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LENS STRUCTURES SUl 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

I NVENTI ON [ 0002] The present invention relates, nost
generally, to a solid state inaging device, and nore
particularly to | enses used in such imging devices
and nmet hods for rmaking the sanme. 10 BACKGROUND [ 0003]

Solid state i nmagi ng devices typically include a
phot BENSSSTRUCTNRES surmaLs(ny&ySEJ MAﬁE SENGORS

zagfg;gtngl ti \éﬁbg‘@#“Wﬁ‘&i‘%%ﬁ ens array formed

over the color filter. The photosensor may be a
odi , IQZI\/DS (conplinmentary nmetal oxide
REL@tﬁbJﬂﬂ%ﬂ@f“ﬁ? sensor or a charge 15 coupl ed device
[000{]CCD) , Thiy applraribe .is Nelated ¢o,plied @temsopror{tiFins ) U &. eprovisional

prf it NogBABF e, A JFRF AP "

inter-nmetal dielectric (I MD) that accommodat es

nul tiple. | f nmetallization used as an
FELPrQ%rT@ﬁH\E@ﬁJB@'\?mdi umin the peripheral circuits of
[OOO%I]he sohind sre8é® invBsiidio rélﬁaébcmoslttgerieiial @ard wolid state imaging
esirable to maxim ze the sensitivity "the.inma

deviessangdamone particylady inianaes ypedin ﬁughtm@%‘ﬁg W&@ﬁ@%dt Rethods for
ors. One shortcom ng of inaging devices is
mak‘ﬁﬁgﬁlé)?%ﬂé sensitivity of the photosensor is
proportional to the fill factor which is defined as
BAC (BQN of the area of the photosensor to that of
pI er area. The thick inter-nmetal dielectric
[oooa]akes iQolidi statecimaging devicgs tyRisalhe ichdfl apRBetosanssy such as a
I, ags
onrSG 945, L 5 B4 ity B3 b g otcsenive
devi¢drahd Iaﬁmmmble% ashay dotreet bueltihle q:ﬂlmt iﬂMns'ﬂle phelosensny may be a

ot ST, RSB P bl R BB OR g.4 v

coud?é@'d%gfcé' (tQ'J(ID)Y for @f(émﬁte | NG @gqm phowBendarst (NRS's) are commonly
reduci ng heotlcal Si nalﬁéndtheeoeth
useds e Beivgep; the pr QI9ESOHA

inter-metal dielectric (IMD) that accommodates multiple levels of metallization used as

gy filter there is generally a relatively thick

an interconnection medium in the peripheral circuits of the solid state imaging device. [t
is clearly desirable to maximize the sensitivity of the imaging device, i.e., the amount of
light 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 photdsensor to 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
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.
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1 [0004] It would therefore be desirable to produce an
i magi ng device with a nodified structure that

i ncreases the sensitivity of the imagi ng device by
allowng nore light to be received by the

phot osensors. SUVMARY OF THE | NVENTI ON 5 [0005] To
address these and other needs and in view of its

pur poses, an aspect of the invention provides a

nmet hod for forning an i magi ng devi ce. The net hod

coofT iR SR ey BB i o
modlﬁé@%ﬁéuéﬁl% watincrsdses dha senditvityf ¢f theimayiey device i allowing more

] According to one aspect, the lens is fornmed by
light fodieniiesgivad byfae PRIOSENIEOFHhot osensiti ve material over

the substrate, patterning the |ayer by exposing
ns_ thereof to |ight and devel oping to produce

SUM&AR‘éQﬁT‘dEdHVENTﬁ@H phot osensi tive section which is
[oooédhe” t e dHkd s theke %ﬁﬁ%tl?éi%ééﬂé%d lﬁ \ﬁéWQﬁ ith I?ﬁ:rposes an aspect

hot osensitive materi al cross-| and formt
of theeimventiuoc provides tmmmméor &ypng an h@agmsdewceor fﬂaa method

comp{ﬂé&s%&%&ﬁg%g@%ﬂgﬁ%w@ e Ccﬁl ng\ét%he %?eg ec eﬁﬁgﬁ Hﬁé}feﬁn forming

a lendloeerinelseibbirate drdl forminh accdbyr fiiter overgha lefisscr et e
hotosen3|tLve section over, the diel

ool CSBESLS cs BeeE ot B B GV o 2 tver o

photo':sl%?l 98 mRRKEP b theds HsHaks paMerdihgahe 1apert by \e&posmg portions
ternating etch steps comprising a recede,s

theregf 4 dghtatrd sevelepiagdpanodicealleasha patine @E?P&sgnsmve section
. ' n [ t

om0l A G 50 Shoiafohamatrl

croswmrkinm‘fmmnbelensprovi ded is a nethod for form ng an

I%% il fcg eVI ﬁgngec# ?{QE gqu%rlg:fé %}%@%@f&%ﬁ%é%@ﬁ]&:& haayer over

the Subsithfdt ﬁﬁd'f@ﬂﬁingWﬁé lehe bqu@lehmgtmebghefe@trm layen The dielectnc is

ey i o R s R0 P B . rormaty

reﬂo@l?'@ heUsistetd Bﬁot%gerﬁﬁﬁ’\fét sadtioRO pbHOIMIhG d Gﬁ@desﬁidri‘loﬁat least two
i con-contal ning agent. The silylated |en

alternatingr etoh stapsegomprising afeceste siep Y usges at@ﬁif%essm of edges of
the ﬁié&r%f%k}ﬁ@tgaéﬁ%@ Is%%ibﬂ geérin %ané%%pica&eb”lﬁﬂt BELHES VéRtantially
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
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. .
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conprises a substrate with a photosensor forned
therein or thereon, a lens disposed over the

phot osensor and a color filter disposed over the |ens.
2 [0009] In another aspect, an imaging device is
provided. The imaging device conprises a substrate
having a plurality of photosensors fornmed therein or
thereon, a corresponding plurality of inner |enses

di sposed over the plurality of photosensors, a color

| d
o ST o P o o
compr%%% V% STtFeﬁé %v‘fn |é 9ruralﬁ’§3|oE’5h@E»‘é@Rb&§H@in§E tfiéfein or thereon, a

resent I nvention IS
correspodding t Riaralityr @‘mnﬂwé engps slsnaged Qvar Iteey D'W@H'afr?fp?h%ﬂsensms a

color Y"[{Sﬁ gfsguﬁ,g%ﬂi rbv%?[}hﬂ nﬁlhta‘? R U Ibﬂ @CW%H@:@B%&% NSlurality of

asl ze accordrng to conmon practice,
microlehses/dispeastl dveathe edordilterhe drawi ng are not 10
necessarily to scale. On the contrary, the dinensions
of the various features are arbitrarily expanded or
BRlEFF DHSCRIPTIONORTHEDRAVWIAIGIUMer al s denote i ke

t h hout. i fi '
oro] 524U rARALIARAh S PRSCHEAGRIISARY 2B aorea
descr:’fihgﬂ"vme?a feddan GoARMCHGE bF mlﬁbcwrﬁparqﬁngmira\mage It és1emphasized
accord t%to the PRIOR 15 ART; . Fig s 2A- a
that, apeudingoth (COMHIO iRERRICen 0P nYFIOHE HENES: Aadhe diRing are not
neces%gnl\xsfbeﬁbéié!enbh%e Ebrﬁ#‘c{r?str?e%?rhb@' &hs 0P IRe SRFfousNRbktures are

a sequence’ of processing operations
arbitraréy dexpantied norexemﬂe&lr Jomicigrity.endéke feEnaralsngepgta nge features

nvent i qQn
roudf BI04 Byl SHAE ol SRS b BBk e Ghe tonin
figuregccor di nght ofthe |nvent| on F| gure 5 is an SEM

m_crograph of an .0l ' i QN

T 8 e e R o5 B el BN 0 o
ART:doubl e microlens structure according to the

i nvention; 25 Figures 7A-7C. a -
shigurasy24- %Ceqteeﬁq%gS@ch amv{l;ﬁ §ﬁé\§&sg g)?é:r%lgnrya%mgég \g%nsors of

the invention;

Figures 3A-3H are cross-sectiohal views showing a sequence of processing
operations used to form exemplary microlenses according to the invention;

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;

Figures 7A-7C are cross-sectional views showing a sequence of operations used
to form another exemplary lens of the invention;

Figure 8 is a cross-sectional view of an image sensor including an inner
microlens; and

Figures 9A-9D are cross-sectional views showing a sequence of operations used

to form an exemplary microlens according to the invention.
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to form another exenplary |ens of the invention;
Figure 8 is a cross-sectional view of an i nage sensor
including an inner microlens; and Figures 9A-9D are
cross-sectional views showi ng a sequence of operations
used 30 to forman exenplary mcrolens according to
the invention. 3 DETAILED DESCRI PTION [0011] Figure 1
shows an exenplary solid state inaging device and
includes sensors 3 fornmed in substrate 1 according to

the PRIOR ART. Sensors 3 are photosensitive devices
DETAHHD RESERIFIHANodi odes or ot her phot osensors. The

[001 11 mag qﬂ aredF dHofs? %ﬁge H@V%l'?gﬁ?ol n&t%e Wﬁ?@i’nﬁeﬁﬂléétdnﬁcmcludes

I\/D5tat may 1 nc eve
sensorsitErfoometbdn dubstiater 1wlacm'rdhugetcdéb$rlalBIQRdABﬂ'oseﬂensorS 3 are

. f
onotcBSiNF B 505 S Ba SRe iRl il ohgEkefio TP imaing
devncé NS iR intdrGhevdP delsdttic, CiMD g thatdaafmhdudé sevdral levels of
further dielectric |ayer 10 whi ¢ gbefor

meta't'h’@’%@ﬁﬂ:'ﬁﬂd%ip‘UF'CBétS%QeFV%WV &'SPQSR fietuesn ths, {sesors 3 so as
not to%é?l%gf;? Hb%d}e{l@ﬂ?ra?@%oﬁorﬁlréﬁciﬁﬁg b@ﬁéd@%ﬁ Pé@élﬁhtioﬂyléﬁel 9 may

m crospacer™ 14 and mi crol enses
includel & gitiedn mitdde fikend cand mrthavdme;amc leyyee dPewhich may be formed by

| 15
e i S R0, T AR, TSR e, Y hior
includes! praifiighger azd coloe fillerel1 3 mhraslpaesm@hnd Omarcﬂemms % aligned over

sensqgg szgfflﬁzgggr% 1@'ch%\’1§§ chzg)irg%gethsle{ ig'@{l‘ ;jmeagrt lgé formed of swtgﬁg materials

such S?%Mnétér M'eﬁ‘ia%rylé’tb BRbY- ﬁ:r?l%teﬂrtﬁ pdl’sﬁllnwiﬁaﬁd inviwdeng shickness of

M cr ospacer may have a refractive
0.3- 340nmaxPlaln myar- 12 maynagven r%fbaﬁﬁag diifex ofabfyl- 4t Bay be composed of

acrydfE, FERAKELE, oY Ry bEpy o BRNELAE adfiEkhE® otia-oum.

Mlcrospéu'acm maylhmfem rﬁfrathe Index ofeli44ie7 coap dsedorpposed of acrylate,

t | t |
o5 T .0 B8 ol o g um. G
fitter t1bat“nelyhﬂa¢ré“aﬂ¢§ﬁ§§twb7 irefex| YD 154-1ex; emmyr het composed of acrylate

accommodate the nulti Ie | aye
methadrylafe: BhARQYsAqrdatesand il oA AT B GPenun. Jcan be seen
that tﬂé ?ﬁiéﬁﬁé}ﬁ.&ﬁ%ﬂﬂm %Srﬂé?ﬁ@éé}? 6 HreemPnodate RINd eniligik layers of metal
I'mnishing the anount of "|ight that reaches the

intercopneats degis 1 pogitipng-theumigsolenses=18 histarisisamt gagresponding sensors
3, po{eﬂﬁélw GRS hidG A LR ofRETTRGA! Yat FBBBReS IS Snsors 3.

{0012] 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
silicon or other suitable materials. IMD 5 may be an oxide, SiO», 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 photodiode or other
photosensitive devices such as CCD or CMOS photosensors, but various other
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
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structures according to the present invention. Each of
the exenpl ary i mage sensor structures includes
substrate 1, sensor 3, and IMD 5. Substrate 1 may be
formed of 25 silicon or other suitable materials. |IM
5 may be an oxide, SiQ2, that includes a refractive

i ndex of about 1.4 but various other suitable
dielectrics may alternatively be used and IMD 5 nay
include multiple dielectric Iayers Wthin | MD 5,

.‘2A-2|Iap|LJI t' E@EJJ s%\}eé@lpﬁg \i@%@éséd}{oﬁ Bﬁ‘ﬂételt) ?3%]97PFHf§rably aligned

over Fﬁiﬁrﬂﬁ?ﬂ%hélami @e correspohding aeanSOr AZdogling to one exemplary

M N e L e

Iargef MY theffction WotRBh' @ltRe bhotsteRser. MibRIsHREPI Ay be formed

| mage sensors shown I'n Figures 4 2A-2F al so include
aligned ovel sensolsh3diRassivationemel @onay inglydep silisogitride portion and a

r ef er.abl i
furth b BERE britir B3 thay 0 oxfa Hy¥b chERTodYaoBr dopasition of a high
densﬂﬁhﬂd&rﬁ@ng Thbhﬁnageea;enamrsoalsb mch:del ielmn 18yero 12, color filter 13,
corr espondi ng senso s suhst anti a t
micrespaca ke apd {ﬁg vergga ﬁ@&&gsﬁsﬁ?cm%f‘g |1§:?89 may be
form W%uﬁ@oléoﬁlﬁ&:és abidned %%Mat&enﬁ@ﬂfacﬁ,ﬂa@as@pomtaomate or
evel include a silicon nitrid ?ortlon

polyifmige aad ioelades e refrastve iegex ﬁtatabﬁ'e\ﬁﬂb% ﬁor%%“:e?t #Reincludes a
plan%lh?dﬁ SAhad?RY. 9RPA 'é)ke‘?ﬁ% ?{y d@ﬂyoannerﬂe'b%'ldr)’flliéra?rgamay be an

I mage sensors a | al n ayer 12, col or
alterfatinigeseqlidnce of mdagm ahd biual mwgthﬂﬁmolqdllte@/wc&b@ﬁ CMYG filter

o G251 5 RAREH g M Bl ©f =1t

[0018POXY- %bWeﬁémplew d@ulﬂ@l mmml@asaembod[rhemieshawn in Figure 2A
refractive i ndex

inciuges SiAaR eisp2a peck WD IV 5 Ang SHIERES pratl e aver 26
in pa%glggﬁoﬁ Ebltll%h 9138@&13%19%1 23 3 bREGRIEXTE shagdeTie dolible microlens
but ot her col or fllters su P
lmagBl\M@SDr ishewn iorFiguigr 85 inpluges nngy |%S @8edhich ra%iae ormed of a
therrﬁ?@nglfrgﬁ Sphgg%%gb%gtrﬁ Qlo%?ﬂl WEB?\u Ab%d’ bgﬁ\!ré?s'necolor filter 13

|nent s In 15 i ncl udes
and Ssubgtraieed. | emerZ[énBoP_ﬁed plﬂnmcnnv&»o i5 shape. foguwg 2C shows an

exerb3S VBl S RUSE, Al gkl i pens 15
and BbRVEL W midroighs TTNERIth Sy ine nfcrrrrredgmy the2Rep michinig sf a dielectric
inner lens 25 which may_ be forned, of

materiabr then| smeething. pfé@%@e?gl%ho\‘f@ ﬁach.*ql%mg%e%lsmfc’ﬁuge including
micrbienB OEL dnl Sl MR- doWrP Erdshbf ins189 which may be formed by the step

etching of a dielectric material. The double microlens structure of Figure 2E shows
convex-up Fresnel lens 31 which may be formed by step etching and is disposed
between 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
embodiment, inner lenses 27, 29, 31 and 33 may be formed of silicon nitride which has
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
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and substrate 1. Inner lens 25 is plano-convex in
shape. Figure 2C shows an 20 exenpl ary inmage sensor
with a double mcrol ens arrangenent i ncl uding

m crolens 15 and convex-down m crol ens 27 whi ch may
be formed by the step etching of a dielectric
material, then snoothing. Figure 2D shows a doubl e

m crol ens structure including mcrolens 15 and
convex- down Fresnel l ens 29 which may be formed by the

B 30 )b ARG o AR Fpoiment,

area PARSORAN @ﬂﬁe?rrinémeﬁesfms bs, dnramed1pyr SCRE@ edreddipofding sensor
u

and i s disposed between mcrolens 15 bstrate ]A .
8 mavlwté’sm@l%lﬁég%r thaw s fer gifestyeavark w%&hﬁmotosensor ccording

to onbfb@JeHgil 419 I RhERS inher RAE 23)B8! o711 2, %'198§3§%n¥&4“rhi‘éFblér§s 15 are

ex?up mecrol éns and nmay be formed by step
madefrofm ssgnamateriatcirramthat@terwlarytemhommn\unnger lens 28, 25, 27, 29,

emrbodi e 1 3
o1, ST i B e R oA il 1 Yo Bcempiry
embdcﬁﬁ'nbﬁflﬁrrné? |a|3rrsﬂzzas zl@‘ 2apag,t23712 ,oréeszagtmmicrdba*s d&thdve sgmilar shapes.
materi al s nner | enses an e_for .
In angthasiexgmplar CEOI ety NICE IRNS: 2/ 28 P Bﬁ %{ ?fﬂﬁgf*%'&' microlens
15aﬂerq}qﬁﬁér§m péd: and 33 5 may be formed by etching
icon nitride. According to one exenplary

[0014nbodi Weaerdingiio eneexeraplpty @mbaﬂiwam ’fflﬁén"@rriéfl5¢9eﬁ§e%5 27, 29,
31, 4oy T oufds ottt 15 el e Khnfel, bf RO T GO8RBetofing of

or effecti
dlelewlbknmmrmi tﬁ@urﬂm%ﬁﬁsmow Amromsd;l sgquercesnfor formlng steps or

torras GG SR EP S APEUEN G ST, ARuinls alYayRlpously used

to cdn&oﬁl%% hfé"glﬂ@%ﬂ'ﬂir@f . EFIHORi IR Bhows rtf@:rre’de&m:tibﬁs o photoresist 41
29, and ni cr ol Sns 15 are

31, d
formad Pyer SfRcRHEER APoE AR AIE I Vo6 REGTAIR AT Dilectric 45
may't%‘ein o183, %5 nitdge, oF otﬁ@r ditlectié MdtefiBfs TWs68 Oneithadé sensors.

ve simlar shapes. anot her exenpl ary enbodi nent ,
Dleiectmle45 maysbe2formed byxhe c@gmlqai. vagagdemsition ¢ 2 highediensity plasma

or ulfa i, WGIERE, OOFRE setfr B Hhof§8ss 0512 o rom
phot?rbgg&mﬂnc&&nav be qioelrt]wmm: mebatine [lﬁotm:@SISje Therthisiiness ohghotoresist
adder or st etchi

41 risgrge T A e E A s e iR may, pe used in

otheP éxerhﬁl%?f‘@ﬁﬁ;ouﬁmé}ﬂs V JhieOplsotoiesibt 6 mymmean‘amd refioviesl to produce
Step etching is advantageously used to control |ens

rounded giscrete ahetorasist seclionsALshVR U 3By et e secti ons
[0018f PhOLelsibs btching process sequence is then carried out and may include a

succession of alternating etching steps used to alternately laterally recede the edges of
rounded discrete photoresist sections 49 and anisotropically etich dielectric 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 (anisotropic) 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
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
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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 naterials used

in image sensors. Dielectric 45 may be fornmed by the

chem cal vapor deposition of a high density plasma or

usi ng ot her techniques. D screte sections of

photoresi st 41 are forned from photoresist which may

be positive or negative photoresist. The thickness of
determﬂ%sofr%sgéée 2t | frﬁ@‘élﬁlofélfé%eﬁgé é‘?cﬁfn%nétebg v alternating

m crons her thi cknesses nay used er
selectivitiesp| aﬂsqcosmhg)cﬂm ropet &eﬂpiawpambodlem'mtml\shlt:hemilcon nitride is the

ther ref.] awed t uce rounded dis
dieleqiii P sulcon TUEBP: chris oS B SRepB P Sl sighing step thar
essemtamp e@dhébltﬁ@ dmmmeowmamay lr@ngeh@mcan o+1eolnqné pal%ack step

| ude a  successjon of ternatlng et ching steps

that C@é‘ﬁgs mf’ ahqtarssist & |ateraily Fegeds. W?c% n; nEideggriteresis §9|e°t|VfW
may FYRIFEmIb S ;Cf ?H eet@ﬂﬁiroéeﬁé eﬁﬁtl&%%’i& ijh%r 48!&%09 selectivities may be

ani'sotropi c dielectric
prodmdrﬁnchuwizedtdWendlmg onlthe oateriat Ueaggeetcmednﬁ;e procass used and

e SHobb T BLEH bR bl Bl Hed B B olgg,ou n an Ecr

(electrorelcycletran résomanee)d efohier,san ﬂnx;ucﬂ?elgatcdmpregi praemaaud:Pal etcher or

t back st whi ch, t th
other ARG SVEaMS SHeh A% B R etchgisn THE GISooRl. Sighiga step may
mcludbum?F a@ﬁ O%DQé@n,POQﬁﬂsﬂ@séﬁn' Ar Set®R5080e8 @thh'%rrgpressure and

nber of unit processes used. Aggregate step h

150- @Qn%ﬁﬁl@'z RAWYRrripl aneriexeriniary emnbediment ahde thel bagl step may
:nc]u@gﬁgﬁﬁg#ni%gﬁ?&mt@%_he'ﬁ:{ 5(5§tﬁjctnér na%tl Bo. %%E%rm ﬁeﬁre[sgl?re of 5-80

ens two al ng et chihg 'St
millitdiaaed a@int BF mavien @f 15613560t watlts. | énherﬁelcbmgl cmg'ldltmmnaay be used in

e ary, e di pent  i.n which silicon nitr th
other GaBRAReNis""The G54 etcithd Pidtesd Seufifhie) phiducgs'Steb Yiucture 51
showRah idurgi3Q. Sted Sleu@niesSt irmidesed @Nrﬁﬂyﬁf%@eﬁ&@& The height of
each 10?sentl ally etches the dielectric downwa

SHPeeshiyersteps it gengrially deteravngs By tﬂP%ta"LSé’Hé’EKC ?‘FFE'"Q step and

the wRﬂl‘i’beh%Seltéﬁs 537|s| dunRFaly! detérBaRsE by fﬁbere‘ébbé C&"btﬂ' dek‘iﬁch step.
[00165)1 otoresi st selectivity nmy range from

her Weprgemppdimentathe eiched SV@q:tate wlmmteipsu mawe used to
form qurepﬁel IQﬁsOQé‘%ﬁgwﬁqﬁﬁélfrh"ozlfd FIeaRN ' neghtgp%nable a

bern che rocess us
large @ﬁzet bad |shog fdeah tenpgth Wihlamettrehumgg ghe plselghlyabde volumne ed material

.out. in an el.ectran otron r nanc etch .
requild in SafdarTdroe BotBhar BeBErlRorORre BRERAY Vi teigtnsancontrc
annulgl Gicigns Y@bRABas Ukdsras Zonas! | Fer igithebEieéso 2bhes, the overall

ani sotropi c etching step nmay
thickness of the lens is decreased, effectively chopping the continuous surface of a
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 to 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
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
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i nclude CH3F at 10-50sccm 02 at 5-15sccm Ar at
10-50sccm 5-8Oniforr pressure and 150-350 watts RF
power in one exenplary enbodi nent. The pull back step
may include CH3F at 10-20sccm 02 at 15-50sccm Ar at
10-50sccm a pressure of 5-80 mllitorr and an RIF
power of 150-350 watts. Qther etching conditions may
be used in 15 other enbodi nents. The step etching
process sequence produces step structure 51 shown in

is a{b%ééeggt%errﬁﬁ St ! Ct ur géhc':cgf h@ﬁ%@g@\,ﬁ]ﬁ& Q%X)qu rized after

depddRidf a{h'éﬁ Qﬁérﬁﬁlw@%%mﬁém faRheP Hickittc slacfbrml@:l S)tl@tpthe stched
of" the steps 53 is generall eterm
matetml,tméeatacedcﬁe s &hopen 10 ha¥k ae@r@ﬁtegtfsﬁac’i"{eo%@@f than Sctric 45.

osFPREAGP B4 Fhed By o, b fleats Bmon oo

whmﬂDnaEWen&Jnsl@wda%cmeeSween gdgd 63 enhsl Er%nel d@nge serves as a

wavglgfighitanas pol ptippian agpagths Pl s, tht b ciferent steps

53, |MGsred® BB Shows %ﬁ@duétgysatﬁa@he Fresriet Nensdso5H isetiding common
concentric annul ar sections known as_fresnel

odoe61 e rehroshevchAlEgedaNer SRIERSRONding SENEAES 3 diere,is no gap
betwebASad ég\f cﬁr@%@e‘? qenseef f T iy @hey cRTHRBRhES $HEWIP WF!QW@UIS Fresnel

ufa stan ardlens into a set of surfaces
lense$ ashmayabascommadmwe angi tonmed oof eiligomu hitridss 6Ahaming, an index of

oGt POFUSE b S oBer i) e, Sogid g repe i

of alqéeuﬁﬁ.ed klpol?ﬁrfitbﬁrsadrﬁyehave 5@95@‘raonvéomdeiérce‘sahxmt 1.4-1.7 in an
enses. Furt her t I

exemg\aﬁhtq.rﬁppq]g‘eﬁb é&l'lrg; “ﬁécﬁ%ngggﬂ (§8$ rﬁﬁ{j‘;'ségﬁoaf %n%roscope)

mtcrﬁpbérﬁygiesﬁdvﬂ% Bénbéxéﬁb!&ry:@ﬁatpedtcﬂé@fstmbﬁlréamdwcasﬂri:aﬂ% used as a

rized Upon formation. In 30 one_exenp

Frembmsrﬁemhlcm maydee sulzsemgenmyrqy@dgg J)heo%tcé%\s/?ruq:tyrgepf Figure 5
mch&%% @Ptralelgy c'):f%'t%:s 78 %lc@ﬁnﬂ%ﬁﬁé}héﬁvﬁlﬁ Be dBS&MH é@tén%cgs

ch dielectric 45
[001|7$ an oblo\deefefrmg tmeiﬁgdr%l 3cBHi thessteppgd Blugiure shown in Figure 3C

d ch b
a4, TR B 46 L, e AT nd o an
prodw:% d Et%o@lht@haﬂ ro;matiedti icohtoudlias! showrni n Figuré SEchdbershape of the
ve a greate o
oo o e BEL4 el LD Bt i s may e
a pl28A5 Redh, i GdtiiBaldriy WIBP (CBEY6r A Wit étbh neay eh@mple an oxide dip. In

con3|dered edge 61 or edge 63. The Fresnel |ens. serve
oneagmhodivient| angseiranic tpiasaa maY ynglude |Gl At J9RPsSSeL 92 at 80-

2508ct,c:nll,i eggllesga%sof%[&@aﬁd“%@%é WoRBIRA p6Rer, but other processes may

be used in other exemplary embodiments. The structure shown in Figure 3E may have

a further material formed over it such as shown in Figures 3F and 3G. In Figure 3F,
conformal further material 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,
dielectric 45 may be an oxide film and further material 69 may be a nitride or other film
that is subsequently planarized to produce the structure shown in Figure 3H. Figure 3H
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53. Figure 4 also shows inmmedi ately adj acent Fresne

| enses 55 including coomon 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 fornmed of silicon nitride 64
having an index of refraction of about 2 and forned
over silicon di oxi de, Si 0266 having a refractive index

ShOWSIHlﬁj%t:I%U(% f%tm :lariétlef | | ﬁﬁ%ﬁ%aﬂﬁ&&%\ﬁ%%ﬁﬁ&h%ée‘é%? that are

immedfteyT £djfcdnt e SRdthes apdnsinge el aohimon rddgeoss.opk) other words,

m cr ograph_show an exe Iar ste etched. str
|9n3935570$h‘8[§1 Prriop s aara oVide R Mg d ok ficiency.
In othegee Qr]b{lé/eas;&g#ﬂ%g%e lﬁ'?:‘l‘os%t ;Sg?ﬁi?mﬁjt ructure of

I'nc lurality steps 79 which may
[0O18]al ter fh'hel watsriatse used cin Ewras A3y Yauy1inl ofwgl exemplary

embod | 9. GePGALR 5 o NS0 OEPIE o BRI o over

dielectﬁquhngFﬁﬁﬁ@i bhert thel oxitie\anitritiet be ottes miielaciric fpmodmetse aanous

othr dlaRCHME i SASPGESg 166 s s DU of el GpEmaterel dRtectrc

' r H B8 fh&ﬁérf @i@|é‘ctﬁc§ G0i R eraawﬁm B9 orfurther
45 and a‘?ﬁﬁgﬁ/er rﬁﬁt@ngfegu%m cal dry etch (CIDE) or a wet etch,

matenabﬂ .ithepbewhich argiplenatized ang awtwlvmﬁe a ggfractive index
L t;
oreate 8 881 1 AR, 18 ThESu 5y Sobcd 057 BR1ucBA usrae

the formdBop @f@n, intert mizgrdlens pf adesblmmWen@strustene pnit maebe used fo

exenmpl ar nmbodj The struct i n_Fi
form 52 B SRR L T RSB SRR T s of o
single aﬁucﬁilwmaf@e%mes FaF e&ﬁmpﬁ,ithé Neris gmictuls, illustrated in Figures
conf or nmal rther materiial 69.is forne

3D, 3G NG mevdbs URe BRhe jaDE: MiFrOlbSRR,! ButigUble microlens image
sensop'sﬁéﬁ%tsré r| Th ﬁquéQS 3Gigreré @lbmﬂaé%urﬁhtﬂéf ABibleemicrolens
I n- coate anari zed upon formation. The
lmagesgruotweatlmdudhngtlhmr lenses 74| thal ase copuexupoid mratedogt silicon
nitride %ﬂf qdr' é?lﬁ%gu @éﬁ gE@\?eﬁr‘)asﬁ@)n(dgia IQES ‘é%ﬁgart Bﬁﬁé bh%%vatlon or an
IMD. dnmrelemescTﬂare‘rﬁgoweeedibycpkanmmng Iayana3fwimche$ a dielectric. The

t | 69 d t.h fli |
s 5 e s o, ARl s, o
microlefsddy 'EDUEM% lﬁﬁlos@ ﬂ@kiﬂ'ﬂﬁﬂo%r@@%h@i e d@lmlefmictdlmm structure is

material 69 and plurality of concave-down I

efficienhin agpeing mﬁidinﬁo@mg aahfad@ﬂﬁtfaé% A oMo Favsn pga,c@regted as
directE® FAYR Bo90RErdEBenkBrsd,Ner  wor ds,

[0019] In ancther exemplary embodiment, a polymer-type photosensitive material
may be used to form microlenses (15, in Figures 2A-2F) or the inner lenses. Referring
to Figure 7A, film 81 is a photolithographically sensitive material that may be similar 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
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
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| enses 57 shown in Figures 3E-3H are gapless to
provide for maxi mumlight efficiency. In other
enbodi ments, lenses 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 may be an oxide, nitride or other
dielectric film Forned over the oxide, nitride or
other dielectric filmmay be various other dielectric
and {1é\}éﬁpl n%”ar@ﬁﬁéd%%r&*’tﬁsér@@gbrﬁoﬁ@%Spﬁé’fﬁulﬂFn 81 s‘iJEﬁ as shown in
terial dielectric an upper nateri al
Figureu@B. afilfruBd hisr fodinet eft ai maByial fmalermn’aeeeasdy paitayned using

Iitho%ﬁ@%'ggéfgﬁ@%g%rg:tg l:qjcﬁd @bﬁ glf%rmgl S |Iff¥1 8§§<ee Clgl‘lleg a? gpé et will form

a petrhaﬂarﬂ hers. 8fF|mhl a’ll léi@'fllrtrrerltf’mosﬁlhecf) ?,:traﬂdetm@h ?@nspmw dor visible
e to | us t he or | on O an | nn

ight AR v antecRoHEM IR & Feffative SidRxat Fhethi ¥ or dragiese Fim 81

is foMs&s of a mbfrid) A Y RRRNY ;mérfrrauyrréﬂ&ke@ WRJL% conditions may be

m cr ol ens enbodi nent or m cr ol ens of
useddp dgranaily seinve discraie gertivan S5 and-pioduga e etrumhee steown in Figure

7C. Eﬁ%&%tg%ﬁ‘)&i’%@%ﬁéﬁ% étl:hrﬁ%%rr%g {Bé%?]vgég:hsb?e c%&/e)gﬂg &ter rounded

lens stractolesr8s arsdgened; ensomay bercursd meﬁectlpmlﬁn@w eroBs-linking of the

et e R oG R S bop 4R g a5 g may

be u§émVv ePheU@rogmlnlﬁaﬁ](; redcitin ﬁirlln*scl@ﬂnd@d lengletrattdreé®y 85 into thermally
silicon dioxide layer 78 which serves as part of the

Stablgéirslpms that srayabe Uﬁﬁ/ﬂ)asl'ﬁrﬂﬁ;rﬂeﬂﬁﬁ’%%‘é‘)hﬁs ner ey by microlens
15 stﬁ%%rgingflﬁqur‘ezé 1 & Sierﬁ@a%rﬁpodlﬁ"leﬁt d fg‘:'n‘ﬁ%F [Ht&rmediftedRaterial 26

crol ens structure SO | ncl €S upper
may rhiecfopined saver inerdens €26 op planadze the stivickimees FArther énfermediate

matefipl S FERIBSEH o Bk P o ife Pl kBl inchf fifthen b By Powre s s @

cross-s@dtional Viewshowingdarasxdrhpiaty deytse ficrolensditruetired Rigure 8 shows

nnergRISHIPETSS G BLATSRLAYS RROSTOI 31 FEepbbUENEs PRygSth rounded

mner"fﬁ{l&ble%es Xp Ry hﬁ:idtﬁe%tén%oﬁﬁé@ fietdl 083 NeRant ou*slﬂr disposed
igures 2A-2F) or the inner |lenses. Referring

betwgerg theemigrolensesn IBD P2, @Mlgn,l@mﬁgm &ythey dlelec’mc materials.
lnnersﬁxﬂﬁblbhé’éas ?@ﬁ'@y B é&rh’@d O phStosbRilifE n{eﬁenal ar'1d acgording to the

otoresis be“an organi ¢ nater
procq:durg ishpes in Ergumm?&-?@crlymmmdnatesahwbls aaplanaezahon material that

advaﬁ }%&oﬁggiﬁ%}'q 5 %? hfgexdﬁe rgg f én Yogvag tﬂ%ﬁmg’!dggzofnaayefracﬁon of
the nmﬁ’érl Mi¢solensEst 8®NToldrt filien t0ZcandrBpacey mlaterlae 10Biaredbrmed above

t hography 30 will be used to form nent | enses
plan%f zagion |lovaly Yih and ouer ObURPET Triclaiendsss 106 aesaligned over inner

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.

[0020] In another exemplary embodiment, the microlenses or inner lenses may
be formed using a silylation process. The silylation process involves reacting a reactive
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t he i mage sensor. Photolithographic patterning

t echni ques such as maski ng, exposure 9 and devel opi ng,
are used to formdiscrete portions 83 fromfilm 81
such as shown in Figure 713. Film81 is fornmed of a
mat eri al chosen to be easily patterned using
I'ithographic techniques and to include high thernal
stability once cured, since it will form a pernanent
lens. Film8l is further chosen to provide high

sorsly L SRIRRRL R S ko0 B e . 1
sﬂylati%'h Qheét,‘h% hyﬁkédﬁr\s% rép?a(feﬂfh\izdnoélkﬂsﬂw g@mpilsutﬂﬂ«’ﬁs irBnethylsilyl

erna ri,ous conditions

(TMS) o6 -Butyidmatmsily (B, 1 SIEE08 15600NE&repgoRRrally moisture-
sensitie %H&evérib Shfzt‘é{}r?g i rr@@@’é@ls‘@ i el usé§ ad Siyffior Creagents.

oS r un ctures 85 ‘which are convex-up.
Accoréinigeto MQLmI@Erﬂonleanlsod!mutBumfeaS%lmlrf biguees 9y, plagtoresist

110 R A5l PRt 361 8 L PRGEERSal s

silicon’ Hﬁ*d@'or %'hoth‘ér @uitéﬂilé\dléléahb lgyer | Rbsitive orregatiee phtoresist may
cross-1ink mgﬁreactl on fornms rounded | ens structur

be used. | GORINCHEFREIANGS TAYAbF WiseE fak caRtng phaloresisy He- yLiparahic
technﬁﬁleé %P@{ e',_nI i osf%ﬁﬂ r@éctiv@%rhér?'ﬁ?%%ﬁbto?@éiﬁoi 1Q‘ﬁSAcdc5dmg to

In an exenpl ary enbodi nment,
the erhbodi:hmnt inwkichpliotaresistat 1 isalegative ﬁﬁ?tob@'?ftofe@éHV%P@Ftlon 117 is

| 2
e o5 o, BTN ST S P 1
is podittfef ;ﬂﬁﬁm‘etslst ﬁdi@atlvbfmmmm me7 id thnwrﬁpoﬁa@ poriod ofsphatoremst 113.
Cross n
RS G 0% 54 TR i Y e, 1.

then %Qp&édgfbe@ §i1i€<5n @&%ﬁﬂ@@génﬂl Th@e:t:&uh&bnmmm eagents may be
beneat h rounde i nner m crol enses 86

gasequs of ligsithe i ome&ew@rﬁmg@%uEh%/S'H?@’EB%'ga'“%?ﬂ%@rmay be
HMD%Bﬁ?%n‘?étgylﬁﬁﬁﬁfanez M oliter R:%ﬁldb?ﬁélﬁlﬂgb%)éﬁfs pay dadised in other

materi a I nner m crol enses 86
exempiayy bmﬁodmmdsoﬂ?@cpmmﬁmﬁ ‘t7 U@Vrtﬁ@lgﬁfﬁ suncgigpal groups such as

a COREFREEAYL0B, b, BYAPBSLHEy M Byt Thndfiion. wher
photo@dé!@tniﬁ&@s)mbosemtd tltbasmamn-contalmmg agen’eformctremtlveopm'hon 117
than the_index o refr h§ i nner
p

feadﬁﬂ@héh%ﬁ@@ 8‘@“3@5!%’1’99’1&9 égcom% silyld®Shacer materi al

[0021305 ar Flgﬁﬂi GBGHRRVIRe B@gﬂﬁﬁﬁgoéﬁtheoﬁiﬁla&loﬂ prbBdssaimiwhich reactive
upper m crol enses

7 are aligned over |
portucitsﬂéﬁweﬁs 85 ireactsowitadhe silicAg-coRtAiaY 965t %ﬁV'Q&@E?ﬂ'On 119
o Y Mot B 7 loBioqa 114 L et itas 24 pocomes
roundert @nd Bégins to take on a convex-up lens shape. In another embodiment, Figure
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 to
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
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

11
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I n other enbodi ments, the rounded | ens structures 85
formed 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 | ens
in a single mcrolens i mage sensor structure. 30

[ 00201 I n anot her exenpl ary enbodi nent, the

m crol enses or inner lenses may be formed using a
silylation process. The silylation process involves

showirﬁﬂﬂ:igwe oD.eaEiflnee 9bO0sHswe lsﬂﬂaf@fd et ®2$Smdlﬁdmgt|’@uﬁded upper
i I'i con-containing agent to forma pernmanent |ens

surf@m Aaforgied abpvacindeslyingdayeiehl3-s In ofhes &sebasmants, snlylated lens

125 S Y BT e ] b B o

withaa neriidal ywailsi $22ir A planagizingy éayan dorvayersumaycthenabe dormed over

B 352 SRS p YR e b SRR SRR e g 2 couve

micrblBn§ sBUGtaRe SutrOds sn@nm Frdusé 2ALWBIchsinélate® threy &llylated lens 23.
underlying layer 115 which passi vati on | ayer

In otBeicaxemPlay; MBSy FWI'VWG%WHB@V SgitheyHprer or outer microlens
ina Ebl%l@ ﬁ&ﬂo&ataéfﬁfcturgc(ﬁ rgt 'rr‘d@roﬂarnsn'%e u?%ré%hﬁﬁ\-@ﬁ%lnﬁtmw another

ng tec ues nma d for coating
exerppiazyoerebwd;memn,ahe |§llylateg rlaphmay bee&mmsqlee'glcsm@na ea single micro-
Iens%ﬁ% o formreactive portion 117 of photoresist 113.
gt & ng to 10 the enbodi ment in which photoresist

[0022113 is ﬂheg&bcetﬂn@ brémplasy sticroledsambadipents may be7usesl in various
t he expo

ortion. Acc ing to the exenplar
comBRGIRTISIBART FEIHSCQIAGH BPUYPSTICISS nBGEEEP R,
[oo2Bf0t or elﬂesﬁrecé(ﬁﬁghétéltyﬁmfs*tﬂaﬁé‘s tl\é7prlrﬁ:|dlé'€oﬂﬂhé>imﬂi@n It will thus
portion of photoresis; ski n%cprocedures may be

be appeasiateththed thasesskiliesin tha grtwiliee ABIRO; JRVissoyaniays Arangements
whlcgrS FlltliJol@ﬂ r?di%ﬁ&tl%?ie@cﬁﬂéd’ &Oéhcgigﬁ‘kgféih n@mﬁeé’ﬂh? ﬁgﬁ?lgl.es of the

-cont ai ni agent's gaseous of
invehtioroard areeinclutiey witiio disnspint, andhecepe. | | Conheonere; all rexamples and

conFA. R 750 PR ST IR0 iy %88 ony or

pedaitital puypcseboshdregtad theaehdse i anterstariding ity principles of the
i ncl ude functi onal

InveEL A PR ORI S DY 0 PRATS, 10 T nggie . and are to

be é@r‘ﬁfiuedp'!a%t BEIRG! WithdutSiirRatfrP &S ®tlch Osgdifically recited examples and
't con-containing agent, only reactive portion 117

CondltanSe actMorapyer, t alk stalqroes c Higreinn reRjting eﬂ"t'"(t'léieﬁe cRfpects, and
emeBbA L 56 o 1EbloR, QY SRICE Shatfc et IRkBg, i incea o
encmmaéslss bath istructeeait andi fuhctioreal sequicalantsothereol. ngAddidanally, it is
mtenc}edy tﬁt eq %ﬁr teiqStQIaI]é:II"I?S include both currently known equivalents and
equivalents developed in the future, i.e., any elements developed that perform the same
function, regardless of structure.

[0024] This description of the exemplary embodiments is intended to be read in
connection with the figures of the accompanying drawing, which are to be considered
part of the entire written description. In the description, relative terms such as "lower,"
"upper," “horizontal,” “vertical,”, “above,” “below,” “up,” “down,” “top” and “bottom” as

well as derivatives thereof (e.g., “horizontally,” “downwardly,” “upwardly,” etc.) should be

12
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forms within reactive portion 117 of photoresist 113.
Upper surface 121 becones rounded and begins to take
on a convex-up |l ens shape. In another enbodi nent,
Figure 25 9B shows the ending of the silylation
process in which reactive portion 117 swells as it
reacts with the silicon-contam ng agent. Silyl ated
portion 119 fornms within reactive portion 117 of
photoresi st 113. Upper surface 121 becones rounded and

begins to. take on .a conyex- L.ens shapge. Lower .
consteattadeter o teuerianilionm ey dararibaker g oqowa Ihiis,orauing under
dlsculaﬁpﬁ SRRBE relFiilHePmS @ré IeMSorvehidht8 &F deberiptidncarel b ot require

yl ation ocess in 30 which silylated portion 119
that thas abp@'atuSoEpl eanstryiciegr Ae PrRIGE| BpANBATHFYEE Fientalign.  Terms

el n | yhat e rtion ted” d
concfge> ek oY R B R’ S hectes an
“interbotneceedDrefér @ua eelﬁ@orﬁlwmtmrdamlsﬁwwmeme BEBured or attached to

i ncl udi.ng rounded urface 121 0
one ARG R0 5 1ERSHy BURLG® BidRARCHERATBROKS el =5 bom
movalb‘r’é‘ér ng'@ 3&&&%1&:% dr PAlaifiriaaipss hAlRes expressigtaaptised btherwise.
onpl etely convex-up form w thoyt vert|

002301 1 o Aoug e EveRIaRy hosy et dagites! iy oren o cexemplary

embéo%gﬁl@ v % ot Sl'irjrlﬂéoattﬁ&erc?nsﬂ ?r?e ?Hé yép?ﬁe?@ebeﬁlﬁlrﬁé’r%hould be
as an inner lens 0 oubl'e- m crol ens

cons’suem btaadbj stu dhclade stremvariants and enbeditnents ofdbe ddeention, which

may bnner e?r@f]¥l 3 teﬁi(glle riﬁﬁej?gdm e:i]lté '&%g %grfﬁqrﬁrtﬂe scope and range of

equn@l’érﬂéoﬂﬂﬁrm}eﬁﬁ@n in a doubl e-m crol ens structure (e g.
mcrolens 15 in Figures 2A-2F) and in yet another

exenpl ary enbodi nent, the silylated |l ens may be the
sole mcrolens in a single mcro- 10 |l ens structure.
[00221 The precedi ng exenplary m crol ens enbodi ments
may be used in various conbinations to formvarious
single or double mcrolens i mage sensors. [00231 The

preceding nerely illustrates the principles of the
invention. It will thus be appreciated that those
skilled in the art will be able to devise various

arrangements 15 which, although not explicitly
descri bed or shown herein, enbody the principles of
the invention and are included within its spirit and
scope. Furthernore, all exanples and conditiona

| anguage recited herein are principally intended
expressly to be only for pedagogical purposes and to
aid the reader in understanding the principles of the

13
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i nvention 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.
Moreover, all statements herein reciting principles,
aspects, and enbodi nents of the invention, as well as
speci fic exanples thereof, are intended to enconpass
both structural and functional equival ents thereof.
Additionally, it is intended that such equival ents
Whatf%@@'mf-é’ 'ﬁbt% currently known equival ents gnd 25

equi val ent.s vel oped in the future j..e. . any

el oot oY fiiiiah MptshFe PR Somkiing; finv i on,

I §@RIdHges Sutsiitrabd Witk talsttodepdrtiorrhbll shatemcar theleon; of

the exenplary enbodiments is intended to be read in

clormingta lens wvemsaith phetogensas; 1d t he acconpanyi ng

i W & : consi dered part of the

gﬁ?ﬂnggﬂm?%l{@%@gg#ﬁ%ﬁgh In the description,

relative terns such as "lower," 30 "upper,k " i
~"Por i ZBw method-asdntclaimi 1, wherein saighiousing a igss spmprisgs; -

 foethgra igkBFor bfasePSinke Marditar B salBSubisfannt | ves

" ﬁmaniﬁbyséid dhyer) by lexpbsing epdrfors tisgreat do tlight @hdr deeloping to

the orientati on as then.descr.i bed or SI shown in the
produge /63§t & Higsrete 869@39@?”6‘@ s‘ﬁ'@@&'%?ﬁ@i W't erns are

f MlerfRAyRALRIMGSA deRts pRbtosensimed skrtion! an@qui r e

that the apparatus be constructed or operat edf in a,

peuringdolcarse spidmhetosensitive material 4p ceassriing andfaem saict lens.

coupling and the like, such as "connected" and 5

" gnt erpaNnRsthed. as e f@int 2, wiabint baias tHePmalg eflwing includes

structures are secured or attached to one another
smoothingeaid discete Iphotaresigiciactien kg farmraipymded SBARRNI ng

structures, as well as both novable or rigid

a taC"‘E‘i‘é' e i RSt ein WA & i §das uv curing.

dg'scri edﬁ%yﬁfgrz\;/\f@?w%%ﬁeﬂ%ﬁfﬁgh@ﬁgﬁ?nventi on g

has been described in terns of exenplary enbodinments, .

i 6. i s e methad asintakime2,ovherainaid culing eypRIRRSEhEIMARIFUNNg.

shoul d be 10 construed broadly, to include other

vgrian RO lid ROtk ERsitivénaberidlyorganic.

bg' rradzﬁ%g%?hose @k@ﬂ% ﬁ}er%ﬁ?dg?? d\?\/llbt hout departing ¢

fromthe scope and range of equivalents of the | .

i Avent Toe metipodasin ¢lgin Bawhetein said photosensitive material comprises

an epoxy-acrylated resin.

8. The method as in claim 2, wherein said photosensitive material comprises

a photosensitive polyimide.

9. The method as in claim 2, wherein said photosensitive material has a

refractive index greater than 1.6.

10. The method as in claim 1, wherein said method further comprises forming

a microlens over said color filter.
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1 1. Anethod for formng an inmagi ng device
conprising: 2 providing a substrate with a phot osensor
formed therein or thereon; 3 formng a |lens over said
phot osensor; and 4 formng a color filter over said
lens. 1 2. The nmethod as in claim1l1, wherein said
formng a lens conprises: 2 formng a |ayer of

phot osensitive material over said substrate, 3
patterning said | ayer by exposing portions thereof to
l'ight and developing to 4 produce at |east a discrete

qgot °§R83h§£hl\6§ %gscdr 3 |fnr QB SEhstelrfieeid rﬁicrcnéﬁémy ?}hade from

flown phot osensitive section,
photosensrtrn@n*taher(aluse sai d phot osensitive material to
cross-link and formsaid lens. 1 3. The nethod as in

cl.ai wher ei n_sai

o2t T B B 38, el Tkl S B IS0 rom o
d,egecﬁ;@umgﬁmshape 1 4. The nethod as in claim?2, wherein

said curing conprlses uv curing. 1 5. The nethod as in

ol MeB et LD S8, S AgshOTRG SSRGS Thiyfated s
phot osensitive materi aI is organic. 1 7. The nethod

as. 1 N ThbFhdthad avkreslaind 16 avbereirosaid enisidiénseis maheex il shape.
conprises 2 an epoxy-acrylated resin. 1 8. The nethod

as in_claim?2, wherein i d, phot osensi.tive
Wivor ThecmoboY 5t e 36; PR R idrbiehis FEnfflses a Fresnel
lens. Tethod as in claim2, wherein said photosensitive

material has a 2 refractive index greater than 1 6. 3
10. The method as in cla n_sa

16t hdhedaetded gadn P'é‘FWn&WeEP'%Sﬁ'Fc“PBP@H? BuSFouRises:
\f\fﬁrrﬁ’ih adrél@i‘:’mc1’:4'5/91= ovér seimguﬂﬁhhédar&ﬁ in claim 10,

ere n sald mcrolens Is nade from 2 photosensrtrve
rfatreing skid lens by etohingwaid gielegdri¢ |aver-ai m 10, wherein
said mcrolens is nade froma 2 dielectric materi al.

17. The method as in claim 16, wherein said etching said dielectric comprises:

forming a discrete photosensitive section over said dielectric layer,

thermally reflowing said discrete photosensitive section,

performing a succession of at least two alternating etch steps comprising a
recede step that urges lateral recession of edges of said discrete photosensitive
section, and an anisotropic step that etches substantially downward into said dielectric

layer.

18. The method as in claim 16, further comprising smoothing said iens by

isotropically etching after said step etching.

19. The method as in claim 18, wherein said isotropically etching comprises

wet etching.

20. The method as in claim 18, wherein said isotropically etching comprises

chemical dry etching.

21. The method as in claim 16, wherein said lens is convex in shape.

15



[V T R PV & T ]

=

(=]

B W N =

1 13. The nmethod as in claim10, wherein said
mcrolens is a silylated lens. 1 14. The nethod as in
claim 10, wherein said mcrolens is convex in shape. 1
15. The method as in claim 10, wherein said mcrolens
conprises a Fresnel 2 lens. 1 16. The nethod as in
claiml1, wherein said formng a |l ens conprises: 2
formng a dielectric |ayer over said substrate, and 3
formng said |l ens by etching said dielectric layer. 1
17. The nmethod as in claim 16, wherein said etching

d dielectric conprises:..: ] di ;
osdne Pyt R Btaint 16 S8R Erfprises a Fresne
lensthermally reflow ng said discrete photosensitive
section, 4 performng a succession of at |east two

altern et.ch, st eps co I SiLN r.ecede step

L Pyethod ey i Bar SNG4 Bed sahSEHl o Gi ot et e
P fmb@aﬁgsa duibsfateOwile s iphotbseAsst farmed trpéinapitterebapand
that et Ches substantially downward into said

difetreingra ilylateddgas over sgid M@Oﬁ%@t’rﬂsobsééormﬁn% BaPhptoEesist layer,
patten%@; @ﬂﬁfl’frés?%tnlgyng P ({}H‘g 2 ﬁtdw hefeof and gausing said

er sail p etc |ng
reactT\Puapmerﬂmdrmt with alsilicont®ntaiking @gantsal d i sotropi cal I y
etching conprises 2 wet etching. 1 20. The nethod as

| aiom 18 i s@tr | Vot R -

et o TetiRE 84 ® e, 23, iR S EllE S contgining agent
comprises! aigas16, wherein said lens is convex in shape. 15
1 22. The imaging device as in claim16, wherein said

i R G Y R

com?,t,ggstg Bgedw th a photosensor formed therein or
hereon; and 3 formng a silylated |l ens over said

potor riiiey resihae . B SGly 2a, nect S, aitpdgerpiing agent

compfédd AMOder eof and causing said

27. The method as in claim 23, wherein said reactive portion includes a -OH
group.

28. The method as in claim 23, wherein said reactive portion includes a -
COOH group.

29. The method as in claim 23, wherein said photoresist layer is positive

photoresist.

30. The method as in claim 23, wherein said photoresist layer is negative

photoresist.

31.  Animaging device comprising:

a substrate with a photosensor formed therein or thereon,
a lens disposed over said photosensor, and

a color filter disposed over said lens.
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5 reactive portion to react with a silicon-containing
agent. 1 24. The nethod as in claim23, wherein said
silicon-containing agent 2 conprises a gas. 1 25. The
method as in claim23, wherein said silicon-containing
agent 2 conprises a liquid. 1 26. The nmethod as in
claim 23, wherein said silicon-containing agent 2
conprises HVDS. 1 27. The method as in claim23,
wherein said reactive portion includes a -OH 2 group.
1 28. The nmethod as in claim23, wherein said reactive

P, gﬁmegﬁa%&ﬁ dévice as %éhrﬂ rﬁ“'%hekfiﬂﬁs%i/dg s T8 1B ithin an

ereln said ot of esl
interppostal digkectrid. photoresist. 1 30. The nethod as in claim
23, mherein said photoresist |layer is negative 2

OB ke e TR, S AR RETEH S e i o

passq\}yﬁbﬁquer 3 a lens disposed over said photosensor, and
a col'or filter disposed over said lens. 16 132. The

devi ce Ln clai [ein sa .
CHive oA g feste & Ty 3 ISa SeiS S Epgx n shape.
i magi ng device as in claim3l, wherein said lens is

f oggred e ikidgirgy dRAGShy ai tlaim Bay@herelddaidiiens oawpriges a Fresnel
device as in claim31l, wherein said lens is convex in

lensshape. 135. The inmgi ng device as in claim34, wherein
said lens conprises a Fresnel 2l ens. 136. The inmagi ng

deyg ce fie ifadih@idbvith adfieichiim 36 éhbri daid fensrdfodined of an
an .

organic material.

37. The imaging device as in claim 36, wherein said organic material
comprises photoresist.

38. The imaging device as in claim 31, wherein said lens is formed of a

~ dielectric material.

39. The imaging device as in claim 38, wherein said dielectric material

comprises silicon oxide.

40. The imaging device as in claim 38, wherein said dielectric material

comprises silicon nitride.

41. The imaging device as in claim 31, wherein said lens is formed of an

organic material impregnated with silicon.

42. The imaging device as in claim 31, wherein an area ratio of said lens to
said photosensor is substantially larger than 2.

43. The imaging device as in claim 31, wherein said lens is bi-convex in shape.

44. The imaging device as in claim 31, wherein said lens is plano-convex in
shape.

17
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2organic material. 137. The imaging device as in claim
36, wherein said organic nmaterial 2conprises
photoresi st. 138. The imgi ng device as in claim 31,
wherein said lens is forned of a 2dielectric material.
139. The imaging device as in claim38, wherein said
dielectric material 2conprises silicon oxide. 140. The
i magi ng device as in claim38, wherein said dielectric
material 2conprises silicon nitride. 141. The i nmagi ng
device as in claim31, wherein said lens is formed of
an_2organi c.mater.i al mpr.e nated with silicon. 142.

THe | "i‘ﬂ?%ﬂs%‘ﬂ%eﬁ%mpﬁs@ ai m 31, wherein an area

r étsh@stﬁafte ﬁé\hﬁg |a€ijl\§raht9 of pAbsphsire Semsat thesein or thereon,
substantially larger than 2. 43. The i magi.ng devi
ia eorgspondingyRiiraity ehiiBngre/anses IHSROSHY eRVEM S@Hf\p‘g”ra“ty of

e imging device as in claim31l, wherein said
photo%éﬁssows pi ano-convex in 2shape. 17 1 45. An |mag| ng

dacoloe fitardisposed gversaid phipality af inealdnsgsaand ural ity of
phot osensors forned ther |n or
c8® PPE@W%I NePIRlIY Wrgp n??ﬁw%'%gi?%ef?oé\m%agd p%%!%rdﬂ er

said plurality of 4 phot osensors, 5 a color filter
disg pOSHEE IvRingddvicebhs inatlainy 46§ wheneén saidrisees longes @ealisposed
correspondl ng plurality of mcrolenses disposed over

withinsap iptergnelal ¢iPlecliC: 1467 The i maging device as in claim

45, wherein said inner |enses are disposed 2within an

| Y er - TS adih@ieats bs in diditn 45wherehysaig ineri lersessarerdisposed
cl aim45, wherein said inner |enses are di sposed

WlthlrQW&SMaHmbl?é@fvatl on layer. 148.The imaging device as
in claim45, wherein said inner |enses are convex

48. The imaging device as in claim 45, wherein said inner lenses are convex

in shape.

49. The imaging device as in claim 48, wherein said inner lenses comprise a

Fresnel lenses.

50. The imaging device as in claim 45, wherein said inner lenses are formed
of an organic material.

51. The imaging device as in claim 50, wherein said organic material

comprises a photoresist.

52. The imaging device as in ciaim 45, wherein said inner lenses are formed

of a dielectric material.

53. The imaging device as in claim 52, wherein said dielectric material

comprises silicon oxide.

54. The imaging device as in claim 52, wherein said dielectric material

comprises silicon nitride.
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2in shape. 149. The i magi ng device as in claim48,
wherein said i nner | enses conprise a 2Fresnel | enses.
150. The i magi ng device as in claim45, wherein said
inner | enses are forned 2of an organic material. 151,
The i magi ng device as in claimb50, wherein said
organic material 2conprises a photoresist. 152. The
i magi ng device as in claimd45, wherein said inner
| enses are forned 20f a dielectric material. 153. The
I magi ng device as in claimb52, wherein said dielectric
MRLLr | gh o2 OND &&ﬁ%eséé %Blﬁirﬁ)%g?\thgil%ﬂ -sakd' incFsH=88 are formed
device as 1 n-clFai m 52, erein sai lelectric

of annmyanit ahat@dal ippregmsatesd wittcsiticon.t ri de. 18 155. The
i magi ng device as in claim45, wherein said inner

| f 20f _an. [ i ' o
W seagIRanE fevi%h o8 pCGART 4G, WHersinTn P FRFHE aid inner
lense¥ e iidplfdtogdrarg stsubsiahtialb ldrgentiean 21 enses to said

phot osensors is substantially larger than 2. 157. The

I magi ng. devi ce as, in clai.m 45 erein.said.i.nner .

| Hses HPeMAANGD OEHiICE S W%’B‘e%’l@’g‘.eml‘ﬂesqqdﬂ??{g lenses are bi-
conve®Yn §iga@s i n claim45, wherein said inner |enses are

pi ano- 2convex in shape. 159. The inmagi ng device as in

cl ai m 45, wherein adjacent |enses of said 2pluralit
of58. nndihe; igtaging devre ag in &Pﬁﬁ'ﬂﬁ%d&%‘?m%’é@'?ﬂg”%‘%&?ﬁ% are plano-
conves Y SRages in claim45, wherein said mcrol enses are
convex 2in shape. 161. The imaging device as in claim
45, wherein said mcrolenses conprise 2Fresnel | enses. .
59. The imaging device as in claim 45, wherein adjacent lenses of said

plurality of inner lenses share a common edge.

60. The imaging device as in claim 45, wherein said microlenses are convex

in shape.

61. The imaging device as in claim 45, wherein said microlenses comprise

Fresnel lenses.

62. The imaging device as in claim 45, wherein said microlenses are formed
of an organic material.

63. The imaging device as in claim 62, wherein said organic material

comprises a photoresist.

64. The imaging device as in claim 45, wherein said microlenses are formed '

of a dielectric material.

65. The imaging device as in claim 64, wherein said dielectric material
comprises silicon oxide.

66. The imaging device as in claim 64, wherein said dielectric material
comprises silicon nitride.
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162. The imaging device as in claim45, wherein said

m crol enses are forned 2of an organic material. 163.
The imagi ng device as in claim62, wherein said
organic material 2conprises a photoresist. 164. The

I magi ng device as in claim45, wherein said

m crol enses are formed 2of a dielectric material. 165.
The imagi ng device as in claim64, wherein said
dielectric material 2conprises silicon oxide. 166. The
I magi ng device as in claim64, wherein said dielectric

erial 2conprises _silicqp.Nikr] .19,
"By i B35UBY 585 ) Gl Bl el fforoBies aro formed
of an Brgdrit MALRRI Misreheatad dvithXilidonan or gani c materi al
I mpregnated with silicon. 1 68. The inmagi ng device as

B8r o ThR Jaadiite cietends JCoriins 4B WiBlrS et ayeq ratio of said
micrdhtsgfs%’to £8a'bhdtostnbéts id Fﬁ)ét@iﬁﬂill?gargévim Aas in claim

, wherein said mcrolenses are bi- 2 convex in

hape. _1 70. The .imaging. deyi in claima45 :
WhBr o; e dmagifc: HeYIER eSS ik Al Ao WHSTeBnSAN TiPralfgpes are bi-

convex i?ﬂshaﬁ?.e i magi ng device as in claim45, wherein
ad) aceht, I enses of said 2 plurality of mcrol enses
share a common edge. 20 . . .
70. The imaging device as in claim 45, wherein said microlenses are plano-

convex in shape.

71. The imaging device as in claim 45, wherein adjacent lenses of said
plurality of microlenses share a common edge.
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