WO 2006/036506 A1 | |00 000 0 000 VO A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
6 April 2006 (06.04.2006)

' N\
) I 000 0 A

(10) International Publication Number

WO 2006/036506 A1l

(51) International Patent Classification:
GO2B 26/00 (2006.01)

(21) International Application Number:
PCT/US2005/032121

(22) International Filing Date:
9 September 2005 (09.09.2005)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
60/613,420
11/205,268

27 September 2004 (27.09.2004)
15 August 2005 (15.08.2005)

Us
UsS

(71) Applicant (for all designated States except US): IDC,
LLC [US/US]; 2415 Third Street, San Francisco, Califor-
nia 94107 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): CHUI, Clarence

(74)

(81)

(84)

[US/US]; 1954 Los Altos Drive, San Mateo, California
94402 (US).

Agent: ALTMAN, Daniel, E.; KNOBBE, MARTENS,
OLSON & BEAR, LLP, 2040 Main Street, Fourteenth
Floor, Irvine, California 92614 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, HI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ,
OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL,
SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,
VN, YU, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,
7ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

[Continued on next page]

(54) Title: INTERFEROMETRIC MODULATORS HAVING CHARGE PERSISTENCE

(57) Abstract: An interferometric modulator is formed having a dielectric

400~

Write to selected
interferometric modulators
in an array (embed
charges in those
interferometric modulators)

Y

404~

Apply a global DC
bias to activate the
interferometric modulators
having an embedded
charge (to generate a display)

408~

Clear embedded charges from
all interferometric modulators
in the array

412

YES / Continue
updating
?

with charge persistence.
a method making advantageous use of the charge persistence property,
wherein the interferometric modulator is pre-charged in such a way
that the pre-charging is not observable to a viewer, and the actuation
voltage threshold of the imod is significantly lowered.
the interferometric modulator may be actuated with a significantly lower
actuation voltage, thereby saving power.

The interferometric modulator is addressed by

Subsequently



WO 2006/036506 A1 I} N1VYH0 AT VOO0 0O A

FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL,, PL, PT, —  before the expiration of the time limit for amending the
RO, SE, SI, SK, TR), OAPI (BF, BJ, CFE, CG, CI, CM, GA, claims and to be republished in the event of receipt of
GN, GQ, GW, ML, MR, NE, SN, TD, TG). amendments

For two-letter codes and other abbreviations, refer to the "Guid-
Published: ance Notes on Codes and Abbreviations" appearing at the begin-
—  with international search report ning of each regular issue of the PCT Gazette.



10

15

20

25

30

WO 2006/036506 PCT/US2005/032121

INTERFEROMETRIC MODULATORS HAVING CHARGE PERSISTENCE

Background
Field of the Invention

The field of the invention relates to microelectromechanical systems (MEMS).

Description of the Related Technology

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 interferometric modulator. As used
herein, the term interferometric modulator or interferometric light modulator refers to a
device that selectively absorbs and/or reflects light using the principles of optical
interference. In certain embodiments, 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 and capable of relative motion upon application of an appropriate electrical signal. In
a particular embodiment, one plate may comprise a stationary layer deposited on a substrate
and the other plate may comprise a metallic membrane separated from the stationary layer
by an air gap. As described herein in more detail, the position of one plate in relation to

another can change the optical interference of light incident on the interferometric

‘modulator. Such devices have a wide range of applications, and it would be beneficial in

the art to utilize and/or modify the characteristics of these types of devices so that their
features can be exploited in improving existing products and 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 which is solely responsible for its desirable attributes. Without limiting the

scope of this invention, its more prominent features will now be discussed briefly. After
considering this discussion, and particularly after reading the section entitled “Detailed
Description of Certain Embodiments” one will understand how the features of this

invention provide advantages over other display devices.
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One embodiment includes a microelectromechanical (MEMS) device including an
electrode, a dielectric layer coupled to the electrode, the dielectric layer including at least a
substantially trappy surface, and a movable layer extending over the surface of the
dielectric layer so as to form a cavity therebetween, the movable layer being configured to
contact the dielectric if an electrical potential between the electrode and at least a portion of
the movable layer is greater than an actuation threshold. When the movable layer contacts
the dielectric layer charge is transferred between the movable layer and the dielectric layer
to significantly change the actuation threshold. |

Another embodiment includes a microelectromechanical (MEMS) device including
means for storing charge. An actuation threshold of the device depends on the stored
charge, movable means for delivering charge to the storing means to significantly alter the
actuation threshold. The device also includes means for moving the delivering means, the
delivering means being configured to deliver charge to the storing means when an electrical
potential applied between the moving means and the delivering means is greater than the
actuation threshold.

Another embodiment includes a microelectromechanical (MEMS) device including
means for altering a state of the device, the state being based on an actuation threshold, and
means for significantly altering the actuation threshold by actuating the device.

Another embodiment includes a method of addressing a microelectromechanical
(MEMS) element that includes a movable layer and a dielectric layer including at least a
substantially trappy surface. The method includes transferring a charge to the dielectric
layer of the MEMS element during a pre-charge period without substantially altering a
perceived appearance, and applying a first electrical potential difference to the MEMS
element during a period sufficient to actuate the selected MEMS element and alter the
perceived appearance.

Another embodiment includes a method of manufacturing a microelectromechanical
(MEMS) device. The method includes forming an electrode, forming a dielectric layer
including at least a substantially trappy surface, the dielectric layer being coupled to the
electrode, and forming a movable layer over the dielectric layer so as to establish a cavity
therebetween, the movable layer being configured to contact the dielectric layer if an
electrical potential between the electrode and at least a portion of the movable layer is
greater than an actuation threshold, and to transfer charge to the dielectric layer upon such

contact.
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Another embodiment includes a display device configured to display an image
based on image data. The display device includes an array of microelectromechanical
(MEMS) display elements, each MEMS display element including a movable layer and a
dielectric layer including at least a substantially trappy surface, and a driving circuit
configured to receive the image data, select individual MEMS display elements based on
the image data, apply a first electrical potential difference to the selected individual MEMS
display elements to drive the movable layer to contact the dielectric layer and transfer
charge thereto. In this embodiment, the image is not displayed, and the driver circuit is
further configured to apply a second electrical potential difference substantially
simultaneously to selected and non-selected individual MEMS display elements of the
array to actuate the selected individual MEMS display elements and display the image.

Another embodiment includes a display device including means for receiving image
data, means for selecting one or more of an array of microelectromechanical (MEMS)
display elements based at least in part on the image data. Each MEMS display element
includes a movable layer and a dielectric layer including at least a substantially trappy
surface. The device also includes means for applying a first electrical potential difference
to each selected MEMS display element such that the movable layer contacts the dielectric
and transfers charge thereto. In this embodiment, the image is not displayed, and the
device further comprises means for applying a second electrical potential difference
substantially simultaneously to all display elements of the array to actuate the selected
MEMS display elements and display the image.

Another embodiment includes a method of displaying an image on a display
including an array of microelectromechanical (MEMS) display elements, each MEMS
display element including a movable layer and a dielectric layer including at least a
substantially trappy surface, the method including receiving image data, selecting
individual MEMS display elements based on the received image data, transferring a charge
to the dielectric of each selected MEMS display element during a pre-charge period
without substantially altering the perceived appearance, and applying a first electrical
potential difference substantially simultaneously to all MEMS display elements of the array
during a display period sufficient to actuate the selected MEMS display elements and to
display the image.

Another embodiment includes a method of manufacturing a display device

configured to display an image based on image data. The method includes forming an
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array of microelectromechanical (MEMS) display elements, each MEMS display element
including a movable layer and a dielectric layer including at least a substantially trappy
surface, and forming a driving circuit, configuring the driving circuit to receive the image
data, configuring the driving circuit to select individual MEMS display elements based on
the image data, configuring the driving circuit to apply a first electrical potential difference
to the selected individual MEMS display elements to drive the movable layer to contact the
dielectric and transfer charge thereto. In this embodiment, the image is not displayed, and
the method further includes configuring the driving circuit to apply a second electrical
potential difference substantially simultaneously to selected and non-selected individual
MEMS display elements of the array to actuate the selected individual MEMS display

elements and display the image.

Brief Description of the Drawings

FIG. 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 relaxed position and a movable reflective layer of a
second interferometric modulator is in an actuated position.

FIG. 2 is a system block diagram illustrating one embodiment of an electronic
device incorporating a 3x3 interferometric modulator display.

FIG. 3 is a diagram of movable mirror position versus applied voltage for one
exemplary embodiment of an interferometric modulator of FIG. 1.

FIG. 4 is an illustration of a set of row and column voltages that may be used to
drive an interferometric modulator display.

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.

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

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

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

FIG. 7C is a cross section of another alternative embodiment of an interferometric

modulator.
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FIG 7D is a cross section of yet another alternative embodiment of an

interferometric modulator.

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

Figures 8A, 8B, and 8C are schematic side views of an interferometric modulator
illustrating the process of embedding a charge in the dielectric layer of the interferometric
modulator.

Figures 9A, 9B, and 9C are schematic side views of an interferometric modulator
illustrating the process of applying an opposite polarity, global DC bias after a charge has
been embedded in selected interferometric modulators.

Figure 10 is a waveform representation of the operation of a charge persistence
interferometric modulator.

Figure 11 is a flow chart showing a process of generating an output on a video

display module.

Detailed Description of Certain Embodiments

The following detailed description is directed to certain specific 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
embodiments may be implemented in any device that is configured to display 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 embodiments may be implemented
in or associated with a variety of electronic devices such as, but not limited to, mobile
telephones, wireless devices, personal data assistants (PDAs), hand-held or portable
computers, GPS receivers/navigators, cameras, MP3 players, camcorders, game consoles,
wrist watches, clocks, calculators, television monitors, flat panel displays, computer
monitors, auto displays (e.g., odometer display, etc.), cockpit controls and/or displays,
display of camera views (e.g., display of a rear view camera in a vehicle), electronic
photographs, electronic billboards or signs, projectors, architectural structures, packaging,
and aesthetic structures (e.g., display of images on a piece of jewelry). MEMS devices of
similar structure to those described herein can also be used in non-display applications such

as in electronic switching devices.
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Some displays can be made from elements which are addressed with the unique
scheme discussed below. When the display elements have a substantial charge persistence
characteristic the elements may be pre-charged in a write operation, displayed with a
voltage lower than would otherwise be needed in a display operation, and finally cleared in
a clear operation in preparation for a subsequent write operation. The scheme is
particularly useful for lower power operation.

One interferometric modulator display embodiment comprising an interferometric
MEMS display element 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 display element reflects a large
portion of incident visible light to a user. When in the dark (“off” or “closed”) state, the
display element reflects little incident visible light to the user. Depending on the
embodiment, the light reflectance properties of the “on” and “off” states may be reversed.
MEMS pixels can be configured to reflect predominantly at selected colors, allowing for a
color display in addition to black and white.

Figure 1 is an isometric view depicting two adjacent pixels in a series of pixels of a
visual display, wherein each pixel comprises a MEMS interferometric modulator. In some
embodiments, an interferometric modulator display comprises a row/column array of these
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 dimensioh. In one embodiment, one of the
reflective layers may be moved between two positions. In the first position, referred to
herein as the relaxed position, the movable reflective layer is positioned at a relatively large
distance from a fixed partially reflective layer. In the second position, referred to herein as
the actuated position, the movable reflective layer is positioned more closely adjacent to the
partially reflective layer. Incident light that reflects from the two layers interferes
constructively or destructively depending on the position of the movable reflective layer,
producing either an overall reflective or non-reflective state for each pixel.

The depicted portion of the pixel array in Figure 1 includes two adjacent
interferometric modulators 12a and 12b. In the interferometric modulator 12a on the left, a
movable reflective layer 14a is illustrated in a relaxed position at a predetermined distance
from an optical stack 16a, which includes a partially reflective layer. In the interferometric
modulator 12b on the right, the movable reflective layer 14b is illustrated in an actuated

position adjacent to the optical stack 16b.
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The optical stacks 16a and 16b (collectively referred to as optical stack 16), as
referenced herein, typically comprise several fused layers, which can include an electrode
layer, such as indium tin oxide (ITO), a partially reflective layer, such as chromium, and a
transparent dielectric. The optical stack 16 is thus electrically conductive, partially
transparent and partially reflective, and may be fabricated, for example, by depositing one
or more of the above layers onto a transparent substrate 20. In some embodiments, the
layers are patterned into parallel strips, and may form row electrodes in a display device as
described further below. The movable reflective layers 14a, 14b may be formed as a series
of parallel strips of a deposited metal layer or layers (orthogonal to the row electrodes of
16a, 16b) deposited on top of posts 18 and an intervening sacrificial material deposited
between the posts 18. When the sacrificial mater}al is etched away, the movable reflective
layers 14a, 14b are separated from the optical fstacks 16a, 16b by a defined gap 19. A
highly conductive and reflective material such as aluminum may be used for the reflective
layers 14, and these strips may form column electrodes in a display device.

With no applied voltage, the cavity 19 remains between the movable reflective layer
14a and optical stack 16a, with the movable reflective layer 14a in a mechanically relaxed
state, as illustrated by the pixel 12a in Figure 1. However, when a potential difference is
applied to a selected row and column, the capacitor formed at the intersection of the row
and column electrodes at the corresponding pixel becomes charged, and electrostatic forces
pull the electrodes together. If the voltage is high enough, the movable reflective layer 14
is deformed and is forced against the optical stack 16. A dielectric layer (not illustrated in
this Figure) within the optical stack 16 may prevent shorting and control the separation
distance between layers 14 and 16, as illustrated by pixel 12b on the right in Figure 1. The
behavior is the same regardless of the polarity of the applied potential difference. In this
way, row/column actuation that can control the reflective vs. non-reflective pixel states is
analogous in many ways to that used in conventional LCD and other display technologies.

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

Figure 2 is a system block diagram illustrating one embodiment of an electronic
device that may incorporate aspects of the invention. In the exemplary embodiment, the
electronic device includes a processor 21 which may be any general purpose single- or
multi-chip microprocessor such as an ARM, Pentium®, Pentium II®, Pentium III®, Pentium

e, Pentium® Pro, an 8051, a MIPS®, a Power PC®, an ALPHA®, or any special purpose
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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 execute one or
more software modules. In addition to executing an operating system, the 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 driver 22. In one embodiment, the array driver 22 includes a row driver circuit 24
and a column driver circuit 26 that provide signals to a panel or display array (display) 30.
The cross section of the array 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
relaxed 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 Figure 3, the movable layer does not relax 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 Figure 3, where there exists a window of applied voltage within which the
device is stable in either the relaxed or actuated state. This is referred to herein as the
“hysteresis window” or “stability window.”

For a display array having the hysteresis characteristics of Figure 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 relaxed are exposed to a voltage difference of close to zero volts. After the strobe,
the pixels are exposed to a steady state voltage difference of about 5 volts such that they
remain in whatever state the row strobe put them in. After being written, each pixel sees a
potential difference within the “stability window” of 3-7 volts in this example. This feature
makes the pixel design illustrated in Figure 1 stable under the same applied voltage
conditions in either an actuated or relaxed pre-existing state. Since each pixel of the
interferometric modulator, whether in the actuated or relaxed state, is essentially a capacitor
formed by the fixed and moving reflective layers, this stable state can be held at a voltage
within the hysteresis window with almost no power dissipation. Essentially no current

flows into the pixel if the applied potential is fixed.
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In typical applications, a display frame may be created by asserting the set of
column electrodes in accordance with the desired set of actuated pixels in the first row. A
row pulse is then applied to the row 1 electrode, actuating tﬁe 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 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.

Figures 4 and 5 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 embodiment, actuating a pixel involves setting the appropriate column to —
Vyias, and the appropriate row to +AV, which may correspond to -5 volts and +5 volts
respectively Relaxing the pixel is accomplished by setting the appropriate column to
+Vyias, 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, regardless of whether the column is at
+Vyias, OF -Viias. As is also illustrated in Figure 4, it will be appreciated that voltages of
opposite polarity than those described above can be used, e.g., actuating a pixel can involve
setting the appropriate column to +Vyis, and the appropriate row to —AV. In this
embodiment, releasing the pixel is accomplished by setting the appropriate column to -
Viias, and the appropriate row to the same -AV, producing a zero volt potential difference
across the pixel.

Figure SB is a timing diagram showing a series of row and column signals applied
to the 3x3 array of Figure 2 which will result in the display arrangement illustrated in
Figure 5A, where actuated pixels are non-reflective. Prior to writing the frame illustrated

in Figure 5A, the pixels can be in any state, and in this example, all the rows are at 0 volts,
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and all the columns are at +5 volts. With these applied voltages, all pixels are stable in
their existing actuated or relaxed states.

In the Figure 5A frame, pixels (1,1), (1,2), (2,2), (3,2) and (3,3) are actuated. To
accomplish this, during a “line time” for row 1, columns 1 and 2 are set to -5 volts, and
column 3 is set to +5 volts. This does not change the state of any pixels, because all the
pixels remain in the 3-7 volt stability window. Row 1 is then strobed with a pulse that goes
from 0, up to 5 volts, and back to zero. This actuates the (1,1) and (1,2) pixels and relaxes
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 relax pixels (2,1) and (2,3). Again, no other pixels of the
array are affected. Row 3 is similarly set by setting columns 2 and 3 to -5 volts, and
column 1 to +5 volts. The row 3 strobe sets the row 3 pixels as shown in Figure SA. After
writing the frame, the row potentials are zero, and the column potentials can remain at
either +5 or -5 volts, and the display is then stable in the arrangement of Figure SA. 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 systems and methods described herein.

Figures 6A and 6B are system block diagrams illustrating an embodiment of a
display device 40. The display device 40 can be, for exarﬁple, a cellular or mobile
telephone. However, the same components of display device 40 or slight variations thereof
are also illustrative of various types of display devices such as televisions and portable
media players.

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

different color, or containing different logos, pictures, or symbols.

10
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The display 30 of exemplary display device 40 may be any of a variety of displays,
including a bi-stable display, as described herein. In other embodiments, the display 30
includes a flat-panel display, such as plasma, EL, OLED, STN LCD, or TFT LCD as
described above, or a non-flat-panel display, such as a CRT or other tube device, as is well
known to those of skill in the art. However, for purposes of describing the present
embodiment, the display 30 includes an interferometric modulator display, as described
herein.

The components of one embodiment of exemplary display device 40 are
schematically illustrated in Figure 6B. The illustrated exemplary display device 40
includes a housing 41 and can include additional components at least partially enclosed
therein. For example, in one embodiment, the exemplary display device 40 includes a
network interface 27 that includes an antenna 43 which is coupled to a transceiver 47. The
transceiver 47 is connected to the processor 21, which is connected to conditioning
hardware 52. The conditioning hardware 52 may be configured to condition a signal (e.g.
filter a signal). The conditioning hardware 52 is connected to a speaker 45 and a
microphone 46. The processor 21 is also connected to an input device 48 and a driver
controller 29. The driver controller 29 is coupled to a frame buffer 28 and to the array
driver 22, which in tumn is coupled to a display array 30. A power supply 50 provides
power to all components as required by the particular exemplary display device 40 design.

The network interface 27 includes the antenna 43 and the transceiver 47 so that the
exemplary display device 40 can communicate with one ore more devices over a network.
In one embodiment the network interface 27 may also have some processing capabilities to
relieve requirements of the processor 21. The antenna 43 is any antenna known to those of
skill in the art for transmitting and receiving signals. In one embodiment, the antenna
transmits and receives RF signals according to the IEEE 802.11 standard, including IEEE
802.11(a), (b), or (g). In another embodiment, the antenna transmits and receives RF
signals according to the BLUETOOTH standard. In the case of a cellular telephone, the
antenna is designed to receive CDMA, GSM, AMPS or other known signals that are used
to communicate within a wireless cell phone network. The transceiver 47 pre-processes the
signals received from the antenna 43 so that they may be received by and further
manipulated by the processor 21. The transceiver 47 also processes signals received from
the processor 21 so that they may be transmitted from the exemplary display device 40 via

the antenna 43.
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In an alternative embodiment, the transceiver 47 can be replaced by a receiver. In
yet another alternative embodiment, network interface 27 can be replaced by an image
source, which can store or generate image data to be sent to the processor 21. For example,
the image source can be a digital video disc (DVD) or a hard-disc drive that contains image
data, or a software module that generates image data.

Processor 21 generally controls the overall operation of the exemplary display
device 40. The processor 21 receives data, such as compressed image data from the
network interface 27 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 21 then sends the
processed data to the driver controller 29 or to frame buffer 28 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.

In one embodiment, the processor 21 includes a microcontroller, CPU, or logic unit
to control operation of the exemplary display device 40. Conditioning hardware 52
generally includes amplifiers and filters for transmitting signals to the speaker 45, and for
receiving signals from the microphone 46. Conditioning hardware 52 may be discrete
components within the exemplary display device 40, or may be incorporated within the
processor 21 or other components.

The driver controller 29 takes the raw image data generated by the processor 21
either directly from the processor 21 or from the frame buffer 28 and reformats the raw
image data appropriately for high speed transmission to the array driver 22. Specifically,
the driver controller 29 reformats the raw image data into a data flow having a raster-like.
format, such that it has a time order suitable for scanning across the display array 30. Then
the driver controller 29 sends the formatted information to the array driver 22. Although a
driver controlier 29, such as a LCD controller, is often associated with the system processor
21 as a stand-alone Integrated Circuit (IC), such controllers may be implemented in many
ways. They may be embedded in the processor 21 as hardware, embedded in the processor
21 as software, or fully integrated in hardware with the array driver 22.

Typically, the array driver 22 receives the formatted information from the driver
controller 29 and reformats the video data into a parallel set of waveforms that are applied
many times per second to the hundreds and sometimes thousands of leads coming from the

display’s x-y matrix of pixels.
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In one embodiment, the driver controller 29, array driver 22, and display array 30
are appropriate for any of the types of displays described herein. For example, in one
embodiment, driver controller 29 is a conventional display controller or a bi-stable display
controller (e.g., an interferometric modulator controller). In another embodiment, array
driver 22 is a conventional driver or a bi-stable display driver (e.g., an interferometric
modulator display). In one embodiment, a driver controller 29 is integrated with the array
driver 22. 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
30 is a typical display array or a bi-stable display array (e.g., a display including an array of
interferometric modulators).

The input device 48 allows a user to control the operation of the exemplary display
device 40. In one embodiment, input device 48 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 46 is an input device for the
exemplary display device 40. When the microphone 46 is used to input data to the device,
voice commands may be provided by a user for controlling operations of the exemplary
display device 40. |

Power supply 50 can include a variety of energy storage devices as are well known
in the art. For example, in one embodiment, power supply 50 is a rechargeable battery,
such as a nickel-cadmium battery or a lithium ion battery. In another embodiment, power
supply 50 is a renewable energy source, a capacitor, or a solar cell, including a plastic solar
cell, and solar-cell paint. In another embodiment, power supply 50 is configured to receive
power from a wall outlet. ‘

In some implementations control programmability resides, as described above, in a
driver controller which can be located in several places in the electronic display system. In
some cases control programmability resides in the array driver 22. Those of skill in the art
will recognize that the above-described optimization may be implemented in any number of
hardware and/or software components and in various configurations.

The details of the structure of interferometric modulators that operate in accordance
with the principles set forth above may vary widely. For example, Figures 7A-7E illustrate
five different embodiments of the movable reflective layer 14 and its supporting structures.
Figure 7A is a cross section of the embodiment of Figure 1, where a strip of metal material

14 is deposited on orthogonally extending supports 18. In Figure 7B, the moveable
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reflective layer 14 is attached to supports at the corners only, on tethers 32. In Figure 7C,
the moveable reflective layer 14 is suspended from a deformable layer 34, which may
comprise a flexible metal. The deformable layer 34 connects, directly or indirectly, to the
substrate 20 around the perimeter of the deformable layer 34. These connections are herein
referred to as support posts. The embodiment illustrated in Figure 7D has support post
plugs 42 upon which the deformable layer 34 rests. The movable reflective layer 14
remains suspended over the cavity, as in Figures 7A-7C, but the deformable layer 34 does
not form the support posts by filling holes between the deformable layer 34 and the optical
stack 16. Rather, the support posts are formed of a planarization material, which is used to
form support post plugs 42. The embodiment illustrated in Figure 7E is based on the
embodiment shown in Figure 7D, but may also be adapted to work with any of the
embodiments illustrated in Figures 7A-7C as well as additional embodiments not shown.
In the embodiment shown in Figure 7E, an extra layer of metal or other conductive material
has been used to form a bus structure 44. This allows signal routing along the back of the
interferometric modulators, eliminating a number of electrodes that may otherwise have
had to be formed on the substrate 20.

In embodiments such as those shown in Figure 7, the interferometric modulators
function as direct-view devices, in which images are viewed from the front side of the
transparent substrate 20, the side opposite to that upon which the modulator is arranged. In
these embodiments, the reflective layer 14 optically shields some portions of the
interferometric modulator on the side of the reflective layer opposite the substrate 20,
including the deformable layer 34 and the bus structure 44. This allows the shielded areas
to be configured and operated upon without negatively affecting the fmage quality. This
separable modulator architecture allows the structural design and materials used for the
electromechanical aspects and the optical aspects of the modulator to be selected and to
function independently of each other. Moreover, the embodiments shown in Figures 7C-7E
have additional benefits deriving from the decoupling of the optical properties of the
reflective layer 14 from its mechanical properties, which are carried out by the deformable
layer 34. This allows the structural design and materials used for the reflective layer 14 to
be optimized with respect to the optical properties, and the structural design and materials
used for the deformable layer 34 to be optimized with respect to desired mechanical

properties.
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Figures 8A, 8B, and 8C show a side cross-sectional view of an interferometric
modulator with structure similar to the device shown in Figure 7A. These figures illustrate
the application of a voltage from the voltage source 724 across the reflective layer 712 and
the optical stack 714. In Figure 8B, the reflective layer 712 is illustrated in its deformed
state, where it is drawn closer to the 6ptical stack 722 by an electrostatic force produced by
the applied voltage. As shown in Figure 8B, as reflective layer 712 contacts or becomes
sufficiently close to the dielectric stack 722, it transfers electrical charge to the dielectric
stack 722. Figure 8C shows the device when the electrical potential induced by the voltage
source 724 is removed or reduced such that the reflective layer 712 returns to its non-
deformed state. However, it is also seen that the dielectric stack 722 still holds some or all
of the electrical charge that was transferred to it when the reflective layer 712 was
deformed and brought into contact or near contact with the dielectric stack. As shown in
Figure 8C, the transferred charge is a positive charge or “potential.” This potential will
typically persist in the dielectric stack for greater than at least 100ms or until an opposite
potential is applied between the reflective layer 712 and the optical stack 722. This occurs
when the reflective layer 712 deforms into the cavity 718 and delivers a negative potential
to the dielectric stack 722.

The property by which the dielectric stack holds the potential can be referred to as
“charge persistence.” When a dielectric stack is holding a potential, that potential may be
referred to as an “embedded potential” or an “embedded charge.” The description herein of
an embedded potential that happens to be positive is not intended to suggest that
embodiments using opposite polarity are disfavored. Indeed, in some embodiments
opposite polarities are used. In some embodiments both polarities may be used.

In some embodiments interferometric modulators are manufactured with dielectric,
such as silicon nitride, silicon dioxide, aluminum oxide, and/or titanium dioxide, which can
be made to be more capable of accepting charge using techniques known by those skilled in
the art. Such a dielectric is known as being trappy. While this property is often
undesirable and therefore avoided, for some embodiments discussed herein dielectrics with
at least trappy surfaces are desirable.

In some embodiments, interferometric modulators such as those described above
are arranged in an array to create one or more pixels in a video display module. In some
embodiments, a video display circuit is configured to receive and carry out instructions

from a computer processor or other instruction source so that an output can be expressed on
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the video display circuit. The instructions for the video display circuit may include image
data indicating which interferometric modulators should be selected for actuation in each
frame. In some embodiments, the process of embedding a potential is performed for the
purpose of priming the selected interferometric modulators in an array to participate in
displaying a video output. Accordingly, the various interferometric modulators of an array
can be primed with one or more voltages or not primed at all, based on the output desired.
The selection of particular interferometric modulators or pixels in an array can thus enable
representation of text, images, or other indicia to be displayed on the video display as an
output.

When interferometric modulators that are equipped with dielectric stacks capable of
holding an embedded charge are used, the instructions for the video display output can
cause circuitry to drive selected interferometric modulators to actuate and then be released,
so that the dielectric stacks of the selected interferometric modulators are left with an
embedded charge. At the same time, other interferometric modulators of the array will not
be selected to receive an embedded charge. The arrangement of selected and non-selected
interferometric modulators corresponds to the desired output on the video display module.
Although the selected interferometric modulators holding the embedded charge exhibit the
arrangement according to the video display instructions, an image may not actually be
shown on the video display output since the interferometric properties that are visible to a
user or a light detecting module of each interferometric modulator would not necessarily
differ between those holding an embedded charge and those not holding one. This
condition occurs because the reflective layers 712 would all be back in the same non-
deformed configuration. The process of embedding charges in selected interferometric
modulators may be referred to as a “writing” stage.

In some embodiments, the writing stage is following by a “displaying” stage in
which a circuit applies a voltage so as to actuate the selected interferometric modulators
and induce one or more interferometric events to create an output that can be perceived by
a user or a light detecting module. The voltage applied during the displaying stage may be
opposite in polarity to that of the writing stage and will be applied globally to all of the
interferometric modulators of the array. Figures 9A, 9B, and 9C show a process of
applying an opposite polarity DC bias. In Figure 9A, the interferometric modulator
depicted is one that was not selected during the writing stage to receive an embedded

charge in the dielectric stack 722. As shown in Figure 9A, the applied electrical potential is
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not great enough to induce an electrostatic force capable of deforming the reflective layer
712. In Figure 9B, however, an interferometric modulator is depicted that was selected
during the writing stage. Accordingly, the dielectric stack 722 of the interferometric
modulator shown in Figure 9B contains an embedded charge. In Figure 9B, when the
opposite polarity DC bias is applied between the reflective layer 722 and the optical stack
714, the added potential of the dielectric stack 722 makes the combined potential greater.
The greater combined potential in turn generates a greater electrostatic force than that
which is present in the device without embedded charge, as shown in Figure 9A. This
combined electrostatic force in the device, as shown in Figure 9B is strong enough to cause
the reflective layer 722 to deform, as shown in Figure 9C. The deformation in turn alters
the interferometric properties of the cavity such that those interferometric modulators
which were selected are visibly different than those which were not selected to the user or
light detecting module.  This creates a perceivable contrast between actuated
interferometric modulators and non-actuated interferometric modulators in the array.
Finally, the display can be reset in a “clearing” stage. In some embodiments, this is
done by applying another voltage to the dielectric stack. In some embodiments, the
clearing step is performed as a global action, meaning that it is applied over the entire array
simultaneously. Advantageously, the process is short enough in time that the viewer does
not perceive it. In some embodiments, the clearing stage lasts less than 10 milliseconds.
Types of clearing signals can include: a short, large amplitude negative potential pulse; a
short, large amplitude positive potential pulse followed by a short, large amplitude negative
pulse; and/or a short AC waveform toggling between a large positive and negative
potential. Use of such an AC waveform can be referred to as an AC “wash”. The type of
waveform used to clear out the charge “memory” depends in part on the specific

characteristics of the dielectric stack.

Example: Operating a Plurality of Interferometric Modulators in an Array

In some embodiments, interferometric modulators can be assembled as an array. In
some embodiments, one or more interferometric modulators so arranged act as a pixel. In
turn, an array of pixels can operate as a video display module. An output on the video
display can be created using the following process.

The example below contemplates an array of interferometric modulators which all

have an actuation threshold of 5 V. With a 5 V actuation threshold a voltage difference in
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excess of +5 V or -5 V between the upper and optical stacks will cause the reflective layer
722 to deform.

Instructions to generate an output on a video display module are sent to an array of
interferometric modulators in the form of high and low voltages. The interferometric
modulators are arranged in rows and columns. A high voltage (+10 V) is applied to the
electrodes of the reflective layers of all the interferometric modulators in a single row.
While that voltage is held constant, an electrical interface to each column sends a data
voltage to each of the electrodes in the optical stacks of the interferometric modulators in
that row. If a particular interferometric modulator is intended to actuate, the data voltage is
sent as a low voltage (0 V) so that the net difference, +10 V, causes the interferometric
modulator to actuate. The application of this voltage lasts just long enough for a portion of
the reflective layer to come into contact with the dielectric stack. Typically, this is shorter
than the time that would be required for the reflective layer to settle into a stable “down”
position, and is typically shorter than would be necessary to be perceived by a viewer.
When the reflective layer is in this deformed position, it transfers some charge to the
dielectric stack, resulting in an embedded charge causing a shift in the actuation threshold
of that device. The magnitude of the threshold shift corresponds to the quantity of
embedded charge. When the magnitude of the shift is sufficient that those interferometric
modulators with the shifted actuation thresholds can be readily differentiated from those
which do not have shifted thresholds during the display stage discussed below, we call the
shift “significant.”

If an interferometric modulator is one that should not actuate, the data voltage is
sent as a high voltage (+10 V) so that the net difference, 0 V is not enough to induce the
interferometric modulator to actuate. Because the interferometric modulator does not
actuate, no charge is transferred or embedded in the dielectric stack of that interferometric
modulator, and its actuation threshold remains unchanged. When this process is complete,
all of the selected interferometric modulators in that row have embedded potentials within
their dielectric stacks and correspondingly significantly lower actuation thresholds, and all
of the non-selected interferometric modulators in that row do not have such embedded
potentials within their dielectric stacks and therefore have correspondingly unchanged
actuation thresholds.

From this condition, the voltages applied to the rows and columns are all released

so that all of the reflective layers return to their non-deformed state. The next row of
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interferométric modulators is then likewise written, and so on. When all of the rows have
been written, the arrangement of embedded voltages corresponds spatially to the desired
output, which may be in the form of text and images on the video display module.
However, at this point the output is not visible to a user or to a light detecting module
positioned to perceive the output. This is because the interferometric properties of all of
the interferometric modulators are the same since none of the reflective layers is in a
deformed position.

Those of skill in the art will appreciate that screens of different shapes and sizes
will have different time requirements for the writing stage because of the number and
orientation of interferometric modulators in the arrays. In general, the time required to
complete the writing stage can be calculated by multiplying the number of rows by the
addressing line time. This product should be less than the time required for the human eye
to perceive a change. For example, a typical line time is approximately 5 microseconds. A
display containing up to 1000 lines could be written in 5 milliseconds, which is typically
fast enough that the human eye will not perceive the writing process.

As the display elements have been primed, the next step is to display the image.
This is done by applying a global, DC bias to all of the interferometric modulators in the
array. The global bias applied is greater than the significantly reduced actuation threshold
of the interferometric modulators selected based on the image data, but less than the
unaltered actuation threshold of the interferometric modulators not selected. Therefore, the
selected interferometric modulators actuate and the unselected interferometric modulators
do not. The global bias is held long enough for a user or a light detecting module to
perceive the output. The difference in reflectivity between the actuated and unactuated
interferometric modulators is sufficient and the image is perceived.

In order to achieve acceptable performance, a useful guideline in preparing
instructions for an array is that a single cycle of display time should last about 10 times
longer than the scan time (the time used for operations other than displaying). In some
embodiments, however, the display time can be much longer, depending on the
requirements of the application and type of dielectric materials used in the dielectric stack.
It has been discovered that useful display times for a single output cycle can range from
about 10 milliseconds to as long as several seconds.

Tt has been observed that an image will start to fade if the display time is too long.

Although the time to perceived fading varies depending on the specific dielectric stack that
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is used, the image begins to fade when the display time exceeds the characteristic charge
diffusion time, which is the time it takes charge to move in or out of the dielectric stack in
response to an applied electric field. Fading occurs because the potential from the
reflective layer transfers to the dielectric stack. This offsets the embedded charge so that
the actuation threshold rises, and the applied bias is no longer sufficient to hold the
reflective layer in a deformed state.

To reset the output, the array is then cleared of all data. This is accomplished by
applying one or more global clearing voltages to all of the interferometric modulators in the
array. Once the array is cleared, it is effectively a blank slate on which to write a new
output by repeating the process described above. Refreshing the output is advantageous not
only to renew the vividness of a display that is fading, but also in applications where text or
data is updated, or in applications where a series of slightly different images are used to
create an illusion of motion.

There are several advantages to this type of process for certain types of applications.
For example, when using a charge persistence technique, less power is required to actuate
selected interferometric modulators in an array to create a video output than in a prior art
process of applying and holding a potential within a hysteresis window to induce
deformation of the reflective layer. Less power is required because the voltage needed to
actuate a selected interferometric modulator and hold its reflective layer in a deformed
position is lower. For example, if the voltage required to actuate and hold an
interferometric modulator is 5V, then the constant voltage required would be at least 5V for
the duration of the output cycle. However, when using the charge persistence technique, a
holding voltage that is lower, such as 3V or 2V or less may be sufficient. Power savings
are attained despite the use of a greater voltage during the writing stage and clearing stages.
This occurs because the application of voltage during the writing and clearing stages is of
such a short duration relative to the displaying stage.

Additionally, because the addressing need not rely on the presence of any
meaningful electro-mechanical hysteresis, and may rely only on the charging
characteristics of the dielectric, it is possible to design very low voltage displays. This is so
because only the actuation voltage, and not the release voltage is of concern. Additionally,
manufacturing processes can be made less stringent, since some embodiments only require
distinction between voltage levels at which the interferometric modulator is clearly on or

clearly off. This differs from some display technologies that rely on a hysteresis window,
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wherein the primary concern is having a clear separation between the actuation and release
thresholds. In some hysteresis designs, maintaining a sufficiently wide window between
the two voltages means that control of device uniformity over a large substrate is very
important. Such uniformity is much less important in some embodiments using a charge
persistence design, which can make the devices less expensive to manufacture. The low
voltage, “sloppy” nature of some charge persistence designs can also have power
consumption implications when operating in video mode. For example, the power required

to operate a device of this type can be determined as follows:
Power ~ Y2 Ceo1 X stwing xf

In this equation, C.o is the capacitance along the columns, Viwing is the amplitude of
the voltage switching along the columns, and f is the frequency with which the swings
occur. For a display using charge persistence operating at a comparable refresh rate to used
for a hysteresis addressed display, the power consumed by the charge persistence array will
be lower because the capacitance on the columns and the Viying will be lower than in the
hysteresis design. The lower capacitance occurs because during the writing stage, all of the
pixels not being written will be in the unactuated position, resulting in less parasitic
capacitance at the rows not being written. This may not be the case in a hysteresis design
where some of the pixels in rows other than the row being selected can be in either the
actuated or unactuated positions.

Figure 10 shows a waveform representation of the operation of a charge persistence
interferometric modulator addressing scheme applied to an array of interferometric
modulators. The trace line 70 represents the applied voltage and the trace line 72
represents the corresponding optical response of the array. The embodiment shown uses a
“double scan” for a writing stage 81 before going to a display stage 83. Reading left to
right, the initial voltage 80 is at 0 V. Then, each of the two +24 V pulses 82 are applied at
separate times during the writing stage 81. During the display stage 83, an opposite
polarity bias 84 is held at -12 V. This is followed by a clearing voltage 86 held at +12 V
during a clearing stage 85. The trace line 72 shows that the optical response is the longest
and strongest during the display stage. In some embodiments, this is the only optical

response portion of the cycle that is perceptible to the user or light detecting module.
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When using MEMS devices as described herein to create a video display module, it
is sometimes advantageous to use multiple MEMS devices to create a single pixel. The
MEMS devices of a single pixel can be configured so that different MEMS devices can
produce different colors or different intensities. In this way, a single pixel can produce a
variety of colors, shades, and intensities depending on the instructions received from a
computer processor. Alternatively, the pixels can be configured to generate only a single
color or a single intensity where cost savings, energy savings, reliability, or simplicity is
more important than the versatility of a multi-color and/or multi-intensity display.

Figure 11 is a flow chart showing a process for generating a display on an array of
interferometric modulators. The first step 400, corresponds to a writing stage in which a
processor, or other instruction source, writes to selected interferometric modulators in an
array by embedding charges in the dielectric stacks of those interferometric modulators to
significantly lower their actuation thresholds. The location of the selected interferometric
modulators corresponds to a desired display, such as text or images. Once all of the
selected interferometric modulators contain an embedded charge, the process moves to step
404, wherein a global DC bias is applied to actuate those interferometric modulators having
an embedded charge. This step corresponds to a displaying stage in which a global DC
bias is applied having an opposite polarity to that which was used in the writing stage, and
having a maghitude greater than the significantly lowered actuation threshold of the
selected elements, and less than the unaltered actuation threshold of the unselected
clements. The interferometric modulators that contain an embedded charge will actuate
and generate the desired display. Advantageously, this display should be held on the screen
long enough for a user or a light detecting module to perceive it.

The process next moves to step 408, where the embedded charges are cleared from
all interferometric modulators in the display. This is done by applying a clearing signal,
such as a short, large amplitude negative potential pulse; a short, large amplitude positive
potential pulse followed by a short, large amplitude negative pulse; and/or a short AC
waveform toggling between a large positive and negative potential. The process repeats to
refresh the image on the display. Refreshing or updating the display can be advantageous
in applications where it is desirable to show changes in data or text on the screen, or to
show changing images sequentially to create an illusion of movement.

The process moves to step 412 where a decision is made as to whether or not to

continue updating the image. If updating is necessary the process returns to step 400, and if
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not the process ends. Those of skill in the art will appreciate that additional steps or
alternative steps can be used without departing from the spirit of the invention.

In some embodiments, it is advantageous to reduce the actuation time of the
interferometric modulators so the scan time can be as short as possible, and to deliver the
waveforms uniformly and cleanly across the array. One useful technique for achieving this
is to shorten the resistor/capacitor (RC) time as much as possible by making sure the
conductivity along the rows and columns is high. In some embodiments, the RC time is
less than 2 microseconds for both the rows and columns.

An interferometric modulator may be made to include a dielectric having
substantial susceptibility to acquiring charge from the reflective layer when the reflective
layer makes contact with or is sufficiently close to the dielectric. The interferometric
behavior of such interferometric modulators can be manipulated by briefly actuating the
reflective layer so that charge is transferred to and embedded in the dielectric. The
embedded charge reduces the actuation voltage of the interferometric modulator, so that the
subsequent application of a display voltage can be done with a lower voltage than would be
needed without the embedded charge. This lower voltage results in lower power operation.
These types of interferometric modulators may be used to create display arrays, which
operate with lower power requirements.

While the above detailed description has shown, described, and pointed out novel
features 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
will be recognized, the present invention may be embodied within a form that does not
provide all of the features and benefits set forth herein, as some features may be used or

practiced separately from others.
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WHAT IS CLAIMED 1IS:

1. A microelectromechanical (MEMS) device comprising:

an electrode;

a dielectric layer coupled to the electrode, the dielectric layer comprising at
least a substantially trappy surface; and

a movable layer extending over the surface of the dielectric layer so as to
form a cavity therebetween, the movable layer being configured to contact the
dielectric layer if an electrical potential between the electrode and at least a portion
of the movable layer is greater than an actuation threshold,

wherein when the movable layer contacts the dielectric layer charge is
transferred between the movable layer and the dielectric layer to significantly

change the actuation threshold.

2. The device of Claim 1, wherein the dielectric layer comprises at least one of

silicon nitride, silicon dioxide, aluminum oxide, and titanium dioxide.

3. The device of Claim 1, wherein the device comprises an interferometric
light modulator.
4. The device of Claim 3, further configured to be connected to additional

interferometric light modulators of an array.
5. The device of Claim 4, wherein the array is configured to display an image.

6. The device of Claim 1, wherein the dielectric layer is configured to maintain
the transferred charge for a period of time exceeding 100ms after contact between the

movable layer and the dielectric layer is broken.

7. The device of Claim 1, further comprising:

a processor that is in electrical communication with at least one of said
electrode and said movable layer, said processor being configured to process image
data; and

a memory device in electrical communication with said processor.
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8. The device of Claim 7, further comprising a driver circuit configured to send

at least one signal to said display.

9. The device of Claim 32, further comprising a controller configured to send

at least a portion of said image data to said driver circuit.

10. The device of Claim 8, further comprising an image source module

configured to send said image data to said processor.

11. The device of Claim 10, wherein said image source module comprises at

least one of a receiver, transceiver, and transmitter.

12. The device of Claim 7, further comprising an input device configured to

receive input data and to communicate said input data to said processor.

13. A microelectromechanical (MEMS) device comprising:

means for storing charge, wherein an actuation threshold of the device
depends on the stored charge;

delivering means for delivering charge to the storing means to significantly
alter the actuation threshold; and

means for moving the delivering means, the delivering means being
configured to deliver charge to the storing means when an electrical potential
applied between the moving means and the delivering means is greater than the

actuation threshold.

14.  The device of Claim 13, wherein the storing means comprises a dielectric

layer comprising at least a substantially trappy surface.

15. The device of Claim 13, wherein the moving means comprises a movable
layer extending over the surface of the dielectric layer so as to form a cavity therebetween,
the movable layer being configured to contact the dielectric layer if an electrical potential
between the electrode and at least a portion of the movable layer is greater than an

actuation threshold.
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16. The device of Claim 13, wherein the delivering means comprises an
electrode.

17. A microelectromechanical (MEMS) device comprising:
means for altering a state of the device, the state being based on an actuation

threshold; and

means for significantly altering the actuation threshold by actuating the

device.

18.  The device of Claim 17, wherein the state altering means comprises:

an electrode;

a dielectric layer coupled to the electrode, the dielectric layer comprising at
least a substantially trappy surface; and

a movable layer extending over the dielectric layer so as to form a cavity
therebetween, the movable layer being configured to contact the dielectric layer if
an electrical potential between the electrode and at least a portion of the movable

layer is greater than the actuation threshold.

19.  The device of Claim 18, wherein the dielectric layer comprises at least one

of silicon nitride, silicon dioxide, aluminum oxide, and titanium dioxide.

20. The device of Claim 18, wherein the dielectric layer is configured to
maintain the transferred charge for a period of time exceeding 100ms after contact between

the movable layer and the dielectric layer is broken.

21.  The device of Claim 17 or 18, wherein the actuation threshold altering

means comprises a driving circuit.

22.  The device of Claim 17, further comprising means for modulating light.

23. The device of Claim 22, wherein the modulating means comprises an

interferometric cavity.

24, The device of Claim 22, further comprising means for connecting the device

to additional light modulating means in an array.
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25.  The device of Claim 24, wherein the connecting means comprises row and
column electrodes.
26.  The device of Claim 24, wherein the device is configured to display an

image.

27. A method of addressing a microelectromechanical (MEMS) element that
includes a movable layer and a dielectric layer comprising at least a substantially trappy
surface, the method comprising:

transferring a charge to the dielectric layer of the MEMS element during a
pre-charge period without substantially altering a perceived appearance; and

applying a first electrical potential difference to the MEMS element during a
period sufficient to actuate the selected MEMS element and alter the perceived

appearance.

78.  The method of Claim 27, further comprising repeating the act of transferring

charge before applying the first electrical potential difference.

29.  The method of Claim 27, further comprising applying a second electrical
potential difference to the MEMS element such that the movable layer contacts the

dielectric layer and substantially removes the transferred charge therefrom.

30. The method of Claim 27, wherein:
said first electrical potential difference comprises a first polarity; and
transferring the charge comprises applying a second electrical potential

difference of a second polarity that is opposite the first polarity.

31.  The method of Claim 27, wherein applying the first electrical potential
difference comprises applying said first electrical potential difference for at least ten

milliseconds.

32, The method of Claim 27, further comprising displaying a series of image

frames, wherein a ratio of the display period to the pre-charge period is at least about ten.
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33. A method of manufacturing a microelectromechanical (MEMS) device, the
method comprising:

forming an electrode;

forming a dielectric layer comprising at least a substantially trappy surface,
the dielectric layer being coupled to the electrode; and

forming a movable layer over the dielectric layer so as to establish a cavity
therebetween, the movable layer being configured to contact the dielectric layer if
an electrical potential between the electrode and at least a portion of the movable
layer is greater than an actuation threshold, and to transfer charge to the dielectric

layer upon such contact.

34.  The method of Claim 33, wherein forming the movable layer comprises

forming an interferometric cavity.

35.  The method of Claim 33, wherein forming the dielectric layer comprises
forming the dielectric layer to comprise at least one of silicon nitride, silicon dioxide,

aluminum oxide, and titanium dioxide.

36.  The method of Claim 33, further comprising configuring the electrode and

the movable layer to be connected to additional MEMS devices of an array.

37 The method of Claim 36, further comprising configuring the array to display

an image.

38. The device of Claim 33, further comprising configuring the dielectric layer
to maintain the transferred charge for a period of time exceeding 100ms after contact

between the movable layer and the dielectric layer is broken.
39. A MEMS device manufactured by the method of Claim 33.

40. A display device configured to display an image based on image data, the

display device comprising:
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an array of microelectromechanical (MEMS) display elements, each MEMS
display element comprising a movable layer and a dielectric layer comprising at
least a substantially trappy surface; and
a driving circuit configured to:
receive the image data;
select individual MEMS display elements based on the image data;
apply a first electrical potential difference to the selected individual
MEMS display elements to drive the movable layer to contact the dielectric
layer and transfer charge thereto, wherein the image is not displayed; and
apply a second electrical potential difference substantially
simultaneously to selected and non-selected individual MEMS display
clements of the array to actuate the selected individual MEMS display

elements and display the image.

41. The device of Claim 40, wherein the driving circuit is further configured to
apply the second electrical potential difference such that the non-selected individual

MEMS display elements are not actuated.

42.  The device of Claim 40, wherein the driving circuit is further configured to

repeat the transferring of charge before applying the second electrical potential difference.

43.  The device of Claim 40, wherein the driving circuit is further configured to
apply a third electrical potential difference to each selected MEMS display element so as to
drive the movable layer to contact the dielectric layer and to substantially remove the

charge therefrom.

44.  The device of Claim 40, further comprising:
a processor that is in electrical communication with said array, said
processor being configured to process image data; and

a memory device in electrical communication with said processor.

45.  The device of Claim 44, further comprising a controller configured to send

at least a portion of said image data to said driving circuit.
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46.  The device of Claim 44, further comprising an image source module

configured to send said image data to said processor.

47.  The device of Claim 44, wherein said image source module comprises at

least one of a receiver, transceiver, and transmitter.

48.  The device of Claim 44, further comprising an input device configured to

receive input data and to communicate said input data to said processor.

49. A display device comprising:

means for receiving image data;

means for selecting one or more of an array of microelectromechanical
(MEMS) display elements based at least in part on the image data, wherein each
MEMS display element comprises a movable layer and a dielectric layer
comprising at least a substantially trappy surface;

means for applying a first electrical potential difference to each selected
MEMS display element such that the movable layer contacts the dielectric layer and
transfers charge thereto, wherein the image is not displayed; and

means for applying a second electrical potential difference substantially
simultaneously to all display elements of the array to actuate the selected MEMS

display elements and display the image.

50. The device of Claim 49, wherein the receiving means, the selecting means,
the first electrical potential difference applying means, and the second electrical potential

difference applying means each comprise a driving circuit.

51.  The device of Claim 49, further comprising means for applying a third
electrical potential difference to each selected MEMS display element so as to drive the
movable layer to contact the dielectric layer and to substantially remove the charge

therefrom.
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52.  The device of Claim 51, wherein the means for applying a third electrical

potential difference comprises a driving circuit.

53.  The device of Claim 49, further comprising means for repeating the

transferring of charge before applying the second electrical potential difference.

54. The device of Claim 53, wherein the repeating means comprises a driving

circuit.

55. The device of Claim 49, wherein:
said first electrical potential difference comprises a first polarity;
said second electrical potential difference comprises a second polarity; and

the first polarity is opposite the second polarity.

56. A method of displaying an image on a display comprising an array of
microelectromechanical (MEMS) display elements, each MEMS display element
comprising a movable layer and a dielectric layer comprising at least a substantially trappy
surface, the method comprising:

- receiving image data;

selecting individual MEMS display elements based on the received image
data;

transferring a charge to the dielectric layer of each selected MEMS display
element during a pre-charge period without substantially altering the perceived
appearance; and

applying a first electrical potential difference substantially simultaneously to
all MEMS display elements of the array during a display period sufficient to actuate
the selected MEMS display elements and to display the image.

57 The method of Claim 56, further comprising repeating the transferring of

charge before applying the first electrical potential difference.
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58.  The method of Claim 56, further comprising applying a second electrical
potential difference to each selected MEMS display element such that the movable layer

contacts the dielectric layer and substantially removes the transferred charge.

59. The method of Claim 56, wherein:
said first electrical potential difference comprises a first polarity;
transferring the charge comprises applying a second potential difference of a
second polarity; and

the first polarity is opposite the second polarity.

60. The method of Claim 56, wherein applying the first electrical potential
difference comprises applying said electrical potential difference for at least ten

milliseconds.

61. The method of Claim 56, further comprising displaying a series of image

frames, wherein the ratio of the display period to the pre-charge period is at least about ten.

62. A method of manufacturing a display device configured to display an image
based on image data, the method comprising:

forming an array of microelectromechanical (MEMS) display elements,
each MEMS display element comprising a movable layer and a dielectric layer
comprising at least a substantially trappy surface;

forming a driving circuit;

configuring the driving circuit to receive the image data;

configuring the driving circuit to select individual MEMS display elements
based on the image data;

configuring the driving circuit to apply a first electrical potential difference
to the selected individual MEMS display elements to drive the movable layer to
contact the dielectric layer and transfer charge thereto, wherein the image is not
displayed; and

configuring the driving circuit to apply a second electrical potential

difference substantially simultaneously to selected and non-selected individual
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MEMS display elements of the array to actuate the selected individual MEMS

display elements and display the image.

63. A display device manufactured by the method of Claim 62.
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