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An apparatus for use with a digital micromirror device 
includes a hinge layer that is disposed outwardly from a 
Substrate. The hinge layer including a hinge that is capable 
of at least partially Supporting a micromirror that is disposed 
outwardly from the hinge. In one particular embodiment, the 
hinge and the Substrate are separated by a first air gap. The 
device also including a first hinge Support that is disposed 
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(22) Filed: May 24, 2006 portion of the hinge layer. The first hinge Support being 

capable of transmitting a Voltage to the hinge. At least a 
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of the hinge layer. In one particular embodiment, the first 
(51) Int. Cl. hinge Support is formed in a process step that is different 
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HINGE ASSEMBLY FOR A DIGITAL 
MCROMIRRORDEVICE 

TECHNICAL FIELD 

0001. This invention relates in general to spatial light 
modulators and, in particular, to a digital micromirror device 
having an improved hinge assembly and a method of manu 
facturing the same. 

BACKGROUND 

0002 Digital micromirror devices (DMD) and other 
microelectromechanical systems (MEMS) are capable of 
being used in optical communication and/or projection dis 
play systems. DMDs in particular involve an array of 
micromirrors that selectively communicate at least a portion 
of an optical signal or light beam. DMDs selectively com 
municate an optical signal or light beam by pivoting 
between “on” and “off” states. Conventional DMDs typi 
cally include hinges Supported by hinge posts that may 
reduce the reliability of the conventional DMD in a variety 
of ways. 

SUMMARY 

0003. In one embodiment, a digital micromirror device 
comprises a hinge layer disposed outwardly from a Sub 
strate, the hinge layer comprising a hinge capable of at least 
partially Supporting a micromirror disposed outwardly from 
the hinge. The hinge and the substrate are separated by a first 
air gap. The device also comprises a first hinge Support 
disposed outwardly from the substrate and inwardly from at 
least a portion of the hinge layer. The first hinge Support is 
capable of transmitting a Voltage to the hinge. At least a 
portion of the hinge Support couples to at least the portion of 
the hinge layer. The first hinge Support is formed in a process 
step that is different than a process step that forms the hinge 
layer. 

0004. In a method embodiment, a method of forming an 
apparatus for use with a MEMS device comprises forming 
a first conductive layer disposed outwardly from a substrate, 
the first conductive layer comprising a height. In addition, 
the method comprises forming a spacer layer within the first 
conductive layer, the spacer layer comprising a height of no 
more than the height of the first conductive layer. The 
method also comprises forming a first hinge Support within 
the first conductive layer, the first hinge Support comprising 
a height of approximately the height of the first conductive 
layer. The method further comprises forming a hinge layer 
disposed outwardly from at least a portion of the first hinge 
Support and at least a portion of the spacer layer, the hinge 
layer comprising a hinge capable of at least partially Sup 
porting a micromirror disposed outwardly from the hinge. 
The hinge layer is formed in a process step that is different 
than a process step that forms the first hinge Support. 
0005 Depending on the specific features implemented, 
particular embodiments of the present invention may exhibit 
Some, none, or all of the following technical advantages. 
Various embodiments may be capable of providing 
enhanced structural rigidity. Other embodiments may be 
capable of enhancing or improving the conductive coupling 
between the MEMS superstructure and control circuitry. 
0006 Other technical advantages will be readily apparent 
to one skilled in the art from the following figures, descrip 
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tion and claims. Moreover, while specific advantages have 
been enumerated, various embodiments may include all, 
Some or none of the enumerated advantages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 For a more complete understanding of the present 
invention, and for further features and advantages thereof, 
reference is now made to the following description taken in 
conjunction with the accompanying drawings, in which: 
0008 FIG. 1 is a perspective view of one embodiment of 
a portion of a digital micromirror device; and 
0009 FIGS. 2A through 2F are cross sectional views 
illustrating one example of a method of forming a portion of 
a digital micromirror device. 

DETAILED DESCRIPTION OF EXAMPLE 
EMBODIMENTS 

0010 Particular examples and dimensions specified 
throughout this document are intended for exemplary pur 
poses only, and are not intended to limit the scope of the 
present disclosure. In particular, this document is not 
intended to be limited to a particular microelectromechani 
cal system device in a spatial light modulator application, 
Such as, a digital micromirror device. Moreover, the illus 
trations in FIGS. 1 and 2 are not intended to be to scale. 

0011 FIG. 1 is a perspective view of one embodiment of 
a portion of a digital micromirror (DMD) device 100. In this 
example, DMD 100 comprises a device that includes an 
array of hundreds of thousands of micromirrors (e.g., micro 
mirror 116). In this example, micromirror 116 is approxi 
mately 13.8 square um in size and spaced by a 1 um gap 
from adjacent micromirrors. Although micromirror 116 
comprises approximately 13.8 square um and has less than 
a 1 um spacing between adjacent micromirrors in this 
example, other dimensions, shapes or spacing may be used 
without departing from the scope of the present disclosure. 
For example, micromirror 116 can be less than thirteen 
square um in size. In addition, micromirror 116 may tilt up 
to plus or minus twelve degrees creating an “on” state 
condition or an “off” state condition. Although micromirror 
116 may tilt up to plus or minus twelve degrees in this 
example, any appropriate tilt angle may be used without 
departing from the scope of the present disclosure. 
0012. In this example, micromirror 116 transitions 
between its “on” and “off” states to selectively communicate 
at least a portion of an optical signal or light beam. To permit 
micromirror 116 to tilt, micromirror 116 is coupled to one or 
more hinges 114. In this example, hinge 114 is coupled to a 
hinge Support 104 that is disposed outwardly from a comple 
mentary metal-oxide semiconductor (CMOS) substrate 102. 
In this example, micromirror 116 tilts in the positive or 
negative direction until it contacts spring tip pairs 108a or 
108b respectively. Although this example includes spring tip 
pairs 108, other examples may eliminate spring tip pairs 
108. In those examples, micromirror 116 tilts in the positive 
or negative direction until micromirror 116 contacts a mirror 
stop (not explicitly shown). 
0013 In this particular example, DMD 100 also includes 

first electrodes 110a and 110b, conductive conduits 118, and 
second electrodes 112a and 112b. In this example, hinge 
support 104, first electrodes 110a and 110b, and conductive 
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conduits 118 are disposed outwardly from substrate 102, 
while second electrodes 112a and 112b, hinge layer 106, 
hinge 114, and spring tip pairs 108 are disposed outwardly 
from hinge support 104. In this particular embodiment, 
hinge 114 and spring tip pairs 108 are formed within hinge 
layer 106. 
0014 Hinge support 104 receives a bias voltage that at 
least partially contributes to the creation of electrostatic 
forces between first electrodes 110, second electrodes 112 
and/or micromirror 116. In this particular example, a latch 
ing bias Voltage comprises a steady-state Voltage. That is, the 
bias Voltage applied to hinge Support 104 remains Substan 
tially constant while micromirror 116 is in an “on-state' or 
“off-state' position. In this example, the bias voltage com 
prises approximately twenty-six volts. Although this 
example uses a bias Voltage of twenty-six volts, other bias 
Voltages may be used without departing from the scope of 
the present disclosure. 
0015. In this particular example, CMOS substrate 102 
comprises control circuitry associated with DMD 100. The 
control circuitry can comprise any hardware, Software, firm 
ware, or combination thereof capable of at least partially 
contributing to the creation of the electrostatic forces 
between first electrodes 110, second electrodes 112 and/or 
micromirror 116. The control circuitry associated with 
CMOS substrate 102 functions to selectively transition 
micromirror 116 between its “on” state and “off” state based 
at least in part on data received from a processor (not 
explicitly shown). In this example, the control circuitry 
transitions micromirror 116 between “on” and “off” states by 
selectively applying a control Voltage to at least one first 
electrode 110 coupled to one second electrode 112 associ 
ated with a particular micromirror 116. For example, to 
transition micromirror 116 from the “off” state to the “on” 
state condition, the control circuitry applies the control 
voltage to electrodes 110b and 112b, and removes the 
control voltage from electrodes 110a and 112a. In this 
example, the control Voltage comprises approximately three 
Volts. Although this example uses a control voltage of 
approximately three Volts, other control Voltages may be 
used without departing from the scope of the present dis 
closure. 

0016. During operation, the application of the control 
Voltage to particular pairs of electrodes (e.g., 110a and 112a) 
creates a voltage differential between micromirror 116 and at 
least a particular pair of electrodes. This voltage differential 
creates electrostatic forces between micromirror 102 and the 
particular pair of electrodes, which causes micromirror 102 
to transition between “on” and “off” states. The magnitude 
of the electrostatic force is based at least in part on the area 
of micromirror 102, the area of electrodes 110 and 112, and 
the air gaps between electrodes 110 and 112, and micromir 
ror 102. 

0017 Conventional DMDs typically include a hinge that 
is Supported by hinge posts. In most cases, these hinge posts 
are hollow and are formed at the same time the hinge is 
formed. In some cases, these hinge posts may affect design 
parameters, performance, and reliability of the DMD. For 
example, hinge posts typically have extremely Small metal 
sidewall coverage at their base, resulting in relatively poor 
conductivity. Poor conductivity can limit the voltages that 
tend to propagate through the hinge posts, which, in turn, 
can limit the operation of the DMD. 
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0018) Unlike conventional DMDs, DMD 100 comprises 
a hinge stack 113 that is Sufficiently thick to Support hinge 
114 while maintaining sufficient clearance between the 
corners of micromirror 116 and substrate 102 for digital 
operation. As used throughout this document, the phrase 
“hinge stack” refers to a combination of conductive mate 
rials that forms the support for hinge 114. In this particular 
embodiment, hinge Stack 113 comprises a portion of hinge 
support 104 and at least the portion of hinge layer 106 
disposed outwardly from hinge Support 104. Although hinge 
stack 113 comprises a portion of hinge Support 104 and at 
least a portion of hinge layer 106 in this example, hinge 
stack 113 can comprise any other desired layers without 
departing from the scope of the present disclosure. 

0019. In some embodiments, hinge stack 113 can com 
prise a Substantially conductive material over a cross-section 
of the hinge stack 113. That is, unlike the conventional hinge 
posts that are substantially hollow or have a substantially 
non-conductive cross-section, hinge Stack 113 comprises a 
cross-section that comprises Substantially conductive mate 
rial. In most cases, hinge stack 113 significantly enhances 
the conductive coupling for the Voltages associated with 
digital operation of DMD 100, thereby improving switching 
speed, latching strength, and reliability. In addition, hinge 
stack 113 provides a more rigid support structure for hinge 
114. 

0020. In this example, the dimensions of electrodes 110 
and 112 in this example do not perfectly overlap. This 
embodiment illustrates, in part, electrode dimensions that 
facilitate a complete selective removal of hinge support 104 
without compromising electrostatic field coupling between 
micromirror 116 and electrodes 110 and 112. 

0021 One aspect of this disclosure recognizes that form 
ing hinge Support 104 and hinge stack 113 enables signifi 
cant design flexibility. For example, hinge 114 may be 
significantly thinned without conductivity restraints. In addi 
tion, dimensionshinge Support 104 and hinge layer 106 may 
be designed without having to make allowances for hinge 
post via dimensions or rigidity concerns. 
0022. In other embodiments, electrostatic coupling may 
be significantly enhanced by extending electrodes 110 and 
112 the entire length of the pixel cell in a direction parallel 
to hinge 114. Although separating spring tips 108 and hinge 
support 104 from the conductive conduit 118 would create 
“floating spring tips, the portion of the hinge Support 104 
Supporting each spring tip could be coupled to the bias 118 
through routing within substrate 102. 
0023 This disclosure not only illustrates example 
embodiments of DMD 100 with significant performance and 
reliability improvements, FIG. 2 illustrates example meth 
ods of forming DMD 100 that may reduce the total number 
of process steps associated with forming conventional 
DMDS 

0024 FIGS. 2A through 2E are cross sectional views 
illustrating one example of a method of forming a portion of 
a digital micro-mirror device (DMD) 200. DMD 200 may be 
used as a basis for forming any of a variety of optical 
devices, such as a spatial light modulator, a gain equalizer, 
an optical filter, or combination of these or other optical 
devices. Particular examples and dimensions specified 
throughout this document are intended for example purposes 
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only, and are not intended to limit the scope of the present 
disclosure. Moreover, the illustration in FIGS. 2A through 
2E are not intended to be to scale. 

0.025 FIG. 2A shows a cross sectional view of a portion 
of DMD 200 after the formation of a dielectric layer 204 
disposed outwardly from a substrate 202, and after forma 
tion of a first conductive layer 206 disposed outwardly from 
dielectric layer 204. Although substrate 202 and dielectric 
layer 204 are shown as being formed without interstitial 
layers between them, such interstitial layers could alterna 
tively be formed without departing from the scope of the 
present disclosure. 
0026. Substrate 202 may comprise any suitable material 
used in semiconductor chip fabrication, Such as silicon, 
poly-silicon, indium phosphide, germanium, or gallium ars 
enide. In various embodiments, substrate 202 can include 
complementary metal-oxide semiconductor (CMOS) cir 
cuitry capable of controlling DMD 200 after its formation. 
In one non-limiting example, the CMOS circuitry may 
comprise a CMOS memory circuit, Such as, for example, a 
5T or 6T SRAM cell. 

0027 Dielectric layer 204 may comprise, for example, 
oxide, silicon dioxide, or oxi-nitride. Forming dielectric 
layer 204 may be effected through any of a variety of 
processes. In one non-limiting example, dielectric layer 204 
can be formed by depositing an oxide on substrate 202. In 
Some cases, the deposited oxide can be planarized. Such as 
by using a chemical mechanical polish (CMP) technique. 
Planarizing a deposited oxide layer can advantageously 
provide a relatively flat surface. 

0028 First conductive layer 206 may comprise, for 
example, aluminum, an aluminum alloy or other conductive 
material. Where first conductive layer 206 comprises an 
aluminum alloy, the aluminum alloy may comprise, for 
example, aluminum, silicon, polysilicon, tungsten, nitride, 
and/or a combination of these or other conductive materials. 
In this example, first conductive layer 206 comprises sili 
con-based aluminum that has light absorbing and/or anti 
reflective properties. In other embodiments, first conductive 
layer 206 may include a dielectric material with anti 
reflective properties disposed outwardly from the silicon 
based aluminum layer. Forming first conductive layer 206 
may be effected through any of a variety of processes, for 
example, by depositing aluminum or an aluminum alloy. In 
some cases, first conductive layer 206 can be formed by 
depositing 1 um of an aluminum alloy, Such as silicon-based 
aluminum. Although dielectric layer 204 and first conduc 
tive layer 206 are shown as being formed without interstitial 
layers between them, such interstitial layers could alterna 
tively be formed without departing from the scope of the 
present disclosure. 

0029 FIG. 2B shows a cross sectional view of a portion 
of DMD 200 after formation of hinge supports 207 within 
first conductive layer 206. Forming hinge supports 207 may 
be effected through any of a variety of processes. For 
example, hinge Supports 207 may be formed by patterning 
and etching first conductive layer 206. In various embodi 
ments, hinge Supports 207, can be substantially similar in 
structure and function to hinge support 104 of FIG. 1. 
0030. At some point, one or more electrodes and con 
ductive conduits (not explicitly shown) associated with 
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DMD 200 are formed within first conductive layer 206. 
Forming the conductive conduits and the one or more 
electrodes may be effected through any of a variety of 
processes. For example, the conductive conduits and one or 
more electrodes may be formed by removing a portion of 
first conductive layer 206. In this particular embodiment, the 
conductive conduits and one or more electrodes are formed, 
for example, by patterning and etching first conductive layer 
206. In some cases, the conductive conduits and one or more 
electrodes can be formed substantially simultaneously. In 
other embodiments, the conductive conduits and one or 
more electrodes can be formed Subsequent to one another. In 
various embodiments, the conductive conduits and one or 
more electrodes formed in first conductive layer 206 can be 
Substantially similar in structure and function as conductive 
conduits 114 and first electrodes 112 of FIG. 1. 

0031 FIG. 2C shows a cross sectional view of a portion 
of DMD 200 after formation of a first spacer layer 208 
disposed outwardly from substrate 202. First spacer layer 
208 may comprise, for example, oxide, hardened photore 
sist, or other material that may be selectively removed. That 
is, first spacer layer 208 can be selectively removed using 
any number of processes, such as, for example, by perform 
ing a plasma-ash that does not significantly affect hinge 
supports 207 and/or dielectric layer 204. 
0032 Forming first spacer layer 208 may be effected 
through any of a variety of processes. In one non-limiting 
example, first spacer layer 208 can be formed by depositing 
oxide or photoresist material. In some cases, first spacer 
layer can comprise a thickness greater than a thickness of 
hinge supports 207. In those cases, the oxide can be polished 
to approximately the thickness of hinge Supports 207. Such 
as, for example, by using a chemical mechanical polish 
(CMP) technique that endpoints on the friction induced by 
the first conductive layer 206 surface. Although first spacer 
layer 208 and dielectric layer 204 are shown as being formed 
without interstitial layers between them, such interstitial 
layers could alternatively be formed without departing from 
the scope of the present disclosure. 
0033. In other embodiments, first spacer layer 208 may 
alternatively be partially etched in combination with a CMP 
polish, or in lieu of a CMP polish, in order to reduce the first 
spacer layer 208 thickness to slightly less than a thickness of 
hinge Supports 207. Such an embodiment may more advan 
tageously prepare the surface of first spacer layer 208 in 
preparation for depositing hinge metal by creating a “sag 
ging profile for the hinge center in relation to where the 
hinge couples to hinge Supports 207. 

0034 FIG. 2D shows a cross sectional view of a portion 
of DMD 200 after the formation of a hinge layer 210 
disposed outwardly from hinge supports 207 and after 
formation of a hinge 220 disposed outwardly from first 
spacer layer 208. Although hinge layer 210 and hinge 
supports 207, and hinge 220 and spacer layer 208 are shown 
as being formed without interstitial layers between them, 
such interstitial could alternatively be formed without 
departing from the scope of the present disclosure. 
0035 Hinge layer 210 and hinge 220 may comprise, for 
example, aluminum, oxygen, titanium, silicon, polysilicon, 
tungsten, nitride, and/or a combination of these or other 
materials. In this example, hinge layer 210 and hinge 220 
comprise an aluminum alloy that has reflective properties. In 
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other examples, hinge layer 210 and hinge 220 could com 
prise an aluminum compound that has light absorbing and/or 
anti-reflective properties. Although hinge layer 210 and 
hinge 220 comprise the same material in this example, hinge 
layer 210 and hinge 220 could comprise different materials 
without departing from the scope of the present disclosure. 
0.036 Forming hinge layer 210 and hinge 220 may be 
effected through any of a variety of processes. For example, 
hinge layer 210 and hinge 220 can be formed by removing 
a portion of a second conductive layer formed outwardly 
hinge supports 207 and spacer layer 208. In this particular 
embodiment, the hinge layer 210 and hinge 220 are formed 
by patterning and etching the second conductive layer. In 
Some cases, hinge layer 210 and hinge 220 can be formed 
Substantially simultaneously. In other embodiments, hinge 
layer 210 and hinge 220 can be formed subsequent to one 
another. In various embodiments, hinge layer 210 and hinge 
220 can be substantially similar in structure and function as 
hinge layer 106 and hinge 114 of FIG. 1. 
0037 Forming the second conductive layer may be 
effected through any of a variety of processes. For example, 
the second conductive layer can be formed by depositing an 
aluminum alloy. In some cases, the second conductive layer 
can be formed by depositing 500 angstroms of an aluminum 
alloy, such as AlTiO. 
0038. Unlike conventional DMDs, DMD 200 comprises 
a hinge stack 213 that is sufficiently thick to Support hinge 
220 while maintaining sufficient clearance between the 
corners of a micromirror (not explicitly shown) and Sub 
strate 202. In this particular embodiment, hinge stack 213 
comprises a portion of hinge Support 207 and at least the 
portion of hinge layer 210 disposed outwardly from hinge 
support 207. Although hinge stack 213 comprises a portion 
of hinge support 207 and at least a portion of hinge layer 210 
in this example, hinge stack 213 can comprise any other 
desired layers without departing from the scope of the 
present disclosure. In various embodiments, hinge stack 213 
can be substantially similar in structure and function to 
hinge stack 113 of FIG. 1. 
0039. At some point, one or more electrodes and spring 
tip pairs (not explicitly shown) associated with DMD 200 
are formed within the second conductive layer. Forming the 
one or more electrodes and spring tip pairs may be effected 
through any of a variety of processes. For example, the one 
or more electrodes and spring tip pairs may be formed by 
removing a portion of the second conductive layer. In this 
particular embodiment, the one or more electrodes and 
spring tip pairs are formed by patterning and etching the 
second conductive layer. In some cases, the one or more 
electrodes and spring tip pairs can be formed Substantially 
simultaneously. In other embodiments, the one or more 
electrodes and spring tip pairs can be formed Subsequent to 
one another. In various embodiments, the one or more 
electrodes and spring tip pairs can be substantially similar in 
structure and function as second electrodes 112a and 112b, 
and spring tip pairs 108 of FIG. 1. 
0040 FIG. 2E shows a cross sectional view of a portion 
of DMD 200 after the formation of second spacer layer 212 
disposed outwardly from hinge layer 210 and hinge 220, and 
after formation of a mirror via 214 within spacer layer 212. 
Although second spacer layer 212 and hinge layer 210 are 
shown as being formed without interstitial layers between 
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them, such interstitial layers could alternatively be formed 
without departing from the scope of the present disclosure. 
Second spacer layer 212 may comprise, for example, oxide, 
hardened photoresist, or other material that may be selec 
tively removed. That is, second spacer layer 212 can be 
selectively removed using any number of processes, such as, 
for example, by performing a plasma-ash that does not 
significantly affect hinge Supports 207, hinge 220, or hinge 
layer 210. 
0041. Forming second spacer layer 212 may be effected 
through any of a variety of processes. In one non-limiting 
example, second spacer layer 212 can be formed by depos 
iting an oxide or photoresist material. In some cases, second 
spacer layer 212 can be etched or polished back to a desired 
thickness, such as, for example, by using a chemical 
mechanical polish (CMP) technique. In various embodi 
ment, second spacer layer 212 can comprise a final thickness 
of approximately 1 um. 
0042. Forming mirror via 214 may be effected through 
any of a variety of processes. For example, mirror via 214 
may be formed by removing substantially all of a portion of 
second spacer layer 212. In this particular embodiment, 
mirror via 214 is formed by patterning and etching second 
spacer layer 212 using photoresist mask and etch techniques. 
In this example, mirror via 214 is formed by patterning 
spacer layer 212 with a 1:1 aspect ratio. That is, the 
outermost width of mirror via 214 is approximately the same 
as the thickness of second spacer layer 212. Although an 
aspect ratio of 1:1 is used in this example, any other 
appropriate aspect ratio may be used without departing from 
the scope of the present disclosure. 
0.043 FIG. 2F shows a cross sectional view of DMD 200 
after formation of a third conductive layer 216 outwardly 
from second spacer layer 212 and after formation of a mirror 
post 218 within conductive layer 216. Although third con 
ductive layer 216 and second spacer layer 212 are shown as 
being formed without interstitial layers between them, such 
interstitial layers could alternatively be formed without 
departing from the scope of the present disclosure. 
0044) Third conductive layer 216 may comprise, for 
example, aluminum, silicon, polysilicon, tungsten, nitride, 
and/or a combination of these or other materials. In this 
example, third conductive layer 216 comprises a reflective 
material. Such as, for example, aluminum, an aluminum 
alloy, or any other appropriate reflective material. Although 
third conductive layer 216 comprises a reflective material in 
this example, any other desired conductive material can be 
used without departing from the scope of the present dis 
closure. Forming third conductive layer 216 may be effected 
through any of a variety of processes. For example, third 
conductive layer 216 can be formed by depositing an 
aluminum alloy. In one non-limiting example, third conduc 
tive layer 216 can be formed by depositing aluminum to a 
thickness of 3300 angstroms. 
0045. At some point, one or more micromirrors are 
formed within third conductive layer 216. Forming the 
micromirrors may be effected through any of a variety of 
processes. For example, the micromirrors may be formed by 
removing a portion of third conductive layer 216. In this 
particular embodiment, the micromirrors are formed by 
patterning and etching third conductive layer 216. In various 
embodiments, the micromirrors formed in third conductive 
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layer 216 can be substantially similar in structure and 
function as micromirror 116 of FIG. 1. 

0046 Conventional DMDs typically have spacer layers 
comprised of photoresist with contours that are substantially 
affected by inwardly disposed layers. 
0047 Unlike conventional DMDs, spacer layers 208 and 
212 that are comprised of oxide may be polished back to 
remove the contour effects of inwardly disposed layers. This 
feature serves to prepare a much more flat surface for hinge 
layer 210, hinge 220, and third conductive layer 216 result 
ing in a relatively flatter micromirror. In some cases, a 
relatively flatter micromirror can advantageously enhance 
the optical performance of DMD 200. In other cases, a 
relatively flatter hinge profile near can minimize the effects 
of process variation. 
0.048 Although the present invention has been described 
in several embodiments, a myriad of changes, variations, 
alterations, transformations, and modifications may be Sug 
gested to one skilled in the art, and it is intended that the 
present invention encompass such changes, variations, alter 
ations, transformations, and modifications as falling within 
the spirit and scope of the appended claims. 

1. An apparatus for use with a digital micromirror device, 
comprising: 

a hinge layer disposed outwardly from a substrate, the 
hinge layer comprising a hinge capable of at least 
partially Supporting a micromirror disposed outwardly 
from the hinge, wherein the hinge and the Substrate are 
separated by a first air gap: 

a first hinge Support disposed outwardly from the Sub 
strate and inwardly from at least a portion of the hinge 
layer, the first hinge Support capable of transmitting a 
Voltage to the hinge, wherein at least a portion of the 
hinge Support couples to at least the portion of the hinge 
layer and wherein the first hinge Support is formed in a 
process step that is different than a process step that 
forms the hinge layer. 

2. The apparatus of claim 1, wherein the process step that 
forms the first hinge Support is before the process step that 
forms the hinge layer. 

3. The apparatus of claim 1, wherein the at least the 
portion of the hinge Support is coupled to and in contact with 
the at least the portion of the hinge layer. 

4. The apparatus of claim 1, wherein at least a majority of 
the first hinge Support comprises a height of approximately 
at least the first air gap and wherein a majority of a 
cross-section of the first hinge Support comprises a Substan 
tially conductive material. 

5. The apparatus of claim 1, further comprising a second 
hinge Support disposed outwardly from the Substrate and 
inwardly from at least another portion of the hinge layer and 
wherein a combination of the first and second hinge Supports 
are disposed inwardly from and in contact with at least a 
majority of the hinge layer. 

6. The apparatus of claim 1, further comprising one or 
more electrodes formed outwardly from the substrate and 
inwardly from the micromirror, the one or more electrodes 
operable to receive a control Voltage. 

7. The apparatus of claim 1, wherein the first hinge 
Support comprises a plurality of conductive layers. 
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8. The apparatus of claim 1, wherein the substrate com 
prises control circuitry capable of selectively transitioning 
the micromirror between an on-state position and an off 
state position. 

9. The apparatus of claim 1, wherein the micromirror is 
capable of being selectively transitioned between an on-state 
position and an off-state position based at least in part on the 
Voltage received by the first hinge Support. 

10. An apparatus for use with a digital micromirror 
device, comprising: 

a hinge layer disposed outwardly from a substrate, the 
hinge layer comprising a hinge capable of at least 
partially Supporting a micromirror disposed outwardly 
from the hinge, wherein the hinge and the Substrate are 
separated by a first air gap: 

a first hinge Support disposed outwardly from the Sub 
strate and inwardly from at least a portion of the hinge 
layer, the first hinge Support capable of transmitting a 
Voltage to the hinge, wherein at least a majority of the 
first hinge Support comprises a height of approximately 
at least the first air gap and wherein a majority of a 
cross-section of the first hinge Support comprises a 
Substantially conductive material. 

11. The apparatus of claim 10, wherein at least a portion 
of the hinge Support is disposed inwardly from and in 
contact with the at least the portion of the hinge layer. 

12. The apparatus of claim 10, further comprising a 
second hinge Support disposed outwardly from the Substrate 
and inwardly from at least another portion of the hinge layer 
and wherein a combination of the first and second hinge 
Supports are disposed inwardly from and in contact with at 
least a majority of the hinge layer. 

13. The apparatus of claim 10, further comprising one or 
more electrodes formed outwardly from the substrate and 
inwardly from the micromirror, the one or more electrodes 
operable to receive a control Voltage. 

14. A method of forming an apparatus for use with a 
MEMS device, comprising: 

forming a first conductive layer disposed outwardly from 
a Substrate, the first conductive layer comprising a 
height; 

forming a first hinge Support and a second hinge Support 
within the first conductive layer, the first and second 
hinge Supports each comprising a height of approxi 
mately the height of the first conductive layer; 

forming a spacer layer by disposing a spacer material 
outwardly from the substrate and between the first and 
second hinge Supports, the spacer layer comprising a 
height of no more than the height of the first conductive 
layer; and 

forming a hinge layer disposed outwardly from at least a 
portion of the first hinge Support and at least a portion 
of the spacer layer, the hinge layer comprising a hinge 
capable of at least partially Supporting a micromirror 
disposed outwardly from the hinge, wherein the hinge 
layer is formed in a process step that is different than a 
process step that forms the first hinge Support. 

15. The method of claim 14, wherein forming the first 
hinge Support is before forming the hinge layer. 
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16. The method of claim 14, wherein the at least the 
portion of the first hinge Support is disposed inwardly from 
and in contact with the at least the portion of the hinge layer. 

17. The method of claim 14, wherein at least a majority 
of the first hinge Support comprises the height of approxi 
mately the height of the first conductive layer and wherein 
a majority of a cross-section of the first hinge Support 
comprises a Substantially conductive material. 

18. The method of claim 14, wherein a combination of the 
first and second hinge Supports are disposed inwardly from 
and in contact with at least a majority of the hinge layer. 
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19. The method of claim 14, whereinforming the spacer 
layer comprises: 

removing at least a portion of the first conductive layer, 
depositing a sacrificial material; and 
polishing the sacrificial material. 
20. The method of claim 14, further comprising selec 

tively removing at least a portion of the spacer layer dis 
posed inwardly from the hinge. 
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