
PACKAGING FOR AN INTERFEROIVIETRIC MODULATOR Background
Interferometric modulators are spatial light modulators typically
used in display applications. These modulators use interference
effects to control the intensity and the color of 5 the light seen by
a viewer. One example of such a modulator is the iMoDTm. The flVIoD
employs a cavity having at least one movable or deflectable wall. As
the wall, typically comprised at least partly of metal, moves towards
a front surface of the cavity, interference occurs that affects the
color of light viewed at the front surface. The front surface is
typically the surface where the image seen by the viewer appears, as
the iMoD is a direct-view device. 10The front surface is transparent,
as it is the portion of the device through which the viewer views the
image. Manufacture of an interferometric modulator is somewhat
similar to other types of devices manufactured on glass, such as
liquid crystal devices (LCD). However, due to the unique nature of
the device, packaging of the device has some other considerations.
Interferometde modulators are microelectromechanical systems (Is4EMS)
devices. While 15 they use a glass substrate like LCDs, they also
have moving parts and must have 'teem to move while remaining
protected. Similarly, while they are IVEMS devices, they are
manufactured on a substrate that has different processing
considerations than most MEMS devices.       There are some degrees
of freedom available to interferometde modulators not available to
either LCDs or many MEMS devices. Unlike LCDs, interferometric
modulators do not have 20 material injected into the package, such as
the liquid crystalline material is into LCD display panels. Urilike
many MEMS devices, interferometric modulators do not have parts that
rub against one another, alleviating concerns about internal particle
generation. Brief Description of the Drawings          The invention
may be best understood by reading the disclosure with reference to
the 25 drawings, wherein: Figure la and lb shows an example of an
interferometric modulator array.  Figure 2 shows a side view of an
embodiment of an interferometdc modulator package.  Figiire 3 shows a
flow chart of an embodiment of a method to package interferometric
modulators. 30Figure 4 shows an embodiment of a back plate having
recessed regions.       Figure 5 shows an embodiment of a back plate
having recessed regions formed by a frame applied to the substrate.
Figure 6 shows an embodiment of a package having a hole for
application of desiccant. Figure 7 shows an embodiment of an
interferometric modulator packaging having a non-35hermetic seal.
Detailed Description of the Embodiments        Interferometric
modulators, such as the iMoDim, rely upon interference effects
operating on light inside the cavity to modulate the light in
accordance with image data. Cross-sectional views of such a modulator
10 are shown in Figures la and lb. hi this embodiment, the viewing 5
surface would be at the 'bottom' of the picture, as shown by the
viewer eye 14. The modulator array is formed on a transparent
substrate 12. An optical stack 16 forms a first optically active
surface that may be affected by the second optically active surface,
the mechanical or mirror layer 22. A dielectric layer 18 typically
protects the optical stack layer. The mechanical layer 22 is
supported by posts such as 24, with the location of posts forming the
individual elements of the 10array. 



When the circuitry on the substrate, not shown, is activated in a
particular region under the mechanical layer, such as that portion
that is suspended over cavity 20, the mechanical layer deflects
towards the optical stack 16. As it deflects, the mechanical layer
causes the portion of the optical stack as seen by the viewer to
appear black. Therefore, by addressing the mechanical 15 layer with
image data, an image would be seen by the viewer. This particular
embodiment of an interfermnetric modulator may be referred to as a
monolithic interferometric modulator here. This embodiment and those
similar to it will be referred to as a membrane Mterferometric
modulator. In an alternative embodiment of an interferometric
modulator shown in Pigure lb, the 20 mirror 26. that causes the pixel
to appear black when deflected is separated from the support layer
22. This may be referred to as a separable modulator here. In either
case, the package in which the modulator is encapsulated must account
for moisture inside the package that can cloud the transparent
substrate 12, as well as any outgassing that may occur from the
structure of the  modulator layers or package materials. It has some
degrees of freedom in that there are no 25 particulates generated by
the operation of the device and the devices may be packaged in
ambient conditions.       Figure 2 shows an embodiment of an
interferometric modulator in a package. The package is formed between
the transparent substrate 12, with the modulator 10 on the 'back
side' of the substrate relative to the viewer 14, and a back plate
30. The transparent substrate and the 30 back plate can be joined
with a non-hermetic seal 32 joining the back plate to the substrate
to form a package. Generally, the package Will contain a desiccant
such as 34 between the backside of the modulator array and the back
plate. This allows for control of, the moisture inside the package.
Desiccants are used in other device packages, being a fairly
effective means to control 35 moisture inside the package. Desiccants
may be used for packages that do or do not have hermetic seals.
Hermetic seal, as that tenn is used here, refers to a seal that is
complete, especially with regard to air and water vapor flow. In
devices with a hermetic seal, desiccants are  typically applied to
control moisture resident inside the package. If the package does not
have a hermetic seal, a desiccant may be used to control moisture
moving into the package.       In the package, the transparent
substrate may be any transparent substance that is capable of having
thin film, MEMS devices built upon it. Examples include glass,
plastic, and transparent 5 polymers. Similarly, the interferometric
modulators may be membrane modulators, or Modulators of the separable
type.       The back plate and the transparent aubstrate, when
brought together may have recessed regions or cavities formed in
between them where the modulator arrays reside. The back plate may be
glass, irietal, foil,. polymer, plastic, and ceramic or semiconductor
materials such as 10 silicon. The seal between the transparent
substrate and the back plate may be an epoxy-based adhesive, o-rings,
a PD3, poly-urethane, thin film metal weld, liquid spin-on glass,
solder, polymers, and plastics, among others.       generally, the
desiccant is used to control moisture, so any substance that can trap
moisture while not interfering with the optical properties of the
modulators may be used. 15 Examples: include zeolites, molecular
sieves, surface adsorbents, bulk adsorbents, and chemical reactants.:
In ord to provide this . type of package to interferometrie



individual devices as well as after the division.   Figtire 3 shows a
method of packaging an interferometric modulator. A transparent
substrate is ProVided at 40 and the modulator array is provided at
42. For faster processing times, ! as well as More:efficient use of
the manufacturing lines, it may be desirable to process the back 25
plate at the eame time as the transparent substrate. However, this is
merely one option and is not required. The back plate is provided at
44 and the desiccant applied it 46.. Application of the desiccant
,may be accomplished after the process of joining the substrate to
the back plate,  typically by it process of injection, as will be
discussed further. The back plate and the backside, relative to the
viewer 14 of Figure 2, of the transparent " 30 substrate ard, sealed
in ambient conditions to form the package. Ambient conditions as used
here mean anynembination of conditions, such as temperature, pressure
or environmental, in which it would not be Practical to package other
types of devices. More than likely, the variation from i- what is
*leant considered ambient conditions of room temperature and room
pressure would occur withregard to the pressure.  t 35For 'exatnple,
the packaging process may be accomplished with a starting low
pressure ri subsequen42 Tailed to a higher pressure during the
sealing process, which may aid in the  : formation; of a good seal
between the substrate and the back plate. The pressure may start at
..  vaauum, reach an intermediate pressure and then a .higher
pressure; may start at a low pressure and go to a higher pressure and
any combination in between. Alternatively, the pressure may start at
a first pressure and then vary to a low pressure. Alternatively, the
packaging process may be accomplished in a vacuum, preSsure between 5
a vacuum up to and including ambient pressure, or pressure higher
than ambient pressure and also including a varied and controlled high
or low pressure during the sealing process. There may be advantages
to packaging the arrays in a completely dry environment, but it is
not necessary. Similarly, the packaging environment may be of an
inert gas at ambient conditions. The ability to package the devices
in ambient conditions allows for a much lower cost precedure and
potential 10 for versatility in equipment choice since the device can
be transported through ambient conditions without effecting the
operation of device. 



Many variations on pressures used during packaging could be employed.
For example, sealing the baCk plate could be accomplished in an
environment having a initial vacuum, where environmental pressure
'increases from vacuum to a higher pressure as sealing Occurs such
that, as 15 pressure in: the-package increases due to reduced volume,
increased environmental pressure aids .; , in creating h good seal.
In anotherr example, the back plate could be sealed in an environment
having a initial   pressure higher than vacuum up to an including
ambient pressure, where environmental pressure It then *creaks 'tO a
higher presaure than the initial pressure as sealing occurs such
That, as pressure             11; 20 in theipaCloage increases due to
reduced volume, increased environmental pressure aids in creating .
a good Seal: '  in *tether example, the back plate could be sealed in
an environment having an initial .; environnientalinessure higher
than ambient pressure, wherein the environmental pressure then  5.
increases tta higher pressure than the initial pressure as sealing
occurs Such that, as pressure in 1" 25 the package inereases due to
reduced volume, increased environmental pressure aids in creating a
good Seat       In the 'above examples, a partial adhesive curing
process in combination with the variation on presenre; coUld affect
the shape of the package. For example, the increased pressure inside
the package fitiring!sealing may Greaten convex backplane shape by
partial adhesive curing during a ,.1  



30 period Otte in which the package is at the higher pressure. I Onee
the back plate and the substrate are joined, there may be a hardening
of the seal, In ".  order to differefitiate between the seal between
the back plate and the substrate, and seals that may  1!:i. be
apPliept afterklivision into individual arrays, the seal between the
back plate and the substrate is referred itiliern'aS the back seat
This is the seal that may be hardened, if necessarY. It.; 35O'n'Ce
the seal is hardened, if necessary, the substrate is scribed or
"otherwise prepared for ?1 ; The wafer may be mechanically scribed or
laser scribed. The Substrate is then broken ;"I'-201 into individiiar
devices. This may be an actual breaking process, or inaY even be a
sawing  process, among other examples. Depending upon the Sal, as
well as other factors, it may become necessary after the division to
apply an end. seal to the packages, to complete the package. The
endseal can be referred to as an opening in an otherwise continuous
perimeter seal or the use of a continuous perimeter seal in
combination with a hole in the back plate. To apply an endseal to the
5 pacicage may involve sealing the hole in the perimeter seal or
sealing the hole in the back plate, whichever is acting as the
endseal port.     The interferometric modulator will generally be
formed on the tranaparent substrate and the back plate will be
recessed to accommodate the modulators and desiccant and allow the
modulators to continue to function. For example, providing a back
plate in Figure 3 may involve 10 providing a back plate having
recessed regions within which the interferomenic modulator
manufactured On the transparent substrate will fit An example of this
is shown in Tigure 4. The back plate 30 has regions 56 that are
recessed regions in which the modulators will be .::' accommodated.
;; The 'footprints' of the modulators on the backside of the
transparent substrate 12 ... .... 



.. are shown by the shaded regions 55. The back plate 30 is sealed to
the transparent substrate and ; 15 the Modidatorsare encased in the
recessed regions 56.  .'I.; It must be noted that recessed regions
are not necessary, but may lead to a longer lifetime  i  of the
divide. r, For applications in systems which have reduced lifetimes,
or in which &reduce lifetime. is 'de4ired, the back plate may not
have recessed regions. The  recSaing could be aceomilisliedhy
application of a thicker seal material, or an external fillet.
HoWever, since the  ; 20 seal material does not form a hermetic seal,
the thicker seal may allow more Water vapor or other ; contaminants
tO enter the package, reducing the lifetime of the device. ;i;
The recessed regions could be formed in many different ways. One
example would be for the recessed regions by forming ribs on the back
plate, such as by slunied glass. Another .;     example WOuld he to
printing a seal material on the back plate in a pattern tn form the
ribs. The 25 ribs *Old be (*Posited, or stenciled. The recessed
regions could be formed the back plate itself I; by eroding Poitidns
of the back plate, such as by sandblasting or etching. The back plate
could be ,;:11'1*; melded:dr sagged. to form the recessed regions The
back plate in the configuration of Figure 5 I:! can haste receabes
but it Is not necessary as the intermediate frame creates the
caVities.  ; 



In analternative, shown in Figure 5, an intermediate frame 58 could
be inotmted on the ;.:!I; 30 substrate 12 or the back plate 30 and
then the back plate applied. In this instanCe, the recessed 1's
regionaarelfornied between the transparent substrate and the areas of
the nauatei that uo not contact the back Plate: '    'lit the
alternative, the recessed regions could be formed as a function of
the transparent  substrate; rather than the back plate. For example,
the transparent substrate could have integrated ; 35 spacer pOsts or
the integrated spacers could be on the back plate The posts Would be
positioned to be between the multiple modulator arrays on the
substrate Another example would be to ; provide a hack Plate of a
flexible, polymer sheet that can be flexed to allow the' offset
between the  back plate and the substrate. The above examples are
only intended as examples, and are not intended to limit application
of the invention in any way. -Rettiming to Figure 3, the process of
applying desiccant may also have several variations. For example, the
desiccant could be applied after the substrate and back plate were
aligned and 5 , joined. A small hole could be left on the back of the
back plate, allowing desiccant to be injected into the individual
device packages. In this embodiment, sealing the back plate to the
substrate also requires the application of a seal to the hole to
complete the joining between the back plate and the silbstrate to
form the package. In this case, the desiccant injection hole can also
facilitate a continuous perimeter seal process eliminating the
typical LCD-type endseal hole used in the 10 perimeter seal: An
embodiment of a substrate and back plate having these holes is shown
in Figure 6. The holes 60 in the back plate 30 would be sealed after
injection of the desiccant. 



..       The end seal may or may not be necessary. For example, an
adheSive maybe used in the areas betWeen the modulator regions that
allow the substrate to be scribed and. broken without ;: causing a
'break in the seal that requires an end seal process. In an initial
non-continuous seal 15 process the- adhesive may be a material that
can 'flow' such that the hole is filled in by the existing adhesive.
In this embodiment, the seal would be self-healing, Where
self-healing is a mechanism: Where Me adhesive is allowed to flow to
close the hole that was initially present as the baek plate
and1SUbstrate were joined The adhesive or other material may move to
fill the hole in anibient cdriditiens or with heat application.
20In _alternative to avoid the end seal process, the seal lines Of
joining the back plate to ;I r the transparentlsithstrate May be
formed to be extra wide. When the substrate is broken, the width : of
:the seal IMnivouM prevent the seal from being broken. This may use
up too much of the I FiI   transparent substrate in unusable space,
when compared to the cost and complexity of an end seal proceas: The
doSts and benefits may differ from process to process and the
ultimate selection of 25 wliicli is MOM beneficial would be left to
the process designer. ,Intihis manner, the packaging of an
interferometdc MEMS modulator in ambient conditions 14 provided As
mentioned above, the adhesive or other joining material used to join
I the substrate to the back plate need not form a hermetic seat A
desiccant may be applied to handle tinYMMSture from water vapor that
enters the package. As can be seenin Figure 7, the   30 deSiccant 34:
aliSorbs the moisture that travels though the joint between the
adhesive and either the ba'k pla.Mdr the substrate as well as through
the adhesive itself. ; FririexaMple, it is desirable to keep the
package as thin as possible for viable portable d.thi)lay apAcation
while still allowing enough desiccants to support the lifetime
expectation of 



the device. :Ono test predicted a reasonable lifetime of over 10
years at 40 degrees Celsius and i112- : 35 901% relatiVe humidity.
The adhesive seal was between 10 and 30 microns of thickness, 2 I2'
1: millimeter's tin Width and a water vapor permeability coefficient
of 0.2 to 0.4 gr-mm/m2-1cPa-day. ;  These conditions are far more
rugged than typical operating environments, but were indicative of
the success of the package.      Thus, although there has been
described to this point a particular embodiment for a method and
apparatus for packaging interferometric modulators, it is not
intended that such 5specific references be considered as limitations
upon the scope of this invention except in-so-far as set forth in the
following claims.  What is claimed is: 1. A method of packaging
interferometric modulator arrays into individual devices, comprising:
providing a transparent substrate; manufacturing interferometric
modulator arrays on a back side of the substrate; providing a back
plate; providing a desiccant; sealing the back plate to the backside
of the substrate with a back seal, thereby forming multiple packages,
wherein said desiccant is sealed inside said multiple packages;
hardening the back seal; scribing the substrate between multiple
packages; and breaking the substrate into individual devices.  2. The
method of claim 1, the method comprising sealing in non-ambient
conditions as a controlled environment of one of either inert gas or
dry air. 3. The method of claim 1, the method further comprising:
applying an end seal to the individual devices. 



4. The method of claim 1, wherein providing a back plate comprises
providing a back plate having recessed regions.  5. The method of
claim 4, wherein providing a back plate with recessed regions
comprises forming ribs on the back plate.  6. The method of claim 5,
wherein forming ribs on the back plate comprises patterning ribs onto
the back plate. 7. The method claim 5, wherein forming ribs on the
back plate comprises printing a material onto the back plate. 8. The
method of claim 5, wherein forming ribs on the back plate comprises
stenciling a material onto the back plate. 9. The method of claim 4,
wherein providing a back plate having recessed regions comprises
eroding the back plate in those regions to form cavities.   10. The
method of claim 4, wherein providing a back plate having recessed
regions comprises providing a back plate having molding regions.  11.
The method of claim 4, wherein providing a back plate having recessed
regions comprises mounting a frame on a flat back plate, wherein the
frame defines cavities between struts of the frame and the
transparent substrate.  12. A method of packaging an interferometric
modulator array, comprising: providing a transparent substrate;
manufacturing interferometric modulator arrays on a back side of the
substrate; providing a back plate; providing a desiccant; and sealing
the back plate to the backside of the substrate with a back seal,
thereby forming a package, wherein said desiccant is sealed inside
said package, wherein providing a back plate further comprises
providing a sheet of foil with integral spacer posts such that the
spacer posts lie between multiple interferometric modulator arrays on
the transparent substrate.  13. The method of claim 1, wherein
providing a transparent substrate comprises providing a transparent
substrate with recessed regions in which interferometric modulators
are formed.  14. The method of claim 1, wherein providing a back
plate comprises providing a flexible, polymer sheet.  15. The method
of claim 1, wherein providing a transparent substrate comprises
providing a transparent substrate having integrated spacers. 16. The
method of claim 1, wherein applying the desiccant comprises: aligning
the transparent substrate to the back plate; joining the transparent
substrate to the back plate; and sealing the back plate to the
transparent substrate. 17. The method of claim 1, wherein applying
the desiccant comprises: applying the desiccant through a hole; and 



sealing the hole. 18. The method of claim 1, wherein sealing the back
plate to the transparent substrate comprises sealing the back plate
to the transparent substrate with a self-healing seal.   19. The
method of claim 1, wherein sealing the back plate to the transparent
substrate comprises sealing a hole in the back plate.  20. A method
of packaging interferometric modulator array devices, comprising:
providing a transparent substrate; manufacturing interferometric
modulator arrays on a back side of the substrate; providing a back
plate; providing a desiccant; sealing the back plate to the backside
of the substrate with a back seal, thereby forming multiple packages,
wherein said desiccant is sealed inside said multiple packages;
scribing the substrate between multiple packages; and breaking the
substrate into individual devices, wherein sealing the back plate to
the transparent substrate comprises forming a seal line wide enough
such that the seal is not broken when the substrate is scribed and
broken.  21. The method of claim 1, wherein sealing the back plate to
the transparent substrate comprises sealing the back plate to the
transparent substrate in an environment having a vacuum.  22. The
method of claim 21, the method further comprising maintaining the
vacuum pressure in the package.  23. A method of packaging an
interferometric modulator, comprising: providing a transparent
substrate; manufacturing an interferometric modulator on a back side
of the substrate; providing a back plate; providing a desiccant; and
sealing the back plate to the backside of the substrate with a back
seal, thereby forming a package, wherein said desiccant is sealed
inside said package, wherein sealing the back plate to the
transparent substrate further comprises sealing the back plate to the
transparent substrate in an environment having an initial vacuum,
where environmental pressure increases from vacuum to a higher
pressure as sealing occurs such that, as pressure in the package
increases due to reduced volume, increased environmental pressure
aids in creating a good seal. 



24. The method of claim 1, wherein sealing the back plate to the
transparent substrate comprises sealing the back plate to the
transparent substrate in an environment having a pressure of higher
than vacuum up to and including ambient pressure to form the seal.
25. The method of claim 23, wherein the method comprises maintaining
the higher pressure up to and including ambient pressure in the
package.  26. A method of packaging an interferometric modulator,
comprising: providing a transparent substrate; manufacturing an
interferometric modulator on a back side of the substrate; providing
a back plate; providing a desiccant; and sealing the back plate to
the backside of the substrate with a back seal, thereby forming a
package, wherein said desiccant is sealed inside said package,
wherein sealing the back plate to the transparent substrate further
comprises sealing the back plate to the transparent substrate in an
environment having an initial pressure higher than vacuum up to an
including ambient pressure, where environmental pressure then
increases to a higher pressure than the initial pressure as sealing
occurs such that, as pressure in the package increases due to reduced
volume, increased environmental pressure aids in creating a good
seal.  27. A method of packaging an interferometric modulator,
comprising: providing a transparent substrate; manufacturing an
interferometric modulator on a back side of the substrate; providing
a back plate; providing a desiccant; and sealing the back plate to
the backside of the substrate with a back seal, thereby forming a
package, wherein said desiccant is sealed inside said package,
wherein sealing the back plate to the transparent substrate further
comprises sealing the back plate to the transparent substrate in an
environment having a pressure higher than ambient pressure to form
the seal. 28. The method of claim 27, wherein the method comprises
maintaining the higher pressure in the package.  29. A method of
packaging an interferometric modulator, comprising: providing a
transparent substrate; manufacturing an interferometric modulator on
a back side of the substrate;  



providing a back plate; providing a desiccant; and sealing the back
plate to the backside of the substrate with a back seal, thereby
forming a package, wherein said desiccant is sealed inside said
package, wherein sealing the back plate to the transparent substrate
further comprises sealing the back plate to the transparent substrate
in an environment having an initial environmental pressure higher
than ambient pressure, wherein the environmental pressure then
increases to a higher pressure than the initial pressure as sealing
occurs such that, as pressure in the package increases due to reduced
volume, increased environmental pressure aids in creating a good
seal.  30. The method of claim 23, wherein the increased pressure
inside the package during sealing creates a convex backplane shape by
partial adhesive curing during a period of time in which the package
is at the higher pressure.  31. The method of claim 26, wherein the
increased pressure inside the cavity during sealing creates a convex
backplane shape by partial adhesive curing during a period of time in
which the cavity is at the higher pressure.  32. The method of claim
29, wherein the increased pressure inside the package during sealing
creates a convex backplane shape by partial adhesive curing during a
period of time in which the package is at the higher pressure.  33. A
method of packaging interferometric modulator display devices,
comprising: providing a display panel comprising a transparent
substrate, a plurality of interferometric modulator arrays formed on
said transparent substrate, and a back plate sealed to said
transparent substrate by a back seal to form multiple display panel
packages; hardening the back seal; scribing the display panel between
the multiple display panel packages; and breaking the display panel
into individual devices.  34. The method of claim 33, wherein said
transparent substrate comprises glass.  35. The method of claim 33,
further comprising applying an end seal to said individual devices.
36. The method of claim 33, wherein said backplate comprises glass.
37. The method of claim 36, wherein said transparent substrate
comprises glass.  38. The method of claim 33, wherein scribing the
display panel comprises scribing the transparent substrate. 39. The
method of claim 33, wherein scribing the display panel comprises
scribing the back plate. 


