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transmission, and display. Animager absorbs incident radiation of a particular
wavelength (such as optical photons, x-rays, or the like) and generates an electrical
signal corresponding to the absorbed radiation. There are a number of different
types of semiconductor-based imagers, including CCDs, photodiode arrays, charge
mjeéﬁon devices (CIDs), hybrid focal plane arrays, and CMOS imagers. Current
applications of solid-state imagers include cameras, scanners, machine vision
systems, vehicle navigation systems, video telephones, computer input devices,

surveillance systems, auto focus systems, star trackers, motion detector systems,

image stabilization systems and other image based systems.

[0003]  These imagers typically consist of an array of pixel cells containing
photosensors, where each pixel cell produces a signal corresponding to the intensity
of light impinging on that element when an image is focused on the array. These
signals may then be used, for example, to display a corresponding image on a
monitor or otherwise used to provide information about the optical image. The
photosensors are typically photogates, phototransistors, photoconductors or

photodiodes, where the conductivity of the photosensor or the charge stored in a
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[0005]  While CCD technology has a widespread use, CMOS imagers are

being increasingly used as low cost imaging devices. A fully compatible CMOS
sensor technology enabling a higher level of integration of an image array with
associated processing circuits would be beneficial to many digital imager

applications.

[0006] A CMOS imager circuit includes a focal plane array of pixel cells,
each one of the cells including a photoconversion device, for example, a photogate,
photoconductor, phototransistor, or a photodiode for accumulating photo-generated
charge in a portion of the substrate. A readout circuit is connected to each pixel cell
and includes at least an output transistor, which receives photogenerated charges
from a doped diffusion region and produces an output signal which is periodically
read out through a pixel access transistor. The imager may optionally include a
transistor for transferring charge from the photoconversion device to the diffusion
region or the diffusion region may be directly connected to or be part of the

photoconversion device. A transistor is also typically provided for resetting the



WO 2007/ 019073 PCT/ US2006/ 029299 diffusion region to a predeterm ned charge
| evel before it receives the photoconverted charges. [0007] In a CMOS

i mager, wWuo0etbious el enents of a pixel cell performthepcmes®ecs@owef uncti ons
of : (1) photon to charge conversion; (2) accunulation of inage charge; (3)

transfer of charge to a floating diffusion region acconpani ed by charge
anplification; (4) resetting the floating diffusion region to a known state;
(5) sediffusiomregién o pipredeterhineduthargalevel befarsiit tégeives thet and anplification
of a signal representing the pixel cell charge. Photo-charge may be
anpl i f photosbaverted chargesfrom the initial charge accumul ation region to the
floating diffusion region. The charge at the floating diffusion region is
typically converted to a pixel output voltage by a source follower output
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ar r angehthrge; (8) transfiet bf clpargelto aéldaﬁagrtﬁ&usiohe'eghyl accompeaiddby chargeesol uti on
of the array. In one process for formng mcro-lenses, the radius of each
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t hereby increasing the anount of |ight reaching the photosensor. O her uses
of m cﬂm—pigdsceﬂrofnyge.ilﬂmtadﬁlargﬂmﬂyi%eﬁnm@iﬁ¢ wgienait mayesiftgm theinitial pi xel
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devi cecharge acognulationaregion tgtthe fosting diffiesian segian, Teshazge alstheci ated with a
camera, form ng an inmage to be printed in a liquid crystal or |ight
em t t i Aepting diffysiomregion istypicallysonverted teapixdl eutpebvditagepna sowicees cent
device or a receptive device to an optical fiber. 3

follower output transistor.

[0008]  Each pixel cell receives light focused through one or more micro-
lenses. Micro-lenses on a CMOS imager help increase optical efficiency and reduce
cross talk between pixel cells. A reduction of the size of the pixel cells allows for a
greater number of pixel cells to be arranged in a specific pixel cell array, thereby
increasing the resolution of the array. In one process for forming micro-lenses, the
radius of each micro-lens is correlated to the size of the pixel cell. Thus, as the pixel

cells decrease in size, the radius of each micro-lens also decreases.

[0009]  The micro-lenses refract incident radiation to the photosensor
region, thereby increasing the amount of light reaching the photosensor. Other uses
of micro-lens arrays include intensifying illuminating light on the pixel cells of a non-
luminescent display device such as a liquid crystal display device to increase the
brightness of the display, display associated with a camera, forming an image to be
printed in a liquid crystal or light emitting diode printer, and as focusing means for

coupling a luminescent device or a receptive device to an optical fiber,



WO 2007/ 019073 PCT/ US2006/ 029299 [0010] One problemw th i nage devices are
the creation of artifacts. Penetration of infrared (lit) radiation to the
substrat svoregp7019%92d € artifacts in the inmage sensors. Machosionsee299evi ces
usual ly use so called "dark pixels" that are shielded fromincident |ight
and serve as reference pixels for black I evel calibration, dark current
subtraction, and row wi se noise correction. JR radiation in the spectral
range of frkfl8bouOmpprablemiwith iwage dewigenase thecreationepfartifaats. absor pti on
in the substrate, can penetrate through the entire substrate, be reflected
f r om t Renaftatian ofdnfrared (R) sadiation 4e th:subsirate may, arpatejastifasts imibe surface
under the die), and hit the "dark pixels.” The absorption of reflected It

r adi at imoagesersars Modermsintage devdeasaisualyaise sp cplled {'dark pixels” thatkarei nage
devices, despite the fact that the absorption itself is very small in this
spect rghieldedfeomiacidestlight ancbserva ias refardnse pirelsifonblpelxlavel calibration,
calculate the reference signal, usually the dark reference signal is

cal cul darkocurrent subtraction randorovs wise neise derrretinn cifsradiaiom in thespegral n
signals fromdark pixels can create large image artjfacts. [0011] Reference
i s madeange of from apouh8hnmciecabeut $150 ym; withsa veryesmall ebsorptiontintthei nager 10
of the prior art and illustrates the problem of accunul ation of reflected

| R r adsuhistrate, ican pesetratekthpough the entive subsfeateslpe reflactedefronrthiehacksidel s 12 and
dark pixels 11. IR radiation 101 is focused through a mrco-lens 13 to the
act i veoffhesvafen (as wellas from the reflertanceosurfae yndsrdbe die)oand hittheddetk rat e 18
and is reflected from the backside of the substrate 18 as reflected

r adi at pizals10Theabseuption ofreflected IRradiationibylark pixels cap createimageve, t he
absorption of reflected IR radiatiqn b,%/ dark pjxels 11 can create image

art i f ztifagtsin the medernimagadeviess, despitefhefactdhatiherabsorption itselis absorpti on
itself is very small in this spectral range. [0012] T robl em of reflected
| R r acvaissall in dhesnmotrabmngs. Pesansent ¢ &M@l umbere ixgls used fdrer

background wafers_due to the snmaller tqtal optical path f ILR radiation
Pt lale the FeferencpiERAL ALy Hhe danstaergs signah Breplrlagidramgt he
averaging of 32 or 64 dark pixels, a small change in signals from dark pixels can

create large image artifacts.

[0011]  Reference is made to FIG. 1, which schematically illustrates a solid
state imager 10 of the prior art and illustrates the problem of accumulation of
reflected IR radiation in the dark pixels. The imager 10 includes active pixels 12 and
dark pixels 11. IR radiation 101 is focused through a mirco-lens 13 to the active pixel
12. Some of the radiation 101 passes thfough the substrate 18 and is reflected from
the backside of the substrate 18 as reflected radiation 103 and accumulates in the
dark pixel 11. As noted above, the absorption of reflected IR radiation by dark pixels
11 can create image artifacts in the modern image devices, despite the fact that the

absorption itself is very small in this spectral range.

[0012]  The problem of reflected IR radiation in the 800 nm to 1150 nm
range is increased for thinner background wafers due to the smaller total optical path
of IR radiation hitting dark pixels. Thus, more IR radiation with shorter wavelengths



4 WD 2007/ 019073 PCT/ US2006/ 029299 can reach "dark pixels" due to reflection
from backsi de of the substrate when the substrate is thinner. [0013] The
present woveot0196v3di scl oses a substrate that substanti 0DUS200802929¢ | mage
artifacts fromIR radi ati on penetrating into the substrates in an i nmge
sensor. The present invention inproves inmage quality at extrenme |ight

conditions, _significant|y reduces ijmge artjfacts d to inferaction of

r ef | ecafureach “dark pivels) to reﬁﬁst@rsggahba@w{wé tﬁﬁéﬁﬁ%@a@fwflﬂ%&%g devi ces
wi th thinner substrates. BRI EF SUMVARY OF THE | NVENTI ON [ 0014] The present
[ nvent$13?$t1f94t%%&fb§§1€trrmgi ng devi ces having reduced image artifacts by
significantly reducing or redirecting ER radi ation penetrating into the

i mager substrate and therefore reduging IR contact with dark pixels. In
parti cul ar, [00A3] i nvidhepresentinegationcdisclosesn subsirate thas subs ¥c or

m cro-optical device that requires high quality mcro-lenses such as, for
exanpl ¥educepimageartifacts fronciReadiatign penefrating intoithe substsates im onimage
provides a nethod for reducing image artifacts in a sqglid state imager
havi ngseRspr.xEhe peesenbinveptioni@psevesimageaupdity at extzane light eonditiensd by
significantly reducing or redirecting JR radiation penetrating into the

i magersignificantly sedueesamage astifecisedite torintaraction efeflgated: IRelight withidarkon i s

significantly reduced or redirected by appl ﬁi,ng an_antireflective coating

Yy ) !
and/ orpixgls, and allowisdhe usg ef imaging dewicer wi erabsHaiRs: substrate. [0016]
I n anot her enbodi nent of the invention, the IRradiation is significantly

Cubstrate, [0017] In angiiEh SUMEMEARY R BHEINERYION 0n” he 1 R Taai ati on
is significantly reduced or redirected by nodifying the spacing of the
active pix eﬂo&f]”d The present invention provides imaging devices having reduced
image artifacts by significantly reducing or redirecting IR radiation penetrating into
the imager substrate and therefore reducing IR contact with dark pixels. In
particular, the invention is applicable for any micro-electronic or micro-optical -
device that requires high quality micro-lenses such as, for example, CCD imagers

and CMOS imagers.

[0015]  The present invention provides a method for reducing image
artifacts in a solid state imager having a pixel cell array, wherein the image artifacts
are reduced by significantly reducing or redirecting IR radiation penetrating into the
imager substrate. In one embodiment of the invention, the IR radiation is
significantly reduced or redirected by applying an antireflective coating and/or an
absorption layer to the backside of the imager substrate.

[0016] In another embodiment of the invention, the IR radiation is
significantly reduced or redirected by modifying the backside surface of the imager

substrate.

[0017]  In another embodiment of the invention, the IR radiation is

significantly reduced or redirected by modifying the spacing of the active pixels and
' 5



5 WO 2007/019073 PCT/ US2006/ 029299 the dark pixels in the imager. Al so
provided are nethods for formng the i maging devices of the present

i nvent i oWO07T/M§0Beduced i mage artifacts. [0018] Addit iREGTAVS280p02M%8ges and
features-of- the present invention will be apparent fromthe foll ow ng
detail ed description and drawi ngs which illustrate preferred enbodi nents of
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FIG 4] 5 | d i ' lL.ew illustrating the principal elenents
of a SB+G?%?%¢5&Z’°%§§FSS§@\}? g ar?%gbr aded backsi de of the substrate in
accordance with an exenpl ary enbodi ment of the present invention. [0023]
FIG 5Ais an inage ta ' @ﬂpﬁ@g ' g(ilm'mg A.Vm‘i a polished backside
surface according to tl??i%m}%s art. C?g 'S an magGégt aken with an

I magi ng devi ce having a roughened backsi de surface according to the present

nvent on. 6oy 2081608 407 A RCHASEANREPFRA9 Ak ARE(  BbRa-shth fndgal 0o

cross-secti Vi ew rating the principa
of the prior art.

[0020]  FIG. 2 is a side cross-sectional view illustrating the principal
elements of a solid-state imager having an antireflective layer and an absorption
layer on the backside of the substrate in accordance with an exemplary embodiment

of the present invention.

[0021]  FIG. 3 is a side cross-sectional view illustrating the principal
elements of a solid-state imager having an absorption layer n the backside of the

substrate in accordance with an exemplary embodiment of the present invention.

[0022]  FIG. 4 is a side cross-sectional view illustrating the principal
elements of a solid-state imager having an abraded backside of the substrate in

accordance with an exemplary embodiment of the present invention.

[0023]  FIG. 5A is an image taken with an imaging device having a
polished backside surface according to the prior art. FIG 5B is an image taken with
an imaging device having a roughened backside surface according to the present

invention.



el ements of a solid-state inmager having an abraded backsi de of the substrate
In accordance with an exenplary enbodi nent of the present invention. [0025]
FIG 7 | Q207807 oss-sectional view illustrating the RETHS0pE2929 ement s
of a solid-state inmager having the dark pixel separated fromthe active

pi xel in accordance with an exenplary enbodi nent of the present invention.
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at a
exemplary embodiment of the present invention.

[0027]  FIG.9is a representative diagram of the CMOS imager pixel cell of
FIG. 8.

[0028]  FIG. 10 illustrates a cross-sectional view of a semiconductor wafer
undergoing the process of forming an imager device according to an exemplary

embodiment of the present invention.

[0029]  FIG. 11 illustrates the semiconductor wafer of FIG. 10 at a stage of

processing subsequent to that shown in FIG. 10.

[0030]  FIG. 12illustrates the semiconductor wafer of FIG. 10 at a stage of

processing subsequent to that shown in FIG. 11.

[0031]  FIG. 13 illustrates the semiconductor wafer of FIG. 10 at a stage of

processing subsequent to that shown in FIG. 12.

[0032])  FIG. 14 illustrates the semiconductor wafer of FIG. 10 at a stage of

processing subsequent to that shown in FIG. 13.



processi ng subsequent to that shown in FIG 12 in accordance w th anot her
enbodi nent of the invention. [0035] FIG 17 illustrates the sem conduct or
waf er of WO 07007 a stage of processing subsequent tRCWUS0GI29299 i n FI G
12 in accordance with another enbodi nent of the invention. [0036] FIG 18
shows an i mager constructed in accordance with an enbodi nent of the

I nventi on. 7] i n tllustratiop of an i i system havi ng an
i mager Wltd98$ duc@h&i ﬂ%g@%ﬁﬁ%‘@ﬁ%@@g@ d”?%ré’ﬁ@geﬂg? $fag&Bbdi nent of
the present, invention, TAI LED DESCRI RTI ON OF, THE | NVENT). ON [ 0038] In the
f ol | owPTRECIRGFURIPAUEEE I hats SR iGN ArcRpdRrice vith ano onpanyi ng

dr aw ngs ich forma part hereof and show by way of illustration specific
enbodi%@h?éﬂ"ﬁ‘t\mitéﬁmwg‘q%ent ion may be practiced. These enbodi nents are
described in sufficient detail to enable those skilled in the art to

practice t I.nveqtion, .and it | s to,be understpod t_other enbodi nents
may be uti &%9%4] aE’ ~1¢|H-fus§ﬁaﬁ%th‘ﬁﬁﬁq“}cqné‘&ﬁ%lwa‘§ﬁﬂf @f@&oﬁt@aﬂta%a ges may
be made wi t hout departing fro t he iyit and scope of the present
inventpmes%s%&sgp@%t%ﬂw&ﬁﬁéwae@i@rfgz %Raéfﬁgrdsaél‘@%ﬁ'%éﬁo Iexenpl ary of
enbodi rregt@al of the invention; however, the sequence of steps is not limted
to t hafmBedimental the inyentgfy nay be changed as is known in the art, with

t he exception of steps necessarily occurring in a certain order. 8 WD
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and ot he en co ctor siructures. Furthernore, when :

emﬁoélme.nt oﬁﬁe mvenﬁ:lon._

[0036]  FIG. 18 shows an imager constructed in accordance with an

embodiment of the invention.

[0037]  FIG. 19 is an illustration of an imaging system having an imager
with reduced image artifacts according to an exemplary embodiment of the present

invention.
DETAILED DESCRIPTION OF THE INVENTION

[0038] In the 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
ate 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, the 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.
| 8



reference is nmade to a "wafer"” and "substrate"” in the foll ow ng description,
previ ous process steps may have been utilized to formregions or junctions
in the wase7mesersonductor structure or foundation. | nPEBYS2006/A2929e

sem conductor need not be silicon-based, but could be based on
silicon-germanium germanium gallium arsenide, or other sem conductor
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| ayer 25. .%’he pitﬁel cel | @rcrtay. ar2[6 .é‘lorrpri ses a plurality of pixel sensor
cel | s S¥TRGT PG SHYCEY D PSS ur face of the substrate 30, 9 WO
2007/ 019073 PCT/ US2006/ 029299 and is covered by a protective |ayer 24 which
i ncl ud ' | gelP l.Zat | f ' . |
vari ous mot0Rat | She sl el P Al et rof@e o e S ubis BB ESr ™, 101 e
'nopr %ﬁ%ﬁﬂ\% d IS‘P(&B-&%JEP&M Qedick ?éﬁeéonqierting electromagnetic radiation to an

electrical signal. Typically, the fabrication of all pixel cells in an image sensor will

proceed concurrently in a similar fashion.

[0041]  Finally, while the invention is described with reference to a CMOS
imager, it should be appreciated that the invent'lon’may be applied in any micro- -
electronic or micro-optical device that requires high quality micro-lenses for |
optimized performance. Other suitable micro-optical devices include CCDs and
displays.

[0042]  Referring now to the drawings, where like elements are designated
by like reference numerals. Reference is now made to FIG. 2, which schematically
shows a solid-state imager 20 according to a first embodiment of the present
invention. The imager 20 comprises a color filter layer 100 and a spacer layer 25
formed over a pi;<el cell array 26 as part of the same substrate 30, which may be any
of the types of substrate described above. A micro-lens array 70 is formed over the
color filter layer 100 and spacer layer 25. The pixel cell array 26 comprises a

plurality of pixel sensor cells 28 formed in and over a first surface of the substrate 30,

9



BPSG PSG BSG silicon dioxide, silicon nitride, polyimde, or other

wel | -known |ight transm ssive insulator. The netallization | ayers and
associ atwo 1Wor1eeBri c | ayers, which are part of prote®OMES20@y0292924, may be
formed of any convention material known in the art. [0043] Since a |large
portion of the reflected 1R radiation originates from the difference in

I ndex of refraction between the siligcon,sybstrate and,the air (or epoxy

| ayer ) anhifgoviered bY@,PrPF%hiVﬁé@@r' 2?0”1*16{:@\5?3%%5&%%“%%% i-ref lective

| ayer 80 fornmed,on a secqnd surface 32 of the substrate 30. As set forth
bel ow, PlaRarization lay@nf@rcfﬁemalgsya@ agwellas vigziops metalization layprsfort abl e

mat eri al as understood, by, those L having ordingry.skill in the art. An
absor ptamsiectign®r Thopassiy yerinchidedinprofestive layere4 |y¥ begdayenf

absorption lLayver 82 may he forned of .any sujtable material that absorbs IR
radi atP a?géhﬁgéd}hF%gﬂ%l&r Siliconeufide,pa /108 OfBetiwelldawim Wil e
FIG 2 shows both an anti-reflectiye |layer 80 and an, absorption |ayer 82, it
shoul dlight uarssrissiye dngwlator The metallization layers and associatedidielednicy t he
absorption |ayer 82. [0044] The problemof reflected IR radiation is

i ncr ealagarsamdich ave park pERrriedtive layae24 orayt bedasmed efanyeennseatioror exanpl e,
the quantity of photons with wavel ength of 1000 nm reachi ng dark pixels due
to themﬁtqu%@ﬂp&mﬂfbﬁ]aﬁbcksi de of the wafer in a 670 mthick substrate,
results in the accunulation of 3 electrons in the dark pixels from an

original ex e of the imger 20 tao 100, 000 otons. This_, accunulation wll
result in af%ﬁﬁ.%]ngesmcef lﬁﬁﬁﬁaﬁ?r@kﬁﬁéﬁé téﬁhﬁ@ﬂ?n pﬁgm?ée&f&pm si gnal .

I n conparj.son, for,a, 100 t hi,ck, substrate_30 th uant i of photons 10 WO
2007/ (e cHHersines Usinsiss of 26HOSHOn be e asglﬁan%ﬁ%tﬁ#tﬁ@r@%wm Tpi xel

I ncreases to re than 473 electro cunul ating in the.dark pixels

resul t$RAFY] IHY%EW@F iec theigagsr aézﬁ‘é‘%ﬁ%o%m] X ?ﬂ‘?cht”éflgﬁét ive | ayer

80 ¢ arhob f%nl%lseador{ 3 scgcrc])%dI SBACL 390 tl-{g Sitahate 30. As set forth below, the anti-

reflective layer 80 can be formed from any suitable material as understood by those
having ordinary skill in the art. An aibsorpﬁon layer 82 is formed on the anti-
reflective layer 80. The absorption layer 82 may be formed of any suitable material
that absorbs IR radiation at the wavelength of between about 800 to about 1150 nm.
While FIG. 2 shows both an anti-reflective layer 80 and an absorption layer 82, it
should be understood that the device can be fabricated with only the absorption

layer 82.

[0044]  The problem of reflected IR radiation is increased when the
thickness of the substrate 30 is reduced. For example, the quantity of photons with
wavelength of 1000 nm reaching dark pixels due to the reflection from backside of
the wafer in a 670 um thick substrate, results in the accumulation of 3 electrons in
the dark pixels from an original expose of the imager 20 to 100,000 photons. This
accumulation will result in a change of 1 Lowest Significant Beat (LSB) in the dark
signal. In comparison, for a 100 pum thick substrate 30 the quantity of photons

10



reflective | ayer 80 should be designed to effectively reduce internal
reflection of photons fromthe backside of the substrate 30. A person

havi ng orVMOR80X018KBI| in the art woul d understand the PEgpaAS2e06/02220%ri al s
used for the anti-reflective layer 80. Exanples of suitable materials for
the anti-reflective layer 80 include the various antireflective coatings

t hat have been deposr ted on the surface 32 of the substrate 30. A deposited
ant i r efeflecting and Gaﬂdﬂgg@!ﬁ\ﬁ@)kP%e]dﬁéfeéﬁ%ﬁﬁQI@%ﬁﬂ'@nﬂ S%F"é’nﬁnt i- reflective
| ayer 80. Deposr ted antireflectiye coatings w].l typr al | onprise silicon
and niaocegudating aﬂwmﬁlﬂgeeﬂ@égubéagb g ggﬁ ni trogen and
optionally, hydrogen DARC s can alternati veI y corrprr se sili con oxygen,
and in sone cases, . hydroge CIher swtag)&e n&terl als for_f .the

anti - ref | ed004E | ayty @@1{ raiye layer 8R\can be used i the unager;20; itride
and al um num such as a stacked | a of, TiN A/Ti Anagf her surtabl e

mat er i tefleetdye layer 84 shoulskhedesigned éﬁﬁecgmelyrr@duwtqm@bre efHeNi ckness of
the anti-reflective |ayer 80 should be |arge engugh so as to preclude

r ef | ecPhatansfromm ghe bagksislenfthe substtate 3P o dgpensan having erdinaryskilbinther ab) v,

the anti- reflective |layer 80 has a thickness fromabout 0.1 mto about 5 m
pr ef eratbmwould gimd eﬁ&fél)d mﬂsmnﬁt@mlszlssdﬁ@r thesntinrefleativelayer Bdm about 0. 1
mto about 0.5 pin. | es of antj-reflective rraterlals whi.ch can be used
are dikxareples of suitable mﬂsnals fap the antireflestive layer 80 imdude the vatious 6, 869, 747;

6, 767, 689; 6, 753,584; and 6,6 085, the, disclosure of each of which are
i ncor paviEefectie coatingy thefIW@ﬁ)@én depesited pr thgsurfacedR| of the substeate 0g0 i s

|IIust ed as.a single layer, | uld be un tood at the

anti - B@W%mﬂ CE&%CWME?%‘PH%W fpuyp P ekl s that may be
forrred e sa different .naterials 11 V\Dz 7/ 019073

PCT/ u§2§ GHQ?lt §G?$ﬂ‘feo‘|‘93p&§§ soraeyég silicgnover the
antl-reflectlvela er 80. |onla. 2absorsIRr tiop in the
Dot A TEpERo R Fom ORISR SOMBHYRH ob UG M REL A PRACRalE: 8o may
be fo rhy %XR(E s can Eltematively comprise silicon, oxygen, and in some cases,

hydrogen. Other suitable materials for forming the anti-reflective layer 80 include a
layered structure of titanium nitride and aluminum, such as a stacked layer of
TiN/AYTiIN. Another suitable material for the anti-reflective layer 80 includes TiO..
The thickness of the anti-reflective layer 80 should be large enough so as to preclude
reflection of the IR photons coming through the substrate 30. Preferably, the anti-
reﬂectirre layer 80 has a thickness from about 0.1 pum to about 5 um, preferably from
about 0.1 pm to about 2.5 um, most preferably from about 0.1 um to about 0.5 pm.
Examples of anti-reflective materials which can be used are disclosed, in U.S. Pat.
Nos. 6,887,648; 6,444,588; 6,713,404; 6,869,747; 6,767,689; 6,753,584; and 6,614,085, the
disclosure of each of which are incorporated herein by reference. While the anti-
reflective layer 80 is illustrated as a single layer, it should be understood that the
anti-reflective layer can be formed from a plurality of layers that may be formed of

the same or different materials.
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many different materials that absorb IR radiation. Absorption |ayer 82 may
be forned, for exanple, of germanium (Ge). However, other materials from
whi ch aPb&b2007/P19A73 ayer 82 may be forned include Si Ge, EiTHIS2006/a28299] | ke. The
t hi ckness of the absorption |ayer 82 should be | arge enough so as to absorb
all the IR photons com ng through the substrate 30. Preferably, the

e OBU, oo Erloh e BB ot St 2 .
" "shdaye s AbePHon D A AR CsAaniry thy aPeebalaange SEBORR o fr o &
e B 5 B ot o B e et e
T o TRARE TRt Bt R Aboean fediaief  BrorPriondabt & teor o over &
Col | dpragdizior eRgmples o gemmanbim el Hoteves ol marials Samuvhie 30, Twhi ch
Sl RS v B oL Y oo D
at or (B SHPOIPHORIAEAMAL Siouild beJ47es PRauEhife aido abesrinall e TREASUES about 800
S o, COmnEGRIE e bofeh s ORRABY, the oL Bye RE haga Rusness f or e
IR T T T
be. undURErEN TRRLOS 2 LEn 408107 T oWALBEF BESpERIIaYe T Rbsor pt i on | ayer
B4 canybe Loh1ed LAV B! AL bOlnbBNEIcH AT BRSO B B cal o 52T
be formed from a plurality of layers and may be formed by the same or different

materials.

[0047]  Reference is now made to FIG. 3 which schematically illustrates a
second embodiment of the solid-state imager 20 of the present invention. The
illustrated Fig. 3 embodiment comprises a rrﬁcro—_lens array 70 formed over a color
filter layer 100 and spacer layer 25, which are formed over a pixel cell array 26
formed in and/or over a first surface of substrate 30, which may be any of the types
of substrate described above. The imager 20 further comprises an absorption layer
84 formed on a second surface 32 of the substrate 30. The absorption layer 84 may
be formed of any suitable material which absorbs IR radiation at the wavelength of
between about 800 to about 1150 nm. Preferably the absorption layer 84 is formed
from Ge, SiGe, SiC, or the like. Most preferably, the absorption layer 84 is formed
from germanium, as germanium for these purposes can be deposited on the surface
of the substrate 30 using standard vacuum deposition techniques. While the"
absorption layer 84 is illustrated as a single layer, it should be understood that the

12



[0048] As noted, in a nost preferred enbodi nent the absorption |layer 84 is
formed of germanium (Ge). Wiile not wishing to be bound by'theory, it is
bel i evedWD?807/010@93i nt ernal reflection fromthe Si/Ge b®CTARR06/02VAYt he
substrat e/ absorption |ayer is less than 3% which reduces the anount of
reflected light by nore than 10 tines for an inmager and nore than 20 tines
for a _package/ nodul e desjgn. deposi tjng the absaorption |ayer 84 on the
second@bseiptiond ygrz84)¢a1}dl%%(§' ﬁ¥amea Bﬁ’,-"ailb"i’ apesi aY%&tfom‘lédbé’sul ting
quantity of acgcunul ated ¢harge for a 100-mthick substrate will not exceed
44 e \m@ﬁaraeomﬁf@r@pbmt ‘hange of dark signal of not nore than 13LSB at
hi ghest gain. [0049] Reference is now nmade to FIG 4, which schematically
illustrates a _third enmbodi nent of f{he soljd-state inpger 20 of the present
i nvention. [G048] i | Asgofesd &y a et preferte pdisaantihe ngWQndéwr&l havi ng a
mcro-lens array 70 forned over a color filter layer. 100 and spacer |ayer
25, wis formedeofi garmaniwmde W@mommmwbeﬁm%gﬁééecmma/or over a
first surface of substrate 30. The imager 20 further conprises a roughened
secondelieved that theinternab reflectipn depn ﬂmgzjﬁerhqu@daw frem thecond substrate
surface 85 in_the perpendjcular. direction with respect tq the second

sur f agubsipatgfabsorniion layerisdessdhan § % which redncesithe amovit of geflgcted r ect
reflection to the dark, pixels. Thus, the quaptity of photons 101 hitting
dar k Maébxm@mmﬂemw%@msémd@@méﬂpmaé@meﬂ Laaway from the dark
pixels. FIG 5 illustrates experinmental results show ng reducing of inmage
arti f Packagermegiug designnBy slepRs F@bﬁ@mlﬁwf%@%%ﬁ sesoBfened second

surface 85 of é e substrate 3 an_| mage takerg wi th an i nmagi ng

... Fl 5A s
devi cEUrace 3o %‘s‘ﬁétﬁ S%Hdﬁg?]d%""gﬁ‘laég@ I ywantify ofpage taken with an
| magi ng devj ce_having a ughened backsi de_surface ordi.ng to the present
i nve n?g%ﬁn“jﬁﬁedf\g‘%@%?bi 5@@‘8’%@1‘!’%@2 tg 3gligwt e[‘@ﬁ?&@f‘f?ﬁgﬂ} ughened second
surf a(c:grrggponr@/igg c{'\grr\gg gf (I:Iz?rkt sri]anasl% %torf %Eoere than 13LSB at highest gain.

[0049]  Reference is now made to FIG. 4, which schematically illustrates a
third é’mbodiment of the solid-state imager 20 of the present invention. The
illustrated embodiment comprises an imaging device having a micro-lens array 70
formed over a color filter layer 100 and spacer layer 25, which are formed over a
pixel' cell array 26 formed in and/or over a first surface of substrate 30. The imager

20 further comprises a roughened second substrate sutface 85.

[0050] Roughening of the second substrate surface 85 in the perpendicular
direction with respect to the second surface 32 provides the scattering of IR radiation
instead of direct reflection to the dark pixels. Thus, the quantity of photons 101
hitting dark pixels can be reduced by scattering the photons 104 away from the dark
pixels. FIG. 5 illustrates experimental results showing reducing of image artifacts
from bright halogen lamp (row banding) with a roughened second surface 85 of the
substrate 30. FIG. 5A is an image taken with an imaging device having a polished
backside surface. FIG 5B is an image taken with an imaging device having a

roughened backside surface according to the present invention.
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30 by known net hods such as, for exanple, chem cal nechani cal polishing
techniques. In a typical chem cal nechanical planarization (Cl\@q rocess,
the suMNe®2MFB199TF face that is being polished is pl aceBCTVHPOLW Ut with a
rotating polishing pad. During the polishing process, the pad is rotated
while a dowmmward force is maintained agai nst the substrate. A polishing

conposition_is.appljed tq th I nterface phetween the polishing, pad and the
substrate Eqﬁlice € Heugrane r?@EPnCﬁﬁér?a‘&d%ﬂ@ﬁY ﬁfegﬁﬁaéli‘ﬁ%‘ﬁl e applied
to the interface b ppl yi ng .t he pol.i shin conmposition tp, the polishing pad
sur f ad0 by knawe mefbeds sueh a ;f@ra@@ﬂuélpn&ea%smgehmueal psehingthe. pol i shi ng

corrposVéiQn can be appliedtothein,terface,ei';he(r intermttently or

conti ¥ ‘H‘}esaﬁﬁ a typical shemigal giechanicalplanasization PEPeasyinean begin
e SRl o i
et malEhEg pah DVEE A POREhInG FREHSC S R a ToMA L sl dOWRE 28 r asi ve
R ol R R

ool | SRiRBlacEhokseR B rotisbing par A Elaibsttate BiAFeCeReg8 POURRAL BGE chem cal |y
bl | s FelshingomppsiGeR sen P appled fa Biipferiack ba AR IEARADRBIE of i he pac
or o1 PRPCRLIGE Ve P Bbine Bl A WA A Ace Homs paltg, o
SeconPédh The BOBSHRG SRETRGNRAR AYBSP HIEL B e AR cB DRSNS pad | 1
end 1 B8 GPREoRely DA R GRBRERHon N PO BRI pR a0 BopTergo T
or after the polishing pad is brought into contact with the substrate surface being
polished.

[0052]  The polishing process further requires an abrasive material to assist
in removing a portion of the substrate surface to form the roughened second surface
84. The abrasive may be incorporated into the polishing pad such as polishing pads
disclosed in U.S. Pat. No. 6,121,143, which is incorporated herein by reference, it
may be incorporated into the polishing composition, or both. Ingredients in the
polishing composition or slurry initiate the polishing process by chemically reacting
with the material on the surface of the substrate that is being polished. The
polishing process is facilitated by the movement of the pad relative to the substrate
as the chemically reactive polishing composition or slurry is provided to the
substrate/pad interface. Polishing is continued in this manner until the desired

roughness of the roughened second surface 85 is achieved.

[0053] The movement of the polishing pad in relationship to the substrate
can vary depending upon the desired polishing end results for the roughened
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second surface 85. Oten, the polishing pad substrate is rotated while the
surface of the substrate being polished remains stationary. Alternatively,
t he pol | W€ 2087673 and t he substrate bei ng polished carPQIU$R00002829%i t h
respect to one another. The polishing substrates and in particular the
pol i shing pads of this invention can be noved in a |linear manner, they can

nmove in a orbital_or rotatiQnal manper, or they cgn npve in a conbination
of theseew@mfa?ﬁs%-[@&sm @%&n&?ﬁ&lﬁ@&%ﬁ@ divehile thasustasa of o i ncl ude

chemicals that _react with and soften the surface of the material being
polis .su{maf@rb@mgepehshqéonmnﬁ staleRHY's i&t%‘ﬁ‘agﬁ’ eg’l: the polishing padpor t ant
factor ipn.the CVP step. pendi ng n the ¢hoi ce of ingredients such as

oxi di AMhthegahsiateheing pplished canbothanaye with respectdeiong angéhars Thebr asi ves,
and other useful additiyves, the polishjng slurry can be tailored to provide
ef f ectpalishing substiagessnd epartisylarthe prlsting Padsiof faisiineention carrherg 1 at es.
Furthernore, the poli shi nghcorrposi tion maé%be sel ected to provide controlled
pol i sinayed & adinpas manser, shepeanmovgde a qrbitalnr asataticnsl manugworbey shi ng
conpositions and slurries are disclosed, in US. Pat. Nos. 6,068, 787,

6, 063,@0aNo%e U coMbinatiareef the direstions;, 506; 5, 954, 997; 5, 993, 686;

5,783,489; 5,244,523; 5,209,816; 5,340, 370; 4,789, 648; 5,391, 258;

5,476, 606; 5,527,423; 5,354,490; 5,6157,876; 5,137,544;. and 4,956, 313, the
speci i cat ilB3] of Thepelishingirompasition isfermulated &0 maludechgmicalsdhatce.

[ 0056] Reference is now made to FIG 6, I,ch schematically illustrates a

f our t Hreaghiwith apdsoffen the surpreoithgma & o ﬁhémem?éb@ﬁﬁof nvention. As
set forth , above with referenge to FIGS. 2-4, the | st rated enbodi nent
conpr iRishing compesigon @& @WWH@?@F%&@@W%@W&%S&B- bﬂm@g}}sﬂ/er a
color filter |ayer 100, ,and spacer ., |ayer 25, which are fornmed over a pixel
cel | Atk DOIE S g SRR st prizang rggits A4S Desbe pudagNISar o 30, The

i mager 20 further conprises at, least o aped grating, 8 forned on a
S0 on CORIPAE AgEnianabLses, A OgE uprlel agditven-e SRy Shdsod 15
tailored to provide effective polishing of the substrate layer(s) at desired polishing

rates. Furthermore, the polishing composition may be selected to provide controlled

polishing selectivities to the surface.

[0055] Examples of CMP polishing compositions and slurries are
disclosed, in U.S. Pat. Nos. 6,068,787; 6,063,306; 6,033,596; 6,039,891; 6,015,506;
5,954,997; 5,993,686; 5,783,489; 5,244,523; 5,209,816; 5,340,370; 4,789,648; 5,391,258;
5,476,606; 5,527,423; 5,354,490; 5,157,876; 5,137,544; and 4,956,313, the specifications

of each of which are incorporated herein by reference.

[0056]  Reference is now made to FIG. 6, which schematically illustratesa
fourth embodiment of the solid-state imager 20 of tﬁe present invention. As set forth
above with reference to FIGS. 2-4, the illustrated embodiment comprises an imaging
device having a micro-lens array 70 formed over a color filter layer 100 and spacer
layer 25, which are formed over a pixel cell array 26 formed in and/or over a first
surface of substrate 30. The imager 20 further comprises at least one shaped grating
86 formed on a second surface of the substrate 30. FIG. 6 illustrates several shaped
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WO 2007/ 019073 PCT/ US2006/ 029299 gratings 86. The shaped gratings 86 are
preferably aligned at an angle P to a second surface 32 of the substrate
30. The wioegeTioigomt i ngs 86 reduce the anobunt of IR ph@cES2eemati ng in
the dark pixels by the angles and orientation of the shaped gratings which
are selected to reflect the photons away fromthe dark pixels. [0057] The

| hoBHEIE0 8 e SHaPeA SHALTR 15 aXEiFERMeEaRly RGNS AERN ATEIA b ShderoRd
Cont 1 CRTEASE A GLIhE AUDREAED, JHEsb8Ded STAHUIERAGTEHBCR RPN OF I 1 ne Shaped
ar k. pROR0Bs Scoumuligsn e GATkBXHPE s PalPURbPUeBIAtpR the Sabehol o |3
1 om BROGRBS 3 ich aBoerlecer BRERHac e papionp RUFB A e (GABBSR. 20 ©o about

55 degrees, nore preferably fromabout 35 to about 45 degrees. Thus, the
phot ons 101 t hat penetéilate t he, substrate 30 reflect _back 103 away from dark

pi xel s. The08hZbed Teshrped suings i cancheformed by Ay ¢hamicgt ohhot ons in the
dark pixels. [0058] Reference is now nmade to FIG 7, which schematically
i |1 ustingelanigal meMS%%m@ﬁtarbﬁu as,4er example; @%LF‘ agicak he present

i nventiqp, .According to. the present [nvention, jt .has been found that
provi dPolighing s de d@@moeeﬁx%@fsw,séeéﬁbm/ the Pabsfmaﬁae eted 9 xel s 29 in
an i mager .20 can reduce.the .qmount, of ||R radiation that contacts the dark
o ol Peyida el bSUaing SORCHTERS o B iiar 54,05 59 FOh Hiamiaped xol o 20 |

2L ShaS A 5 R RIS b B P B 2,
absor b aHE BEROE Pa TR IalraR AL Ak cial b tnagedond FkeesEof om about
or of orBB YDA EBlR Bk e aRefap lkererab om0 1o b rEdbe B e a5 may
be any 3k It)r?el%lel%brf}? From about 20 to about 55 degrees, more preferably from about 35

to about 45 degrees. Thus, the photons 101 that penetrate the substrate 30 reflect

back 103 away from dark pixels. The shaped gratings 86 thus reduce accumulation

of photons in the dark pixels.

[0058]  Reference is now made to FIG. 7, which schematically illustrates a
fifth embodiment of the solid-state imager 20 of the present invention. According to
the present invention, it has been found that providing a spacing X between active
pixel array 27 and dark pixels 29 in an imager 20 can reduce the amount of IR
radiatic;n that contacts the dark pixels 29. The space X between active pixel array 27
and dark pixels 29 is preferably covered by an absorption layer 83 and a non-
transparént layer 85. The absorption layer 83 may be formed, for example, Ge, SiGe,

- 8iC, or the like, The thickness of the absorption layer 83 should be thick enough to
absorb the reflected radiation 103 and preferably has a thickness from about 0.5 um
to about 8 pum, preferably from about 1 um to about 6 um, most preferably from
about 2 ym to about 5 pm. The non-transparent layer 85 may be any suitable non-
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16 WO 2007/ 019073 PCTI US2006/ 029299 transparent material to prevent
penetration of radiation 101 into the substrate, such as, for exanple

met al s sUEQ 2805/0097st en, al um num or the |ike. The absopptiyssook@ase 83 and
a non-transparent |ayer 85 prevent penetration of light and IR radiation
into the substrate. The absorption layer 83 further prevents subsequent

reflection of IR photons back to the substrate and into the dark pixel 29.
The witsansparentimatesial to Rrevs@tm@etrau@@fcqam@qﬂuﬁwm@smw suaﬁk pi xel s
29 in imager can be calculated by the follow pg, [0059] X =2 D tan(a)

[ 0060]asnfsrexample metalsistrh aﬁ&mgmn,taﬂwnmreroratﬁe like; Iheipbserptionlayengl e  of
ray for the IRradiation in the substrate. [0061] Reference is now made to
FI GS. 8.arvd a pp-transpatent layersbprevent penesation af dight anddRetagiationimge r

di scussed above. The pixel array 26 shown in FIGS. 2- 4 and 6-7 conprises a
pl ur althe gubstratex dhe absarptianelayer 8&furtherqrevents sabssguient peflectionf Bt e 30, and
is covered by a protective layer 24 that acts as a passivation,

pl anarphotonshackno thestbstratetanshintathe darkpixel2%: nhpewidth, ofithe spaceiX may
include one or nore passivation |ayer and netallization |ayer. The

passi \retween the activie pikekareay 27 and datk pixels 2% indmagey can bg qalgudatedbyBPSG, PSG,
BSG silicon dioxide, silicon nitride, polyimde, or other well-known |ight
t r ansrthe éolewings ul at or . [ 0062] The color filter layer 100 is forned over the
protective |ayer 24. The <color filter layer 100 conprises an array of red,
bl ue and green _sensitive elenents,  which may be arranged in a pattern

under st ood [9@/59Jhe person %ﬁl’zn@ bflaﬂ(cﬁ'ary skill in the art as exenplified by
U.S. Patent Nos. 6,783,900 and 3,971, 065, which are herein incorporated by

reference. [0063] shown in FIGS. 8-9, each pixel sensor, cell contains a
phot osensor[BO@, m@?@#%ﬂ%ﬂadmﬁeﬁamﬁeﬁﬁﬁ%ﬁ e maxipyam angle A
phot O%?trgy ?(E};Oélg iﬁr}gglrati%% in the substrate.

[0061] Reference is now made to FIGS. 8-17. FIG. 8 shows an expanded -

view of the solid-state imager discussed above. The pixel array 26 shown in FIGS. 2-
4 and 6-7 comprises a plurality of pixel sensor cells 28 formed in and over the
substrate 30, and is covered by a protective layer 24 that acts as a passivation,
planarization and metallization layer for the imager 20. Layer 24 may include one or
more passivation layer and metallization layer. The passivation portion of the

+ protective layer 24 may be a layer of BPSG, PSG, BSG, silicon dioxide, silicon nitride,
polyimide, or other well-known light transmissive insulator.

[0062]  The color filter layer 100 is formed over the protective layer 24. The
color filter layer 100 comprises an array of red, blue and green sensitive elements,
which may be arranged in a pattern understood by the person having ordinary skill
in the art as exemplified by U.S. Patent Nos. 6,783,900 and 3,971,065, which are

herein incorporated by reference.

[0063]  Asshown in PIGS. 8-9, each pixel sensor cell contains a photosensor
34, which may be a photodiode, photogate, or the like, A photogate photosensor 34
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17 WD 2007/ 019073 PCT/ US2006/ 029299 is depicted in FIGS. 8-9. A control
signal PGis %Plled to the photogate 34 so that when radiation 101 in the
f or m of &ses color filter layer 100 and stri KST/UBXB6ARAB0sensor
34, the photo-generated el ectrons accunulate in the doped region 36 under
t he photosensor 34. A transfer transistor 42 is Iocat ed next to the

Gont ?3??%“%%’41 in FtGe 42, ASPpfil SRRal BEas aptfied g ég g@dﬁ!ﬁqg&t@& Ted a
LLS? osefen adistds 1rinth 'OPO’EF@%%%B@?%%%SE O et o {0 spUGRRER ¢ cui ¢ ry
R s sy o G
rFadoaéouﬂ%f‘%hF lo%eﬁéorf:g‘#‘n‘g” fggﬁ%aqsf @ﬁl%qat@cﬁg tb"{ﬁ’\t}g‘ d(asgri lF))ed w
6. 376 hasoseroR Sdandbar s wnd dFdn Jgé,@ggggm S aEaR Ttk B ratod by

For 1 rOTElRGHS  lpahaias an@iLH‘é quéq%siq?} w@ﬂ‘éaﬂﬁ%&%&aﬁﬁxf‘ﬁe o

D R Gt R ¥ Dot AL
o) el SRl 4% %@M@@@% g n i
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gr own LI AihEd bl of ¥ Bﬂeﬁ 8drior ge]fmdaytﬂ]eefo%af Poq%txgmiﬁg? in U.S. Pat. Nos.

6,376,868 and 6,333,205, the disclosures of which are incorporated by reference

herein.

[0064]  Asillustrated in FIG. 8, the gate stacks 43, 54 for the transfer 42 and
reset 50 transistors include a silicon dioxide or silicon nitride insulator 56 on the
substrate 30, which in this example is a p-type substrate, a conductive layer 58 of
doped polysﬂicon, tungsten, or other suitable material over the insulating layer 56,
and an insulating cap layer 60 of, for example, silicon dioxide, silicon nitride, or
ONO (oxide-nitride-oxide). A silicide layer 59 may be used between the polysilicon
layer 58 and the cap 60, if desired. Insulating sidewalls 62 are also formed on the
sides of the gate stacks 42, 54. These sidewalls 62 may be formed of, for example,
silicon dioxide, silicon nitride, or ONO. A field oxide layer 64 around the pixel
sensor cell 28 serves to isolate it from other pixel cells in the array. A second gate
oxide layer 57 may be grown on the silicon substrate 30 and the photogate semi-
transparent conductor 66 is patterned from this layer. In the case that the

photosensor is a photodiode, the second gate oxide layer 57 and the photogate semi-
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transparent conductor 66 is patterned fromthis layer. In the case that the
photosensor IS a ?hotodlode the second gate oxide |layer 57 and the
phot ogat & Q208730 2007/ 019073 PCT/ US2006/ 029299 t r aRSHHP9AE029Mduct or 66

are not required. Furthernore, transfer transistor 42 is optional, in which
case the diffusion reg| ons 36 and 40 are connected together. [0065] The
|mage deV| ces 20 ed above w e ence to EIGS. 2-4 nd 6-7 are
manuf & g@é’@ﬁ?fﬂ%’@ﬂt t;{éﬁ'[}g%Fd tBaRsf e%tﬁamlstoaéﬁﬂ%t ed in
FIGS. 10:1 Ref now to Fl a substrate 30, which may be
any ofoRtF@alrt‘gﬂ\%%mgtf Eond'ég’tﬂnﬁgg e copnectgddogether. cel | array

26, peripheral circuits, cont acts and wiring formned thereon by wel | - known

hods, d A | 4 of BPSG BSG P | ~
i oxi de, stofedh ‘iﬂemth%h%ééhtégs&é%&@éw%m em%sctﬁs 1 array 26

to passiyvate it and to vi de, a pl anarj ze ur [0 67] Aclor filter
Iayer E7 mq%&a 5 ugh 3repess dep 0 qwvs, ih FIG 11.
The coé& [lter layer 100 may be forned of a col or resi st or acrylic

mat er i é’ﬁ is used as a light transmtting material. For exanple, color

filter layer 100 may be formed of a plurality of coI or filter |layers, each
of the pIur color f|| yers cons of d f||te regi ons
(Eot )shovvn) Siéﬁt']eenf f‘@gf}%? 5 ulé%\k%.;’ ¥, Obllﬁéy |aNF O rté?l onsI (n](c)t
shown are fo eS|s or ¢ material o
t he ret¥B%§:‘P Q}@SE‘@F%?AQSFPP%& Ph@ E‘&%&%E ﬁEPIL é&%ﬁi GIrQHdtsy esi st
mat eri al | ue, sensi t.ive | St ter and senS| { esi st
mat er |9t g(§9gaeggﬁ$rgppn H@e]i EBOWEIE}%&&QE@ r@@ﬂ“i%ﬁsét ive el enents
of ea_cﬂti.8 hygﬁa}P §14a| Ilﬁ#&?d}ﬁ r fJ.| ter,,| aée[fihécgﬁtlﬂé{} Elpﬁ/ﬁ%%{s; l ter kI ayer
100 ern know
Engt temaﬁggé Iglglgﬁ&};sp fqﬁll q;;a}ag&o passwnPeﬂ rrﬁ%%rg%%/de a{TB an)énztg er colored
surface.

[0067] A color filter layer 100 is formed over the protective layer 24, as
also shown in FIG. 11. The color filter layer 100 may be formed of a color resist or
acrylic material which is used as a light transmitting material. For example, color
filter layer 100 may be formed of a plurality of color filter layers, each of the plurality
of color filter layers consisting of red filter regions (not shown), green filter regions
(not shown) and blue filter regions (not shown), which are formed, for example,
from resist or acrylic material of the respective color-filtering qualities. As such, red
sensitive resist material, blue sensitive resist material and green sensitive resist
material may be employed to form the red, blue and green sensitive elements of
each of the plurality of color filter layers that form color filter layer 100. These red,
blue and green elements may be formed in any pattern know to those skilled in the
art. Other embodiments may employ other colored materials, such as paint or dye,
as known in the art. The color filter layer 100 may be formed over the protective

layer 24 by conventional deposition or spin-on methods, for example.
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as known in the art. The color filter layer 100 may be forned over the
protective |ayer 24 by conventional deposition or spin-on nethods, for
exanpl e. WDBR200q0 13017/ 019073 PCT/ US2006/ 029299 (0068] A REWUSY0d/@929 25 i s
formed over the color filter layer 100, as illustrated in FIG 11. Lenses
70 may then be forned, as shown in FIG 12, froma lens formng |ayer, for

exanpl e, so_that each | ens_ 70 erlies i xel cgell, 28 Al ternative

const ruct i olf968h spAGing Layer l%f%quz%‘%ﬁgﬁ?? oefilter layez d00as28 are al so
enconpgssed by, the present invention. It should al so.b nder stood that the
pr ecedk tféf@QYrW H&-&isi—%ﬁr@eﬂ‘éﬁﬁb@i h%%ﬂmtﬁ‘f ad %WE%%I&F hfOmch. Of
course, it should bg@ under st ood .t hat _ot her _enbodi nents of the invention may

be i rienafogminglayer, forexagaple; s s eactens, /) everiesadikel elld. 2- 4 and 6 7.
 mager Alletmaive QorbRistPs Wi Bra gl ovrdiesceltple Pl il S arealse, used
g encompasBes Ry e Prefens iieriiog: It SRR AlsabeRRASPIRT SBOUE oy Do
Govi otrestdingexarmalen QIschie $BRONEEn ISR BB L BeRaon: ksoumte & o
0. 1 i Bedmds st ok e apbRRTenoab e IR HAR TR bt SERIY | ayer 80 i s
15, THabBeRsed i Baepel Witk efemnce to B GEAnd 87 r oduce i nternal 1ot | ecti on
of photons fromthe backside 32 of the substrate 30. Exanples of suitable
ant 1| oct 006 oa Vs B p1ocsises haps B prestosd A0 IHERNaR D AGMQR | ve
i1 cofpaged device, BabRuld frnadustied FabiSpretaBti s il it heon,
"1 L1 0gell, 00 OB Ona e I 006110 G e SR 3D Rgee! v COMPr e

* Accordingly, the pixel cell formed as described above may be employed in CCD

image sensors as well as CMOS image sensors. The imager devices of the present

invention may also be formed as different size megapixel imagers, for example

imagers having arrays in the range of about 0.1 megapixels to about 20 megapixels.

[0070]  An anti-reflective layer 80 is formed on the second surface 32 of the
substrate 30, as illustrated in FIG. 13. The anti-reflective layer 80 is designed to
reduce internal reflection of photons from the backside 32 of the substrate 30.
Examples of suitable materials for the anti-reflective layer 80 include the various
antireflective coatings such as, for example, a deposited antireflective coating
(DARC). Deposited antireflective coatings will typically comprise silicon and
nitrogen, and can, for instance, be comprised of silicon, nitrogen and optionally,
hydrogen. DARC's can alternatively comprise silicon, oxygen, and in some cases,
hydrogen. Other suitable materials for forming the anti-reflective layer 80 include a
layered structure of titanium nitride and aluminum, such as a stacked layer of

TiN/AI/TiN. Another suitable material for the anti-reflective layer 80 includes TiO..
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hydrogen. Other suitable materials for formng the anti-reflective |ayer 80
i ncl ude a Ia¥ered structure of titaniumnitride and al um num such as a

st acked W78 NV AL/ Ti N. Anot her suitabl e nmat eri al PEHPS30pE029299
anti-reflective layer 80 includes Ti Q2. 20 WO 2007/ 019073 PCT/ US2006/ 029299
The thickness of the anti-reflective |ayer 80 should be | arge enough so as

L?efrg?%‘h?&ﬁ e Eitht afgenbfe y ) %ﬁ%?‘%%‘?%ﬁ&?ﬁ%ﬁgﬁ#g@%&?: 0. i‘;pm
t . : ! t
f ?o?nh ilerh pP YR F%?ng%r{sr%?ﬂgng%ﬁf%ﬁéﬁ%&%ﬁﬁéﬂz‘?ﬁ@ﬂef or med”

¢ . . D F ti
nger z@&n%‘y’é By oiteg o fidinebriroRtabdut 0E RO Hhd S Pﬁ%@?ﬁi{%ﬁﬁ{ ch h
i okt P B A oo S LS ol prEl ANy Brofitaboftt Fpmm RoiabeB 0518 | 0%, Car
alblso'; h;ai l)rI? photong com ng t.h.rough th.e substrate 30.. Pr effarabl y, the
tSr of gfam y [RYEL, ChAbactpkiBnianase i [SMard meampni iRk S0.B0. om

0 a 4 : | ri a secon

enbodioirfrﬁp'ln j&a(%H u{%@?é&?&%@%ﬂ%ﬂﬁ{rﬂ%ﬁé@f@a rlboecfgggﬁ%ﬁgc.ﬁ g{(ﬁ ggcg dgglﬁ)ets%qyen]E to Ej he
§L°Se§’§*@§2ﬁ£fﬁﬁﬁgé%é%§§%¥%%§ Dot R setfothl s 45 ot BBl GE8ICE, my be
vvg\r/gF gsﬁig’ ﬁgg\é‘{e E]S%.&Zg%ﬁgb%%sggg'l é["%'tb a E?Riﬁ%g%%#ﬁoﬁ@rj%@edrrggIefll&fl%fgg%bsor ption
| ayer 84t shsbth Hﬁgl},épgﬂlo nsh ﬁ‘rﬁgﬁ]%ur@rthta@ﬁbé&gﬁ-wy%ﬁerﬂ?lﬁ #eably, the

absorption layer rnme germani um as germani um t hese

PUT POS#SoeAAoR Sayé B2 Hals @thidknkBefro M 41 0 i Mfﬁgﬁggg?&efb% 1y

g the
st andard cuum’deposition techni ques. Preferably, t orption | ayer 84

has a froii SRS p;rtl@ﬁﬁb’&%tprﬁ,- RobfpreféraBlyofbmbabiviit 20 bl 5fam about 0.5

pmto about 3.

2]

[0072]  FIG. 15 illustrates an imager according to a second embodiment of
the present invention at a processing stage subsequent to the processing stage
illustrated in FIG. 12. An absorption layer 84 is formed on a second surface 32 of the
substrate 30. The absorption layer 84 may be formed of any suitable material which
absorbs IR radiation at the wavelength of between about 800 to about 1150 nm.
Preferably the absorption layer 84 is formed from Ge, SiGe, SiC, or the like. Most
preferably, the absorption iayer 84 is formed from germanium, as germanium for
these purposes can be deposited on the surface of the substrate 30 using the
standard vacuum deposition techniques. Preferably, the absorption layer 84 has a
thickness from about 0.5 pm to about 8 pm, preferably from about 0.5 pum to about

3.5 pm.

[0073]  FIG. 16 illustrates an imager according to a third embodiment of
the present invention at a processing stage subsequent to the processing stage
illustrated in FIG. 12. The second surface 32 of the substrate is roughened to form a

roughened second surface 85. The roughened second surface 85 is formed by
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[0073] FIG 16 illustrates an imager according to a third enbodi nent of the
present invention at a processing stage subsequent to the processing stage

i |l ustratVe@200700@ 12. The second surface 32 of the subeTws206/029290ughened
to forma roughened second surface 85. The roughened second surface 85 is
formed by 21 WO 2007/019073 PCTI US2006/ 029299 known net hods such as, for

ochan R aTetirs SR 8k oEmyanpbs dultical e natbbins (eBriden: 18 bel ng
s R i AR e BB BB 2o T
assh st Behis aEng polighed bublaresngp conacEibus ttatiag PoUSKE Padardh  he 1 oughened
o e O

conposi tion ,or slurry is provided o ,the supstrate/p I nterface. Polishing
is co rﬁqttqq%@ga #Wi%q?i@%ﬁﬁgﬁh‘%d\tﬁﬂ ai’F&?WFe%‘?Feé'@i may;Be ﬁgggd & a3t Moughened
second surf,ace 85 s agchieved. [0074] FIG 17 illustrates an i er

accor iSRPYBE 2 HQS‘E‘PP?&&E% Sﬂbgﬁé sgffa(let odopndbe soug ﬁ%ﬁnatsu%g‘? ocessi ng

st age equent .to the processing,stage illustrated i.n FIG , 12 The i mager
20" ur Fhorhe Dol aE pragesh EealitHEd by sBE ioxemetit the PRd o810 £ econd

surface,3 f the substrate 3Q. FIG.-.17 illustrates. several .qratings 86.
The oranbeda aa e sheRucalbregrare PRI CPRRORIHOR Gr o1y s Pravilsado s acond

surface 32 . of the substrat 0. . The shaped, grat.i ngs ‘86 reduce.t he amount of
R pHbesHbs (st it PalRbingis eopaiard i s SR PRredemDne  auay
fromthe .dark Rpixels., [0075] The aped. gratings 86 can be forned by any
cheni c@ugapessrfg@hﬁﬁ?‘&éll‘&@mgﬁﬁq ﬁ’d{s%&ﬁ’fﬂag such as, for exanpl e,
chem cal nechanical polishing as described above. As discussed above, the
pol i shi ng '[Boﬁﬁ' ChEd. {Pillustrates an imager according to a fourth embodiment of

the present invention at a processing stage subsequent to the processing stage
illustrated in FIG. 12. The imager 20 further comprises at least one shaped grating
86 formed on a second surface 32 of the substrate 30. FIG. 17 illustrates several
gratings 86. The shaped gratings 86 are preferably aligned at an angle f to a second
surface 32 of the substrate 30. The shaped gratings 86 reduce the amount of IR
photons accumulating in the dark pixels by reflecting the photons away from the
dark pixels.

[0075]  The shaped gratings 86 can be formed by any chemical or
mechanical methods know in the art, such as, for example, chemical mechanical
polishing as described above. As discussed above, the polishing is selected to
provide controlled polishing selectivities to the surface so as to form the shaped
gratings 86 at the desired angle to reflect the IR radiation away from the dark pixels.
The shaped gratings 86 are preferably aligned at an angle B to a second surface 32 of
the substrate 30 where the angle 3 is preferably from about 10 to about 75 degrees,
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provi de controll ed polishing selectivities to the surface so as to formthe
shaped ratings 86 at the desired angle to reflect the IR radiati on away
fromthe%\'ﬁ?q{” %8 s. The shaped gratings 86 are pref cPEHUS2086/929289d at an
angle (3"to a second surface 32 of the substrate 30 where the angle (3 is
preferably from about 10 to about 75 degrees, 22 WD 2007/019073

or of or 0P PFGTAPIG AR 3000 E3 ket 26 AFafiea o Bictofbey lrom abowI 4 f ot o an

exenpl ugzgedg 700 that may utilize any enbodiment of the invention. The
[ mager 07%29 array 705 conprising pixels constructed as descri bed
above with respect to PIGS. 2-4 and 5-17. Row lines are selectively

activated b r OW. O in response to ro ress degoder 720. A
col umm dri p%/] gfé ﬁmamb%’ée d@agﬁ?gogggataméﬁq Zea¥d in the

I mager 700., The i er 700 operate t he, t d control circuit
750, RO R e s@&%%@‘? ﬁa%slx COBMRUING ci rcuit 750
al so cont ols the row B an dr ver Ci 10, 7 ] A sanple
and nPelopericrd 2 deset it %ﬂi‘ﬁ%ﬂ@d&%o Réwdneh o el

i 11 orRReRettp rasfveigadty é&%@ fq‘i‘%ergftﬂ ”?ésgé?l'a Qv SEEReA R 1 or 762
The anAIROUERR Sriiea/ Bl A i dries TRpr 20 4k Bise tgcldpetin %Jf. gnalt to
ragor g 0 bERE BRBERHA U ApeShtE b 4be B aeﬁac%agrcﬁom e TH0GVERN <1 gnal
PRl o BRSSP AT 7 RS o ol Uy é%&g@s?ﬁé%tgf‘nﬁgﬁ
 vonidnh cotamr g AR Tl bl 1o A S%L&?S?"LS?QSGSVSE emiss PO
[0077] A sample and hold circuit 761 associated with the column driver

760 reads a pixel reset signal Vrst and a pixel image signal Vsig for selected pixels.

A differential signal (Vrst-Vsig) is amplified by differential amplifier 762 for each

pixel and is digitized by analog-to-digital converter 775 (ADC). The analog-to-

digital converter 775 supplies the digitized pixel signals to an image processor 780

which forms a digital image.

[0078]  If desired, the imager 20 may be combined with a processor, such
as a CPU, digital signal processor or microprocessor. The imager 20 and the
microprocessor may be formed in a single integrated circuit. An exemplary
processor system 400 using a CMOS imager having a filter array in accordance with
the present invention is illustrated in FIG. 19. A processor based system is
exemplary of a system having digital circuits Which' could include CMOS or other
imager devices, Without being limiting, such a system could include a computer
system, camera system, scanner, machine vision system, vehicle navigation system,
video telephone, surveillance system, auto focus system, star tracker system, motion

detection system, image stabilization system and other image processing systems.
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exenplary of a system having digital circuits which could include CMOS or
other imager devices. Wthout being [imting, such a systemcould include a
conput er W& X arer a system scanner, machi ne vi si #W%’L"@ﬂ?”%hi cle
navi gati on system video tel ephone, surveillance system auto focus system
star tracker system notion detection system inmage stabilization system

and other A T OGEIRMEEHI 00 S ORI LR ROT ARE 020205 |
" CaMSaef98°) Sk SN SoReRBL A SRS U ICETT M 02 8o 2,
221 ool o st OBV SR HOF SR 980 By B 42,
R L R e ey R
Co 450 M B8 AR 0 b PSR |12
COnst B aO A AU A8 5 et CRTHOGALROS. 25
e AR M AL A RPORS RO iRGITATY,
eI 5P 4, R OME st P R LS Bt

o B o 020 A e BTl IO ©

e RS Ao P P S R

[0080] While the invention has been described in detail in connection with
exemplary embodiments known at the time, it should be readily understood that the
invention is not limited to such disclosed embodiments. Rather, the invention can
be modified to incorporate any number of variations, alterations, substitutions or
equivalent arrangements not heretofore described, but which are commensurate
with the spirit and scope of the invention. Accordingly, the invention is not to be
seen as limited by the foregoing description, but is only limited by the scope of the

appended claims.

24



CLAIMS 1. An inmager conprising: a sem conductor substrate having a first
surface and a second surface; and an array of pixel sensor cells conprising
a plurality of pixel cells forned at a first surface of the substrate, said
pi xel cells including inmging pixel cells and dark current pixel cells;
wherein said second surface has surface abrasions fornmed therein for
reduci ng the anmount of light reflecting fromsaid second surface back to
said dark current pixel cells. 2. The inager according to claim1l1, wherein
sai d surface abrasions include perfdddMSi|l ar roughenings. 3. An inmmger
conprising: a sem conductor substrate having a first surface and a second
surface; and an array of pixel sensor cells conprising a plurality of pixel
cells fornmegd at Aﬁi&mg@%m fikiage of the substrate, said pixel cells

i ncluding imagi ng pixel cells and_ dark current pixel cells; wherein said
second surface hasengigeqdustor shstratedrayingladiirsi sefacgiandshspsend swyragei angs f or ned

therein for reducing t .amount of, light. refl ectj.na.fro i second
surface back to %?.fgaydg{fqixegg?x}sgméllﬁicg r1§18g|agfur l}w%ﬁgl’feﬂ]ﬁégﬁgﬁg‘%gﬁdi ng to
claim 3, whefigk BufRedf Mﬁﬁrﬂé,@.&iﬂw&l 8618 iheluame im in@@i;@[‘géll@. aafi from about

10 to about 75 degrees to said second surface. 5. e imager according to
clai m 3, whéarkicwrrerdipikedhellsed gratings are formed at an angle of from about

20 t bout 55 d t i d f . .25 6. i i si X
an array of pi xevnganogd i R PE AR PRI R e o1 Xel cell s
and dark cuflgihg Ried@ountbf Bgtt RAn@from daid boidurReEbak t8 ssidlmik at e,

wherein said
current pixel cells.

2. The imager according to claim 1, wherein said surface abrasions include

perpendicular roughenings.

3. An imager comprising:

a semiconductor substrate having a first surface and a second surface; and

an array of pixel sensor cells comprising a plurality of pixel cells formed at
a first surface of the substrate, said pixel cells including imaging pixel cells and
dark current pixel cells;

wherein said second surface has surface abrasions that include shaped
gratings formed therein for reducing the amount of light reflecting from said

second surface back to said dark current pixel cells.

4, The imager according to claim 3, wherein said shaped gratings are formed

at an angle of from about 10 to about 75 degrees to said second surface.

5. The imager according to claim 3, wherein said shaped gratings are formed

at an angle of from about 20 to about 55 degrees to said second surface.
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active pixel cells and said dark current pixel cells are separated in said
substrate by a predeterm ned di stance, wherein the predeterm ned distance
is such that an anount of light reflecting froma second surface of the
substrate back to said dark current pixel cells is reduced. 7. The inager
according to claim6, wherein said predeterm ned distance is calcul ated by
the following fornula: 2D-tan(a) where Dis the thickness of said substrate
and a is the maximumangle of the infrared radiation into said substrate.

8. The imger according to claim?7, further conprising an absorption |ayer

fornmed over gsai dAglaiHﬁFEPJohgsti . xel cells and said separation distance. 9.
o claim

The i mager accordi ng " wherein said absorption layer is forned

frommateri al s sehenagdf pixelnmehsoe cglisoeomprisingi asplivratityodf aGeye pix€kcelland Si C. 10.
for med over A0 ek sHRgRFe) el Himed tle o SopHanEs SBeBRP A RGe RGO a1 m 10,
According t a0 e e R e T b o
consi sti ng bf atpredgsirmmedrdistadcenwherain tBGpredetermined distance is such that an

amount of light reflecting from a second surface of the substrate back to said dark

current pixel cells is reduced.

7. The imager according to claim 6, wherein said predetermined distance is
calculated by the following formula:
2-D-tan(a)
where D is the thickness of said substrate and a is the maximum angle of

the infrared radiation into said substrate.

8. The imager according to claim 7, further comprising an absorption layer

formed over said dark current pixel cells and said separation distance.

9. The imager according to claim 8, wherein said absorption layer is formed

from materials selected from the group consisting of Ge, SiGe, and SiC.

10.  The imager according to claim 8, further comprising a non-transparent

layer formed over said absorption layer.

11.  The imager according to claim 10, wherein said non-transparent layer is

formed from a metal.

12.  The imager according to claim 11, wherein said metal is selected from the

group consisting of tungsten and aluminum.
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