi-rectangular grating.

33.  The image processing system of claim 31, wherein

said grated interface is a blazed grating.

34.  The image processing system of claim 31, wherein
said pixel cell further comprises a material layer over said oxide

layer.

35.  The image processing system of claim 34, wherein
said material layer and said oxide layer define a second grated

interface.

36.  The image processing system of claim 31, wherein

said photosensor is a photodiode.
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p-type and n-type dopants. 41. The nethod of claim40,

wherein said act of doping results in a pinned
w@bwbotidesle. 42. The met hod of claim 38, wher ePeT/F820d5/025076

plurality of trenches is forned by etching said

silicon substrate. 43. The nmethod of claim42, wherein

0, R, P
R Rl con bt rate o

38, wherein said plurality of trenches is fornmed by
provi di ng a photoresist pattern over said silicon
substr 8Be, dnthethodriohfpranipparpikel eellpsaidirhethod col urms.
46. The met hod of claim 45, wherein said plurality of
sichmgwisingthenacts ef:e forned by epitaxial growh. 47.
The nethod of claim 38, wherein said plurality of
trenches is formed having a substantially

s éprmingca phgality ofdrenshes agthimgesiliearnathssfate puenarss,

rein at |least one of said plurality of trenches is
area%%ﬁ%tﬁatfﬁrﬁﬂg\?t%?%?%éﬂérm ned depth within a range
fromabout 10 nmto about 250 ran. 49. The nethod of
claim,38, whergein sai ratgd [ nterfzice has a

pPETECEEA N S5y B Th AR QLS AVERH K 96 Srenghes nm
to foré?a %gagtg%i L%E?ggg? @gg?sr%én ;;H& o%ciehl%grelp afmc? lsz?i'd%l%?élit\g\rh of &'
trenches.

39.  The method of claim 38, further comprising the act of
forming a photosensor within said silicon substrate within said

dedicated area.

40.  The method of claim 39, wherein said act of forming a

photosensor comprises the act of doping said silicon substrate with

p-type and n-type dopants.

41.  The method of claim 40, wherein said act of doping

results in a pinned photodiode.

42.  The method of claim 38, wherein said plurality of
trenches is formed by etching said silicon substrate.

43.  The method of claim 42, wherein said etching of said

silicon substrate is performed by reactive ion etching,.
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plurality of trenches is forned to have at |east three
sidewal |l regions to define a blazed grated interface
wheisoerresai d oxi de | ayer and said substrate. PCT/US2005/025076

44.  The method of claim 42, wherein said etching of said

silicon substrate is performed by chemical etching.

45.  The method of claim 38, wherein said plurality of
trenches is formed by providing a photoresist pattern over said

silicon substrate, and forming a plurality of silicon columns.

46.  The method of claim 45, wherein said plurality of

silicon columns are formed by epitaxial growth.

47.  The method of claim 38, wherein said plurality of

trenches is formed having a substantially semi-rectangular shape.

48. The method of claim 38, wherein at least one of said
plurality of trenches is formed to have a predetermined depth

within a range from about 10 nm to about 250 nm.

49.  The method of claim 38, wherein said grated interface
has a predetermined period‘withjn a range from about 100 nm to

about 1000 nm.

50.  The method of claim 38, wherein at least one of said
plurality of trenches is formed to have at least three sidewall
regions to define a blazed grated interface between said oxide layer

and said substrate.
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