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(57) ABSTRACT 

Kayden, 

Amicromachined structure having electrically isolated com­
ponents is formed by thermomigrating a dopant through a 
substrate to form a doped region within the substrate. The 
doped region separates two portions of the substrate. The 
dopant is selected such that the doped region electrically 
isolates the two portions of the substrate from each other via 
junction isolation. 

30 Claims, 5 Drawing Sheets 
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MICROMACHINED DEVICE HAVING 
ELECTRICALLY ISOLATED COMPONENTS 
AND A METHOD FOR MAKING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention generally relates to micromachin­

ing techniques and, in particular, to a micromachined 
electro-mechanical device having components electrically 
isolated from each other via junction isolation and to a 
method for making the same. 

2. Related Art 
Amicroelectromechanical system (MEMS) may include a 

movable component, such as a spring or a flexure, for 
example, that moves or actuates when a voltage difference 
is applied between the movable component and another 
portion of the system. Such systems are often employed to 
effect sensing or actuation on a small scale. However, each 
MEMS is typically small, usually less than a few hundred 
microns in thickness, and formation of each MEMS and, in 
particular, the movable components within each MEMS can 
be difficult and expensive using conventional machining 
technologies. 

Many specialized techniques exist for the fabrication of a 
MEMS. For example, in forming a MEMS, a substrate of 
suitable material can be etched via a suitable process, such 

2 
non-movable portions of the first substrate. Thus, the mov­
able component is completely separated from the non­
movable portions, and the handle substrate provides 
mechanical support for the etched substrate and maintains 

5 alignment of the movable component with respect to the 
non-movable portions of the etched substrate. However, 
utilization of the handle substrate often introduces complexi­
ties that make the fabrication of the resulting MEMS more 
difficult and/or expensive. For example, in structures that 

10 
require symmetry, the handle substrate may undesirably add 
a significant amount of mass to one side of the structure, and 
for fluidic structures, the handle substrate may block or 
impede fluid flow into and out of the structure. 

A second methodology developed to electrically isolate 

15 the movable component formed within a substrate of a 
MEMS also includes the step of completely etching away all 
portions of the substrate between the movable component 
and the non-movable portions, as described above. Thus, the 
movable component is completely separated from the non-

20 movable portions of the substrate. A material, such as silicon 
dioxide, for example, is then backfilled into the etched 
spaces of the substrate in an attempt to restore the mechani­
cal integrity of the substrate. Therefore, the movable com­
ponent and the non-movable portions are held together by 

25 the backfilled material, and a handle substrate is not neces­
sary. However, the backfilled material often has mechanical 
properties that are inferior to the material of the substrate, 
thereby reducing the mechanical integrity of the resulting 
structure. Further, the mechanical integrity of the structure as inductively coupled plasma reactive ion etching (ICP­

RIE), for example, to form both the movable and non­
movable components of the MEMS. To enable a voltage 
difference to be applied across the movable components, the 
substrate and, hence, the movable components are usually 
conductive or semiconductive. A semiconductive material, 
such as silicon, is often used to form the substrate. Indeed, 35 
single crystal silicon (SCS) is often a preferred material for 
use as a substrate in a MEMS, as SCS has excellent 
mechanical properties, such as fatigue resistance, for 
example, in addition to good electrical properties. Further, 
SCS works well with the etching techniques commonly 40 
employed in forming the movable components. There are 
various other advantages to utilizing SCS as a substrate 
material in a MEMS. These advantages should be readily 
apparent to one skilled in the art, and further elaboration on 
these advantages will not be provided herein. 

30 depends on how well the backfilled material adheres to the 
etched substrate. Indeed, in many structures, the bond 
between the backfilled material and the etched substrate is a 
limiting factor in the overall mechanical integrity of the 
structure. 

A third methodology developed to electrically isolate the 
movable component includes the step of etching a substrate 
to form the movable component. However, the movable 
component is not completely separated from the non­
movable portion of the substrate, and the non-movable 
portion of the substrate provides mechanical support for the 
movable component. After etching the substrate to form the 
movable component, an insulating layer is grown or depos­
ited on the substrate. Then, conductive layers (e.g., metallic 
films) are deposited on the insulating layer as necessary to 

45 enable a voltage difference to be applied across the movable 
component and another portion of the substrate. However, 
the formation of the insulative and conductive layers can be 
a difficult and/or an expensive process. In this regard, 

Adding to the complexity of many microelectromechani­
cal systems is the fact that each movable component formed 
within a substrate should be electrically isolated from other 
(e.g., non-movable) portions of the substrate. As previously 
described, a movable component of a substrate is normally 50 

formed by etching the substrate. Thus, the movable compo­
nent is usually comprised of the same conductive or semi­
conductive material as the other portions of the substrate, 
and additional steps are usually required to electrically 
isolate the movable component from the other portions of 55 

the substrate. If the movable component is not electrically 
isolated, then it is not usually possible to move or actuate the 
movable component by applying a voltage difference across 
the movable component and another portion of the substrate 

metallization of the sidewalls or, in other words, the portions 
within the etched regions of the substrate is typically 
required to provide a suitable voltage difference for actuat-
ing the movable component. Performing photolithography 
or other metallization techniques within this non-planar 
region can be particularly problematic and difficult. 

Diffusion has been used in attempts to electrically isolate, 
via junction isolation, portions of a micromachined device 
from other portions of the micromachined device. In this 
regard, a dopant is diffused into a layer of a microfabricated 
structure in order to change the electrical properties of the 

as the voltage difference will be shorted out. 60 doped region, which resides between two regions of the 
layer that are to be electrically isolated from each other. 
More specifically, the electrical properties of the doped 
region are changed such that the doped region better resists 

Significant research has been devoted to developing meth­
odologies for electrically isolating a movable component 
within a SCS substrate of a MEMS. One methodology 
presently used to electrically isolate the movable component 
includes the step of bonding a first substrate to a handle 65 

substrate and then completely etching away all portions of 
the first substrate between the movable component and the 

the flow of electricity between the two regions that are 
separated by the doped region. 

For example, it is well known in the art that p-type and 
n-type semiconductors can be formed by diffusion of appro-
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Other features and advantages of the present invention 
will become apparent to one skilled in the art upon exami­
nation of the following detailed description, when read in 
conjunction with the accompanying drawings. It is intended 

5 that all such features and advantages be included herein 
within the scope of the present invention and protected by 
the claims. 

priate dopants into semiconductive material. Further, it is 
well known in the art that a junction between p-type semi­
conductor material and n-type semiconductor material will 
allow electrical current to pass easily in one direction but 
will restrict current flow in the opposite direction. Such a 
junction is commonly referred to as a diode. Two properly 
designed diode structures formed in series, therefore, will 
restrict the flow of current in either direction, thereby 
creating a junction isolation. Unfortunately, there exists 
practical limitations to the use of diffusion to effect junction 10 

isolation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In particular, a dopant usually must be diffused through 
the entire thickness of a layer (i.e., from a top surface of the 
layer to the bottom surface of the layer) in order to electri­
cally isolate two portions of the layer. In this regard, if the 15 

dopant is diffused through only the top portion of the layer, 
then current is able to flow through the bottom portion of the 
layer. In such a case, portions of the layer residing on 
opposite sides of the doped region would not be electrically 
isolated from each other. 20 

The invention can be better understood with reference to 
the following drawings. The elements of the drawings are 
not necessarily to scale relative to each other, emphasis 
instead being placed upon clearly illustrating the principles 
of the invention. Furthermore, like reference numerals des­
ignate corresponding parts throughout the several views. 

FIG. 1 is a diagram illustrating a side view of a micro­
machined device in accordance with the prior art. 

FIG. 2 is a diagram illustrating the device of FIG. 1 after 
forming a dopant on the top surface of the device. 

FIG. 3 is a diagram illustrating a top view of the device 
depicted in FIG. 2. It is not practical to employ diffusion techniques for the 

purpose of junction isolation in many MEMS applications. FIG. 4 is a diagram illustrating the device of FIG. 2 after 
thermomigrating the dopant through the device. 

FIG. 5 is a diagram illustrating a top view of the device 
depicted in FIG. 4. 

FIG. 6 is a diagram illustrating a side view of a substrate 
that is to be modified in accordance with the present inven­
tion. 

FIG. 7 is a diagram illustrating the substrate of FIG. 6 
after forming a dopant on the top surface of the substrate. 

FIG. 8 is a diagram illustrating a top view of the substrate 
depicted in FIG. 7. 

In this regard, utilization of diffusion to effect junction 
isolation in silicon is normally limited to layers having a 
thickness of less than approximately 10 microns. This is due 25 

primarily to the relatively low diffusion coefficients (and 
therefore unacceptably long times required for diffusion) for 
electrically active, substitutional dopants in silicon. Further, 
the conventional diffusion process is isotropic in nature. 
Even if the large diffusion depths required could be 30 

achieved, the lateral spread of the dopants would be, at 
minimum, approximately equal to twice the depth of 
diffusion, resulting in unacceptably large spacing require­
ments between MEMS components. FIG. 9 is a diagram illustrating the substrate of FIG. 7 

35 after thermomigrating the dopant through the substrate. Thus, as set forth hereinabove, the thickness of most 
substrates used to form movable components in a MEMS is 
normally greater than 10 microns in order to achieve the 
desired mechanical stability, yet utilization of diffusion to 
effect junction isolation in silicon is normally limited to 
layers having a thickness of less than approximately 10 
microns. Therefore, diffusion is normally an unsuitable 
technique for electrically isolating a movable component of 
a MEMS from other portions of the MEMS. Indeed, sig­
nificant research has been devoted to discovering better 
methodologies for electrically isolating movable compo­
nents that are on the order of tens to hundreds of microns in 
thickness. 

Thus, a heretofore unaddressed need exists in the industry 
for an improved methodology for electrically isolating a 
movable component within a MEMS, particularly a MEMS 
having a movable component that is tens to hundreds of 
microns in thickness. 

SUMMARY OF THE INVENTION 

The present invention overcomes the inadequacies and 
deficiencies of the prior art as discussed hereinbefore. 
Generally, the present invention provides a micromachined 
device having electrically isolated components and a method 
for making the same. 

A micromachined structure according to the present 
invention includes a semiconductive substrate. Two portions 
of the substrate are electrically isolated from each other via 
a doped region residing between the two portions. The 
doped region is preferably formed via thermomigration and 
has electrical properties that restrict current from flowing 
between the two portions. 

FIG. 10 is a diagram illustrating a top view of the 
substrate depicted in FIG. 9. 

FIG. 11 is a diagram illustrating the substrate of FIG. 10 
40 after forming movable components in the substrate. 

FIG. 12 is a diagram illustrating the substrate of FIG. 10 
after forming movable components in the substrate in which 
a portion of the doped region has been etched away. 

FIG. 13 is a diagram illustrating the substrate depicted in 
45 FIG. 8 when a dopant is formed on the substrate in a 

different pattern. 
FIG. 14 is a diagram illustrating a top view of the 

substrate depicted in FIG. 13 after the dopant has been 
thermomigrated through the substrate and after movable 

50 components have been formed in the substrate. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The present invention generally relates to a microma-
55 chined device having electrically isolated components and a 

method for making the same. In accordance with a preferred 
embodiment of the present invention, a movable component 
is formed within a substrate via any suitable micromachin­
ing technique, such as inductively coupled plasma reactive 

60 ion etching (ICP-RIE), for example. Further, thermomigra­
tion techniques are utilized to change the electrical proper­
ties of the substrate in a region separating the movable 
component from other portions of the substrate. The elec­
trical properties of this region are changed such that the 

65 region insulates the movable component from the other 
portions of the substrate. Thus, the movable component is 
electrically isolated from the other portions of the substrate. 
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Thermomigration is a process that was experimentally 
employed many decades ago in attempts to manufacture 
electrical devices. In this regard, it was discovered that 
thermomigration could be used to dope regions of a 
semiconductor, thereby changing the electrical properties of 5 
the doped regions. For example, refer to FIG. 1, which 
depicts a device 15 having a semiconductive layer 17 of 
n-doped silicon formed on a substrate 19. In some 
applications, it may be desirable to stack another device (not 
shown) on top of layer 17 and to electrically connect 

10 
components in the other device (not shown) with the sub-
strate 19. Thermomigration techniques may be used to 
enable such an electrical connection. 

In this regard, a p-dopant 22 (e.g., aluminum) is deposited 
on a surface 25 of an n-doped silicon layer 17, as shown by 15 
FIGS. 2 and 3. Then, a heat source (not shown) is placed in 
close proximity to a surface 27 to heat the device 15 from a 
side opposite of the dopant 22, thereby creating a thermal 
gradient through the device 15 substantially parallel to the 
y-direction. The heat source produces a sufficient amount of 20 
heat to cause the dopant 22 to thermomigrate through the 
layer 17 until the substrate 19 is reached or until the material 
of the dopant 22 is exhausted. 

FIGS. 4 and 5 depict the device 15 once the dopant 22 has 
been thermomigrated through layer 17. The region 28 of the 25 
layer 17 through which the dopant 22 has thermomigrated 
should have different electrical characteristics than the 
remainder (i.e., the n-doped regions) of layer 17. More 
specifically, in the foregoing example, the thermomigration 
of the aluminum through the silicon layer 17 forms a p-type 30 
region 28 in the layer 17. This p-type region 28 may be used 
as a conductor between the substrate 19 and a device (not 
shown) formed on the surface 25 of layer 17. 

However, conductive regions formed via thermomigra­
tion techniques typically exhibit relatively high capacitance 35 

when current is passed through the conductive regions. This 
high capacitance reduces the speed at which signals can be 
communicated through the conductive regions. As a result, 
the process of forming conductive vias in devices through 
thermomigration has not been implemented in practice to 40 

any significant extent. Indeed, most researchers no longer 
devote significant research to the utilization of thermomi­
gration for forming conductive vias as previously described. 
Although experiments utilizing thermomigration for other 
purposes have occurred, widespread commercial use of 45 

thermomigration has, for the most part, not materialized. 
However, these thermomigration techniques, once experi­

mentally used to form conductive vias, may be used to 
electrically isolate one or more movable components in a 
MEMS, as will be described in further detail hereafter. Since 50 

thermomigration enables a relatively thick layer (e.g., on the 
order of tens to hundreds of microns in thickness) to be 
quickly and efficiently doped through the entire thickness of 
the layer, thermomigration provides a practical and efficient 
methodology for effecting junction isolation within most 55 

microelectromechanical systems, particularly microelectro­
mechanical systems having movable components that 
should be electrically isolated. Furthermore, since the mov­
able components of most microelectormechanical systems 
move at slow speeds relative to commonly used electrical 60 

signal frequencies, the capacitance issue that prevented the 
use of thermomigration in many prior applications is not a 
significant limiting factor in the present invention. To better 
illustrate the methodology of the present invention, refer to 
FIG. 6, which depicts a substrate 52 that is to be used to form 65 

a MEMS having a moving component electrically isolated 
from other portions of the substrate 52. 

6 
In the preferred embodiment, the substrate 52 is an n-type 

semiconductor, such as a single crystal silicon (SCS) 
substrate, for example. At present, most SCS substrates that 
are etched to form movable components have a thickness 
(i.e., distance in the y-direction) of at least approximately 
25-50 microns and usually on the order of hundreds of 
microns in order to provide the resulting structure with 
sufficient mechanical integrity. For the same reason, the 
thickness of the substrate 52 is at least approximately 25-50 
microns in the preferred embodiment, and in many appli­
cations (e.g., the fabrication of high sensitivity, low noise 
MEMS gyroscopes and accelerometers), it will be desirable 
for the thickness of the substrate 52 to be on the order of 
hundreds of microns. However, it should be noted that, if 
desired, the methodology of the present invention may be 
employed with substrates 52 of various other sizes, includ­
ing substrates 52 having a thickness of less than 25 microns. 

As shown by FIGS. 7 and 8, a dopant 55 is formed on 
substrate 52 via any suitable micromachining process (e.g., 
electron beam deposition). In the preferred embodiment, the 
dopant 55 stretches across the entire length of the top surface 
of the substrate 52, as shown by FIG. 8. However, as will be 
described in more detail hereinafter, it is not necessary for 
the dopant 55 to stretch across the entire length of the top 
surface in all embodiments. 

The dopant 55 is preferably comprised of a material that, 
when thermomigrated through a region of the substrate 52, 
alters the electrical properties of the region. In the preferred 
embodiment, the dopant 55 is comprised of aluminum or 
some other suitable p-type dopant that, when thermomi­
grated through a region of the substrate 52, changes the 
region to a p-type region. 

After formation of the dopant 55, the dopant 55 is 
thermomigrated through the substrate 52. In this regard, the 
bottom surface 61 (FIG. 7) of the substrate 52 is heated to 
create a thermal gradient through the substrate 52 in a 
direction substantially parallel to the y-direction. The fore­
going may be accomplished by placing the substrate 52 in a 
vacuum chamber (not shown) with a heating filament (not 
shown) placed close to the surface 61 of the substrate 52. 
The amount of heat generated should be sufficient for 
thermomigrating the dopant 55 through the substrate 52. In 
experiments, to thermomigrate a five micron thick dopant 55 
through a 250-300 micron thick SCS substrate, thereby 
altering the conductivity in the region through which the 
thermomigration occurred, the bottom surface of the sub­
strate was heated to approximately 1200 degrees Celsius for 
about ten to twenty minutes. 

FIGS. 9 and 10 depict the substrate 52 after the dopant 55 
has been thermomigrated through the substrate 52. In this 
regard, FIGS. 9 and 10 depict a region 67 through which the 
dopant 55 is thermomigrated. This region 67 should be a 
p-type material in the preferred embodiment once the ther­
momigration is performed and should separate the two 
n-type regions 71 and 73. The electrical properties of the 
region 67 should be sufficient for preventing electrical 
current from flowing between the two n-type regions 71 and 
73. Note that the width (i.e., distance in the x-direction) of 
the region 67 should be approximately the same as the width 
of the dopant 55 in FIG. 8, as thermomigration (due to its 
anisotropic nature as caused by the applied thermal gradient) 
does not typically cause a significant change to the width of 
the material being thermomigrated. 

Since the region 67 prevents electrical current from 
flowing between regions 71 and 73, the regions 71 and 73 
are electrically isolated from each other. Electrical isolation, 
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such as the isolation between regions 71 and 73, enabled by 
a p-n-p junction or n-p-n junction within a semiconductor is 
sometimes referred to as "junction isolation." 

8 
In addition, the methodology of the present invention has 

been described herein as thermomigrating a dopant 55 or 95 
through the substrate 52 and then etching the substrate 52 to 
form the components 82-84. However, it should be apparent After thermomigration of the dopant 55, at least one 

movable component is formed in the substrate 52 through 
any suitable micromachining technique, such as ICP-RIE, 

5 to one skilled in the art upon reading this disclosure that 
these steps may be reversed. In particular, the components 
82-84 may be formed before the dopant 55 is thermomi­
grated through the substrate 52. 

for example. The movable component should be formed in 
region 71 so that the movable component is electrically 
isolated from region 73 via the junction formed by regions 
67, 71, and 73. For example, in the embodiment shown by 

10 
FIG. 11, a spring 82, a rotor 83, and a stator 84 are etched 
into the region 71. The spring 82 and rotor 83 are movable 
with respect to stator 84 and with respect to region 73. In 
other embodiments, other types of movable components and 
other combinations of movable components may be formed 

15 
in the region 71. In forming the components 82-84, portions 
of the region 67 may or may not be etched. As an example, 
refer to FIG. 12, which shows an embodiment where the 
region 67 is etched. 

As a result of the foregoing methodology, the region 73 of 20 
substrate 52 provides mechanical support for each of the 
components 82-84 but is electrically isolated from each of 
the components 82-84. Such electrical isolation is achieved 
without compromising the mechanical integrity of the sub­
strate. Further, a gap exists between rotor 83 and stator 84, 25 
and the stator 84 is, therefore, electrically isolated from the 
spring 82 and the rotor 83. As a result, any voltage difference 
applied across rotor 83 and stator 84 should not be shorted 
out by the region 73 depending on the material of the rotor 
83 and stator 84, the size of the gap between rotor 83 and 30 
stator 84, and the amount of voltage difference applied to the 
rotor 83 and stator 84. Such a voltage difference, therefore, 
may cause the rotor 83 to move with respect to the stator 84. 

It should be noted that it is not necessary to extend the 
dopant 55 across the entire length of the top surface of the 35 
substrate 52, as is shown in FIG. 8. It is also not necessary 
for both the rotor 83 (i.e., a movable component) and the 
stator 84 (i.e., another component of region 71) to be 
electrically isolated from region 73. 

FIGS. 13 and 14 show an embodiment in which a dopant 40 

95 is formed without extending the dopant 95 across the 
entire length of the substrate 52. When the dopant 95 is 
thermomigrated through the substrate 52 to form a doped 
region 99, the region 99 through which the dopant 95 is 
thermomigrated electrically isolates portions of movable 45 

components 82 and 83 from movable component 84 such 
that a voltage difference can be applied across the compo­
nents 83 and 84 without being shorted out. In this regard, 
region 107 is electrically isolated from region 112 via doped 
region 99, which extends from the top surface shown by 50 

FIG. 13 to the opposite surface of the substrate 52. 
Therefore, different voltages may be applied to regions 107 
and 112 without being shorted out. 

Materials other than the materials described herein can be 
used to implement the present invention. For example, it 55 

may be possible for the substrate 52 to be comprised of an 
n-type material other than SCS and for the dopant 55 to be 
comprised of a p-type material other than aluminum. 
Further, it may be possible for the substrate 52 to be 
comprised of a p-type material, and it may be possible for 60 

the dopant to be comprised of an n-type material such that 
a p-n-p junction is formed via regions 71, 67, and 73, 
respectively, or via regions 112, 99, and 107, respectively. 
The use of any materials that electrically isolate movable 
component 83 according to the thermomigration techniques 65 

described herein may be employed without departing from 
the principles of the present invention. 

Furthermore, it may be desirable to anneal the substrate 
52 at some point in the manufacturing process via conven­
tional techniques to reduce mechanical stresses within the 
resulting structure. Also, electrical circuitry components 
(not shown) may be formed on the substrate 52 either before 
or after the thermomigration process described herein. 

It should be emphasized that the above-described embodi­
ments of the present invention, particularly, any "preferred" 
embodiments, are merely possible examples of 
implementations, merely set forth for a clear understanding 
of the principles of the invention. Many variations and 
modifications may be made to the above-described 
embodiment(s) of the invention without departing substan­
tially from the spirit and principles of the invention. All such 
modifications and variations are intended to be included 
herein within the scope of this disclosure and the present 
invention and protected by the following claims. 

Now, therefore, the following is claimed: 
1. A method for electrically isolating movable compo­

nents in micromachined structures, comprising the steps of: 

providing a substrate; 

thernomigrating a dopant through said substrate to form a 
doped region within said substrate; 

enabling movement of a first portion of said substrate 
relative to a second portion of said substrate; and 

simultaneously applying a first voltage to said first portion 
and a different voltage to said second portion, thereby 
inducing movement of said first portion, 

wherein said doped region electrically isolates said first 
portion from said second portion. 

2. The method of claim 1, wherein said doped region 
resides between said first and second portions. 

3. The method of claim 1, wherein said enabling step 
includes the step of etching said substrate. 

4. The method of claim 1, wherein said first portion is 
comprised of an n-type semiconductive material, and 
wherein said doped region is p-type. 

5. The method of claim 1, wherein said first portion is 
comprised of a p-type material, and wherein said doped 
region is n-type. 

6. The method of claim 1, wherein said thermomigrating 
step includes the steps of: 

forming said dopant on a first surface of said substrate; 
and 

heating a second surface of said substrate until said 
dopant passes from said first surface to said second 
surface, said second surface opposite of said first sur­
face. 

7. The method of claim 6, wherein a distance between said 
first surface and said second surface is at least approximately 
25 microns. 

8. The method of claim 1, wherein said substrate is 
comprised of single crystal silicon. 

9. The method of claim 8, wherein said dopant is com­
prised of aluminum. 
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10. A method, comprising the steps of: 
providing a substrate; 
enabling movement of a first portion of said substrate 

relative to a second portion of said substrate; 
electrically isolating said first portion from said second 5 

portion, said electrically isolating step comprising the 
step of thermomigrating a dopant through said sub­
strate; and 

10 
21. The method of claim 18, wherein said movable 

portion is comprised of an n-type semiconductive material, 
and wherein said doped region is comprised of a p-type 
material. 

22. The method of claim 18, wherein said movable 
portion is comprised of a p-type material, and wherein said 
doped region is comprised of an n-type semiconductive 
material. 

inducing movement of said first portion, said inducing 
step comprising the step of applying a voltage differ­
ence across said first and second portions. 

23. The method of claim 18, wherein said substrate is 
10 comprised of single crystal silicon. 

11. The method of claim 10, wherein said enabling step 
includes the step of etching said substrate. 

12. The method of claim 10, wherein said first portion is 
comprised of an n-type semiconductive material, and 15 

wherein said thermomigrating step forms a p-type region in 
said substrate. 

13. The method of claim 10, wherein said first portion is 
comprised of a p-type material, and wherein said thermo­
migrating step forms an n-type region in said substrate. 

14. The method of claim 10, further comprising the step 
of applying a voltage difference across said first and second 
portions to induce movement of said first portion. 

15. The method of claim 10, wherein said thermomigrat­
ing step includes the steps of: 

forming said dopant on a first surface of said substrate; 
and 

20 

25 

24. The method of claim 23, wherein said doping step 
includes the step of introducing aluminum to said doped 
region. 

25. A method, comprising the steps of: 
providing a substrate, said substrate having a first surface 

and a second surface, said first surface opposite of said 
second surface and separated from said second surface 
by a distance of at least approximately 25 microns; 

electrically isolating a first portion of said substrate from 
a second portion of said substrate, said electrically 
isolating step comprising the step of forming a doped 
region in said substrate by thermomigrating a dopant 
through said substrate from said first surface to said 
second surface, said doped region separating said first 
portion from said second portion; 

enabling movement of said first portion relative to said 
second portion; and 

inducing movement of said first portion, said inducing 
step comprising the step of applying a voltage differ­
ence across said first and second portions. 

heating a second surface of said substrate until said 
dopant passes from said first surface to said second 
surface, said second surface opposite of said first sur- 30 

face. 26. The method of claim 1, wherein said enabling step 
comprises the step of forming a gap in said substrate, said 
gap extending from a top surface of said substrate to a 

35 
bottom surface of said substrate, and wherein said doped 
region extends from said top surface to said bottom surface. 

27. The method of claim 10, wherein said enabling step 
comprises the step of forming a gap in said substrate, said 
gap extending from a top surface of said substrate to a 

16. The method of claim 10, wherein said substrate is 
comprised of single crystal silicon. 

17. The method of claim 16, wherein said dopant is 
comprised of aluminum. 

18. A method for electrically isolating movable compo­
nents in micromachined structures, comprising the steps of: 

providing a semiconductive substrate, said substrate hav­
ing a first portion and a movable portion; 

thermomigrating a dopant through said substrate to form 
40 

bottom surface of said substrate, and wherein said thermo­
migrating step forms a doped region in said substrate, said 
doped region extending from said top surface to said bottom 
surface. 

a doped region within said substrate, said doped region 
having sufficient electrical properties for restricting 
current from flowing between said first portion and said 
movable portion when a voltage difference applied 

45 
across said first portion and said movable portion is 
sufficient for moving said movable portion; and 

applying said voltage difference across said first portion 
and said movable portion. 

19. The method of claim 18, wherein said doped region 50 
separates said first portion from said movable portion. 

20. A method for electrically isolating movable compo­
nents in micromachined structures, comprising the steps of: 

providing a semiconductive substrate, said substrate hav­
ing a first portion and a movable portion; 

thermomigrating a dopant through said substrate to form 
55 

a doped region within said substrate, said doped region 
having sufficient electrical properties for restricting 
current from flowing between said first portion and said 
movable portion when a voltage difference applied 60 

across said first portion and said movable portion is 
sufficient for moving said movable portion, said doped 
region extending from a top surface of said substrate to 
a bottom surface of said substrate; and 

forming a gap in said substrate, said gap separating said 65 

first portion from said second portion and extending 
from said top surface to said bottom surface. 

28. A method, comprising the steps of: 
providing a substrate; 
enabling movement of a first portion of said substrate 

relative to a second portion of said substrate, said 
enabling step comprising the step of forming a gap in 
said substrate, said gap separating said first portion 
from said second portion and extending from a first 
surface of said substrate to a second surface of said 
substrate, said first surface opposite of said second 
surface; and 

electrically isolating said first portion from said second 
portion, said electrically isolating step comprising the 
step of thermo migrating a dopant through said substrate 
from said first surface to said second surface. 

29. A method comprising the steps of: 
providing a substrate; and 
enabling a first portion of said substrate to be moved 

relative to a second portion of said substrate when a 
voltage difference is applied across said first and sec­
ond portions, said enabling step comprising the steps 
of: 
thermomigrating a dopant through said substrate to 

electrically separate said first portion from said sec­
ond portion; 
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forming a gap in said substrate; and 
enabling said voltage difference to be applied across 

said first and second portions. 
30. The method of claim 29, wherein said thermomigrat­

ing step forms a doped region in said substrate, said doped 

12 
region extending from a top surface of said substrate to a 
bottom surface of said substrate, and wherein said gap 
extends from said top surface to said bottom surface. 

* * * * * 


