WO 2006/ 132814 PCT/ 1JS2006/ 020243 | MAGER METHOD AND APPARATUS EMPLOYI NG
PHOTONI C CRYSTALS FIELD OF THE | NVENTI ON [ 0001] The present invention
rel at es gWee2086/1328140 the field of sem conductor devi cePCIMES2006/020243
particularly to photonic crystals utilized in inmage sensor devices or

di spl ays. BACKGROUND OF THE | NVENTI ON [ 0002] The sem conductor industry
currently uses di IMAGER MEFTEODBANDARRARATHSEMBIsQYINfage sensors that

use mcro-lenses, such as ch I ees (CCDs), CMOS active pixel
sensors (APS), phot odi ode ar?gggféﬁgr@gygﬁ}%&ei on devices and hybrid focal
pl ane arrays, anong others. These inmage sensors use the mcro-lenses to

focus el ectromagnetic radi FMEPD OFTIHE INVENTRONVEr sion device, e.g., a
phot odi ode. Al so, these image sensors can use filters to select particular

wavel engt hs of electromagnetic radiation (associated with, e.g., a
particul ar [60Lr) {The psesasiinyerbipnir¢letep gertepaltyon the S¢ld of seteiconductdro003]

M cro-1l enses of ,an i nage nsor, hel.p i ncrease tical efficiency and reduce
cross. t afRVIERARGIROTS PRAICuALIY e Pholprit cryRtals iized . imake sAR%oF ASVIERREE | nage
sensor  gispRlys.cel | array 100. The array 100 includes pixel cells 10, each

being fornmed ' on a substrate 1. Each pixel cell 10 includes a
phot o- conversi on device 12, for exanple, a hot odi ode. The illustrated

array 100 has m cro-| ensBACKGRGHINRQF dHIE NN | i ght on the

phot o- conv Lan deyices,12. The array 100.can gl so include a |light shield,
e.g., a r’r&bﬁbﬁl ay ée pemicgngpcionin ‘Fs&Pft/chﬁ‘Et&hEﬁgﬁ e AP0t 0- conver si on
device 1 k&M z ' ' piLxel

col | 5 10 iBIMoRR AL A e S B0 RAA T o s SIotl ey Garge RuBledTorBs Sy e
col or fi (€€EDs), IM@§ actined pidelsensorofARS)] phetadi@de aray8) dhargslinjectimrdevities posed

over a res tiyv I xel cell 10. ach qof the filters 31.a, .31k, 3lc allows
onl'y par En Eend felaiegtiys omdnagiiers Hissh BSaes AT 1% 6 BUFPTERFRT ol or)
to pass F&Huee&euaﬁagleﬁemﬁmdnvcﬁn&a?ﬁ&o%ﬁv&giah @Bvicél @Y. Gepholddibde! Ak, t he
color filter array 30 1s arranged in a repeating Bayer pattern and 1 WO
2006/ 132 8iede PEgeISROOGEDAGR fibters to select particular wavelengths of electromagnetic

radiation (associated with, e.g., a particular color) for sensing by the photo-conversion

device.

[0003]  Micro-lenses of an image sensor help increase optical efficiency and
reduce cross talk between pixel cells. FIG. 1A shows a portion of a CMOS image sensor
pixel cell array 100. The array 100 includes pixel cells 10, each being formed on a
substrate 1. Each pixel cell 10 includes a photo-conversion device 12, for example, a

photodiode. The illustrated array 100 has micro-lenses 20 that collect and focus light on
the photo-conversion devices 12. The array 100 can also include a light shield, e.g., 2
metal layer 7, to block light intended for one photo-conversion device 12 from reaching

photo-conversion devices 12 of the other pixel cells 10.

[0004] The array 100 can also include a color filter array 30. The color filter
array includes color filters 31a, 31b, 31c, each disposed over a respective pixel cell 10.
Each of the filters 31a, 31b, 31c allows only particular wavelengths of light
(corresponding to a particular color) to pass through to a respective photo-conversion

device. Typically, the color filter array 30 is arranged in a repeating Bayer pattern and



i ncludes two green color filters 31a, a red color filter 31b, and a bl ue
.color filter 31c, arranged as shown in FIG 1B. [0005] Between the col or
filter aviO300@D284d t he pixel cells 10 is an interl aye®PCTHARPWHN20343 (| LD)
region 3. The ILD region 3 typically includes nmultiple |ayers of interlayer

dielectrics and conductors that are_over _an insul ating planarization |ayer
and whi Bigludss e ersereqlppiikiers 8l uadnd erlor Blier b, amde Plug eolop &lter31ey and

connect i Rﬂ . 3 cells 10 to circuitry (not shown) peripheral to
t he arraj%g%agg}'ﬁl e lg(%tI;f(llzBl ayer 5is typically between the color filter
array 30 and the mcro-lenses 20. [0006] Typical color filters 31la, 3lb, 31c

can be fabrpges]ed Beiwiinahé\$ulbefiltearrag 90Ed el colld U is@hsntansyek echni ques.
For exanple, color filters 3la, 31b, 3lc can be a gelatin or other

appr opr i dicteckiet@:Phregiopet The Hikkregionstypicelly insludes mpjtipde layenswini de filters

ncor por ey e Piebtish BREHhaRYERBARL R al el R BB g e B o
pr epar edwhohTermp berinetiiodyd@tvéthldevicadlofti@pixel celle A0 ahe sohréctiGib fdif tieo! or
qual ity, photolithography can be conplicated and results in a high nunber

h
of def ecPixgkceils 1P & eirgitry (nog shawn)pesiphezplde ithe areay 390. s diglectrisayes|Siis hogr aphy
to form filste r ' ' Lyinhwde filters 31la, 31b, 31 c
r equi resﬁg?cr?‘lggkg&aee%%t%}%sﬁl@ﬁgy%Q%%hgggﬁgeégﬁggﬁbh step, and a resi st
removal step for each color. Thus, to formcolor filter array 30 arranged

in a Bayer [pgdg]er nTypiehBcoldt eSSl Y5, 3@6c£@$’@ﬁbﬁ@até&lﬁﬁﬁ%hh{m§er df0007] It
woul d, therefore, beée advantageous to have alternative filTters for use in an

i mage s eeeyentionapmeterials and decbaiques. Enriesamples cadenfiltrsedladlbrtdctas bga
opportunit,i es. Rl EF. SUVVARY, OF .THE | NVENTI 0008], Exenpl ar nbodi nment s
oF P Che T RORH Pt AgprRE s For g YR n. BF FRREFY e CRiSPh AR, PORBRIAE A | e
sensor. J&iﬂ%ﬂimmpﬁﬁﬂwtaﬂweyés%ﬁlbﬁiadaﬁﬂ?p'olyﬁm&émlve 86t i%c@?ora@edsur face of a
substrate. Each pixel 'cell has a photo-conversion device. Al |east one a

m cr o- el sing photelithagriaphy progessesn Alklovgh celor filters preparaddising phopildhegrephycr yst al
truct is. i.ded t t. f.1he pixel || s Th M5- based
hot oni coan GBIt o0 e arlloglor BRatus WhoRlichditartivon bR S lict e by - oo oo
to sel ecidsiied M Al himb& sTdefcRIPOfiRerk 813816, FRISHeeificall t he

phot o- conver si on devi ce upon application of a, VO 2_08’6/ 132814
PCTI US20pisytolithography to form the color filter array 30 including polyimide filters 31a, 31b,

31c requires a mask, a photoresist, a baking step, an etch step, and a resist removal step
for each color. Thus, to form color filter array 30 arranged in a Bayer pattern, this

process must be repeated three times.

[0007] It would, therefore, be advantageous to have alternative filters for use in

an image sensor to provide a greater variety of engineering and design opportunities.

BRIEF SUMMARY OF THE INVENTION
[0008] Exemplary embodiments of the invention provide an image sensor and a
method of forming an image sensor. The image sensor includes an array of pixel cells at
a surface of a substrate. Each pixel cell has a photo-conversion device. At least one a
micro-electro-mechanical system (MEMS) element including a photonic crystal structure
is provided over at least one of the pixel cells. The MEMS-based photonic crystal
element is supported by a support structure and configured to selectively permit

electromagnetic wavelengths to reach the photo-conversion device upon application of a



vol tage. As such, the MEMS-based photonic crystal elenent of the invention
.can replace or conplinent conventional .filters, e.g., color filter arrays.
BRI EF DEWOR0PO/132BI40F THE DRAW NGS [ 0009] The for egoi ng PGTAUR0064020248 v ant ages
and features of the invention will beconme nore apparent fromthe detail ed

description of exenplary enbodi nents provided below with reference to the
acconpanybiaged Assuely she MEMS-based[photonjc qrystal dlement of therinwention can replacevi ew of

a portion_ of a.conventignal J.nmage sens array; [0011] FIG | Bis a block
di agr am 8§ SR SRYSRAOR SHE Feo RART BUPHTR (e array; [0012) FIG 21
a graph illustrating the transm ssion spectrumthrough an exenplary

phot oni ¢ crystal; [OO0BRIEF PESCRIPTION'OFITBEDRAMWINGSVI ew of a portion of
an i mage sensor array including MEMS-based photonic crystal elenments
accordi ng t[6084 exdipferegoing ahddtharadvaunigestaadifeaiancs obHibe ifGatiah will GS. 4A- 4E
Il lustrate internediate stages,of.. f.abrication of the i e ensor. array of
I G 3 abEsm e egpane Fen e Ao ifion Shefmny srbotivait Poviee] 0o1s)

FI GS.  5Apalbwakith teiehlavd thd R68mPAnyPAdraRinps i Whicht structures according to
exenpl ary enbodi nents of the invention; [0016] FIG 6 is a cross-sectional
view of a portion of an image sensor array including MEMS-based photonic
crystal el d6@Hl]s aFtGr LA ima ¢trossaseotiomal vieeofid portion efidcativentidnabimagee
invention; [0017] FIG 7 is a cross-sectional view of a portion of an inmage
sensor aPfaYF Af4¥e| udi ng MEMS- based photonic crystal el enents according to
anot her exenplary enbodiment of the invention; 3 WO 2006/ 132814

PCT/ US2006/ 43 | ' ' ensor
accordi ng t[gga ot hg@%o@lg%kn@a%%éb%%rﬁ?f%én%ﬁédmﬁgﬁdllgi EI G 9is a
bl ock di ag#yym of a processor systemincluding the image sensor of FIG 8.

[0012] FIG. 2 is a graph illustrating the transmission spectrum through an
exemplary photonic crystal;

[0013] FIG. 3 is a three dimensional view of a portion of an image sensor array
including MEMS-based photonic crystal elements according to an exemplary

embodiment of the invention;

[0014] FIGS. 4A-4E illustrate intermediate stages of fabrication of the image

sensor array of FIG. 3 according to another exemplary embodiment of the invention;

[0015]  FIGS. 5A-5D are top down views of photonic crystal structures according

to exemplary embodiments of the invention;

[0016] FIG. 6 is a cross-sectional view of a portion of an image sensor array
including MEMS-based photonic crystal elements according to another exemplary

embodiment of the invention;

[0017] FIG. 7 is a cross-sectional view of a portion of an image sensor array
including MEMS-based photonic crystal elements according to another exemplary

embodiment of the invention;



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [0020] In the follow ng detail ed

. description, reference is made to the acconpanying draw ngs, which forma

part herWOR00A3281# | ustrate specific enbodi ments in whPERHUSRW602¢Nt i on may
be practiced. In the drawi ngs, |ike reference nunerals describe
substanti al l(ﬁSSi m | ar con‘gonent s throughout the several views. These

a

enbodi ment 0HEBE  JBIEE Biipadlack dsaztam@f ahimapstsensor pecopding tecanotlsre skilled in
the art t ct| t.he invent and it is to be understood that other
enbodi neeﬁ?%ola% gﬁtftlﬂ’ HP@B d that structural, logical and electrical

changes may be made Wi t hout departing fromthe spirit and scope of the

present i NyRAYj on.F ultgp%;tbmﬁdt aﬂﬁofwgto%esso en?ﬂf%ﬁfdﬁ%tﬁenﬁ&é‘eto be

under st ood as 1 ncl si | |co on-on-i‘nsul at or
si | i con-sensoz apBKG.r&% (SOS) t echnol ogy, doped and wundoped sem conductors,
epitaxial |ayers of silicon supported by a base sem conductor foundation,

Mt or " or "subst r apEX AT DRYCREATON BRTREINVRRHION, Toue or ocese steps
my have bagpg) ut 'm'tﬁ@ftlfow@%aa%‘ta%g&mh MG O e Dase

sem conduc tructure or ation t1on e seni conduct or need
not be sictompanyirepsdradwings}witioly Ifai-nbaepdraherdofmndslhltstmtrrspegﬁc rRenrbodimentseinnani um

o1 ctur ¢ "HEhRUMARon Y be neestss i e Braiease Hhoreluriectiuscel desorbs
converti Iy ri cally,
Che T abr’| ol saiRg P%t%%f@%?t@“?%@%@%ﬁ%n3%?*" SRR 4R

concur r alesdribed mn sufficient datail tosdnable thc[se GRIHEd ‘iihthetaﬂ:rtupi‘qntloﬁ: thelmvecntlyn,t al" refers
to a mater.i.al d/or latfice of str ures . g,. [ an nt. of pillars)
wth o pERiga e S ersipadiet b itodisttomay bF pfirstbatd Ga H5RBIn ¢ brysta

el enent G I 4 WO
2006/ 13208 AR AR BR DR A P Bl pitng BOKt g ok EIpEof Vi e
m cr o- elthepresemiieatiocal syst em (HEMS) el enent having a photonic crystal
structure and an inmage sensor enploying a MEMS-based photonic crystal

el ement. The transni ssion and reflectance characteristics, of the elenents
are el ect r H¥2dh | yTlteotﬁmﬂ‘W%far ‘tagd s sybstrateq arerte be gpdestoed asnehidins ¢

wavel en %ﬁﬁb%naglh&i 5 Batdr (889, or'sifcddmYE: PR (SO RHnBIdEyY 8l ofif €MENt can

serve

undoped semiconductors, epitaxial layers of silicon supported by a base semiconductor
foundation, and other semiconductor structures. Furthermore, when reference is made to a
“wafer” or “substrate” in the following description, previous process steps may have been
utilized to form regions or junctions in the base semiconductor structure or foundation. In
addition, the semiconductor need not be silicon-based, but could be based on silicon-

germanium, germanium, or gallium-arsenide.

[0022]  The term “pixel” or “pixel cell” refers to a picture element unit cell
containing a photo-conversion device for converting electromagnetic radiation to an
electrical signal. Typically, the fabrication of all pixel cells in an image sensor will

proceed concurrently in a similar fashion.

[0023]  The term “photonic crystal” refers to a material and/or lattice of structures
(e.g. an arrangement of pillars) with a periodic alteration in the index of refraction. A

“photonic crystal element” is an element that comprises a photonic crystal structure.



vafi ety of purposes within an inmage sensor including, for exanple, serving
as an additional filter, a replacenent for conventional filters, for

exanmpl e, WE2096/L38Yr filter array, or as a conplinent tRETANI0EN2023AAI
filters. [0025] Photonic crystals have recently been recognized for their
photoni c band gaps. A photonic crystal interacts wth el ectromagnetic waves
anal ogousl| [0024] hovEmbodiments ofithedhventiori psivide 4 miceo-elsctowhdchagbalsgsterpar ti cl es
or their ve forns, i,e., photonic  crystal structures are optical anal ogs
of seni EMENS: eementhaying aphotnic erysfal strygture adbandmage sersgEeMPIOYINGS h phot oni ¢
and sem m_ 3 ' L r lQdl i Ty ) £ondueler . the
peri odi éﬁg rys %?& g@r%@%%bét%? lea gfrmnl&ﬁ&dgg asﬁo}ncagdilréh%ﬁaéﬁgpﬁ éFg‘g pr %%ar y

r easons of tire él¢membarercleetronicalhecdrt®iied tooseleek diffetent elebitorpagrietidi ci ty of the
structure | o yanti zation of energy (E) |evels and wave vector nonmentum
(k) |ev&9§§@ﬁ aa'sﬂﬁ-f’fgr&flml@?& @%Mﬁiﬂibmﬁgaﬁpﬁ@gc.crsﬁt%hqleamrxtsmb%ﬁw Yap ener gy
In sem ahehs oy ROR 5 | tonic crystals
can provi gyg¥gg§?%ni c%ggﬁg%g%ésf or é@é‘???%%ﬁ%’%“ﬁp?é’q%@&#%ere t he

pr esenc additiopalriilier, s raplavemeit dorgionsentonfldiltersy darexafiple, Bs & voler filer axtayal . |

Physi cal Revi EWB%P vol . 61, no. Y pp. 4549-4553 (1999), the entirety of

whi ch i OF 25 enplimnentio copyeptional fi erence. [0026] Photonic crystals have

structures that allow the tailoring of unique properties for

el ectromag i : [ ' ' .00l crystals
are not | |@16?%ﬁ }A?ﬁﬁgﬁfé}?%% Iggg%rre?%yﬁ%gﬁ gérgpgﬁggéjaf\oé%é%rnp Ig)g&éé)ﬁ%[ﬁdesi zed

easi | y. gagdieA phetofiic dpytdlantefaciwiti élecrod@ignbiic wavks analogowslylt Hownge of
structures, to_accommopdate the wi _ de range of frequencies and wavel engt hs of
el ect r ofegitenductoraysialiiateractspyith-ehapgpcppiiqlescortheie Wake fqrms, i ¢ rphotgnisy| e

relatio ' L1t ' o GEAXA = ocity of light in
t he med:a m{a?ns |crﬁ%§§éﬁpﬁghz%?@gah%%w£ﬁ3&égry%%@gﬁgﬁﬁﬂel?adi 0 waves are

in the Yumiahdentidhgpect sfboth plitgenio tnd\wendt@idgtios crystalsds shetpgeriodieityuld 4 avi ol et
rays are in the 1 nanonmeter (run) range. Wi le band, structure, engineering in
5 WO 206emicepduciorpte/perodio s7yyiad suurturs of ptomsdn @tletise isong of thedyiPar¥x, phot oni ¢
band str ' i ' | € {CT a1t 4 | si npl e.
Phot oni EeEpHL By REGHERG Ghertes 18) BRlipIE HEbE1tib ofide fECAE KlWs P TE T
bl ocks [pasitizatiblof sy} @) vets @l wave FectohimbmeatuhO(ld) Neyeli (bad stueairgngt hs to

E-k relationships). Similar to band gap energy in semiconductors, where carrier energies

are forbidden, photonic crystals can provide a photonic band gap for electromagnetic
waves, where the presence of particular wavelengths is forbidden. See Biswas, R. et al,,
Physical Review B, vol. 61, no. 7, pp. 4549-4553 (1999), the entirety of which is

incorporated herein by reference.

[0026]  Photonic crystals have structures that allow the tailoring of unique
properties for electromagnetic wave propagation. Unlike semiconductors, photonic
crystals are not limited to naturally occurring materials and can be synthesized easily.
Therefore, photonic crystals can be made in a wide range of structures to accommodate
the wide range of frequencies and wavelengths of electromagnetic radiation.
Electromagnetic waves satisfy the simple relationship to the velocity of light:

c=niX
where ¢ = velocity of light in the medium of interest, n = frequency and X = wavelength.
Radio waves are in the 1 millimeter (mm) range of wavelengths whereas extreme

ultraviolet rays are in the 1 nanometer (nm) range. While band structure engineering in

5



pass through. [0027] Photonic crystals can be formed of dielectric
-materials, conductive materials, and conductively-coated dielectric

mat er i al WO 2006/ 4been shown that small di spl acement s PEEUSII6/02623 phot oni ¢
crystal structures can cause changes in the transmttance and refl ectance

characterlstlcs of the two structure oget her. See Wunjoo Suh et al.,
" Di spl acteRsRNIUEIATLS; 18 Very coRplcHs PR °t@1§iz’ﬁ%ﬂ g@icﬂﬁﬁﬁﬂﬁl@%er’égé%ﬂ hetemie, fryptals

Resonan vol . 82, No.
13, pp. S i55aER Sl PG oifsBlfean HERREREHGT MY BV ARG fund

refer en(mucﬁrﬁhaﬂblbsksqaagmm wavklengthg oﬁhghetxﬂxﬂel alloyinig cthemwselengtispect r um
through a singl % photonic crystal slab. As shown in FIG 2, a property of

gui ded rRESHHEMHER- i s the strong reflectivity signal near the fundanental
wavel engt h. It has been shown that such gui ded resonance can be a wi de band

henonenon & | YSL S Ui de ances in
Ilghot oni c aI S@?&%Hb °ﬁgﬁ§s‘%"8§e fﬁ’?/@@v%ﬁé@%?&a%aﬂpg@@?a 12-1 to
235112- &nﬁtaﬁﬂa,)andwbnmtcuwsly-doatedrdméoaﬁ@ﬂxatmalai It Hay beed shotvicthat pIP8] FI GS. 3,

6, and 7_illustrate a portion of |rrat§|e§ sensor arrays. 300A, 300B, 300C,
r espect | dignlgcementstbetwien fwo miotorte Gystalsiructyrscan sanse changes i ®ecr yst al

el enent eﬁ% q’rm?q! g)a@; n The
phot oni ¢ a%g ?r uc urﬁgagﬂ © eﬁgtrxr%?nt L) cagmgées tégeglllége\é‘régg‘?@ﬁo achi eve
t he desiSutckt pl. OfRHEHlacnene-sersttiyedihotoniy CrystaBStrictu®s Bassd@eGuaidedavel engt h
selectivity) as _described in nore detail below The _elenents 330 are

cont r ol |Resonsncein Bhotenip Crystal Slalssotpntisd Physicsshatiers, vel. 8d: NeskSs pPi 1¥88e sensor

el T4 10 R 205, Bl S MR EER AR R TR R A TP e

enpl oy echeiving éﬁ@ieﬁip@hr?h’éﬁmbﬂiﬁ@@eﬁﬁﬂ%@lh@uglﬁ feidgle photdniecrgxtahyibtar As
enbodi nents of FIGS. 3, 6 and the arrays 300A, 300B, 300C are partlally
simlar shewpieFIG 2 pzwrwémg&d@émsanmcels tha strong reflectivitstsignal agar oA, 3008,

300C in Sﬂ&@ ach array
300A, 3 %@%%eﬁﬁ%éh [ nr(l;5 ?%%56}%“%%5%}1 8@8&3@%%%%3@%%% r?F c crystal
6 WO 20(ahd Bévindrion/ Iﬁa@hﬁﬁlﬁﬁ@"&ﬂ& alel“mmmls oBGﬁldedQIesata.nbmatPhatomﬂrt i on of
the pixel cells 10. The el ement ( i include a _ photonic cr

st r uct ur@rystehlabh o Physiea! Beyigw, ve ﬁé&m?éﬁﬂ-kt@?&ﬁﬂ%&@@% é’ﬁhl&% vari ed

incorporated herein by reference.

[0028] FIGS. 3, 6, and 7 illustrate a portion of image sensor arrays 300A, 300B,
300C, respectively, each including one or more MEMS-based photonic crystal elements
330 according to exemplary embodiments of the invention. The photonic band structure
of the elements 330 can be engineered to achieve the desired properties for the elements
330 (e.g., range of wavelength selectivity) as described in more detail below. The

elements 330 are controlled by circuitry 331.

[0029] For illustrative purposes, image sensor arrays 300A, 300B, 300C are
CMOS image sensor arrays including CMOS pixel cells 10. It should be readily

understood that the invention may also be employed with CCD and other image sensors.

[0030]  Inthe exemplary embodiments of FIGS. 3, 6 and 7, the arrays 300A,
300B, 300C are partially similar to the array 100 depicted in FIG. 1A in that each array
300A, 300B, 300C includes pixel cells 10 having photo-conversion devices 12. Each

array 300A, 300B, 300C, however, includes one or more MEMS-based photonic crystal
6



to achi eve desired characteristics e.g., a desired photonic band structure

- to prevent articular wavel engths of |ight from passing through the

el enent (WP 289013384 to al l ow particul ar wavel engt hs of POTGH200682¢948s t hr ough
the el enent(s) 330 upon application of particular voltages to the el enent
330. [0031] Application of a voltage to one or nore of the elenents 330
causes dements 5%9 ayer @t fegstaqoriion q>fetg@p1esp1 cells A0, Thpelement(s)330ineluded) |y

i P! 20 SRROLyhBPuSLATEN e Flonitbh il BRARL oF BcBbol 350 AN OLhEY ! eent

300. Su cenent causes' cause anges nsmttance and
r ef | ect appaehiehadasireé rohatactesistids e g)ca dasirod phctodc ahd geidhat taprevelescri bed
above. See njoo Suh et al., "D splacenent-sensitive Photonic Crystal

s:} r uct urRestiea vavsienetls o€ heiridkom prssing; thropgh therlement(s) 830 am] igrpllow Applh i ed i
Phvsi : , - , . Thus, t
el Srren: LA avelelns B iphtlo plst B0en R Henidillly I60kch apbyicg B8 TVS: (N

wavel engiaftscul arrvoltagassoiesdlémerttd33€d upon vol tage application. [0032] The
region 33 can have the exenplary structure shown in FIG 3. A layer 371 of
tetraethyl orthosilicate (TECS) is over the substrate 1 and the devices

formed th&03dh, i Applicstiay of mEoligete onweriersiodtheklements 330 causes e. g. |

' h f .xel . O he T | 371,
thore + stectros il r08"harBiany BAE oBsan T Fertau ispte¥| e BRI B30 1 oo
second, witldlrdspéoct € at1eRE biyGtherdil@h& B0O.CShaydisHacehient Saldes ca%Z@c_chahFé?soeCt i vely.
A passivation layer 376 is over the third interlayer dielectric layer 375.

Opt ijona! inyhe ansmiitanee ard raflegtanee @Iﬂ:hc@dﬁﬁ%l Qf?h%@lm @a@@gemm%bar e al so
v cos SForR HPY SRy Pud SulRH A iR pmbnlih il PRASHE AP 0"

devi ces $tfuchirbsBaRL ofl ¥V 6&RFR ésofdnce P PRItofid [TRPsthleSIatidy’ ApplRed|Pisicayers. [ 0033]
FIG 3 depicts a pixel cell arra5h300A I ncl udi n%hfl rst and second el enents

330, eadlettaesy volg 83 NdBopp-d989-280 h(March 3d 1 2003)- , thecglements 33hcamhe

supported or.t .st ur 7...The [ ruct Uk es | e the

di spl ac e(f?gﬁ%{edg#]&&%}c&%ﬁéﬁttg sﬁ%gt %"?ﬂﬂ”r“z"s%gg"ggﬁ‘? gért'ﬁ et‘“g%sngZ"ég@PWﬁe

subst r atwithge dplichticinal support structures can be enployed to support and
control the el'ements 330. For exanple, elenments 330 can be supported and 7
WD 2006/ 132814 PCT/ US2006/ 020243 controlled in a simlar nmanner to that
enpl oyed i {0082} gi The regionr33-oah havs thd ev¢mplarysstructure shown in FIG. 3. A layer

371 of tetraethyl orthosilicate (TEOS) is over the substrate 1 and the devices formed

thereon, including the photo-conversion devices 12 and, e.g., transistors (not shown) of
the pixel cells 10. Over the TEOS layer 371, there is a layer 372 of borophosphosilicate
glass (BPSG) followed by first, second, and third interlayer dielectric layers 373, 374,
375, respectively. A passivation layer 376 is over the third interlayer dielectric layer 375.
Optionally, one or more filters 377 can also be included. There are also conductive
structures, e.g., metal lines, forming connections between devices of the pixel cells 10 and
connections from the pixel cell 10 devices to external devices (not shown) supported by
the ILD layers.

[0033] FIG. 3 depicts a pixel cell array 300A including first and second elements
330, each having a photonic crystal structure., The elements 300 are supported by support
structures 7. The support structures 7 enable the displacement of the elements 330 with
respect to the surface of the substrate 1. Additional support structures can be employed to

support and control the elements 330. For example, elements 330 can be suppofted and

7



disclosed in U S. Patent No. 6,870,660, which is incorporated herein by
~reference, The support structure 7 can be chosen to provide the desired

di spl acHBAP06dP281he el enents 330. For exanpl e the el enBETAISIDO0A4B be

di splaced laterally, angularly, and/or vertically displaced with respect to
the substrate 1. Exenplary angul ar displacenents are between about O

degr eescantrodibdirnt a sitnikiemaoner to {0 8dployed inrredigitdlavicreentirrorf dévicgas3, el ement s

330 are canfiqu rol |l ahl e. t.o sel ectivel. r event | light from
reachi n@saﬂ%eng iﬁﬂfﬁgﬁi\[oﬁ@@h&@b,s%ﬁh lsd%?ﬂrﬁ%@teﬂme%tig,reefFlieﬁ‘Fﬁ 11fci dent on
one or §Rhert §REGUfe! TeaARAhokkn th PPovidd tBY A displacERenterThE Bldmertst er nati vely,
the elenent is configured to be controllable t0 sel ect between visible

| i ght walk|Eargxampleribe ¢laments 830 van/ks dispjaded lateraiigsangntaslye pudiennesti@dly ar e

control Led by, cantrol circuitr Control circuitr 31 uses the

appl | calPOACH g isegret b Sybirbisgl Eregmaltry poeyist b ateibot 2o 58438 i o

el enent gho380 degBed 26O 7(0ddoRést © prevent all or a portion of incident Iight
frombeing transmtted to tThe underlyi ng photo-conversion devices 12. In

particular, the elenents can be controlled to allow particul ar wavel engt hs
of light tf@034¢ i nki thermbodinidnt ofFI6t. 3; elements 330 are cbavigured tdBeat a particul ar

tinme. For e l e, .el enents 332l r{ e controlled to aI_IlIow visible light to
be T eactPARUATIAG ey Proveat albfighh Farm reaking PRt BFmom PIAEMYSRI r eachi ng
the p hO{l&%e@‘iQ.S T%nﬁsq{ght?irﬁgfrdggﬁ orf dri&for nﬁ'lrfz @ﬁé&?ﬁdeﬁfga{syoftﬁ‘é SFRMEASSHE Hean be

controlled to allow I'n and visi bl e wavel engths of |1 ght to be incident
on the singled. Alemainely thalelementds déhfrpureditd be centroliablects seleot eiedn | ust r at ed
enbodi nen each elenent 330, i forped, on a base |ayer 305. The base | ayer
305 canvigible light way Sﬁ‘gl?,fm@%‘@ggg%‘ﬁot her dielectric |ayer, such as
phosphosilicate glass (PSG and borosilicate glass (BSG. [0036] FIGS. 4A-4F

depi ct st or ' 2 p Lqul ar order is
required i@(?ssiny fl)‘ﬁé %@g%{g? ?8%%4%?@%@5&%@0& ‘ﬁ?‘”ter%%%t ég) féﬂrréjlt hose
| ogi cal ¢iyeuitey8 Ir ¢angestthe appivatiors ofdner nwre aoltdgento eadh of thbi edghents 380.1 e t he

actions_bel ow are__descri bed_as being perfornmed in a,general order, the
order i Sheslempnts 330 63 be mogaitmevearr @ﬁpéapor[b@w?}nq@%ﬁghﬁf@om ePEG 4A a
base | ' ﬁﬁ)déllgﬁl% _H?R,glr t he: : Q%,,P&g | ayer 305
can bea%%{fng%%ﬂggjflée) mal.r ri aﬁhg%ia prsoo\% gls‘ﬁ%ﬁﬂggfp‘? oxﬁﬁrr%f tehI-Ey atSe 8 WO
2006/ 13cThe denitoNE0 ARG AAREch]ar wavelengths of light to be incident on the photo-

conversion devices 12 at a particular time. For example, elements 330 can be controlled

to allow visible light to be reach the photodiodes 12 at one time and prevent all light from

reaching the photodiodes 12 at another time. Alternatively, elements 330 can be
controlled to allow infrared and visible wavelengths of light to be incident on the photo-
conversion devices 12 at different times. In the illustrated embodiment, each element 330
is formed on a base layer 305. The base layer 305 can be, for example SiO,, BPSG or
another dielectric layer, such as phosphosilicate glass (PSG) and borosilicate glass (BSG).

[0036]  FIGS. 4A-4F depict steps for forming the array 300A of FIG. 3. No
particular order is required for any of the actions described herein, except for those
logically requiring the results of prior actions. Accordingly, while the actions below are
described as being performed in a general order, the order is exemplary only and can be

altered.

[0037] Referring to FIG. 4A, a base layer 305 is provided to support the elements

330. The base layer 305 can be any suitable material that provides an approximately flat
8



su'rface on which the photonic crystal structure of filter 330 can be forned.
- For exanple, the base |ayer 305 can be a dielectric layer (e.g., a layer of

Si 02, orWeRR6/132834 can have a thickness within the ranBET@S2096/B20343 nat el y 50
A to approximtely 200 A [0038] As shown in FIG 4B a |l ayer 361 of

lrrg;gl gl | tablﬁ éa{ﬁf %nkﬁ&%ggﬁ%é%al forge%agg)ter he base

tantal u fth@?fdsé @ay@F 8¢9 beZd dleeemwny& (&g, 4 BELds Slbé‘ffﬁ'm@éﬁdj@an Halvk 92)

haf ni um based Silicates; and conddctive’ oxides, as I ndiumtin oxide,
and zi fkickiass wxﬂlmetheaangﬂgfepprexmlatdly 58 Aol apptodimately 00kt certain naterial s
can yield a photonic crystal that absorbs a portion of the photons. If the

b ti ' ff tall ffected.
ref ef abl 10038 T ar Avonin ia WG4, X Jever 63 08 e spfabls e AT Absor pt i on
and | > hBlohloryuiSh Bl oIS !1or BOSPEEirhlE, o i ridhcliifiomas! | aver

361 can be chosen as nee ed or desi f or med
havi ng alunhinoioroxsde (Ali0y)tantalan exide (Ta:0g)pzirconium oride (Z0D) hafidumpgxide<i mat el y

5000 A 9] Usin sk | ev hat oni c_crys materi al | ayer 361
is patt %3511 RIS R SCES gpen%ﬁm@?ﬁléew%aanném‘ame grdi ars 362,
as depi g f eh@% f spaci ng x
bet ween t he p ﬁdrsoilgfﬂ%eg@t e uli@biﬁ%tgéﬁtééﬁ g‘?/te 60%1?{ ei ght of the
pi | | ar s pR6@hicoaystilehatabsabis & portiohioéthe phetins.eIf théabsagitioniis exaessivef t he
photonic crystal, and t he filt 3 rat eJy, the ratio x/d is
N thin QHERAGHRRY e demmenualy affectsd, Sinerblialuey 4G HIBVERE  or ning ¢ he
pillars k@dih@1aX b i sting
k. dof LI e i el b cad i f°d°‘1°?a‘?§“2§’ﬁ' et T Lot ng
spacer - deitkmessiof layérd$il aah he chasei as heeded bedqmrbdl aPeefarably, dgéri 36dds by process

st eps r thewk laﬁ'u.n 5_0040 The pill arég?AtSZ can he fornmed having
any desi? the cangs f japRugxzRately| 1 ORPREOXIRALeHE exenpl ary
pi | lar 3pggghapes. FIG 5A is a top plan view of element 330 with pillars

362 having a circular horizontal cross-sectional shape (i.e., the pillars
362 are cylinders). FIGS. 5B and 5C depict elenent 330 including pillars

havi ng recﬂoea@]ul arUsingla preask kyelnthe photonioorysthl matersal-l1agse 360 ivpatishedes,
respectivel 0041] the pillars 362 can b arrangg&iln a variety of
or i ent a@ngash creqﬁenhptpwcmalswcmrﬁ@ﬂﬁm pelpas ﬁ’é"t&@éﬂ #ged in col ums

Bint h%e}(erﬂhé RFFIE® QLC?'&% faf¥%/d ot spacing x between the pillars 362 to the thickness d
of layer 361 (or height of the pillars 362) can be varied to achieve desired characteristics
of the photonic crystal, and thus, the filter 330. Hlustratively, the ratio x/d is within the

-

-

range of approximately 1 to approximately 10. If patterning the pillars 362 to achieve a
desired ratio x/d is a challenge with existing mask-defined lithography techniques, the
pillars can also be formed using spacer-defined lithography, such that the pillars are
defined by process steps rather than a mask layer.

[0040] The pillars 362 can be formed having any desired horizontal cross-
sectional shape. FIGS. SA-5C depict exemplary pillar 362 shapes. FIG. 5A is a top plan
view of element 330 with pillars 362 having a circular horizontal cross-sectional shape
(i.e., the pillars 362 are cylinders). FIGS. 5B and 5C depict element 330 including pillars

having rectangular and pentagonal horizontal cross-sectional shapes, respectively.

[0041)] Also, the pillars 362 can be arranged in a variety of orientations. As

shown in FIG. 5A, the pillars 362 are arranged in columns B in the Y direction and rows
9



WO 2006/ 132814 PCT/ US2006/ 020243 A in the X direction, such that a pillar
362 from each consecutive row A fornms a colunimm B in the Y direction.

Al t er nat WPA096/13384shown in FIG 5D, the pillars 362 carcrasaoosmeepesl in rows
along line Ainthe X direction with each row along line A being offset from
an adjacent row A, such that pillars 362 fromevery other row A forma

col urm B inrke ¥'directias p@@tﬂl&feﬂmﬁaﬂ 362tfraam wachi qopsecutive rqvoA4RimEa columni cl ness d,

or ront aB Y iRl AGRASE? s Se i G 45, r pORR R etraben g

layer  36dwRlalo@dinede ifthe hedirf8bR Withaah M4 A18RE Bie AVKEiﬁéf‘bﬂ'@ﬂfrBﬁ hosen to
achieve a desired photone crystal structure and, theretore, provide desired

pr oper t Rdjscent rasy Agreuchshgpdllars 862 pmmyeryrathergow A formexeotpma/ashBodi ment  of

t he inanti n,, an tgg%,iégpah |l ow dielectric constant |ayer 363 is deposited

bet ween"tHE ﬁf’lplflélr % 8n'pl anarized using a CMF step, as illustrated in
FIG 4D. Layer 363 can be forned of any suitable material having a | ow

dielectri qJog42)St amheh ﬁ@h@é&%&m X%/ Phatie] BtizoRAPBYsEdfbRal shib_eQﬂe
exenpl ary "enbodi nent, the |ayer 3 is formed of a material having a

di el ect theiltarn362; wrientatiorof thia pillard 362, end theenatéridl af the3iltars 362 andilager 363 can
be for b ny sujtabl.e techni.que. [0044].According.t.o an,alternative
exenpl g?& %%d?‘?ﬁ&ﬁt’?fg@‘gh%ﬁaﬁ@ﬁf?ﬁr ?‘J&“"g@,all be ﬁgosﬁplt‘? g“rhée @Zdeép coated or
pl at ed ¥hdtbniaBryaial kﬁiﬁhe%ﬁ&%&%fo}‘& lp‘;:d\}id@ &fﬂ‘ccll #)nfbgeﬂﬁs o?@f@{gl‘éhﬁ%@ba the

conductTve film364 is a copper film The fi 64 can be fornmed by any
sui tabl e technique, e.g., electroplating. [0045] In either enbodi nent shown

Itgcﬁlnlecs] e4g?/??dt ﬁ?cc?ﬁdlhgrtalaglegmgs shomﬁmﬁﬁp?gdiﬁgmnﬁgy?m; ;’;Il Tﬁg er 365
o pat ¢ Seleetrerconatiuliver 363 i GpoRR B S 62 i pAEHIE WHER 330,
Speci 1§ e o o HEAiM ih PKS!ATOFe? 3Rl Biina g Gty b B malgni r ed and to

renove at portions of th | 'ayer er t
phot o- chavieg s lowndidiectrivaconitant, Idrexahplep3OG o3 3003, anlong@thersidnmink| ars 362,

¢ Eii ol ety oo el 2545 armed o il Hevinga el gHee fonslint 6 and 7
[ . ' | - 361,
(descri e Beh il %Eﬁrﬁ@‘}ﬁ%rs Ay, Phe fa9§r6326?;rdtaﬁl%ls ?&n(édmﬁ&%tﬁﬁ%ﬁﬁ &?ch:lugﬂéfr

the spacing X bet prifars e ratio ori zont al
cross-sectional shape of the pillars 362, the 10
[0044] According to an alternative exemplary embodiment, as shown in FIG. 4E,

the pillars 362 are coated or plated with an optional conductive film 364. In one
embodiment, the conductive film 364 is a copper film. The film 364 can be formed by
any suitable technique, e.g., electroplating.

[0045]  In either embodiment shown in FIGS. 4D and 4E, a metal layer 365 is
deposited by any suitable technique over the pillars 362 (as shown in FIG. 4F). The metal
layer 365 is patterned to create a first MEMS-based photonic crystal element 330.
Specifically, the metal layer 365 is patterned and etched as desired and to remove at least
the portions of the metal layer 365 over the photo-conversion devices 12. The element
330 includes the pillars 362, optionally layer 363 or 364, and metal layer 365. For
simplicity, however, the element 330 is shown as a single structure in FIG. 3 and FIGS. 6
and 7 (described below).

[0046] Any of the variables (thickness d of layer 361, the spacing x between the
pillars 362, the ratio x/d, the horizontal cross-sectional shape of the pillars 362, the

10



WO 2006/ 132814 PCT/ US2006/ 020243 orientation of the pillars 362, and
materials of pillars 362 and | ayer 363) can be varied to achieve a desired
phot oni WOR09&133814st ruct ure for each of the first, sec®e¢d/ENB06(039243 el enents
330 and, therefore, the desired properties of el ements 330. In the

|Ilustrated emhodi nent i FI G , and ird, el enepnts 330 each
have di P@@F@%ﬂn%ﬁmgﬁ @r?@t%ﬁ‘te’éﬁlf‘ﬂ pi P-‘@s36 [398 -’féyﬂ CEABE ¥arded Qe array

300A ad d | e, connections
bet weengdl’%ev(a (r}radregiaé # é%@&gé%? g%e%ﬁglggg%‘gﬁg%hsecgﬁ or me Furt her,
addi ti ociainenﬁs 336 rahd,dhabfope,drhmrksuagpmpamss oﬁalementpéBO ohmhd ilstrited m

conventi o m cr e s, 20. [004 endi toni c crystal
struct u?’@ ePW@%gb ES@@G ap%&rdﬁqp%ﬁ% g‘%ﬁé‘ﬁ?@o% and the
di spl ac stRRf@get ers are chosen to enable selection between the desired

el ectromagneti c wavel engths. The el enents 330 can be vertically, angularly,
or laterally displaced with respect to the substrate 1. For exanple, the
vol t ages 4pM7led TbeonipisethetaoragB800A additiond pssdessingbtepsmagbati c forces to
di spl ace the .elenments 330 to achieve the desi red transm ttance and

reflect® aFatexample:connestionspetweandhe pirqutrg g3l %%IW 30688s for

S/gln':;mt’%%]%&]ﬁ@ﬂ%g?c?g%?%s angﬁﬁe?‘p@enpgﬁgg{&gg& od .‘?@“ﬁ‘e{‘ a pi gtel 2grray

300B wi tdnvertiddiaMnidrodettepddt oni ¢ crystal el ement 330 according to the
I nvention. The photonic crystal structure of el enent 330 can be engi neered
such that the elenent 330 has the desired properties, selectivity for

part g“' ar[gme' e Rgpending °‘€tb@@h¢’@m@m*¢1@tm¢tmsaf thsrelommerss 30, dge 3008 can
4
e e R A g sy S

Appl i Caéellévﬁoﬁbet@ve‘éﬁ kﬁ@db@ué@el%&%rﬂd@%ﬁva@&g@lwsﬁﬁ dllérﬁﬁ{téigmmtbeOf t he
el enent 330. Such displ acenent causes cause es in the transmttance
@Eﬁ“@

and r ef vesHealye angudashy, or laterally displaged witlerespgst eqheé te k og@teRamplerhus, the

el enent er . s at
differ eﬁ’te:%t% B%éegggggee uﬁgérsgg ﬁ%&g%%mec ae%}r%rﬁélg S'%dg%%/l% agegdlg‘%%‘g In the
i 11 ustrée@ente380€d a6hidve th&@es&b@&&rﬁmﬁ&&eiaﬁd%ﬂﬁci&% elthricteridtics 6DMhET oI |l able to

selectively prevent all qht fromreachi ng one or nore photo-conversion
elements 330. Exemplary voltages for controlling the elements 330 can be between about

5 Volts to about 20 Volts.

[0049] FIG. 6 depicts another exemplary embodiment of a pixel array 300B with
a MEMS-based photonic crystal element 330 according to the invention. The photonic
crystal structure of element 330 can be engineered such that the element 330 has the
desired properties, e.g., selectivity for particular wavelengths of electromagnetic
radiation. The array 300B can formed as described above in connection with FIGS. 4A-
5D, except that one photonic crystal elements 330 is formed over a plurality of pixels.
Application of a voltage to the element 330 causes displacement of the element 330.
Such displacement causes cause changes in the transmittance and reflectance
characteristics of the two structures together. Thus, the elements 330 can be operated to
select for particular wavelengths at different times based upon the application of the

voltages.

[0050] In the illustrated embodiment, the element 330 is configured to be

controllable to selectively prevent all light from reaching one or more photo-conversion
11



11 .V\D 2006/ 132814 PCT/ US2006/ 020243 devices 12. Thus, light incident on one
nor e sgemflc areas of the array 300B can be sarrpl ed. Alternatively, the

eI emrent WQ200AP?83#red to be controllable to sel ect bet REENS2006/0204#% | i ght

wavel engt hs and infrared wavel engths. For this, the variables (th| ckness d

of lay 361, the spaci.n bet ween the pil.lars 362, t r t he

hor i zontd;ﬂ’ 18§ HsThuse E}i‘ H‘gﬂe@ﬁaﬁ{.}e8’meFFeSP5?1ﬁF&F%aS§g§m W@-”Q% ?l on of the

pillars s&ﬁ%ledaﬂdteﬁ?aftl%l‘ya{h‘é eRfmenPis doﬁﬁéur@@% %ﬂ%ﬂ%le%@@le&b@h&%ﬁ ected to

achi eve the desired tonic crystal Structure for each of the first and
second etisible ight wsﬁ'lmmhs ant dnfedrod wavelengtloe SFar ¢his,phe paniablesdthi¢kness dofont s 330.

Addi t | | d t h t al ct. f th I t
330, "t naREF BBl Bh AR PSR PLISGoIS2, e R6Cds B REERERLTORE aot or o o o
chosen ts@ctm%ﬁ?éﬂaﬁe §Pt!h€§illa9é‘3@e%ﬁn§aﬂ6n€?§ie @%:?B@ftah&@iﬁﬁ&?ilé&f wavel engt hs.

For exanple, th vol t ages applied are chosen to créate the desired
el ect r opildars 363 md:lasert%wm[sbbcied Mmhlaarleéhmclﬂsse&ﬁhbtbmcmwdmrmm faesired

t tt d | t f.th 330. 0051
Whon®t heeadf ind Rt 50 s BimerB A GhE hebhogs e dtstS P RER St et bet woor
Vi si bl e eldngdpts MV%&ﬁﬂéﬂﬁly%ehdlﬁé Bﬁ%ﬂdﬁ%ﬁﬁ@éﬁhapstrdcﬁnéssoﬂ%ﬁ@élﬁﬁﬁﬂdse t hat

t he photo- conversion devices 12 are sensitive to a W de range of
wavel en@ﬁsﬁemmm&mmenteﬁmhc dEplacmgntwalem‘s srerobbeenddsi bl e | i ght
nbodi nent is

d t he .d f d th th
St e el nefi deh e aesihes 0B ihic aiviBhammd S exthofe, B b05D] |

anot her Rhediy Eﬁl’i@d arEbﬁ%seKt@@r@ht%&ﬁe&dﬂﬁé&‘@léc@éﬁﬂé'féfcﬁsﬁml hewaRt of a pixel
array 300C W th MEMS-based photonic crystal el enents 330 accordl ng to the

i nvent i @ilnmdnms 33domriBeve thedesittid teansmitthops andsreflegiancel chaxacteriatiosaof tIED0C

I ncl udi n rs:{ﬁp second and third el ements 330, each having a photonic
crystal e. The elenents 330 are provided at different heights, hl,
h2, M The el enents 330 can be controlled to allow particul ar wavel engt hs

of 119Nt tobe | noygiedtnc¥lerhdits POLOCSENILL YR SRitbEATe et hebwbs 1 cul ar

tinme. The nts 330 can be forned at Vvarious helghts over the photo-
conversivdnibldé'ghtwavel@m and snfrardd wavielekegtles; dtiisipreferala ¢hatdheghobmt hs of |i ght

to be sel ected aqr by each el ement ,330. For ex l.e, .ele 330 can be
cont rof KBEVEIon ipiss tare SRR 1AW Haenah WHAGIEHS: Jis PR e | nci dent
on the RpRGHIEs GRAMEY S00B t&'Siif18%istble REht during the day and infrared wavelengths at

night, Thus, this embodiment is particularly applicable to automotive and security

applications.

[0052] In another embodiment, FIG. 7 depicts another exemplary embodiment of
a pixel array 300C with MEMS-based photonic crystal elements 330 according to the
invention. In the FIG. 7 embodiment, depicts a pixel cell array 300C including first,
second and third elements 330, each having a photonic crystal structure. The elements
330 are provided at different heights, h1, h2, h3. The elements 330 can be controlled to
allow particular wavelengths of light to be incident on the photo-conversion devices 12 at
a particular time. The elements 330 can be formed at various heights over the photo-
conversion devices 12 as desired and depending on the wavelengths of light to be selected
for by each element 330. For example, elements 330 can be controlled to allow red,
green and blue wavelengths of light to be incident on the photo-conversion devices 12 at
different timés. In that manner, signals corresponding to red, green and blue wavelengths

can be sampled at different times by a same pixel cell 10. Accordingly, separate pixel

12



different tines. In that manner, signals corresponding to red, green and

. blue wavel engths can be sanpled at different tinmes by a sane pixel cell 10.
Accor di We) 3006/83Btr at e pi xel 12 WO 2006/ 132814 PCT/ US2REGI0329964030248¢| | s f or
sanpling red, green and bl ue wavel engths are not necessary. This nmay

i ncrease _the resplution of t I mager arra 00C. In e enbodi nent of FIG
el onEAHOS ST T RPN s DR gths 457 361 6P| (TRGEEY PP tnd ( hus
repl ace s ey n&%gh&g&}gaig@@]m\mééﬁw eﬁﬂ&‘ﬁ@@? clafledts'356 ign to all ow

each pixel cell 10 to sanp green an ue wavel engths, It is
pr ef er abbrfigunerd totshevepl atcolor dilterarsayoiand thus cepackamayof 36 ffl6ct). ve over a wi de
range of wavel engths. [0054] A single chip CMOS i mage sensor 800 is

i1 lustrat th | ock di agra f FIG 8. The i mge sensor 800 includes a
pi xel cel ﬁggg’ﬁay 3@@%6&*&5@6?%%&%&% PeRSRR DBREY £olb10 RARPIGHRG The

pi xel ¢ I i J¥CTe IR ' r of columms
and romgéeifaﬁ%P%&t@gﬁggﬁfﬁgﬁipﬁéﬁ%@%ﬁgﬁe @bo(s(pgan ﬁé@}iﬁﬁgesg? %? pi xel cell
arrays eaffedivéiover 4 widerargdaftivavelengtht. t he i nvention, such as any of arrays

300B or 300C. [0055] The rows of pixel cells in array 300A are read out one
by one. Accordingly, pixel cells in a row of array 300A are all selected

for readodf024l thgaA dngle Chflcﬂ @M%Wgﬁéws%ﬁz%iﬁ imu%,ed&?gfh%h@ﬁlf@%n cell in a
sel et el FRY P B &RbORR] inoBARISR' Rl ey Shok SERREGH bk Lo 2

readout Ti1ne for I'ts-co n each m al so has a

sel ect kibedinrntiof the inpiextidn. CThe pixelfcebaofarrayl 300A @ arrasdeddhavel y read out in
response to the colum select lines. [0056] ., The row lines in the array 300A

are sel redpiganiped aumben ffobymns anggpws.i Hiernatieply,ithe imagssaaser 880 £¥W addr ess
decoder ;: 881, ' ' S |
et ver e OB pB1 YA uas SEborind 88 o bRbGRIEE d14G toveftidd ¥k &by 8 0L U

oper at edf fayayisi360Bio?300Cand control circuit 883, which controls address
decoders 881, 885 for selecting the appropriate row and colum |ines for
pi xel signal readout, and_ circuitry 331 controls the MEMS-based photonic

crystal el[66@Rt s The rovpobpikelteds i ayra3904rare rrad obt ommby eldout | i nes
typi cal I,y incl ude. ;xel .rese ' 2% i ' i gnal
0 2l o150 BUSSh o 55 and) 15k oYyt B RSl ol BRSRRS 901
ci rcui t tifne/ty)a B¥bseldet 1ifs RAASachi fixdllRell &0 sulgetéll foweproSidiés a fignal

representative of received light to a readout line for its column. In the array 300A, each

column also has a select line, and the pixel cells of each column are selectively read out in

response to the column select lines.

[0056] The row lines in the array 300A are selectively activated by a row driver
882 in response to row address decoder 881. The column select lines are selectively
activated by a column driver 884 in response to column address decoder 885. The array
300A is operated by the timing and control circuit 883, which controls address decoders
881, 885 for selecting the appropriate row and column lines for pixel signal readout, and
circuitry 331 controls the MEMS-based photonic crystal elements 330.

[0057] The signals on the column readout lines typically include a pixel reset
signal (Vs and a pixel image signal (Vphoto) for each pixel cell. Both signals are read
into a sample and hold circuit (S/H) 886 in response to the column driver 884. A
differential signal (Vrs:— Vipnoto) is produced by differential amplifier (AMP) 887 for each
pixel cell, and each pixel cell’s differential signal is amplified and digitized by analog-to-
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differential signal (V,,t - Vphoro) is produced by differential anplifier
(AMP) 887 for each pixel cell, and each pixel cell's differential signal is
anmpl i fi WO/ B4t i zed by anal og-to- 13 WO 2006/ 13281 POREN2UERAEES 020243
digital converter (ADC) 888. The anal og-to-digital converter 888 supplies
the digitized pixel signals to an inmage processor 889, which perforns

appr opr idgital ponygeen(AJ2Ck 888 gThepmplogdodigital epnvgrien 388 sppesthedigitirei ni ng an

el ud S gt R irkaeprobestsy ¥80. VR p @0 B R BB IR BURR R om 000 1 5
exenpl aibgfoné providing dipthiagials dbfigingadn imapé 6ut'ﬁt1§ that coul d include inmage

sensor devices. Wthout being limting, such a system could include a

conputer system canera system scanner, machine vision, vehicle
navi gat | orl0068kie o o allusSetos 8iprocessor bespd spatem A0 nehoding tisuagr pensora

tracker 1.on cti sgem. I mage. stabilization t.em and
ot her s&?gég‘nﬁ@rp% O’ﬁe*gocg%%%a%gf&f%ég%ﬁ erBﬁl e Saosfy_s%g%aé%r%@ég% 900, for
exanpl e cacsighBitcoaldsinlide #R4RsehdoY dewEOdtD 'WHBSut dei@linhifihg Rtk 8 SpdtdA uni t

(CPU) 995, such as a microprocessor, that communicates w th an input/output
(1/0) deonldanciude aoampuiensystegn samerasysicracsseauner,goaching wisionovehialé cates with

t he CPU_995 over. ush993. Th@fﬁ)rocetssor-tbﬁsed s%stﬁ%{\ 900, al sp i ncludes

r andom ARCEL P PhomeaRfTVERiance sY§em, Auto [oqUs SYSFI S EFASLREM 094, such
as fl asindtRAdetectivhéystend|ifags Sabtitdtionts9sté! hddtherXYstefVahplbiagbus 993.

| mrage sensor 800 may be conbined with a processor, such as a éPU, di gi tal

si gnal UpAgB&Ssor, or m croprocessor, with or wthout nenory storage on a
single integrated circuit or on a different chip than the processor. [0060]
Al t hough t invention i s described ip . ceonnection with CMOS i ma sensor,
VENS. based IR on ihedrytsBear Sared R Shoo R a5 bl & Ber, Do, SERGRLY wi ¢ i n

opt oel eebinphid ﬁ%@wié&ﬂ%?oce-gﬁﬁ uiti? ECPTT) 99, b@h dsS ARtoprBéedfHCMat 0 be |imi ting.

For exanpl - based photonic crystal elenents 330 according to the
i nvent i comuamidates avith anisput/output (MDhdepca@pdvera buy P2 Imaggsenson8¥ or ot her

t oel I ¢ _devi 0 [ ' ted that, th I pti
and.dr afRGE B Lot oPd P ELEr R Do BB (et |
achi eve aishgnc MR Thriion] £RE BEMSHIRAMPIY28ES e inclubBé réﬁ;i%&tstfemérﬁa&nt ion. It

is not intended that the present invention be |[imted
994, such as flash memory, which also communicate with CPU 995 over the bus 993.

Image sensor 800 may be combined with a processor, such as a CPU, digital signal
processor, or microprocessor, with or without memory storage on a single integrated

circuit or on a different chip than the processor.

[0060] Although the invention is described in connection with CMOS image
sensor, MEMS-based photonic crystal elements 330 have various applications within
optoelectronic devices. This specification is not intended to be limiting. For example,
MEMS-based photonic crystal elements 330 according to the invention can be employed

in a Charge Coupled Device image sensor or other optoelectronic devices.

[0061]  Ttis again noted that the above description and drawings are exemplary
and illustrate preferred embodiments that achieve the objects, features and advantages of
the present invention. It is not intended that the present invention be limited to the
illustrated embodiments. Any modification of the present invention which comes within
the spirit and scope of the following claims should be considered part of the present

invention.
14



illustrated enbodi nents. Any nodification of the present invention which
cones within the spirit and scope of the follow ng clains should be
considered part of the present invention. 14 CLAIMS 1. An inage sensor
conprising: an array of pixel cells at a surface of a substrate, each pixe
cell comprising a photo-conversion device; and at |east two

m cr o- el ectro-nmechani cal system (MEMS) el enents stacked over at |east one of
the pixel cells and displaced over ndIMBot her at different heights fromthe
surface of the substrate, the MEMS el enents conprising: a photonic crystal
structure conprising: an insulating |ayer supported by a support structure;

a plurality, of pinlihAgs serRbr édprisiviy b biragof Fixellcells lea fuirfab@ba bei ng spaced
apart fromeach other; and a conductive layer in contact with at |east a
porti on of sebsiralsi eachpixel gplbeamprisipga phioconyessien devieg; and ptleasitwoi s | ocat ed

| hivsiel o eshiwoi s | o
ol cct r ormgRir e ear b R N oA Bl ed B L RBIOHFY Bk ™ b ougn

t he phot onilfe pixelsths arsd displaded@veotemothepitatiffereneiidganfrotete safak t he at
| east one cell in response to at | east one applied voltage; and wherein the

support st piithesubstiate, thedMEMP elements sempriging: di spl ace the photonic crystal

structure in a di i on rpe cul ar. .the surface of the substrate in
response to theagpgﬁ%é%swsgaﬁespré{%ghcleé’(‘i‘?%lgf age. 2. The image sensor of claim
1, wherein the MriMBuRtiBgRIyeBspPOIEDDY b Suppef strueuks aphihligldfpllles by applied

voltages to selectively permt green wavel engths of [|ight, red wavel engths
of |ight, antheinsidatipglayesnieipslast beingspacedanastdfeemeneh gthers and 2onver si on

device at (i .e i - ' S of: [ . erein the MEMS
el erent o ar@bEyirul B otoutE bR PR i it et o

sel ecti vel ph@tetidictysydl Sirtdterei ehted ovésat tdast drie®Tthepidel oefls andsdaprdel engt hs of
light to reach the photo-conversion device at different tinmes. 4. The inage

sensor of & selestiyelywnemit electromagiietie oadiationrhpying|a predalermined furt her  conpri ses
a materi al W%élgﬁth R&Sas? %Shélgthg %h%ﬁi@ cg'y?al @{rllét%resto tﬁetﬁo%'égﬁ\le?gio&] aving a

device of the at least one cell in response to at least one applied voltage; and
wherein the support structure is adapted to selectively displace the
photonic crystal structure in a direction perpendicular to the surface of the

substrate in response to the at least one applied voltage.

2. The image sensor of claim 1, wherein the MEMS elements are configured
to be controllable by applied voltages to selectively permit green wavelengths of
light, red wavelengths of light, and blue wavelengths of light to reach the photo-

conversion device at different times.

3. The image sensor of claim 1, wherein the MEMS elements are configured
to be controllable by applied voltages to selectively permit visible wavelengths of
light and infrared wavelengths of light to reach the photo-conversion device at

different times.
4. The image sensor of claim 1, wherein the photonic crystal structure further

comprises a material within the spacing between the pillars, the material having a

dielectric constant that is lower than a dielectric constant of the pillars.

15



dielectric constant that is |lower than a dielectric constant of the pillars.
15 5. The image sensor of claim4, wherein the pillars conprise alum num
oxide. 6. The inmge sensor of claim1 wherein the conductive layer is a
nmetal layer. 7. A processor system conprising: a processor; and an

optoel ectronic device coupled to the processor, the device conprising: an
array of pixel cells at a surface of a substrate, each pixel cell

conpri si ngda phdiedmasasenses efirlaim4, veherein thezpillarg cemprige @aminum oxide.

m cro- el ectro-nmechani cal system (MEMVS) el enents di spl aced over one anot her
at different heights fromthe surface of the substrate conprising: a

phot oni ¢ cpyst aTh&inmapetsefisdr 606RIM $ wWhreithel cofdikchive Myet AVEhetalRpP& t ed by a
support structure; a plurality of pillars on the insulating |ayer, the
pillars being spaced apart fromeach other; and a netal |ayer in contact
with at least a,portion oft thegl%i.l.l ars. wherein, the t§ ottoni.c cr.yst al
structure I's | ofAtEESER ST IEP PERIPIGEPIOFoTRe 2 RLPPREFIONUR I At apt ed t o
sel ecti vel youpR@libithe Rob&sbs0 tRARSIcE CompHsiag: Murfag\vif Pikebcdllse @ sarfagened

wavel ength to pass thro_ugﬁ t he photonic crystal structure to the

phot o- convef asubstrate\dagle pixel edllecomprisingsphogmeonyersion deviegspthse to at | east

one applied veltage: an erein.the su nuct urg. | apted to

Set et ve! bty PEBier PR Eh e SygUR NS SRR Bib e8P RRE T o1

per pendi cubm arfothek BEdiSfdfeheB&gRt fiofifthe SutiBsdeloRtiR JuBsttRE BOpEsiA® the at | east
one applied voltage. 8. The processor systemof claim?7, wherein the i mage
sensor i s a CMOBphotamigerystah sigucturg compeisipgocessor system of claim 7, wherein
the device is a_charge.coupled ice image _sensor ., 1Q.. The.processor
System of i ai v ARRE Y, SBpofetth EpleBRe SRS ety SFEUBE: Toured o
be contr ol paiHeenduyatitgRayetthy pillandRing spascall paitifitph ¥adhaytherf andd @del er m ned

el ectromagneti c wavel engths to reach the _ﬁhot o-conversion device at
di ff er ent layerds contgetiyith # laast A pertion of gherpilaysamhareingle Blatewe crysé et hod

conpri si ngst}elgguﬁg i lgc:ﬁédc%ﬁcr A M%mg Of ﬁlrerp?ﬁ/el &f:llspain)é%ldaﬁgé tosse?clcti@el?ur face of a

substrate, pixe
permit electromagnetic radiation having a predetermined wavelength to pass

through the photonic crystal structure to the photo-conversion device of the at
least one cell in response to at least one applied voltage; and

wherein the support structure is adapted to selectively displace the
photonic crystal structure in a direction perpendicular to the surface of the

substrate in response to the at least one applied voltage.

8. The processor system of claim 7, wherein the image sensor is a CMOS

image sensor.

9. The processor system of claim 7, wherein the device is a charge coupled

device image sensor.

10.  The processor system of claim 7, wherein the at least one MEMS element
is configured to be controllable by applied voltages to selectively permit
predetermined electromagnetic wavelengths to reach the photo-conversion device

at different times.
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formed conprising a photo-conversion device; and form ng at | east two mcro-
el ectro-nechani cal system (MEMS) el enents di spl aced over one anot her over at
| east one of the pixel cells conprising: a photonic crystal structure

| ocat ed over at |east one of the pixel cells adapted to selectively permt
el ectromagnetic radi ati on having a predeterm ned wavelength to reach the
phot o- conversi on device aof the at | east one cell in response to at |east

one appl i ed lvol Yamethodiof farming aeimagssenton the pethad cemprising the ‘_t“&ﬁfffi ses an
| nsul ati ng 'ay.erfomﬁHgRr%ﬁf‘)ﬂoPaéxél c?HPB [ durfald 54 Wbtratd, é%h';)ﬁéel gy of pillars
on the insulating layer, e " prlilTars being Spaced apart from each other;

and a conddérimedeohipyigingiaphotit@siersivnt devica] arldefosrhing ap tabt toio micrd-he pill ars;
and wherein the support structure is adapted to displace the photonic
crystal st elgstromeechanigal system(MEMPelpmerts displaced over pae angtherver g t he
Substrate i pQIsSe. - t one applied voltage. 12. The nethod of
claim11, %{@noqﬁeeplgglt&ggc%ﬁ%ﬁﬁ% the plurality of MEMS el enents

conprises confi gwphboaid drestilldioniclocitydbwdr ableast@ing o€ thetpixdieelleont rol | abl e by
applied voltages to selectively permt green wavel engths of [ight, red
wavel engt hadated togslectivgly permikelppitamagagicradistion hayving apredeieminede phot o-
conver si on i ' r I : : i m11l, wherein

t he act of “g’g(\rﬂ%ﬁ%qé Flegklfﬁpﬁr@llah %/dng?&ol{}]&%él%lgzﬁen 2& gto&n%rc%gglg configuring the
MEMB el enemdspoiise that leastione bpplideoltage, sel ectively pernmit visible wavel engths

of light and infrared wavel engths of light to, reach the E‘Q’Ot 0- conver si on
devi ce at diff epstein thegahotopue crysial stpetERcamPriseaahintylating layes n t he phot oni ¢

crystal str r i l: Ltk i bet ween t he
o T ars, "t AUHeE by HsbBSin nERIRE F3AalR) Gfiftes Uh il Mol B B8, °0 20 °3
di el ectri cpilnsheing spated Hrartlrdh @tch othér; andh@corriubwet lajerdh @bmbadthvitivher ei n t he
conductive layer is a netal |ayer, 17 )

at least a portion of the pillars; and wherein the support structure is adapted to

displace the photonic crystal structure in a direction perpendicular to the surface

of the substrate in response to the at least one applied voltage.

12.  The method of claim 11, wherein the act of forming the plurality of
MEMS elements comprises configuring the photonic crystal structures to be
controllable by applied voltages to selectively permit green wavelengths of light,
red wavelengths of light, and blue wavelengths of light to reach the photo-

conversion device at different times.

13.  The method of claim 11, wherein the act of forming the plurality of
MEMS elements comprises configuring the MEMS elements to be controllable to
selectively permit visible wavelengths of light and infrared wavelengths of light to

reach the photo-conversion device at different times.

14.  The method of claim 11, wherein the photonic crystal structure further
comprises material within the spacing between the pillars, the material having a
dielectric constant that is lower than a dielectric constant of the pillars.

15. The method of claim 11, wherein the conductive layer is a metal layer.

17



