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structively or destructively depending on the position of the
movable reflective layer, producing either an overall reflec-
tive or non-reflective state for each pixel.

[0036] The depicted portion of the pixel array in FIG. 1
includes two adjacent interferometric modulators 12a and
126. 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
164, which includes a partially reflective layer. In the
interferometric modulator 1256 on the right, the movable
reflective layer 145 is illustrated in an actuated position
adjacent to the optical stack 165.

[0037] The optical stacks 16a and 165 (collectively
referred to as optical stack 16), as referenced herein, typi-
cally comprise of 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 dielec-
tric. 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. The partially
reflective layer can be formed from a variety of materials
that are partially reflective such as various metals, semicon-
ductors, and dielectrics. The partially reflective layer can be
formed of one or more layers of materials, and each of the
layers can be formed of a single material or a combination
of materials.

[0038] In some embodiments, the layers of the optical
stack are patterned into parallel strips, and may form row
electrodes in a display device as described further below.
The movable reflective layers 14a, 145 may be formed as a
series of parallel strips of a deposited metal layer or layers
(orthogonal to the row electrodes of 164, 165) deposited on
top of posts 18 and an intervening sacrificial material
deposited between the posts 18. When the sacrificial mate-
rial is etched away, the movable reflective layers 14a, 145
are separated from the optical stacks 16a, 165 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.
[0039] With no applied voltage, the cavity 19 remains
between the movable reflective layer 14a and optical stack
164, with the movable reflective layer 14a in a mechanically
relaxed state, as illustrated by the pixel 12¢ in FIG. 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 reflec-
tive 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 illus-
trated by pixel 125 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 con-
trol the reflective vs. non-reflective pixel states is analogous
in many ways to that used in conventional LCD and other
display technologies.

[0040] FIGS. 2 through 5B illustrate one exemplary pro-
cess and system for using an array of interferometric modu-
lators in a display application.

[0041] FIG. 2 is a system block diagram illustrating one
embodiment of an electronic device that may incorporate
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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, 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 appli-
cations, including a web browser, a telephone application, an
email program, or any other software application.

[0042] In one embodiment, the processor 21 is also con-
figured 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
display array or panel 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 actua-
tion protocol 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 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 FIG. 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 FIG. 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 charac-
teristics 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 differ-
ence 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 win-
dow” 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 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 dissi-
pation. Essentially no current flows into the pixel if the
applied potential is fixed.

[0043] In typical applications, a display frame may be
created by asserting the set of column electrodes in accor-
dance with the desired set of actuated pixels in the first 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



