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device is called an mterferometnc modulator. An interferometric modulator may comprise a pair

of conductive plates, one or both of which may be transparent and/or reflective in whole or part
15  and capable of relative motion upon application of an appropriate electrical signal. One plate may

comprise a stationary layer deposited on a substrate, the other plate may comprise a metallic

membrane separated from the stationary layer by an air gap. 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
20  creating new products that have not yet been developed.

Summary of Certain Embodiments

The system, method, and devices of the invention each have several aspects, no single one
of whiﬁch 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

25  discussion, and particularly after reading the section entitled “Detailed Description of Certain
Embodiments” one will ﬁnderstand how the features of this invention provide advantages over
other display devices.

In certain embodiments, an optical device comprises a substrate. The optical device
further comprises an interferometric light modulating element disposed on the substrate. The

30  modulating element has an optical characteristic which changes in response to a voltage applied to
the modulating element. The optical device further comprises an electrically-conductive optical
mask disposed on the substrate and spaced from the modulating element. The optical mask is
electrically coupled to the modulating element to provide one or more electrical paths for
application of voltages to the modulating element.

35 In certain embodiments, a method provides an electrical signal to a plurality of

interferometric optical elements of a display. The interferometric optical elements are
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15  active interferometric optical component formed on a transparent substrate. The method
comprises identifying an area on the substrate that is to be light-absorbing. The identified area is
laterally offset from the at least one active interferometric optical component. The method further
comprises fabricating a conductive light-absorbing optical mask on the identified area prior to
fabricating the at least one active interferometric optical component. The mask is connected to

20  the active optical component.

In certain embodiments, an optical device comprises means for supporting an optical
device. The optical device further comprises means for interferometrically modulating light. The
modulating means is disposed on the supporting means. The modulating means has an optical
characleristic which changes in response to a voltage applied to the modulating means. The

25  optical device further comprises means for absorbing light. The absorbing means is disposed on
the supporting means and is spaced from the modulating means. The absorbing means is
electrically coupled to the modulating means to provide one or more electrical paths for
application of voltages to the modulating means.

Brief Description of the Drawings

30 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 modulator is in an
actuated position.

Figure 2 is a system block diagram illustrating one embodiment of an electronic device

35  incorporating a 3x3 interferometric modulator display.

Figure 3 is a diagram of movable mirror position versus applied voltage for one

exemplary embodiment of an interferometric modulator of Figure 1.
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Figure 7C is a cross-sectional side elevational view of second exemplary interferometric
modulator in a first state.

Figure 7D is a cross-sectional side elevational view of the interferometric modulator of
Figure 7C in a second state.

20 Figure 8A is a top view of a portion of an interferometric modulator array illustrating
non-active areas containing structures included in a plurality of pixels.

Figure 8B is a top elevational view of a portion of an interferometric modulator array
illustrating non-active areas containing structures included in a plurality of pixels.

" Figure 9 shows a cross-section through a MEMS device having a mask or light-absorbing
25  region in accordance with one embodiment of the invention.

Figure 10 shows ‘a cross-section of another embodiment of a MEMS device having a
mask or light-absorbing region in accordance with another embodiment of the invention.

Figure 11 is a cross-sectional view illustrating various layers that can be included in a
MEMS device having a conductive mask.

30 Figures 12 is a cross-sectional view of a stage in the manufacture of a MEMS device
having a conductive mask illustrating a reflective chrome layer deposited on a substrate.

Figure 13 is a cross-sectional view of a stage in the manufacture of a MEMS device
having a conductive mask illustrating the reflective chrome layer of Figure 12 with portions of the
chrome layer removed.

35 Figure 14 is a cross-sectional view of a stage in the manufacturé of a MEMS device
having a conductive mask illustrating additional layers applied to the embodiment shown in

Figure 13.
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conductive mask where an electrically parallel connection is formed between both layers of the

mask and a movable mechanical membrane.

Figure 19 is a cross-sectional view of a MEMS device illustrating an embodiment of a
conductive mask where an electrically parallel connection is formed between both layers of the
mask and a non-movable electrode layer.

15 Figure 20 is a cross-sectional view of a MEMS device illustrating an embodiment of a
conductive mask where an electrically parallel connection is formed between a first reflective
layer of the mask and a movable mechanical membrane.

VFig'nre 21 is a cross-sectional view of a MEMS device illustrating an embodiment of a
conductive mask where an electrically parallel connection is formed between a first and second

20 reflective layer of the mask and a movable mechanical membrane.

Figure 22 is a cross-sectional view of a MEMS device illustrating an embodiment of a
conductive mask where an electrically parallel connection is formed between a first reflective
layer of the mask and a non-movable electrode layer and another electrically parallel connection
is formed between a second reflective layer of the mask and a movable mechanical membrane.

25 Figures 23A and 23B are system block diagrams illustrating an embodiment of a visual
display device comprising a plurality of interferometric modulators.

Detailed Description of Certain Embodiments

The following detailed description is directed to certain specific embodiments of the

invention. In this description, reference is made to the drawings wherein like parts are designated
30  with like numerals throughout.

Reference in this specification to "one embodiment” or "an embodiment” means that a
particular feature, structure, or characteristic described in connection with the embodiment is
included in at least one embodiment of the invention. The appearances of the phrase "in one
embodiment" in various places in the specification are not neéessarily all referring to the same

35 embodiment, nor are separate or alternative embodiments mutually exclusive of other

embodiments. Moreover, various features are described which may be exhibited by some
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on the display to provide one or more electrical paths for voltages applied to one or more of the
display elements. For example, depending on the configuration desired, one or more of the row

15  or column electrodes can be connected to the conductive mask to reduce the resistance of the
connected row or column electrode. In one embodiment, a MEMS display device, for example,
an array of interferometric modulators, comprises a dynamic optical component (e.g., a dynamic
interferometric modulator) and a static optical component (e.g., a static interferometric modulator)
laterally offset from the dynamic optical component. The static optical component functions as

20 the "black mask” to absorb ambient or stray light in non-active areas of a display to improve the
optical response of the dynamic optical component, and acts as an electrical bus for either a row
or a column electrode of the array of interferometric modulators. For example, non-active areas
can include one or more areas of a MEMS display device other than the area corresponding to a
movable reflective layer. A non-active area can also include an area of a display device that is not

25  used to display an image or data rendered on the display device.

Although a MEMS device, which includes an interferometric modulator, will be used to
illustrate one embodiment, it is to be understood that the invention covers other optical devices
such as various imaging display and optoelectronic devices in general, which have non-active
areas which are required to be light-absorbing, but which do not include interferometric

30  modulators (e.g., LED and plasma displays). As will be apparent from the fbllpwing description,
the invention may be implemented in any device that is configured to display an image, whether
m motion (e.g., video) or stationary (e.g., still image), and whether textual or pictorial. More
particularly, it is contemplated that the invention may be implemented in or associated with a
variety of electronic devices such as, but not limited to, mobile telephones, wireless devices,

35 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.),

5.
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15  display, wherein each pixel comprises a MEMS interferometric modulator. In some
embodiments, an interferometric modulator display comprises a row/column array of these
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

20 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. In
the second position, the movable 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

25  overall reflective or non-reflective state for each pixel.

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 and highly
reflective layer 14a is illustrated in a released position at a predetermined distance from a fixed
partially reflective layer 16a. In the interferometric modulator 12b on the right, the movable

30  highly reflective layer 14b is illustrated in an actuated position adjacent to the fixed partially
reflective layer 16b.

The fixed layers 16a, 16b are electrically conductive, partially transparent and partially
reflective, and may be fabricated, for example, by depositing one or more layers each of
chromium and indium-tin-oxide onto a transparent substrate 20. The layers are patterned into

35  parallel strips, and may form row electrodes in a display device as described further below. The
movable layers 14a, 14b may be formed as a series of parallel strips of a deposited metal layer or

layers (orthogonal to the row electrodes 16a, 16b) deposited on top of supports 18 and an

-6-
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| mprove the 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 may be any

20  general purpose single- or multi-chip microprocessor such as an ARM, Pentium®, Pentium 1®,

Pentium II1®, Pentium IV®, Pentium® Pro, an 8051, a MIPS®, a Power PC®, an ALPHA®, or any

special purpose microprocessor such as a digital signal processor, microcontroller, or a

programmable gate array. As is conventional in the art, the processor 21 may be configured to

executt one or more software modules. In addition to executing an operating system, the

25  processor may be configured to execute one or more software applications, including a web
browser, a telephone application, an email program, or any other software application.

In one embodiment, the processor 21 is also configured to communicate with an array

controller 22. In one embodiment, the array controller 22 includes a row driver circuit 24 and a

column driver circuit 26 that provide signals to a pixel array 30. The cross section of the array

30  illustrated in Figure 1 is shown by the lines 1-1 in Figure 2. For MEMS interferometric

modulators, the row/column actuation protocol may take advantage of a hysteresis property of

these devices illustrated in Figure 3. It may require, for example, a 10 volt potential difference to

cause a movable layer to deform from the released state to the actuated state. However, when the

voltage is reduced from that value, the movable layer maintains its state as the voltage drops back

35  below 10 volts. In the exemplary embodiment of Figure 3, the movable layer does not release

completely until the voltage drops below 2 volts. There is thus a range of voltage, about 3 to 7V

in the example illustrated in Figure 3, where there exists a window of applied voltage within
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optical response of the dynam c optical conmponent, and acts as an el ectrical
bus for either a row or a colum electrode of the array of interferonetric
nodul at ors. For exanpl e, non-active areas can include one or nore areas of
a MEMS di spl ay device other than the area corresponding to a novable
reflective layer. A non-active area can also include an area of a display
device that is not 25 used to display an |nage or data rendered on the

di spl ay devic an interferonetric
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then applied to the row 1 electrode, actuating the pixels corresponding to the asserted column
lines. The asserted set of column 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

20  appropriate pixels in row 2 in accordance with the asserted column electrodes. The row 1 pixels
are unaffected by the row 2 pulse, and remain in the state they were set to during the row 1 pulse.
This may be repeated for the entire series of rows in a sequential fashion to produce the frame.
Generally, the frames are refreshed and/or updated with new display data by continually repeating
this prgcess at some desired number of frames per second. A wide variety of protocols for driving

25  row and column electrodes of pixel arrays to produce display frames are also well known and may
be used in conjunction with the present invention. )

Figures 4, 5A and 5B illustrate one possible actuation protocol for creating a display
frame on the 3x3 array of Figure 2. Figure 4 illustrates a possible set of column and row voltage
levels that may be used for pixels exhibiting the hysteresis curves of Figure 3. In the Figure 4

30 embodiment, actuating a pixel involves setting the appropriate column to —Vy,s, and the
appropriate row to +AV, which may correspond to -5 volts and +5 volts respectively Releasing
the pixel is accomplished by setting the appropriate column to +Vy,s, and the appropriate row to
the same +AV, producing a zero volt potential difference across the pixel. In those rows where
the row voltage is held at zero volts, the pixels are stable in whatever state they were originally in,

35  regardless of whether the column is at + Vi, OF Vi

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
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display elenent is illustrated in Figure 1. In these devices, the pixels are
in either a bright or dark state. In the bright ("on" or "open") state, the
di splay elenment reflects a |large portion of incident visible light to a
user. When in the dark ("off' or "closed") state, the display el enent
reflects 10 little incident visible light to the user. Depending on the
enbodi nent, the light reflectance properties of the "on" and "off" states
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right, the noyaRle 3 8nstt: Blddreds 6f 106§ bAdQdnRY et vaxﬂlsﬂsd B dpblckigttd Ah@fk fifin@n

actuated position a%;acent to the fixed partiall y
sequence, and levels of voltages used to perform row and column actuation can be varied widely

within the general principles outlined above, and the above example is exemplary only, and any
actuation voltage method can be used with the present invention.

20 The details of the structure of interferometric modulators that operate in accordance with
the principles set forth above may vary widely. For example, Figures 6A-6C illustrate three
different embodiments of the moving mirror structure. Figure 6A 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 6B, the moveable reflective material 14 is attached to supports

25  at the comers only, on tethers 32. In Figure 6C, the moveable reflective material 14 is suspended
from a deformable layer 34. This embodiment has benefits because the structural design and
materials used for the reflective material 14 can be optimized with respect to the optical
properties, and the structural design and materials used for the deformable layer 34 can be
optimized with respect to desired mechanical properties. The production of various types of

30 interferometric devices is described in a variety of published documents, including, for example,
U.S. Published Application 2004/0051929. A wide variety of well known techniques may be
used to produce the above described structures involving a series of material deposition,
patterning, and etching steps.

Figures 7A-7D illustrate certain aspects of the two interferometric modulator structures

35  described above. Figure 7A illustrates a simplified functional diagram of an interferometric
modulator 50 in one exemplary embodiment. The interferometric modulator 50 comprises a

substrate 20, an optical dielectric 16 upon the substrate 20, two supports 18 and a mirror 14
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reflective |ayer 16b. The fixed |layers 16a, |6b are electrically conductive,
partially transparent and partially reflective,. and may be fabricated, for
exanpl e, by depositing one or nore |ayers each of chrom um and

i ndiumtin-oxide onto a transparent substrate 20. The | ayers are patterned
into 35 parallel strips, and may formrow el ectrodes in a display device as
descri bed further bel ow. The m)vabl e |l ayers 14a | 4b may be forned as a
series of paralle t 03| ted. er or layers (ort hogonal
Co the row e Suvestdyis Bt SRR sr el e pasHE el erid | iRl
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many ways 15°to use I N conventi ona |sp ay
t echnol ogles.Primgirie i opticalrdinlgshicd s the entied Prareéﬂeé ﬁ%th@w@ﬁfpmfstyc EP@@@ 80 &and
system for ushdgcd sthid &Y afifred from in the first state. Light reflected from the interferometric
modulator 50 in the second state (Figure 7B) is a different color than light reflected from the
interferometric modulator 50 in the first state. In one configuration, in the second state ‘the
interference of the light is such so that from the viewing position 110 the interferometric
20  modulator appears black.

Figures 7C and 7D illustrate another embodiment of an interferometric modulator 60 in a
first “open” and a second “closed” state, respectively. This embodiment of the interferometric
modulator 60 provides an increased usable mirror size as compared to the embodiment shown in
Figuré's 7A and 7B. Referring back to Figure 7B, there are areas of the mirror 14 which are not

25  providing maximum reflectivity towards viewing position 110 because they are bending into the
collapsed optical cavity 55. Comparing the mirror 34 in Figure 7D to the mirror 14 in Figure 7B,
it can be seen that the mirror 34 in Figure 7D occupies substantially the entire area corresponding
to surface area of the optical dielectric 16 in the optical cavity 66. In the embodiment shown in
Figure 7D, the reflecting surface of the mirror 34 can be used for the reflection of light because it

30 is not needed to bend the mirror into the collapsed optical cavity 66 when the interferometric
modulator 60 is actuated. In Figures 7C and 7D, the substrate optical dielectric 16, two supports
18 and the substrate 20 remain unchanged from the interferometric modulator 50 shown in
Figures 7A and 7B. Details of the structure and fabrication of this improved structure can be
found in the aforementioned U.S. Patent Application No. 09/966,843.

35 Figures 8A and 8B illustrate an example of a portion of a display with display elements
that can incorporate a conductive mask. Figures 8A and 8B illustrate an exemplary portion of a

display that includes an array of interferometric modulators. A conductive mask can be used in
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interferonetric nodulators in a display application. Figure 2 is a system

bl ock diagram illustrating one enbodi nent of an el ectronic device that may
i ncorporate aspects of the invention. 1In the exenplary enbodi nent, the

el ectroni c device includes a processor 21 which may be any 20 general

pur pose single- or nulfi-chip mcroprocessor such as an ARM Pentium
Pentium Il (r), PentiumlIll(r), PentiumIV(r), Pentium Pro, an 8051, a

M PS(r), a Power PC(r).,, an ALPHA(r), or any special purpose m croprocessor
such as a di ghd aay Shkpah FRUACER ST 8p mmcms,om)mumgray whére & is REQAPLANITRRE € gate
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21 is al s@ canddugtdrsanht icth EOMARUET 16 ahfrowd thdopdidal aésp@ie oﬁﬁfﬂalﬁlﬂﬂyl ero idgrovd kh One
enbodi ment, the flrra{ gontro %2 II’IIC| ude%% robi/ driver circuit 24 and a
col um dri ver®P8f se %gt?‘?ﬁtfasg% 7 geplay; 17 58 dgsgable tgiminimize hight getlegied T 1 055
section of t hertr irey OBl(Be trkdy U Sy &E:e(ifahmltd?feg)ufe&lchloﬂﬂatsﬂ‘tﬁm\ﬁhcbysei fereftdmse 1-1 in
Figure 2. For er f tr the row.col um actuation
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t he actuated state. wever tage i's reduced fromt at vaI ue,
t he novabl e |mwayked toradvaRtagepisly; aéf%’Ctstb%ﬁlﬁ’laé(sm(ﬂWé %Iateagéhlmtfdﬁs, o ckis Pstweal ow 10

volts. In thqnt@r&%mlrﬁwod@me%@ﬁpie oA, ﬁe gﬁb‘b@rtsgw &h@ngmy@lak fhe LVl HAGS not
rel ease corrpletely until the voltage g%( bel ow 2 volts. There is thus a

range of vol t&ES conBpBE tongigr aroupd “Terf“EH‘?ES apflrees petperaiRoypkleiminer ygeiele 3,
where there ijh&hﬁntarfdﬂbrﬁ@%&fula&MG (Biguré GAJ. DR sk BinMbe disgosdlinGlichtafas Qevn ce
Is stable |nhe|ttther t re£ rsfi}l‘fd or actuat 2 Thi sdéreferre

herei n as™t hd" iy T é‘B?r% Vablf mingr 9 e‘?ﬁ“iﬂﬁ“ﬁ“&ﬂfw‘/‘m UEEF 58PS F‘ay

array havi ng atbientHighttcen eopagate to and reflect from the movable mirror but the areas other than the

movable mirror are masked inhibiting ambient light from reflecting from any structures in the
masked areas. These areas that are masked can be referred to as “non-active areas” because they
are static, e.g., the areas do not include the movable mirror. In some embodiment, the mask can
20  be conductive to minimize reflected light and provide one or more electrical paths that can be
used for the optical element. In some embodiments, the mask can be disposed so that light
entering the interferometric modulator falls onto either the masked area or the movable mirror. In

other embodiments, at least a portion of the non-active areas are masked.
"The rate at which display elements can respond to drive signals can depend on the
25  resistance and capacitance of the control lines (e.g., row and column electrodes) carrying the drive
signals to the display elements. The desire to view video on large displays and for high resolution
displays demands that the resistance of the control lines be ininimized. For these reasons, it is
desirable to increase the conductance of the signal lines while minimizing the amount of
additional passive optical contents in a display. One way to decrease the resistance is to provide
30  one or more electrically parallel connections to the control lines. A dual-purpose mask can be
provided that increases contrast ratio, and at the same time, acts as a bussing layer for the driving
signals. For example, in one embodiment the conductive mask can be used to form an electrically
parallel connection to one or more row or column electrodes of an array of display elements, for
example, interferometric modulators. It will be appreciated that the electrically parallel
35  connections can be designed in many ways, depending on the application and the type of display

elements.
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characteristics of Figure 3, the row colum actuation protocol can be
desi gned such that during row strobing, pixels in the strobed row that are
to be actuated are exposed to a voltage difference 5 of about 10 volts, and
pixel s that are to be rel eased are exposed to a voltage difference of close
to zero volts. After the strobe, the pixels are exposed to a steady state
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Generally, the franes are retfreshed and/ or updated w new di spl ay data b by

cont i nual 15y rbe sereGtadgo cifamity i phe disglay HIO 2gdpisd geehiofeey HhEm“d@ progite prepEgreper
second. A W Qecyiad betey. of prot ocol s for driving 25 row and col um el ectrodes

of pixel arrays t&fﬁﬁﬁ?uce di s é 6ames re also well nown cL be
used in conjuncti N 2RE2 g T IHVel?‘?t giated from materials selected 10 have

optical response which absorbs or attenuates light. One or more of the materials used to fabricate

the mask are electrically conductive. According to embodiments of the invention, a mask for each

20  non-active area 108 can be fabricated as a stack of thin films. For example, in one embodiment,
the stack of thin films may comprise a non-light-absorbing dielectric layer sandwiched between
two light reflecting chrome layers, as will be more fully described below. In other embodiments,
the non-active areas 108 may comprise a single layer of organic or inorganic materials which
attenuates or absorbs light, and a layer of a conductive material such as chrome or aluminum.

25 Figure 10 of the drawings shows a cross section through an interferometric modulator
device 200 in accordance with one embodiment of the invention. The interferometric modulator
device 200 includes an active component comprising an electrode reflective layer 204, an oxide
layer 206, an air gap 208, and a mechanical membrane 210 disposed on a substrate 202. As used
herein, the phrase “disposed on a substrate” is a broad phrase, and it indicates, for example that a

30 referenced structure, layer, optical device, interferometric modulator, bi-stable device, electrode,
film stack, support, electrode, mask or other referred to feature is located on a substrate, and can
but does not necessarily require direct contact with the substrate, unless so indicated. The
mechanical membrane 210 is supported in position by supports 212. In use, the mechanical
membrane 210 is driven to contact the oxide layer 206 to produce a desired optical response when

35  viewed from the direction indicated by arrow 110.

The supports 212, the areas of the interferometric modulator 200 on which the supports

212 are formed, and other areas that are not part of the active component of the interferometric
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Figures 4, 5A and 5B illustrate one possible actuation protocol for creating
a display frane on the 3x3 array of Figure 2. Figure 4 illustrates a
possi bl e set of columm and row voltage |evels that may be used for pixels
exhibiting the hysteresis curves of Figure 3. In the Figure 4 30 enbodi nent,
actuating a pixel involves setting the appropriate colum to -Vb;a,, and the
appropriate row to +AV, which may correspond to -5 volts and +5 volts

respectivel y meéu?a%)r I(_ltglge[x%rgpne aHaas 1§$1cat b?‘%rcl:c?rrq?(!l area[s gl)) & Set tllvggvbtﬁa ﬂ%ﬁ(ﬁ{ opr late

colum to +Vb; prop riat e’ row a zero
vol t potenti arlnascﬂltcﬁ pleveemreecacer bs s:ﬂtchuen pi bight fromh thetehpme whiohvsanvdiierveise 1hlhﬁerdf ow

vol tage is he +v1(a1 ﬁé de%@é’gé)p}{&l }eﬁgrsteh)?thg V\h el%m%{r]%mo Iélt&’ C E&n%%{tgr te t hey

wer e Orlgl nal regar €ess O er the CO
-Vb,,,. Fi gur@nﬁBfabscaadm mstﬂ@ of] fibvesy mﬁlv@m)wlqag oge sleqmcelév @hduc@wg fdmdsctcgttdjrm

signal s appl i &dnd dhetshbk n3%d &;E.Ea@}éroﬁérty'%f%%%ﬁén Whlofblhg Whd bonBSHH, taccbﬁm%gfs ar e

di splay arrangement illustrated i'n eg where~ -8 actuated piX
non-r ef | ect i vé&e eppqdipent. Jdhoympgk) cagybe fpgn P&%quﬁtrawsaoil gt ¢p forning thegcavedpical he

pi xel's can b(%m;p&leﬁ’{g}éf ¢ BefreroMBic hddlifibs, a |18 oncBdnlboliifent! ANSsiBpis 212 O
volts, and all_ the colums are at_+5 volts Vth these applied volta es,

all pixels ar¥d '8 Bfsrigropping mofylater, 200; ‘faﬁd’e‘é‘lf’é“usﬁ’t’eéﬂ fgpetions; diiste hesBroEE 219 1 t he
Figure 5A f r?ﬂi’fﬁtﬁorplaé(ﬂie&]aﬁlaal Khppoftsl l;ﬂiz)the dyadle, :cné(?maladal &’d’&:ﬂlbl(aﬁe a)o asecoadtihat ed.
To 5 acc ish this ri.n "lipe tipe" r row 1 c slan are
S0t to SRR wR i cen Pl S Bpticalfonbisuro, G cb it oo H IR RRdl e 1 he
state of any (npeesp elbadalisendlcive dieerial. ok scamemmnlarauﬁphezlzas donv@let! to a

st abi | i ty Wi n g c%ﬁQ%er']QiZsthE ?lﬁ)?oéﬁfé)&%qh%énﬁuc z%ﬂ&?%ﬁg ;3{9\8? onfero?rmo(?e up to

5 volts, and S actuates t I xel's™ and
rel eases t he qletirigyl phsde ppiNeltegeh rthqynsciebls meﬂﬂmt:ﬂ%@embrla@y21&rae wal Weeliltsmj@d To set
row 2 as deshEquiowigé)j:lgm ¥ -18 8€b01®. -5 volts, and coI ums 1 and 3 10 are
set to +5 volts. The Sane _strobe applied to row 2 wi t hen actuate pixel
(2,2) andl¥el ease?s ﬁwév%ﬁwe 19 thaw&rfeerst)lc madiatoy 2091’60164‘3?1%@“5‘?0%? waskthat he
array are af f&ﬁb&a«; a SRRWoBthinFildd. ITh bl dnibo&@Ent Qe m&ﬁt:&rh;ﬁ‘@es@\(ﬁréﬂ mﬂscuze af¢he3 to -5
volts, and C%ayern?lSJ'anto%dg gnd\c/i{)ellgy%r 222)_21% z{ s%\clzvon re?]t(a(l:’tgt? glrgn?t;[ lgyer 92% O?her conductive
materials can also be used to form the mask. For example, in another embodiment, the mask
includes a stack of thin films comprising a chrome layer 218, an oxide middle layer 220 (for
20  example, SiO,), and an aluminum layer 222. The interferometric modulator 200 includes another
oxide layer 226 between the oxide middle layer 220 and the electrode reflective layer 204. One or
more electrically conductive layers of the mask can be connected other components of the
interferometric modulator 200 to provide an electrical bus. For example, the mask can be
connected to one or more column or row electrodes. In one embodiment, chrome layer 222 is
25  connected to the electrode reflective layer 204 by vias 224 that comprise an electrically
conductive material. The connections required in the configuration of the conductive mask so that
it functions as an electrical bus can depend on the particular application. In some embodiments,
the electrode reflective layer 204 includes electrical separators 228 (for example, gaps or non-
conductive material) located in various positions to electrically separate conductive portions of
30 the interferometric modulator, for example, the electrode reflective layer 204 or the supports 212,
and suitably configure the mask to exhibit the desired bus functionality.
One embodiment of fabricating a conductive mask is disclosed below in reference to
Figures 11-17. Figure 11 is a cross-sectional view illustrating various layers that can be included
in a MEMS device, for example the MEMS device shown in Figure 1, having a conductive mask
35  402. Only a portion of the MEMS device that includes the conductive mask 402 is shown in
Figure 11, the remaining portion of the- MEMS device being indicated by the dashed rectangle

203. The conductive mask 402, indicated by the dashed circles, is illustrated as being fabricated
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pi xel s as shown in Figure 5A. After witing the frame, the row potentials
are zero, and the colum potentials can remain at either +5 or -5 volts,
and the display is then stable in the 15 arrangenent of Figure 5A. It wll
be appreciated that the same procedure can be enployed for arrays of dozens
or hundreds of rows and colums. It will also be appreciated that the
timng, sequence, and |evels of vol t ages used to perform row and col umm

actuati on can be e thin the .gener l.es utI i ned
above, and th® aasr‘%s% %g(zarrp? Iéla%{(s‘logemcoél%lfeﬁrlhreel &g of E{%?‘&h@ Shrﬁ F5¥ 16T t age
met hod can be21tasaelcbxridie fldyert 220 apt 2seond réfloutyalayer222.2DheTiret rdbttanellas/exozlshﬂmahe

structure of e{e %fﬁétﬂrg‘ibréﬂ 522@9%@%@4% r%ﬁ‘afi‘st AR t%‘ih ref€ri ! 2 dic vi\"‘fg

principles s rmay” var anpl e, gures
illustrate t hfrxeleple dhiofoerabuminuaniondivere ﬁprsmmﬁ emlbr@nmmw thgcqmﬂtrcnmmgk AQidanibee .

Fi gure 6A 5 S s@m&ﬁrgé% asﬁzgfcl lﬁglr'fe‘i’(;mettrb:emooqﬁgpql'a{@ @ &: E(gf‘ﬂgt t Illlnlmgrrgleaeds tri p I'n

i
of nmetal material 14 1s osited on orthogonall fgreex en I ng supports 18.
Fi gure 6B, t highrpgeatpras ‘Pl | &rethey empagireanisgthe qondycgvegnpask dfedin bosisigplsdptas 25 at

the corners OsFrHtx}L’ mté?i@rohﬁltnb%{ogulgtgr thelt '?eﬂ: &y h@oﬁ&ele&t@@cd’qugphﬁlsrvﬁﬁch%ké l\iﬁ
material 14 is suspended froma defornable |ayer 34. This enbodi ment has

benefits becals&nIpaves s ¢ s bfedF gAMG Ailos WB‘P‘éraiea‘l‘séd ifs &g fphyicatiopedt the
reflective Wﬁhl@ﬁdr@hetﬂcﬂnﬁ&ﬂht&&oﬁ@bﬂefﬂslﬂhd@ Waklhg iteSoRElE td Qset he sent |d6®lsmon

propertre(j and thets%][J esi gn. 3 rraterrdgll? used forTli1 ef.or mabl e
| ayer 34 tan BETCEH(T #P2BY ’{“ﬁ P stge B Y P W R EHRRT S ThH FBPEHYS es.

The product i afesbf0dan bousd toym@&de@ea&ﬂﬂexnﬁley fnehmmgloﬁeldawabmals sroaldsiy | bed
In a varl ety 2"8%12? dg)lg!ieggr&ldhe O(%rylrrlr%?ztesr’ems‘t rrll(c:e l(")#j eleg.?(fa cncuets p%g\)ndﬁfﬁ signalS to Ft)Ilflbl i shed

Appl i cation e varie es my be
used to pr oddutafqrmtrm@aeodd@ymrdm @mrlgaélmnelbl wmmhmsrﬁgtla sigeals. es of

material depositi qf yvariBf ddfptdth M mAMt 61U BRaREGPRask TbIMaGFe MAMSRevice

illustrate certain aspects of the two interferonetric nodul ator structures
35 descri Bed vabaoebe depeghedovithactprenagda Figtred 2d7si npl i fi ed functional di agram of

an interferonetri giguodub atcarss &0BtidnA woiemggahﬁtrme RIRALIRAL . MEMS device
Interferometr 'a%ng”?inld@ctu% mas 1ﬁusgg) ting a ﬁsrst reflective mask layer 218 deposited on a substrate
202. After an initial preparatory step wherein the substrate 202 is prepared, for example, cleaned,
a first reflective mask layer 218 is deposited by sputter coating it onto substrate 202, according to
20  one embodiment. In one exemplary embodiment, the thickness of first reflective mask layer 218

can be about 60 angstroms.

Figure 13 is a cross-sectional view of a stage in the manufacture of the MEMS device
having a conductive mask illustrating the first reflective mask layer 218 of Figure 12 with certain
pom'oﬁ's removed. For this fabrication, after the first reflective mask layer 218 is deposited, as

25  shown in Figure 12, the first reflective mask layer 218 is patterned and developed using
conventional techniques to leave two or more portions or outcrops of chrome, which can serve as
a base layer for a thin film stack which serves as a mask.

Figure 14 is a cross-sectional view of a stage in the manufacture of the MEMS device

having a conductive mask illustrating additional layers that are fabricated on the embodiment
30  shown in Figure 13. As shown in Figure 14, an oxide layer 220 is deposited on the substrate 202
covering the first reflective mask layer 218. In one embodiment the oxide layer 220 is about 300
to 800 angstroms in depth. This layer can be applied by sputter coating the SiO, onto the
embodiment shown in Figure 14. The thickness of the oxide layer 220 can depend on the quality
of the color (e.g., black) state that is required for the mask, and it can also depend on the desired

35  color of the mask.
A second reflective layer 222 is deposited on the oxide layer 220, and the second

reflective layer 222 is patterned and developed to form portions that correspond to the first
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substrate 20, an optical dielectric 16 upon the substrate 20, two supports
18 and a mrror 14 -9 connected to the supports 18 so as to orient its face
in a plane that is parallel to and laterally aligned with the plane of an
upper face of the dielectric 16. The mirror 14 in Figure 7Ais shown in a
mechanically relaxed first state so that it reflects incident |ight when the
interferonetric nodulator is seen, e.g., froma view ng position 110. The

di st ance bet wed@Bctivhy® ml 8 Cﬁiﬂnm@ Ia&lnﬁlﬁ&tlﬁfé ﬁaasﬁ carﬁprﬁlﬂg a ¥REAIM fide Thdiffanl okidk WH&d such

that only lig at, a e ect e details of the
met hod of sel 2%? P dapoflf?gon 5 n\r,(}areef%“gﬁg‘y%%% Vlgaé% ¢ C&?E @E’éeg peFifelayaet?bi | i n
t he af or enents teeetohd @ﬂecF?m leywr 2Xbcan be 8@becRB %o amngpirhzl 2afop eenple] asahad ). S.

Patent Appl i C%ﬁguf%% Nﬂecmcg%p%g%r %§Canlb9f0§11€%lﬂr{ ffie lé’troéer}e e§t¥v§§1%rtfg4 %i h m rror

14, and optical dielectric I ne an optical  cavi gure 7B
i 11 ustrates alsPwpied pedher arisistiishale. dhaglectmsieofellecties lamrewfresrtymnma@omul at or

50 shown in hhGte® itk Vﬂ@%&ﬁt R Rndd Eé’u%rdeﬂfﬁdén§ orl fhe %qﬁﬁéﬁ%@hﬁés@t)@the Lk Qur e
7B, the mrrorég)fls ? rd t he opti cal ectric |ayer

col | apsi ng t h&Bpp 2R ?r tefrfi’tsl?lﬁ’r Basgd jow theflssjed) Cb‘}ﬁgﬁﬁt&?la&? Hg a
vol t age pot entuiilzatidnet ﬁEemdedtlee:mmpkﬁmoﬁwmle&&cﬁrdaes: g extinpleOthe didetradiTeflcbieve
optical diele B v gror 14 to a second, sfate that is in
contact with galtyele éril)4 cﬁgﬁ 2 gki lcallly gParQ?d byt 0 1B Bt Iln((’:rgfep&rla%(fnég?&i’]“éhe egf":tr(fdﬁe
optical pr operfftﬂe@yebfertl% |nt erfer onetric nmodulator 50 in the second state

are alteregy fromintihent! £r§<;x1<ﬁtla@lé13206 LidaNb e il 18t ?Gé afd 1@ %‘bé}lggy sputter C(()jat%df or ent

interferometric nodulator 50 in'the second state I gur
col or than |i gt Flefaodetelertive yrr 20fe The pridsrlaver Hioeen Femnsieritiicar G%lde:)@ldlchn behe

first state. ldBo@neo eosthiggahd MRK, debordiflEioRE Asbdsleat hd Berifidia 156100 efce of
the light is scul%hrlS O%,P(gt fr rpthe ¥ % n‘g g%)sﬁ on 1 0 the jnterferonetric
20 nodul ator appear §°sPatk! (yRically e abaiy 0 ’f“l?g’l“? £ 25178 %er  enbodi ment
of an i nt et ertomeembadinmodul at or 60 in a first "open" and a second "cl osed"
state, respectivelyo, I § LHBQUNMGAL vill: of BStabd"Ghd BERIRAL! & 2 MEMS device
having a conductive mask illustrating a patterning and etch step performed to form the recesses
for supports. The patterning and an etching step is performed to form recesses which extend
through the oxide layer 226 to the vias 224 and the second reflective layer 222, according to this
20  embodiment. The vias 224 can be formed in the oxide layer 226 so the second reflective layer 222
can be connected to a support 212 (shoWn in Figure 16). To form an electrical connection between
the second reflective layer 222 of the conductive mask and another part of the MEMS device (e.g.,
the mechanical membrane 210 shown in Figure 17) the support 212 can extend through the vias
224 to the second reflective layer 222, according to one embodiment. In another
25 embodiment, the vias 224 are formed in the oxide layer 226 and are filled with an electrically
conductive material which is connected to the support.
Figure 16 is a cross-sectional view of a stage in the manufacture of a MEMS device
having a conductive mask illustrating forming supports 212 in the recesses shown in Figure 15.
The supports 212 provide a structure that supports the movable mechanical membrane 210
30  (Figure 17), and can be formed in the recesses by spinning a negative photoresist material over the
thin film stack, exposing it through a suitable mask and developing it to form the supports 212. In
this embodiment, electrical separators 228 isolate the supports 212 from the electrode reflective
layer 204. Such separators 228 can be used to isolate the support 212 from the electrode reflective
layer 204 when the support 212 comprises a conductive material.
35 Figure 17 is a cross-sectional view of a stage in the manufacture of a MEMS device
having a conductive mask, illustrating a mechanical membrane 210 deposited onto the

embodiment shown in Figure 16. The mechanical membrane 210 is deposited by sputter coating
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nodul at or 60 provides an increased usable mrror size as conpared to the
enbodi nent shown in Figures 7A and 7B. Referring back to Figure 7B, there
are areas of the mrror 14 which are not 25 providing nmaxi numreflectivity
towards view ng position 110 because they are bending into the collapsed
optical cavity 55. Conparing the mrror 34 in Figure 7/Dto the mrror 14 in
Figure 7B, it can be seen that the mrror 34 in Figure 7D occupies

substanti al | yohtb@ees&lﬁela 1@%5209CIHefeﬁfep(ﬁ[bd;hdﬂlﬁmaltl@exslwflﬁ@ﬁoﬁﬁ feav@g‘ anta}ga@Ppt i cal
dielectric 1904 (gjt | ca caV| t e enbodi nent in Figure
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Figures 7C an e su strate optic two supports 18 and
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shown in Fi edgesise Va@er@mj tl?eBs/u%;BﬂE a2 §nd0cfxe ltn&%arﬁctaf MEhuHR 2@@@1&@-%'0&@{1&1@9 of
can f ound . in the aforenentione S. Pat ent

this inproved t ur
Appl i cation R ‘ffgﬂd%‘a@e@fg‘c S?%ﬁ‘ that GoppRtises @ Alrsh rfletitee fayer 2y i“h‘txéieéal’ﬁ{erezﬁgtﬁb‘i e of a
portion of aadesp eflectite layedi28])|tiny matke WEMHoS-actid) akasO@S ekdit@w; e r's@ppert212)

conducti ve g [ 8A and 13 illustrate an e r ortion of a
di spl ay t hat ?aﬁegla aétgésé Tan ae%ﬁeé"eas Tht ertfogr S%ét?hre condué’dlrh% %5%/115£m}3f1530nduct ive

mask canlBe dyewe,isitver, alll@llmmﬂeorardre@ytrls noskrsoithat Fiegumes o8 the anttrigBpsed foirm  any

type of di splt}@ynam%gablletofh&,dmgggctr;c mask off certain areas of the display
fromanbient Iight and form an el ectrl cally %ar all el connection of an
s

electrical circuil ‘hi‘Sne"Elﬁé’mdPts Bleayask B} guermgybeheds sitiq) intedgrpmejricolepinke| s 12
of the array codfig@ed cucBBhat Stheausks @ 1@%@&?&10@ of)flg}ﬁ P RAr ttSeflBts| MiaRlaedo@nd he

msked Lo i mBYEP e PRI T S R G A iy TO%) e oy ©" "¢

opti cal rléspoma&ls(\elﬂgslmllarmwea&s)Thafdldidnmcda)&pisayplcallw fomred H®nORiS] sradtlee t 0

mnimze |i g(i?élec{:r% {iehse gnd thed rgﬂectgre & g%}r@%ﬁﬁog; agl{r(%Xlum (%{%e?m%%h()f an

interferonmetric moqgul ator that 1nc ance splay in
t he dark st anaerielin be nasked of f (e.g., di sposi ng a mask betvveen t he

structure By fabricating the mask so that it comprises an electrically conductive material and using

appropriately placed connections to a desired row and/or column electrode the mask can be used

20  to reduce the resistance of the row and/or column electrode. For example, if a conductive mask,
configured to always display black, is used in an array comprising a plurality of interferometric
modulators, the conductive mask can be also be used as a conduction layer to decrease
resistance of row, and/or column electrodes that are used in the array to carry signals to the display
elements aligned in rows and/or columns. In this embodiment, vias were created in the dielectric
226 to provide a recess for the support 212 and so it can connect to the second reflective layer 222,
which is part of the conductive mask. It will be appreciated that there are many other possible
embodiments to utilize a conductive mask. In some embodiments where the mask comprises a
first conductive layer 218 and a second conductive layer 222, both conductive layers can be
used as an electrical bus. In some embodiments, both conductive layers can be used as part of the
same electrical bus. In other embodiments, the conductive layers are each used as part of separate
electrical bus.

Figure 18-22 show various exemplary embodiments of a conductive mask in an
interferometric modulator to provide an electrically parallel connection to an electrode. The
embodiments can be fabricated using similar techniques as described hereinabove for the

35 embodiment shown in Figure 17. The conductive masks illustrated in Figures 18-22 are configured
as non-movable interferometric elements, that provide one or more electrically paralleled

connections for application of voltages to the modulating element. Figure 18 is a cross
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and light entering the interferonetric nodulator) using a black mask in
order to increase the 10 contrast ratio between an actuated pixel and an
unactuated pixel. Sone of the areas that can be nasked to advantageously
affect the display include, but are not limted to, row cuts between
interferonetric nodulators 72 (Figure 8A), the supports 18, bending areas of
the novable mrror |ayers connecting to and/or around the supports 18, and
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reflective layer 218 and the second reflective layer 222 to the electrode reflective layer 204.
20  Electrical separators 228 electrically isolate the supports 212 from the electrode reflective layer 204.
Figure 20 is a cross-sectional view of a MEMS device illustrating an embodiment of a
conductive mask where an electrically parallel connection is formed between a first reflective layer
118 of the mask and the movable mechanical membrane 210. The first reflective layer 218
25  of the mask is electrically connected to the mechanical membrane 210 by the conductive connector
234 which runs through the support 212. The connector 234-is isolated from the support 212 and the
second reflective layer 222 of the mask by electrical isolators 232, which are formed from a non-
conductive material. Electrical isolators 228 isolate the support 212 from the electrode reflective
layer 204. In embodiments where the support 212 is not formed from a
30  conductive material, electrical isolators 232 and electrical isolators 228 may not be necessary to
electrically isolate the support 212 from surrounding conductive material. In this embodiment, only
the first reflective layer 218 forms an electrically parallel connection to the mechanical
membrane 210.
Figure 21 is a cross-sectional view of a MEMS device illustrating an embodiment of a
35  conductive mask where an electrically parallel connection is formed between a first reflective layer
218, a second reflective layer 222 of the mask and a movable mechanical membrane 210. This

embodiment is similar to the embodiment shown in Figure 20 , except that the first reflective
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paral |l el connection to one or nore row or colum el ectrodes of an array of

di splay elenents, for exanple, interferonetric nodulators. It wll be
appreciated that the electrically parallel 35 connections can be designed in
many ways, depending on the application and the type of display elenents.
-11 Figure 9 shows a cross-sectional view of a sinplified representation of
a display 100, according to one enbodiment. The display conprises two
optical conponents which are, in this . epbodinment, interferonetric

ol at or o OHYer KB TyeReeHeR e R E RS Bt b et ST B 104
conpri se an arfl@rge gt 218f and ethd e@bhd/ ecfleétivertayieh a2 preoderrizally d@sédeddioapd | cal
response 5 whep,the novabl ti,ve.area i s driven towards a substrat.e 202 in
A recti on 1 TPikELAPG s 2L ANl el L g BT RGBS

i nt er f er onet rieoverm dothaewrs dfetht cewludty4 tvak abédle vhechericadh @gbmbrane P15, WPdtis  No.

5, 835, 255.. | I GELr I 8.1 ndi - ' eas of
Che i ntert erSusfes, tne WERFL PO A ARHE forf dlohdlhieh Gl B bR PPES
non-act i ve arathegh g®wadon dlagit, woald ot bsi #egesewry oledcindlyiisphteatbe supbdraik frresk so
that when a V§,e¥Bkint ORkS il mdihg) di spl ay 100 froma 10 direction indicated by
the viewi ng arrow 110, the optical response produced by the interferonetric
nodul at or devi ces FiyE 32ds p Grossohegiiond aiWHf atAEMP deyiescillisipiing fan gpbdispant ¢fjag ht

f rorkn t Ee NoN-@aducine x@arsleaaaeri %ﬁ)&eqﬁ%npbmlrel e«gﬂgaﬁbmrkmﬁed ibktwe@ia lh@t fdasthiveabl e Ej 0
mask the npon-active areas Wi olored nms of exanple, green, red,
b1 e, yol Now 86t E18 ot @RS AFistetee 196 45 1 oty PR aeharry | rom
t he mask, theAnsaskel@atalyqiafaliél sennediien o fomiet Get@ednchibetony ecfleaive fayalos thekbagkh can

15 be CaneCtﬁg axgdoa x%(i)vr'c.llglfl:“lint Y ici:apmté & n%iﬁé)lasa%g{%g% bﬁ‘fr}l%, clr'lossse-gatci,hre]d av}@o.! i ¥ rei n part
to provi de oné€ or nore erect v caf bussed: nas or "a non-active =area 108
may be fabri cat befifsirotagirinadly earaliel eongetiercis éxmedobyhtpeieicaly cormpiting Bk fisesfiwtiee whi ch

absorbs or atl&yﬁpﬂ%to? the 'uJaQJ”tB the Qﬁ@m{aé laS]Q B4 W %écﬁ%al{ggﬁng%é bﬁ) Lﬁé?:glcgl ?so{a%%r icate

the mask are €l ectrically conductive. Accordi ng odi nents o

i nvent i onld a ZAtidRlafedhe elegipde layer 204 from the conductive support 212. Electrical isolators 233
isolate the electrical connector 240 from the second reflective layer 222 of the mask. The second
electrically parallel connection is formed by connecting the second reflective layer 222 of the
mask to the support 212, which is connected to the mechanical membrane 210.

Figures 23A and 23B are system block diagrams illustrating an embodiment of a display
20  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.
. The display device 2040 includes a housing 2041, a display 2030, an antenna 2043, a
speaker 2045, an input device 2048, and a microphone 2046. The housing 2041 is generally
25  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 2041 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 2041 includes removable
portions (not shown) that may be interchanged with other removable portions of different color,

30  or containing different logos, pictures, or symbols.

The display 2030 of exemplary display device 2040 may be any of a variety of displays,
including a bi-stable display, as described herein. In other embodiments, the display 2030
includes a flat-panel display, such as plasma, EL, OLED, STN LCD, or TFT LCD as described
above, or a non-flat-panel display, such as a CRT or other tube device, as is well known to those
35  of skill in the art. However, for purposes of describing the present embodiment, the display 2030

includes an interferometric modulator display, as described herein.
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20 non-active area 108 can be fabricated as a stack of thin filns. For
exanpl e, in one enbodinent, the stack of thin filns may conprise a

non- | i ght - absorbing dielectric | ayer sandwi ched between two |ight
reflecting chrone |layers, as will be nore fully described below. In other
enbodi nents, the non-active areas 108 may conprise a single |ayer of
organic or inorganic pmaterials which attenuates or absorbs |ight, and a

| ayer, of - cOndUCtY GoulfBh &1 I bnc S iS SHLONRL 0T LA QUM 3T Sl 10 of

the draw ngs shows a Cross section Brferonetricc nodal ator
devi ce 200 i nlwbdetidgiee %Btﬁhedﬂl@tr@mﬁx@nmwmﬂﬂy detige 2040 éngtudesre, holling 2041

I nterferonet rjg c&lpﬂ&iﬁétaﬁémo qpéé&rf{"p&eﬁ@% Tl EH@A%? eﬁd“os@cf’tﬁ@:r%!ﬁ %Qm&@glg}m one

conprising an el ectrode refl | ayer an oxl an air
gap 208, and %’bﬁ%@ﬁ&ﬁhec@lﬁmﬂwr@%]ﬁ)édfﬂ?@ 2@1409{%@@0? ek was«ter@%th@to@udﬁs used

_her e‘ n, the Fhlﬂraﬁ’t%a ﬁiﬂS%ﬁnﬂ\ﬁ@sctoGB]edafoﬁi'mﬁ&eﬁv@; 847.1 PreFraRicQd 2(5&'75@&)%1&%@@@ tﬂe
I ndi cates for ‘?fngle that a 30 referenced structure, |ayer, optical

devi ce, i nt erPFESPFeCtl hich duonresipd torspnditionjne dardware 2@2. éW’%E‘{“{d’(S‘ﬂ’é“g hagdwarp st ack,
support, el eclsDgley bd@skguddd 10thition @fs@hdl @dg. tihef deagmln € Thé cdn@iatifthaivar

substrate can but  does n essari.l irect co ¢t with the
substr at e, %ﬂgsés %’BHeFtﬁ‘altocétS%ﬁger .I;zﬁgsc ‘?fé?: Hﬁ‘ﬁ%/p(? € Tgﬁé’mfiséor 73)&]2 Hrted in
position by &umaédls aR ]xibnt demicei2@48 dnlia dfﬁenhamioﬁalzozmenmcﬁNa c2>ﬂ1@>11b1320d9 isven to
cont act t e oxi a duyuce a desi ti es se . .when
toa% ebu 3¢ égl Cad(?o H]E) arrag Tver 2§%W$ﬁle rnls co ﬂ?e%g(]&dIS%lWe ar eas

vi ewed fromtﬁl«laPe i'rection rn sup
of the int erfaeml‘ﬁéﬁrd\powmd@lpbltwio I@@\@de@powmtomﬂi CDth)nsruW@¢mlsed i partieuldfror med,

and ot her t f the active conponent of the
Qénptlfpfa&lsp%?a | Q 20ﬂ%e% %II?

interfer orret rrc - -12 at or exanpl e, areas indicated by encircled

areas 230) can beTheareRrenik We!fhcea’- bimdudss ithreanienped3 end thy Eapaasivers?47 aaithele t he

reflection ofnelck&hpar algﬁmymbﬁ&ezom@asomrﬁdatemn ot R @loW defices Bleeh hawak. i th the
desired optical response of the actjive interferonmetric nodul ator conponents

The mask Ban cBeemaBPE iFan A e GEn e g Hd HES SOPRepa oL S Bl e
electrically rﬂﬁli?dilh.bﬁts iofigje Proted3or 3@ e Theshtenba 2083 ishay arttdia Eﬂoaxﬁko thas of kigll mpt i cal
property of tBheeI an o smltuafltg)sa%cli tr)écgglng‘ rs]%na s(.)n uo%% ier\ﬁgédlmen? q{le ant n'} gansmits 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
20 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 2047 pre-processes the signals received from the antenna 2043 so
that they may be received by and further manipulated by the processor 2021. The transceiver
2047 also processes signals received from the processor 2021 so that they may be transmitted
25  from the exemplary display device 2040 via the antenna 2043.

In an alternative embodiment, the transceiver 2047 can be replaced by a receiver. In yet
another alternative embodiment, network interface 2027 can be replaced by an image source,
which can store or generate image data to be sent to the processor 2021. For example, the image
source can be a digital video disc (DVD) or a hard-disc drive that contains image data, or a

30  software module that generates image data.

Processor 2021 generally controls the overall operation of the exemplary display device
2040. The processor 2021 receives data, such as compressed image data from the network
interface 2027 or an image source, and processes the data into raw image data or into a format that
is readily processed into raw image data. The processor 2021 then sends the processed data to the

35  driver controller 2029 or to frame buffer 2028 for storage. Raw data typically refers to the

information that identifies the image characteristics at each location within an image. For

example, such image characteristics can include color, saturation, and gray-scale level.
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one enbodi nent. The mask can be formed on the substrate 202 prior to formng
the active optical conponents of the interferonetric nodul ators, according
to one enbodi ment. The supports 212 of the interferonmetric nodul ator 200
can perform several functions. First, the supports 212 function as

mechani cal supports for the novabl e nechani cal nenbrane 210. Second, the 10
supports 212 can provide an el ectrical connection for the conductive nask,
if the supports 212 conprise an electrically conductive material. For
exanpl e, when a stBBeretmei‘Ele’i“ the, praprssor &3 ingludes agppgeatelive PRy @logomitine -

support 212 aélﬂtr&lhb@erﬁl@ﬂdﬂﬁhé bﬁ@pla@ymgpl@%zVIsz@r OHABnIAN Rar ¥ ard S L gerRla@Ft 11 Cal
paths to appI%/]ﬂl\l/q%I ta | e pechani cal nmenbrapne 210, as will be

illustrated ol eﬁg"m&l ’d)tﬁrtsgo tiafsmm‘f% sigaglyytootfge speaksr 2043, and fop BrviPg,
Figure 10 t hesig'nals éxroﬁlah@m&idphmermdul adsrﬂrnoﬁﬁg)hmmgmﬁs n&ymemdueﬁelcuﬁpdﬁ&ﬁd( t hat
conpri ses & st es a

first reflect] vén t(}:lf;'u eXtE:”ﬂ[e’laryl J’?iaﬁﬁ‘i‘?r&ﬁ& 065?? Phes lﬁ"focrfc? fa%ed %@5;%‘2%6%?@(% fecond

reflective chotiemeontpageats. 222. Ot her conductive materials can also be used to
formthe mask. For I r clu

stack of thin fil %%%F‘?’ﬁ"ir‘fg 22553 ?‘%rpée {l@%‘a&ec%gg %ﬁ%ﬁéeﬁl}%ﬁfm%ﬁayer 220
(for 20 exanyditber dBeqty)fromathel pepgessir @ﬁ?hmﬁrq@%rﬁam’@uﬁfﬁﬂ&& erdarefomratsntbe rawe

modul at or ZOQm%cAaudasﬁmaﬂmmf m%mgeaﬁmh@agssieoﬁ@@w Qﬁ%:\@ﬁa dobe §xkiflenyipidl e

| ayer 220 and the electrode reflective nore elecCtrically
conduct i v¥ | affeprscopsollerp2hiopmniie by g iptg 2 dein Epw barisorievitrdike forpaie

i nterferonet rdugh MRMHL @he 208 shidbRIQKLABNAR-RE 86 lifshiSPdraPts30. Fhén Bx@VRY €, the
mask can be connec e or %rjole{e? col um _or row. el ectrodg I n one

enbodi ment, ¢KPEHE oé%?nd@ foramaesd uforprtion &ythe grishdriver EP2y gddoushi GBES ve

| ayer 204 by oshieler2D29, buvhts CIOOP tongelled fis (ﬁieﬁﬁ:s‘sdfdlaﬁbﬂhdny theey'nrtehmbdesserzmm @&ral al .
The connectiq re onfigu f.Lon ductive na so t hat
it functions %sd alor%ullf] %rgtea alr‘fln 6;) 5615}}190 i erscfmgq)e lﬂ%em%{lretl cﬁfmg’rwgppl I'Tati on.

I n sonme elfbodnayelet gnbeddel an dhicepro¢esde 2023 f dse@tdwe, Ieralyﬂédedzmzlthq potasee 20| sctri cal
separat or S 226l AR Ed & B3RAWL wARhe fQUEbhpe material) |ocated in

vari ous positions to el rical ar at e conductive pOI’tI ons of
Typically, the array drlver 20 2 receives the formatted information from the driver

controller 2029 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
20  display’s x-y matrix of pixels.

In one embodiment, the driver controller 2029, array driver 2022, and display array 2030
are appropriate for any of the types of displays described herein. For example, in one
embodiment, driver controller 2029 is a conventional display controller or a bi-stable display
controfler (e.g., an interferometric modulator controller). In another embodiment, array driver

25 2022 is a conventional driver or a bi-stable display driver (e.g., an interferometric modulator
display). In one embodiment, a driver controller 2029 is integrated with the array driver 2022.
Such an embodiment is common in highly integrated systems such as cellular phones, watches,
and other small area displays. In yet another embodiment, display array 2030 is a typical display
array or a bi-stable display array (e.g., a display including an array of interferometric modulators).
30 The input device 2048 allows a user to control the operation of the exemplary display
device 2040. In one embodiment, input device 2048 includes a keypad, such as a QWERTY
keyboard or a telephone keypad, a button, a switch, a touch-sensitive screen, a pressure- or heat-
sensitive membrane. In one embodiment, the microphone 2046 is an input device for the
exemplary display device 2040. When the microphone 2046 is used to input data to the device,
35  voice commands may be provided by a user for controlling operations of the exemplary display

device 2040.
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30 the interferonetric nodulator, for exanple, the electrode reflective

| ayer 204 or the supports 212, and suitably configure the mask to exhibit
the desired bus functionality. One enbodi nent of fabricating a conductive
mask is disclosed belowin reference to Figures 11-17. Figure 11 is a
cross-sectional view illustrating various |ayers that can be included in a
MEMS devi ce, for exanple the MEMS device shown in Fi gure 1, having a
conductive nmask 3 0 qvi.ce. that cI udes the
conduct i ve mask 4%5‘66%11%’ Wo@fo &nﬁ?@de?@ar%ﬁyloff%ﬁ%% o |F’1‘|"??5 HpoF f’li)n of "t he
MEMS devi ce Bk ang Fondroplt.@ ldoriy}ﬂﬂlbhémdéﬁh@d sppptyt 200 fs@ rec@8cablE hetegosduesta ve
mask 402, ind}eatesdnby bie dasigE ohbileES 1 n%h%Jéxﬁﬁﬁﬁl{n wersu

fabricated 3 on a su%)sfyr ate 202. Th eeglsnansi t rltgég)s tshplgileﬂgayers of
film incl udurﬁgwablef $reRSY SQUETe| ReapRajiar, Py far cezlwclu%wg Q)Rliﬂ‘sd'é solapyrelt, apdlageall a
second r efsl eGhiny em! BHR: eABRlimehl Golvérsipply 8508E EdnkSurd dat §éceided Povith EolmiEwansecond
reflective | ayer 222 can conprise materials that are both reflective and
conductive, fWfet exanple, chrone, alum num or silver. For sone enbodi nents,

the conductive magksomhe anlﬁ@&nta@o@ c&itrbvf(i&g-ﬂd’nﬂﬁhbﬁﬁy Bsideh, Ak U&crivdll ok € i @ivErl C

I M A I SRR Rt L
structured asosrol pxbgﬁmmabumy emﬂ@nmthehmyuirﬂmmtatnbsetdﬁahll icthd &cwill redogtide Of a
oo 1110 wAL i ARl Do L e e shilEn GRATLEN el E e o 11
nodul at or corwpfmmmportemg@dmamnngsqonflgpl@s@]Sbl e to use the sane deposition 10
Bomponent s. | The condane {\ve: doRa| 8GR v EULSHRATER bin G AL Aares
flexibility iohthe Feentights anglicgfio erigetsmbedimenys dridll be wdetiney i sarioys apibys.devi ce

and help m n'sﬁﬂsﬂtﬁtﬂn@%h(ﬁéh&@@ﬁnme 6eGl B bf B¢ deGidh brspr&egawug&a&w Ry @0@h& tO the
interferonetric electrodes by, {:)rOVI dlﬁg el ectrlcgt'l:tg% aral | el conn ctions

for the sPgn&y hosergilled iy the, arg withopf depasting fram theospirif engipn. 5 e mask

402 and the HhMsMBiofl ey ingieatedly Wh|abpdﬂdﬁﬂ dgmel efer thae dy Whet hre@ﬁﬁ@ﬂ@&i}ﬁoﬁ.OAﬁi gur es
12-17.

changes which come within the meaning and range of equivalency of the claims are to be

embraced within their scope.
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Figure 12 is a cross-sectional view of a stage in the manufacture of a MEMS
device having a conductive mask illustrating a first reflective mask | ayer
218 deposited on a substrate 202. After an initial preparatory step wherein
the substrate 202 is prepared, for exanple, cleaned, a first reflective
mask | ayer 218 is deposited by sputter coating it onto substrate 202,
according to 20 one enbodi nent. In one exenplary enbodi nent, the thickness
of first reflective mask | ayer 218 can be about 60 angstronms. Figure 13 is
a Cross- seQWHTAlS GLAIMED I8: stage in the manufacture of the MEMS device
having a conductive mask illustrating the first reflective mask | ayer 218 of
Figure 12 with certain portions renoved. For this fabrication, after the
first reflectiv I 15 .deposited, as 25 shown in Figure 12, the
first reflgktive gﬁs%ﬂfgigﬁcg%gn?ggpatterned and devel oped usi ng
conventional tedhsubgwas, to | eave two or nore portions or outcrops of chrone,
whi ch can serve 3s, a base |layer for a.thin film stack ich serves as a
mask. Figure 14 alﬁgghgmggﬂgtgggseg%p?rgﬁgpovflé)%ﬂgﬁsu steafe; he 1 ‘{lﬁglgr‘\%ﬁ?ﬂ“ﬁct ure of
the MENVS dengwi@ andpiéal Bhadat@iNel Ghichehmsel i debponte Rtd Viltagdshiplic@iathe | ayers
that are fabricated on the enbodi ment 30 shown in Figure f3. As shown in

Fi gure 14, raedulptindelemeper 220 is deposited on the substrate 202 covering the
first reflectiv | aver 1218, odi. he. 0xi | ayer 220 is
about 300 to Ot R IR sietp NI S P ok G BB B4 Spui 1 or
coating the Si O2nehirichigcormiibixet mEkidispbsudronithe subgitite addispadddefrdhittekness of
the oxide | ayer 220 can depend on the quality = of the,colornée.g.“ bl ack)

state t hat Mdulatingiclegient, fhe mpsk elgstrically peppiad te the medidating slsweenp i RrAWdeiesi r ed
35 col or of RS I 3| I i i on the
oxi de Iayefmggg, an e?ﬁgﬁggggﬁﬁaﬁ@&%ﬁ%&¥$6%g%§§%§%%%¥Ekgﬁgg??%?ﬂed and
devel oped to formportions that correspond to the first -14 reflective

lo)a(?lgre Eés’eri or m”l%% d%vigggpctfgi%nl i/%\vhg%ﬁhhgr%a rils %é)n gu?'ec{[tglagpgall‘ lbfycl?.t ack. Then an

3. The device of claim 1, further comprising a column electrode electrically coupled

to the mask to form an electrically parallel connection.

4, The device of claim 1, further comprising a row electrode electrically coupled to

the mask to form an electrically parallel connection.

5. The device of claim 1, wherein the mask comprises a film stack.

6. The device of claim 1, wherein the mask is electrically coupled to the modulating

element by one or more conductive vias.

7. An optical device comprising:

a substrate;

a light modulating element disposed on the substrate, the modulating element
having an optical characteristic which changes in response to a voltage applied to the

modulating element; and
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226 is deposited on the second reflective |ayer 222. Vias 224 can be forned
in the oxide |ayer 226 so the second reflective |ayer 222 can be connected
to a support 212, for exanple, as shown in Figure 16. Electrical separators
228 can be formed in the electrode reflective |ayer 204, which 5 is
deposited on the oxide |ayer 226. The el ectrode reflective |layer 204 is
typically about 60 angstrons thick, its exact thickness bei ng dependent on
the required brightness of the ultimte display, a thinner layer yielding a
bri ghter di spl ayan dastdliprordrtidesisiedspant droMe sitisaheand s§428d figiithd zat i on of
t he conductiv&Qnask, portjons of the electrodes, for exanple, the el ectrode

reflective ™P %t}ngﬂ%‘}e”é’éhe E’éSl%‘Fl%“é’fi‘f"i“é’éP!llg}e%@dh? modelating ¢lementigpronidleor nor e
separ at i ons, 2l e El@&n@él??ﬁs g%pp{i@dftibﬁ Syécgﬁgl:sa% Gle 1%9@{1?%1% CTQ'S&I% after, an

oxi de |l ayer 206 and a sac ayer re respe y sputter coated
on to el ectrode wifr¢iathd maskliayarfigdtd.to Tppeanxiaer dthgrelianMMckcan conpri se
silicon oxide and can be about 300 to 800 angstrons thick, according to one
enbodi ment. The sacrificial layer 209 can conprise nol ybdenum and can

typically bg aborHe ddvide bclding 7 W Kdréin $hel MbdiMatind Cfe@ictlt SnprRed $h One enbodi nent .
Figure 15 is a cross-sectional view of a stage in the manufacture of a MEMS

devi ce havvﬁﬁkﬁnwﬁﬂﬁm@ﬂmv@ﬂnask illustrating a patterning and etch step
performed to formthe recesses for supports. The patterning and an etching
step is perforned to formrecesses which extend through the oxide |ayer 226
to the vias9.224 Hrdlevite of clainnd, wiedréie ehd mesklcamprised 3%ilmastaer ding to this 20
enbodi nent. The vias 224 can be forned in the oxide |ayer 226 so the second
reflective |ayer 222 can be connected to a support 212 (shown in Figure

16). To forpp.an Bl&flict 6fkagon Wéiﬁ&&ﬁésmga?ct{i%glyﬁ/cgﬁ}gwtm& hﬁ?{éfagﬁg layer

222 of the conductive mask and anot her part o devi ce t he

mechani cal eclemtntdyeng dOmstecnenduativevgar e 17) the support 212 can extend
through the vias 224 to the second reflective |ayer 222, according to one
enbodi nent. I n another 25 enbodi nent, the vial 224 are fornmed in the oxide

layer 226 apd argn bptidabgewdetdnipiispbect rically

a substrate;

a light modulating element disposed on the substrate, the modulating element
having an optical characteristic which changes in response to a voltage applied to the
modulatihg element; and

an electrically-conductive mask disposed on the substrate and spaced from the
modulating element, the mask electrically coupled to the modulating element to provide
one or more electrical paths for application of voltages to the modulating element,

wherein the mask comprises a film stack comprising a first reflective layer and a

second reflective layer.
12.  The device of claim 11, wherein the first reflective layer is electrically connected
to a first electrode and the second reflective layer is electrically connected to a second

electrode.

13.  The device of claim 11, wherein the first reflective layer and the second reflective

layer are electrically connected to the same electrode.
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conductive material which is connected to the support. Figure 16 is a
cross-sectional view of a stage in the manufacture of a MEMS device having
a conductive mask illustrating form ng supports 212 in the recesses shown in
Figure 15. The supports 212 provide a structure that supports the novabl e
mechani cal nenbrane 210 30 (Figure 17), and can be forned in the recesses by
spi nning a negative photoresist material over the thin filmstack, exposing
it through a suitable nask and developing it to formthe supports 212. In

t hi s enbodi tent , Taé émim‘ @f&ﬂaiﬁlelpawaéxern&héﬁ&t telottdle@ayicn @ fouiidaéd &futhér from t he
el ectrode rgflect 1g Such se rators 228 can be used to isolate
t he support Qtf?cef ‘B’H}FWB %Taé‘i: i“bﬁ‘és?“é’Pﬁ et | %dyer 204 when the support
212 conprises a conductive nmaterial. 35 Figure 17 is a cross-sectional view
of a stage in the manufacture of a MEMS device having a conductive nask,

i |lustratintp-a nBeshdeniceal clanibé.anerdd edeplbiting dleorhbis thetricelip culiphains shown

in Figure 1 ni cal 210 is deposited by sputter coating
-15 it Onto@;fﬁﬁgfgef¥$%y%rﬁp5v§$1§%%: Thereafter, the sacrificial |ayer 209
is renoved | eaving an air gap 208. In one enbodi nent, the mechani cal

menbr ane 210 coqfrlses an alum numalloy. Wth the renoval of the
sacri fi ci al 19-ayeFhexigyice gfclaim 1@3@%@@@‘?@&%@ elemeptggmmaisechrovhe nechani cal

renbr ane 210 RMESHdRRReRe I B RLO TR SR UM ALPL (SGAPLIBLE D @ Fi gur e

17 al so shows an e rica

reflective ofahefiln2Ack.t he supports 212, and the mechani cal nenbrane 210.
Here, the conductive mask includes a dielectric stack that conprises a
first reflective |ayer 218, an oxide |ayer 220, and a second reflective

layer 222, {hat mRsdesicebfc1aRn1BGiteYEn ﬁfe‘?ﬁ&iu(aftn%e%m& prisB€aSupports 212)
spaced apart fromthe active areas. In sone enbodi ments, the conductive mask

can conpr i siaterBramatoemodelatoger, al uminumor a dielectric stack so that one
or nore of the materials used to form the mask is capable of conducting
electricity.

18.  An optical device comprising;

a substrate;

a light modulating element disposed on the substrate, the modulating element
having an optical characteristic which changes in response to a voltage applied to the
modulating element; and

an electrically-conductive mask disposed on the substrate and spaced from the
modulating element, the mask electrically coupled to the modulating element to provide
one or more electrical paths for application of voltages to the modulating element,

wherein the mask comprises one or more interferometric elements.

19.  An optical device comprising:

a substrate;

a light modulating element disposed on the substrate, the modulating element
having an optical characteristic which changes in response to a voltage applied to the
modulating element; and

an electrically-conductive mask disposed on the substrate and spaced from the
modulating element, the mask electrically coupled to the modulating element to provide

one or more electrical paths for application of voltages to the modulating element,
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In this enbodiment, the mask is a non-novable (e.g., static) interferonetric
el ement configured such that it causes the interference of light so that it
reflects mnimal |ight and appears black. The optical |ayer can be forned
fromITOC, ITOM, ITOTi, C, M, Ti or other 15 materials with simlar
properties. The dielectric layer is typically forned from Si 02 or other
dielectric materials, and the reflector is typically forned from al um num
chromumor other nmetallic materials. By fabricating the nask so that it
conpri ses an el egligréifid@d MasﬁkQﬂﬂigﬁ ¢s\tRe BRinRFd iterffdihdtdd £lemedP RO lightel ¥

pl aced connections to a desired row and/ or col um el ectrode the nmask can be
used 20 to?Pe®e the resistance of the row and/or colum el ectrode. For
exanple, if a conductive nask, configured to always display black, is used
in an array conprising a plurality of interferometric nodulators, the
conducti ve Mask Aapptiel ddviee doenpusiad: as a conduction | ayer to decrease

resi stance of row, ag/or colum el ectrodes that are used in the array to
carry signals t & RE fsplay elenments aligned in rows and/or colums. In
this embodi ment, onkiod SodEl ght G RRIBHg LRmERS dfih&de8 Bh theCsubdithe, R RHeQY e @

recess for the support 212 and so I't can connect to the sécond reflective

| ayer 222, mpfilating %elmmhadfngtam@pﬁgﬁ@hmﬁmmmch dhangeis i rdsporsppr &ci at ed
that there h ssi bl e 0 utilize a conductive
mask. In soéorh%g%egtmn g V\?(“)I rmo{e%ocﬁrlasllr(lggorrp |saen§ a first conductive |ayer

218 and a seconChnCleemiimll'yJéendlﬁﬁ% maskdisgosédorctte sutstrité @nd spaRESré@thde used
as an electrical bus. In some enbodi nents, both conductlve | ayers can be
used as par 0% Mgie modulaingslements. dhy mpikselectrrally rewplehi dhr orsrranore he

Condict ve SR, UnEREL iont o Aot SbyAeBial b S SSUTAGRL B o0

18- 22 show vari ous exenp e mas
i nt er f er onetheioge anduﬂeammlatmgpfemmtée an electrically parallel connection to

an el ectrode. The odi mrents can abricated using simlar te i ques as
descri bed herei n‘ﬁlﬂﬁ% eo‘Pn;t'iWme?gS?rﬂ)@m COLRBWAS £ 7O “QUYeereﬁ?c.t“’?ﬁ@’

conductive Rsiish 4 LoIth3t itdpBHed 1 dotithE B 0ASorBoR RoduPitnk GnRMts.

21.  The device of claim 20, wherein the one or more modulating elements comprise

one or more interferometric modulators.

22.  Anoptical device comprising:

a substrate;

a light modulating element disposed on the substrate, the modulating element
having an optical characteristic which changes in response to a voltage applied to the
modulating element; and

an electrically-conductive mask disposed on the substrate and spaced from the
modulating element, the mask electrically coupled to the modulating element to provide
one or more electrical paths for application of voltages to the modulating element,

wherein the mask comprises a film stack comprising a non-light-absorbing

dielectric material sandwiched between two light-reflecting materials.

23.  The device of claim 22, wherein at least one of the two light-reflecting materials

comprises silver, aluminum, or chromium.
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as non-novable interferonetric el enents, that provide one or nore
electrically paralleled connections for application of voltages to the
nodul ating elenment. Figure 18 is a cross -16

24.  An optical device comprising:

a substrate;

a light modulating element disposed on the substrate, the modulating element
having an optical characteristic which changes in response to a voltage applied to the
modulating element; and

an electrically-conductive mask disposed on the substrate and spaced from the
modulating element, the mask electrically coupled to the modulating element to provide
one or more electrical paths for application of voltages to the modulating element,

wherein the mask comprises a film stack, and wherein the film stack comprises a
first light-reflecting layer disposed on the substrate;

a non-light-absorbing dielectric layer disposed on the first light-reflecting layer;

and
a second light-reflecting layer disposed on the non-light absorbing dielectric layer,
wherein at least one of the first and second light-reflecting layers is electrically
conductive.

25.  The device of claim 24, wherein the first and second light-reflecting layers

comprise metallic materials.

26.  The device of claim 24, wherein the non-light absorbing dielectric layer

comprises an oxide layer.
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