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SYSTEMS AND METHODS OF ACTUATING 
MEMS DISPLAY ELEMENTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional ofU.S. patent appli 
cation Ser. No. 11/159,073, ?led Feb. 25, 2005, entitled “Sys 
tems and Methods of Actuating MEMS Display Elements,” 
issued as US. Pat. No. 7,560,299, Which claims priority 
under 35 U.S.C. Section 119(e) to US. Provisional Patent 
Application Nos. 60/606,223, ?led on Aug. 31, 2004, and 
60/604,896, ?led on Aug. 27, 2004, all of Which applications 
are hereby incorporated by reference in their entirety. 

BACKGROUND 

[0002] Microelectromechanical systems (MEMS) include 
micro mechanical elements, actuators, and electronics. 
Micromechanical elements may be created using deposition, 
etching, and or other micromachining processes that etch 
aWay parts of substrates and/or deposited material layers or 
that add layers to form electrical and electromechanical 
devices. One type of MEMS device is called an interferomet 
ric modulator. An interferometric modulator may comprise a 
pair of conductive plates, one or both of Which may be trans 
parent and/or re?ective in Whole or part and capable of rela 
tive motion upon application of an appropriate electrical sig 
nal. 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 
bene?cial in the art to utiliZe and/ or modify the characteristics 
of these types of devices so that their features canbe exploited 
in improving existing products and creating 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 more prominent features Will noW 
be discussed brie?y. After considering this discussion, and 
particularly after reading the section entitled “Detailed 
Description of Certain Embodiments” one Will understand 
hoW the features of this invention provide advantages over 
other display devices. 
[0004] An embodiment includes a method of Writing dis 
play data to an array of MEMS display elements. The method 
includes periodically Writing display data to MEMS elements 
in a portion of the array, and actuating all MEMS elements in 
the portion of the array prior to each periodic Writing of the 
display. 
[0005] Another embodiment includes a system for Writing 
display data to an array of MEMS display elements. The 
system includes a column driver con?gured to apply a ?rst 
voltage to one or more columns of the MEMS display ele 
ments, and a roW driver con?gured to apply a second voltage 
to one or more roWs of the MEMS display elements so as to 

create a potential difference betWeen the ?rst voltage and the 
second voltage across a plurality of MEMS elements. The 
column and roW drivers are con?gured to periodically apply 
the ?rst and second voltages so as to Write display data to all 
MEMS elements in the plurality, and are further con?gured to 
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apply the ?rst and second voltages so as to actuate all MEMS 
elements in the plurality prior to each periodic application of 
the ?rst and second voltages. 
[0006] Yet another embodiment includes a method of Writ 
ing display data to an array of MEMS display elements. The 
method includes setting substantially all MEMS elements in 
the array to a common state, and Writing display data to 
substantially all elements in the array. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is an isometric vieW depicting a portion of 
one embodiment of an interferometric modulator display in 
Which a movable re?ective layer of a ?rst interferometric 
modulator is in a released position and a movable re?ective 
layer of a second interferometric modulator is in an actuated 
position. 
[0008] FIG. 2 is a system block diagram illustrating one 
embodiment of an electronic device incorporating a 3x3 
interferometric modulator display. 
[0009] FIG. 3 is a diagram of movable mirror position 
versus applied voltage for one exemplary embodiment of an 
interferometric modulator of FIG. 1. 
[0010] FIG. 4 is an illustration of a set of roW and column 
voltages that may be used to drive an interferometric modu 
lator display. 
[0011] FIGS. 5A and 5B illustrate one exemplary timing 
diagram for roW and column signals that may be used to Write 
a frame of display data to the 3x3 interferometric modulator 
display of FIG. 2. 
[0012] FIG. 6A is a cross section of the device of FIG. 1. 
[0013] FIG. 6B is a cross section of an alternative embodi 
ment of an interferometric modulator. 
[0014] FIG. 6C is a cross section of another alternative 
embodiment of an interferometric modulator. 
[0015] FIG. 7 is an exemplary timing diagram for roW and 
column signals that may be used in one embodiment of the 
invention. 
[0016] FIGS. 8A and 8B illustrate sets of roW and column 
voltages that may be used to drive an interferometric modu 
lator display in one embodiment of the invention 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0017] The folloWing detailed description is directed to 
certain speci?c embodiments of the invention. HoWever, the 
invention can be embodied in a multitude of different Ways. In 
this description, reference is made to the draWings Wherein 
like parts are designated With like numerals throughout. As 
Will be apparent from the folloWing description, the invention 
may be implemented in any device that is con?gured to dis 
play an image, Whether in 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, Wire 
less 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, ?at panel displays, computer 
monitors, auto displays (e.g., odometer display, etc.), cockpit 
controls and/or displays, display of camera vieWs (e.g., dis 
play of a rear vieW camera in a vehicle), electronic photo 
graphs, electronic billboards or signs, projectors, architec 
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tural 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. 
[0018] One interferometric modulator display embodiment 
comprising an interferometric MEMS display element is 
illustrated in FIG. 1. In these devices, the pixels are in either 
a bright or dark state. In the bright (“on” or “open”) state, the 
display element re?ects a large portion of incident visible 
light to a user. When in the dark (“off ’ or “closed”) state, the 
display element re?ects little incident visible light to the user. 
Depending on the embodiment, the light re?ectance proper 
ties of the “on” and “off” states may be reversed. MEMS 
pixels can be con?gured to re?ect predominantly at selected 
colors, alloWing for a color display in addition to black and 
White. 
[0019] FIG. 1 is an isometric vieW depicting tWo adjacent 
pixels in a series of pixels of a visual display, Wherein each 
pixel comprises a MEMS interferometric modulator. In some 
embodiments, an interferometric modulator display com 
prises a roW/column array of these interferometric modula 
tors. Each interferometric modulator includes a pair of re?ec 
tive 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 
re?ective layers may be moved betWeen tWo positions. In the 
?rst position, referred to herein as the released state, the 
movable layer is positioned at a relatively large distance from 
a ?xed partially re?ective layer. In the second position, the 
movable layer is positioned more closely adjacent to the 
partially re?ective layer. Incident light that re?ects from the 
tWo layers interferes constructively or destructively depend 
ing on the position of the movable re?ective layer, producing 
either an overall re?ective or non-re?ective state for each 
pixel. 
[0020] The depicted portion of the pixel array in FIG. 1 
includes tWo adjacent interferometric modulators 12a and 
12b. In the interferometric modulator 1211 on the left, a mov 
able and highly re?ective layer 1411 is illustrated in a released 
position at a predetermined distance from a ?xed partially 
re?ective layer 16a. In the interferometric modulator 12b on 
the right, the movable highly re?ective layer 14b is illustrated 
in an actuated position adjacent to the ?xed partially re?ective 
layer 16b. 
[0021] The ?xed layers 16a, 16b are electrically conduc 
tive, partially transparent and partially re?ective, 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 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 posts 18 and an intervening sacri?cial material deposited 
betWeen the posts 18. When the sacri?cial material is etched 
aWay, the deformable metal layers are separated from the 
?xed metal layers by a de?ned air gap 19.A highly conductive 
and re?ective material such as aluminum may be used for the 
deformable layers, and these strips may form column elec 
trodes in a display device. 

[0022] With no applied voltage, the cavity 19 remains 
betWeen the layers 14a, 16a and the deformable layer is in a 
mechanically relaxed state as illustrated by the pixel 12a in 
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FIG. 1. HoWever, When a potential difference is applied to a 
selected roW and column, the capacitor formed at the inter 
section of the roW and column electrodes at the corresponding 
pixel becomes charged, and electrostatic forces pull the elec 
trodes together. If the voltage is high enough, the movable 
layer is deformed and is forced against the ?xed layer (a 
dielectric material Which is not illustrated in this Figure may 
be deposited on the ?xed layer to prevent shorting and control 
the separation distance) as illustrated by the pixel 12b on the 
right in FIG. 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 re?ective vs. non-re 
?ective pixel states is analogous in many Ways to that used in 
conventional LCD and other display technologies. 
[0023] FIGS. 2 through 5 illustrate one exemplary process 
and system for using an array of interferometric modulators 
in a display application. FIG. 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 III®, Pentium IV®, Pentium Pro, an 8051, a 
MIPS®, a PoWer PC®, an ALPHA®, or any special purpose 
microprocessor such as a digital signal processor, microcon 
troller, or a programmable gate array. As is conventional in the 
art, the processor 21 may be con?gured to execute one or 
more softWare modules. In addition to executing an operating 
system, the processor may be con?gured to execute one or 
more softWare applications, including a Web broWser, a tele 
phone application, an email program, or any other softWare 
application. 
[0024] In one embodiment, the processor 21 is also con?g 
ured 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 illustrated in 
FIG. 1 is shoWn by the lines 1-1 in FIG. 2. For MEMS 
interferometric modulators, the roW/ column actuation proto 
col may take advantage of a hysteresis property of these 
devices illustrated in FIG. 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 below 10 volts. In 
the exemplary embodiment of FIG. 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 7 V in the example 
illustrated in FIG. 3, Where there exists a WindoW of applied 
voltage Within Which the device is stable in either the released 
or actuated state. This is referred to herein as the “hysteresis 
WindoW” or “stability WindoW.” For a display array having the 
hysteresis characteristics of FIG. 3, the roW/column actuation 
protocol can be designed such that during roW strobing, pixels 
in the strobed roW that are to be actuated are exposed to a 
voltage difference of about 10 volts, and pixels that are to be 
released 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 FIG. 1 stable under the same 
applied voltage conditions in either an actuated or released 



US 2009/0273596 A1 

pre-existing state. Since each pixel of the interferometric 
modulator, Whether in the actuated or released state, is essen 
tially a capacitor formed by the ?xed and moving re?ective 
layers, this stable state can be held at a voltage Within the 
hysteresis WindoW With almost no poWer dissipation. Essen 
tially no current ?oWs into the pixel if the applied potential is 
?xed. 

[0025] In typical applications, a display frame may be cre 
ated by asserting the set of column electrodes in accordance 
With the desired set of actuated pixels in the ?rst roW. A roW 
pulse is 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 corre 
spond 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 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 process at some desired number of 
frames per second. A Wide variety of protocols for driving 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. 
[0026] FIGS. 4 and 5 illustrate one possible actuation pro 
tocol for creating a display frame on the 3x3 array of FIG. 2. 
FIG. 4 illustrates a possible set of column and roW voltage 
levels that may be used for pixels exhibiting the hysteresis 
curves of FIG. 3. In the FIG. 4 embodiment, actuating a pixel 
involves setting the appropriate column to —Vbias, 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 +Vbl-as, and the appro 
priate 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, regardless of Whether the col 
umn is at +Vbias, or —Vbias. 
[0027] FIG. 5B is a timing diagram shoWing a series of roW 
and column signals applied to the 3x3 array of FIG. 2 Which 
Will result in the display arrangement illustrated in FIG. 5A, 
Where actuated pixels are non-re?ective. Prior to Writing the 
frame illustrated in FIG. 5A, the pixels can be in any state, and 
in this example, all the roWs are at 0 volts, and all the columns 
are at +5 volts. With these applied voltages, all pixels are 
stable in their existing actuated or released states. 

[0028] In the FIG. 5A frame, pixels (1,1), (1,2), (2,2), (3,2) 
and (3,3) are actuated. To accomplish this, during a “line 
time” for roW 1, columns 1 and 2 are set to —5 volts, and 
column 3 is set to +5 volts. This does not change the state of 
any pixels, because all the pixels remain in the 3-7 volt sta 
bility WindoW. RoW 1 is then strobed With a pulse that goes 
from 0, up to 5 volts, and back to Zero. This actuates the (1,1) 
and (1 ,2) pixels and releases the (1,3) pixel. No other pixels in 
the array are affected. To set roW 2 as desired, column 2 is set 
to —5 volts, and columns 1 and 3 are set to +5 volts. The same 
strobe applied to roW 2 Will then actuate pixel (2,2) and 
release pixels (2,1) and (2,3). Again, no other pixels of the 
array are affected. RoW 3 is similarly set by setting columns 2 
and 3 to —5 volts, and column 1 to +5 volts. The roW 3 strobe 
sets the roW 3 pixels as shoWn in FIG. 5A. After Writing the 
frame, the roW potentials are Zero, and the column potentials 
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can remain at either +5 or —5 volts, and the display is then 
stable in the arrangement of FIG. 5A. It Will be appreciated 
that the same procedure can be employed for arrays of doZens 
or hundreds of roWs and columns. It Will also be appreciated 
that the timing, 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. For example, it Will be 
appreciated that the array elements may be driven With volt 
ages that are shifted from the circuit common voltage of the 
array driving circuit such that the roW might go from 6.2 to 
6.2V+Vbias and similarly the column Would sWitch from a 
loW voltage e.g. 1V to lV+2*Vbl-as. In this embodiment, the 
release voltage may be slightly different from Zero volts. It 
can be as large as a couple of volts but is typically less than 
one volt. 

[0029] The details of the structure of interferometric modu 
lators that operate in accordance With the principles set forth 
above may vary Widely. For example, FIGS. 6A-6C illustrate 
three different embodiments of the moving mirror structure. 
FIG. 6A is a cross section of the embodiment of FIG. 1, Where 
a strip of metal material 14 is deposited on orthogonally 
extending supports 18. In FIG. 6B, the moveable re?ective 
material 14 is attached to supports at the comers only, on 
tethers 32. In FIG. 6C, the moveable re?ective material 14 is 
suspended from a deformable layer 34. This embodiment has 
bene?ts because the structural design and materials used for 
the re?ective 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 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. 
[0030] It is one aspect of the above described devices that 
charge can build on the dielectric betWeen the layers of the 
device, especially When the devices are actuated and held in 
the actuated state by an electric ?eldthat is alWays in the same 
direction. For example, if the moving layer is alWays at a 
higher potential relative to the ?xed layer When the device is 
actuated by potentials having a magnitude larger than the 
outer threshold of stability, a sloWly increasing charge 
buildup on the dielectric betWeen the layers can begin to shift 
the hysteresis curve for the device. This is undesirable as it 
causes display performance to change over time, and in dif 
ferent Ways for different pixels that are actuated in different 
Ways over time. As can be seen in the example of FIG. SE, a 
given pixel sees a 10 volt difference during actuation, and 
every time in this example, the roW electrode is at a 10 V 
higher potential than the column electrode. During actuation, 
the electric ?eld betWeen the plates therefore alWays points in 
one direction, from the roW electrode toWard the column 
electrode. 

[0031] This problem can be reduced by actuating the 
MEMS display elements With a potential difference of a ?rst 
polarity during a ?rst portion of the display Write process, and 
actuating the MEMS display elements With a potential differ 
ence having a polarity opposite the ?rst polarity during a 
second portion of the display Write process. This basic prin 
ciple is illustrated in FIGS. 7, 8A, and 8B. 
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[0032] In FIG. 7, tWo frames of display data are Written in 
sequence, frame N and frame N+l . In this Figure, the data for 
the columns goes valid for roW 1 (i.e., either +5 or —5 depend 
ing on the desired state of the pixels in roW 1) during the roW 
1 line time, valid for roW 2 during the roW 2 line time, and 
valid for roW 3 during the roW 3 line time. Frame N is Written 
as shoWn in FIG. 5B, Which Will be termed positive polarity 
herein, With the roW electrode 10 V above the column elec 
trode during MEMS device actuation. During actuation, the 
column electrode may be at —5 V, and the scan voltage on the 
roW is +5 V in this example. The actuation and release for 
Frame N is thus performed according to the table in FIG. 8A, 
Which is the same as FIG. 4. 

[0033] Frame N+l is Written in accordance With the table in 
FIG. 8B. For Frame N+l, the scan voltage is —5 V, and the 
column voltage is set to +5 V to actuate, and —5 V to release. 
Thus, in Frame N+l , the column voltage is 10V above the roW 
voltage, termed a negative polarity herein. As the display is 
continually refreshed and/ or updated, the polarity can be 
alternated betWeen frames, With Frame N+2 being Written in 
the same manner as Frame N, Frame N+3 Written in the same 
manner as Frame N+l, and so on. In this Way, actuation of 
pixels takes place in both polarities. In embodiments folloW 
ing this principle, potentials of opposite polarities are respec 
tively applied to a given MEMS element at de?ned times and 
for de?ned time durations that depend on the rate at Which 
image data is Written to MEMS elements of the array, and the 
opposite potential differences are each applied an approxi 
mately equal amount of time over a given period of display 
use. This helps reduce charge buildup on the dielectric over 
time. 

[0034] A Wide variety of modi?cations of this scheme can 
be implemented. For example, Frame N and Frame N+l can 
comprise different display data. Alternatively, it can be the 
same display data Written tWice to the array With opposite 
polarities. It can also be advantageous to dedicate some 
frames to setting the state of all or substantially all pixels to a 
released state, and/or setting the state of all or substantially all 
the pixels to an actuated state prior to Writing desired display 
data. Setting all the pixels to a common state can be per 
formed in a single roW line time by, for example, setting all the 
columns to +5 V (or —5 V) and scanning all the roWs simul 
taneously With a —5 V scan (or +5 V scan). 

[0035] In one such embodiment, desired display data is 
Written to the array in one polarity, all the pixels are released, 
and the same display data is Written a second time With the 
opposite polarity. This is similar to the scheme illustrated in 
FIG. 7, With Frame N the same as Frame N+l, and With an 
array releasing line time inserted betWeen the frames. In 
another embodiment, each display update of neW display data 
is preceded by a releasing roW line time. 

[0036] In another embodiment, a roW line time is used to 
actuate all the pixels of the array, a second line time is used to 
release all the pixels of the array, and then the display data 
(Frame N for example) is Written to the display. In this 
embodiment, Frame N+l can be preceded by an array actua 
tion line time and an array release line time of opposite 
polarities to the ones preceding Frame N, and then Frame 
N+l can be Written. In some embodiments, an actuation line 
time of one polarity, a release line time of the same polarity, an 
actuation line time of oppo site polarity, and a release line time 
of opposite polarity can precede every frame. These embodi 
ments ensure that all or substantially all pixels are actuated at 
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least once for every frame of display data, reducing differen 
tial aging effects as Well as reducing charge buildup. 
[0037] In some cases, it may be advantageous to use an 
extra high actuation voltage during the array actuation line 
times. For example, during the array actuation line times 
described above, the roW scan voltages can be 7 V or 10 V 
instead of 5 V. In this embodiment, the highest voltages 
applied to the pixel occur during these “over-actuation” array 
actuation times, and not during display data updates. This can 
also help reduce differential aging effects for different pixels, 
some of Which may change frequently during display 
updates, Whereas others may change very infrequently during 
display updates, depending on the images being displayed. 
[0038] It is also possible to perform these polarity reversals 
and actuation/release protocols on a roW by roW basis. In 
these embodiments, each roW of a frame may be Written more 
than once during the frame Writing process. For example, 
When Writing roW 1 of Frame N, the pixels of roW 1 could all 
be released, and the display data for roW 1 can be Written With 
positive polarity. The pixels of roW 1 could be released a 
second time, and the roW 1 display data Written again With 
negative polarity. Actuating all the pixels of roW 1 as 
described above for the Whole array could also be performed. 
It Will further be appreciated that the releases, actuations, and 
over-actuations may be performed at a loWer frequency than 
every roW Write or every frame Write during the display updat 
ing/refreshing process. 
[0039] While the above detailed description has shoWn, 
described, and pointed out novel features of the invention as 
applied to various embodiments, it Will be understood that 
various omissions, substitutions, and changes in the form and 
details of the device or process illustrated may be made by 
those skilled in the art Without departing from the spirit of the 
invention. As one example, it Will be appreciated that the test 
voltage driver circuitry could be separate from the array 
driver circuitry used to create the display. As With current 
sensors, separate voltage sensors could be dedicated to sepa 
rate roW electrodes. The scope of the invention is indicated by 
the appended claims rather than by the foregoing description. 
All changes Which come Within the meaning and range of 
equivalency of the claims are to be embraced Within their 
scope. 

1. A method of Writing display data to an array of MEMS 
display elements, comprising: 

periodically Writing display data to MEMS elements in a 
portion of said array; and 

actuating all MEMS elements in said portion of said array 
prior to each periodic Writing of said display data. 

2. The method of claim 1, Wherein said portion of said array 
comprises a roW of MEMS elements of said array. 

3. The method of claim 1, Wherein said portion of said array 
comprises said entire array. 

4. The method of claim 1, comprising releasing all MEMS 
elements in said portion of said array prior to Writing display 
data to said portion of said array. 

5. The method of claim 1, Wherein the array comprises a 
plurality of roWs of the MEMS display elements and a plu 
rality of columns of the MEMS display elements, and 
Wherein the portion of the array comprises at least a plurality 
of aligned MEMS elements. 

6. The method of claim 5, Wherein the portion comprises a 
plurality of MEMS elements in each of a plurality of roWs of 
the array. 
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7. The method of claim 1, comprising: 
placing substantially all MEMS elements in a roW of said 

array in an actuated state a ?rst time; 
Writing a ?rst set of display data to said roW of said array 

With a potential difference of a ?rst polarity; 
placing substantially all MEMS elements in said roW of 

said array in an actuated state a second time; and 
Writing a second set of display data to said roW of said array 

With a potential difference of a polarity opposite said 
?rst polarity. 

8. The method of claim 7, Wherein said ?rst set of display 
data and said second set of display data comprise identical 
data. 

9. The method of claim 7, Wherein said ?rst set of display 
data and said second set of display data comprise different 
data. 

10. The method of claim 7, Wherein said Writing a ?rst set 
or said Writing a second set comprises releasing certain of said 
MEMS display elements in said roW. 

11. The method of claim 7, further comprising releasing 
substantially all MEMS elements in said roW of said array, 
and Wherein said Writing a ?rst set or said Writing a second set 
comprises actuating certain of said MEMS display elements 
in said roW. 

12. The method of claim 1, Wherein said actuating all 
MEMS elements in said portion comprises actuating at least 
some of said MEMS elements in said portion With a potential 
difference greater than a potential difference used When Writ 
ing said display data to said at least some MEMS elements. 

13. The method of claim 12, Wherein said actuating at least 
some of said MEMS elements comprises actuating said at 
least some of said MEMS elements With a potential difference 
that is approximately tWice the potential difference used 
When Writing said display data. 

14. The method of claim 12, Wherein said potential differ 
ence used When Writing said display data is approximately 5 
volts, and Wherein said actuating at least some of said MEMS 
elements comprises actuating said at least some of said 
MEMS elements With a potential difference of approximately 
7 volts or approximately 10 volts. 

15. A system for Writing display data to an array of MEMS 
display elements, comprising: 

a column driver con?gured to apply a ?rst voltage to one or 
more columns of the MEMS display elements; and 

a roW driver con?gured to apply a second voltage to one or 
more roWs of the MEMS display elements so as to create 
a potential difference betWeen the ?rst voltage and the 
second voltage across a plurality of MEMS elements, 

Wherein said column and roW drivers are con?gured to 
periodically apply said ?rst and second voltages so as to 
Write display data to all MEMS elements in said plural 
ity, and 

Wherein said column and roW drivers are further con?gured 
to apply said ?rst and second voltages so as to actuate all 
MEMS elements in said plurality prior to each said 
periodic application of said ?rst and second voltages. 

16. The system of claim 15, Wherein said MEMS elements 
in said plurality comprise a roW of MEMS elements of said 
array. 
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17. The system of claim 15, Wherein said MEMS elements 
in said plurality comprise said entire array. 

18. The system of claim 15, Wherein said column and roW 
drivers are con?gured to release all MEMS elements in said 
plurality prior to Writing display data to said MEMS elements 
in said plurality. 

19. The system of claim 15, Wherein said column and roW 
drives are con?gured to: 

place substantially all MEMS elements in a roW of said 
array in an actuated state a ?rst time; 

Write a ?rst set of display data to said roW of said array With 
a potential difference of a ?rst polarity; 

place substantially all MEMS elements in said roW of said 
array in an actuated state a second time; and 

Write a second set of display data to said roW of said array 
With a potential difference of a polarity opposite said 
?rst polarity. 

20. The system of claim 19, Wherein said ?rst set of display 
data and said second set of display data comprise identical 
data. 

21. The system of claim 15, Wherein a potential difference 
created across at least some of the MEMS elements in said 
plurality during said actuating all MEMS elements in said 
plurality is greater than a potential difference created across 
said at least some MEMS elements When Writing said display 
data to all MEMS elements in said plurality. 

22. A method of Writing display data to an array of MEMS 
display elements, comprising: 

setting substantially all MEMS elements in the array to a 
common state; and 

Writing display data to said substantially all elements in the 
array. 

23. The method of claim 22, comprising: 
actuating substantially all elements in the array; and 
releasing substantially all elements in the array after said 

actuating. 
24. The method of claim 23, Wherein said actuating and 

releasing is performed betWeen Writing frames comprising 
different display data. 

25. The method of claim 23, Wherein said actuating and 
releasing is performed betWeen Writing frames comprising 
display data that is the same. 

26. The method of claim 22, comprising: 
releasing substantially all elements in the array; and 
actuating substantially all elements in the array after said 

releasing. 
27. The method of claim 26, Wherein said releasing and 

actuating is performed betWeen Writing frames of display 
data. 

28. The method of claim 22, Wherein said setting com 
prises: 

applying a ?rst voltage to substantially all columns in the 
array; and 

scanning substantially all roWs in the array simultaneously 
With a second voltage. 

29. The method of claim 22, Wherein said array comprises 
a plurality of roWs of the MEMS display elements and a 
plurality of columns of the MEMS display elements. 

* * * * * 


