LENS STRUCTURES SU TABLE FOR USE I N | MAGE SENSORS AND METHOD FOR
MAKI. NG THE SAME RELATED APPLI CATI ON [ 0001] This application is
related to, and clains priority fromU.S. provisional 5 patent
application Serial No. 60/578,529, filed June 10, 2004. FIELD OF THE
| NVENTI ON [ 0002] The present Invention relates, nost genéerally, to a
solid state imaging device, and nore particularly to |l enses used in
such i magi ng devices and nethods for naking the sanme. 10 BACKGROUND
[ 0003] Solid state imagi ng devices typically include a photosensor
such as a photodiode forned in or on a substrate, a color filter
formed over the photosensitive device and a mcrolens array forned
over the col or fLENSSTRUCTURES SHTABLE ROR USEIN MAGESENRORSE CMOS

(conplinentary metal oxi ] r charge 15

coupl ed device (CCD), fo‘aﬁgi@%ﬁgﬁjﬁéht%ﬁﬁmgh%s (NPS's) are
commonly used. Between the photosensor and the color filter there is
gener al | ' kck inter-netal dielectric (I1NMD) that
accomd?@éﬁ}?ﬂ:gﬂedﬁﬂ{;ﬁs of netallization used as an

i nt er conrfegdijon nethisirapphication ipeeiapddtal and cleims priofityt fiemsdIS. corevisiveal
I magi devige. 1. | |,ear | | N,ze the sensitivity
of th(réLg i m&'ﬁépﬁ'é“\ﬂ‘%%,geﬁ?@% 6?@5%%%{9&8\5&28&?0%t that reaches the

phot osensors. One shortcom ng of imaging devices is that the

sensi ti Vilﬂ!;rBfOl*Jf‘ﬁEFmQEﬂ?ﬂﬁﬁor Is proportional to the fill factor
erl

which is ned as the ratio of the area of the photosensor to that
of the. pile@d2lar ea T prasicok invanion relalgs. aiost generally, toag Bolid tstate imaging

di fficult al.j ' ; |
whi chpeievbe” bl ol ElAITRS PSS RSER P B ithdoRi ftuceaind MBtoUE R
of |ight making the saote. 25 directed to the photosensor increases with

I ncreasing thickness of the IMD. Furthernore, the interconnect netal
di sposed within the inter-nmetal dielectric may reflect incident

i ght1% urBMEKGREWND ng the optical signal and therefore the
sensi tivighyoff t hegoRhela®s fa@hy devices typically include a photosensor such as a

photodiode formed in or on a substrate, a color filter formed over the photosensitive
device and a microlens array farmed over the color filter. The photosensor may be a
photodiode, a CMOS (complimentary metal oxide semiconductor) sensor or a charge-
15 coupled device {CCD), for example. N+ type photosensors (NPS’s) are commonly
used. Between the photosensor and the color filter there is generally a relatively thick
inter-metal dielectric (IMD) that accommodates multiple levels of metallization used as
an interconnection medium in the peripheral circuits of the solid state imaging device. It
is clearly desirable to maximize the sensitivity of the imaging devics, i.e., the amount of
20 Jight that reaches the photosensors. One shoricoming of imaging devices is that the
sensitivity of the photosensor is proportional to the fill factor which is defined as the ratio
of the area of the photésensor 1o that of the pixel area. The thick inter-metal dielectric
makes it difficult to align the lens and photosensor and insure that the light which
passes through the lens, reaches the photosensor. The amount of light that is not
25 directed to the photosensor increases with increasing thickness of the IMD.
Furthermore, the interconnect metal disposed within the inter-metal dielectric may
reflect incident light further reducing the optical signal and therefore the sensitivity of the

photosensor.



1 [0004] It would therefore be desirable to produce an inmagi ng device
with a nodified structure that increases the sensitivity of the

I mgi ng device by allowwng nore |ight to be received by the

phot osensors. SUMMARY OF THE | NVENTION 5 [0005] To address these and
ot her needs and in view of its purposes, an aspect of the invention
provides a nethod for form ng an i magi ng device. The nethod

conprises providing a substrate with a photosensor fornmed therein or
thereon, formng a lens over the substrate and form ng a col or

filter over the lens. [00Q0 in 0,0ne ect t he S is.
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section !mhit@tbel@cqih%%blt MRRIASPNFAS| owed and cured to cause the
phot osensitive material to cross-link and formthe |ens. According

to anot he | ornmed by formng a dielectric |ayer
over é@ﬂmQF;‘hﬂ% mm ng the lens by etching the dielectric
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Accor di ngoh@s)anot NREcRARG Ctb, ofs %pﬂ&d thé 1BndEs REMEOIby Gbrding @nayer of
I magi ng deV| ce conprising provid t;]ﬁ? a substrate with gy phot osensor
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doubl e-m cr ns structure. [0008] In another aspect, an |matgi
devi ce is provicdedingith@nptheyrerpaldye tans is formed by forming a dielectfic layer over

15 the substrate and forming the lens by eiching the dieleciric layer. The dielectric is
etched by forming a discrete photosensitive section over the dielectric !aye(, thermally
reflowing the discrete phbtosensitive section, performing a succession of at least two
alternating etch steps co'mprising a recede step that urges lateral recession of edges of
the discrete photosensitive section, and an anisotropic step that etches substantially

20 downward.

[0007] According to another aspect, provided is a method for forming an imaging
device comprising providing a substrate with a photosensor formed therein or thereon
and forming a silylated lens over the substrate by forming a photoresist layer, patterning
the photoresist layer to form a reactive portion of the photoresist layer and causing the

25  reactive portion to react with a silicon-containing agent. The silylated lens may be an
inner or outer microlens of a double-microlens structure,

{0008] In another aspect, an imaging device is provided. The imaging device
comprises a substrate with a photosensor formed therein or thereon, a lens disposed
over the photosensor and a color filter disposed over the lens. .



conprises a substrate with a photosensor forned therein or thereon, a
| ens di sposed over the photosensor and a color filter disposed over
the lens. 2 [0009] In another aspect, an imaging device is provided.
The i magi ng device conprises a substrate having a plurality of

phot osensors forned therein or thereon, a corresponding plurality of
I nner | enses di sposed over the plurality of photosensors, a color
filter disposed over the plurality of |enses, and a correspondi ng
plurality of 5 mcrolenses disposed over the color filter. BRI EF
DESCRI PTI ON OF THE DRAW NG [OOég{_The resent, i nventjon.is, best )
under st o880Flr om t Ke aRgheloRRRRGH imagied cauice s m‘eﬂe%ﬁﬁer iaging,device
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according to common practice, the various features of the drawing are
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vari ous s Lt R bhuYaiRX RANERSEO ar BUESKedRhdRyapluktity of
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dr awi Hg. mianalensesdlisposedh evertbavbelgr ltes- t he following figures: Figure 1
Is a cross-sectional view of an inmage sensor according to the PRI OR

15 ART; Figures 2A-2F are_cross-sectional views show ng exenpl ary
i mage seRBBFsDEECRIREIOMNQEHERRAY \(”6‘@ es 3A-3H are cross-sectional

views sheywigg a SqpEeReset! InPERRASR BEst QRGIrSobANFoMSER TdlohviNgMdetailed
exenpl ary mcrol enses according to the invention; 20 Figure 4H{p?1a§zed

cr oss- sedesagnton wheoread Encaniuielrm o) BERIMRANYEI0 FAMNG, Rie €

| ens forfind AcatHl NG &dnhbS driMRal ! vaods Bafirés ANNSEMaRirY eas or

of an exenplary m<tTrol ens of the invention, Figure 6 shows an inmage

sens®® whedessariiexerssale: y Qrotls eomrary othengimansiprsupletheavainugi frgtures
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sequence oOf operations use . ] .
throughout the specification and drawing. Included in the drawing are the following

figures:
Figure 1 is a cross-sectional view of an image sensor according to the PRIQR
15 ART,
Figures 2A-2F are cross-sectional views showing exemplary image sensors of
{he invention;
Figures 3A-3H are cross-sectional views showing a sequence of processing
operations used to form exemplary microlenses according to the invention;
20 Figure 4 is a cross-sectional view of an exemplary image sensor with a Fresnel
lens formed according to the invention;
Figure 5 is an SEM micrograph of an exemplary microlens of the invention;
Figure 6 shows an image sensor with an exemplary double microlens structure
according to the invention;
25 Figures 7A-7G are cross-sectional views showing a sequence of operations used
1o form another exemplary lens of the invention;
Figure 8 is a cross-sectional view of an image sensor including an inner
ricrolens; and
Figures 9A-9D are cross-sectional views showing a sequence of operations used

30 io form an exemplary microlens according to the invention.



to form anot her exenplary lens of the invention; Figure 8 is a
cross-sectional view of an image sensor including an inner

m crol ens; and Figures 9A-9D are cross-sectional views show ng a
sequence of operations used 30 to forman exenplary mcrol ens
according to the invention. 3 DETAILED DESCRI PTI ON [0011] Figure 1
shows an exenplary solid state inmaging device and includes sensors 3
formed in substrate 1 according to the PRIOR ART. Sensors 3 are

phot osensitive devices and nmay be phot odi odes or ot her photosensors.
The imaging 5 device also includes inter-netal dielectric, IMD5 that
may i ncl DEFAHERPESORIFEIAN of metal interconnect |leads 7 which are
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have a refractive index 1.4-1 may, be, conpos f rylate
ot hacr yFange syt S e a0 figT Hem G VRn £ whion A8l hedhited by
0. 3- gpm th&c%rgrcaspmrdéﬁsnw rax enigh rdzhsiac plasend. ndEhe trhade 4efisdt, also
may be conposed of acrylate, . nethacryl ate oxy-acryl ate,_or
ol yitii GECRHES P e 12 aerce HEE LS actesgaer o 83 irroiénFie 5 Slanegigyer
haVﬁ afr l@érﬁs’tﬁé 8V ©verdaK @&?vhrémhrglenmgnaaaanﬁpdeméd efcsfl,fy'tbﬁlbgnegeriais
nmet hacryl ate or epoxy-acrylate and indji cates a,thicknes .3 2. 5m
T can bEIdEn AR, TABAHAIK $BOG-39VigHe. ok BB ITIEE SLedngudsa thickisss B
accomodat®s biis. Meibhildle? 12angy Ba a MEtativ@ thdeRtog fepnTealay beceshiposed of
positions the mcrolenses 15 di stant fronxgorriﬁﬁﬁgglng@§$nsorf %
pot ent | aPFY/a.MeINSHY I, BRRVAABHALS: BF PP e pRAfCuds kRS QidhdgHa
3. [ 9912}MikroShHcRF 13 AnaFhaloN réffting irtlexl @ atan &5 nedy baicbmpssek enadrias,
' fage Serr]nse(tjlgacrylate, epoxy-acrylate, or polyimide and include a thickness of 0.3.-3um. Color
filter 13 may have a refractive index of 1.4-1.7, may be composed of acrylate,
rhethacrylate or epoxy-acrylate and indicates a thickness of 0.3-2.5um. It can be seen
that the thickness 17 of IMD 5 necessary to accommodate the multiple layers of metal
20  interconnects leads 7 positions the microlenses 15 distant from corresponding sensors
3, potentially diminishing the amount of light that reaches the sensors 3.
10012] Figures 2A-2F show essential features of various exemplary image sensor
structures according to the present invention. Each of the exemplary image sensor
structures includes substrate 1, sensor 3, and IMD 5. Substrate 1 may be formed of
25  silicon or other suitable materials. IMD 5 may be an oxide, Si0O;, that includes a
refractive index of about 1.4 but various other suitable dielectrics may alternatively be
used and IMD 5 may include multiple dielectric layers. Within iMD 5, multiple layers of
metal interconnect leads 7 are disposed. Sensor 3 may be a photoediode or other
photosensitive devices such as CCD or CMOS photossnsors, but various other
30 photosensors may be used in other exemplary embodiments. Sensors 3 may be
formed in or on substrate 1. Each of the exemplary image sensors shown in Figures



structures according to the present invention. Each of the exenplary
| mage sensor structures includes substrate 1, sensor 3, and |IMD 5.
Substrate 1 may be forned of 25 silicon or other suitable materials.
IMD 5 nmay be an oxide, Si2, that includes a refractive index of
about 1.4 but various other suitable dielectrics nay alternatively be
used and IMD 5 may include nultiple dielectric layers. Wthin I M 5,
multiple |ayers of netal interconnect |eads 7 are di sposed. Sensor 3
may be a photodiode or other photosensitive devi ces such as CCD or
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gray f|| er ‘exenplary e od| ments. [0013] The
exenpl ar mrwwﬁtmmmmdemmmpimbﬂdﬁmﬁﬂ’@ure 2A 15 incl udes

silyl atec{gé@s 23 1 g D! Bodd® mickd] éﬂ@k TeRAShOUA! i Figure 24

nitride | I on portion ated lens
bi - cmVeanluﬂestmIpbtedﬂbas aammmmhéaé amdmgbxd@e pessivatioppitridg layer 26

o, o cRFAER el SR 0 25 Bohep! Y SRoCnecoutio mrons
col or fi litnage s&nsor shown in Figure 2B includes inner lens 25 which may be formed of a
thermally-cured photosensitive material and which is disposed between cotor filter 13

and substrate 1. Inner lens 25 is plano-convex in shape. Figure 2C shows an

20  exemplary image sensor with a double microlens arrangement including microlens 15

and convex-down microlens 27 which may be formed by the step etching of a dielectric

material, then smoothing. Figure 2D shows a double microlens structure including

microlens 15 and convex-down Fresnel lens 29 which may be formed by the step

etching of a dielectric material. The double microlens structure of Figure 2E shows

25 convex-up Fresnel lens 31 which may be formed by step etching and is disposed
hetween microlens 15 and substrate 1. Figure 2F shows a double microlens structure

including microlens 15 and inner microlens 33 which is a convex-up microlens and may

be formed by step etching a dielectric material, then rounding. In an exemplary
embadiment, inner lenses 27, 29, 31 and 33 may be formed of silicon nitride which has

30 a refractive index of about 2, or other dielectric materials. Inner lenses 27 and 29 may

be formed by etching a material subjacent the silicon nitride and inner lenses 31 and 33



and substrate 1. Inner lens 25 is piano-convex in shape. Figure 2C
shows an 20 exenplary inmage sensor with a double mcrol ens
arrangenent including mcrolens 15 and convex-down m crol ens 27

whi ch nay be fornmed by the step etching of a dielectric nmaterial,

t hen snoot hing. Figure 2D shows a double microlens structure
including mcrolens 15 and convex-down Fresnel |ens 29 which may be
formed by the step etching of a dielectric material. The double

m crol ens structure of Figure 2E shows 25 convex up Fresnel |ens 31
whi ch may be formed by step etching and is disposed between
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m crol en%erréc%s%fs%gﬁan@bé E1ep @idhi B&dimbAts] @éﬁbtoﬁﬁ@é @dﬂgnthgemq( used

exenpl ary embodi nent, the Inner |enses 23, 25,

outer ni dp 6P lans heightandsRipilgg ﬁ%}“fﬁ%\ ﬁmwserﬁ’fesﬁ%faw@ﬁé}ﬁlpﬁatom&% 41
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steps or terraces using various step et chi ngwgnb dinments. Step

et chi ng iMAGRaAD AYdsusT NifdR or [iherodielesina afd "B"PQ?f SpRsors.
Fi gure 3/vigiReie 48imsy B formeaibyans cﬁémﬁﬂpﬁzﬂjﬁﬂeﬁbmﬁdn of a high density plasma

or using other techniques. Discrete sections of photoresist 41 are formed from
photoresist which may be positive or negative photoresist. The thickness of photoresist
20 41 may range from 0.4 microns to 2.0 microns but other thicknesses may be used in
other exemplary embodiments. The photoresist is then thermally reflowed 1o produce
rounded discrete photoresist sections 49 shown in Figure 3B.
[0015] The step etching process sequence is then carried out and may include a
succession of alternating etching steps used to alternately laterally recede the edges of
25 rounded discrete photoresist sections 49 and anisotropically etch dieleciric 45
downward. In one exemplary embodiment, dielectric layer 45 may be a silicon nitride
layer that also serves as a passivation layer. The alternating etching steps include a
downward (anisctropic) etching step and a photoresist pull back step which, together,
may be considered a unit process for forming one step. The number of steps produced
30 is determined by the number of unit processes used. Aggregate step height generally
controls microlens thickness and the degree and amount of photoresist pull back



15 formed over surface 43 of dielectric 45 fornmed, in turn, over
substrate 47. Dielectric 45 may be an oxide, a nitride, or other
dielectric materials used in inmage sensors. Dielectric 45 may be
formed by the chem cal vapor deposition of a high density plasma or
usi ng ot her techniques. Discrete sections of photoresist 41 are
formed from photoresist which may be positive or negative

phot oresi st. The thickness of photoresist 20 41 may range fromO0. 4
mcrons to 2.0 nicrons but ot her thicknesses nay be used in other
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[0016] In one embodiment, the etched structure including steps may be used io

20 form a Fresnel lens as shown in Figure 3D. Fresnel lenses are designed to enable a
large size and short focal length without requiring the weight and volume of material
required in standard lens designs. Fresnel lenses are broken into a set of concentric
annular sections known as fresnel zones. For each of these zones, the overall
thickness of the lens is decreased, effectively chopping the continuous surface of a

25 standard lens into a set of surfaces of the same curvature, with discontinuities between
them. Dielectric 45 may be an oxide or nitride and the etched step structures formed in
dielectric 45 may be covered by further dielectric 59 o form Fresnel lenses. Further
dielectric 59 may be planarized after formation using chemical mechanical polishing or

it may be simply be spin coated over dielectric 45 and planarized upon formation. In

30 one exemplary embodiment, dielectric 45 may be an oxide and further dielectric 59 a
. nitride or polyimide. According to another exemplary embodiment in which dielectric 45



i ncl ude CH3F at 10-50sccm 02 at 5-15sccm Ar at 10-50sccm 5-80nilorr
pressure and 150-350 watts RF power in one exenplary enbodi nent. The
pul | back step may include CH3F at 10-20sccm 02 at 15-50sccm Ar at
10-50sccm a pressure of 5-80 mllitorr and an RF power of 150-350
watts. Qther etching conditions may be used in 15 ot her enbodi nents.
The step etching process sequence produces step structure 51 shown
in Figure 3C. Step structure 51 includes a plurality of steps 53. The
hei ght of each of successive steps is generally determ ned by the

ani sotropic etching step and the width of the stegs 53 |s eneralgﬁer
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wavel engt anﬂ 151! ter pewaekaimpid Figulesrabxsi ahe stdppedatrutiughshgversin Figure 3C
through t meay I!)g; fs%o%?l'tteds tugfr)msg an isotropic etching step that eliminates the steps and
produces a smoothed or rounded contour as shown in Figure 3E, The shape of the
20 step etohed features of Figure 3C is closely retained. The isotropic etching step may be
a plasma eich, a chemical dry etch (CDE) or a wet etch, for example, an oxide dip. In
one embodiment, an isciropic plasma may include CFs at 50-200sccm, O, at 80-
250scem, a pressure of 20-50pa and 250-700 watts RF power, but other processes may
be used in other exemplary embodiments. The structure shown in Figure 3E may have
25 @ further material formed over it such as shown in Figures 3F and 3G. In Figure 3F,
conformal further materiat 69 is formed over dielectric 45. Further material 69 may be a
dielectric. In Figure 3G, further material 71 may be spin-coated and planarized upon
formation. The spin-coated further material 71 may be a polyimide but other dielectric
materials may be used. Referring again to Figure 3F, in an exemplary embodiment,
30 dielectric 45 may be an oxide film and further materiai 68 may be a nitride or other film

that is subsequently planarized to produce the structure shown in Figure 3H. Figure 3H



53. Figure 4 also shows innmedi ately adjacent Fresnel |enses 55

I ncl udi ng coormon edge 61 or 63 and respectively aligned over
correspondi ng sensors 3. There is no gap between adjacent Fresnel

| enses 55. In the enbodi nent shown in Figure 4, Fresnel 10 | enses 55
may be convex-down and formed of silicon nitride 64 having an index
of refraction of about 2 and formed over silicon dioxide, SIiO2 66
having a refractive index of about 1.4. Color filter 68 nmay have a
refractive index of about 1.4-1.7 in an exenplary enbodinent. Figure
5is an SEM scanni ng el ectraon mcrosc rogra how n
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L Srdt OBt Endth, F PN LRG!S Shald o BT b ble et
one anotiinage atdciarsy Bcdibgninner ledges 73. thihast bemvexarpdand formed of silicon
nitride and over silicon dioxide layer 78 which serves as part of the passivation or an
IMD. Inner lenses 77 are ‘covered by planarizing layer 73 which is a dielectric. The

20 double-microlens structure also includes upper microlenses 15. Convex-up inner
microlenses 77 are in close proximity to one another. The double microlens structure is
efficient in assuring that incoming light, illustrated as light rays 80, is directed as
directed rays 82 towards sensors 3.

10019} In another exemplary embodiment, a polymer-type photosensitive material

25 may be used to form microlenses (15, in Figures 2A-2F) or the inner lenses. Referring
1o Figure 7A, film 81 is a photolithographically sensitive material that may be simitar to
photoresist. Film 81 may be an organic material, a polyimide, an epoxy-acrylated resin
or another photosensitive polyimide. Underlying material 82 may be a passivation or
dielectric layer formed at various locations within the imaging device. Direct lithography

30 will be used to form permanent lenses directly from film 81 formed at various levels of
the image sensor. Photolithographic patterning techniques such as masking, exposure



| enses 57 shown in Figures 3E-3H are gapless to provide for maxi num
light efficiency. In other enbodinents, |enses 57 may be in close
proximty. 5 [0018] The materials used in Figures 3A-3H may vary in
ot her exenplary enbodinents. The dielectric filmthat is etched nmay
be an oxide, nitride or other dielectric film Fornmed over the
oxide, nitride or other dielectric filmmay be various other
dielectric filnms. In each case the lens is the product of the | ower
material dielectric 45 and an upper nmaterial such as further

dielectri h ' f .her ri.al 71, ej.ther.
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anot her exenpl ary enbodi nent, a pol ymer-type photosensitive materi al
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inner le be R Rd b inh& Iﬁhglﬁseto7€lan%6iierﬁl-l%lsﬂm€re. _Further intermediate
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between the microlenses, IMD 92, passivation layer 95 and further dielectric materials.
20 Inner microlenses 86 may be formed of a photosensitive material and according to the
procedure shown in Figures 7A-7C. Further material 101 is a planarization material that
advantageously includes an index of a refraction lower than the index of a refraction of
the inner microlenses 86. Color filter 103 and spacer material 105 are formed above
planarization level 101 and outer or upper microlenses 107 are aligned over inner
25 lenses 85 and corresponding photodiodes 91. Spacer material 105 may be formed of
acrylate, methacrylate, epoxy-acrylate polyimide or other suitable transparent materials.
In other embodiments, the rounded lens structures 85 formed as in Figures 7A-7C may
be used to form an upper or outer microlens such as microlens 15 shown in Figure 2B
or they may be used to form the only lens in a single microlens image sensor structure.
30 [0020] in another exemplary embodiment, the microlenses or inner lenses may

be formed using a silylation process. The silylation process involves reacting & reactive
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the i mage sensor. Photolithographic patterning techni ques such as
maski ng, exposure 9 and devel oping, are used to formdiscrete
portions 83 fromfilm 81 such as showmn in Figure 7B. Film81 is
formed of a material chosen to be easily patterned using

| i t hographic techniques and to include high thernmal stability once
cured, since it will form a permanent lens. Film81 is further
chosen to provide high transparency for visible 5 |ight and may
advant ageously include a refractive index of about 1.7 or greater.
Film81 is formed of a material that is easilggthernall refl
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photoresist 113 is exposed io the smcon-contalmng agent, only reactive portion 117
20 reacts with the silicon-containing agent to become silylated.
[0021] Figure 9B shows the beginning of the silylation process in which reactive
portion 117 swells as it reacts with the silicon-containing agent. Silylated portion 119
forms within reactive portion 117 of photoresist 113. Upper surface 121 becomes
rounded and begins to take on a convex-up lens shape. in ancther embodiment, Figure
25 9B shows the ending of the silylation process in which reactive portion 117 swells as it
reacts with the silicon-containing agent. Silylated portion 119 forms within reactive
portion 117 of photoresist 113. Upper surface 121 becomes rounded and begins 1o
take on a convex-up lens shape. Lower surface 121 becomes rounded and take on a
convex-down lens shape. Figure 9C shows a further step along the silylation process in
30 which silylated portion 119 has been completely formed. Developing processes may be
used to develop away non-silylated portions of photoresist 113 and form the structure
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I n ot her enbodi nents, the rounded | ens structures 85 fornmed as in
Figures 7A-7C may be used to form an upper or outer mcrolens such
as mcrolens 15 shown in Figure 2B or they may be used to formthe
only lens in a single mcrolens i mage sensor structure. 30 [0020] In
anot her exenpl ary enbodi nent, the mcrolenses or inner |enses nmay be
formed using a silylation process. The silylation process involves
reacting a reactive 10 portion of photoresist mﬁth a
silicon-containing agent to forma pernanent | ens. silylation, an
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including reactive portion 117, is then exposed to a

si I'i con- cl8RRAi ni ngThgjRieCeding exemplapsMICBIRIS PRIDRGIMRIES may haussd in yarious
gaseous Qfophdisktiofs td fﬁrrﬁ Qﬁntﬁ)&eﬁﬁ’él@ byd&fﬁ?@ dHierBlhs irhBge sensors.

silicon-contai ni ng_age may (hexamet hyl di si | azane)

ot her si |083H- contﬁh%Pfﬁﬁeﬁgé megelbfﬂwsg@méeﬂ PriRciBlen &f thee'sawé&fﬁtpar 9?: will hus
enbodi Mernges apﬁsaﬁﬁea\fﬁatriﬁééé Qare%:%ﬁ tHEYrt Vil Ibddshi W B bVied dhridlisOM R Hehts

as a -COOH or an -OH group such as may be created by photon
i rradldat i Which,\alaugiphet exnisitly desarbedorshswacprets, empody the principles of the

si | i con- GantARizAg %%ude%%ﬂhnﬁ%c%?rﬁearﬂoé&ggn FuherAfhe! &R Shampidsfang

the silicon-contalning agent to be silylated. [0021] Figure
shows t hecasdijion®li lagausget mtt@i Iherein a6® Ppincigaks lﬂtﬁﬂdﬁrﬁi expregsie 9 e only for
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invention and the concepts contributed by the inventors to furthering the art, and are to

20 be construed as being without limitation to such specifically recited examples and

conditions.  Moreover, all siatements hersin reciting principles, aspects, and

embodiments of the invention, as well as specific examples thereof, are intended to

encompass both siructural and functional equivalenis thereof, Additionally, it is

intended that such equivalenis include both currently known equivalenis and

25  equivalents developed in the future, i.e., any elements developed that perform the same
function, regardless of structure.

[0024] This description of the exermplary embodiments is intended to be read in

connection with the figures of the accompanying drawing, which are 1o be considered

part of the entire written description. In the description, relative terms such as "lower,”

30 "upper," “horizontal,” “vertical,”, “above,” “below,” “up,” “down,” “top” and *bottom” as

well as derivatives thereof (e.g., “horizontally,” “downwardly,” “upwardly,” etc.) should be
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forms within reactive portion 117 of photoresist 113. Upper surface
121 becomes rounded and begins to take on a convex-up | ens shape. In
anot her enbodi nent, Figure 25 9B shows the ending of the silylation
process in which reactive portion 117 swells as it reacts with the
silicon-containing agent. Silylated portion 119 fornms within reactive
portion 117 of photoresist 113. Upper surface 121 becones rounded and
begins to take on a convex-up | ens shape. Lower surface 121 becones
rounded and take on a convex-down | ens shape. Figure 9C shows a
further step along the silylation process in 30 which silylated
portion tdRsthes ibesfer iodhp baerthyorf as thed deBeribeldopiasghomnde sredraming Waler
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pri nci pl esuiyalentseofihpjigwénten. 1t will thus be appreciated that those
skilled in the art will be able to devise various arrangenents 15
whi ch, al though not explicitly described or shown herein, enbody the
principles of the invention and are included within its spirit and
scope. Furthernore, all exanples and conditional |anguage recited
herein are principally intended expressly to be only for pedagogi cal
purposes and to aid the reader in understanding the principles of the
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invention and the concepts contributed by the inventors to furthering
the art, and are to 20 be construed as being without limtation to
such specifically recited exanples and conditions. Mreover, al
statenents herein reciting principles, aspects, and enbodi nents of
the invention, as well as specific exanples thereof, are intended to
enconpass both structural and functional equival ents thereof.
Additionahbﬁ%ii& is I ntended that such equival ents include both
currently wh 3&aﬁb5rents and 25 equival ents devel oped in the
future, i.e., any elenents devel oped that performthe sane function,
regardl ess of structure. [0024] This description of the exenplary
embodi menf's i sANfiN@BIREFVISSFOMRIIRING:n  connection with the figures of
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"up," "do oﬂméﬁ§$" and "bottont as well as derivatives thereof
(e.g., "horizonta ?y," "downwardly," “upwardly," etc.) should be 12
const r uedatcolar éfter dispogdicowrisait pluraity asinhBelenges aindbed or as shown
in the draw ng under discussion. These_relﬁéive terns are for
convenien@@oﬁ'SH@E@?QBFV@HYS pigelenses Aisgared oversaid ealer Hitfar at us be
const ruct gleRdin QBRY MrRf 1bibed AR tdriebadr &% lPGArAE InfateridlCifBregnated with
concerning attachnents, coupling and the like, such as "Connected"
and 5 "insiBe@bnnected," refer to a relationship wherein structures
are secured or attached to one another either directly or indirectly
t hrough intervening structures, as well as both novable or rigid
attachmen2s orTheimagingslevjze, avin daisn éxphessh yaidcaner lkedeobhedishosad

[ 0025] AIIQ&U h Iﬁg invngion.has been described in terns of

exenpl ar yW! 'H%(SHP Hretal gielgcliiGior 1inited thereto. Rather, the
appended cl ai nrs shoul d be 10 construed broadly, to include other

vari ants and enbodi nents of the invention, which nmay be nmade by

t hose ski Pl ed The tmediag deyicerasuin eaipadt wherdin sgidiineersleopes arridisppggd

of equi V®|tﬁﬂtasp£’§si\}aﬁﬁnilg‘yeer.mi on. 13 What is clained is:

4, The imaging device as in claim 1, wherein said inner lenses are convex in
shape.
5. The imaging device as in claim 1, wherein said inner lenses comprise

Fresnel lenses.

6. The imaging device as in claim 1, wherein said organic material comprises

a photoresist.

7. The imaging device as in claim 1, wherein an area ratio of said inner

lenses to said photosensors is substantially larger than 2.

8. The imaging device as in claim 1, wherein said inner lenses are bi-convex

in shape.
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1. An inmaging device conprising: a substrate having a plurality of
phot osensors forned therein or thereon, a corresponding plurality of

i nner | enses disposed over said plurality of photosensors, a color
filter disposed over said plurality of inner |enses, and a
correspondi ng plurality of mcrol enses di sposed over said col or
filter, wherein said inner |lenses are forned of an organic nmateri al
inpregnated with silicon. 2. The imaging device as in claiml,
wherein said inner | enses are disposed wthin an inter-netal
dielectrig. 3.TA®@mhgng dgickeusan asim N, Whakdh baidiificilenssd 8rd PRAD-

| enses are disposed wthin a passivation |ayer. 4. The imaging

devi ce asC9WeX|IRAshaRe. wherein said inner |enses are convex in shape.
5. The imaging device as in claiml, wherein said inner |enses
conprise Fresnel lenses. 6. The inmaging device as in claiml,

wher ei n sdd.d ofhmmagingdevicalasdompaimstswhearejphadjacardilansestf salkeplurality

i magi ng dey| inclaiml whergin an area ratio of said inner

| enses tog%s/'hﬁ% '%ﬁ%‘%%%'éﬂ?&%‘”f‘@"& antially larger than 2. 8. The

i magi ng device as in claim1l1, wherein said inner |enses are bi-convex
in shape. 14 9. The imaging device as in claim1, wherein said inner

| enses ar &1-pi ah¥e INpRING HeviceasdpeLlaimpT. whereimagid faicerienses &g GoRvex Hl m
1, wherei gh4gli acent lenses of said plurality of inner lenses share a
common edge. 11. The inmaging device as in claiml1, wherein said

m crol enses are convex in

12. The imaging device as in claim 1, wherein said microlenses comprise

Fresnel lenses.

13.  The imaging device as in claim 1, wherein said microlenses are formed of

an organic material.

14. The imaging device as in claim 13, wherein said organic material

comprises a photoresist.

15. The imaging device as in claim 1, wherein said microlenses are formed of

a dielectric material.

16. The imaging device as in claim 15, wherein said dielectric material

comprises silicon oxide.

17. The imaging device as in claim 15, wherein said dielectric material

comprises silicon nitride.

18.  The imaging device as in claim 1, wherein said microlenses are formed of

an organic material impregnated with silicon.
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shape. 12. The imaging device as in claim1, wherein said mcrol enses
conprise Fresnel lenses. 13. The imaging device as in claim1,
wherein said mcrolenses are fornmed of an organic material. 14. The
i mgi ng device as in claim13, wherein said organic materi al
conprises a photoresist. 15. The inaging device as in claiml,
wherein said mcrolenses are fornmed of a dielectric material. 16.
The i magi ng device as in claim15, wherein said dielectric nateri al
conprises silicon oxide. 17. The inmaging device as in claiml5,
wherein sgod dried eetdding "dvedd ads iROBIRIMhSES VerbiORinNiakéd d@tio 18f shite
i magi ng device as in claim1, wherein said mcrolenses are fornmed of
an or gani Qigralespeato $3ifPlginseagor it suBstantaly langsr ffan Ihe i magi ng
device as in claim1, wherein an area ratio of said mcrolenses to
sai d photosensors is substantially larger than 2. 20. The i magi ng
devi ce as20.n clThke imdgingitiervisierassiail aaim ¢y whereire saidrreicholensasvae biiconvex
shape. 21|”n he imaging device as in claiml, wherein said mcrol enses
are pi ano- Vex in shape. 22. The inmmging device as in claiml1,
wherein adjacent |enses of said plurality of mcrolenses share a

conmon edge. 16 . . . . . , o
1. The imaging device as in claim 1, wherein said microlenses are plano-

convex in shape.

22. Theimaging device as in claim 1, wherein adjacent lenses of said plurality

of microlenses share a common edge.
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