
WO 03/036736 PCT/US02/34558  Title: Tunable Cantilever Apparatus and Method
for Making Same  Background of the Invention [0001] Programmable
Metallization Cell (PMC) technology is generally based on  the
electrodeposition of metal and/or metal ions from a solid solution upon
application of a suitable field. The programmable metallization cell
disclosed in U.S.  Patent Application Serial No. 09/502,915, filed February
11, 2000, which is herein  incorporated by reference, is a simple structure
that operates very effectively as a  non-volatile memory device. The
mechanism for the memory device utilizes a thin  amorphous material with
two metal contacts where the amorphous material can  incorporate relatively
large amounts of metal to behave as a solid electrolyte. Under  certain
bias conditions, the metal ions in the electrolyte are reduced to form an
electrodeposit that acts as a conducting link between the metal contacts
(electrodes). As a result, the resistance of the device can be greatly
decreased. In  addition, applying a reverse bias will cause the
electrodeposit to disperse and return  the device to a state of high
resistance. [0002] Formation or dissolution of an electrodeposit on a
microelectronic structure  or device changes the surface characteristics of
the device thereby enabling one to  manipulate or control the surface of
the device. Moreover, since the ability to  increase applications of a
device depends on the ability to manipulate or control the  device, there
is a need for devices which already possess the ability to control  surface
characteristics and mass distributions of the devices by simply applying
electrical means to the devices. 



1 WO 03/036736 PCT/US02/34558  Summary of the Invention [0003] The present
invention is directed to surface structures of microdevices  whose physical
and electrical features can be manipulated by applying an electrical  means
to the structures in order to control the surface characteristics and mass
distribution of such devices. Applying an electrical means to microdevice
structures  having certain compositions will cause the electrodeposition of
electrodissolution of  an electrodeposit which can significantly alter the
surface characteristics and mass  distribution of the microdevice. [0004]
In accordance with one exemplary embodiment of the present invention, a
programmable surface control device includes a solid electrolyte solution
layer  containing a conductive material, and a pair of electrodes on the
surface of the  electrolyte solution layer with one of the electrodes
having the same type of  conductive material as the electrolyte solution
layer. In accordance with one aspect  of this exemplary embodiment, the
electrolyte solution layer is a chalcogenide glass  with a dissolved metal
such as silver, copper, and zinc. Exemplary chalcogenide  glasses with
dissolved metal in accordance with the invention include solid solutions
of AsxS1-x-Ag, GexSe1-x-Ag, GexS1-x-Ag, AsxS1-x-Cu, GexSe1-x-Cu,
GexS1-x-Cu,  combinations of these materials, and the like. In accordance
with another aspect of  this embodiment, an electrodeposit is present on
the surface of the solid electrolyte  solution layer extending between the
pair of electrodes. The electrodeposit causes  the surface of the solid
electrolyte solution layer to become hydrophobic and can  



also cause an increase in friction of the surface layer. [0005] In
accordance with another exemplary embodiment of the present  invention, a
programmable surface control device like that described above is used  to
fabricate a tunable cantilever assembly by incorporating the programmable
2 WO 03/036736 PCT/US02/34558  surface control device into a cantilever
arm. In accordance with one aspect of the  tunable cantilever assembly, the
cantilever arm has a conducting cantilever tip at  one end and is mounted
to a dielectric layer at its opposite end. A solid electrolyte  solution
layer overlies the cantilever arm but is isolated from the cantilever arm,
except for its tip, by a dielectric layer. A sacrificial electrode is
disposed on the solid  electrolyte solution layer near the end of the
cantilever opposite the conducting  cantilever tip. When a sufficient bias
is applied between the sacrificial electrode and  the conducting cantilever
tip, metal ions from the sacrificial electrode dissolve into  the
electrolyte solution layer and form an electrodeposit on the cantilever arm
proximate to the end having the cantilever tip thereby redistributing the
mass of the  cantilever assembly. [0006] The present invention is also
directed to a method for making a  programmable surface control device
which includes the steps of forming a solid  electrolyte solution layer
containing a conductive material and forming a pair of  electrodes on the
surface of the solid electrolyte solution layer where one electrode
includes the same type of conductive material as the solid electrolyte
solution layer.  The programmable surface control device is controlled by
applying a voltage  



between the pair of electrodes to create or dissolve an electrodeposit
which, as a  result, changes the surface characteristics and mass
distributions of the device. In  one aspect of this exemplary method of the
invention, an electrodeposit is created  which alters the surface tension
of the solid electrolyte solution layer thereby  increasing the contact
angle of the electrodeposit with the solution layer and making  the
solution layer more hydrophobic. In another aspect of this exemplary
method,  the electrodeposit increases the friction of the surface of the
solid electrolyte  solution layer. 3 WO 03/036736 PCT/US02/34558 In another
exemplary embodiment of the present invention, a method for  making a
tunable cantilever assembly is presented which includes forming a solid
electrolyte solution layer containing a conductive material and forming a
pair of  electrodes on a surface of the solid electrolyte solution layer
wherein one of the  electrodes includes the same conductive material as the
solution layer, the solution  layer and electrodes being formed within the
structure of a cantilever assembly; and  applying a bias to the electrodes
at a magnitude sufficient to change a mass  distribution of the cantilever
assembly. Brief Description of the Drawings [0007] A more complete
understanding of the present invention may be derived by  referring to the
detailed description and claims, considered in connection with the
figures, wherein like reference numerals refer to similar elements
throughout the  figures, and: 



[0008] Figure 1 is a cross-sectional illustration of an exemplary
embodiment of a  programmable surface control device in accordance with the
present invention;  [0009] Figure 2 is a cross-sectional illustration of
another exemplary embodiment of a programmable surface control device in
accordance with the present invention  which includes a tunable cantilever
assembly; and [0010] Figure 3 is a cross-sectional illustration of the
tunable cantilever assembly  in Figure 2 shown with a bias applied between
the sacrificial electrode and the  conducting cantilever arm tip. 4 WO
03/036736 PCT/US02/34558  Detailed Description [0011] The present invention
generally relates to PMC technology which is based  on the
electrodeposition of metal and/or metal ions from a solid solution upon
application of a suitable electric field. More specifically, the present
invention  relates to programmable surface control devices whose physical
features, such as  surface characteristics and mass distribution, are
controlled by the presence or  absence of a metallic electrodeposit upon
application of a bias. [0012] Figure 1 illustrates a cross-sectional view
of an exemplary embodiment of a  programmable surface control device 5 in
accordance with the present invention.  Device 5 includes electrodes 10 and
20 formed on a surface of a layer of a solid  electrolyte solution 30.
Solid electrolyte solution layer 30 is formed from a material  that
conducts ions upon application of a sufficient voltage. Suitable materials
for  solid electrolyte solution layer 30 include chalcogenide glasses with
dissolved  



conductive materials, such as dissolved metals and/or metal ions. The
concentration of the metal in the chalcogenide glasses is typically on the
order of  many tens of atomic percent. In accordance with the present
invention, exemplary  chalcogenide glasses with dissolved metal include
solid solutions of AsxS1_,rAg,  GexSe,_,(-Ag, GexS1_,rAg, AsxS1_)c-Cu,
GexSe1_X-Cu, GeMSi_X Cu, other chalcogenide  materials which include
silver, copper, or zinc, combinations of these materials, and  the like.
[0013] Electrodes 10 and 20 include an anode having an oxidizable form of
the  metal dissolved in the chalcogenide glass and an inert cathode. When a
voltage is  applied between electrodes 10 and 20, the positively charged
metal ions will migrate  toward the cathode region. Once a sufficient bias
is applied, the metal ions will form  a stable metallic electrodeposit 40
that may extend across the surface of the solid  5 WO 03/036736
PCT/US02/34558  electrolyte solution layer 30 from the cathode to the
anode. The magnitude of the  sufficiently bias will depend upon the
materials used, the series resistances  involved, and the geometry of the
device. The applied bias is typically within a  range of about 200 mV to
20V, but it will be appreciated by those skilled in the art  that any bias
suitable for forming stable metallic electrodeposit 40 may be used.  The
morphology of the resulting metallic electrodeposit will depend, in part,
on the  applied bias and on the total charge of the metal ions that are
deposited. [0014] Metallic electrodeposit 40 can significantly alter the
surface characteristics  and mass distribution of programmable surface
control device 5. In one exemplary  



embodiment of the present invention, electrodeposit 40 may increase the
contact  angle of the surface of solid electrolyte solution layer 30
thereby resulting in a more  hydrophobic surface. For example, silver
electrodeposition on the surface of a  programmable surface control device
in which silver is dissolved in a germanium  selenide glass may alter the
surface tension of the surface of the glass so that the  contact angle may
increase by 30 degrees or more, making the surface of the glass
significantly more hydrophobic. In another exemplary embodiment of the
present  invention, the presence of the electrodeposit may increase the
friction of the surface  of the glass. Reversing the applied bias will
cause the electrodissolution of the  electrodeposit, thereby returning the
programmable surface control device to its  original surface state. In a
further exemplary embodiment of the present invention,  metal ions can be
manipulated towards either the cathode or the anode by  supplying a
sufficient bias to the programmable surface control device. Accordingly,
mass distribution within the programmable surface control device can be
controlled. [0015] In another exemplary embodiment of the invention, the
programmable  surface control technology of the present invention is used
to fabricate tunable  6 WO 03/036736 PCT/US02/34558  cantilever assemblies.
Figure 2 illustrates an exemplary embodiment of a tunable  cantilever
assembly 100 in accordance with the present invention. [0016] Cantilever
assembly 100 includes a cantilever arm 102 that is mounted to a  dielectric
layer 112 at one end 113 of cantilever arm 102 and a conducting  cantilever
arm tip 110 positioned at an opposite end 111 of cantilever arm 102.  



Dielectric layer 112 is mounted to a substrate 115. Cantilever assembly 100
further  includes a solid electrolyte solution layer 130 which overlies
cantilever arm 102, and  which is electrically isolated from cantilever arm
102 by another dielectric layer 132  with the exception of conducting
cantilever arm tip 110 which comes into electrical  contact with solid
electrolyte solution layer 130. Cantilever assembly 100 also  includes a
sacrificial electrode 120 disposed on solid electrolyte solution layer 130
remote from conducting cantilever arm tip 110 and near end 113 of
cantilever arm  102. [0017] Solid electrolyte solution layer 130 is
preferably formed from a  chalcogenide glass containing dissolved
conductive materials, such as dissolved  metals and/or metal ions.
Exemplary chalcogenide glasses having a dissolved metal  include solid
solutions of AsS1_x-Ag, GeXSe1_X Ag, GeXS,_x-Ag, AsXS1_,r-Cu, GeSe1_,C- Cu,
GexS1_,(-Cu, other chalcogenide materials which include silver, copper, or
zinc,  combinations of these materials, and the like. Sacrificial electrode
120 is preferably  formed of an oxidizable form of the metal dissolved in
solid electrolyte solution layer  130. For example, in one aspect of the
invention, solid electrolyte solution layer 130  may comprise silver
dissolved in a germanium selenide glass and sacrificial  electrode 120 may
include an oxidizable form of silver. [0016] Application of a bias between
sacrificial electrode 120 and conducting  cantilever arm tip 110 is shown
in Figure 3. When a sufficient bias, preferably  7 WO 03/036736
PCT/US02/34558  greater than about 100mV, is applied between sacrificial
electrode 120 and  



conducting cantilever arm tip 110 so that sacrificial electrode 120 is
positive relative  to conducting cantilever tip 110, metal ions from
sacrificial electrode 120 dissolve  into solid electrolyte solution layer
130 and form an electrodeposit 140 on cantilever  arm 102. Electrodeposit
140 is formed on cantilever arm 102 proximate to end 111  of cantilever arm
102 such that it overlies conducting cantilever arm tip 110.  Accordingly,
the metal ions are effectively redistributed along the length of cantilever
arm 102 from sacrificial anode 120 to conducting cantilever arm tip 110
thereby  redistributing the mass of cantilever assembly 100. The resulting
mass  redistribution of cantilever assembly 100 lowers the resonant
frequency of cantilever  assembly 100. [0019] The resonant frequency of
cantilever assembly 100 can then be increased  by applying a sufficient
reverse bias between sacrificial electrode 120 and  conducting cantilever
arm tip 110. Applying a sufficient reverse bias between  sacrificial
electrode 120 and conducting cantilever arm tip 110 will dissolve
electrodeposit 140 and cause the metal ions of electrodeposit 140 to move
back into  solid electrolyte solution layer 130, and then migrate back into
sacrificial anode 120.  Accordingly, the resonant frequency of cantilever
assembly 100 can in effect be  tuned by applying a suitable bias or reverse
bias between sacrificial electrode 120  and conducting cantilever arm tip
110. [0020] The above described tunable cantilever assembly embodiment of
the  present invention may be used in a growing number of
microelectromechanical  systems (MEMS) applications in which the control of
resonant frequency is critical.  Such applications include "rf MEMS" which
utilize high Q mechanical resonators  



which may be vibrating cantilevers, rather than electrical oscillators.
Further, the  8 WO 03/036736 PCT/US02/34558  above-described programmable
surface control technology could be used for fine- tuning systems or for
controlling changes in resonance over a narrow range of  frequencies. The
redistribution of mass and the additional change in stiffness of the
cantilever due to surface electrodeposition may also be useful in
applications where  the inertia of a "proof of mass" at the end of a
cantilever is used to deflect the  cantilever arm during
acceleration/deceleration. [0021] Although the present invention is set
forth herein in the context of the  appended drawing figures, it should be
appreciated that the invention is not limited  to the specific form shown.
For example, while the programmable surface control  structure is
conveniently described above in connection with tuning the resonant
frequency of cantilever assemblies, the invention is not so limited. For
example, the  structure of the present invention may be suitably employed
to electrically fine tune  deflection in accelerometer systems. Various
other modifications, variations, and  enhancements in the design and
arrangement of the method and devices set forth  herein may be made without
departing from the present invention as set forth in the  appended claims.
9 WO 03/036736 PCT/US02/34558  Claims I claim: 



1. A programmable surface control device comprising a solid electrolyte
solution  layer containing a conductive material and a pair of electrodes
with one  electrode including a form of the conductive material, said solid
electrolyte  solution layer and said electrodes being configured relative
to one another to  enable altering a mass distribution of the device. 2.
The programmable surface control device of claim 1 wherein said solid
electrolyte solution layer comprises a chalcogenide glass and said
conductive  material comprises a metal dissolved within said chalcogenide
glass. 3. The programmable surface control device of claim 2, wherein said
metal is  selected from the group consisting of silver, copper, and zinc.
4. The programmable surface control device of claim 2, wherein said
chalcogenide  glass is selected from the group consisting of AsS,_,,
Ge,S1_Je and GeSe1_,e. 5. The programmable surface control device of claim
2 further comprising a metallic  electrodeposit disposed on a surface of
said solid electrolyte solution layer. 6. The programmable surface control
device of claim 1 wherein the solid electrolyte  solution layer and
electrodes are incorporated within a cantilever arm. 10 WO 03/036736
PCT/US02/34558  7. The programmable surface control device of claim 6
wherein said cantilever arm is mounted on a dielectric layer at one end and
comprises a conducting  cantilever arm tip at an opposite end. 8. The
programmable surface control device of claim 7 wherein said solid
electrolyte solution layer overlies said cantilever arm and is separated
from said  



cantilever arm by a second dielectric layer except at the conducting
cantilever  arm tip. 9. The programmable surface control device of claim 8
wherein said pair of  electrodes comprise a sacrificial electrode disposed
on a surface of the solid  electrolyte solution layer and the conducting
cantilever arm tip which is in contact  with the solid electrolyte solution
layer. 1O.The programmable surface control device of claim 9 further
comprising an  electrodeposit on the surface of said solid electrolyte
solution layer which  comprises conductive material removed from said
sacrificial electrode. 11 WO 03/036736 PCT/US02/34558  11. A method for
forming a programmable surface control device comprising the  steps of:
forming a solid electrolyte solution layer containing a conductive
material;  forming a pair of electrodes on a surface of said solid
electrolyte solution  layer wherein one of said electrodes includes said
conductive material; and applying a bias to said electrodes sufficient to
change a mass distribution  of said device. 12. The method of claim 11
wherein the step of applying a bias comprises the step  of applying a
voltage greater than about 100mV between said pair of electrodes  to form
an electrodeposit. 13. The method of claim 11 wherein the step of applying
a bias comprises the step  of forming an electrodeposit on a surface of
said solid electrolyte solution layer.  



14.The method of claim 13 wherein the step of forming an electrodeposit
lowers a  resonant frequency of the device. 15. The method of claim 14
further comprising the step of applying a reverse bias to  said electrodes.
16. The method of claim 15 wherein the step of applying a reverse bias
comprises  the step of dissolving said electrodeposit. 12 WO 03/036736
PCT/US02/34558  17. The method of claim 16 wherein the step of dissolving
the electrodeposit  increases the resonant frequency of the device. 18. The
method of claim 17 wherein the steps of applying a bias and a reverse bias
are repeated in order to tune the device. 19. The method of claim 11
wherein said steps of forming said solid electrolyte  solution layer and
said pair of electrodes are formed within a structure of a  cantilever
assembly to create a tunable cantilever device. 13 


