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ot her pixel cells 10." [0004] The array 100 can al so
devigel ude a color filter array 30. The color filter

array includes color filters 31a, 31b, 31c, each

B el T e B B it
redMRY @l R eflinBet@ken piabl 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., a
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



(corresponding to a particular color) to pass through
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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



m cro- el ectro-nechani cal system (MVEVS) el enent
i ncluding a photonic crystal structure is provided
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FIG 3 is a three dinensional view of a portlon of an
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f .3 acc t 0 _anot her exenp
ren IR i AT L GHE (iR EaP e Anb frayed an
exteﬁ@mppﬁomhﬁv@ fl; photonic crystal structures
according to exen'pl ary enbodi nents of the invention;
[0016]] FIG 6 is a cross-sectional view of a portion
of O3] i maGKs. sSelﬁgctlnreadmaﬁgnsmml udwr@éammnmf%drnpgmse@mrcarray

ot SN TR ER S S

erfbciiSesetithoOmnatntionew of a portion of an inage sensor
array

[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;



i ncl udi ng MEMS- based photonic crystal el enents
accordi ng to anot her exenpl ary enbodi nent of the
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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.



[0023] The term "photonic crystal" refers to a
material and/or lattice of structures (e.g. an

wano@ngestent of pillars) with a periodic alteraCcirms2006/020243
the index of refraction. A "photonic crystal elenent”
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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=nlX
where ¢ = velocity of light in the medium of interest, n = frequency and Xl = 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
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Therefore, photonic crystals can be nmade in a w de

range of structures to accommodate the w de range of
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fu nt, wavel ength. Lt ch t SN
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Photonic Crystal Sl abs," Physical Review B, vol. 65,
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. tion of i
S 8 3 R Bk OBy AT AEINB TR i e
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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] In the 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



330 (e.g., range of wavel ength selectivity) as

described in nore detail below The elenents 330 are
woaniwietdied by circuitry 331. [0029] For il | usPCaisa®e/020243

pur poses, inmage sensor arrays 300A, 300B, 300C are
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"Di spl acenent - sensitive Photonic Cryst al Structures

Eﬁ&%ﬂéon | %:ggm% con n‘(;ee ‘@% :gxgrggfa%lgu & g 5%%'/11 15’1&5 3. Alayer
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be operated using circuitry 331 to select particul ar
thorgow| inelyding theophoto-aenyietsiasi éavidsad @ dndysom, Waslsistaye (not shown) of

BB IR Gy P SRR o Wppngphoiicn
glhs%t(BBSGg YollowddnBsfirst, etofd, (ahE@E)d ingerbiyer dleleetrmukmg 33x 374,
1 and e devices forned thereon i ncl udi ng

3 howpectiyalye s PERIVAKOR yer 379 1aaver the fird 19&651?\%%1{1%?@0 layer 375.
Oﬁ%all?,hm e 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 supported and
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the pixel cells 10. Over the TECS | ayer 371, there is

a layer 372 of borophosphosilicate glass (BPSG
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dielectric layers 373, 374, 375, respectively. A

passivation |layer 376 is over the third interlayer
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Ina dagital mcro-mrior device as disclosed
sampledl 31teﬁanww, tho ele@1c873, conliguradhiache ¢ontrioHele frosedacs Between

ef ren Th ort structure 7 can be
Vl%ﬁsggﬂt‘f’%vea) 81“#5 Ecg‘é’im(éign%ﬁlspl acenent of the
el enents 330. For exanple the elenents 330 can be

‘ F Cedl“ﬂeaetleﬁﬁélti ¥30 £896his1leM byodfrol cikealty 33, |G’0ntrol
spl'aced with respect to the substrate 1. Exenp

Clrawgwlﬁﬂ caissp Heecpplientionaf enp ex mersrvadisaes to @a@}é@%@ §1efrk9nts 330.

TR S5 8 n A, 48, SERITEDE e fom i

tranhREHitY SeYindegyiap bh@tblcohi/@blbn deioey Hadhlplaglcum the elements
nor e phot o- conversi on devices 12. Thu g@@Jnch E

caphe @w@rqﬂedﬁ@ plow pémcmaéwav@%g%ﬂf Ofilrf%lt mealy R PO

co%%g?loﬁ (Aev ﬁ%tﬂa}lt% ar il 1R SRERple! aelﬁ&‘i‘tg BQG‘ Eﬁ{jbé &ntrolled

¢ontror e t'o se ec%ﬂﬁetmeen I sible Tight
to \WHvw Ivésilgle mlghamdwlredchah@plhm@dmdl@ rigtahone fid@3B{ pTivent all light from

| ts, 33 t | db ' 3
rogebii BF PReipgianFs |7 oRs Sos SHETAE B arma: s gt
coﬂPBﬁed’l‘Bl atllﬂgfqﬁfrﬁl‘%d%ﬁ@ khsﬁfle @vﬁ@el@ﬁ%ﬁ@éﬂrlﬁgh@ﬁpbe ihBident on the photo—

enent s can be control event all or a
copml'sllon mlem’ces w:atdbffcrem tiyhes. fIn g lai@strﬂjed emabedimenie gachplement 330

133 a&#a% qu{glp ggeg_g% g\s/ee yero."ﬂ)S c%}”{ Ib% Sor %%amﬂl@ 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



can be controlled to allow particul ar wavel engt hs of

light to be incident on the photoconversion devices 12
weabkom/ip2a1ei cul ar time. For exanpl e, el enents 3BOTAB®06H20243

controlled to allow visible light to be reach the

phot odi odes 12 at one time and prevent all light from
surfaegctil ngchhlee pingerde cogiebstuptuae offiller0 aan e formed. For exaniple,

théb‘loés%rl%tr 56? Xﬂ beeél g ec{n% lg)?e(r) Igg gﬁ a lr1)21 fe? ?P é@ % eﬁ%é@ aﬁl(ll !:eﬂlmﬁave a

rared

thickedsd @&ﬁﬂlltﬁﬁltt&ﬁl%{iﬂif@ﬁ)ﬁl@@ﬁh’l&él? IS0 dﬂﬁpﬁ@ﬁm&%b&aOO A.
different tinmes. In the illustrated enbodi nent, each
el enent 330 is forned on a base | ayer 305. The base

| 30881 305A8 ahpm“em Kl 4Bxalippie3odi qﬁznatewéelmblef%tfwenng a

Pl el N o BB AR RSB BB Al putithnotude

alm‘iﬁquﬂ“I oxitleQsl,O9r tahtatum ogide I(TEa2®r3)r ajrcGO0A oxideRIZ80,)3hathiom oxide
rticular_order.is re UII‘ d for any of the actions
(D% P?@é@lﬁé&ee@ﬂwa@ﬁ (congjetivg %@%@%&1 IngiumsR, P¥idpgnd

zihdin BﬁﬁHiDehf 1‘% oth&r Of sﬁ&&l 8e ﬁoteﬁ“%ﬁe& rc@ﬁt;ﬁﬁ'l ter Y éa% r%ﬁélﬁ a

actions are descri ed as being per or med
phgtmés aystel thatrabsorbe aporten df shepletgisadsthe absorpiieh i xs &ncdseive,

e

AL®©Y sihca3f o ffeANedR@bddhytisthddai sBniBt e SiEY mtitla dhrrRE PMIpeRies. The
an approxi mately flatsurface on which the photonic

thiskpess af lae/ﬁlr 3t aandeghoden|as eped?g@)r dasirede Prfzfplﬁibb' layer 361 is
fo%n Vlrgg T ckn%sssew}glal re r%ggS goﬁ%lr%at% r}’ein(ﬁ)CA te gpprg%glately

er of
saoblﬁckness W|th| n the range of approxi mately 50 Ato
approxi mately 200 A. [0038] As shown in FIG 4B, a

Ia er 361 of material suitable for form anla photonlc

hl i Ysingpmeaskdevsh thaehasenie crysipbmapois! lapstaipd|igpatismed

an? e oo A MU TR0 i iy m i 4

RdffalfrigllgllmF 03] 4@ tgdrfaﬁﬁ)x/d gﬁsfpﬁcmgbdmmnshé pld:lgts%Z taudek thickness d
conductive oxi de ch_as indiumt i de, an

ofpyee Sp 1 kordieighe of Hgar%%@rcgn g? vaugdgIaghisge festted chaagteristics
oﬁﬁé %ﬁ’dt@m agfa'l g ¢ nt 'ﬁeﬁ3% PHRLERIVE]S EEShAd xId @ lvithin the

rbs a rtion o otons. If thé absorption Is
rasgeaisappuoimefebnit mnpefdmmatehcw dé patbenide the prllats 362 yo achieve a

ff d., . Pref bl I 361
aedireeDf o gl Pz e o e d P aphy 16eh e, the
pillatsichiP ald@ b FéneR LSRG shaRE-defltR ﬁtﬁd()]g}lélggﬁf &fthhﬁM@Fllﬁﬁ]are
re

can be chosen as needed or desire erably, Tayer
degi®ed pw process steps rather than a mask layer.

[0040] The pillars 362 can be formed having any desired horizontal cross-
sectional shape. FIGS. 5A-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



formed having a thickness within the range of
approximately 100 A to approxi mately 5000 A. [0039]
woO=bosg3zsimask | evel , the photonic crystal natePC&US2006/020243
| ayer 361 is patterned and etched to create photonic
crystal structure pillars 362, as depicted in FIG 4C
A iRefEX rdireetid sidhGhat4Gillart B 2rfadn eact/ anedouti pausivnd. frrms a column

B inghe T drostiig MIHARD: bt 1104an 500 SEnlie Bulapa i amranged
in 1%%'21 lﬂl%SA net‘]i]{ e KB RALE W1t§téa91§rd%\‘; albﬁ% iR Al ¥ ELoffset from an

rysa the tilter ustratively, the
adjncdnt o Ad sucfh fhattphillars Bdiﬂafrmalrfgerycﬁth%rppWo& forat @pglumniBrand B,

pr o | f patterning the pillars 362 to
res %’I‘h ergg‘hﬁlgqlfe@t}("?atl o x/dis a challenge with
eX|st|ng mask- defined |ithography techniques, the

%2? S G¢abh #MidQeley, spAdRLk, Ugd Rios ReAhtl Gfds@@cd:tlonal shape of
graphy, such tRat the pillars are defined

themlbare§62 sriepttivaofithe pilkan3 2, rad kel mgteral qf @@m]lmﬁéZ and layer

R

ph&BBRRIpt sRhdth@rand SBeiipgiovilit Gesired prepetidsaif elﬁmaants 330.
view of el enent 330 with pillars 362 having a circul ar
hori zontal cross-sectional shape (i.e,, the pillars

3[694% e o@dcprdm@ @)an xpmglarsembedinsa ofdbe EvcBhAraR EPtes Iow
dleﬁ :fl clz'lcgclﬁllg%flp f@y a§6§ dage ?Vﬁog a({ 1?6‘%%’9%% D286 PSR e}fl%ﬁ%d using a

i on apes, ‘respectiv
CNIPQép) asAllﬁmatécm G| 4Br $2362368 2an be fanied g ealy smtahle material

variety of orientations. As_shog FI G 5A,
haying lade® dzdectee eonstanh feferkapinle §Q§mhﬂ‘é§11@21 *HW%OHWS “In one

exgﬂ‘l#;]l%iéy érglgoéﬁ?ﬁgntr ﬁl\éﬁiéﬁe'r A3 Nerorfnd 5%bﬁﬁa1 ey 4 Jﬁ@Iect@lc constant

m each consecutive row A fornms a col um
10\3611 thart thet of tHe pilats 362, Thetleyend63 val g foaved hpway sutaplecechnique.
5D t he plllars 362 can be arranged in rows along |ine
Ain the X direction with each row alo line A bei.n

of0044} 1 rdeRoEHNAE %@mnqtlgﬁleﬁemgla@heq Eﬁltr #s.showgdn hRIG. 4E,
thd b éﬂg}s‘%\é@r Qéalﬂ%' or rpg:Wechﬁtﬁraﬁ‘ ?tl&?il HORBL PO HInB364. In one

S ectlve direction 0042] Each
erﬂHmdﬁkmSthe dondsxpaxze fign 264 is/accopaen ﬁdm Hbhrs f2lon3ed can be formed by

Cros sec i.onal sh the pillars 362, orientation
any Suit f"P&P"s R 7 cgrﬁ {aflﬂ% material of the pillars

362 and Iayer 363 or 364, described below, are
fd og' eSp éﬁéﬂbpéhl&ﬁf'rn% SR8 ENFLES A RVAE, & Hedl lagd 365 is

ic crystal structure and, therefore, provide
deﬂeﬁteldéxy anyy opitatile @shmﬁu@‘b‘@nr@mmllag 362 (as shown in FIG. 4F) The metal
Jayer 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



[0043] According to an exenpl ary enbodi nent of the

i nvention, an optional |ow dielectric constant |ayer
woladsi1s281eposi t ed between the pillars 362 and PCT/US2006/020243

pl anari zed using a CVMP step, as illustrated in FIG

4D. Layer 363 can be forned of any suitable materi al
orjeaAtieg 0£ thequilleys 8p2cmeingatertnhsofnitlars B6? and kuypt 363) S@Ghovaried to

di
sl BRI Sy e K R o i i
clanast 330 axid}ﬂ&lretbfbametd’e@"te&}fropé}ﬁespd)ﬂ dléhént3830. Ehﬁ‘e :llRM@zﬁted
363.can .be_fo any suitable tech

n
embadinentip FG: %rﬁr%n %"-‘é?%%fldvtélré}? éﬂgl@)hawehffereatsphotomc
m?ﬂ&ﬁﬁub &I G 4E, the pillars 362 are coated or plated
an optlonal conductive film364. In one
errbodl ment, the conductive film364 is a copper film
THRO47] | m "B@dompretekxhe BeayTBOD A yddifiynas pidcadshiy stt@fshﬁd}qibe,
ectrop ating. .[0045] In either enbodi
pegﬁqg%ﬁd J;?l rque%p €4 EPIEWEU%'E clyveenibg c1rca1§,t§y 3lgand; tge elements 330 can

beq%ﬁ‘ﬁﬁ tiagiay, aﬁaﬂloﬁﬂ' Joﬁ@%g%oh?ﬁ?@éeg#g Qtl\égs{/ %a;llht%é%kiiloglﬂéfto form

2 (as shown In FIG
COpmrtt@nmledlcm}lans@aZOe a first MEMS-based photonic
crystal el ement 330. Specifically, the netal Iayer 365
[ hed as desired and tQ _repove

erned and et
eBBRﬁnﬁ}n&%l f Photeniggrysfal F%%Weéef:,ths\%qmqnpﬁeﬁo the
ah%Hﬁh*eﬁr (ﬁ’QHé’ &Eﬁﬂeﬂt@ 3964hEaR d:ls%lacje_ﬁl%nteﬂa?ﬁﬁ&krs%gé)cﬂdg&{ 1de8ble

pillars 362, optionally layer
seh:etlen bé¢tegen the %Slrdﬂmiemom@canaveﬂﬁmgéue The Blemeetse’m@man be

s P A B o1 s e

thé ViRl 1eﬂ a8 cHoddtelo oBéite ’shetdlaﬁreﬂli@é‘dtﬂ'(‘)gtaﬁc Retyas 'ahstpth%e the
pillars the ratio x/d, the horizontal

el@fﬁ%@%‘b@t@bﬁﬁ@ thetslepiseddtansmittapice pag refiggance characterlstlcs of the

d
SRR 0 DA PRS0 8 B g oo
5 Yzfe]sss toehopd 2t Yolts crystal structure for each of the

first, second and third el enents 330 and, therefore,

the deS|red propertles of elenments 330. In the
i [40421 r at T4 &rfispigtsanather pxqmpdarypmbodinaent of a pivelampi300B with

MEM Iy BloR: !
o Ry gl sy U ETOPRINNE mogppponc
crystidistricingd ofjplaneat 330 garslbeeﬁglmyedbsaclpﬂraf thiersbainenf 830 has the

ex | e, .connect i ons, bfet ween the circujt rfy 331 and the
degiy Hp%r’ugss@ -Boslectivity 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



be formed. Further, additional conventional processing
steps can be perfornmed to form conventi onal

woiersn3tsamses 20. [ 0048] Dependi ng on the phot 8airaS2006/020243
crystal structures of the elenents 330, the alignnment
of the elenents 330 and the displacenent paraneters

degiices thoghus, lightdneidens ogeine ot more snecifisarcasieé theemtaySQ0B can be

tr net I
e ARS8 L el bE TRl R By Bvee
Vlilbl‘éﬂ%ﬁt whelédpghssandshfrake whvelegthe Xl&rmhﬁ tht Reriatitd (@delmess d of
plied are chosen to create the desired el ect roslt?atl C

Loy 6 et spagingpt betweemibe arliae s tpdetie &/ da i hoyigonigecross-
segtfcﬁ{t Lgﬁgﬁ bt ﬁa@%‘g&f Egé;%ipe{ngt oﬁ%tf?lfé;}gléélg ?g?,%%&hét&ﬁﬂé of

enen ary vo
pilare 862 bihd lagert 363) etecseiznted (3@ 3chiewrthd dediet! phetonmhwystal Structure for

eaﬁéﬁ%ﬁﬁvab ut 2 VoI ts. 3(;'5[0&“394113':' G ,ﬁgg@% tp??Paegtcl)gsrz) r
&R B eﬁdcﬁﬁ@ﬁaﬁ@' &epéhbﬁ%%%h 1R ﬁ’f@&hc %ta@ﬁﬁ%ﬁb@@f the elements

the i nvention. hot oni ¢ crysta structure of
336\, thetigni38@ of ahne ¢iememg B endsthe dlisphaceinant raramalers pesnehosen to

R T R R A

volfage p?ﬁ&’d 3RQBosANo tRAMAH: asside shcirbRalicfdedes té fisplace the
connection with FIGS. 4A- 5D, except that one photaqnic

elemengs 330 tof asirene shealsiredsiransayitsance gad reflegtangegharagtesmstics of the
el&héﬁL Appl ication of a voltage to the el enent 330
causes dISp| acenent of the el enent 330. Such
d| spI acenent causes cause changes in the transmttance

ﬁf | evilRAGR: dbhaems B30 nsicoafg@td tdise domroHbble ¢ soles between
t Thus, the el enments 330 can be operated to

e
Vlglb? edight W@Velﬁ%gtbs ad igtrasga vevelsaeths this pasfeealedhat the peeto-
[
o?ﬁét@ﬁpﬁ%g ed {f@%@%%tg@etnﬂg%?m% %&e lo‘é%&é@%%s.i gﬂ?gﬂnb!)@iment
emablef tgLareg 3tOOBhe saopievidibla bigkt duwingeheddy andl ipfrpred wewelengths at
all Light. from.reaching.one. or
i Ghior RO IO R ity smpLcAtl futo e Vet sy
aﬁf,ﬁgatg;nsnore specific areas of the array 300B can be
sanpled. Alternatively, the elenment is configured to
be controll able to select between visible |ight
W24 ngt hsarmﬂd:r iembp dirmesait, \MGeV dejtts snother exetripdary ehbodiment of

R NI NN T DT .
inGERond %Eﬂe‘l“l@. 7 embodiment, deplcts 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 times. 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



shape of the pillars 362, the orientation of the
pillars 362, and materials of pillars 362 and | ayer
w0@ae)s/1arsa4sel ected to achi eve the desired phot 8aras2006/020243
crystal structure for each of the first and second
| ements_330 and, therefore, the desired properties of
cedp érearplinged, grean end hlae wavelgagibnatiemgt peccssaey. phlys owiydncrease

5By B ASRAESAL 06, 9 SR ilnet R AR 350
coafigureti os sarve as 2oebl Rligehag (Ardthheiephes airieoIREFIGR).

el ectromagneti c wavel engt hs. For exanple, the voltages

ag&éi id are chosen to create the desired electrostatic
f 61088 t oWdierstha glements 330 dwaation taalow sacharikeeelllAdo sample red,

88544 ] ; eristi
B e e p B e R ERE FAREARL TR P e
effconfe guer edvitlordnge obnhveibngiid. e t o sel ect bet ween

visible Iight wavel engths and infrared wavel engths, it

STNBAfT VeR B sl MG Gasistecnis S0 #opheiatad:pethe block diagram
. , | i Sii
oflﬁ?ﬁ@pg’.' T‘H@fme?gré%@ﬁs%g 8bf ﬁlcgfdireﬁ%f Pg%g%l%mg%c}éb%%ﬂ S an

i ght during the day an
emtioghment Dl the, invénition e ithe dixebedllsiof apay B0@AIbardrsanged in a

applicabl e to autqgnotive, and curity appl.ications.
Pri GBI oSt AL SO WEBb HhAaNe; Aceatvelyolie dngeetBenA00 can
inElY@NPthar pix&1EeN AP UccOiidin Bian bRt Rht 3PHe iMbdnlBion, such as any
MEMS- based photonic crystal elenments 330 according to

ofarrays e WWC.m the FIG 7 enbodi ment, depicts a
pi xel cell array 300C including first, second and

t By el nts 330 ach.havin hot oni ¢ cryst al
stu 0 égl ur :ﬁ{s&rrﬁgsé’? BWﬁ?egﬂé%ﬁﬂ@f go (%f g‘\?ir %Pn8¥VPE?'e nt
Adeeidiidl$, pikél,celiPin Dro: of RRYSOSARMS 811 F3ELtERdr Bidout at the same
.controlled to allow particul ar wavel engths of light to
tinpby #EqW adlect dinet and egelopisclkestie pstlseted eaw prayides asignal
|G ' . I 330. be for.ned at
refBchLEiNe BE sk e iAo B EIEERL B VS PR B JRVIERES 104y cach
cobesi aleaharckeltepane iand tierpikdl ecNbytdachn gblasmaire sdleitivelyQead out in
be sel ecteqd for by each el enment 330. For exanpl e,
respPRifdAdiee WnEQﬂe%én@ﬁntrolled to allow red, green and
bl ue wavel engths of light to be incident on the
co . . .
P oA SR il 00 o R0 e R gy v
88Blimeespanse t@ruyt hddress 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 (Vys;) and a pixel image signal (Vnoto) 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 (Vs — Vphoto) 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-

13



can be sanpled at different tinmes by a sane pixel cell

10. Accordingly, separate pixelcells for sanpling red,
wgnrewn3zaid bl ue wavel engt hs are not necessary. PCHiIUS2006/920243

i ncrease the resolution of the imger array 300C. In

t he enbodi nent of FIG 7, elenents 330 are configured
dightal 6dveReraAIC)C8H80Theiahblop-tadigita] ¢averter88S8 suppliesdhe digitized

carray of 30 FIG 1). Lg 53@.\4\%&3 the el ements 330 .

pixelsighalyip AHIMASE HPCEROh S D YEILCIRATOrRS 2pRoRLS I agS R ocessing
3 I 1S ilnhgd eferable that the

be%ﬁ%ﬁk@%%/@%ﬁ?é%@%&?(@g{s 12 lglfra‘oééglfl gct ive over a wde

range of wavel engths. [0054] A single chip CMOS i nage
s[e058)r 8MGI 8 iliustratet b atedssoy-baded sstemi®0fiiagnding dfe iflage sensor

. I rage sensor, 800 includes a pixel cell arra .
08 BRI & o g e e EHER N S Gren R afvae B fpeisial
cirBhit&hatc@hlSinOhdf ¥ 3RO d8¥iEesa 'WRRGR Bein Aniting, such a system

predet erm ned nunber of columms and rows.

couldtinclndet 4 carhyyten dysteinyagacre sysion, Bomnasanashies vigienoydhigle

i xel ce]l arrays according to a i
nafigtie Fice DR et IRF St JubTpBR ek BiaybESptem
matdR dedBoRbysink dinag€bthbilizaticarsyayms BPotheesysearempibyinge
by one. Accordingly, pixel cells in a row of array

im3@oa are all selected for readout at the same time by
a row select line, and each pixel cell in a selected

: . I . . .
B o B SRCREN ol Ry S erty
cofipeiBestdantial Hbe@sidgmni (SBUR09S, Isicteas @unitbroprecgsorgthat
cells of each columm are selectively read gt in
comapIRies Wish enEpEEewRw (YO devics ?%’eg‘.’ef[dg’e%? S THBagegRRsor 800
diledi B HRICD 995 816 REVIE! IHEhoakh: HRLE dyditin 900

w driver n response to row address decoder” 881.
alsbhacladdsuandse haets inemesy @AM 892 cini vat inchuleiremoeabldmperiory

osd s St sofe B et e AP Y5 B8 pp >
hr%gg 8@%8} SR m&¥ hE hrhbRBB withhi 1 Bck U §ueh as adE Wsgital signal

rs 881,” 885 for selecting the appropriate row
pracedsarpdumitrdgroesssdrowithox witheutgpenonystaragsa on asiggle integrated

.circuitry.331 controls the NEMS-based photonic crystal
CLCHE QERR & ﬁ?nt[cg'ﬁ%{}‘fnﬁ}?@rg‘feéﬁoél s on the col um readout

lines typically include a pixel reset signal (Vrst)

anghed] Pi X&lthdiPhARe HivaR@dn ic MBGeibed if @nneatvh Witk EMOR irthage

Both signals are read _ L oy
sensor, MEMS-based photonic crystal elements 330 have various applications within

alJoi
ro

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] It is 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.
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into a sanple and hold circuit (S/H 886 in response
to the columm driver 884. A differential signal (Vrst

wo 2Mphieesay i s produced by differential anplifi eCT(UAMSS/020243
887 for each pixel cell, and each pixel cell"'s
differential signal is anplified and digitized by
anal og-todi gital convert€LAIMYX) 888. The

| og-to-digital converter 888 s lies t di gi.t.i zed

o et gé‘ﬁagwaﬂ S PgY aRd 5%&5@ %P%Bregfgﬁeﬁ%yég%ewﬂfaéw%f te ited
stRedkorms appropriate image processing before providing

digital signals defining an i mage output. [0058] FIG

9 illustrates a processor-based system 900 i ncl uding

t heli NnAg4MegnsAHFOIBVONSHINGl G 8. The processor - based

system 900 is exenplary of a system having digital

Ci r cui trsarrdyadf pixellcelld atel sudfecd ofegmabsteats eaclipmieloeedl.

Wthout being limting, such a systemcould include a

CQ@Ut&fmﬁYﬁﬁeﬁbh&Mﬁ@rﬁwﬁﬂ@ﬁe; sg@nner, machine
vi sion, vehicle navigation, video phone, surveillance

syst emy 1844 Gnd ﬂ?éfé—.ei%%ﬁ&?ﬁ@ch%lﬁ Ilzsggté}ﬁ‘&fe&néﬂst em notion

detection system inmage sta tion system and

ot her system e i.ng_i ing. [005 The

pr oces%%pprbsé%geggfgq%wg%sg%g?ﬂq%}re Xar ﬁeeasgo%eaor%]?%
system_ generally conprises a central processing unit
(CPU) DSl cedls dor sglechively prgpitnes 39’5“381%&0 TRYARRMI cat es
with an input/output (1/0O device 991 over a bus 993.
| mage banspa pBdoteahingd soneangth s weclibephotve CPU 995
over bus 993. The processor-based system 900 al so

i ncl udesavessidodaviceadsise atdeast yne(dsAM) r&Penseandt least

i ncl ude renovabl e nenory 994, such as flash nenory,
whi ch ghsghtiedWyRideat e with CPU 995 over the bus 993.
| mmge sensor 800 may be conbined with a processor,

such a . [ . S0 -

i o Popr 5E Ly sl Blal 1IRRULCPERRARAY o pllfaity of |
single jntegrated,circuit or on a different chip than
t he pr §EBEY rs?a‘:??fb%ﬁtﬁf%lﬁ fheshramEeicRlent i on i s
described in connection with CMOS i mage sensor,

VEMB- bdbe émpgroteasirof elajm 2aihelebnPa £le0®88 #ave vari ous
applications wthin optoel ectronic devices. This

speci f coaiguwed fodbermontroidbdnbly aprilicd ivelthgesite pelegtivebr
exanpl e, MEMS-based photonic crystal elenents 330
accor dipbgnit grebh vaiveleegihd oflighared vaesiphged lighta Char ge

Coupl ed Devi ce i mage sensor or other optoel ectronic
devi cegnd blue wavelengths of light to reach the photo-conversion
device at different times.
4. The image sensor of claim 2, wherein the 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.

5. The image sensor of claim 1, further comprising at least two

elements stacked over at least one of the pixel cells.
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[0061] It is again noted that the above description

and drawi ngs are exenplary and illustrate preferred
weonhdiszeamt s t hat achi eve the obj ects, feature8Camng2006/020243

advant ages of the present invention. It is not

i ntended that the present invention be limted to the

i 1] @it Tigd ipchge sbedi ofvidim 1,Aryereindid dlementansupipottbd

present invention which conmes within the spirit and

scope @f o bifpofiQthiotd Br 6ARINFRLS Blemkst B®e@apiceer ed
part og?hdﬁgr esent i nf/ent iﬂgﬁ. CLAI M5 What is clained

as ne [ Pat ent
of tnevERfedEt ol EhuifcdT oY ARRELER Ribcnts ke
conpri si ng: array of pixel cells at a surface of a
substr%’tpil,gd(‘—fglg ®pi xel cell conprising a

phot o- conversi on device; and at |east one

ni c¥-o- Eheistass sprsehahelaim 1.oykaramils dFBait COBIEISFS? ng a
photonic crystal structure over at |east one of the

pi xel pletdlisy 6ipillans beimgispadey apant fiont ¢ash odlieect r omagnet i ¢
radi ati on having a predeterm ned wavel ength to reach

t heg phThoOreHp¢eEIo0 b1 e Tewldreinhibe elbmestefatthane cell in
response to at | east one applied voltage. 2. The inmage

sensor ¢ o, 6de8h Materidl Withiethe SPMBMd 15dtRBerBth blllad, itey Of

el enents stacked over the at | east one piXxel cell. 3.

The | : . £l aj ' I t
cont | gneaes g Elefelle e ANE R ages to-

sel ecti 'Vfl . permt %reen wavel engt hs of |ight, red
i

wavel efiglorgiconstanint the;pilfass) ye wavel engths of Iight to

reach the photo-conversion device at different times.
4. $neThertmreesensos of elping Bafurther copsistigs mael BYehent s
are configured to be controllable by applied voltages
t o sel actdntael with at least a portion of the pillars.

10. The image sensor of claim 8, wherein the element further
comprises a conductive material in contact with the pillars.
11. The image sensor of claim 8, wherein the pillars comprise
aluminum oxide.
12. A processor system comprising:
a processor; and
an optoelectronic device coupled to the processor, the device
comprising:
an array of pixel cells at a surface of a substrate, each pixel cell
comprising a photo-conversion device, and
at least one micro-electro-mechanical system element comprising a

photonic crystal structure over at least one of the pixel cells for
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permt visible wavel engths of |light and infrared

wavel engths of |light to reach the photo-conversion
wdevieris2sat different tines. 5. The inmage sensoPCOUS2006/020243

claim1l1, further conprising at |east two el enents

stacked over at |east one of the pixel cells.6. The

i mage sensGglesfively pérmifting wheetremagridiie radietimriiavirs a

supported by a support structure for causing the

el enent to ﬁ@de%rﬁﬁﬂéﬂ%el’@n thSRABGhe SIdtE coMfckAGLdSice of the

the substrdte 1n response to the applied voltage. 7.

The i mage sensor of gl aj ' I

conpri ses aa?geiaﬁtroa b @ ng*é%ﬁsfa\gr]?lgég?%%g]% giggg‘s Igé git

fromeach other. 8. The. i e sens of claim?7

WhET e HheqRceats st FLr SoBRaP b Popdru btk &

wi thin the spacing between the pillars, the materi al

havi ng GM@)Seimeagesersotonst ant that is | ower than a

di el ectric constant of the pillars. 9. The inage

seh&orTiefprotaasonsgstedhwfichém 1@owhereii thg devieeisal | ayer in

contact with at |east a portion of the pillars. 10.

The | reag@ecopIed de¥icIndda®s8asowher ei n the el ement
further conprises a conductive material in contact

W ih tRG ;ﬁ'géé&ﬁfrﬁsgst% of Eim! 17B4ReRRNEO0 bt BhstGhal M SA

wherein t rs conprise alum num oxide. 12.
opt ool Snpran comeyago b sHfiRp LR ¥,
S Al ShVely SeBat PR TBRER 5P RRR Rt AR ng a
phot o- conversi on device, and at |east one i
ni cr o-telreashrtbe peahanitcusion jeteningpwens todgpplied ng a
a voltage.
16. A micro-electro-mechanical system element for an
optoelectronic device, the element comprising:
a substrate;
a support structure over the substrate;
an insulating layer supported by the support structure;
a plurality of pillars forming a photonic crystal structure on the
insulating layer, the pillars being spaced apart from each other;
and
a metal layer in contact with at least a portion of the pillars, the
support structure configured to be controllable by applied

voltages to displace the photonic crystal structure with respect

to a surface of the substrate to selectively permit
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photonic crystal structure over at |east one of the

pi xel cells forselectively permtting el ectromagnetic
woadica32sam havi ng a predeternm ned wavel engt h t 8BCTABE06/020243

t he photo-conversion device of the at |east one cell

in response to at | east one applied voltage. 13. The

pr oc egkRfromygictidvadvezhgihetdlizachnhe photo-dongersivage sensor

is a CMOS i nage sensor. 14. The processor system of

cl ai Mgl gice BARH BN w@afg%prﬁ&i foShémetaarager. coupl ed

devi ce image sensor he processor systemof claim

12, V\'hl?lr e& {ﬁq%ntl% St tamll §8Sdurt é}ecoﬁltp BB thte r‘{/lﬂﬁh'r ed to

be ‘con ’Ile to se ectlvey

permt redet ne ctro net vel engt.h to
reach %paﬁW@%&glé%ﬁ‘fg]é E’ea ﬁlhﬁlem%gﬁ%% %
applied a voltage. 16. A m cro el ect r g- mechani caI

syst erthemetasiat within the spasingds e g HelgetEs, t he

el ement conprising: a substrate; a support structure
over tdoastsmiadttheapifarsan i nsul ating | ayer supported by
the support structure; a plurality of pillars form ng

a photTHY dlerBént OF alairh t b Ukt Eccopiprishe d cmdbettvierfgm ayer ,
the pillars being spaced apart from each other; and a
met al 31?&’1@? Ha contact with at least a portion of the
plllars e support structure configured to be

Cont Ohl AL S e anBb KAt AR So et ophace Lhe

Puct Ure “wi respect to a surface
of t he subst rat e to selectively permtel ectromagnetic
wavel eitgRMSE PAP€ach the phot o- conversion device based
upon vol tage applied to the nmetal l|ayer. 17. The
el 3prenThadlempatiofclpén I6uwhersin the pplarsdiavg adeight er i al
wi thin

within the range of approximately 100 A to approximately

5000 A.

21. The element of claim 16, wherein a ratio of the spacing
between the pillars to a height of the pillars is within the range
of approximately 1 to approximately 10.

22. The element of claim 16, wherein the pillars each have a
circular horizontal cross-sectional shape.

23. The element of claim 16, wherein the pillars each have a
substantially pentagonal horizontal cross-sectional shape.

24. The element of claim 16, wherein the pillars each have a
substantially rectangular horizontal cross-sectional shape.

25. The element of claim 16, wherein the pillars comprise

aluminum oxide.
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the spacing between the pillars, wherein a dielectric
constant of the material within the spacing is | ower

woheos/1328disel ectric constant of the pillars. 18PCThiS2006/020243
el ement of claim 16, further conprising a conductive
filmon the pillars. 19. The el enment of claim 18,

Wheg, eiThetdien €@ 86 diain 16, Whdrenaeapitlbsesmpoppntal@. The
el enent of claim 16, wherein the pillars have a hei ght

wi thin,the range of approximately 100 A to
approximately 5000 A. 21. The elenent of claiml16,

' ' . i ' J il
Bt e pRon: B¢ Seph 18, OREEL RELIERGRE P Tars 10

approximately 1 to approximately 10. 22. The el enent
of cIé?%PE@Fyﬁﬂé?ein the pillars each have a circul ar
hori zontal cross-sectional shape. 23. The el epent of
cl 28. m e, element off alaim d 6pvherainghe pidlarsipepeprige hafnium
substantially pentagonal horizontal cross-sectiona
shape.ox2de. The el enment of claim 16, wherein the
pillars each have a substantially rectangul ar

hop9 z ol o chaatlicowhtreBltap pillafcompige @l ement  of
claim 16, wherein the pillars conprise alum num

OXidej%Eﬁu&h&mﬁéﬁﬁEﬁk.Of claim 16, wherein the pillars

conprise tantalum oxide. 27. The el enent of claim 16,

P85 e EhEnSOTRNGER GHOTRN 4Bl 25, T
haf ni uggn?ll)iti:tidv% oxide.
31. A method of forming an image sensor, the method comprising
the acts of:
forming an array of pixel cells at a surface of a substrate, each
pixel cell formed comprising a photo-conversion device; and
forming at least one micro-electro-mechanical system element
comprising a photonic crystal structure over at least one of the
pixel cells, each element for selectively permitting
electromagnetic radiation having a predetermined wavelength
to reach the photo-conversion device of the at least one cell in
response to at least one applied voltage.
32. The method of claim 31, further comprising the act of forming
a plurality of elements over the at least one pixel cell.

33. The method of claim 32, wherein the act of forming the

plurality of elements comprises configuring the photonic
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29. The elenent of claim 16, wherein the pillars

conprise a hafniumbased silicate. 30. The el enent of
woledenm3idis wherein the pillars conprise a condeCriU$e006/020243

oxi de. 31. A nmethod of form ng an i mage sensor, the

met hod conprising the acts of: formng an array of

pi xel cewtdl sletents t6 be fauteolblecbysapiplitd moléagestch pi xel

cell formed conprising a photo-conversion device; and

f or m RgeatvdPAtniOfBedWaverRtiRUNigheehwivd@lgtisy st em

el ement conprising a photonic crystal structure over

at | e%ﬁigﬁt? GnPbiub Q&v@liéaﬁ%}mse gfllg%h? to RAGHe!BAROt for

selectively permttin magneti ¢ radi ation
havi ng a pr.edetermn wavel ength to reach the

phot o%ﬁ?ﬁ%@f’%%ﬂ%@fﬁ&@re fUPEe "at | east one cell in
response to at | east one applied voltage., 32. The

meth od hefmethed e claim 33, veheasn thsrdst PIiorgerbe act of

formng a plurality of elenents over the at |east one
pi xel pleklity 2lenfinés compirisds ednfiguangil®phoigned ei n t he
act of formng the plurality of elenents conprises
conf i guydtal@ldnatpiodeanheoliabid @l sekbévainpantipvisible
controll able by applied voltages to selectively permt

green \M@éfén%ﬁlgto@ﬁgﬂg ankiii8fMred Kvadelv@MBd SMEEnR%o Rhcl | ght,

and bl ue wavel engths of light to reach the

ohot OSRURRLAN UM SR BL SRl TS, 34 The

met ho m e e act of forming the
plurality o I nts. ¢ ri ses .confj guri t he
Dbt orfe sref o Tam Feribah s o BE R PO Rbra
selectively permt visible wavel engths of |ight and
i nf r arleest e elemsgisieyeott leasyene ighe pixeheellse
phot o- conversion device at different tines.
36. The image sensor of claim 35, wherein a first element is formed
over a second photonic crystal element.
37. The method of claim 31, further comprising the act of
providing a support structure for supporting the element and for
causing the element to be displaced with respect to a surface of
the substrate in response to the at least one applied voltage.
38. The method of claim 31, wherein the act of forming the
element comprises forming a plurality of pillars spaced apart
from each other.
39. The method of claim 38, wherein the act of forming the
element further comprises forming a material within the

spacing between the pillars, the material having a dielectric

constant that is lower than a dielectric constant of the pillars.
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35. The nethod of claim 31, further conprising the act
of formng |least two el enents over at |east one of the
woizp@l13zsakl s. 36. The i nage sensor of cl ai m 35pCTuse®icnn20243

a first elenent is fornmed over a second photonic

crystal elenment. 37. The nethod of claim 31, further

codpr i Shewgethbé ofictinm BS pwhartidithegac of foymarg thst r uct ur e

for supporting the elenment and for causing the el enent

to be gisphiFaRRerWollprik@sPaaingtadnéaslydras eothettwith
substrate in response to the at | east one applied

vol tagﬁ:lea%ﬁ?ﬁgﬁ%fl%ﬂﬂé‘}ﬂll&g. claim 31, wherein the act

of formng e el enent” conprises formng a plurality

et Rod B FeRRRF Sui oy A RS of K B, g T

el ement. further conprises formng a material .wthin
the spdlemsy BEhwcemprises iormmgracondytivemateriialin hayi ng a
dielectric constant that is lower than a dielectric
const aeantast withghepillarsr s. 40. The met hod of cl ai m 38,
wherein the act of form ng the el enent further

conpr i aasethed of fogmihgEhidro-ERyR6-niechaded] agdtenad t h at

| east a portion of the pillars. 41. The nethod of

cl ai m 38meM¥BF &4 BptbBI8ciBsitic 8dvide) BH¥ M&hdd€orfth t

further conprises formng a conductive material in
cont ac} vgi{rb,the pillars. 42. A method of formng a

. e dcts of: :

m cro- €l ectro-nechani cal system el ement for an

opt oel ectroni c device, the nethod conprising the acts

of : prOVEER POSEHSt rate; providing a support
structure over the substrate; formng an insulating
| ayer BUOPiRE LePBYIiHECHIRRYSF thesPPLitaiGr e;
forming an insulating layer supported by the support structure;
forming a layer of a photonic crystal material over the
insulating layer;
patterning the photonic crystal material layer to form a plurality
of pillars forming a photonic crystal structure, the pillars
formed spaced apart from each other and each having a height
and a horizontal cross-sectional shape; and
a metal layer in contact with at least a portion of the pillars, the
support structure configured to be controllable to displace the
photonic crystal structure with respect to a surface of the
substrate to selectively permit electromagnetic wavelengths to

reach the photo-conversion device based upon a voltage applied

to the metal layer.
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formng a | ayer of a photonic crystal material over
the insulating |ayer; patterning the photonic crystal

woabt@rizzdi4l ayer to forma plurality of pillarsptomseeng020243

a photonic crystal structure, the pillars forned
spaced apart from each other and each having a hei ght
anyd. a Themhahot of clainos fatier comatisiag dpaict andrminget al

| ayer in contact with at |east a portion of the

pi |l aranPatEHﬁ Wil el spadih s bétiietn SRl AL Naskréif the
controllable to displace the photonic crystal

stru Ctdléeg Sl fgé}ls{a?f BF @te éllfxager?al mg@ﬁl%.sgéc\}\g@g igpdstrate

to sel ive per m ctromagneti engths to
reach the ot 0- conversj on, devj ce based upon a voltage
appl i & I‘ctg‘ggl‘?iecﬁﬁ‘i Hns a&b%‘?‘higmaﬁ%e met hod of cl ai m 42,
further conprising the act of formng a eri al
wi 4hi Therneetbprhef dlginbéd. disdher CABPHFNE él?eséct&ﬁ % t he
dielectric constant of the material within the spacing
i s | owsrontihaivetflim afi the pdtard.c constant of the pillars.
44, The nmethod of claim42, further conprising the act
of 44, orTHeNAeiBod 6NElbit 1y, avifdrdimtiencontiactpiclfllaris foréfed The
met hod of claim44, wherein the conductive filmis

f or med, GRIHS copper. 46. The nethod of claim 42,
wher ei r?nt‘“émlgi%:opg?r's are fornmed having a height within

the r e 0 r,oxi pat el y . i .ely 5000
A. E@??ﬂ%fgetﬁﬂﬁlﬁg%lm& Ivgkilér{ﬁl%gl?e @Hg@é‘%ﬁﬁ%ﬁ é«‘l gi?‘{lﬁ%r s are
formed such that a ratio of the s I.ng, between the
pi | | ar&sheightavifun fieirapge ‘?fr?QP’ﬁﬂXFTP%{‘F’S'all%Q 1%{0( hin the range
of approximately 1 to approxi mately 10.

approximately 5000 A.

47. The method of claim 42, wherein the pillars are formed such
that a ratio of the spacing between the pillars to a height of the
pillars is within the range of approximately 1 to approximately
10.

48. The method of claim 42, wherein the pillars are formed having
a circular horizontal cross-sectional shape.

49. The method of claim 42, wherein the pillars are formed having
a substantially pentagonal horizontal cross-sectional shape.

50. The method of claim 42, wherein the pillars are formed having
a substantially rectangular horizontal cross-sectional shape.

51. The method of claim 42, wherein the pillars are formed

comprising aluminum oxide.
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48. The nethod of claim42, wherein the pillars are

formed having a circular horizontal cross-sectional
woehapas32$1®. The nethod of claim42, wherein thecpiusk@ss20243

are fornmed having a substantially pentagonal

hori zontal cross-sectional shape. 50. The nethod of

cl5ai MTh2 methrl i claiin/v2, pihkieir the piltard are feahddavi ng a

substantially rectangul ar horizontal cross-sectional

shape copdrisitP enfRiRdiRf claim42, wherein the pillars
are forned conprising alum num oxi de. 52. The net hod of

clai m h npri si ng
ta taITﬁlr%n’r%e;‘[{\ﬂl?o %%&%Wh&ﬂﬁﬁ%ﬁ% : %@nﬁfép wher ei n
the pillars are forned. c{:onprl sing zirconi um oxi de. 54.
The néPWBHSIBgZEF%fFWﬁl %herein the pillars are forned
conprising haf nium oxi de. 55. The net hod (g claim 42,
whidr: eiThehhst off dsim 44 avbegsinihg RIS RiedPrRe
haf ni um based silicate. 56. The nethod of claim42,
wher eicontphisingiblfidurs oaide. f or med conpri si ng a conductive
oxi de.

55. The method of claim 42, wherein the pillars are formed

comprising a hafnium-based silicate.
56. The method of claim 42, wherein the pillars are formed

comprising a conductive oxide.

23



