WO 2006/019968 PCTIUS2005/025076 PIXEL CELL HAVING A

GRATED INTERFACE FIELD OF THE INVENTION [0001] The present
invention relates generally to imaging devices, and particularly to a pixel
cPHEUNAY S rated interface, and a method of forming the JI%aI¢2H05/025076
having a grated interface, BACKGROUND OF THE INVENTION [0002]
Integrated circuits, including dies, for example, imager dies such as

charge- coupledPURVL €E(T.EDY) VINC onPIeA B I NTERF AR T e
semiconductor (CMOS) dies, have commonly been used in
photo-imaging applicationEIHODO3F g ENERIE0EH as the CMOS
imager die, typically contain thousands of pixels in a pixel array on a
single chip. Pixels convert light into an electrical signal that can then be
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roduce an ima or examplé, a computer screen or°a pr
giatedigtfdfRd] Exemplary CMOS imaging circuits, processing steps

thereof, and detailed descriptions of the functions of various CMOS
elements of an imagi H{f# 3@%‘3 égg%j far le, in U.S. Patent
No. 6,140,630, U.S. Igz%én 0. b, ?g , @ﬁmo. 6,310,366,
U.S. Patent No. 6,326,652, U.S. Patent No. 6,204,524, and U.S. Patent

[06&}613%%%8&%81%%!51 ' cﬁééiﬂﬂe&é&gﬂgf&fe%gga{&'?% Dharge-
The disclosures of each of the forgoing patents are hereby incorporate
cdmplededenzes (QGEEN agwitivetyplementary metal oxide semiconductor (CMOS) dies,

have commonly been used in photo-imaging applications.

[0003]  Imager dies, such as the CMOS imager die, typically contain thousands of
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. 6,376,368, U S,
Patent No. 6,310,366, U.S. Patent No. 6,326,652, U.S. Patent No. 6,204,524, and U.S.
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.



WO 2006/019968 PCTJUS2005/025076 [0005] FIG.1 illustrates a block
diagram of an imager die 10, having a CMOS imager device 8 formed
therein. The CMOS imager device 8 has a pixel array 15 that comprises a
pﬁ]?afi‘{yﬁ/gf ﬁﬁizels arranged in a predetermined number of coRFAASAE025076
rows. The pixel cells of each row in the pixel array 15 are all turned on at
the same time by a row select line, and the pixel cells of each column are
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taken from the storage node after charges generated by an image ar
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signal is digitized by an analog-to-digital converter (ADC) 9. The digitized
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imager device 8 maybe included on a single

[0006]  The pixel output signals typically include a pixel reset signal Vi« taken from a
charge storage node when it is reset and a pixel image signal Vg, which is taken from
the storage node after charges generated by an image are transferred to the nodé. The
Vit and Vi signals are read by a sample and hold circuit 6 and are subtracted by a
differential amplifier 7 that produces a difference signal (Vest — Viig) 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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semiconductor chip to form the imager the 10. [0007] A partial
cross-sectional view of a conventional pixel cell 13 that could be
incorporated into the pixel array 15 of FIG.1 is illustrated in FIG. 2, The
ilPtYéh%{{’é’éfl?‘\?vo 2006/019968 PCT[US20 0510 2 5 0 76 pixBFEAIF285/025076
typically includes a photosensor 12 having a p-region 12a and n-region
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substrate region otosensor IS typically couple

inthe-pepeniidbahiba 0-Bubsitateald fofsaffisieltyeppratesidictitsubstrate. The

photosensor 12. The pixel cell 13 also includes a transfer transistor with
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the photosensor 12 generates electrons that are collected in the n-region
vdigeWhepiththatisseadgateeds thofloating)diibrsitsuregion df$dn predetermined
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floating diffusion region 18. The floating diffusion region 18 is coupled to

[O%gagatelﬂf SQuge follower ﬁ@ﬂ%'ﬁ%&% Ii %&?&%%%&Qﬁgefﬂﬂé%face of
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12b are transferred to the floating diffusion region 18 as a result of the potential
difference existing between the photosensor 12 and the floating diffusion region 18.

The floating diffusion region 18 is coupled to the gate of a source follower transistor 24,
which receives the charge stored by the floating diffusion region 18 and transfers a
voltage corresponding to the charge to a first source/drain terminal of a row select
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 sampie and hold circuit 6 (FIG. 1).

[0009]  Theillustrated 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)).



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

forREdHeRYERn two isolation regions, or shallow trench isoREHSE®H)25076

regions 32. The STI regions 32 prevent crosstalk between adjacent
only one of hundreds or thousands of pixels that

onls. o ixel call 13
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ited over the pixel cell 13, For example, a tetraethyl orthosilicate
d%s%?%%f gﬁ?ﬁ% iﬁ?%%%"r #a@lﬁ’é{afi&pﬁg’ﬁéﬁ‘ﬁ%‘%%‘éﬂk@éﬂ alpss GBESG) layer
c&mmlaepd@né&@b@ﬁ&mm%' 5/60a58 (RRAG)IBYan £ould be deposited
over the TEOS layer. A metallization layer and insulat%%g? a;?lelrncs:gn a tgayer can
al59 e ferreitrd remidpidaetedllitd. [0011] One adverse effect of
depositing the oxide layer 34 over the substrate 14 is the reflection of
nt light 36. In operation, incident light 36 from the light source 38

incide
[dgr%?)u nte&?g‘? BRifeetsehos Aerasitngihe nyitiedayee dloavep thebtietrate 14 is
tiheitserstslidcaddt indesef igfiactiondo ifle;lpyer.can be as low

as 1.6; whereas the in(gge{? of refra%tion of’ t%%l St stﬁr%%g%%é?rﬁéeoﬁ t source 38
eafrBiedhaeds hghtat bdoferitingthd ansitian Trarsfah BBk nsor 12.
tiefragtionof 1.6 to 4.0 results.in a high percentage of incident light

e s RS TRR o8 Trerdart R denret vt Gaisiox of
redextetinying dhissiabsthardalOiAa da1on Yifcon) can be as high as 4.0. The abrupt
transition frog‘a an index of refraction of 1.6 t0 4.0 results 1n a high percentage of
incident light reflection 40. The percentage of incident light 36 that is reflected can be

- determined using the following formula:
) Reflection = [X-Y[2/ (X+Y)%

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.



(1) Reflection =1 X-Y 12 / (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

petEMEGL16814.0-1.612 / (4.0+1.6) 2 - 18%. Therefore, the RHIS2LRF076
12 fails to capture approximately 18% of the incident light 36 to which it is

exposed. This is undesirable. !OOlZEccordin ly, there is a desire and
need for a pixel cell OErUaE% fﬁfé@é of incident light

by reducing the percentage of incident light that is reflected. 4 WO
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conventional pixels. [0014] The present invention refates to a pixel cell
having a photosensor within a silicon substrate and an oxide layer

[Optietyide dibegrrtsenp rotentonaelaibeieinpive] eXifkatayek had A idl§vithin a
Siiinterface with the silicon substrate. The grated interface allows a greater
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above-described features and advantages e invention will'be more

gusiiaripemetsrgio oflifradettéighitduirgastaiel wrikbriptiomsehighdsement over
provided with reference to the accompanying drawings in which: [0016] .
thﬁlﬁ'l illustrates a block diagram of a CMOS imager die;

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]  The above-described features and advantages of the invention will be more
clearly understood from the following detailed description, which is provided with

reference to the accompanying drawings in which:
[0016] FIG. 1 illustrates a block diagram of a CMOS imager die;
[0017]  FIG.2illustrates a partial cross-sectional view of a convenﬁonél 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.
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[0017] FIG. 2 illustrates 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
inVEhtBAOItE9] FIG. 4 illustrates a magnified portion of the PCT/US2005/025076
photosensmve region of the FIG. 3 pixel cell; [0020] FIGS. 5A and 5B are

hs |I tlng&ﬁle percentage of reflection as a function of varying the

ABERHE frlwisation gf sheFisietinbeteneaaitive region;

perlods of the grated mterface 5 WO 2006/019968 PCT/US2005/025076

1] FI illustrate stages in fabrication of the FIG. 4
[éa?gose nsiti vg r%glgrn a]‘gﬁeié“ OgrasHaRal desaniA m@%mﬂed in
aviendehacpiiel seleansieaipihiy AEsoNsARRE Wil a3ceRg exemplary
embodiment of the invention: [0023] FIGS. 10 and 11 illustrafe a partial
cross-sectional view of a pixel cell constructed in accordance with a third

[@023inplaBiGmBodindertitiftheriavqniiaal FOO24ddtkaal- 2t SH ABBA cell
gartlal CrQss- sectlonal V|ew of a pixel cell constructed in accordance with

pisFyabE i SremRiamisrbardinenis] thiGnyanion;

schematic diagram of a processor system constructed in accordance with

em ent of |nvent|on DETAILED DESCRIPTION ‘
e R SR 0 e e AT R S B Ser comsiuced in
ammmemmadm@@ﬁpWM@me%&rm part
hereof and show by way of illustration specific embodiments in which the

invention may be practiced. These embodiments are
[0025] FIG. 13 is a schematic diagram of a processor system constructed in

[

accordance with an exemplary embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0026] Inthe following detailed description, reference is made to the accompanying
. 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.

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

to be understood to include any semiconductor-based structure. The semiconductor
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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
Wit YE ¥ fing from the spirit and scope of the present irRGHESHOTHRS076
progression of processing steps described is exemplary of embodiments
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saPPIRIRASOBICOSRBALY QRCHTIRY, WMo & AN QAL INEIRIRS epitaxial

'semlcqnductor substrate," "silicon substrate,"” and "substrate" are to be
laygmelef siboantsupplertieddnyadmsecend gordubg ddwtdattomearidether
semiconductor 6 WO 6/019968 PCT/11S2005/025Q76 structyre should
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. epitaxial layers of silicon supported by a base semiconductor foundation,
in gpgvshidie Baspissnvoadiawtdpesdatiten reference is made to the
substrate in the following description, previous process steps may have

been utjlized to form regions or junctions, in or over the base )
iO‘?@hico#ﬁﬁéﬁ%?ﬁmdgéﬁéﬁffﬁ Fefeas 0 phato-slemeny waiisinll
cof i8Im0 RBRISRI BRI ERH s GHIRIRNG BRNOlASSRSRIIAN SRRVRIHSes of

photons to an electrical signal. For purposes of illustration, a single
illyepbionn tasinglpiseigsehintivegpinel astddtsmasionend fiustrtitadare fhestrated in

figures and,description herein; however, typicall Egbri ation.of a plyrality ..
e BRI NGot s, ST B e oM g b e
piagspiptiod isnotlimbeuaken tea dimiiygise fdining hesran@aiibaon is not
Eresent invention is defined only by
to be taken in a limiting sense, and the scope of the present invention is defined only by

the appended claims.

[0029] The terms “grated interface” or “grating,” as used herein, refer to an 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
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the appended claims. [0029] The terms "grated interface" or "grating," as
used herein, refer to an interface between two material layers, wherein
one of the two material layers has at least one trench, and the other of

the MLt al layers is provided within and over the at leaBETHRM&HI76
[00301 Referring now to the figures, where like reference numbers

desi like elements, EIG, 3 illustrates an exemplary pixel cell 113
P O et RS ORAERLEh i G e PO AL AE b e N BRR039 R8F aaget an
abkB e SRR DR flGeddbrobealtiba vty dae RiopHganlyRROHaE SN and the
of having a grated interface 135 between an oxide layer 134 and a

subsbatedddiiNe Pogidnhisothe thdddinderef nefrecntaiiimhjshettbtostnsof the

112, [00 he grated,interface 135 gf the pixel cell 113 serves {o create
oA TBrE i o AN BB SOy PRy Lhh T et te
pékddhthy cORIRSIAAINBHTHGA MO BOASH K968 RGTLUSARABIRIVIE.I cell 13

ixel cell 13, when incident light 36 strikes the pixel cell 113, the light does

(FHetFheet an abrupt transition in the indexes of refraction between the
oxide layer 34 (FIG. 2) and the substrate 14 (FIG. 2). Rather, the hybrid
n is higher than that of the oxide layer 134, but lower

iIndex of refractj
o3 et -tﬁﬁ%ﬁ%ﬁga&m@aﬁaﬂﬂ%%e afgSitiYe pesien idge
(R phighieraieationfendaifs; 2)dmenckinie eanvenionalpixeledlle oxide

13 (FIG. 2). [0032] FIG. 4 illustrates a magnified portion of the
laptrotdbiserovédeshivithia andeoterdiren gies thsbfuoetiwjtbirtthersibsBatitl4,

cell 113. FIG. 4 illustrates that the, oxide. layer. 134 is provided within and
effbp ik AR AT B e Bt S RS rom
the beginning of one trench 144 to the beginning of the next trench 144 (shown by
arrow G)) has a predetermined period that is represented by A. The predetermined
period A of the grating G may be in the range from about 100 nm to about 1000 nm.
The trenches 144 also have a predetermined depth, represented by d. The depth d of the

trench 144 should 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.



thereby forming the grated interface 135. Each grating (measured as the
distance from the beginning of one trench 144 to the beginning of the
next trench 144 (shown by arrow G)) has a predetermined period that is

répPedeHEE By A. The predetermined period A of the gratinBCE/VhzpIR576
the range from about 100 run to about 1000 nm. The trenches 144 also

a tenmy [ by d. The depth d of the_trench

Sy AR T G

irgfderitliphrRieH () thealHrRGUADS *BGEANIRGPUGX XM gratings and depth

embodiments of the present invention, and are not limiting in any way. For.

4 ok ihp Hienchics of Shm gemplrrnambostimsadsoidhe éremiioro FIGusAvillustrates the
a3t L iimi f enches 144 could. be

Pi%%g%r%than 2g%ﬂftg%%@s%g%%ém%hga?rﬁ%&#ﬁw?#ﬁ%%%%ﬁ%@?% Ix%fr{%e

sudpthindivapiig aptiefitferitiveramiclaillvayeled gt thR iBEid8Rting has a

Iif%ht th%t is.infended to be captured by the photosensor 112. Although
SOHGEAPA P U R gt HoprEatRse pf Ansidens lightreeAentisen s

apippBREhaRaihey AMens! snehes, !
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PeBIREE S nddeahliges reflegiaphkentinuee prdsshigtehercantggeat A is 1000
eflectipn of .incident light 36 (FIG, 3) as a function of varying the period A
R e o R A i epmcnas of mcident
lighnhdldirents aéiky iariond kIG peAJllus At the. R RNAYER is further
incident light reflection as a function of varying the period A of the grating
derreaseriBe asTcentege gfdnaidentiiahitsincsiontintierme . 5A, the grating

has a constant depth d equal to 100 nm. The percentage of incident light
ngfctiolgﬁ . ~ . . . .
[0 . 5B illustrates the percentage of incident light reflection as a function of
‘the depth d of the trenches 144 (FIG. 4). As illustrated, the grating has a constant period
A equal to 340 nm. The incident light reflection decreases as the depth of the trenches
144 (FIG. 4) increases, and is nearly eliminated when the trenches have a depth d of 100
nm. As the depth of the trenches increases after 100 nm, 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 fegion 112bis fypically the other of

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



approximately 18% with no grating, as discussed above with respect to
FIG. 2. The percentage of incident light reflection continues to be high
where the period A is 1000 nm. As the period A of the grating is

d&@ YA B wever, the percentage of incident light reflectR§iTEsa®E(195076
eliminated at a period A of 340 nm. As the grating is further decreased,

g t f incident light reflection i s. [0035] F|G, 5B
e R o R A e
folegoing oliplaneberthifiGngwhs. s eatefp Bl MNBRSFregion 1122

constant period A equal to 340 run. The incident light reflection decreases
angk thessybytateflidecaralddprdopad \itien-typectenssts, and thaweadyd doped
liminated when t re%l:ish_eaﬁe th.d of 100 nm. As the depth of
re&ﬁ%ﬁ?ﬁ@ﬁﬁ(ﬁ%ﬁé&@ ter 1%@%@1‘? 2 a(Iel\F'er, the percentage of incident
light reflection increases as well. Therefore, the actual periods A and

[oegnths dygevid havarisd.depandipgpan Hhe ?ﬁéﬁs‘é&%ﬂﬁi&’%ﬁ intended to

reflection. [0036] . FIGS. 6-8 illustrate stages of an exemplary me
bedimyiied therBi@a4. flootosenpltivihegdionsbhizoFIE 6oillidshiaies photosensitive

hotosensor 112 formed within a silicon substrate 114. The photosensor
e Rt GG EF St S A i SO I ereRe hat can
bdrthesuhs¥aigidd4. 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
[0asfied rétiorT TParisetypidatylaypefeginthes 0oy tsselyd helsecandideped

egion 112b js typically the other of a p-type or n-type region. For
suBSHRIG e 5

RISV the RIBRFEROriA3s Bs-Rpsisdf-Aaukhes Sumer by chemical
etdHAB/QIR08R RE TIHSLORE? 5P 86 Ure-cRARPRAIRRRIIRGION 12 S, the silicon
typically an n-type region. It should be notedthat the
substrate 114. It should be noted that the foregoing methods of creating the trenches
144 that form the basis for the grated interface are not limiting in any way. For
example, the trenches 144 could also be formed by laying a photoresist pattern on the
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



foregoing example is not limiting in any way. For example, the first doped
region 112a and the substrate 114 could be doped with n-type dopants,
and the second doped region 112b could be doped with a p-type dopant.
[OYSARMEHh illustrated as a photodiode, the photosensoPTTA0AEHe25076
intended to be limited in any way. For example, the photosensor 112

couICégg any photosensitive region capable of converting photons from
et RgHasiirae GHETERIJSE @R derer maysterdepanidetoatiethe oxide layer

il urality, of tfren 44 formed withjn the
e R LB R v el e Aeemsghorer he
TieEdalyby. chemiadizetichi dgysead vesioneienipe: BRI BAB8Posited over the

teghniques for creating a recess in the silicon substrate 114. It 'should be
ﬁﬂoag t foregoing methods of creating the trenches 144 that form

the basis for the grated interface are not limiting in any way. For example,
@E&Erencpf\é ;;lgxlﬁu% uléj also be ﬁ15f(1)rmed y laying a photoresist pattern on .
the “silicon SUbSTTATE: Sha EeAh G BB orB et pisthatarasans iryasyion.

Pepiladnb B oiniMne e Mene:44 dsifein) %@P@{\éeé%&ezgfg}x%&@g material

silicon substrate material columns. [0039] FIG. 8 illustrates the oxide
Iaxgel Snep asrated ivierfariiAhwiiberridt tay et 484t Bie byatedating e 155
' Vi edetermined. period A and _having a
goibs s AU e e
enmyaReaiemplas tnetiybctiol dfataiaplipe-nsetselcliadand thasiney,
meth g IS nogintended to be limiting. For example, the plurality of
Rl COMRY BET6 R AHEPAFRIF R0 Hat R domdnsieatobrefortian Rfative to the
Retors the sopines i uld alsq be pated that,
Ovarioa%; material Ia;t/%tras§ %&ﬁﬁ%ﬁg}%ﬁe %é?tje%cf @38? #geh%ogﬁ 8C§1°n 40
(HHyeP1 Fhemorteddniptéaca may increase the amount of incident light 36 (FIG. 3) that

is captured by the photosensor 112.

[0042] FIGS. 10 and 11 illustrate a partial cross-section of a pixel cell 313 constructed
in accordance with a third exemplary embodiment of the invention. The 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
substrate 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



10 WO 2006/019968 PCT/US2005/025076 tetraethyl orthosilicate
(Si(OCGHSs)4) (TEOS) layer may be deposited over the oxide layer 134.
Similarly, a boro-phospho-silicate glass (BPSG) layer could be deposited
oVE? tAU/HEESS layer. A metallization layer and insulating lap€Aa&R08§8B5076
be deposited over the oxide layer 134. [0041] FIG. 9 illustrates a second
[@( mplary embodiment of the present invention. Pixel cell 213 is similar

FI&1G Mhdiustrrtess magnifiedrerisnonf thetphotaterisitiiayeridsR52 of the
S i a it oxi er 134. The grated interface
B e A R N Pldiths 1 e idohe
e Gespitapubhbe ntertedshiy moveRtareeatvieinaialial Bk 1P Rt08 « to

F%i%e Iag/er 34. The material layer 150 may have a disparately high o
Aaéx SFPAsCtisRiRRRhE W the Badheldbeiliairatdddrenthpsaethin at least

trbighiperae ingi light.r ion 40, (FIG. 2)..The grated |
interface maf/gg]%?esoa%e@ &t’h(éegg%rﬁfggr%f gltrl%%@xgﬁaﬁ%{{r 56 %2—'?(%4 %%ﬁa%?& sidewall
T %Wéﬁwmmwmmm@ﬂﬂiﬂﬁé@ﬁt&ﬂ@ﬂﬂ I R4 also has a
S %gl 131 g‘;sfsﬁslgectjong%%%] ixel cell 313 constructed in accordance with a
fhird exemptary &b AUBBH BRI efreptreryessrted bif ¢13The
peidilarriarie fdfih 3 Pheiealbdkd wilsiaa %gasat&aam%hiﬁﬂ%g&e”%h%fﬁg%gss

forming the basis for the grated interface 235 between a silicon subs

eSHaldR oxigretsretharathi dopth &af tub frsstidewiseyahapedatNie third
: i ngular shape of the grated.interface 135 of the FIG. 3
B R BP0, LB AR Yoo 52 (e

S1
pixel cell
degikelicchi3ha pinisiendalirdyrtherdecrprseynihe, disnaul.of HHRESAs of
regactio between the gxide layer 234 and the silicon substrate
the tirst and second sidewall regions 244a, 244b combined (e, d’+d”=d""). The

predetermined depths d’, d”, 4" may have a value in the range from about 10 nm to

about 250 nm.

[0044]  The grating (or the distance from the beginning of one trench to the
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]  Itshould 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’, 4, 4" of the trenches 244 could be deeper than 250 nm or
shallower than 10 nm. The actual periods A’ and depths d’, d”, "’ can be manipulated
depending on the intended application.

12



214. The illustrated blazed interface 235 between the oxide layer 234 and
the silicon substrate 214 achieves up to a 30% decrease in the incident
light reflected, or a 30% increase in incident light 36 captured by the
p%“&&&%%‘&%?“ﬁz. 11 WO 2006/019968 PCT/US2005/02507BqDBEZ|0FIE076
11 illustrates a magnified portion of the photosensitive region 252 of the
PIG, 10 pixel cell 313. The silicon substrate 214 has a plurality of trenches

[B48] Thetrererilustiates gupirpborli Haedmysangted inacretfiante dedrifeatth

i .q.. etching or epitaxial growth). Each of
o e oo e N S R s s photocioce
2PbyiddActiEhe oesiraidrizieird 4 fasadlishsidawath 1aINM2ARE below the
h?ving predetermined depth represented by d'. The trench 244 also has
Sy BRI hRLe %‘bié‘ﬁ‘?ﬂ%ﬁ&tﬁﬁ@%@@&ﬁ@iﬁwmsiemasﬂ@rﬁwlc;. 3

pR¥dell 118 @ﬁ@ﬂﬁﬁ{@g@%g&g% rf%cgﬁ econd sidewall region 244b

could have a value an, equal to, or greater than the depth d' of the
first sidewall region 244a. The third sidewall region 244c typically has a

[oyletermingskeraiisreesentad y i tﬁ@%@&ﬁf%&éﬁ He i ned with
sidewall region 244c typically has a value equal to the dépths of the first
PeRNSERIGHEr i wRIrFeETasS s similatte shabilloshed dHFEG 4 dFYr Thenple,
r ' t ., . d™ may have.a value in the range from about
tH'[1% g%ietagma%%%lg ggbgﬁlrg; [gBﬂﬁWr?geg‘%% i g0 #é%eo&%fgﬂ’&g?ﬁ Hhg@ixel cells
115203813, of IGnersenaetbithecdoe@inbigi e Renists{r eREIb ESHRWR 85the

. arrow G") has a predetermined period that is_represented by A'. The
mﬁFé‘é‘éi%rﬁh?é&lﬁ%%@l%@Y% HPRIR GEE R otHa s peceiroriisdBaR13,

316021881102 BRHNHIAQ-HM be included in an imaging device. The imaging device
could further be incorporated into a processor system 1100 illustrated in FIG. 13.
Examples of processor based systems include, without limitation, computer systems,
camera systems, scanners, machine vision systems, vehicle navigation systems, video
telephones, surveillance systems, auto focus systems, star tracker systems, 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 einbodiments
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



[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
sKEPEPEHARE00 run. Similarly, the depths d , d", d™ of the tRSITE#2902425076
could be deeper than 250 ran or shallower than 10 nm. The actual

' ths d', d", d.". b ipulated d di th
e e GO PPt 2560 s ey ignal
pieskarjlbisitien fopiveh ool CARMLGIRGHBLRS %Lﬁh%%ef&%gg“rated

exemplary embodiment of the invention. The pixél cell 413 has aPinne

Brivtbeisde differeafichimthan Gegagaession 212a and a second doped

region 212b, formed below the surface of a substrate 314. The illustrated

[xel cell 413 is otherwise similar to the FIG. 3 pixel cell 113 (including the

[@réaqied inIE%%P&%%%}?%@JWW@ﬁH@} Haqiinyention bagheeu dasofitied with
SHAEIRIMAYR SOOI B WIEAIIBRUPHE A SUCLYUY on an imader die

similar to that illustrated i?l)%lG. 1. For e%%%é%#f%t%lxaecﬁ gﬁ%@ BLfe’tﬁglcon
syheTatiagdheiecitrlayimciddronetinrmhasdbasitier abstedistl bad 243 be used
. 313, 413 constructed in accordance with exemplary embodiments of the
v n]ﬁ%)%ﬁj%g}?%%ag%sdigqﬁgffﬁ@éepﬁk?ﬂ%{ﬁﬁmﬁ%%%ﬂ@pis@ Bells
cdrijBn2idh W8 cAdgelimpiayeniian pous)ae inciudad NLa0JMAAINY o and

device. The imaging device could further be incorporated into a processor
deanings ietrate strafered arbod nemeampbadiieredbesthitasddasyaigmsd
adReiHdeWihputlimitat mput stems, camera systems, scanners,

machi%e vision%ystem%ﬁ/%%gé ﬁ%{\tﬁga Oy atR A YWSt%“aapﬂ’&%?d
enbrdittenteleystbeen, dustoifedushoys| eose SlallRRKRIe S RS SRRURL. that
substitutions, additions, deletions, modifications and/or other éhanges may be made
without departing from the spirit or scope of the invention. Accordingly, the invenfion
is not limited by the foregoing description but is only limited by the scope of the

appended claims.

14
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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 ceflsalihg; 213, 313, 413). The system 1100 generally comprises a
central processing unit (CPU) 1102, such as a microprocessor, that

communicateg with gm pgsitceutpub{pEiggvice 1106 over a bus 1104.
Imaging device 1108 also communicates with the CPU 1102 over the bus

1104. BhereystemsokORiisoa isitksiesupstare aeeessImeaen48AM) trenches;
1110, and can include removable memory 1115, such as flash memory,
wich also communicates with CPU 1102 over the bus 1104. 13 WO
2006/019968 PCT/US200S/025076 Imaging device 1108 may be
combirmd wyitea syocessayrisin sidea€RWodigitalsignabvitme sser, sdid
microprocessor, with or without memory storage on a single integrated
phiotiiseneora shifte tend e hay ¢h are tuh psones sefid QUASI i tehvaltchendtdihing a
that although the invention has been described with specific references to
Ges inteefanllschadogatpeatetidotionfaseibetieeeighe silicon substrate

and the oxide layer, the invention has. broader applicability and may be

used in any imaging apparatus. For example, the present invention may

be used in conjunction with charge-coupled-device (CCD) imagers. The
above descriftion arithezinehgslilvistiate pretencediamnbiodirests wkidhce is a
achieve the objects, features, and advantages of the present invention.

Althougbreraicadydatagesrand preferred

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.

15
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embodiments have been described above, those skilled in the art will

recognize that substitutions, additions, deletions, modifications and/or LLOYD WISE
other changes may be made without departing from the spirit or scope of
tYEAAUEAIGHEE Accordingly, the invention is not limited by th@€arESfSRI§25076

description but is only limited by the scope of the appended claims. 14

LLOYD WISE Claims; 1. A pixel cell comprising: a photosensor within a
silicon subStrate W&%ﬁ@&?ﬁé@ﬂ&%ﬁ‘ﬁe@%&%@ﬁ%ﬁﬁ%@|ayer
comr@&@glgpﬁl{g\{o trenches provided over said photosensor, said

oxide layer trenches and said substrate trenches defining a grated
interface to reduce the reflection of incident light. 2. The pixel cell of claim

1, whereingsaid grategijRieeRes dhian Y)wRenkiiesiahglaasdgsaitngs 3. The
pixel cell of claim 2, wherein said semi-rectangular grating has a period

withfrea & Regedrvrthin auenep o FP A bR TorrRftt 1090NRe pixel cell

of claim 3, wherein said grating has a period of 340 nm. 5. The pixel cell
of claim 2, wherein said semj-rectangular. grating a depth within a
range fronPabout 16 R’r’ﬁeiéjggt %%Fﬁh g Bg'“geﬁaze‘fgrat’ng

has trenches having a first depth and second depth.

10. The pixel cell of claim 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.

16
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6. The pixel cell of claim 5, wherein said grating has a depth of 100 nm.

15 LLOYD WNISE WO 2006/019968 PCT/US2005/025076 7. The pixel

cell of claim 1, wherein said grated interface is a blazed grating. 8. The )
pixel cell of claim 7, wherein said blazed grating has a period within a LLOYD WISE
range of about 100 nm to about 1000 nm. 9. The pixel cell of claim 7,

wherein said blazed grating has trenches having a first depth and second

depth. 10. Thepixel %’é?fiﬁ@iﬁﬁowaﬁfﬁim§ﬂmﬁéﬁt&ﬂﬁfﬁ§wg HeRERI layer

have a depth within a range from about 10 nm to about 250 nm. 11. The
pixel cell,ef slatmokiquhesrip 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 sgcondTiappkeledpdicRIMM-IEevesien. dfd Thatehd! e§kr and
of claim 11, wherein said photosensor is

said oxide layer define a second grated interface.

18.  The pixel cell of claim 16, wherein said material layer is a

tetraethy! orthosilicate (TEOS) layer.

19.  The pixel cell of claim 18, further 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 in said silicon
substrate; and

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

trenches to reduce the reflection of incident light.

17
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a pinned photodiode. 16 LLOYD WWISE 16. The pixel cell of claim 1,

further comprising a material layer over said oxide layer. 17. The pixel cell

of claim 16, wherein said material layer and 5 said oxide layer define a LLOYD WISE
second grated interface. 18. The pixel cell of claim 16, wherein said

material layer is a tetraethyl orthosilicate (TEOS) layer. 10 19. The pixel

cell of claim 18, further comprising a boro- phospho-silicate glass (BPSG)

layer over saig TEOS oy fite20a i BISQIERERISHEC UMRISIAG A8 &l

of pixel cells, at least one pixel cell of said array comprising: 15 a silicon

substrajgaadng S RRAY MRS dAERRA dNesRinoABE BRIMEMINMRY of trenches

trenches located over said photosensor in said silicon substrate; and an

oxide |layeecoRURsisiaGta IR/ Waklettsngs srayeed within and over
said silicon substrate plurality of trenches to form a grated 20 interface

between said oxide layer trenches and said silicon substrate trenches to
reduce the reflection of incident light. 17 LLOYD WISE 21. The integrated

circuit of clain220, whieesinteaichgiticeifcuit of claim 21, wherein said semi-
rectangular grating has a period within a range from about 100 nm to

about 1000 nm.

23.  The integrated circuit of claim 22, wherein said semi-

rectangular grating has a period of 340 nm.

24.  The integrated circuit of claim 21, wherein at least one of
said silicon substrate plurality of trenches and said oxide layer plurality of
trenches have a predetermined depth within a range of about 10 nm to

about 250 nm.

25.  The integrated circuit of claim 24, wherein said french has a

depth of 100 nm.

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

interface is a blazed grating.

18
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substrate plurality of trenches and said oxide layer plurality of trenches

have a substantially semi-rectangular shape. 5 22. The integrated circuit

of claim 21, wherein said semi- rectangular grating has a period within a LLOYD WISE
range from about 100 nm to about 1000 nm, 23. The integrated circuit of

claim 22, wherein said semi- 10 rectangular grating has a period of 340

nm. 24. The integrated circuit of claim 21, wherein at least one of said

silicon substrate pluraliy phinRedesrATSHE XN RYEH BRI sidewal

trenches have a predetermined depth within a range of about 10 nm to

about 288iBh38 aT e irfestiatecseiseui %i&é@i@u%?vﬂﬂﬁﬁ%@ £A9HRANepth,

has a depth of 100 nm. 20 26. The integrated circuit of claim 20, wherein

said grairflaitadanadsalPlagrshHalinginl@itdbsth D WISE 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. 5 28. The integrated circuit of claim 27, wherein

said first, secz@d, anmthéhirtedentbs s bR IANDE FomBrakrshidGinm
to about 250 nm.
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;
an imaging device coupled to said processor, said imaging device
comprising an imaging array containing a plurality of pixel cells, at least one
pixel cell comprising:
a photosensor within a silicon substrate comprising at least two
trenches, and
an oxide layer comprising at least two trenches provided over said
photosensor, said oxide layer trenches and said substrate trenches

defining a grated interface to reduce the reflection of incident light; and
19
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29. The integrated circuit of claim 20, wherein said photosensor 10 is a
photodiode. 30. The integrated circuit of claim 29, wherein said
photodiode is a pinned photodiode. 15 31. An image processing system
comprising: a processor; an imaging device coupled to said processor,
said imaging device comprising an imaging array containing a plurality of
pixel cells, at least one pixel cell comprising: 20 a photosensor within a

silicon w@y@t%nzamwiwnaiatésaﬁgmcyﬁ&\&%%&m%%@%@aﬁd%%out

comprising at least two trenches provided over said photosensor, sali
RielatHSIOVRGH RS PURRIBHR IeRrAeS. defining a grated
interface to reduce the reflection of incident light; and 19 readout circuitry
within said semiconductor substrate, said readout circuitry providing
signals from said photosensor. 32. The image processing system of claim

31, wherein saigl 5 gratechiRigEiacede RPNy RSIANG WAL atiNG 3R e NEaid

image processing system of claim 31, wherein said grated interface is a

blazed gravdadiniérRteliBeinagrBIsRgEIAY Siatiar of claim 31, wherein
said pixel cell further comprises a material layer over said oxide layer.

LLOYD wWisE

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.

37.  The image processing system of claim 31, wherein said

photosensor is a pinned photodiode.

38. A method of forming a pixel cell, said method comprising

the acts of:

20
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35. The image processing system of claim 34, wherein said material layer
and said oxide layer define a second grated interface. 15 36. The image

processing system of claim 31, wherein said photosensor is a LLOYD WISE

photodiode. 37. The image processing system of claim 31, wherein said
20 photosensor is a pinned photodiode. 38. A method of forming a pixel
cell, said method comprising the acts of: 20 LLOYD VJISE forming a

pluralitypfdregeh fwﬁ bR FHICORSURRHALS QMR sAisadedisated fraRa

photosensor; and providing an oxide layer comprising a plurality of

Wearhasvithin ?ﬂgt&x@{ﬁdaﬂgcon substrate plurality of trenches to
form a grated interface 5 between said oxide layer plurality of trenches

and saksirémeﬂg% SHrie my&l%n%ﬁ%@gsmmtmﬁeﬁdﬁé@%%@énd

incident light The method of claim 38, further comprising the act of

fovaringia 9#11@8?&5@[15@er@Fkﬁélﬂ;ﬁ&'F@@n%!¥éﬁ@?Wgﬁ%&@@W&ﬁ&%

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

peeirsansaldcCeRimsisepdhplaiing dopinachrid sHigaRIEREBE WBRPate plurality
type and n-type dopants.

of trenches to reduce the reflection of incident light.

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 silicon substrate

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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15 41. The method of claim 40, wherein said act of doping results in a

pinned photodiode. 42. The method of claim 38, wherein said silicon

substrate 20 plurality of trenches is formed by etching said silicon

substrate. 43. The method of claim 42, wherein said etching of said silicohLOYD WISE
substrate is performed by reactive ion etching. 21 L.I." A'in Ofl G E 44. The

method of claim 42, wherein said etching of said silicon substrate is

performed by ghemicghgtehineh 4 8f EBWD%@F&I@EB&%%%%@E\‘ 88l silicon

silicon substrate 5 plurality of trenches is formed by providing a

photoregiskpatiers pYADHNE BcaavBalratenmrd forming a plurality of
silicon columns. 46. The method of claim 45, wherein said plurality of

silicon columns are formed by epitaxial growth. 10 47. The method of
claim 38, wherein said plurality of silicon substrate trenches and said

plurality of oxigg layeriechtdas @it Emed shaasemssbsianily substrate
semi-rectangular shape. 15 48. The method of claim 38, wherein at least

one of paicalRlp B REREI RN RIS BRIGERRY ANERMS BYEaIN R over

oxide layer trenches is formed to have a predetermined depth within a
range f&ai 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 silicon
substrate trenches and said plurality of oxide layer trenches are formed

having a substantially semi-rectangular shape.

48.  The method of claim 38, wherein at least one of said
plurality of silicon substrate trenches and said plurality of oxide layer
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 within a range from about 100 nm to about 1000

nm.
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about 10 nm to about 250 nm. 20 49. The method of claim 38, wherein
said grated interface has a predetermined period within a range from
about 100 nm to about 1000 nm. 22 LLOYD 'NISE 50. The method of LLOYD WISE
. . . . - - J \J’VUD -
claim 38, wherein at least one of said plurality of silicon substrate trenches
and said plurality of oxide layer trenches is formed to have at least three
sidewall regions to define a blazed grated interface between said oxide

layer and saidsgubstrai mMéthod of claim 38, wherein at least one of said
plurality of silicon substrate trenches and said plurality of oxide layer
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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