METHOD AND DEVI CE FOR MANI PULATI NG COLOR IN A DI SPLAY Field 5 The field of
the invention relates to m croel ectronmechani cal systens (MEMS). Background
M croel ectromechani cal systens (MEMS) include micro nmechanical el enents,
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The system, method, and devices of the invention each have several aspects, no single

one of which is solely responsible for its desirable attributes. Without limiting the scope of this
invention, its more prominent features will now be discussed briefly. After considering this
( discussion, and particularly after reading the section entitled “Detailed Description of Preferred
| 25  Embodiments” one will understand how the features of this invention provide advantages over
other display devices.

One embodiment of the invention comprises a display device. The display device
includes at least one interferometric modulator configured to selectively reflect green light
incident thereon. The display device further includes at least one filter associated with the at

30  least one interferometric modulator and configured to selectively transmit visible wavelengths
associated with magenta light and substantially filter other visible wavelengths when illuminated
with white light.

Another embodiment is a method of fabricating a display device. The method includes

forming at least one interferometric modulator configured to selectively reflect green light



the filter. The filter selectively transmts visible wavel engths associ at ed
with magenta light and. substantially filters other visible wavel engths
when illumnated with white [i ght 5 Anot her enbodi nent is a display device.
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Another embodiment includes a method of modulating light. The method includes

(‘ 25  interferometrically modulating green light and filtering the green light with a filter that outputs
magenta light when illuminated with white light so as to output white light.

Another embodiment also includes a method of modulating light. The method includes
interferometrically modulating cyan light and interferometrically modulating yellow light. The
cyan and yellow light combine to produce white light.

30
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an isometric view depicting a portion of one embodiment of an
interferometric modulator display in which a movable reflective layer of a first interferometric
modulator is in a released position and a movable reflective layer of a second interferometric

35  modulator is in an actuated position.



Figure 2 is a system bl ock diagramillustrating one enbodi nent of an
el ectronic device incorporating a 3x3 interferonetric nodul ator displ ay.
Figure 3 is a diagram of novable mrror position versus applied voltage for
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includes cyan and yellow interferometric modulators to produce white light.
20 Figure 9 is a side cross-sectional view of the interferometric modulator having a layer of
material for selectively transmitting light of a particular color.

Figure 10 is a graphical diagram illustrating the spectral response of one embodiment
that includes green interferometric modulators and a “magenta” filter layer to produce white
light.

( 25 Figures 11A and 11B are system block diagrams illustrating an embodiment of a visual

display device comprising a plurality of interferometric modulators.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Various embodiments include displays comprising interferometric display elements that
30  are formed to produce white light having selected spectral properties. One embodiment includes
a display that produces white light using interferometric modulators that are configured to reflect
cyan and yellow light. Another embodiment includes a display that produces white light using
interferometric modulators that reflect green light through a color filter that selectively transmits

magenta light. Embodiments also include displays that reflect white light that is characterized by
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25  configured to reﬂect predommantly at selected colors, allowing for a color display in addition to

black and white.

Figure 1 is an isometric view depicting two adjacent pixels in a series of pixels of a
visual display, wherein each pixel comprises a MEMS interferometric modulator. In some
embodiments, an interferometric modulator display comprises a row/column array of these

30 interferometric modulators. Each interferometric modulator includes a pair of reflective layers
positioned at a variable and controllable distance from each other to form a resonant optical
cavity with at least one variable dimension. In one embodiment, one of the reflective layers may
be moved between two positions. In the first position, referred to herein as the released state, the
movable layer is positioned at a relatively large distance from a fixed partially reflective layer.

35 In the second position, the movable layer is positioned more closely adjacent to the partially



35 In the second position, the novable |layer is positioned nore closely
adj acent to the partially -4 reflective layer. Incident light that reflects
fromthe two layers interferes constructively or destructively dependi ng on
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- 25 movable layer is deformed and is forced against the fixed layer (a dielectric material which is not
illustrated in this Figure may be deposited on the fixed layer to prevent shorting and control the
separation distance) as illustrated by the pixel 12b on the right in Figure 1. The behavior is the
same regardless of the polarity of the applied potential difference. In this way, row/column
actuation that can control the reflective vs. non-reflective pixel states is analogous in many ways
30  to that used in conventional LCD and other display technologies.
Figures 2 through 5B illustrate one exemplary process and system for using an array of
interferometric modulators in a display application. Figure 2 is a system block diagram
illustrating one embodiment of an electronic device that may incorporate aspects of the

invention. In the exemplary embodiment, the electronic device includes a processor 21 which

35 may be any general purpose single- or multi-chip microprocessor such as an ARM, Pentium®,



illustrating one enbodi nent of an el ectronic device that may incorporate
aspects of the invention. In the exenplary enbodinent, the electronic
device includes a processor 21 which 35 may be any general purpose single-
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bty havi ngePHATRPLE ofblf Xl SBbamet ot TR bit eV B aplupL B

actuation pl’c@lhﬁlét@ly @ANthD @olehes tiBPLEEIEHL Roltsh dtherd iy thikOa rah @B SbIA] Abut 30b X8t S i n
the strobed row that are to be_actuated are exposed to a voltage difference

of about 10 i%8retexamplgdllysiraied & Figate 3 pehereghese RSP o NiHow 06 apRlise Yelpee gvithin

vol tage di f gl @NkededHce & RdR ih Qithef AeQelVREd Sr acble8 StafeNEhR L RRGred [MRrdi 28hs are
exposed to a steady state voltage difference of about 5 25 volts such that

they redfi n“hystepdsiat wimslowStert estabiidy reindest.¥ obkor putdispeynpiray. hafieg rthd diysiggesis
itten, h
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w ndow" ture
i 11 ustratedrow stkabiigr pixdls Sitabktﬁ)bemﬂlﬁ}rthithﬁa o dactaped areexposdditag eoltage ﬂdfetdnaens in

ei ther an ac% ated or rel easegta re-existing state. Sinc e;cé;tlé] 3’{ of the
it or fer oot HEUnASOR PSR QIREE 1 0F e eaue SRS G o Lree JUBatnst S 45 1
essenti al | y z8068RACAKR thedobed iHEREkeRYard Hodeli I@@Ist@dasi siARWoNGge! Bfidr&ifck bivbolsyer s,
this stable state can be held at a voltage w thi
{ 25  volts such that they remain in whatever state the row strobe put them in. After being written,
each pixel sees a potential difference within the “stability window” of 3-7 volts in this example.
This feature makes the pixel design illustrated in Figure 1 stable under the same applied voltage
conditions in either an actuated or released pre-existing state. Since each pixel of the
interferometric modulator, whether in the actuated or released state, is essentially a capacitor
30 formed by the fixed and moving reflective layers, this stable state can be held at a voltage within
the hysteresis window with almost no power dissipation. Essentially no current flows into the
pixel if the applied potential is fixed.
In typical applications, a display frame may be created by asserting the set of column

electrodes in accordance with the desired set of actuated pixels in the first row. A row pulse is

35  then applied to the row 1 electrode, actuating the pixels corresponding to the asserted column



t he hysteresis window wi th al nost no power dissipation. Essentially no
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result in the display arrangenment illustrated in Fi gure 5A, ere actuated

pi xel s are nonegarfidseefwhegher teicolpmp ¢s A Vbian@gr t¥igasf rane il lustrated in Figure
5A, the pixels are
2t 0 vol bs. and A st iite Sh@hdh s htle s Sl bEroR IR G otk Wb EMInd

vol t age0 al3k3 pliragaisti@mez whizh Iwell tesult i ehierdisplay aitramgy maott ilastreedd anlglﬁb SASweltkre
states. 25 Int ure 5A 2), (2,2), (3, .and
(375 "are actuMpCaIare TR AR B ioau ity b om Aisted i 4 faifel
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does not change the state of any pixels, because all t he pi xels remain in

the 3-7 vol tvoliy aByifhi theseygppkiRswolimgsns all pizels jgeenstable ibeir istngaagiatedeor rplgasedoe's
fromO, up tpR volts,

( 25 In the Figure 5A frame, pixels (1,1), (1,2), (2,2), (3,2) and (3,3) are actuated. To
accomplish this, during a “line time” for row 1, columns 1 and 2 are set to -5 volts, and column 3
is set to +5 volts. This does not change the state of any pixels, because all the pixels remain in
the 3-7 volt stability window. Row 1 is then strobed with a pulse that goes from 0, up to 5 volts,
and back to zero. This actuates the (1,1) and (1,2) pixels and releases the (1,3) pixel. No other

30  pixels in the array are affected. To set row 2 as desired, column 2 is set to -5 volts, and columns
1 and 3 are set to +5 volts. The same strobe applied to row 2 will then actuate pixel (2,2) and
release pixels (2,1) and (2,3). Again, no other pixels of the array are affected. Row 3 is similarly
set by setting columns 2 and 3 to -5 volts, and column 1 to +5 volts. The row 3 strobe sets the
row 3 pixels as shown in Figure SA. After writing the frame, the row potentials are zero, and the

35 column potentials can remain at either +5 or -5 volts, and the display is then stable in the



and back to zero. This actuates the (1,1) and (1,2) pixels and rel eases the
(1,3) pixel. No other 30 pixels in the array are affected. To set row 2 as
desired, colum 2 is set to -5 volts, and colutmms 1 and 3 are set to +5
volts. The sane strobe applied to row 2 will then actuate pixel (2,2) and
rel ease pi x@rangement)of Figyre SN 33t wild psjapprecigjecthpiethe pamespracedpreicap be prpplgyeq far
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docunent s, ?nc%suéll%ggl, #or eie?npelf“e,l U. S. Puébl fslllﬂle‘gm?gApgllri cat'i on 2004/ 0051929.
A w de vari éippliafiom2d0/0RHGRP. tewhisivguey ofrwyll lkaowrs edhnignep may be esedtth @radbey e
described structures inyvolving .a series of terjal deposition atterning,
and et oni ng Mo ESoty itk Bucifihe 3R of PrhiRlep RRE b, PR 4 il o
modul at @0 1Z2tefd.. €., both nodulators 12a and 12b) includes an optical cavity
formed between the rrirro‘%s 14 14 (mrrors

) i.€e., Mrrors and 14b) and 1
16a and 16b, respectivel f.hscwédeh%av&lfheﬁ%etn%mdﬁgwaﬂc@ff Rhlaor dg ey ot
optical pat holifB@ksh2a dnd Pib) ideidePid Gtcal CBMiy HrntARIWELR &R hiftBrsI 18PN aRikrors
wavel engths, X, of the optical 25 cavity and thus of the interferonetric

modul at or 1242 mdddbkand 36 Gnianers 1p sndled, wKareetiwhigt Ahe charagieristiciviistinae, er ¢ftachveet ri c
rmodul at or 1%ptgc%p8§il?iehé{h,cd? bf e BSIQQFcaRlRy BJ?&mE’n%E ﬁl%iré/sggan? QJa‘QerlenghsJ)j, gp he Bﬁjclalem ed
( 25  cavity and thus of the interferometric modulator 12. A peak resonant visible wavelength, A, of
the interferometric modulator 12 generally corresponds to the perceived color of light reflected
by the modulator 12. Mathematically, the optical path length d is equal to %2 N A, where N is an
integer. A given resonant wavelength, A, is thus reflected by interferometric modulators 12
having optical path lengths d of %2 A (N=1), A (N=2), 3/2 A (N=3), etc. The integer N may be
30  referred to as the order of interference of the reflected light. As used herein, the order of a
modulator 12 also refers to the order N of light reflected by the modulator 12 when the mirror 14
is in at least one position. For example, a first order red interferometric modulator 12 may have
an optical path length d of about 325 nm, corresponding to a wavelength A of about 650 nm.
Accordingly, a second order red interferometric modulator 12 may have an optical path length d

35  of about 650 nm. Generally, higher order modulators 12 reflect light over a narrower range of
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di fferent ang es. oSstsec
interfero netllgmefnmcéu |f&h01rhe lxﬁerfdnbmam abduigoop mﬁr)a‘izarji)ﬁir Rt fetrdie Wﬂ of ixeidence

nodul at or color of ht reflecte fro interferonetric
modul at or 1%3 %l? with fedPerCf g’r f"“% ’éhsmit 1“ igye 7 (%‘HOF"?‘EPIF efé’f |“}9n)

wi th re%QGCtlntérﬁeréiﬁletﬁé(inédlﬁﬁoxaﬁz dhovH F@ﬁ@ob hd1ifHt Vs londBE oD@ A @l t he
light is incident on the interferometric modulator at a first angle, reflects from the interferometric
modulator, and travels to a viewer. The viewer perceives a first color when the light reaches the
viewer as a result of optical interference between a pair of mirrors in the interferometric
modulator 12. When the viewer moves or changes his/her location and thus view angle, the light
30 received by the viewer travels along a different off-axis path Ap corresponding to a second
different angle of incidence (and reflection). Optical interference in the interferometric
modulator 12 depends on optical path length of light propagated within the modulator, d.
Different optical path lengths for the different optical paths A] and A therefore yield different
outputs from the interferometric modulator 12. With increasing view angle, the effective optical

35  path of the interferometric modulator is decreased according to the relationship 2d cosp = NA,
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K y bes The International Commission on Illumination (CIE) promulgates standardlzed white
points of light sources. For example, light source designations of “d” refer to daylight. In
particular, standard white points D55 Dgs, and D75, which correlate with color temperatures of
5,5000 K, 6,5000 K, and 7,500° K, are standard daylight white points.
A display device may be characterized by the white point of the white light produced by
30 a display. As with light from other light sources, human perception of a display is at least
partially determined by the perception of white light from the display. For example, a display or
light source having a lower white point, e.g., D55, may be perceived as having a yellow tone by a
viewer. A display having a higher temperature white point, e.g., D75 may be perceived as having
a “cooler” or bluer tone to a user. Users generally respond more favorably to displays having

35  higher temperature white points. Thus, controlling the white point of a display desirably
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referred to as white light having a color tenperature of 6,5000 K Such
color tenperatures, or white points of approximtely 5,0000-10,0000 K are
generally identified with daylight. 25 The International Conmmi ssion on
I'l'lum nation (ClE) pronul gates standardi zed white points of |i h% sour ces.
For exanpl e PrV45hECTRIPEY YR YYFHH 1 6TBOTSF 104 0ishlds @H’R’PG‘“&QS?IOf g dmerfeometric
particul ar, gliaRR%LVY 1{1@ H%%ﬁﬁ%ré@ﬁé rodfR: Wlﬁ‘l@qlgg71§ whiMRit e WwERIJofth &isBleMéd h
col or tenperatures of 8 K, and 7,500 K, are standard dayli ght
whi t e poi nt $0 corfatingpk atpnddedided vhitegoipfaindéreapme ot mprie 2ptiriajediligbtingdopditipnsi nt  of
the white |ight by , 30 a di b ht i er ht
sources, human pg&%gp gﬁ E% b¢ Hfml$ﬁqu¥eéé%1aJ%'édq?t?ﬁ{?mgdeeegﬁﬂﬁgﬁ by
t he per cept iiQaf@démaht hﬁdﬁlhtlﬂ@tlZfﬂSIOdIbﬁ bﬁeldlrs)p lemmpld:mf o@@fﬂoﬂﬁlen@ tighi sl ayayor

l'i ght source having a | ower white point, e. be perceived as

havi ng a yePP égludgheixgs oberoups el gr%ndmmlwnmfwwgma ﬂrﬁdglﬁ@fs Ye fiseisgrsisde

white point oh&eTthe RdBrs LR teRELMEI N GRbRRIREYS Ry b@sel&@é?ilt?yr sele@ﬁngbﬂhysﬁuctapne
to a user. Users generally respond nore favorably to displays having 3

hi gher t enpestatlength dusingehqmlatiorsof AUy Ac (Irn%dddidm nhg btliree whir¢l&ivp orapprtiofis, af

di spl ay de5|rab Y} S, [Lespo to a
i spl ay. i pelgeR PR e e R raey M B BRI 4GS R RGue
configuned teleptiveodies ofhdheofl the) hﬁerferbnyufm&ﬂoﬂmﬁomhat egbof e &6 gs@JneﬁIdetdue to
conformto a standardi zed white nt under_one or nore anticipated |i ghtl ng
condi ti ons. igrfaremstiigmodglatarspia- pﬁ'ﬁ‘éﬂcéﬁ?aﬁﬂ? thhmofplsters Iarseleqtivsly ¥sfiest drdidsati ng
one or nor ehﬁﬁ’t {h@wm ?&WB‘?EJﬂe&em 'fx%ﬁl%ép&@l airﬁ)}r 3@&9meﬂér5ﬁétnc Eﬁaulﬁé phe, in

one enbodi array 0 includes pixels of groups of re gr een,
and bl ue i ntgaretaékyoiegmdam ampthiel bpectoal scharacterdgticsl b inglsw dightlb v ene mmdumlnmﬂ@ of

the interf ) tg{n‘ Fotm)ﬁiec$ %t g{:t mz:1|‘2 rm flgurvi?o[\})%é E?rerlﬁytlclja ; kw W 1t£‘?(H Ocpc}encaI

pat h | engt h ™t ion ance, or
rel ati vaspr ogmt mbommplaf in ohhenlmair@erna tifer gt aesl 3ymeaettopiigeedd tb reflelsteﬁmmged
array 30 may be further affected by the relative 10 reflective areas of each
of the mteﬁ"fhé’?lﬁsr?éf“r}P%%]dﬁh ators 12, e.g., of the red, green, and bl ue

interferometric npe MiRlied the %mahlse% 4, anB RfcBYISARd meerﬂa&%lr&tr%cﬁlaio%s 12 in the
selectively reflect incident 1light, the white point of reflected Iight from

t he pixel apiglargy ¥rarg seleatedeso dhek twhilte lighicipducest By the piixel agsh &} edriegposdpierident
h
on the Spec&%r?ih#lglﬁfi‘{e %%Id%&? %L&Bmf? in aﬂca'nggi?zfted hgﬁ&% rgiétﬁ{;} ”'%Pgln Langbne

whi t e poi nt cte nmay be confi gur érent an the
white pabdnt fkubresqen'u lidhnytor ﬂr5m|a| fgint liglosigxmdd Bluminateothe pixpibaay BentFor ¢xamplp) xel

30 f. d f wh d D6 h
"1 e emboditEhte PyHeetiRe el bBy ey b ssibde o WoBRs e of s paitiouad ™

nmodul at or s lightidy doRgitioml XMbreaver,ate BGhtareBectl BCIhe PixeDark4}a30 Way hevel 4 iffferent
produced by the pi xel array 30 corresponds to a_particular standardized
whi t e poi nt “Whife apinkihen te highted an apjicinrisg oF enfdigied Hehtsoyce. Faj example. gprticylader

20 fluor esc%ﬂ(tel Lljragm() » m&Y bef (Fo(ﬁﬂklﬂ'ecf {0%Bfec b@?tilgmﬁetn'\@%q n@er! IBASUSIEhIrQ]Tt epohe

plﬁel array 30. rexanp
25  generally, the whlte pomt of a display may be selected with reference to a source of illumination

configured with the display, e.g., a front light, or with reference to a particular viewing condition.

For example, a display may be configured to have a selected white point, e.g., D55, D65, or D75,

when viewed under anticipated or typical sources of illumination such as incandescent,

fluorescent, or natural light sources. More particularly, a display for use in a handheld device,

30 for example, may be configured to have a selected white point when viewed under sunlight

conditions. Alternatively, a display for use in an office environment may be configured to have a
selected white point, e.g., D75, when illuminated by typical office fluorescent lights.

Table 1 illustrates optical path lengths of one embodiment. In particular, Table 1

illustrates the air gap of red, green, and blue interferometric modulators in two exemplary

35  embodiments of the pixel array 30 that produce Dg5 and D75 white light using modulators 12 of
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the white point of the pixel array 30 may be selected to be D55, D65, or D75

in particular lighting conditions. Mdireover, the light reflected by the
pi xel array 30 may have a different white point than the |light of an
antici pated or configured |light source. For exanple, a particular i xel

array 30 nmayulsenidlyiqagtlrelectise pens eEadlenl gsspmemt diglsetric \Hyewn&!ﬁ%fértw ers,
sunl i ght. Mib@ m%Sof gﬁg@%%d §io tcﬁ%OWﬂ}nt eI‘aBQ'anlsoo s?lﬁne@sﬁ a\?lmﬁ%lﬁqy%n@@g%&le%ﬁ\;

with reference to a rce of 1llumnation  con I gure i splay,
e.g., a fronteas foglaac,h af rtheet t‘gre@f@d@hmentbxﬁerampacmwuﬂhars 2. ewierng skitlrial ithtei aptn.

For exampl e, dIS may be configured to e a sel.ect ite point,
g, - Dob, il recopherthal Supgat O Shedeth e o AR O BT R P Ry et BBk of
i |7 uni nagi omyated oRfdGRPRRSEEDE the dibl&taE RSGENt , or natural |ight sources.

More particularly, a display for use in a handhel d device, 30 for exanple,
may be configured to have a sel ected white point when viewed under sunlight

conditions. Alternatively, a display fgrgisg in an office environment may be
configured to have a selected white point, e.g., D75 when illum nated by
typi cal of f Ma&uldtaro€Cdecent | i ghtBeswhist e 1 il | ustrat @J5cpiite Gabregdid) | engt hs
of one enbogiegent. In particular2o0fakhe 1 illustratagstdg air gap of red,

of the pixelg@array 30 that produgg @ap and D75 whiteshsghty using nodul ators
12 of -11 substantially equal reflective areas. Table 1 assunes a
dielectric layer conprising two |ayers, 100 nmof A1203 and Si Q2 of 400 nm
Table 1 al so assunes substantially identical reflective areas for each of

t he redl0green aiidisbb e reciigeizéd tiamixt piher emhdiradnty; diffe?ent Osenods dshknd hreasnoft he
art wil | rec ni ze that a range of equiyval en ir. gap distapces. c

obilai ned by TPARGIRGA TS bbseEdin St onbe, bRt PR i) B prvedierd

di el ectric hawdleenVitSBkfents. mm& ahéred %@Aeﬁran@@ﬁe\f%ﬂﬁl@m@?ﬁ iyialse bé BRI d4€)
Red 200 (nm 19§ Green 125 (nm 110 rrt) Blue 310 (nm 315 (nm) 10 It
istober eé%@jhl?ezléde ehidte Qrrpoptefiectiventinies fﬁfeﬁf grentepnquals o {imgse & Fciughe vasyd
areas of d r ite
poi nt settings ?ﬁ %la% ?ee(rg%ﬁ?&@?/dﬁg{jm éeﬂeannt\c/]?)rh%r%%giﬁ? gd %Eﬁer@%@%ﬁégﬂr%g%égeen,
and bl ué5 nodightatimers: emomnlatlsmattm@fgdhtm\alat@dOE@ch afsthe cpl@enqdnlaroea‘ 12audyibee or
non-refl ecti ve state urt er vary
the relativé %Cé‘idasﬁé«%ﬁ’ ?"nlﬁ@qbee Fléedpoantd%@wst V‘ew‘ﬁé e‘b‘i‘m&mF’ﬁ%gh’t?‘ OM&R %t he
whi te poi nt tefoptied btk length bmay igheelecttMscd@o esrhregtindeni conihién Iﬁﬂtlpl@ of)i‘nore than
reflective areas_of each of the col nodul ators, 12 may be selected so as
to control CReVHREIesopt Haveleneth Fﬁeg’ésﬁ’tSe?ﬁ“@vﬁ‘ﬁb“%ﬁ@F‘rWﬁ’Fﬁeﬁt‘%‘l BfeRn. Gae blue,

embodi ment, g, tAeme Rt fRdmddas mohﬁaglt 1 dnsRywhe 158l 8ateMisQ Bk Va8l Rarond
to a commobn rrultlpeo nor e
20 in its spectral response. In such an embodiment, the optical path length d is selected so that the

green, and lghatg i nterferonetric uﬁ?tors in tw examp(md)y 35 enbodinments

white light produced corresponds to a standardized white point.

In addition to groups of red, green, and blue interferometric modulators 12 in the pixel
array 30, other embodiments include other ways of generating white light. For example, one
embodiment of the pixel array 30 includes cyan and yellow interferometric modulators 12, i.e.,

25  interferometric modulators 12 that have respective separation distances d so as to produce cyan
and yellow light. The combined spectral response of the cyan and yellow interferometric
modulators 12 produces light with a broad spectral response that is perceived as “white.” The
cyan and yellow modulators are positioned proximately so that a viewer perceives such a
combined response. For example, in one embodiment, the cyan modulators and yellow

30  modulators are arranged in adjacent rows of the pixel array 30. In another embodiment, the cyan
modulators and yellow modulators are arranged in adjacent columns of the pixel array 30.

Figure 8 is a graphical diagram illustrating the spectral response of one embodiment that

includes cyan and yellow interferometric modulators 12 to produce white light. The horizontal
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one visible resonant wavel ength, e.g., first, second, or third order peaks
of red, green, and blue, so that the interferonetric nodulator 12 reflects
white [ight characterized by three visible peaks 20 in its spectral

response. In such an epbodi nent, the optical path length d is selected so
that the wAKBdeMPhe the SQudethc ot Fdlspiohdight o The JEiR A% FREFSTI the EBHYR . I n
addition tO Gi0URS oPfighitbiscl & mbiflabl U8, WL SPIRMRIL e PRAN.A Gledyd? 1
the pixel array 30, oOther enbodi nments i nclude other ways o generatlzg

whi t e | i ght modulatogxdunbliea sioglepeak gbroetedrmribe cyhn priompeiXd spactruary € 30 betwednhdies

cyan and vellow i nterfer ri dul ators, 12, |j.e. interferonetri '
A ator Sl B R POBRETES fefinrs St B valoe mnadion, VoEhIES S8Eh e co
cyan and yeldi@ud it ellow pertio 8o g8 e &ld detwees RAAGEgREN. LA Ba@ 8 MIdiles

yellow interferonmetric nodulators 12 produces light wth a broad spectral

response t haie dosbined snsetiad epspopse ol nais of cypnand yeligr ragsylainss 12ovWhawded &ihes wvoar e
Do . . . . |
positione %E;?Qré] Iag%ér? é%r{ﬂ)geglf)&r Q?a%fel@u%%‘flﬁseéﬁ‘@ fs sﬂﬁ{c%g}ly ﬁﬁfo?fﬁcagré@sytél? Qﬁmlé“%gﬁ%@? onse

For exanpl e, nment e cyan nodulators an l'ow 3 ulators
ar e arr angeahat reflad¢ddipbnfrom eved nofdulatees 2iixedrecdvadaywBle. | n anot her enbodi nent,

the cyan nodul ators an el | ow nodul at or.s .are, arranged i n _adjacent col ums
of the pixel arrz&ﬂ/"%‘?).emg?%‘ﬂ?lﬁ’ 8°ik*e, aﬂ?%aﬁilﬂﬂ?deaiaagﬁsgﬂﬁ%ﬂ V?}@‘E"Jr Riqrigp e
spect ralior esReMER: 9fd #ERoRNHAEH FRA intdR@dmetid Bt RSr. CWABN SRRl aYjsikdl QWay 30 is
interferonetric nodulators 12 to produce white light. The horizontal -12

axi s represeifvsd tirm vippeasiaglyt Jargst offexiseangdes, lighfhtellecetb by ethe ifirat] ordss gellow
represents GRQ bR AlhiRd 1dvild BE LRGSR ;8% thh'sgmru}npg.hg tm&ﬁllato@\%g‘e%&kna&n%es 12.
the cyan Ichis &

A trace 80 illustrates the response o ul at or,
si ngl e peak heeat edfeattheidequiiao paok ikt order cpdn. t Crcwpdy,rlight reBeqied bylib¢ seem

blue, and green. A trace 82 illustrates.the response, of ihe .1 ow

odal ator - S Fan BogbBRE gl lo el o R FighDRom R e o s IE BPEHRR oFehe
Spectruns e oveRdt ¥aeinddeshearntdl rBpBRIR. is Aorbdd el Edativblly Usiforth ©rosé iR il ned
spectral response of a tgal r of cyan and yell ow nodul ators 12. The trace 84

has two pedRestryn exeradt HaEI3HEE IPsds AR Whejtums sifit Such pigelrary SAtthys niedueesr m
across the :g\ih%[} O§£%%l£t%]r¥%8 (%%iggéofrvwig%cﬁgfgs_l i ght from such nodul ators 12
as 'te.Inoe§O|

i s perceive i ment , pi xel array 30 includes a
first order yel | dvorermbpdimensnedisplay hayg podan zat gellasnaiodulateas oy bocadéigured/@n

interferonetri,c nodul at.or,. \Wien su i xel,array 30 i viewed from
e baet nor pradcer 26t RS it Soctdfl Polirifia BRhEbonP uhder ot B Sl Siiine
yel | ow 200dubmiitivhs.i SFos lexhgle, thevepedral hapdlseief ahe cpdn tbéulspeaid vMtheeydglow t he

nodul at or at certain angle has ap effective d equal to that of a first
order cyan. RESHRIGF PaKPF yoleqiedyiot t%?teffﬁe&qdétfibyastwh%%wf 5P dBP3-dyRnor any

nodul at or - skt Sihile GRS FPARORHert Rlebed Nfunfif06% t&RIons Bt REIHE DYLIDEBYer D75
nodul at or. Thus, 15 the overall conbined spectral response is broad and

rel ativel y Ulightfsaehhasaenléghs far pedisplayispited for petdear was. elneane gmbedimentethamogdelatoesak s
?‘;l ;thievz Fecltngay rﬂgscrﬁié%éedgp Cfgfllegim ﬁg}lt tga:t] rh?% 2 AWeet A HRE PAUE RSN iMHehridnt &3k, Qver a
( 25y expegted or selected viewing cond?tion. ? '
Figure 9 is a side cross-sectional view of the interferometric modulator 12 having a layer
102 of material for selectively transmitting light of a particular color. In an exemplary
embodiment, the layer 102 is on the opposite side of the substrate 20 from modulator 12. In one
embodiment, the layer 102 of material comprises a magenta filter through which green
30  interferometric modulators 12 are viewed. In one embodiment, the layer 102 of material is a
dyed material. In one such embodiment, the material is a dyed photoresist material. In one
embodiment, the green interferometric modulators 12 are first order green interferometric
modulators. The filter layer 102 is configured to transmit magenta light when illuminated with a

broadly uniform white light. In the exemplary embodiment, light is incident on the layer 20 from

35  which filtered light is transmitted to the modulator 12. The modulator 12 reflects the filtered
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I n one enbodi nent, a display having a cyan and yel |l ow nodul ators may be
configured to produce white |light having a sel ected standardi zed white
poi nt under one or nore viewing 20 conditions. For exanple, the spectral

response of fif}@ bskafroi@CHt Be10aNth Qth hd@ndRlih&d (HOB&H: Phseds thBYgEe Redraoh ed
so that reflected |ight has a white point of D55, D6 D75, or any "ot her

sui t abl e whi trecepolinriuchy pr epbadiment.t tBel thicknessiod she layer 0 o magswal mpabe Fatestedde
D55, D65,
or %%rasa @{'Enéﬁﬁﬁ qglal% lé ﬂmngorlrbgno%e§ I.In@éldnﬁﬁit aeﬁjonft ht(gH cﬁl‘ﬂght

use. In one & ators e con Igured to re ect

that has a dinkf be positiontd bawpm the layhlatﬂm mlthkenm)dwhlatghnzfiromchran eﬁxﬁocbmﬁmmmed or
selected view n ondi ti re 9 e Cross vi ew of the

i nterferoﬁrretlla?"ifqﬂgﬁ{}lﬂ%ffr acﬁorﬂg\‘?i’ éhtée e&&‘?gﬁyﬂ‘f ?"’%3? i’isél{;h grghodmaniscthe v el y
transmtti nglai,érgbjlsggle@emggruﬁgqg,ar color. In an exenplary enbodinent, the

| ayer 102 is on the opposite side of the substrate 20 from nodul at or 12. In

one enbodi nent, Elg@ellay%p glacwialcalfdlmmrﬂnhauatmﬁb? presisal gespagse rof @né pmbasliment
thr ou_gh whi chy F"[q ?qu s:%l% % n 1]31 r%g%{nrclrgod%g# ?‘5 Qﬁfisthil:z‘ %I;e% \‘“feft\/\@ﬂXer 1%20%6

embodi nent ,
enbodi ment , hdmomﬁtae:tsl abreseatsathdyademigd{ ®freﬂeaéd ﬁgttermlvertical mmerep&@émduhérent :
the green mterferome;rlc nodul tor‘i? ﬁreflrst ord

Gken

er reen
i nt er f er Hhet Felative Specit KeRanse oifight ingi & $HePn egulptar %aﬂﬁif@arrléw {192 qventhe i t

nmagent a IIghvsmwa%peatﬂdnurmna.k&dmmra@es the Raptnke uflmeogréenvmbdu@atdrl19h%vhlchﬂs fhe
exenpl ary emnbodi nent, is incident on the layer 20 from 35 wh

filtered |igfnglé Beaﬂ<rcan|ts tllll &t greent pratioppefithe spactrum, e.Fhaeardbiupeaten of !1!@ welfle ects

the filter eds ectfl'%l | 'AQE'& ebﬂa}%é“ sg}étgéquor%&%{xéeaé/feﬁ\e :l'rQa%entéi Ellt%luf%)pm Olc)i){e %ﬂ?}?eﬂ%ﬁ'{e’

thé light passes throug W ce such an e
t hi ckness of mithéal 1183 eTheltkize 312 hatteo irei:itwmyﬂabpomeilsermaﬂieﬁ@de afmmpﬁnﬁatsbapfed)r

d util t hi defI i t her enbodi front
S uct ur B migmie oG Frcbride i QR En eIy EPe100° AETh ST ol SGHE. 1 ¢

such an e”boﬁldn@iﬁﬁsl subtsﬂaﬂlaﬁylaﬂy@a and BlueflighBtvand @hte@cgt Bgh®#h YheOgtednl ghion’ &ff fhect ed
by the nodulator 12. In such enbodi ments, the |ayer 102 is selected

accor di ngl y. SPRHER: eA1EACE I 14 isEges @awowbla@dr enereial TesppRsatal ibp paidngspfelbe gken
response of Qcﬁlla‘?ém}%dahmtﬁlte} R3Lr 10?tcer Fi§cet1h§i1%désﬁ§t_?_%{ehglttﬁé ERERIRIshdiRe of the

nmodul at or s 1 and magent a ayer orizontal axis
represents tdombimtiel sragHowdr refddclanct levk! thaghthe gifbre medylator & deexioshe Biparimg @fit s

12%and 191 ¢ b 47 B8 BB LR B Bles P bl Rl Bt TR i

t he responsevisible spetr@n &6 Matihe filiat @ refledicd Wht Eom the grees mo@ligtopEdad GRthaead i n
the green portion of the spectru n} e.g., near the center of the visible
spectrum Aftﬂrteé(l:aé(erllfﬁlﬁﬂeF‘iﬁg’fﬁiést%@ethe response of the nmagenta filter forned

by the layer of paLEEhBdihIR a a?&ﬁaytrraaﬁgajg;le%nmufam 1% ezlnﬁtmevrﬁdgxma lei@tr layer

portions on either side of a centra u- Shaped 15 m ninum The trace 112 thus
represents tHE mashsorenbgusdd ta predyenwhitef light bavinghaselentddestanilardiesd white point under

( 25  one or more viewing conditions. For example, the spectral response of the green modulator 12
and of the magenta filter layer 102 may be selected so that reflected light has a white point of

D55, D65, D75, or any other suitable white point under selected illumination conditions that

include D55, D65, or D75 light such as sunlight for a display suited for outdoor use. In one

embodiment, the modulator 12 and filter layer 102 may be configured to reflect light that has a

30  different white point than incident light from an expected or selected viewing condition.

Figures 11A and 11B are system block diagrams illustrating an embodiment of a display

device 2040. The display device 2040 can be, for example, a cellular or mobile telephone.

However, the same components of display device 2040 or slight variations thereof are also

illustrative of various types of display devices such as televisions and portable media players.
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transmts substantially all red and blue light while filtering light in the
green portion of the spectrum A trace 114 illustrates the conbi ned
spectral response of the pairing of the green nodulator 12 and the filter

| ayer 102. The trace 114 illustrates that the spectral re%f)onse of the
conbi nation is atThg disglasdeyies P40 ingledes adipating RO, ¢ isPly S870: B dteBR2 0?0432 due

to the filt %{yé'eafé& Rl1s 20 i'nhulg*lievi@é/ b4 ahd latrﬁEro{n/lﬁ)yxg rzoéé?ZThé"R&ﬁl*r{Tlg 041 Eg%eﬁe%?ﬁlg ral

response is atively uni formacross the I sible spectrunrso t
filtered, rdédedtec inyglit vhrndgyof hengaaemgrppatadses wrard Kelhkobvirhie thasgehskdll in.

filter |ayer, 102.i er.ceived whife. I n_.one enbodinen a di a avi n
L o een oSG inc R iR ol ML T pig, o s0ins. e hseRihi e ey "Fo
produce whi ty@dt k8Rtani i NieH &a{a&@fm,dinam?%wcﬁbtzmﬂném& bRstROMBth], WAGETubbegd ONE

or nore view ng conditions. For exanple, e spectral response of the geen
nodul at or 12nderdaneif, af eompigetivndharedfs by one gpbediment thedhpusiag 341 deoludgs moyah

reflected Ii ' Int. . - ui t abl e
whi t o poi nt Poar 0 feRRLY o, M nlcharde® wiRiter [yt s B Bl B
or D75 | i ghtor sanediniagdiffenahti lgduk, fiotrea odsysphloy suited for outdoor use. In one

enbodi nent, the dyl ato 2.and filter |ayer may be confi.qur to

ol ect 11 ght |t habe ASBeR 05t GFopybre ARPIan RSate 0P S P eGaHAY ©f S8V r om
an expegped jQiudhiy £i-8dblY | EPMaPIas QB ibddORbreilrl BUSEBS drkbdddfchts] LR aigﬁa ¥§30em

bl ock diagrams illustrating an enbodi nent of a di splLa) devi ce 2040. The

di spl ay deviimstunde9a Gatcpenelisiisplay oyuck aaplpmea, Eh, OBEPUS BN L&D, aoBFT &CDeds dlptstibesl
However, the_sane c 0f _ displ Vi 0 s i_at 1,ons
ther eof " ar o a1 Bot 41TCRr P Gdteyy WG RaFY ATy BBl alec il MU BERS

t el,evi si ons ofiskdll prhé ab| Moweeeli, for phgpyes sf desdribingite phespl aybodiznent eheA4Ry OBOl udes
a housing 2041, a display 2030, an antenna, 2043, a . speaker 2045, an i nput
devi ce 20480 Gsﬁ“ﬁﬁe%?r&] ﬁ%‘ﬁ@‘o%lﬁt@?%ﬁ@” F\%‘Efé‘?rﬂ’ﬁa%ﬂ’ is generally forned

from anysof a vanhetdmpthedPo¥Hndehmbédinent B &&%ﬁgﬁ iftaydeQickbdo F@Wehdiigallyhose
of skill in, the art, including injection nolding, and vacuum form n&l_ I n
i

addi tion, t HshgedindigwollB. iy ilhstraedersapianbds egice g04Pangledeya bausing 24l al s,
including b t. | . LG, ; e » For 1 'ec, or
a conbi ngti gﬁd ?zﬁlel#eﬂé#g Jd?ﬁlo%agecgﬂgﬁ%% ﬁgr?{air%?&?)hréa%og%?dﬁg& glg%%r ililcl%u é)ge?rrggnl;)vabl e
p]?r '([j | ?Ps (n:ambeclhmmm; the Ia:edrnprt?ygiibgﬁaj dﬁvﬁe?ﬂ@gelddwm@tml_né]ltterfaeﬂmzablhaeimhld?si ons
o] i fferent col or, r..contai ni iffere 0 i.ctures. or s S.
She ti ol oy B RoLRunEr R Foieliels s BorshBt b b8 anBe b R s sPimet B, of

di spl ayp  bebcksRed 20di Rehiéh Bicosieatbd ® @naifbmg hadwae2052. bEE bRlifinhg Haftiwateher
enbodi ments, the display 2030 includes a flat-panel display, such as
pl asma, EL, 283%may berspnfigmed ¢ copdifiop eignal (TS @P?‘t?e%gnagb&?é,co’éﬁmo&mg hardware

o o P2 Sl B4 A 30600 DAty 8 7
present enbedinseted fo athimpdidepica 048084 a drivet cagsllaP0Rht &hd driemeontiodernaddfisat or

display, as cgl?p%&irtio g?r%mg %{IEAIQOZS and to the array driver 2022, which in turn is coupled to a display

( 25  array 2030. A power supply 2050 provides power to all components as required by the particular

exemplary display device 2040 design.

The network interface 2027 includes the antenna 2043 and the transceiver 2047 so that

the exemplary display device 2040 can communicate with one or more devices over a network.

In one embodiment the network interface 2027 may also have some processing capabilities to

30 relieve requirements of the processor 2021. The antenna 2043 is any antenna known to those of

skill in the art for transmitting and receiving signals. In one embodiment, the antenna transmits

and receives RF signals according to the IEEE 802.11 standard, including IEEE 802.11(a), (b), or

(g). In another embodiment, the antenna transmits and receives RF signals according to the

BLUETOOTH standard. In the case of a cellular telephone, the antenna is designed to receive

35  CDMA, GSM, AMPS or other known signals that are used to communicate within a wireless cell
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15 The conponents of one enbodi nent of exenplary display device 2040 are

schematically illustrated in Figure 11B. The illustrated exenplary display
devi ce 2040 includes a housing 2041 and can include additional conmponent s
at | east partlaIIY encl sed therein. For exanple, in one %dlnent t he
exenpl ary diPEpIeaPIERSY Be BtnaerTYeR EPA/ e ProosrEts Repali e arved &rogp By aptpape 2043

includes an,ant §ePag 8¢ RcUbicty dn§ f&mepin%qpme@w fh@%ﬁﬁ@ésé/ 021? Ofife trahB&iver
transcei ver 2047 i's connected to pr ocessor i's connected

to conditi oRi#falbapemsses s8R reCFived élumdh@ ponésse 24081 dovdlrae them@z beggangypitted.
configured ndj ti ter ignal ). The conditioning
har dwar e 26%51ﬁ%eﬁ%wﬁﬁ%ﬁggﬁg%vgeggggﬂ &eﬁﬁﬂga %ia m cr ophone 2046. The
processos 2021 i 9n ah sleernatio8 xebddanknt, GhetfunbddPidi 204G \ass Be RPACedyCh rdceilfer. VR yet
control |l er 2029. The driver controller 2029 is coupled to a frame buffer
2028 and t o 2ppiBerlterRgtiver grohodiment metwpk pferfage ?Q?ﬁncainsbecréﬂmeédwa igags SRty 25
array 2030. %‘éﬁéton%%? *zﬁéra@ﬁﬁ PPM!O Sed? YVRE }o‘aes%!)r' 20‘29”13?3"?:%%1@ R gy red
by the particular exe ary d § evi ce OH desi gn e ne rk
interface ZGQMCGqmﬂMﬁeégumewamméﬂnﬁﬂzwdﬁ:ahddﬂhQCMWaﬁﬁcngGrqQ@@?d@@,mhat

t he exenplarg dlsﬁﬁgﬁ gp ice 2040 C&ﬂ communi cate with one or nore devices
over a netwsPRYare fPALERRTACHERES P4% network interface 2027 may al so have
Some praoessi Ng @agadibd 2021 @8ndrAlyHantid ihe \b@erkIE EiptiritDNRA R REmPIAG dNPRG SIS
2021. The antenna 2043 is aiﬁ antenna known to those of skill in the art
for transni t2Pthg Tanaracese WA gesisnaria, such agsemprepsdiimags data framathe apfverk
transmts qxﬂdxﬂc@@@ﬁ/&san%a% &m&ksan?gf&égeme 4 16 g8 U2 bt 138 296l

i ncl udi ng | EEE 802 I n anot nbodiment , e antenna
transmits aniht isgesily @sacﬂﬁectmgna‘#vsmwcbtad iThg ptogessdre202 BLHYEFOAT thesptqszmsm data | n

t he case of l.] ul ar Q nt n cei.ve

o, com KES B B ARURF Bl b 2P0 R B8 R S WAL R B 1
wi r el esg5celidformalibn [P0 ﬁ&nﬂﬁésV\m& kimagehhatadcrfisticeiav @bch? ddationr it Qﬁ asegs Fbe
signals received fromthe antenna 2043 so that they may be recejived by and
further rranleﬁﬂ’llpéi Serhifrage fbarsrtarsicsp ‘W?LCOI%?“FF%%‘}Q %%Vr scalodeyel. al so
processes signal §, pRC&ID6REhChT, qmp&&%ss&rm@%ﬁﬁfde@%kr&@mmﬁ; CPEYr 1R uta@ to
transnmitted fromthe exenplary display device 2040 via the antenna 2043.

In an alt er ientio) epasativn if therpxemplawy dispha slewfe 20402 Gpndigeming kardweqst a@ﬁé’ogeb«;raléy
receiver. , / can
be repl aced nlby‘%tgsn a@@%egsegs%aﬁ%rl%ezg %m%axgﬁlﬁgg%ms?%?é t%{%éégé Irég%%ta?%%egcgat@

be sent 200 tsipaalpfromeths aricrdflidie 2646r @oseitiphieg hbldevateraige masdmrdzeremaconh;ﬁnalts

S!S e e B e Rl

control s th@ﬂgyamthmﬁperatlon of the exenplary dlsplay devi ce 2040. The
processor 2021 recelves data, such as conpressed i mage data fromthe network
interface 2027 orf aﬁww&ﬂ@k&ﬂ%" talsgsth Faste Bange Slatarasnerated, bY coPTPERRPor rfelgle

data or int %uﬁerfd?ﬂé&pyt from the processor 2021 or from the frame buffer 2028 and reformats the raw

( 25  image data appropriately for high speed transmission to the array driver 2022. Specifically, the
driver controller 2029 reformats the raw image data into a data flow having a raster-like format,
such that it has a time order suitable for scanning across the display array 2030. Then the driver
controller 2029 sends the formatted information to the array driver 2022. Although a driver
controller 2029, such as a LCD controller, is often associated with the system processor 2021 as a

30  stand-alone Integrated Circuit (IC), such controllers may be implemented in many ways. They
may be embedded in the processor 2021 as hardware, embedded in the processor 2021 as
software, or fully integrated in hardware with the array driver 2022.

Typically, the array driver 2022 receives the formatted information from the driver

controller 2029 and reformats the video data into a parallel set of waveforms that are applied
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that is readily processed into raw i mage data. The processor 2021 then sends
the processed data to the driver controller 2029 or to frane buffer 2028
for storage. Raw data typically refers to the 15 information that identifies
the image characteristics at each | ocation within an | e. For exanp] e,
such irmage cPAY At M% £5L8 ion e AR OB e O RAp SO, leac}%ocog%syé%‘eé**%
level . I n ongpeIRQd) ARRL of hikQs.Processor 2021 includes a mcrocontroller,

CPU, or logic'unit To control operation of the exenpl ar%/ di spl ay device
2040. Condi ti oni fgokrgmhedineenR G Ariyenrontaglley 2029nartay dlaiser9pt.iand disglayparthy203Q er s
for transmttin ianals 1 S k 45, f .ecek Vi 2 i gnal s
from the m Aoarssidons, i Hafer BRRNS e S8k "BtoX Pouplh, B I8¢
conponentss  enibbdiingnt] Bevee xenpdllar 3029 is pl @yvelavial disglag Qontaillendiya bestablc display at ed
within the processor 2021 or other conponents. The driver controller 2029
takes the r £RNTHEYE-LraaraniGerEpstisesitlaton copFliens Ib Anasls pmbadipenty ary diver y
fromthe progessof caRehiondl diivermbd Pe;-{irlRishEY (iBber 2028 aR Bttt GEREHB LD alINE; T AW

25 image data appropriately for high speed transmission to the array driver
2022. Speci fdisphly). yin dnhembediment, € dnver obitetler229 iy nfegratedtwitht the arawdriveng@22dat a

into a data Jl.ow havi.n .raster-.like f.ornmat uch that it has a ti or der
Ui tabl o f orsuEE ARkl s DRk i e AR v SRl b A, s
control l@r 2Q28theanis atdadishRydTah tyechnbthérahivatin@ht, Gieplhjnarar203yisdnypicl digfa2.

Al t hough a driver controller 2029, such as a LCD controller, is often.
associ at ed @h o h béyiablendiplayc agdh(e-go 21 digplay ingduding 98- rynel imerkgpmatiy
Greuit (I OQpodsdeiycontrollers may be inplenented in many ways. They may be
enbedded in the prgcessor 2021 as hardware, enbedded in the processor 2021
as ( software, or Thelidppt devieedi0a8 etowsna heer dweangrolnfhe laperhigonaafrthey extriplagy digap .
Typically, the array driver. 2022 receiyes formatted | pfonmati I t he
aPver | onBhre B8 JHont Shoblbty BPE ¢RE- PR RHER S Rkl SRR ARERIT o
wavef or s t hayboarder apgiéphemt keyphl, Bbiyont 4 seischpetoudesasidvd @rdehia giesads-aidl heand

soneti nmes thousands of |eads com ng fromthe display's x-y matrix of
pi xel s. In CARSSRIBRFRS: , ot o8 efmb ishenl e ToFTPRlionb ) > IR PUH AP ool

and di spl ay &hdry 4R8fy davie RROI MReh AlcSnibRbhdR Y208 istub&l th RS i totthe BvR¥S
descri bed herein. For exanple, in one 5 enbodinent, driver controller 2029

is a conventvoisaapminie may be orrvidsi bea user fer dontreltingpreratiospiahe exsmplagl display
(e.g., an i Qite%%%%grret ric nmodul ator controller). In another enbodi nent,
r

array drive is a conventional driver or a bi-stable display driver

(e.g., &b interf @ooaetupplg 2080cahataurde adiasqy af/gnergdyrstavape devibesdhis aentell ko inver
controller 2029 is integrated with the arra ri.ver 2022. ch an
ot ot (B 4 e HAR e e bt het SYeD 20T aat e e igh s
wat ches, 10 nadrel-QtRARKMN KafBdylor alligRub ichVa@er. Inl dmothed enddQinkeat, pm&@gwlsemso isa

I S

di splay array 2030 is a typical display array or a bi-stable | ay array
(e.qg., a di IpIeHPbIp ARAIZIIOHEFECARRGIQY OB Selpft el fipeludipg  plastic solar cell, and solar-cell

paint. In another embodiment, power supply 2050 is configured to receive power from a wall
( 25 outlet.

In some implementations control programmability resides, as described above, in a
driver controller which can be located in several places in the electronic display system. In some
cases control programmability resides in the array driver 2022. Those of skill in the art will
recognize that the above-described optimization may be implemented in any number of hardware

30  and/or software components and in various configurations.

While the above detailed description has shown, described, and pointed out novel
features of the invention as applied to various embodiments, it will be understood that various
omissions, substitutions, and changes in the form and details of the device or process illustrated
may be made by those skilled in the art without departing from the spirit of the invention. As

35  will be recognized, the present invention may be embodied within a form that does not provide
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nodul ators). The input device 2048 allows a user to control the operation of
the exenplary display device 2040. In one enbodi nent, input device 2048

i ncl udes a keypad, such as a OMNERTY 15 keyboard or a tel ephone keypad, a
button, a smntch a touch-sensjtive screen, a pressure- or heat sensitive

menbr ane. | A 1dﬁéﬁ%ﬁﬁaw&ﬁsr?é\ﬂtbemtfﬁ%%fevlbaﬁfawe a9 §FR° fMIE MRPDE U\ Eadtisid t he
exenpl ary d'sﬂﬁia?eYy gemi fifers2 OfR- scme(ﬁ tﬁ@ﬁlV@ﬁthBQQnﬁﬂﬁteggﬂ%e‘ a%péiﬁ@&j clraﬁhs' kit
data to the device, voice commands nay be provided by a user

controlling tl@pé)tvethq tomegon ctemp@@aerrﬁllaghyngﬂs svpicawomdevihaethﬁmnmeenmw of
supply 2050 can,in a va e devices as are well
known in t ﬁ%u Valetncf%tqge clalms tggélerﬁ)braceﬂ%vn@}/ndtﬁ 1950 196 power supply 2050 is a
rechar geabl e battery, such as a nickel - cadn1un1battery or alithiumion
battery. In another enbodi nent, power supply 2050 is a renewabl e energy

source, a capacitor, or a solar cell, including a plastic solar cell, and
solar-cell paint. In another enbodi nent, power supply 2050 is configured to
receive power froma wall 25 outlet. In sonme inplenentations control

programmability resides, as described above, in a driver controller which
can be located in several places in the electronic display system In sone
cases control programmbility resides in the array driver 2022. Those of
skill in the art will recognize that the above-described optim zation nmay
be inmpl enented in any nunber of hardware 30 and/or software conponents and
in various configurations. Wile the above detail ed description has shown,
descri bed, and pointed out novel features of the invention as applied to
various enmbodinments, it will be understood that various om ssions,
supstitutions, and changes in the formand details of the device or process
illTustrated may be nade by those skilled in the art without departing from
the spirit of the invention. As 35 will be recognized, the present invention
may be enbodied within a formthat does not provide -17 all of the features
and benefits set forth herein, as sone features nmay be used or practiced
separately fromothers. The scope of the invention is indicated by the
appended clains rather than by the foregoing description. Al changes which
come within the neaning and range of. equivalency of the clains are to be
enbraced within their scope. 5 -18 WHAT IS CLAIMED IS: 1. A display device
conprising: at |least one interferonetric nodul ator configured to selectively
reflect green.
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i ght incident thereon; and at |east one filter associated with the at | east
one interferonetric nodulator and configured to selectively transmtt

vi si bl e wavel engt hs associated with magenta |light and substantially filter
ot her visible wavel engths when illumnated with white light. 2. The display
devi ce of M&M&ﬂ@ﬁ said filter conprises an absorption filter. 3.
The display devige of said filter is configured to filter
i ght incident gn thé‘qell%ﬁ%}]eévélfél%%{g%ﬁ%erferonetr| c nodul ator and to filter
light reflected by thet leasttone firedéremetic nnmdlatoatoonfiguded Bheeladiiad) efledegeane of
Claim1, wherein said, at | east e interferometric nodul ator conprises a
reflective surf a8t é’?fbdaéat tb%{F‘ﬁ érl"{'y reflective surface defining an opti cal
cavity, the optical CaViedsy oftailkdd AssBBatdWith Me NALaBt drRNBEAerbR@tic bddulator and
substantially equal to one half of a wavelength associated with green
light. 5. The di spifigyredéwvselsstivsfly @mmmvmblmm\re&;qngths associgied Wit gragantadight and
interferonetric dul at f|| i ving a

st andar di zed whi tsurggtant,la?l%l%lit ﬁjerr]wsg)ﬁje wz}ve lés\? \ivlgeéll 1fm1\M}e<§ w1tgwgl 1i egrhg in said
white point is ope Of Thb&ispl&akyice of ClEl?rBl wﬁere’ﬂmlddllﬁzpb(ﬁiyprﬁ&\/dn(hes@tloﬁlﬁﬁhrm 1,

further conpri sing: a rocessqr that is in electrical commnication with
said at |east onéd intd8ffiEplanasvisecolfoaimn bt whereid pig Bﬁebbse%"é‘fjgurfpeionf&ter light

confi gur ed Er&d@ﬁtoﬁxﬁlﬁe LIRAG &@tlﬂterf@x'aﬁxeﬁ‘lcniﬁma)ford% & £l ﬁélﬁ%ﬁéc%' b?r the

conmmuni cation wth said processor. . The display device of Claim

further corrpmrﬁerqngﬁtnfancmilamr circuit confl gured to send at Ieast one si gnal
to said at |east ,one nter netri.c dul at.0 9...The.dis a levi ¢ of
Claim 8, further4conp S|dt"f8{ay e&?ﬁt?foﬂm ulConl?eredllljrsél(ﬁ1 ' leélsetn %‘t §r°§feg§

portion of gwidatomegeprias a’;lrdﬂéct&al silrfelei an@ra paGtidlig Ueflecti®® surfdae defifiny ayopdiemi ce
of Caim?7, further conprising: an inage source nodule configured to send

sai d i mage 6% tP%OR‘%iP]&aWM%&P optepl P%@naﬁlé&ﬂt subdantislly equaldp gphafeof a

wher ei n sai g, dBgMh SQuhks wildH.R1igRMPri ses at | east one of a receiver,
transceiver, and transmtter.” 12. "The di splay device of Caim?7, furt her

conmprising: - _195an i ﬂipmdlsa@w deeice orif Clgim eld wherdieceidvet ieagp uenedimtesferomtrico
communi cat € modliftot &} sa1d fljﬂgrt roc}uge w. tedhéﬂ l?aQ/esgSa% andardized white point.

6. The display device of Claim 5, wherein said white point is one of D55, D65,
or D75.
7. The display device of Claim 1, further comprising:
a processor that is in electrical communication with said at least one
interferometric modulator, said processor being configured to process image data; and
a memory device in electrical communication with said processor.
8. The display device of Claim 7, further comprising:
( a driver circuit configured to send at least one signal to said at least one
interferometric modulator.
9. The display device of Claim 8, further comprising:
a controller configured to send at least a portion of said image data to said driver
circuit.
10. The display device of Claim 7, further comprising:
an image source module configured to send said image data to said processor.
11 The display device of Claim 10, wherein said image source module comprises at
least one of a receiver, transceiver, and transmitter.

12. The display device of Claim 7, further comprising:
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13. A method of fabricating a display device, conprising: formng at |east
one interferonetric nodul ator configured to selectively reflect green |ight
i ncident thereon; and formng a filter positioned with respect to said

nodul at or such that |ight dul at ed by said at | east e interferanetric
modul ator i s filtered By gig optpredindiisr hau B2 ppd Pesommupica spdp
transmts visi bl glaay &l tdhisorassoci ated wth magenta |ight and
substantially filters other visible wavel engths when illumnated with white
light. 14. The meBhod dometbpdptfpbryatingadisiay degre CPPPisEe: conpri ses an

absorption filter. 15'for-ﬂnlgg ?ﬁ%zﬂp gneoﬂltegex%hlmrijcelnom%r %bﬁh%xp{grlor% EPIe&%Q refl ct'

nodul at or and form ng sal ter conprise formng sail ator "and sai d
filter to producereehiliple ihdidgnt thedaamr,ant eri zed by a standardi zed white point.

16. The nethod of d ai.m 15, erein. said standardi zed, whi t oint js one of
I R R P o R R B R R KR S R L

conpri ses form ngycalalld by 3kt 18dst FRLMEHRSmEAC ASdd1fof ik kiltered by M filkdaGHERME ON
the at |least one interferonetric nmodulator and to filter |ight reflected by

the interferomnet rskid fitiststletizely trasmitFhasible thagelengths@ssacipted Iwithmagaatanligh erd ng

said at | east one | G ' £ N eflective
surface and a pa‘ras{l l}sgbﬁl ﬁ@fy?ggﬁgogﬁe#gglb%%g%ﬁeﬁﬁ dse‘fl%@'ri#élﬁ gﬁej‘glﬁ%@gﬁ l?ggcfivi ty, the
optical cavity havi ng Taamethibd ofiClajpal3) whemntshidtfitat congprisaslas hbsotgtiah Fijterequal t o
one half of a el ength assocjated with green light. 19. A_display device
fabricated byt hdet HOBMSHodALCRm & Abgeindermyipe s modwiiorend rpy e dVFE o

conpri sing: dompAde fofBABE s@faCmbdulfbér sHdSREAYiIG! RNEOluce OMfileOkgHe Ehbract&Rle@ bl ivel y
nodul at e cyan FI ht; and at | east one second display el enent configured to
sel(ect i vel y stmdaifizedevhjielpply | i ght, wherein each of said at |east one first

di spl ay el ement zgd 53‘119 n?e'ihoh;%gliﬁaiﬁlrl% Vﬁ&&ﬁ@ﬂd@iaﬁ@r&li’ed@k@iﬂbﬁmg rdfﬁﬁé, a

reflective surface and a part y reflective surface. Ispla
devi ce of ClShvidWs. wherein said at | east one first display el enent and said

SRCT R T A S R T M ———
st andar di zedayahbt Batpil B3 ad t5 fdBElighk incldof,on Bt 162kt daf InterfeZdnetric modulator and to
filter light reflected by the interferometric modulator.

18. The method of Claim 13, wherein forming said at least one interferometric
modulator comprises forming a reflective surface and a partially reflective surface defining an
optical cavity, the optical cavity having an optical path length that is substantially equal to one
half of a wavelength associated with green light.

- 19. A display device fabricated by the method of any of Claims 13 to 18.
20. A display device comprising:
( at least one first display element configured to selectively modulate cyan light;
and
at least one second display element configured to selectively modulate yellow
light,
wherein each of said at least one first display element and said at least one
second display element comprises a reflective surface and a partially reflective surface.

21.  The display device of Claim 20, wherein said at least one first display element
and said at least one second display element produce white light having a standardized white
point.

22. The display device of Claim 21, wherein said standardized white point is one of

D55, D65, or D75.
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23. The display device of Caim20, wherein each of said display elenents is
characterized by an optical path length d, between said first and second
reflective surfaces and wherein said optical path | ength of said at | east

one first display_elenent,.i bstantjially e ngt h
associated with %?an ﬁ H]ESPE“?ZF%V‘Fﬁé’?a‘]FI §9 g’«g?/‘i‘“"(‘,“ee ?%%ﬁn‘?"’ég Y GRRFYS & sai d
optical pat fahdrwiztu B a a;stfialalsatﬂ feag% d, Qa@eesl%mstdanmb&nd S4ROBR sutfices and
substantially equal to one half of a wavel ength associated with yellow

light. 25. Tihereissidlopticadpath deagidiof glidatte@0onenrelrdispinysiimeniis sibstastiallyrequad écond

di spl ay el enent oS} n mately to said at | east one first
di spl ay el eﬁgﬁf’elerfgl gﬁcﬁla&g%% é{Pn o‘%’itn ce of Caim?20, further conprising:. a

processor that ig4in ehedfrslislh}cadvuﬁ@mwm@axwmfienmsilh optical paisteng@h @f 6fid sideadt at

| east one first djsplay elenment and said at |east one second display

el ement, saiBe picorbdsRtY clpBimds BoHmIGY caual do probaibel ¢ Hatdenat aésocaa#& with
menory deV| c};glol g% Lectrical communication with said processor. 27. The

di spl ay device of> Al ai m 26, further conprising: a driver circuit configured
to send at | east 2Bne 's"hgdla;bla}tdrvab of €agn 2@ rvéherin Lai af least on¢ gagnd dsphavielanznt

di spl ay el enent..and said second .di spl ay el ement. 28. The
di spl ay devid®S§Ps péﬁxﬂﬁ‘ yt?ﬁﬁ“ﬁ\&f‘s ?rﬁ??@ﬂﬂ@' a%nd%nt roller configured to
send at |east a perti qRe @ifplsadedict BRQRInGI2Y, Further SMpilisilpd ver circuit. 29. The
di spl ay device of Caim 26, further conprising: an inmge source nodul e

configured to send saP @TOcRRefcthalds & dlesttacal eomympteasion with apleastioge af wil dyeadievi ce
of Caim29, whepg ﬂrs?ﬂisﬂéﬂz PRGEnSRHGE P %‘%‘8 H'd?sgﬁygﬁemeh?%? g&@sss’i a

recei ver, transceiver transmtter. 31. T evice o alm 26,
further conprisi hgngeﬂnﬁgurpdjtonﬂwassomagﬁahta,gmed to receive input data and to
comuni cate said input data to sa cessot t hod of fabricating

oA
a di splay device, conﬁﬂegﬁoﬁl dev?%Plrﬁl‘?%gl%ﬁf Oflbnéélfca Wlft}f Srasqur?‘ﬁfsé’rferorret ric

nodul at or confi gared The Gisplgcdeviee bi/Clainedd, é@theCstdiprisinght i nci dent thereon
and formng at |east one second interferonetric nodul ator Erom mat el y
said at |east one fi ASEVEIAEPE eondigaiedl ite STRYAL egpioAne signal taiah leastime &f S%atst

one second modul fI’eTaQroné ﬁrst &i%ﬂy‘ éﬂéiﬁe%@aﬂd%a@%l Fe‘a‘stt bi(@s!e}ionﬂ%ﬁ %ﬁ‘}%l,e%%t'. ow | i ght
i nci dent thereon. 33. The met'hod Claim 32, wherein formng said

modul at ors conpr 28es ﬂ‘b¢ display device of Claim 27, further comprising:

a controller configured to send at least a portion of said image data to said driver
circuit.
29. The display device of Claim 26, further comprising:

an image source module configured to send said image data to said processor.
30. The display device of Claim 29, wherein said image source module comprises at

least one of a receiver, transceiver, and transmitter.
( 31. The display device of Claim 26, further comprising:

an input device configured to receive input data and to communicate said input
data to said processor.
32. A method of fabricating a display device, comprising:

forming at least one first interferometric modulator configured to selectively
reflect cyan light incident thereon; and

forming at least one second interferometric modulator proximately to said at
least one first interferometric modulator, wherein said at least one second modulator is
configured to selectively reflect yellow light incident thereon.
33. The method of Claim 32, wherein forming said modulators comprises forming

said modulators to produce white light characterized by a standardized white point.
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said nodul ators to produce white |light characterized by a standardi zed white
point. -21 34. The nethod of Caim 33, wherein said standardi zed white point
is one of D55, D65, or D75. 35. The nethod of C aim 32, wherein each of

sai d nodul ators i,s characteri z h n.. optical path Jength. d, and rein
sai d at |east one’?ifi rg{he Hﬁfié’? %rla“%s?’%f 8P‘ﬁ°%‘8 SFl‘é\ffaﬁ r‘i‘é‘?‘;dw@%sﬁoémdseone Of\%%%’
substanti al Ipgsegypls. to a wavel ength associated with cyan light. 36. The

met hod of Claim 35, wherein said at | east one second nodul ator is forned
havi ng sai d di st 8hce Jhbsrethd phflaym 3 ydiereiroeagh ef said hodufategs inshashaserigehby an.
associated wi th | lLight . 37, . I.Spl ay I abr i ot t hod
o “any of - LRI il g yher ey MaR Ry B E R iRl S R A Shhe Bia llnE"
modul at i ng lsitghhtialgaiythl podwh@lengl asseamsd sith epdnilighd. y refl ecting green [ight
using interference; and nmeans for filtering, .said filtering neans

sel ectively transhitt g mFhef B Elaimay eV RTgE FYd 4517 Pat BaOM DU dhioEmed ght
and subst anthmlég Yhid didthRE 5iRaRANG eql &) Bk Balf YEVRARRALPAssHOSE Wlth WTioRaierd Wi th
white light. 397 The display device of Clalm38, wherein said nodul at’i ng
means conprises a7. | dadisplayvsvicefabrifateddyehe methorbfuhneoldrlaivsdtitgifr ed t o
selectively refl ﬁgt gr,e 1n1| i@t}.t ionci dleni thereon. 40. The display device of
Cl aim 39, wherein sai 5‘ W PEHS Cr??éﬁélgborrpri ses at least one filter
associ ated with the ameh@a®t moddatingtIfshf, 84i0 IdalatindReink atledtivalp deflofidg gened t o
selectively transmt. visible wavel engths associated with nagenta |ight and
substantial |y fi lighiusipeesiapnss:Bpe  wavel engths when illuminated with white
i ght: 41. The displ aYnegl?sV'f&e f?rferilg, adai %ﬁte;i}ﬂ@%&in_ SRchvel |t¥a§§dﬁﬂ91gn'€i§ﬂi%_
conprises neans for selectively transmtting visible wavel engt hs associ at ed
wi tth magent a | i ghavelendths udssaciatdd wiith ymagentat kight rgd cubstantivilys ifilteengnathed eisiyichs
when il um nat edwvvi tlhn Si“;hgn hfu E\I}ate 42 v;li]flltee 1istSp| ay device of O aim41,
wherein sai d sel 8&TVEPransm tY n& m!.\]ans gofrpri ses an absorption filter.
43. The display devi c@helisplagidevidSef Glaii 88,nwisadifl safd chddalaiinpgmemarRemprives sai d
filtering neans output white |ight havi ng a standardi zed white point. 44.
The di spl ay ‘HehAPE BIGier Bt e aTef et P d S e cHERNIT RS St g S U RghT €8s an
m croel ectromechapi calrps ¥RpIR§MHevAR of 1S FHer6iR \6hid GileRNI bRk Behpr¥EAA JeabiOr
sel ectively nodulating cyan light; and neans for selectively nodul ating
yel | ow | i ghtone filter associated with the at least one interferometric modulator and configured to selectively

transmit visible wavelengths associated with magenta light and substantially filter other visible

wavelengths when illuminated with white light.

41. The display device of Claim 38, wherein said filtering means comprises means

for selectively transmitting visible wavelengths associated with magenta light and substantially

filtering other visible wavelengths when illuminated with white light.

42. The display device of Claim 41, wherein said selective transmitting means
( comprises an absorption filter.
43, The display device of Claim 38, wherein said modulating means and said

filtering means output white light having a standardized white point.
44. The display device of Claim 38, wherein said modulating means comprises an
microelectromechanical system.
45. A display device comprising:
means for selectively modulating cyan light; and
means for selectively modulating yellow light,
wherein said cyan light modulating means and said yellow light modulating
means each comprise first means for reflecting light and second means for partially

reflecting light.

22



wherein said cyan |ight nodul ati ng neans and said yellow Iight nodul ating
means each conprise first nmeans for reflecting Iight and second neans for
partially reflecting Iight. -22 46. The display device of Caim45, wherein

said cyan |ight dul ne ris t | east one el enent
configured to sefecti %‘T ;‘)%Pléi’l sdge § i GhtVeHE HehEYR hgvég‘ﬁja%g%ﬁ e st
reflecting oBaREes ARt dsplSf dIGRL: \éﬁnﬁ%&EJdaféesei’é&ﬁv&)alréheﬁteﬁﬁﬁq %ﬁiﬂcld@hﬂ Y,
reflecting means conprises a partially reflective surface e di splay

devi ce of ClgiemnAgid Wﬁérr@ﬂenmgamdaryaonmwemagm’le@ftyamusfeciengldnf@mwsecomdomml es at
| east one di e%l%!:tﬁ%n? rrcg)g?ngegg ?I{lfﬁ%{l&%v@?drﬁgé' vely reflect yellow |ight
0 ERY ec

i nci dent ere rst neans conprises a reflective
surface and sai d4zecombe piaplhy aévhqe ofr(érhine@tﬁ i wieergie a1ié yelbowp tiginasodalafing ticadsl y
reflective surface. 48. The, display device of C ai.m 45, wherein, said cyan

|i ght modul SYTRI§ehataleest QAg disrlay alegﬂevq wrfigyrethio sedsgtively raflgchnysliny light bﬂﬁtde%hl te

l'ight havi n%eﬁoﬁtﬁmﬁfsg'rgfﬁ'gtlﬁ@qhﬂsﬁls %hfﬂﬁses‘lagreﬂl_&ﬁle%?fme%dds%}@ &R pdidlym 45,
wherein said cyan |ight nodulating neans and said yellow |ight nodul atl ng

nmeans conpr ieflectivieareawsl cowprigse pirdnlicaflectys suefase. 50. A et hod of rmdul ating

l'ight, conprisin interferometri ! d atln r

filtering said gfg%en ?f‘egﬁlquw NE 0? ﬁ?‘érﬁ?ﬁy aliie neln%“ g’ﬁémat “.gd%*‘ta“wgn

i 1'1'um nat edsaigwdliowight Bodulghg nﬁ&s@ﬁtpﬁmlﬁtétligﬁﬁhamgta@tahd@thied wiite pdipe net hod of
Cl aim 50, wherein said filtering and outputting are perforned so as to

out put white |ight: havPnhgjsplassteyiraff Eﬂazféd%oﬁbftr@n L ﬁYaﬂ light madylating gppagy and

modul ati ng Ldl&J?éll’owq%Hﬂh&ﬁﬂaﬁHg meéxﬁtc&%ﬁe%f&%élk&ﬁhie&xaﬂi&ﬁ%ﬁ%&9 cyan light;
and interferonetrically nodulating ye l'ight, wherein said cyan and

yell ow i ght conbi.ne Aonqﬂrosidﬁmdvlmngélghi, gcmlprlSB@ The met hod of d aim 52,

pher el n sald OULPULL ! Rk nBEILARY RESIA ek fRULAUC  Whi te TTgnt having a

filtering said green light with a filter that outputs magenta light when illuminated
with white light so as to output white light.
51. The method of Claim 50, wherein said filtering and outputting are performed so
as to output white light having a standardized white point.
52. A method of modulating light, comprising:
interferometrically modulating cyan light; and
interferometrically modulating yellow light,
wherein said cyan and yellow light combine to produce white light.
53. The method of Claim 52, wherein said outputting is performed so as to output

white light having a standardized white point.
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