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the mcrolens. [0003] Use of mcrolenses significantly

i mproves the L3 Vi ]§% the i naging device
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CMOShensirs have beeh lcohé8l used in photo imaging applications. A solid state

imager circuit includes a focal plane array of pixel cells, each one of the cells including
either a photogate, photoconductor or a photodiode overlying a doped region of a
substrate for accumulating photo-generated charge in the underlying portion of the
substrate. Microlenses are commonly placed over imager pixel cells. A microlens is used to
focus light onto the initial charge accumulation region. Conventional technology uses a
single microlens with a polymer coating, which is patterned into squares or circles provided

respectively over the pixels which are then heated during manufacturing to shape and cure

the microlens.

[0003] Use of microlenses significantly improves the photosensitivity of the
imaging device by collecting light from a large light collecting area and focusing it on a
small photosensitive area of the sensor. The ratio of the overall light collecting area to the

photosensitive area of the sensor is known as the pixel’s fill factor.

[0004] Microlenses are formed on planarized regions, which are above the
photosensitive area. After passing through the planarization regions, the light is filtered by
color filters. Each conventional pixel can have a separate color filter. Alternatively, a pixel’s

filter regions will be varied by depth in order to filter out undesirable wavelengths.
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[0004] Mcrolenses are formed on planarized regions,

whi ch are above the photosensitive area. After
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systenms also suffer froma . TTie
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LCD a nes a rall el or perpendicular state to the -
assungs e el oF Rﬁ%gﬁfcﬁ‘had&?& oI pplgreciasials n queston. Light comes
through a color filter to be viewed by a user when the light path is open. Current systems
do not provide for good viewing angles in both X and Y directions without expensive or

complex structures that are needed to disperse the light to provide a good viewing angle.

BRIEF SUMMARY OF THE INVENTION

[0007] The present invention provides a microlens structure for a pixel array
in which the microlens associated with pixel(s) of the array includes a plurality of lens
regions, cach region having a different optical property. The optical properties of the -
plurality of lens regions are such that an increased amount of incident light reaches a light

detector pixel or is dispersed from a display pixel.
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DESCRI PTI ON_OF THE DRAW NGS [0009] FIG 1 shows a
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structure constructed in accordance with an exenplary

enbo i nvention; 0010]. FI 1A shows a
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inventé;,0r dance wi th anot her aspect of the invention;

[0012] FIG 3 shows a cross sectional view of an

exe Iaril enbodi nent of

nFOOI 1 FIG. 3 shows a cross sectional view of an exemplary embodiment of

the FIG. 1 microlens;

[0013] FIG. 4 shows a cross sectional view of another exemplary
embodiment of a microlens constructed in accordance with another embodiment of the

invention,;

[0014] FIG. 5 shows a top view of a microlens constructed in accordance

with an exemplary embodiment of the invention;
[0015] FIG. 6 shows a cross sectional view of the FIG. 5 microlens;

[0016] FIG. 7 shows a block diagram of an imager system constructed in

accordance with an exemplary embodiment of the invention;

[0017] FIG. 8 shows a manufacturing method performed in accordance with

an exemplary embodiment of the invention;

[0018] FIG. 9 shows a manufacturing method performed in accordance with

another exemplary embodiment of the invention;
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the FIG 1 mcrolens; [0013] FIG 4 shows a cross

sectional view of another exenplary enbodi nent of a
wore@rabmns constructed in accordance w th anot PET/US2004/013755

enbodi nent of the invention; [0014] FIG 5 shows a

top view of a mcrolens constructed in accordance

W th an exenpl ary enbodi nent of the invention; [0015]

FI G [603DPWSFEG C1@Sifowes hriadtflcrivi Ehéd‘?cx’f&ﬁlccﬁm accordance
m crolens; [0016] FIG 7 shows a bl ock diagram of an
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FIG 10 shows a manufacturing nethod performed in
accordance wi th anot her exenplary enbodi nent of the
i nvention; and [0020] FIG 11 shows a cross sectional
vi ew of a IPERAIEBRsDESCIRIPTIONAE FAEANYVBNIHOaY ot her
exenpl ary enbodi nent of the invention. DETAILED
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IR L T e IR -
a photosensitive region of a pixel in an imager array. The invention can also be used to
diffuse light from a display unit more efficiently. The microlens structure includes a
plurality of lens regions having different optical properties to refract or divert light incident

to a microlens either to a photosensitive region of a pixel or from a display structure in a

more efficient manner.

[0022] Referring to FIGs. 1 and 1A, a first exemplary embodiment of an
imager array 2 constructed in accordance with the invention is shown in cross sectional and
top view, respectively. A plurality of microlens structures is provided, each having an upper
lens portion 1 and é lower lens portion 3. The structures are provided over passivation
region 6, intervening region 4 (e.g., color filter array, metallization region, etc).and an
array of imaging pixels 5. Each pixel 5 has a photosensor for converting photons to
clectrical charges. The light collection efficiency of each pixel 5 is increased by creating two
or more lens layers 1, 3 in each microlens to focus light more directly onto a light sensitive
region of pixel 5. The lens layers 1, 3 can be formed into various symmetrical geometric
shapes, such as circles, squares, etc., and asymmetrical shapes to provide a path for incident
light rays to reach the photo sensitive regions of the pixel 5. FIG. 1A shows the lens
regions 1, 3 as circular and noncontiguous with other lens structures with lens regions 1, 3;

however, it should be understood that a variety of shapes may be used with the invention,
as is further discussed below.
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structure includes a plurality of |lens regions having
different optical properties to refract or divert
light incident to a mcrolens either to a
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structure in a nore efficient manner. [0022]
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structures are provi ded over passivation region 6,

intervening region 4 (e.g., color filter array,
net a[0024] i dbhe egisoruction ©f earidmimoleas sayictire isBged gpon the
pi xel s 5, Each pixel 5 has a photosensor for

deterpgafion; ofidpsised combinesl refmetisicraffests ofithegws. ornerd leghtegions 1, 3.

I Lon, efficie of each pjxel 5 is.increased by .
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shapes to provide a path for incident [light rays to
two meshems isdesprbedinsgpelistequationgi ons of the pixel 5. FIG
1A shows the lens regions 1, 3 as circular and
nonconti guous with other lens structures with | ens
regi onsy I ¢i3n _ Rewe , 1t should be understoog {hat a
vari et ?ﬁlof Slgiﬁ’apggz rrglgé’bé ‘uséd With the inavention, as
is further discussed bel ow. 4 WO 2004/ 1026 %ghich governs
) PCT/ US2004/ 013755 [0023] FIG 2 shows a top view of"a -
simple; geematrinepsitismdkefragtion iirethicbeadirgoof the path of a light wave as it passes

across the boundary separating two media. The angle at which a light wave encounters a

boundary is referred to as the angle of incidence (0,). The angle at which the light wave -
moves in relation to the media boundary after passage is referred to as the angle of

refraction (8,). N, and N, refer to the index of refraction associated with two materials that
form a boundary bétwecn them, which a light wave passes through. Refraction is caused by

the change in speed experienced by a light wave when the medium it passes through -

changes.

[0026] Referring to FIG. 3, the relationship N, > N, > N, is an example of a
set of refractive indexes for a microlens having two different regions 1, 3. Regions 1, 3
have dimensions and refractive indexes selected to steer more light into a detector region
than would otherwise occur using a single microlens or other conventional microlens
structures. N, is the refractive index of the first lens region 1. N, is the refractive index of

the second lens region 3 and N, is the refractive index of 2 medium outside the first lens

region 1, such as air or other gasses.



which a mcrolens array has a first group of
m cr ol enses each having two lens regions 1, 3 and a
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10. FIG 2 illustrates that a mcrolens array can
have different mcrolens structures respectively
associated with different pixels of a pixel array.

[ OOZQ{},OT?]? RS 13 Hfelsir@s G _cﬁ%ﬁ‘ﬂi H‘g@é@ lo?gﬁcc g%.ufteﬁfb%dhrﬁcnt. The

€
based upon the determ nation of desire I ne

light ¢ddfecdion ieffixiaichesflesclopixeh® is inoreased By erch€g niGr@ithas ode lens region
3. A desired conbined refractive effect I's produced

1, 3 ipgaethmicrolass te doastlighs mgre sliveetly on aophome?ism m%xoa of pixel 5.
whi.ch i the fill factor for a pixel 5. . 5

Lens SHGLEARGHR Lo ororotionsdin Horet el idmislight 7 b an

undeBEHEPREN e R 52 TERSSABp) 5, SEBEBLTGHLL RO s

symmetrical geometrid shap¥d)isGéh SOURIGS squiiréD . 8 Wl h§ymmetrical shapes to
optics. Refraction is the bending of the path of a

providg g pathsfey éncidenttlighigaysso raaahoths phvtosrasitiva rggion of pixel 5.
separating two nedia. The angle at which a.light wave
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two materials that forma boundary between them
secondtensregidn ivthiglmisenpassfsntedraveg h thidflersatgimm 3.5 The lens regions

cauged by. .the change .in speed_experienced by a light
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interv'i&hﬁfgqhﬁ&&eﬁﬁ‘éﬁ\ﬁ$rbp@rtﬁh,faf &&shel AlISAERR SorlphotoséRBfHve Fegions of the
pixel 5 below the exemplary microlens 9. The refractive indexes and shape selections for
each lens’ regions 8, 1, 3 may also be chosen based on the optical properties of the
underlying regions, e.g., planarization layer 6 or other layers 4, which may also affect the
fill factor. In the embodiment depicted in FIG. 4, incident light is refracted by the multiple
regions 8, 1, 3 so that a desired portion of the light is directed onto the photosensitive
region 5. A topmost one of the lens regions, ¢.g., 8, may be formed as segmented lens
regions or a single lens region 8 over the entire pixel array. The microlens 9 may be

formed over each of the pixels in an imager array or a portion of the pixels in the array.

[0029] FIGs. 5 and 6 respectively illustrate a top view and cross sectional
view of a fourth exemplary embodiment of the invention. In this embodiment, a lower lens
ring 13 deflects light from an outer peripheral por;ion of a lens region 11 towards a
photosensitive region of a pixel 5. The lens region 13 refracts only a portion of the light
refracted by lens region 11 in order to selectively adjust the fill factor for a particular
photosensitive region 5. One or more additional lens regions may be provided above lens

region 11 to further direct light towards the photosensitive region of pixel 5. In this
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have di nensions and refractive indexes selected to
steer nore light into a detector region than would
W@RIWenvie3® occur using a single mcrolens or oOPGEDS2004/013755
conventional mcrolens structures. Nl is the
refractive index of the first lens region 1. N2 is the
refractive index of the second lens region 3 and No
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. egion 3. The l|.ens reqgions. are forned wth..different

with thEAERRY.of nelHE difetoes MigeolieroRictiien dh ddfiremportions of the
pixel z[r?alfy" AGlhY Fhidh ¢ ?ﬁ@&erﬁi i %%Er}g iaﬁ gﬁ%ﬁ%ﬁi‘@tﬁ arfdyScan be very

sel’'ected to provide, \ er
differamitfevm digho ghiicy® indidéritant pixels At dpedticeedges ShiepRet] array.
fill factor for photosensitive regions of the pixel 5

Accordiglyy aneamisxelaps sryctwiccgas] keprogidetimyer pivelsonithe middle of the array
and alllc%jlgx e%cnr_l nsuré?&gns? s?tlruec(t:ttnl'cocglsl bfeolised for incident light transmission in

other peripheral pixels of the array.

[0032] FIG. 7 shows an image processing system that incorporates a
processor 31, memory 33, an input/output system 35, a storage unit 37 and an imager 39.
A bus 30 couples the image processing system components. The imager 39 contains an

array of pixels having an associated microlens structure in accordance with the invention.

[0033] Pixel arrays having a microlens constructed in accordance with the
invention, and described with reference to examples in FIGs. 1-7, may be employed in a
CMOS, CCD, or other imagers. The microlens structures of the invention may be used as

a single microlens for a pixel or as an array of microlenses for respective pixels.

[0034] FIG. 8 shows one method of manufacturing the microlens structures
illustrated in FIGs. 1, 1A and 3. The method utilizes a substrate, which contains a pixel

array, peripheral circuits, contacts and wiring. One or more protective layers, e.g., BPSG,
7



each lens' regions 8, 1, 3 may al so be chosen based on
the optical properties of the wunderlying regions,
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may al so affect the fill factor. In the enbodi nent
depicted in FIG 4, incident light is refracted by the
multiple regions 8, 1, 3 so that a desired portion of
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inclucly R8P Bty 9 oy ESUORELI Rl 3%, PR BgPel otolein,
lluldd@rake@td BlityrRBOSOSEWHst e Sa pEFIAle 2 tHIR08Er 8 Such
CC ado?i tional tyIrens I?%g?idr,]s nayf)bghg?%’vi ded gbotve I gﬁcs as an epoxy
resin, a ghionoschditive gelatintoera Wdiadioh duirghle résivweicsastdegylate, methacrylate,
phot osensitive region of pixel 5. In this 6 W

urethangourylates vpoNCR ez oupolysstssaclktsipl ary enbodi nent, a
curved mcrolens region 11 is fornmed above anot her

m cr r €0d 3 wever., t.he two microlens.. . .
regi COEEL RPE0 A0 e YRSk f RelefiR] 040 Migual microlens
ol 89Petrinichh HatacthpRh, ah i i
Fegio sel ect icvel gl refr agt I ghtca{hos\‘f/g%1 gs ?%gcﬁh&]ﬁ%ltl%g gﬁaglh%r g prment and
techniq@gs.0 At 85 5pindividbaliZedQBidtol&ss Rigiomn3 iigsHabed ifto d dglied 17
~.entering lens region 11 is refracted into the |ower
configuapiion.¢¥ch s aymmetis Giesglasnby Bos pro¢essing sheknas kaking At S57, the
first lclnls %Q;t;io%lz?) geoavrcrctoqg: V%{t{'l %hsggoargd lens region 1 and formed with a material and
to a thickness which, in combination with other lens regions through which incident light
travels, increases fill factor, or intensity of incident light, for photosensitive region of pixel

5. At 859, the second region 1 is patterned. Next, second lens region 1 is shaped (e.g.,
flowed) by baking at S61.

[0036] FIG. 9 shows an exemplary manufacturing method for forming the
microlens structures of FIG. 4. Initially, at S71, a lens region 3 is formed over pixels of the
pixel array. At 873, lens region 3 is patterned to produce individually shaped microlens
region 3. Region 3 may be patterned into circular, rectangular or other shapes at
processing segment S73. At S75, patterned lens region 3 is shaped into a light focusing
lens configuration by baking. If desired, another lens region, e.g., 1 (FIG. 4), is formed
above the previous lens region 3 at processing segment S79. Processing segments $73, S75
are repeated for cach new applied layer. At 877, a determination is made on whether or

not to apply another lens region. If another lens region is not to be applied, processing
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edge at a sharp angle onto the photosensitive region
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pi xel s of the array. [0032] FIG 7 shows an inmage
processi ng systemthat incorporates a processor 31,
mermok3038 SHptdre lenst nogions ye.ganh, 3, ara cellastiagly shaped by means
t he i.mage

s RS B S b 5250 KPR ok S8, e
st S B 0 A IEL R 0hBired

refracfibX b ré&pedive plivtb&tahsrivBTr&iheNSg sanst ructed in
accordance with the 1invention, and described wth
reference to exanples in FIGs. 1-7, may be enployed in
a OMIB39 cCT heoshapt béthd prrtpened inklie doalezed] mitsolenses may be
. structures of the invention my be used as, a single .
circulgg, fgngic a‘?‘fﬂidaaf%‘ia%&ﬂabrhféég@?ﬁx 8¥ PRy ogherfuitpbleshapes Shaping of

tens regfOpd GRPEE AT BRL B pertaement e, Ko BRachry 1F5F ifns from the
: applicﬂ&_nﬁ' Paterted ks %}gmﬁg ré@%nﬂeTﬁ@ ghéthh% ig?@@es@u&!&bt_%t foAh&he
whi ch contains a pixel “array, periphéral circuits,

refractionleas regiansidepends @n thaenaeriatorsed po ddree the/lenk agpdoss. If the
e.g., BPS
material %f the lcng’ forming regions may be heat treated, then heat treatment processes

such as baking may be used. If the material is extremely photosensitive, then special light

exposure techniques may be used.

[0040] The invention can also be used with light projection systems as well as
light detection systems. The same principles apply if the light is coming out of the
substrate as when the light is going in. While the structural parameters might éhange for
optimal performance with display systems as compared with imager systems, the invention

still provides an improved structure for light distribution.

[0041] Referring to FIG. 11, a lens structure is formed over a display region
131. The display region 131 can be a display pixel or a light emitting unit. Multiple lens
structures can be formed over the same display region 131 in a lens ensemble in order to
further increase light dispersion and improve viewing angle from display region.131. Light

is emitted from display region 131 and enters a layer 129, which can be a top glass or other
9



7 WD 2004/ 102675 PCT/ US2004/ 013755 BSG, PSG silicon
di oxide or silicon nitride or other transparent
woreaoe10mly are formed over the pixel array anpCT/US2004/013755
pl anari zed. A spacing |ayer may be formed over the
protective layers. Construction of the mcrolens
structure then begins. At S51, a first lens region,
displag lzgrcr (e.ggaopgla3s [dyefan SLCD systami@id vhdmtie light @nteds polarizer 127
and thickness that will, in conbination with other

and is réﬁsCtﬁé gpwémg trepelageer qas:mm Ligh thera saiicrsgthefirss lens region
125 ROt RIS SRR e e b b o eBi 125 hving o

rcfracﬁ?@fdd%g deTH@ hgﬂf #%Hen ﬁjrtl?cr rEfAct &“B?%c gécoﬁlﬁl IXH%fc%ﬁm 123 into

material.” G her“lens formng materials nay a
air th:&ect is Fefedctedi aguimpThe displdydemoghastitecoSEighl B$ncorporates regions

pol ynet hyl net hacryl ate, pol ycarbonate, polyol efin,
123 apd 123 a8 éora@@i h @cwawrraa@ler@ndmf the syme maaterial as the corresponding
m de erposet r.esin _such as an epoxy resin, a
lens f‘g%’go%’e%%ﬁcf F Oéiérf’%?lisﬁ’féﬁ UVFREPRt i on curable resin
such as acrylate, nmethacrylate, urethane acrylate,

e pOX?I 0642 Y! at ShoQ RAUYEShEldABEY %\ grl% ﬁggiﬁlrcdﬂ ggaglbccn

t he rst” I ens regqi IS patterne rmin

described mathespecificagfedtncg. to F?ﬂiag&fgmlftﬁhtﬁ ?hﬁwhg aaigiﬁélrﬂ?fdys fRdnvention has
usi n standard phot ol i t hogr aphy equi pne

broadeeapplicabidisy and ngyhe usediin pdy ahagiog appara@llmswlhgp iardiplay devices.

similagfy, FFPR eSSl Serah i abays iy %ﬁ@%«% Shcefiod RBmedrRhaEcould be used to
form Qﬁgfhsrlg acdrd §13<.7c'| withhe Eﬂ\rcﬁh e :ﬁ)%vggie cxilﬁloava?écf %at ed

a secon ens reglon forne

illustragetexeinplay Eﬁilﬁ(ﬁﬁ‘x&ﬁts“ﬁla@&rdhﬂcccﬁffﬁltﬁé‘iﬂ&ﬁu%t It 19hB€{ntcndcd that
| ens regions through which incident light travels,

the presant daesasioni bd litited so thoillustraedsin jodifmdns iAtenmotiifightion of the

prescaidpuEg G TS WRdPh SRt RBsscoBb ebits IoURYiHEgHion should
be co&sﬁé‘calfﬁpce(gf&@ esent [v@HEGN. Py Paking at S61.

10



[0036] FIG 9 shows an exenpl ary manufacturing nethod
for formng the mcrolens structures of FIG 4.
wo pdositedelry, at S71, a lens region 3 is forned PUPUS2004/013755
pi xel s of the pixel array. At S73, lens region 3 is
patterned to produce individually shaped m crol ens
region 3. Region 3 may be patterned into circular,
rectangul ar or other shapgy Afpdrocessi ng segnent
S73. At S75, patterned lens regron 3 is shaped into a
light focusing |ens configuration by baking. If
desi Wétht iaclainfel as e afi¢ desdired t©. ik protedtéd Gy I4kterd Batent of the
. forned above the previous lens region 3 at processing
UnitesleStatents: S79. Processi ng segnents S73, S75 are
repeated for each new applied |layer. At S77, a

def erym nation is nmade on whether or not to apply
]aﬁ})ﬁﬁlérrd‘%g?%lgr%ﬁﬁcgh.cownﬁﬂgt her lens region is not to
be applied, processing 8 WD 2004/ 102675

nghlé@;sggghﬁeél ;dn@r M nates. If another |ens region
is'to be formed, processing segnents S79, S73 and S75

are repeated. [0037] FIG 10 shows anot her exenplary
manerfsatitugtine gontscnsidg flight botorsaid phatosensitipd gagyon, said
m crolens array containing nultiple lens regions in
lenssruamecomRising e first Asnsifegion. and 3 seepad densrsgionyer s

SFeirs Al et oo LB Rl SRR ar S8t Broedis™ A “so7

the lens regions (e.g., 1, 3) are collectively shaped
by neans such as flowing the |ens regi ons by baking.
Steps S91-S97 are performed such that the resulting
multiple lens regions in an exenplary mcrol ens

pRoVvA dght deticctimg systane of klaghtl, comfpriaiig oplurdity e$padt i ve
phot osensitiye regjons.(e,d., 5)..[0039] The shape of
leprstiinunes ARd 2inke Wd‘afaﬁa’rdzgléotﬁﬁ"é}S&Véﬁ%‘é’nﬁa‘yh@@m

each said lens structure is respectively provided over each of said plurality

of said photosensitive regions.

3. Alight detecting system as in claim 2, wherein said second lens
region of each of said lens structures is noncontiguous with said second

lens regions of other lens structures.

4. Alight detecting system as in claim 2, wherein said first and second
lens region is noncontiguous with other first and second lens regions in

other said lens structures.

5. Alight detecting system as in claim 1, wherein said first lens region

is formed over said second lens region.

11



circular, lenticular, ovoid, rectangul ar, hexagonal or
any other suitable shape. Shaping of |ens regions can
wheotanewnpl i shed by. heat treatnment to form ref PErUS2064/013755
| ens regions fromthe applied and patterned |ens
form ng regions. The shaping process used to formthe
refractive |l ens regions depends on the material used
to formthe lens regions. If the material of the |ens
form ng regions nmay be heat treated, then heat
tregt nent  processes such as bakjng may be used. |f
tPe %4%#% wiereen Ll o¥hewin 'f%‘é first hens region al
' r.e t [ e used. [0040] The
hid & Shel 5 AR B GERMNCARS: T sC PR pegit | on
systens as well as |ight detection systens. The sane
principles apply if the light is com ng out of the
substrate as when the light is going in. Wile the
structural parameters m ght change for optinm
pér Polightrdescatingsystiespasap daist é frerther conpasiegl a plurhlity
%na&ebhgystens, the invention still provides an
Of {3 BVELPSPHHYS IREOTSATAngGH LR AR Ty peAch gHotpsomEye

s ¢ structure is formed over
rﬁ?q%??%@g a‘trngaélg:dg%m%%efﬁﬁéﬁgagﬁspl ay region 131 can be a
di splay pixel or alight emtting unit. Miultiple |ens
structures can be forned over the sane display region
131 in a lens ensenble in order to further increase

I i ght dispersion and inprove view ng angle from

B s 1aghtrcgfg¢@mglsyitemasg:mclmnsl ewheregusdid Grst dirspegipn
.region 131 and enters a |ayer, 6 129, whigh can be a top
‘ng?’g%g OFFE B o8 gRs s eI ki o pherietly Bpeda 3755

di splay layer (e.g., top glass layer in a LCD system
and then the light enters polarizer 127 and is
refracted according to polarizer operation. Light then
enters the first lens region 125 with refractive

i Ddéxdigit detesting sygien assinradfinatf wHereiti @id &eeRAULRRS
region 123 having a )

further comprises a thlrg lens region.

10. Alight detecting system of claim 9 further comprising a plurality
of said photosensitive regions and a plurality of said lens structures,
wherein each said lens structure is patterned and formed over a

respective one of said plurality of photosensitive regions.

11. A light detecting system as in claim 9, wherein said third lens

region is formed over said first lens region.

12



refractive index N1. The light is then further
refracted by the second lens region 123 into air

wok@raoiers i s refracted again. The displ ay | ensPCT/US2004/013755
structure of Fig. 11 incorporates regions 123 and 125
are formed in the sanme manner and of the sane materi al
as the corresponding |ens regions in other
e odi t : LV, [ ol gain
ot A el ot AR i ki i o

rapion habe dirvilhhstape ahd iicforgicelrere said Girdtagy fegiodl.r Cui t's
havi ng a pixel array, the invention has broader
applicability and nmay be used in any inagi ng appar at us
as well as in display devices. Simlarly, the process
descri bed above is but one nethod of many that could

PES AT el B GO PP i Byl o
rdglibn! it fored BT FiYst SR QEEIBRMNS it ast@feﬁeﬁﬂﬁgmgeavi th
t at the p

e invention. It is not intended t esent
invention be limted to the illustrated enbodi nents.
Any nodification of the present invention which cones
within the spirit and scope of the follow ng clains

t he present i nvention.

l,d. .b i dered part  of
B i e mY e B bl e e RS RGRR <
¥ ' bhe . ted by Lett
oL PP Reop ot FRNG AFRIE PRl RUSLETT O Morect | ng

system conprising: a photosensitive region; and a

| ens structure for focusing light onto said

phot osensitive region, said |ens structure conprising
a first lens region and a second | ens region,

15. Alight detecting system as in claim 1, wherein said first and

second lens regions have different refraction indexes.

16. A light detecting system as in claim 1, wherein said photosensitive

region is a photodiode.

17. A light detecting system as in claim 1, wherein said second lens

region refracts a portion of the light refracted by said first lens region.

18. A light detecting system as in claim 1, wherein said first lens is

formed in contact with said second lens region.

19. A light detecting system as in claim 1, wherein said first lens

region has a greater diameter than said second lens region.

13



said first and second | ens regions having different
optical properties. 2. Alight detecting system of
W@ b@umozbys conprising a plurality of said | ensPCT/US2004/013755
structures and a plurality of said photosensitive
regi ons, wherein each said lens structure is
respectively provided over each of said plurality of
sap d j 1] is 3 ' . i.ng
A R P AR, BB R o
regfiore cformtd aad akeAgedSved atlarges pbRiGIOAEMI | guous Wi t h
said second |ens regions of other lens structures. 4.
photosemnitiviatesian tygnspick sspprd lang regiagnm 2, wherein said
first and second lens region is noncontiguous wth
other first and second lens regions in other said
| ens structures. 5. A light detecting systemas in
claim1, wherein said first lens region is forned
Qe Adait RESPn I 20
S A3BUA RECORE YAGH Rt %i"{%%‘?‘n‘é’““é‘%@f‘?ﬁ%é in
argd sicond, lemshegiins refrhds & posdion efimcidgic tighbasatds 6 cul ar
. Shape and is formed over said second lens region. 7. A
incidsht tesheethes of s3id fissh ansl sepord kannregibor t her
conprising a plurality of said photosensitive regions
arranged in an array, each photosensitive region
havi ng an associated |lens structure. 8. A light
detecting systemas in claiml, wherein said first
| 2N SAriRdic Ql’étec!tiﬁgfs?ﬁ%das% RlaimSEiwh&8mOAf fikPSnd €91 on
and i s aspherical [y shaped.
second lens regions are formed of respective first and second materials.

23. Alight detecting system as in claim 1, wherein said first and
second lens regions are formed of the same material but have different

geometric shapes.

24. Alight dctccting system as in claim 1, wherein said first and
second lens regions have a respective first and second optical focus for

incident light.

25. A light detecting system as in claim 1, wherein at least one of said

first and second lens regions is substantially aspherically shaped.

26. A light detecting system as in claim 1, wherein at least one of said

first and second lens regions is substantially circularly shaped.

14



9. Alight detecting systemas in claiml1, wherein
said lens structure further conprises a third |ens
wo e@iame740. A |ight detecting system of cl ai mP@OI/US2004/013755
further conprising a plurality of said photosensitive
regions and a plurality of said |lens structures,
wherein each said |l ens structure is patterned and
formed over a respective one of said plurality of
phot osensitive regions. 11. A light detecting system
as in claim9, wherein said third lens region is
f 27 mAdlightadeteating sybtent asl i nimelyi winereib?at\Mxs? 004 /of 8416 75

PCT/ US2004/ 013755 12. |ight detecting systemas in
figst ap 5990%‘1&“&?81%%‘1 0| SP@W’&%%H%‘“F@;? B&da circul ar
shape and is formed over said first |lens region. 13.
A light detecting systemas in claim9, wherein said

third lens region is formed over said first |ens
region and is aspherically shaped. 14. A light

dz8.eatligly dersdtiRip systeimasGh@iaindl, wiaeri 4t 18k dnk iof sdid
second and third [ ens regions have different
fipssfapd seans lenslesgiens is substantiaffiitovaist dopedg system as in
claim1, wherein said first and second |ens regions
have different refraction indexes. 16. A |light
detecting systemas in claiml1, wherein said
phot osensitive region is a photodiode. 17. A light

dpd e At light cﬁ%%tg‘%@r%&chﬁaﬁh‘ﬂﬂnll, ‘ﬁ@&tﬁﬁi 4t lézﬁiﬁ ?m? %?Qﬂ&

l ens region cts a portion elig efracted
fibsy andisdcdrid Ehs kegiony ® gibstantially rectangularly shaped.

30. Alight detecting system as in claim 1, wherein at least one of said

first and second lens regions is substantially hexagonally shaped.

31. Alight detecting system as in claim 1, wherein said first lens
region is formed above and in direct contact with a portion of said
second lens regions, and wherein said second lens region has a ring

shaped light refracting area.

32. A light detecting system as in claim 1, wherein a refractive index
of said first lens region is greater than a refractive index of said second

lens region.

15



18. A light detecting systemas in claim1, wherein
said first lens is formed in contact wwth said second
wo eovg/102gF on. 19. A |ight detecting system as POT/TEENN13755
1, wherein said first lens region has a greater
di anmeter than said second | ens region. 13 WO
2004/ 102675 PCT/ US2004/ 013755 20. A light detecting
S38! enligis détcédiﬁ% Pstem WY @hith $dvHefeid Stid! HoRosc AAHAL
is forned and patterned over a |arger portpl on of said
region aspars iof A vE@MQS)imnagarhan sai d second | ens region.
21. Alight detecting systemas in claiml1, wherein
one of said first and second lens regions refracts a
portion of incident light that is not incident to the
ot her of said first and second |lens region. 22. A
| pght ' S, hn.ctaiml. wherein sai.
(PP EEMFELL A ENRLRILAR Ol Dby g Bt Rlifve
ré sﬁ@pMQfﬁi@@D ia[ggeis_econd materials. 23. Alight
etecting systemas in claiml1, wherein said first and
second lens regions are fornmed of the sane nateri al
but have different geonetric shapes. 24. A |light
detecting systemas in claiml, wherein said first and

S %o%.l ens r%?i.ocns have a respective first and second
og 7 OF) ENE AFEFC CPRBIMBEL 1ight. 25. A |ight

detecting systemas in claim1, wherein at |east one
gk arkdy Imaith i Lo0s LS
i A y I%@gg h eé??%ﬁygﬁ}p@g&&%‘& Yegions; and

a plurality of lens structures provided on said imaging array over

respective ones of said photosensitive region, more than one lens structure

comprising a plurality of microlenses, at least one of said microlenses

comprises a plurality of lens regions, at least two of said lens regions having a

different refractive property.

36. An imaging device as in claim 35, wherein at least two lens regions

have a circular shape.

37. An imaging device as in claim 36, wherein each topmost lens region

is not in contact with other topmost lens regions.

38. An imaging device as in claim 35, wherein at least two of said

plurality of lens regions are aspherically shaped.
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26. A light detecting systemas in claim1l1, wherein at
| east one of said first and second lens regions is
wamimgtieasvi al |y circul arly shaped. 14 WO 2004/ 1B2B¥S2004/013755
PCT/ US2004/ 013755 27. A light detecting systemas in
claim1l1l, wherein at |east one of said first and second
| ens regions is substantially lenticularly shaped. 28.
3. |Amimaging devicogs sydiian8aswherei] glidphotosbasieid at
. least one qof said first and second lens regions is
reglons ¢REPAKE RRANOFOdiPdrd shaped. 29. A light detecting
systemas in claiml1l, wherein at |east one of said
first and second |l ens regions is substantially
rectangul arly shaped. 30. A light detecting system as
inclaiml, wherein at |east one of said first and
40£00NindeAS dedst & dlAnS3PSVRNeirAdd Kad %eg&ﬁ%g%n
shaped. 31. A light detecting systemas in clarm1,
refractpfagrostion ofithe fightstefraenad byrae deasnons ofleriiath refone and in
direct contact wwth a portion of said second |ens
regi ons, and wherein said second |ens region has a
ring shaped light refracting area. 32. A |light
detecting systemas in claiml, wherein a refractive
1 NASX; : i L st r. el '  than a
AL ORI g AL MUP LTSS 00 {380 BRE Ry 080

forme@ Q9 db61iA26wih REGIHIPION4ERBA7S5 33. A light detecting
systemas in claim1, erein said photosensitive

42. An imaging device as in claim 35, wherein each of said lens

structures is noncontiguous with other of said lens structures.

43. An imaging device as in claim 42, wherein one of said plurality of

lens regions has a greater diameter than another associated lens region.

44. An imaging device as in claim 35, wherein an upper lens region of
said plurality of lens regions in a lens structure is noncontiguous with another

upper lens region in at least one other lens structure.

45. An imaging device as in claim 35, wherein one of said plurality of
said lens regions is formed and patterned over a larger portion of said

photosensitive region than another lens region in the same lens structure.
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region is part of a CMOS imager. 34. A light detecting
systemas in claiml, wherein said photosensitive

wo egiamers part of a CCD imager. 35. An inmagi nBCTIE€S200€013755
conprising: an imaging array conprising a plurality of
phot osensitive regions; and a plurality of |ens
structures provided on said inmaging array over

46 c9peintdgieg devie of insclaich PHOWRERNIBbAE VP sdi@ Pl Rlity BT €
than one lens structure conprising a plurality of

lens regiansarfaee s poation ehincidans light ghtds nocinoidens es another

. C rises,a plurality.of |lens regions, at |east two of
of saicplyfalitg GEIcPs EraIRgS WiFhim Ehe-samgi P ROHBIR IR r act | ve
property. 36. An imaging device as in claim 35,
wherein at |least two I ens regions have a circular

shape. 37. An imaging device as in claim 36, wherein
each topnost lens region is not in contact with other
47 o pistagliendevieghninsclail B35 ArhdreR0iay pRENiG & dhsi N
. claim 35, wherein at |least two of sard plurality of
regiong grestor@gr o anarecthar gsmasarialy shaped. 16 WO
2004/ 102675 PCT/ US2004/ 013755 39. An inmmgi ng device
as in claim35, wherein said photosensitive regions
conpri se a photodi ode. 40. An inmaging device as in
claim 35, wherein at |l east one lens region refracts a

490Ri ity 868cd ATRICIGRT 3R EG el saft phRARY P nsOL NEr

| ens region.
regions are formed of the same material, but have at least one different

geometric shape.

49. An imaging device as in claim 35, wherein each of said plurality of

lens regions has a first and second optical focus for incident light.

50. An imaging device as in claim 35, wherein one of said plurality of
lens regions is formed above and in direct contact with a portion of another

lens region.

51. An imaging device as in claim 35, wherein one of said plurality of

lens regions has a ring shaped light refracting area.

52. An imaging device as in claim 35, wherein said photosensitive

regions are part of a CMOS imager.
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41. An imaging device as in claim35, wherein at |east
one lens regionis forned in contact w th anot her
WO ewg/10205 on. 42. An i nagi ng device as in cl ai PeBES2004/013755
wherein each of said lens structures is noncontiguous
with other of said |ens structures. 43. An inmaging
device as in claim42, wherein one of said plurality
of lens regions has a greater dianeter than another
associ ated |l ens region. 44. An inmaging device as in
claim 35, wherein an upper lens region of said
58} Wkmimagingfdevisnss iredhiom 85 wherclre ssid phoussenisieivé S
. _nonconti guo with another upper lens region in at
reglons i pags ad?é@?“?%ﬁ%-structure. 45. An i magi ng device
as in claim35, wherein one of said plurality of said
I ens regions is forned and patterned over a |arger
portion of said photosensitive region than another
lens region in the sane |l ens structure. 17 WO
520041 th26iE JOGEL WSRDA4IN0 38 % hereiBondBf Lﬁagmgn i ce
as in claim35, wherein one of said plurality of |ens
lens reggonsomishing same kens spoeturois fofmédhabatentnd inglitect hat i s
t.Jdincident to.anqther . of.said plurality of |ens
C"m“?&é‘% ﬁ%o‘gacf RPH of QE‘%FéhWqufé&’«%% regiongaad with a differsali ng
diameflgVvi ce as in claim35, wherein said plurality of |ens
regions are fornmed of nore than one material. 48. An
i magi ng device as in claim35, wherein said plurality
of lens regions are fornmed of the sane material, but
have at | east one different geonetric shape.

55. An imaging device as in claim 54, wherein at least one of said lens

plurality of lens regions within a same lens structure comprises a ring shaped

light condensing region.

56. An image processing system comprising:
a processor coupled to a memory device via a bus; and
an imaging dcﬁcc coupled to said bus, said device comprising:
an imaging array containing a plurality of photosensitive regions; and

a plurality of lens structures provided on said imaging array over
respective ones of said photosensitive region, at least one of said lens
structures comprising a plurality of microlenses, at least some of said

microlenses each comprising a plurality of lens regions, at least two of each

lens regions having a different refractive property.
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49. An imaging device as in claim35, wherein each of
said plurality of Ilens regions has a first and second
wopiotaede7s ocus for incident light. 50. An i magP@mUS2004/013755

device as in claim35, wherein one of said plurality

of lens regions is forned above and in direct contact

with a portion of another Ilens region. 51. An inmaging

2V Aecingei protestinfspitemVi3 ¢ €1ain B8 vitlersidl sdiddpluradiny by

of lens regions has a ring shaped 1ight refracting
lens rggioms Bye aspculmghapg. devi ce as in claim35, wherein

sai d photosensitive regions are part of a CMOS

i mager. 18 WD 2004/ 102675 PCT/ US2004/ 013755 53. An

i magi ng device as in claim35, wherein said

phot osensitive regions are part of a CCD i mager. 54.

' i ' j I ai ' e id
B0 AR (FBYosBRe o £ 8 LMot v, M B InGhh ohe

of saidtplueatity ef leas swidraeksaboupharicallyshdpegct contact with
anot her one of said plurality of lens regions and wth
a different dianeter. 55. An inaging device as in
claim54, wherein at |east one of said lens plurality
of lens regions within a sane | ens structure conprises

[ [.i gh d j i,on.. 56. An
B AR eouhE BRI TR 5 i o5 Svicia topmmet g
regioHRTRE YeaSCYhE Bf ¥ @ Ichs Btact®s noncontiguous with a topmost

lens region of another said lens structure.

60. An image processing system as in claim 56, wherein one of said
plurality of lens regions refracts a portion of incident light that is not incident

to another of said plurality of lens regions.

61. An image processing system as in claim 56, wherein said plurality of

lens regions are formed of more than one material.

62. An image processing system as in claim 56, wherein one of said

plurality of lens region comprises a ring shaped light refracting area.

63. A CMOS imager comprising;

a photosensitive region; and
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an i magi ng device coupled to said bus, said device
conprising: an inmaging array containing a plurality of
w@b@uoswnsiti ve regions; and a plurality of |P€BUS2004/013755

structures provided on said i maging array over

respecti ve ones of said photosensitive region, at

| east one of said |lens structures conprising a

plens struttyrolocatedreltinatig aboed tchﬂﬁito&Qﬁﬁiv@frc?éhQ

m crol enses each conprising a plurality of Tens
whereia ghe fens sgructuse sompgisesot fisstiaind s¢comsl metgrialshaningi ng a

i fferent rac{ime property. 19 04/ 102675
rCﬁa%ﬁfTﬁgfﬁﬁQ;MN\éﬂgp VFE%&'@CB?gﬁt?i‘&-ng system as
in claimb56, wherein said plurality of |ens regions
have a circular shape. 58. An inage processing system
as in claimb56, wherein nore than one of said
plurality of lens structures are aspherically shaped.
G0 AKDMOS greagras s shiny 63y Sireleradniptisih@h phbblitywfer ei n
.,,a topnost lens region of at |east one of said |ens
said Ighs SGRICEH 68 2pd a PGB ofgaisl ghaiosansiiveapgioss, whemin

' f another said |lens,structurge.. 60, i.mage
cach F81H0 ofh RS LR SE e pEaRGH B kbpluralios bt ai o
phougkﬂﬁgwéﬁ¥¥6ﬁ&|ens regions refracts a portion of
incident Tight that is not incident to another of
said plurality of lens regions. 61. An inage

processi ng systemas in claimb56, wherein said
plurality of |ens regions are fornmed of nore than one

teri 62. An i mage processing systemas in claim
@ , Xﬁlﬁ% HNags agdn glg}na %3, wherein Sgaldyﬁrst material is formed

over said second material.

66. A CMOS imager as in claim 64, wherein said first material has a

circular shape and is formed over said second material.

67. A display system comprising
a plurality of display structures; and

a lens structure formed above at least one of said plurality of display
structures, said lens structure being adapted to redirect light from said
display structure outwardly of said lens structure, said lens structure
including a first lens region and a second lens region, said first and

second lens regions having different optical properties from one another.
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plurality of Iens region conprises a ring shaped |ight
refracting area. 63. A CMOS i mager conprising: a
wQ@b@woswnsi ti ve regi on; and 20 WD 2004/ 102675 PCT/US2004/013755
PCT/ US2004/ 013755 a lens structure |ocated vertically
above the photosensitive region, wherein the |ens
structure conprises a first and second materials
6% VA Ifispl W&ﬁ{ bR dﬂﬁﬁ&?%&&lﬂlo@%ﬂ%ﬂs sesRardisvel v,
where N1>N2. 64. A CMOS inmager as in claim®63, further
dispogasighovsieagh af plid phiriality affdispdai drdatasesst ruct ures and a
plurality of said photosensitive regions, wherein
each said lens structure is respectively provided over
said plurality of said photosensitive regions. 65. A
CMOS imager as in claim63, wherein said first

t R j 66. A
SRR LR TSR S T
structiiBdsas dspodiaisabiove ok lasl MmebpRR] phtality Jfdigphsy over said
second material. 67. A display system conpri'sing a
structgrasral ity of display structures; and a lens structure
formed above at |east one of said plurality of display
structures, said |lens structure being adapted to
redirect light fromsaid display structure outwardly
of said lens structure, said |lens structure including

7. ?5 ?ﬁfg}] g%&cfr?&& RARf6 R SREMhd § Bt PR of @l L
lens structures and a second plurality of said display structures, wherein each

lens structure of said first plurality is disposed over a display structure of said

second plurality respectively.

71. A display system as in claim 70, wherein said second lens region of
each of said lens structures is noncontiguous with said second lens regions of

other lens structures.

72. A display system as in claim 70, wherein said first and second lens

region is noncontiguous with other first and second lens regions in other said

lens structures.

73. A display system as in claim 67, wherein said first lens region is

formed over said second lens region.
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second | ens regions having different optica
properties fromone another. 21 WO 2004/ 102675
wWEOHWBS004/ 013755 68. A di splay system as i nPCl/asrm6d13755
wherein one said | ens structure is di sposed above each
of said plurality of display structures. 69. A display
systemas in claim67 wherein a plurality of said | ens
Z4.r Acdisplepsyistemlias rodleith 6Bpwherein 584 HiestJ@iEreglonstaisd
. plurality of display structures. 70. A display system
circulge shape ang isfermeccovassridisaepnsd kens segighural ity of said
| ens structures and a second plurality of said display
structures, wherein each lens structure of said first
plurality is disposed over a display structure of said
second plurality respectively. 71. A display system as
75 aldi stafl 85 B Flaisd 4 ©9bPa each
of saiéﬂﬁgﬁg structu?ggyigﬁﬁgﬁggﬁgﬁgﬁgﬁgﬁgfgﬁﬁégid
structsiecson driapged iregi emsy,ehch display straosirs bf sid phaslity72. A
. display sy Een1as in claim70, wherein said first and
hm““&é&dﬁﬁ“?%ﬁé‘”Wéeméﬁ“Fs nonconti guous with other first
and second lens regions in other said |ens
structures. 73. A display systemas in claimb67,
wherein said first lens regionis fornmed over said
second |l ens region. 22 WO 2004/ 102675

FECTAUIRSHISAySaT @din claim 67, wherein said first lens region is

disposed above said second lens region and is aspherically shaped.

77. A display system as in claim 67, wherein said lens structure further

comprises a third lens region.

78. A display system as in claim 77, wherein each said lens structure is
patterned and formed over a respective one of said plurality of display

structures.

79. A display system as in claim 77, wherein said third lens region is
disposed above said first lens region, wherein said second lens region is

disposed between said first and said third lens regions.

80. A display system as in claim 77, wherein said third lens region has a

circular shape and is disposed above said first lens region.
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74. A display systemas in claim®67, wherein said
first lens region has a circular shape and is forned
woer/16%78l second | ens region. 75. A display SpEI/ER208$013755
in claim74 wherein said plurality of display
Sstructures is arranged in an array, each display
structure of said plurality having an associ ated | ens
structure. 76. A display systemas in claim®67,
wherein said first lens region is disposed above said
segong 4. en Lon .ang..\ s jcalky .s ed. .77. A
aitor AgHeE0 SAES Al 77 o ORE g g O RS el
dispbiedcdBlve shidfirBElens FYIGH b€ $s Rph&iidlyls ~egion. 78.
% di splay systemas in clain17g, wﬁgye?ﬂﬁggch sai d
| ens structure is patterned and forned over a
respective one of said plurality of display
structures. 79. A display systemas in claim?77,

IGETE ERUIT CREE RN e
R iy R TR

said third Iens region has a circular shape and is

di sposed above said first lens region. 23 WO

2004/ 102675 PCT/ US2004/ 013755 81. A display system as
inclaim77, wherein said third |lens region is

di83p o8 elispigyoyetesnasdnfdlainy 67 embencisysaich fisstdndsecond lens

aspherically shaped. 82. A display systemas in claim
regﬁr?s §rcgkﬁ‘¥'§<ﬁf ¥FPPRAYEEond and third

84. A display system as in claim 67, wherein said display structure is a

display pixel in an active matrix liquid crystal display.

85. A display system as in claim 67, wherein said second lens region

refracts a portion of the light refracted by said first lens region.

86. A display system as in claim 67, wherein said first lens is formed in

contact with said second lens region.

87. A display system as in claim 67, wherein said first lens region has a

;reater diameter than said second lens region.
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| ens regions have differing indices of refraction wth
respect to one another. 83. A display systemas in
webk@umB75 wherein said first and second | ens PCERUSTNG013755
have different refraction i ndexes. 84. A display
systemas in claim67, wherein said display structure
is a display pixel in an active matrix |liquid crystal
&8 spidisplayssystem af igysilaig €%swhencassaichficst dinnrégioniher ei n
sai d, second,l ens region .refracts_ a portion of the
formegf’ ik PREGSS PEF %[?Jg‘aipd)f??wf syid clisplaygsepisturgghamsaid
seconfli 1Sl R¥%iswystemas in claim67, wherein said first |ens
is forited in contact with said second | ens region.
87. A display systemas in claim®67, wherein said
first lens region has a ;neater dianeter than said
second |l ens region. 24 WO 2004/ 102675
PCT/ US2004/ 013755 88. A display systemas in claim
887, Al fister # injclaim 6B rhereigi ene ofsaidbfirse dndinetond

d over_.a | ar.ger rtiopn of said displa
lens rg@%ﬁsg{egﬁgtstah%wgi cgrlgggﬁ‘gﬁbgl}téﬁét ¥ Ogt &E‘g%.tOAK%li spl ay
other ®¥ $4i@ BraSaridsebd Brf Te i¥§'ﬁ.er ein one of said first and
second | ens regions r% racts a portion of incident
light that is not incident to the other of said first
and second lens region. 90. A display systemas in
claim 67, wherein said first and second | ens regions
9gre formed of respective first and second material s.

1. A displagisysigmsdsdp elpimeO 7 rvhareinmesiztirsed siconddéns
regiorfs' 4re forAfh gp&gﬁ]cdctilvg BiEst and second materials.

91. A display system as in claim 67, wherein said first and second lens

regions are formed of the same material but have different geometric shapes.

92. A display system as in claim 67, wherein at least one of said first and

second lens regions is substantially aspherically shaped.

93. Adisplay system as in claim 67, wherein at least one of said first and

second lens regions is substantially circularly shaped.

94. A display system as in claim 67, wherein at least one of said first and

second lens regions is substantially lenticularly shaped.
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regions are formed of the sane material but have
different geonetric shapes. 92. A display system as
WO mooai1edens 67, wherein at | east one of said firBCT/@8ZN04/013755
second lens regions is substantially aspherically
shaped. 93. A display systemas in claim®67, wherein
%aitj | east one of said first and second |lens regions is
bAtcisplasystene ag imudlaint 67 swhgreth atléast Andi afishiayfirsy atdem

ih claim67, wherein | east one of said first and
sccon?élg%snrc?%}o(ﬁgs F‘élbslt%ﬁ?hy Qvg@;%’ﬁg?fii ally lenticularly
shaped. 25 WD 2004/ 102675 PCT/ US2004/ 013755 95. A
di splay systemas in claim®67, wherein at |east one of
said first and second |lens regions is substantially
ovoi d shaped. 96. A display systemas in claimb67,

Q6 e elisplayt sybteas s iardainf 6Z aviterbin fitleA0 dne SFSAAGIrSER

r? ions,is substantially rectangularly shaped. 97. A
second; g‘b‘l%ﬁloé’%% rhstantially sqcgangubnly edin at | east one of

said first and second lens regions is substantially

hexagonal | y shaped. 98. A display systemas in claim

67, wherein said first lens region is fornmed above

and in direct contact with a portion of said second

Wenk disphyispstem AN MBI 67 wisdkid 296208 é%@iajg?ﬂéto has
a ring shaped light refracting area. 8 |spla)(/i

second yensgagiens issubsannnll7 hexagendiynstaptis st and second
plurality of said lens structures are disposed above
said plurality of display structures, said first
plurality of said |l ens structures having said first

l ens regions with a
98. A display system as in claim 67, wherein said first lens region is

formed above and in direct contact with a portion of said second lens
regions, and wherein said second lens region has a ring shaped light

refracting area.

N

99. A display system as in claim 67, wherein a first and second plurality
of said lens structures are disposed above said plurality of display structures,
said first plurality of said lens structures having said first lens regions with a
first refractive index, said second plurality of said lens structures having said

first lens regions with a second refractive index.

100. A method of forming a lens structure for an imager, said method

comprising;:

forming a first plurality of light condensing regions having a first

refractive index over a plurality of photosensitive regions; and
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first refractive index, said second plurality of said
| ens structures having said first lens regions with a
wa@ewanaerefracti ve i ndex. 100. A nethod of forpPETgSH04/013755
| ens structure for an imger, said nethod conprising:
formng a first plurality of Iight condensing regions
having a first refractive index over a plurality of
plsriag Aseeandeplneadity of lishiepmknviog regions b267s a
RCT/ US20044 013755 . .form.ng.,.a s nd plurality of |ight
second GHRTGT @A?‘e‘@‘{% S ites BlET e LG coeng sgiphviex
over said first plurality of |ight condensing regions.
101. A nethod as in claim 100, wherein a refraction
i ndex of said first plurality of l|ight condensing
regions is greater than a refraction index of said
18&cdndhquhod as$ irt glaind 100gWwherenal e¢frdctionrigde:06bsaidl e A
method as in claim2100 further conprising formng a

pluralisy of Hight gongensing; regions ingreatsh dearsa refractigh dndex of said
I € i vel v abovye said second plurality of Iight
sccon%gﬁ.grgﬁéri ?@%@&PB&%@S%E@WSHH hod as in clai m 100,

wherein each of said first and second plurality of
| i ght condensing regions are fornmed in a substantially
circular shape over said photosensitive regions. 104.
A nethod as in claim 100, wherein said |ight
188ndenxithed reii daisa 160 dufthemennprising f@ming nqlhatinsé@pe
. over sajd photosensitive regions. 105. A nmethod as in
third lighy; sanfispsingpegiannresps AIvElyGIbove stid speansypleadic e light

condensing regions.

103. A method as in claim 100, wherein each of said first and second
plurality of light condensing regions are formed in a substantially circular

shape over said photosensitive regions.

104. A method as in claim 100, wherein said light condensing regions

are formed in a semicircular shape over said photosensitive regions.

105. A method as in claim 100, wherein said light condensing regions

are formed in a rectangular shape over said photosensitive regions.

106. A method as in claim 100, wherein said light condensing regions

are formed in a hexagonal shape over said photosensitive regions.
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are fornmed in a rectangul ar shape over said
phot osensitive regions. 106. A nethod as in claim 100,
wobk@raozs7sai d | i ght condensing regions are foroeUSiond/en37ss

hexagonal shape over said photosensitive regions. 27

WD 2004/ 102675 PCT/ US2004/ 013755 107. A nethod as in

cl aim 100, wherein said |light condensing regions are
formed in a lenticular shape over said photosensitive
regions. 108. A nethod as in claim 100, wherein said

l4-ghty condensi.ng . r.egiQns , are fo d in an ovoid shape
1odv7gr Asl%llcg-‘op(ﬂ%st QS%HQTQ i&@ew?‘érﬁmﬁ‘é‘.[ Hgl@tgc_o CREINBJESIABS | n
foemad th 1t MME' <8l | ' s incl ude heat
e ot reat ment .u 110.8?1% né?%%gfﬁé@tﬁg%q%gl&%ri@g’%&Mer ein said
form ng steps include baking. 111. A nethod of

formng an i mager structure conprising: formng first
and second groups of photosensitive regions on an

iyager spbstrate; formng a first lens region with a
lfol%?s“g n?eéFP‘iéf 1, elaign 905 W%lcm@ said dight cbndewming regions
L reaions.of, said first group; formng a
are fo@%%%%?ﬂ%ék@%%ﬁ Po g’vﬁﬁ Stahci)ghg@ég%mfeech i ve property
over each of said first lens regions; and form ng at
| east one other |ens region having a refractive
property over each of said second photosensitive

regi ons of said second group.
109." A method as in claim 100, wherein said forming steps include heat

treatment.

110. A method as in claim 100, wherein said forming steps include
baking.

111. A method of forming an imager structure comprising:

forming first and second groups of photosensitive regions on an

imager substrate;

forming a first lens region with a first refractive property over each of

said photosensitive regions of said first group;

forming a second lens region with a second refractive property over

each of said first lens regions; and

forming at least one other lens region having a refractive property over

cach of said second photosensitive regions of said second group.

28



28 WD 2004/ 102675 PCT/ US2004/ 013755 112. A method as
in claim111l, wherein said first I ens regions
WO edoracierve i ndex is greater than said second PENES2004/013755
regions refraction index. 113. A nethod as in claim
111, wherein at |east one of said first and second
|l ens regions is fornmed in a circular shape over said

1pRotdosenbod avin claegil bbswhéreinsaid fivst $énstegidhs rdfidttvé
method as in cIa|n1111 wherein said first and second
index g greater dham paid seconddeneregionsaefactinn mdeshape over sai d
phot osensitive regions of said first group. 115. A
method as in claim 111, wherein said first and second
lens regions are forned in a semcircul ar shape over
sai d photosensitive regions of sald first group. 116.

1831788 heeha® ad ih dhig mﬂuhceeﬁﬁ&ﬁh&t %ﬁl: & %Jﬂsffrstlaﬂ}l

second lens regions are forned rectangu shape
second\kérs regiogs phivroedris atdircelar elgaperrszeefsaldtjﬂio@oé‘chﬁxﬁbc group.

ﬁ@‘iﬁmt hod as in claim11l, wherein said first and
rcglorégectfé I5h&OUPegi ons are formed in a hexagonal shape
over said photosensitive regions of said first group.

29 WD 2004/ 102675 PCT/ US2004/ 013755 118. A nethod as
in claim11ll, wherein said first and second | ens

114. A method as in claim 111, wherein said first and second lens
regions are formed in a circular shape over said photosensitive regions of said

first group.

115. A method as in claim 111, wherein said first and second lens
regions are formed in a semicircular shape over said photosensitive regions of

said first group.

116. A method as in claim 111, wherein said first and second lens

regions are formed in a rectangular shape over said photosensitive regions of

said first group.

117. A method as in claim 111, wherein said first and second lens
regions are formed in a hexagonal shape over said photosensitive regions of

said first group.
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regions are fornmed in a lenticular shape over said

phot osensitive regions of said first group. 119. A
woredohaoeas in claim 111, wherein said first anPiCEEsmNg013755

lens regions are forned in an ovoid shape over said

phot osensitive regions of said first group. 120. A

nmethod as in claim 111, wherein said form ng includes

148atA mathed aein claipp111, wherein said first and second lens

regions are formed in a lenticular shape over said photosensitive regions of

said first group.

119. A method as in claim 111, wherein said first and second lens
regions are formed in an ovoid shape over said photosensitive regions of said

first group.

120. A method as in claim 111, wherein said forming includes heat

treatment.
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