METHOD AND DEVI CE FOR MANI PULATI NG COLOR I N A DI SPLAY Field [0001] The
field of the invention relates to mcroel ectronmechani cal systens (MEMS).
Backgr oungto[20835s24 cr oel ect romechani cal systens ( MEMS) priralsuehs/opisgs O
mechani cal el enents, actuators, and el ectronics. M cronechanical elenents
may be created using deposition, etching, and or other m cromachining
processes that etch away parts of substrates and/or deposited materi al

| ayers or that add |l ayers to formelectrical and el ectromechani cal devices.
One type of MEMS device is called an interferonetric nodul ator. As used
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gap. As described herein in more detail, the position of one plate in relation to another can change
the optical interference of light incident on the interferometric modulator. Such devices have a
wide range of applications, and it would be beneficial in the art to utilize and/or modify the
characteristics of these types of devices so that their features can be exploited in improving existing
products and creatitng new products that have not yet been developed.
SUMMARY
[0003] 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 1more prominent features will now be discussed briefly. After considering this
discussion, and particularly after reading the section entitled “Detailed Description of Preferred
Embodiments” one will understand how the features of this invention provide advantages over
other display devices.
[0004]  Amnother embodiment includes a display comprising separate sections. The

display comprises a first plurality of pixels in a first section of the display configured to display a



second imge. The first plurality of pixels is different fromthe second
plurality of pixels such that the first plurality of pixels output |ight of

a differenbwamss2ihan the second plurality of pixels. pe@Qshoodnsisber
enbodi ment i ncludes a display. The display includes a first plurality of
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interferometrically producing of a first color in a first monochrome region of the display to display
a first image and means for interferometrically producing of a second color in a first second
monochrome region of the display to display a second image. The first and second monochrome
regions of the display are non-overlapping regions.

[0008]  Another embodiment includes a method of making a display comprisinng separate
sections. The method includes forming a first plurality of pixels in a first section of the display.
Each of the first plurality of pixels comprises at least one light modulator. The method further
includes forming a second plurality of pixels in a second section of the display. The second
plurality of pixels comprises at least one light modulator. The second plurality of pixels is different

from the first plurality of pixels such that the first plurality of pixels output light of a different color
than the second plurality of pixels.



interferonetric nodul ator display in which a novable reflective |ayer of a
first interferonmetric nodulator is in a relaxed position and a novabl e

refl ecti weol2aymse2k a second interferonmetric nodul at or ipeTiUS2008/080¥261at €d
position. [0010] FIG 2 is a systemblock diagramillustrating one

enbodi ment of an el ectronic device incorporating a 3x3 interferonetric
nodul at or display. [0011]] FIG 3 is a diagramof novable mrror position
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interferaonetric nodul ator, [0018] FI ? 7D is a cross section of yet another
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display of FIG. 2.

[0014] FIGS. 6A and 6B are system block diagrams illustrating an embodiment of a
visual display device comprising a plurality of interferometric modulators.

[0015] FIG. 7A is a cross section of the device of FIG. 1.

[0016] FIG. 7B is a cross section of an alternative embodiment of an interferometric
modulator.

[0017] FIG. 7C is a cross section of another alternative embodiment of an
interferometric modulator.

[0018] FIG 7D is a cross section of yet another alternative embodiment of an
interferometric modulator.

[0019] FIG. 7E is a cross section of an additional alternative embodiment of an
interferometric modulator.

[0020] FIG. 8 is a graphical diagram that illustrates the spectral respc;nse of an
exemplary display that includes the interferometric modulator viewed through a wavelength filter.

[0021] FIG. 9 is a graphical diagram that illustrates the spectral response of another
exemplary display that includes the interferometric modulator 12 viewed through a wavelength

filter.



[0023] Figure 11 is a partial schematic diagramthat illustrates an

exenpl ary col or display that includes one or nore narrow band illum nation
sour ces. WwOQadklosbs2gure 12 a side cross-sectional view opcanshhsnzazenpl ary
di splay that includes the interferometric nodulator and a |ight producing

| ayer that includes photolum nescent material. [0025] Figure 13 is a side
cross-sectional view of an exenplary display that includes the

interferdfdNi c Hised 50 @rSlfmetO%S -yectional yiwy ek an [caeplaryFiligples that ingludesfaront
vi ew of. an di ncl udes several regions that each

di sdPtSSfeIé’Hlﬁ%ﬁ%g‘gdﬁlﬁ%éa‘&‘? F ael 8%&81#8? DETAI LED DESCRIPTI ON OF PREFERRED
EMBCDI MEN@§241002F gl fiold 9%@9 séiRhAtt elaHeSCiHaP il @fates 44 ERSMSEy &lor

certain specific enbodi nents of the invention. However, the invention can
be elidpbaji that mduéesmnletqrnuni@nmfovdbmdeilemnabmy§ouﬂces this descri ption,

e moanbP T i b AP SR ol S RE iy By St "
desGfd RdrRRomb % @ﬂwa%etaalgwm@ﬁmhgmy@mm B8 @molgﬁmee&n& Hﬁ&eria?

configured to splay an i1 nage, whether “in notion . 9.,

st ati onar{0025. g Figatd 13 1s|a|m§pe<)rossasedtuyxtaét/iwroﬁaa>@<ﬂmlplamy d;spkayd[ataiclud@rﬂm
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television nonitors, flat panel displays, conputer nDnitors, aut o di spl ays
(e.g., odoneter display, etc.), cockpit controls and/or displays, display
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el ectronic photograp s S or sl gns, projectors,

archi t ect[gozet] st The falloesng @ét@lkeﬂgidﬁﬁiptmds dpsdtbtd ertat ypetificembodirgents of
di spl ay of inmages on a piece of jewelry VEMS devices of simlar structure
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enbodi ment, the illumnation is
as, but not limited to, mobile telephones, wireless devices, personal data assistants (PDAs), hand-
held or portable computers, GPS receivers/navigators, cameras, MP3 players, camcorders, game
consoles, wrist watches, clocks, calculators, television monitors, flat panel displays, computer
monitors, auto displays (e.g., odometer display, etc.), cockpit controls and/or displays, display of
camera views (e.g., display of a rear view camera in a vehicle), electronic photographs, electronic
billboards or signs, projectors, architectural structures, packaging, and aesthetic structures (e.g.,
display of images on a piece of jewelry). MEMS devices of similar structure to those described
herein can also be used in non-display applications such as in electronic switching devices.
[0028] One embodiment is a display that includes color interferometric modulators in
which light received by the modulators is filtered using a color or wavelength filter to increase the

color gamut of the display by increasing the saturation of light output by the modulators. Another

embodiment is a display that includes color interferometric modulators that are illuminated using



provi ded by a photol um nescent material. Oher enbodi nents include a

di splay conprising separate regions or sections that output different

pr edet er jvoedosagbus of |ight. [0029] One interferonetripeTsdasasnne di spl ay
enbodi nent conprising an interferonetric MEMS display elenent is
illustrated in Figure 1. In these devi ces, the pi xels are in either a
bright or dark state. In the bright ("on" or "open") state, the display
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an overall reflective or non-reflective state for each pixel. [0031] The
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movable reflective layer is positioned at a relatively large distance from a fixed partially reflective
layer. In the second position, referred to herein as the actuated position, the movable reflective
layer is positioned more closely adjacent to the partially reflective layer. Incident light that reflects
from the two layers interferes constructively or destructively depending on the position of the
movable reflective layer, producing either an overall reflective or non-reflective state for each pixel.
[0031] The depicted portion of the pixel array in Figure 1 includes two adjacent
interferometric modulators 12a and 12b. In the interferometric modulator 12a on the left, a
movable reflective layer 14a is illustrated in a relaxed position at a predetermined distance from an
optical stack 16a, which includes a partially reflective layer. In the interferometric modulator 12b

on the right, the movable reflective layer 14b is illustrated in an actuated position adjacent to the

optical stack 16b.



such as indiumtin oxide (1TO, a partially reflective |layer, such as
chromum and a transparent dielectric. The optical stack 16 is thus

el ectri cavbyoesmnesati ve, partially transparent and part ipalrlus2608fobags i ve,
and may be fabricated, for exanple, by depositing one or nore of the above
| ayers onto a transparent substrate 20. In sone enbodi nents, the |layers are
patterned into parallel strips, and may formrow el ectrodes in a display
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Pro,an 8051, a MPS , a Power PC(r), an ALPHA(r), or any special purpose
m c pg@;nﬁé]@esgm&alsﬂ@qk 165 A dielectric layer (not illustrated in this Figure) within the optical stack

16 may prevent shorting and control the separation distance between layers 14 and 16, as illustrated
by 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 to that used in con.ventional LCD and other
display technologies.

[0034] Figures 2 through 5 illustrate one exemplary process and system for using an
array of interferometric modulators in a display application.

[0035] 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 may be any general purpose single- or multi-chip

microprocessor such as an ARM, Pentium®, Pentium II®, Pentium II® , Pentium v® , Pentium® Pro,



digital signal processor, mcrocontroller, or a programmable gate array. As
is conventional in the art, the processor 2 1 nay be configured to execute

one or nowe 2wefdsvmae nodul es hi addition to executing apcepspa@sioB@eystem
the processor may be configured to execute one or nore software
applications, including a web browser, a tel ephone application, an emai
progragg or a%y®pther sof%yar%gggglgcation. [0036] hi one enbodi nent, the
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st atsefilvard dppliegtionat ed state. However, when the voltage is reduced fromthat
val ue, the novable layer maintains its state as the voltage drops back
bel ow 10 [083als, i onerembodénpitathy rsedsetir A ns alsd cmifigwred 18, confraumeniabiith dnayer

does not, rel onpl etel v,.unt,il, the volta drops below 2 volts..There is
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device is stable in either the rel axed or acfuated state. This is referred

t o heregiilusmtadnia Figyeet brieshewvmibpdbevliney 1+1sinaBighiet 3. iondREMS Eeerferomiesisl ay
arra vi ng.t he teresis. characteristics, of, Figur , the row columm
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of about 10 volts, and pixelS that are to be rel axed are exposed to a
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exposed a Stea at e | tage di.fference of abo 5 yolt ch that
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wi ndow' of 3-7 volts in this exanple. This feature makes the pixel” design

i || ub¢ valtage dropsFhejow e voltst alftege isnttivs a rime s mltagp labewt /ol T ¥gie therdamplens i n
either an actuated or, rel axed.pre existi tate. Since. each pixel .of, the
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this stable state can be held at a voltage wthin the hySteresis w ndow
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row that are to be actuated are exposed to a voltage difference of about 10 volts, and pixels that are
to be relaxed are exposed to a voltage difference of close to zero volts. After the strobe, the pixels
are exposed to a steady state voltage difference of about 5 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 relaxed pre-
existing state. Since each pixel of the interferometric modulator, whether in the actuated or relaxed
state, is essentially a capacitor 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.



columm el ectrodes in accordance with the desired set of actuated pixels in
the first row A row pulse is then applied to the row 1 el ectrode,

act uat i ngwbheoqusgsehs corresponding to the asserted col uraThispesio3ibe
asserted set of colum electrodes is then changed to correspond to the
desired set of actuated pixels in the second row. A pulse is then applied
to the row 2 electrode, actuating the appropriate pixels in row 2 in
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Wth these applied voltages, all pixels are stable in their existing

act uzald it zero volts, the pixels are stable in whatever state they were originally in, regardléss of
whether the column is at + Vi, Or -Vpias.  As is also illustrated in Figure 4, it will be appreciated
that voltages of opposite polarity than those described above can be used, e.g., actuating a pixel can
involve setting the appropriate column to +Vyis, and the appropriate row to —AV. In this
embodiment, releasing the pixel is accomplished by setting the appropriate column to -V, and the
appropriate row to the same -AV, producing a zero volt potential difference across the pixel.

[0039] Figure 5B is a timing diagram showing a series of row and column signals
applied to the 3x3 array of Figure 2 which will result in the display arrangement illustrated in
Figure 5A, where actuated pixels are non-reflective. Prior to writing the frame illustrated in Figure
5A, the pixels can be in any state, and in this example, all the rows are at O volts, and all the

columns are at +5 volts. With these applied voltages, all pixels are stable in their existing actuated

or relaxed states.



or relaxed states.[004Q In the Figure 5A franme, pixels (1,1), (1,2),
(2,2), (3,2) and (3,3) are actuated. To acconplish this, during a "line
time" forwpeweloze2@l ums 1 and 2 are set to -5 volts, apdrashednitizes set
to +5 volts. This does not change the state of any pixels, because all the
pixels remain in the 3-7 volt stability wwndow. Row 1 is then strobed with
a pul se that goes fromO, up to 5 volts, and back to zero. This actuates
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an antenna 43, a speaker 44, an input device 48, and a m crophone 46. The

houd? rgrfarm rosv grcheelamnyadgtertiondcanrienyasied voitlely widhin dhe gerferatanimimbesuritiingd

f i1l h i nel pdi
"y B atdiRg Y st DR el Ry B e ety e st e
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of various types of display devices such as televisions and portable media players.

[0042] The display device 40 includes a housing 41, a display 30, an antenna 43, a
speaker 44, an input device 48, and a microphone 46. The housing 41 is generally formed from any
of a variety of manufacturing processes as are well known to those of skill in the art, including
injection molding, and vacuum forming. In addition, the housing 41 may be made from any of a
variety of materials, including but not limited to plastic, metal, glass, rubber, and ceramic; or a
combination thereof. In one embodiment the housing 41 includes removable portions (not shown)
that may be interchanged with other removable portions of different color, or containing different
logos, pictures, or symbols.

[0043] The display 30 of exemplary display device 40 may be any of a variety of
displays, including a bi-stable display, as described herein. In other embodiments, the display 30
includes a flat-panel display, such as plasma, EL, OLED, STN LCD, or TFT LCD as described



di splays, including a bi-stable display, as described herein hi other
enbodi nents, the display 30 includes a flat-panel display, such as pl asng,
EL, OLED,wo&bbbduBE¥240r TFT LCD as descri bedabove, or a negtfusasospataes

di spl ay, such as a CRT or other tube device, as is well known to those of
skill in the art. However, for purposes of describing the present
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receiver.
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 CDMA, GSM,
AMPS or other known signals that are used to communicate within a wireless cell phone network.
The transceiver 47 pre-processes the signals received from the antenna 43 so that they may be
received by and further manipulated by the processor 21. The transceiver 47 also processes signals
received from the processor 21 so that they may be transmitted from the exemplary display device
40 via the antenna 43.

[0046]‘ In an alternative embodiment, the transceiver 47 can be replaced by a receiver.
In yet another alternative embodiment, network interface 27 can be replaced by an image source,

which can store or generate image data to be sent to the processor 21. For example, the image

10



hi yet another alternative enbodi nent, network interface 27 can be repl aced
by an i nage source, which can store or generate inage data to be sent to

t he proceweanosibss2bor exanpl e, the i magesource can be apdirgist@ls/ovisdeo di sc
(DVD) or a hard-disc drive that contains inmage data, or a software nodul e
that generates image data. [0047] Processor 2 1 generally controls the
overall operation of the exenplary display device 40. The processor 2 1
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Pi XQJrder suitable for scanning across the display array 30. Then the driver controller 29 sends the

formatted information to the array driver 22. Although a driver controller 29, such as a LCD
controller, is often associated with the system processor 21 as a stand-alone Integrated Circuit (IC),
such controllers may be implemented in many ways. They may be embedded in the processor 21 as
hardware, embedded in the processor 21 as software, or fully integrated in hardware with the array
driver 22.

[0050] Typically, the array driver 22 receives the formatted information from the driver
controller 29 and reformats the video data into a parallel set of waveforms that are applied many
times per second to the hundreds and sometimes thousands of leads coming from the display’s x-y
matrix of pixels.

[0051] In one embodiment, the driver controller 29, array driver 22, and display array 30
are appropriate for any of the types of displays described herein. For example, in one embodiment,

driver controller 29 is a conventional display controller or a bi-stable display controller (e.g., an
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[ 0051] In one enbodinent, the driver controller 29, array driver 22, and
display array 30 are appropriate for any of the types of displays described
herei n. R9O 2006203p32¢, I N one enbodi ment, driver controll ecTa%2005/082426
conventional display controller or a bi-stable display controller (e.g.,
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interferonetric nopdul ators that operate in accordance with the principles
set Hagit I ao6hee epRpdimanl, RREE SYPPLY} is epakgired topresgivedomer fiem ¢ alullee five
di fferent odi LVE . 114 i osrting
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supports 18. In Figure 7B, the noveable o i i
cases control programmability resides in the array driver 22. Those of skill in the art will recognize

that the above-described optimization may be implemented inn any number of hardware and/or
software components and in various configurations.

[0055] The details of the structure of interferometric modulators that operate in
accordance with the principles set forth above may vary widely. For example, Figures 7A-7E
illustrate five different embodiments of the movable reflective layer 14 and its supporting
structures. Figure 7A is a cross section of the embodiment of Figure 1, where a strip of metal
material 14 is deposited on orthogonally extending supports 18. In Figure 7B, the moveable
reflective layer 14 is attached to supports at the corners only, on tethers 32. In Figure 7C, the
moveable reflective layer 14 is suspended from a deformable layer 34, which may comprise a
flexible metal. The deformable layer 34 connects, directly or irzdirectly, to the substrate 20 around

the perimeter of the deformable layer 34. These connections are herein referred to as support posts.
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reflective layer 14 is attached to supports at the corners only, on tethers
32. In Figure 7C, the noveable reflective layer 14 is suspended from a

def or mablwol28y63634, whi ch may conprise a flexible netalpcTiseodeinnsabl e

| ayer 34 connects, directly or indirectly, to the substrate 20 around the
perimeter of the deformable |ayer 34. These connections are herein referred
to as support posts. The enbodinent illustrated in Figure 7D has support
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ref ect|

| 14 d th Fi 7A-7C,
but "BRE SHer it Ve e LBen G TpBiAr chbendnore oSty At s
hol 63 _REt R &he H&%nﬁ'ﬁﬁ@ ﬁ%@p he d'o@é/ £6t Bftn Q]H@sﬁﬂi)%rtoﬁﬁstscw fifin@CKolt6 befspddnemhe t he

support ‘posts are forne | anari zation nmaterial, which is used to form
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irect-view devices, In I mages are V|e ron1th ront side of the
tr am&a&éxembtrﬁuhswatbs Bﬁmlﬁalnﬁg aimhenbep pdHsletteodes thdtahayuptherwise dlave hed to be
nodul ator is arranged hi these enbodi nents, the reflective |ayer 14
opt ifemadypndhe BIb§8ai€RE. portions of the interferometric nodul ator on the side

of the r ?6ds§ft v e'n%%gmaﬁgg’@aht e gmg HHPs W glt%grfﬂghé Hﬁérrl%bg&uflé‘ G E %Jgab' e

| ayer 34 t he bus structure hi's a areas to

confingtiog ds andctopew deeided,) po whdhtihnges are gadwedefrymathé éoht sige tdfehé magsparent
quality. This segarable nodul at or architecture allows the_structural design

and Sﬁw@ﬁ 28 rposite tedhatuper whigbchemodalatos dprangeantn tirse spbpdigpents,
; f
asp Olieﬁlg?tlve 4qay rp%tc@!yegh??%gse@%gﬁf tng% ANt D e&éﬂé&h‘ aﬁ]g@?%{ﬂﬁ@g ¥ F

eac eove ovvn In ures

addithd eeTRctite Nt fo?»p&&trel thie NGibkteAen 200 endlﬁﬁﬁgl phé nigf@fmablelagpt iabndrthpdrki es
of the reflective layer 14 fromits nechanical properties, which are

car streeursLt4. Shhis Al shighsicd areny & beseontrenres and) epgkated epost Wikkewiagatizdygn
T T L N e
t he Geéonsrakdderdr aie eledttomectagicalPhdpaitg @dd whé bpfied pepéctd of tas niethlaec babecal
ﬁ;ggg]rgétlgg ?111(2’!0(() ﬁ%géloneg@gﬁ@slgegil?f%% ea?c?loo\{l?erwl\}k?regfgr etlilg géioél%elrzlltsg lsjhro%vril- in Héﬁres
7C-7E have additional benefits deriving from the decoupling of the optical properties of the
reflective layer 14 from its mechanical properties; which are carried out by the deformable layer 34.
This allows the structural design and materials used for the reflective layer 14 to be optimized with
respect to the optical properties, and the structural design and materials used for the deformable
layer 34 to be optimized with respect to desired mechanical properties.
[0057] As discussed above with reference to Figure 1, the modulator 12 (i.e., both
modulators 12a and 12b) includes an optical cavity formed between the reflective layers 14 (i.e.,
reflective layers 14a and 14b) and 16 (reflective layers 16a and 16b, respectively). The
characteristic distance, or effective optical path length, d, of the optical cavity determines the

resonant wavelengths, A, of the optical cavity and thus of the interferometric modulator 12. A peak

resonant visible wavelength, A, of the interferometric modulator 12 generally corresponds to the
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nodul ators 12a and 12b) includes an optical cavity fornmed between the
reflective layers 14 (i.e., reflective |ayers 14a and 14b) and 16

(refl ectiwe o@yBsR416a and 16b, respectively). The char ectrasshansios24dé st ance,
or effective optical path length, d, of the optical cavity determnes the

resonant wavel engths, |, of the optical cavity and thus of the
interferonetric m)dul ator 12. A peak resonant visible wavel e , of the
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theB?a\ P18PoY 02U b er f er omet ri ¢ modul ators. Where the space

bet ween t[diIiSS ef | gcddrivth bab&ditetRNMHel tiSalopttly 1hofa S, (LsubstanBdlly) edi@VtdEh&n
i ndex of ref ractl on of approximtely 1, the effective optical path |ength

i s slisnicaheiveeh yheaqﬂa¢tlvteda3tem%thdt mnh@opmammtorﬂ the lefelrf@mmamc hwylelras):rsl n
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t haRe@RGon b aﬁ;&f@ﬂn@a‘ﬂ@?d' Hﬁ@fﬁctnfreh@petf?:gﬁc }%éﬂ@le %ﬁlvlts tsMbdtasntifaH%r RBeh wtﬂaamaﬁbér

desired optical path Iength by s i ng. he di stance between the
r ef bettden éhé woflectsvealaplers hdn tehitaik regwdamants, adeyer off didéatae tratmmiabin thkeptical

exaiibite, STl EREewifoBafHa PR RPEH thenissit car S EFueh SIS ot S0 of
f d'eﬁib%aﬁﬁén%‘s S @%@mtdaeﬂy is%hﬁgd R Hav8 e debiB&l %@1 {chiGRh l%ﬁéﬂﬂ dw&lé&ugg béﬂequal
oditii + d2n2, where \"is the thickness of el ectric | ayer, 'S

i ndéhe diftanexf lveawmmme cnéﬂetoltlee thyetseant rthe;:thhczigness mddn@xmﬂ rafrhotiod f |t1$e dlhl@ctl‘lc

t hi knesso air n2 is_the._i fractlon of .the air .
| QOS] Yo aE P en ey EAPQEE gy TohATHAS: BniecrifsfadEpin (o

F?alﬂ%ﬂi‘ﬁf& val enay hndh%de@ ! aolfa%%dof"ae&l%léétn'c h @0&HibY - to TheaiP 55 §he/ 81|S’t1é’aP bagy of
ght produ d by a nodul ator” 12 depends on the nunber, spect ral | ocation,
and leppdctirialequaldbhdof +t hesevipralds iothet thizkmesd ulfatieecttiz layer n; is the index of
refraction of the dielectric layer and similarly d, is the thickness of air gap and n, is the index of
refraction of the air gap.
[0059] Generally, modulators 12 reflect light that has one or more spectral peaks wh.en
wavelength is plotted versus intensity. The perceived color of light produced by a modulator 12
depends on the number, spectral location, and spectral width of these peaks of the modulator 12
within the visible spectrum. The spectral width of such peaks may be characterized by a range of
wavelengths at which the peak exceeds a particular threshold intensity, such as the half maximam
of intensity of reflected light, e.g., the full width at half maximum. Generally, higher order
modulators 12 reflect light over a narrower range of wavelengths, e.g., have a narrower peak or

higher “Q” value, and thus produce colored light that is more saturated. The saturation of the

modulators 12 that comprise a color pixel affects properties of a display such as the color gamut
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within the visible spectrum The spectral w dth of such peaks may be
characterized by a range of wavel engths at which the peak exceeds a
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the color gamut of the display. In general, increasing the saturation of
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I n cawration ofithe ariment wlors ingreases Biefcoloxigemyt, s raraerpfisoloas tiahean heyprodudedt
app%‘z}l’rtﬁe display. While an exemplary color system based on red, green, and blue are disclosed herein,

in other embodiments, the display may include modulators 12 having sets of colors that define other
color systems in terms of sets of primary colors other than red, green, and blue.

[0062] In certain embodiments, a trade off exists between producing light that appears
bright and producing saturated colors (thereby increasing the color gamut of the display) Generally,
given the same relative intensity levels, an output spectral peak of a light modulator that is broad or
wide will appear brighter than one that is narrow. However, while the broader spectrum will appear
brighter, it will also appear pastel in color, i.e., less saturated.

[0063] In one embodiment, the saturation of light output by a display that includes the

interferometric modulator 12 is increased using a color filter. In particular, such a display may
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bri ght and produci ng saturated colors (thereby increasing the col or gamut
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interferometric modulators 12.

[0065]  Figure 9 is a graphical diagram that illustrates the spectral response of another
exemplary display that includes the interferometric modulator 12 viewed through a wavelength
filter. The vertical axis represents the total fraction of optical intensity of light incident on the
interferometric modulator that is reflected by the interferometric modulator or transmitted by the
wavelength filter. A trace 102 illustrates the spectral response of the interferometric modulator 12
when viewed without the wavelength filter. A trace 108 illustrates the spectral response of the
wavelength filter in isolation. A trace 108 illustrates the spectral response of reflected light of an
embodiment of a display that includes the wavelength filter and the interferometric modulator 12.

The trace 102 includes a single peak in the visible spectrum. The trace 108 includes a single peak
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filter. The vertical axis represents the total fraction of optical
intensity of light incident on the interferonetric nodulator that is
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filter. Atrace 102 illustrates the spectral response of the
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trace 108 illustrates the spectral response of the wavel ength filter in
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of éﬁﬁclﬁﬁ]eﬁ?m@f??ﬁﬁ@m@}ﬂaﬁ%dtz aish]@}SH §bb’ fraediOer onet ri ¢ modul ator 12 and
t
filer somady’ gt sl ofiFl oHa s S SRLTED wispld YHALEROER

t he iirBdstbRleic Addulddnerebnd Ianw@&dl@fgﬂﬁtﬁmteﬂllmemm thteheluétrdtédamnb&dmmx the
positioned between the substrate 20 and the nodul at or [0067] I.n one

embodvelength filtee 114 fix positioned jwith the ssbsiiate Y} betpieen theyldie 1614 alnfléll?ﬁﬁ mgdulgipt i ve

12. However, in other embodiments, the filter 114 may be positioned between the substrate 20 and

the modulator 12.

[0067] In one embodiment, the filter 114 includes one or more layers of light absorptive
material that selectively transmit light having a spectral peak in the visible spectrum, such as
illustrated by the traces 104 and 108 of Figures 8 and 9, respectively. In one embodiment, the
materials may have two or more transmissive spectral peaks. For example, in one embodiment, a
filter for a color display may have transmissive peaks in the red, green, and blue portions of the
visible spectrum.

[0068] In one embodiment, the filter 114 comprises one or more layers of material that
are deposited on a substrate, e.g., between one or more layers of the interferometric modulator 12

and the substrate 20. In another embodiment, the filter 114 may comprise a film that is deposited or
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material that selectively transmt |ight having a spectral peak in the

vi sible spectrum such as illustrated by the traces 104 and 108 of Fi gures
8 and 9, wepeaisssrel y, hi one enbodi ment, the material spomyshas®d3isme or
nore transm ssive spectral peaks. For exanple, in one enbodinent, a filter
for a color display may have transm ssive peaks in the red, green, and bl ue
portions of the visible spectrum [0068] In one enbodinent, the filter 114
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the filter applied so that the substrate 20 is ween the 114 and the
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| ter es a conbination o terference and absorptlvefllters
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the nodul ator 12 is effectjvely illumn y ght so ceth IS
fi | teieetfasiivelndlyaipatediiyt hlightispasce that s ? iﬁersé Eza; rﬂ?% 155 er Yde a?thef

fil f t at or
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di agithm ddn@tv bdnduight afuese. an exenpl ary col or display that includes one or

nmore narrow band illum nation sources 132a, 132b, 132c. In partjcul
one errbom%’éht Figere b den, el sbgmalic ghacrap fhate dluptatgs an exgmp C? c
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I'TDdU one e ong or mbre mrrors or

pri giené léﬁfboaﬁndﬁlt J fe@] grekddaml Bluedlight gyauﬁﬂs tlezsu 130t ahdid 3R¢,glespebtivsiyt dﬁe
l'ight sources 132 to the modul ators 12. hi another enbodi ment, a lig

gui a@smqmdetqsliu@mew gesl, | srpais tandy Bl higlti pedlatoss 9. Babyawd 12e dhé)@@ t he

| ght he I |

Fi ol A s Arm ARHEGT i b 36 pIRR BPAS e Blred IOt Iyt
SOUKGt #hddasht %&%bes BioliBe enatuat6e i Jurmdtied ehdydinRt, raclighd rgdidtag)lapaérzr aI
responses, for exanple that are simlar to the filter spectral res&gnses

104 smhdasml@sfa@ed i Beevrad 2anayrberisgdriesligebihe light fiomy e lighb sereent32 tondel i ght
sout Cﬁigga Il—% [Q%EUde h 19}};[ Fi m t tl' Q%ﬁ&ﬁgee ﬁlo(ihl Y\%& r121§ tdal.}ﬂl: %g?%g%& (s

res are pro uce atl on,
MounipMi sdvgee PARa, @3% and 1320 are configured to have correspondlng spectral responses, for

example that are similar to the filter spectral responses 104 and 108 as illustrated in Figures 8 and 9.
In one embodiment, the light sources 132 include light emitting diodes (LED) with suitable spectral
responses. For example, suitable LEDs are produced by Nichia Corporation, Mountville, PA. One
such LED is Nichia Corporation, part number NSTM515AS. This particular LED includes a
common anode lead and separate cathode leads for red, blue, and green.

[0072] In one embodiment, the red modulator 12a may have a response similar to that
defined by the trace 102 in Figure 8 and the red light source 132a may have a response similar to
that defined by trace 104. In one embodiment, the green and blue modulators 12b, 12c and the
green and blue light sources 132b, 132¢ may have similar properties. In some embodiments, one or
both of the green or blue modulators 12b, 12c and light sources 132b, 132¢ may have spectral
responses similar to those illustrated in Figure 9. In other embodiments, each of the red, green, and

blue modulators 12a, 12b, 12¢ and red, green, and blue light sources 132a, 132b, 132¢c may selected
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such LED is Nichia Corporation, part nunmber NSTMb15AS. This particular LED
i ncl udes a conmmon anode | ead and separate cathode | eads for red, blue, and
green. [ 0962podnizexene enbodi ment, the red nodul ator 12a way/Usass/ode4pesponse
simlar to that defined by the trace 102 in Figure 8 and the red |ight
source 132a may have a response simlar to that defined by trace 104. In
one enbodi nent, the green and bl ue nodul ators 12b, 12c and the green and

bl u¢o lhegdimilente oas of3hb respesesnblystrrtadeins Figittesr8 pr Oplerdefias  differenfoppambined
enbodi.nents, one or both of the green or blue nodul ators 12b, 12c and |i ght
souPPHSU TSP may have spectral responses similar to those illustrated
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modul ators 1Za, 12b, 12c Tand red, green, and blue |ight sources 132a, 132b,
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Figures 8 or 9 to define different conbiped optical responses. [0073 her
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anotihe inteXersplcariy ndidaplay12 had ailipdt petelsicinpdayeantld? fikatdneludéscphuba uinatescent 2
and a |light producing layer 142 that |ncludes photol um nescent materi. al hi
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i1 ushrptedo bife bf e @8spdRdks Alush@Bddy thcgurtdsor8 08paF Furas@sxmd @, tespéaivelyn Ihhe
exenﬁl ary display of Figure 12, |ight producing |ayer 142 is between ge

li gh
subghe sxemplary dgplayeofi Higeerlds Hﬁb&ﬁrgéum@v%%‘t i3 petwgen dhe, gbsats 78 dribe
the .substrate 20 i t t i ght i t
B T

to as a

photabyeine 85en1 4B 8IEMB mothext@hiol oiherphoasesitesdehidight prodduia tayet dmaghe may
include materials such as phosphorescent or florescent materials. [0075] hi
operrafaresd, toorrea ghotpbemingtasibaereest  [The phoigfuminescent light wardisienlaysrald ™ab ong

o e LG e AT AR, o e e 142

Al ternatijgelzg] t ha dpesiifibn e d2endre PhbtoRs eFligRGF BYird waveRhgth travel along path
144 until received by the photoluminescent material in the layer 142. The light may be ambient
light, such as sunlight, or artificial light. Alternatively, the light may be light provided by a front
light associated with the display. The photoluminescent material subsequently emits photons at a
second wavelength that may travel in any direction. A portion of these photons travel along a path
such as 146 and are reflected to a viewer along path 148 towards a viewing position 149. The
photoluminescent material may be selected from a wide variety of substances and can depend, in
part, upon the particular benefits sought by the addition of the photoluminescent material. For
example, in one embodiment, the photoluminescent material absorbs in the UV spectrum and emits
in a narrow band of the visible light spectrum. Such a display thus outputs a greater intensity of
visible light by converting light from UV, or other non-visible wavelengths to visible output in a
range of wavelengths that is more narrow than the range of wavelengths output by the

interferometric modulator 12. In another embodiment, the photoluminescent material absorbs at
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|l i ght associated with the display. The photol um nescent materi al
subsequently emts photons at a second wavel ength that may travel in any
di recti onwoAogstizan of these photons travel along a patrbrasedsas24ié6 and
are reflected to a viewer along path 148 towards a view ng position 149.
The phot ol um nescent material may be selected froma w de variety of
subst ances and can depend, in part, upon the particular benefits sought by
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and Neathwra€¥d). col ors, as descri bed above with reference to Figures 8 and 9.
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the nodul ator, 12 to the lig emtted by the I éﬁ one . enbodi

t he 10 ghe 1683 indagonss 8 epd 9% at tha seoqnd rekparSgiof de @a ﬁ%ﬂZ idpYRLe a5 ne
of ttﬂ@?@sgéé’él{"eﬂt{a@% eg?]@%rtl(}@(:eﬁl %Qe %gdﬂrgl)’ﬁ e Fﬂﬁw et Q?Qhug laé/‘é tlJﬂ?@tathe
second response o ul at or I's simlar to one of The reéspective

t r agefectddo bar thel thodhlat@né2 egbgdatatem intedétyl thgitthe mintttied light traBedted) by thé2

and reflected b y the nodulator, 12 is %reater in intensity than the anbi ent
| i gARoduisteradE g ﬂtﬂ} cplog sahption b themodigatei is dgpryved at ur ati on of t he

dul at Fi.g
of an exds71ly JTRER3, p e chine oo ek B R bAfnE) AR RET HPAAL YT,

a | iigletfedanusicie Iﬂ&ﬁl,latbt 12 hed ehgmpdoatme ldl)s [h &he, exetn@ldry displag,atie hghtilsﬁﬁrce 150
illumnates the nodulator 12 via the |ight guide plate 152. hj
embddymingtes the moshlatey ] 2uiatha light guide plate 152.” In one embodiment, a light gulde 154 is

configured to direct light from the light source 150 to the light guide plate 152. The light guide

plate 152 may include grooves 156 that are formed by angled surfaces 158 and 159 from which
light 160 may be reflected. In one embodiment, the light 160 emitted by light source 150 is
maintained within the light guide plate 152 by total internal reflection until the light 160 reflects
from the surfaces 158 and 159, from which it is reflected through the substrate 20 and into the
modulator 12. In other embodiments, any suitable guiding structure may be used. In some
embodiments, the light source 150 is a front light positioned to illuminate the interferometric
modulator 12. One suitable light source includes one or more color light emitting diodes (LEDs)
that have narrow band spectral outputs. Light reflected by the light guide plate 152 into the
modulator 12 passes through the light producing layer 142 so as to produce a spectral response as

described with reference to Figure 12. In some embodiments, the light source is a UV emitter and
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configured to direct light fromthe |ight source 150 to the |ight guide
plate 152. The light guide plate 152 nmay include grooves 156 that are
formed bywenglsadeRur f aces 158 and 159 from which |ight 2eG/usayshssmef | ect ed
hi one enbodi nent, the light 160 emtted by |ight source 150 is maintained
within the light guide plate 152 by total internal reflection until the
l'ight 160 reflects fromthe surfaces 158 and 159, fromwhich it is
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[0081] Although full color displays, e.g., displays capable of displaying different shades
of red, green, and blue, provide more vibrant and colorful output than monochrome displays, full
color displays generally require the device 40 in which the display is included to process more data
than monochrome display. In addition, more modulators 12 along with more complex control
circuits are also generally included in some embodiments of full color displays than in monochrome
displays. This complexity tends to cause color displays to be more expensive to produce than
monochrome display of similar size and pixel resolution. However, in certain applications, color
output of shades of a single predetermined color may be acceptable. Thus, one embodiment
includes a display that comprises two or more sections or regions that each output a different
predetermined color.

[0082] Figure 14 is a front view of an exemplary display 30 that includes several regions

180 that each display an image in a different color. For example, the region 180a displays an
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[0081] Although full color displays, e.g., displays capable of displaying
different shades of red, green, and blue, provide nore vibrant and col orful
out put t hwo 20esn36eaone di spl ays, full color displays gereralsbysnsngsre the
device 40 in which the display is included to process nore data than
nmonochrome display. In addition, nore nmodulators 12 along with nore conpl ex
control circuits are al so general |y included in sonme enbodi nents of full
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out p terf shades of a single predeterm ned col or may be acceptable. Thus,
one enbodi nent includes a display that conprises two or nore sections or
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pos laﬁ(ﬂ eradlee; Whitd Bel{tdh ahiaghivat@e rp@)@itﬂ)ﬁd Mstewhitttay coloe mdnbehromeabgions afthie 14
is in another position. For exanp such nodul at ors 12 may be config red

to dwkaytm@blmné@mmdmewmﬂu%éllﬂhsﬂmaétlwéﬁ eder and hlagkelor Yhe pasticular,qlor
rel aNgdaRey 1 SRePURIRmER) GR! of Hd:€ ollg'tmolbfnﬁ,ﬂoaﬁbm\é% GuARY b filce Hot ©
a | 0 nochromne regions o e display may In o

pr ogugelit9if ¥hddee ophe éiaﬂiabh&rr c6lot etwosh the aolor @ad blahh (pratht ibetwrean tleododer add
white) hi other enbodinents, one or nore of the color nonochrone regions
may "dileduce a plurality of shades of the particular color between the col or

ans o aciuf, 16 R, S0 05 Mg O, roseeigea
same color. In one embodiment, one oxr more of the regions is configured to display white (e.g.
when activated) or black (e.g. when relax ed), rather than a narrow band color, such as red, green, or
blue (e.g. when relaxed) and black (e.g. when activated). In one embodiment, one or more of the
regions 180 are configured to display a single predetermined color, e.g., green or shades thereof,
while one or more other regions are configured to display full color (e.g., red, blue, and green). For
example, in one embodiment, the region 180a displays data in monochrome green (e.g., green and
black), the region 180b displays data in tmonochrome red (e.g., red and white), and the region 180¢
displays data in full color using red, green, and blue light producing modulators 12. Other
arrangements and configurations are also possible.
[0085] In one embodiment, each of the pixels of a region comprises a single display
element, e.g., an interferometric modulator 12 that outputs light of the same color. In another

embodiment, each of the pixels of a region comprises subpixels. These subpixels may output light

of the same color. Each of the subpixels may comprise one or more display elements such as
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sanme color, hi one enbodi nent, one or nore of the regions is configured to
display white (e.g. when activated) or black (e.g. when rel axed), rather
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pi xel s of a region conprises singl.e .di spl ay .el enent,, e..g. N, ..

i nt & ¢ &ulbeetor idisnlaygis e ks a‘?zdﬁ%haﬁygiﬁ‘f%@ﬁs&ei %‘ﬁ‘?mt?ﬁloPtPéf %Qo{gﬁiaé%‘ﬁl’%?{ngﬁf n
ano Spuaelel batfabi h@8e 600RA nSHSIRHRPIdat.
T e B R £ A e B e &
MayF @osxiniphe 0nd embbdinmene maiy spdlade ededenfos dispdlying bluodrifressuresh oing color and

nmodul ators, As used with referenpe,tq t he enb%ﬂgnents iLIu%érat%gdln Fi gure
14, hegripiaieein ¢ spemd qolprephd dHagBAstsr display sPsy (AAFYINGHGHE g fmbodiments

cor ' ' j i : ieRlAkerdd opuch
o2 ARSNGBk R Seligo B il ROBE B Sldachadl bkl of o
nul tepRisentatideanBorodxainplegonatrégion af eoldt spbdpasnetdnanodwatbisyl boayibe weki ¢h t he

cost of a full color display is to be avoided. By di.vidi trie information
by PiViste tipriopphaseigorpation éﬁ&?lépéo%é"\tﬁiﬂ%n@eé’ith@cr RESEns ‘g’glzo,f IP‘}?éfle’ﬂ‘%%ﬂﬁf
conf usi f . gl:sq. e g ne
R e L o i i

and hear [0083} € i While 3¢ abelvec abtaileddetrigtiag ninst slwveli, sfdsanibesic raeé rpointed out
Alternatively, in other enbodi nents devices may anlﬁde %ﬂégou regi ons of
col ool foatires oitheinrveation es applied o wrious pmbe digaeithdbwghbe whdsistepd that various

representations. ..For . i GOl @] r i
roatraeers 1o nuyoRe G2l 182 IR, AR BLuRS Bnt apL B SRS, flustated
phongy behhid® Byhoss dglled BGhons vafhoabl@arting ofrethenpirt of thothvkaticr SAd Jilimy
be arranged in the shape of warning indicators such as a "low b ttfry"

i ndbe sacognizgd dg7resant inventian mpvheehedipd withie adpm thab dogsRot B all of the

d i bed d ' I i e i
e e AR R RS R o AT T S

SUbgftietsu THRNRop&BLthe 6N isfindibgted by Meaipbeddedlaimofathdrehabehyi the fargpingcess
illustrated may be nade by those skilled in the art w thout departing from

t hedessiiption.oAlk ehangen, which sameagithip the pmsanipeoi age of Reuppleranet thaweis on

nayarl%eto%gt%%%lraecgdvv\éiﬁ@ﬂ B8 S]éé)prem t hat does not provide all of the

[0088]
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features and benefits set forth herein, as sonme features may be used or
practiced separately fromothers. The scope of the invention is indicated
by the apwend&whsedai ns rat her than by the foregoi ng desetirpisbas/ozAbs
changes which cone within the neaning and range of equival ency of the
clains are to be enbraced wthin their scope. [0088] WHAT IS CLAIMED | S: 1.
A di splay conprising separate sections, conprising: a first plurality of

pi x &YHATASALTAIMEDYBct i on of said display configured to display a first
image; and a second plurality of pixels in a. second section of said display
conti gur b t o AGTS] PRSP BRI IO RS d f st plurality of
pixels i's difber@MiubliRfBroiidk SELARLRLiS 8t LAY ARbIDISRASuRUH dibply & k4

first plurality of pixéls output light of a different color tha
second plmaget and/ of pixels. 2. The display of daim1l, wherein said first

plurality of pixels forma first. nonochrone regiaqn and said. second._,
plurality of BisKed AR H hiseeRd SRR © éﬂ&&ﬁ?fl%’. cer%bgua?cgm display
Claim1, ks ch of said pixels in said first section of said display
conpri sea\ggﬁhrgélﬁa%%ur ality of subpixels, wherein each of said first

subpi xel s out piierelin gid findt phurblity st poalois.diferedinfeordisajdl sayond plirality of, pixdier ei n

each of said pixels_in said second sectign of sajd display conprise a
second pPFifhathat ?aléfﬁ@hﬁé‘if@l@’ i QPWHEEBW of aéié&ﬁe%feﬁ%ﬁ’d tagiy sridesesondit put
| i ght of . el or, wherein said first and second colors are

differ enpﬁuﬁﬁ{}?’ﬂgmg?épl ay of Caim4, wherein said pixels of said first
pluralitg. of phxedisplhprof €1dinr 41 wingreiahsadefirse plonligndi Wpetety rfosai d fitskel s
of said second plurality of_ pixels forma second nonochrome region. 6. The
di sproagchspmerregion and spibiesppd BlFadity ohnikels fum pipcprd BepeduRmaI§298; d second

SEEULOT, 57, s ABheN Bl Bl O SRl S Pecand e o
pi X élsplagfcompeind b Gistturhlityroffshigsitel$,iviitrein Qachlbitsatt st sybpsikelCloatput lighwbes ei n
eac%m%()l%?i d pixels conprises at |east one

4. The display of Claim 3, wherein each of said pixels in said second section of said
display comprise a second plurality of subpixels, wherein each of said second subpixels output light
of a second color, wherein said first and second colors are different.

5. The display of Claim 4, wherein said pixels of said first plurality of pixels form a
first monochrome region and wherein said pixels of said second plurality of pixels form a second
monochrome region.

6. The display of Claim 1, wherein said first section is adjacent to said second section.

7. The display of Claim 1, wherein said first and second sections share at least one
common border.

8. The display of Claim 1, wherein said pixels are configured to reflect light.

9. The display of Claim 1, wherein each of said pixels comprises at least one -
interferometric modulator.

10.  The display of Claim 1, wherein each of said first plurality of pixels comprises a
plurality of subpixels each of which is configured to output the same first color and each of said

second plu;ality of pixels comprises a plurality of subpixels each of which is configured to output

the same second color.
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interferonetric nodulator. 10. The display of Caim1, wherein each of said
first plurality of pixels conprises a plurality of subpixels each of which

i s confi gnoedod@enut put the sanme first color and each ofcsaisdossesnng
plurality of pixels conprises a plurality of subpixels each of which i s
configured to output the sane second color.11. The display of C aim 10,
wherei n each of said subpixels conprises at |east one |ight nodulator. 12.
The di splhy oTh&iiaplay df Chisr K, wherttheash of anid stibpisels gbmprsestay least g Epbt

conprises a single light nodulator configured to output a first col or and
eachodrlal%i d second plurality of pixels conprises a single |ight nodul ator

configures t OFHé’HRBE%IaofS@ﬁHﬂq, GHeRin edch ofSaild SRt BluraR R -iﬁélgg:bmgjiﬁéerssat

plurality of [1ght dulators located in a first regi on of said spl ay,
eachinglt 1&ht choldillghir configired tr sutpangpfitss colgr and efchedishidescsudfpdarliyorf pgetsed t o
be positioned at_ a distance froma partially ref]ective surface, wherein
sai @@P%%eéﬁé@gﬁ’sh@ép@@fl TLeuAgHe torﬂ“&aﬂéée%/fmfiicto *col or, wherein said
first plugality;; i . ulators is configured to display a first inage;
and a seg%nd %ﬁh é?%fy g?ngght nodul ators | ocated in a second regi on of

sai d di spl ay, a€aghplodhlisadfdight ghddulanes | abted Sn aofist fegiomgofesardedisgley,i @achsaff f ace
configured to be positioned at a distance froma partially reflectjve

sur f ace, Saifdisbt mediilaforsi campiseng & SHPAVEeHTREe £OYBIFY doieePest # &l or,

wher ei n aﬁ{aﬂanES%ggﬂiﬁfﬂeh%éﬁfvgfsuﬂféogh&zhéf@ﬁ%'agltcﬁgtﬁnéesis saphi o /o tg%‘o@ﬁ@@' ay

a second i nmage, n-sal Irst ahd second regions o lay are

non- over hdpgi dolbrf efeeiitsaid first Pherality syblligdit ofodWatirmisl@nfipuret e dispbaypnifasing a
third plurality of light nmodulators |ocated in a third region of said
di spl ay, imgssi @it said third plurality of light nodulators is configured to

di splay a thi i i . .di im 13,
wherein at | eég?éoggggn%ﬂlﬂyg f @%ql{l%rso&a%ﬂﬂ la;st@ %Orn-smlg%lgftl: gﬁ%a?%gﬁré@(?gf %béﬂ

di spl ay bexdid libht nidielasrs Rbayrisihg @ sifleeth, sutties ebnfigaeh tobe pasidohiedsit and
second plurality of light nodul ators conprises at |east one interferonmetric
nmodul at oflistange frpmen parE ]yaryﬂgaftlvgsglif%e, ‘gperp@rqahiedls@@q%ﬁ pgpcﬁai_ s0 as to produce

a second color, wherein said second plurality of light modulators is configured to display a

second image,

wherein said first and second regions of said display are non-overlapping regi ons.

14.  The display of Claim 13, further comprising a third plurality of light modulators
located in a third region of said display, wherein said third plurality of light modulators is
configured to display a third image in at least two colors.

15.  The display of Claim 13, wherein at least said first plurality of modul ators is
configured to display text.

16.  The display of Claim 13, wherein each of said first and second plurality of light
modulators comprises at least one interferometric modulator.

17.  The display of Claim 13, further comprising:

a processor that is in electrical communication with at least one of said first and
second plurality of light modulators, said processor being configured to process image data,
and

a memory device in electrical communication with said processor.

18.  The display of Claim 17, further comprising:
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a processor that is in electrical conmmunication with at | east one of said
first and second plurality of light nodul ators, said processor being

conf i gur egtot2004a3652¢SS i Ma. ge data; and a nenory devi ce ipaTalseaisHBraé
conmmuni cation with said processor. 18. The display of Caim 17, further

conprising:a driver circuit configured to send at | east one signal to at

| east one of said first and second plurality of |ight nodulators. 19. The
di spl ay of O aidniv@Ssircuifroohfigured tpsand iah tpasteoneomgrabld airleasdohé glisad firs asénd at
| east a portio f sa.d. i data to said driver circuit. 20. The displ ay
of d ai %nﬁpﬁfﬁﬁﬁf’%gﬁﬁn‘?ﬁ‘ﬂ‘hﬁs an i mage source nodul e configured to send
sai d i mage dafrfe iRpRFIoH CRERACRS iRther dohpristfy: di spl ay of O aim 20, wherein
said i mage source hodul e conprises at 1east one of a receiver, transceiver,
and transm tt ercon?@ler oefigirs lt@yperslf atQeast m @ortiord of sidrimegendntagbregid duvernput

device configured to receive input data and to conmuni cate said i nput data
to said BWBE%ssor. 23. A display, conprising: a first nmeans for displaying

a pixel ef a fhLgkola0Ree1diR @ hdfist D}@ﬁ{ igp of said display, and a second
means for di spPay#ﬂggg plliel (’)?d a s%c n 1Illg]rrage in a second section of said
di spl ay, wher en imsgisdufce nsiduteemnfigirsd b §chd seidtinfage dats & shid pooedoneans such
that said first nmeans outputs light of a different q%gllor t han sajd second
means. 241. Thghﬁid_ksﬁ aé(f’_fcﬁla@ %9»&?’%‘?“‘\/?%’&18}3186 SAEC M8 TREENS Y gt gt OBPayi ng
2 PLKELood oS Mafhcbly S tnfl FBAELRQIPT 1 S€5 @ pixel in said display. 25 The
di spl ay of “Ol al m , erein said display pixel conprises a plurality of
i nterferopetriTae didplal af Qldm 176 furfheecah@mpligy of Cl ai m 25, wherein said
di spl ay pixel conprises a single i nt,erf‘erorcrietri c. modul ator. . .
an input device configured to receive input data and to communicate said input data
to said processor.
23. A display, comprising:
a first means for displaying a pixel of a first image in a first section of said display;
and
a second means for displaying a pixel of a second image in a second section of said
display,
wherein said first means is different from said second means such that said first
means outputs light of a different color than said second means.
24.  The display of Claim 23, wherein said first means for displaying a pixel of said first
image comprises a pixel in said display.
25.  The display of Claim 25, wherein said display pixel comprises a plurality of
interferometric modulators.
26. The display of Claim 25, wherein said display pixel comprises a single
interferometric modulator.
27.  The display of Claim 23, wherein said second means for displaying a pixel of said
second image comprises a pixel in said display.
28.  The display of Claim 27, wherein said display pixel comprises a plurality of
interferometric modulators.
29.  The display of Claim 27, wherein said display pixel comprises a single

interferometric modulator.
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27. The display of Claim23, wherein said second neans for displaying a

pi xel of said second inage conprises a pixel in said display. 28. The

di spl ay oloGh@iiw24, wherein said display pixel conprisestaspéosiosdséy of
interferonetric nodulators. 29. The display of Caim27, wherein said

di spl ay pixel conprises a single interferonetric nodulator.30. The display
of Caim23, wherein said first and second sections are nonochronme. 31. The

di spl ay 0. O aihed@playgfcrlaing zé,dﬂéemlnrs@ltd faﬁcﬂnéé@md sgettanp grpgmerashrome.
non-over Iﬁppl e d’%s la flﬁtaﬂﬁ) 93 W eriﬂeai sa1 a i tssc%lfi gl}séll‘en vf%%r]gélrelg

sections,” conprisi Yorm ng ’a

section of, saudnw&ﬁﬂl&Ymal@egc@d@fﬂa%bﬁpﬁsmgkeﬁ@kaﬂé é’éctlbﬂs @6m91h§iﬁ‘é5 conpri sing
at least one |light nodulator; and formng a second plurality of pixels in a

second sect i orfomRingai firstpluplisy of pixel i blsepthm af pai¢ disblayi seshofsaidpliissi ng
du at or Iurallty of pixels is

to| t
gl ffgﬁlZntp ?rlagé%ogg})&e ‘foll%xfnsbrfgiﬂtihqs ?Peg@‘gf%?é‘}l that said first
plurality of ph&ihg a%&m _I%lhfa%'f'} opﬁlxalsdhfafs@écﬁlatse&mlpéf daltpdis S8y, daieeontd

plurality of pixels. e method of Claim 32, further conprising formng
a third plerbtyiafpists Cpmna‘lsmgaﬂwstcmerlcgl@amdubmrof said di splay such that

d third pl | i.t d t he fir.st d
Shural ity of priasit SaflecBaeiiyby Sbasel St s raig 5 oty OF Siiek
out put |ighl aek saldiﬁfsft ‘?ﬁ@rﬁfltyc@ﬂ ﬁl&efsf@ﬂplﬁaﬁgn tdri 4 dirRbatli @boldr ih gt sau&%l:&ld 34.

The met hod of C aim 32, wherein formng each of said first plurality of
pi xel s cqﬂmh‘s/eﬁpbmlsm ng a novable reflective layer and a partially

reflectlv r separa by first distance and eac f said second
urani tyor - eanenat ab Fiulsf At icompB P B s roae ndhEy PRHE ORBRET IR

ref gl 's¥&1olnadfe§'a1c§§1@ﬁ’15§“s§&1 it 8aid %‘P&‘?l&éﬁ&% elSR difRRnMEbRCH e HrsCuil M
34, wherein said first distance is different rom sal d second di stance. 36.
The smddqdumhty@fqmmlssmd saftbfist mdscohdplutatifisef wres bachutpud tphtatfardifferept | ses

aS|n |nte ero tric mpdulator. 37. The nethod of C aim 32, wherein
saloc HQP r@F‘W"lﬁBH‘G at or conprises a plurality of interferometric

modul at 0r3$1._ The method of Claim 32, wherein forming each of said first plurality of pixels
comprises forming a movable reflective layer and a partially reflective layer separated by a first
distance and each of said second plurality of pixels comprise a movable reflective layer and a
partially reflective layer separated by a second distance.

35.  The method of Claim 34, wherein said first distance is different from said second
distance.

36.  The method of Claim 32, wherein said at least one light modulator comprises a
single interferometric modulator.

37.  The method of Claim 32, wherein said at least one light modulator comprises a
plurality of interferometric modulators.

38.  The method of Claim 37, wherein each of said interferometric modulators in said
first plurality of light modulators output light of substantially the same color and wherein each of
said interferometric modulators in said second plurality of light modulators output light of
substantially the same color.

39.  The method of Claim 32, wherein forming said first plurality of pixels further

comprises including at least one color filter.
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38. The nethod of C aim 37, wherein each of said interferonetric nodul ators
insaid first plurality of Iight nodul ators output |ight of substantially

t he sane wol2066/B6524Wherei n each of said interferonetricpopaish@sossizén said
second plurality of Iight nodul ators output |ight of substantially the sanme
color. 39. The nethod of Claim32, wherein formng said first plurality of
pi xel s further conprises including at |east one color filter.40. The nethod
of O ai m@®9, mhemthvdf of Flaiy 3%iwheseio dadnipe el $econd plusalice o pixals Hether

conpri ses Ln dlng Ieaoi f8lne color filter. 4 1. The nmethod of C ai m 40,
e‘gPPFS:?éﬂrH’ Uaes GiWtrilter for said first plurality of pi xel s

I's diffegent fl’ﬁ@fﬂeﬁf@)‘d%f@laﬂn?@@twﬁ’é}&n(%@idoit 1ast &85 cAl@ ISR ik SREARE pRkalfpl i ty
of pixels.” 42. A'display formed by the method of O ai m 32.

of pixels is different from said at least one color filter for said second plurality of pixels.

42. A display formed by the method of Claim 32.
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