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FIG. 5C 



Patent Application Publication Aug. 28, 2014 Sheet 7 0f 11 US 2014/0240894 A1 

FIG. 6 
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FIG. 7 



Patent Application Publication Aug. 28, 2014 Sheet 9 0f 11 US 2014/0240894 A1 



Patent Application Publication Aug. 28, 2014 Sheet 10 0f 11 US 2014/0240894 A1 

SEQ 

w 
p?lézm _ mag me 

5; ii 5 :7 

V 

5 ' 



US 2014/0240894 A1 Aug. 28, 2014 Sheet 11 0f 11 Patent Application Publication 

Yiaiiiagé 

FIG. 10 



US 2014/0240894 A1 

FRACTAL STRUCTURES FOR MEMS 
VARIABLE CAPACITORS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is the National Stage of Interna 
tional Application No. PCT/US2012/051733, ?led Aug. 21, 
2012, which claims the bene?t of and priority to US. provi 
sional application to 61/527,237, ?led Aug. 25, 2011, the 
contents of all of which are incorporated by reference as if 
fully set forth herein. 

TECHNICAL FIELD 

[0002] The present disclosure discloses embodiments of 
microelectromechanical system (MEMS) variable fractal 
capacitors. 

BACKGROUND 

[0003] In addition to microelectromechanical system 
(MEMS) ?xed or static fractal capacitors, fractal capacitors 
may be advantageously utilized with MEMS variable capaci 
tors. MEMS variable capacitors have been researched for 
nearly 15 years. With respect to electrostatically actuated 
MEMS variable capacitors speci?cally, there are two main 
types of structures, namely the parallel plate type and the 
comb drive type. 

[0004] The parallel plate type provides a theoretical maxi 
mum tuning range of 1 .5:1 because it is limited by the pull-in 
effect; it also provides a nonlinear capacitance tuning 
response. On the other hand, the comb drive structure pro 
vides better linearity, suppresses the effect of pull-in, and 
enhances the tuning range beyond the 1.5 limit as present in 
the parallel plate type. However, in order to obtain usable 
capacitances, a very large area of the chip/die must be con 
sumed which is not always possible in current technology 
where the real estate on wafers is very expensive. 

SUMMARY 

[0005] Embodiments of the present disclosure provide 
various microelectromechanical system (MEMS) variable 
fractal capacitors. For example, by building a suspended 
(movable) fractal pattern on a top layer and a complementary 
(?xed) fractal pattern on a lower layer, and by applying a DC 
voltage on the two layers to create the electrostatic force, the 
top suspended plate will move towards the bottom ?xed plate. 
As such, the capacitance can be tuned to a desired value. 

[0006] For embodiments of MEMS variable capacitors of 
the present disclosure, the capacitive device does not require 
any special MEMS processes. It is possible to fabricate the 
device in most standard MEMS processes available without 
any fabrication intervention or post processing. This is very 
bene?cial cost wise. Further, the capacitive device solves 
theoretically the pull-in effect. Additionally, the capacitive 
device suppresses the parasitic effects considerably because 
the top plate layer is built as far as possible from the substrate, 
and because the area of the bottom ?xed plate is reduced 
signi?cantly. An exemplary embodiment of the capacitive 
device also provides linear tuning behavior. The above-men 
tioned advantages are summarized in the following table 
(“Table 1”). 
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TABLE 1 

Present MEMS MEMS Parallel MEMS Comb 
Fractal Variable Plate Variable Drive Variable 

Criterion Capacitor Capacitor Capacitor 

DC Voltage Relatively High Reasonable High 
Actuation 
Requirement 
Linearity Linear Nonlinear Linear 
Parasitics Low High Reasonable 
Effect of Pull—In Eliminated Present Reduced 
Tuning Range High Reasonable High 
Area Utilization Reasonable Reasonable High 
Warping Effect Advantageous Dis- Dis— 

advantageous advantageous 

[0007] Referring now to linearity and Table 1, when the top 
plate is moving towards the bottom plate, the capacitance 
changes. In the case of a MEMS parallel plate variable capaci 
tor, the capacitance changes in a nonlinear manner. In con 
trast, for the MEMS variable fractal capacitor, the changing 
capacitance is linear. 
[0008] In Table 1, the parasitic capacitance is shown to be 
lower for the MEMS fractal variable capacitor than both the 
parallel plate variable capacitor and the comb drive variable 
capacitor. Also, the effect of pull-in phenomenon is com 
pared. A bene?t of fractal shapes is due to the complementary 
nature of the two plates, they will never touch each other. For 
instance, referring to FIG. 2, one can see that the top layer and 
the bottom layer in terms of shapes are complementing each 
other. Theoretically, if one were to lay out the top layer and the 
bottom layer on the same plane, one would end up with a 
typical square sheet. During a pull-in phenomenon, in such a 
case, the worse that can happen is that the top layer touches 
the black ?oor (i.e. substrate) that is under the bottom plate of 
the capacitor. Accordingly, the top layer would go through the 
void within the bottom layer without touching it. In one 
embodiment, there are a couple of micrometers, for example 
3 micrometers of separation, all aron the shape so that they 
do not touch each other when the top plate is moving. Note 
also that it is possible for the bottom plate to be suspended a 
certain distance above the substrate, and it could also be 
residing directly on the substrate. The former will have less 
parasitics than the latter. 
[0009] Referring back to Table 1, another criteria that gov 
ems how good/bad a variable capacitor is, is the ratio of the 
maximum achievable capacitance and the minimum achiev 
able capacitance. The ratio may be referred as the tuning 
range (TR) and is generally desired to be as large as possible. 
In a select embodiment of the MEMS fractal variable capaci 
tor, the tuning range is high as compared to the parallel plate 
variable capacitor and the comb drive variable capacitor. 
[0010] An additional criterion is area utilization. In the 
fractal case, the area utilization is reasonable. In other words, 
a large area is not needed. Whereas with the comb drive 
capacitor, a very large area may be needed to get usable 
capacitance. 
[0011] A further criterion is warping effect. In some 
MEMS processes, but not all, a step called annealing is per 
formed to suppress the warping of the layers. Annealing may 
eliminate the warping completely or suppress it. In the par 
allel plate and comb drive types, the warping effect is not 
desired; as such, the annealing step is important for these two 
types of variable capacitors. However, if a speci?c process 
does not perform annealing, then the fractal type capacitor 
will warp and the minimum capacitance is reduced and in 
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turn, the tuning range is increased. Hence, the warping effect 
is indeed advantageous in the MEMS fractal variable capaci 
tor as opposed to the MEMS parallel plate or comb drive 
variable capacitors. Not having an annealing step in fabrica 
tion also contributes in reducing cost. 

[0012] An embodiment of a variable capacitor of the 
present disclosure includes a capacitor body in a microelec 
tromechanical system (MEMS) structure, wherein the 
capacitor body has an upper movable plate with a fractal 
shape separated by a vertical distance from a lower ?xed plate 
with a complementary fractal shape. Such a variable capaci 
tor further includes a substrate above which the capacitor 
body is suspended. 
[0013] Various embodiments of the variable capacitor may 
include one or more of the following features. The fractal 
shape of the upper movable plate and the complementary 
fractal shape of the lower ?xed plate may comprise a Moore’ s 
Fractal. The variable capacitor may further include a suspen 
sion structure supporting suspension of the upper movable 
plate above the lower ?xed plate. The suspension structure, 
for example, may be a straight suspension structure or a 
meander suspension structure. Also, a speci?cation of the 
suspension structure may be con?gurable to tune a capaci 
tance ratio of the fractal variable capacitor to a desired value. 
A voltage applied to the upper movable plate may cause the 
upper movable plate to move closer to the lower ?xed plate 
thereby causing the vertical capacitance between the upper 
movable plate and the lower ?xed plate to be changed. The 
changing capacitance may be linear. The upper movable plate 
of the fractal capacitor may include a signal terminal and the 
lower ?xed plate may include a ground terminal. The fractal 
variable capacitor may further include a horizontal separation 
between the top movable plate and the bottom ?xed plate. For 
example, the horizontal separation may preferably be sub 
stantially 2 pm. 
[0014] In accordance with the present disclosure, in an 
embodiment a method is provided that includes fabricating a 
bottom ?xed plate having a fractal shape over a substrate; 
fabricating a top movable plate, the top movable plate having 
a fractal shape that is complementary to the fractal shape of 
the bottom ?xed plate; and suspending the top movable plate 
over the bottom ?xed plate within a MEMS variable capaci 
tor. For such a method, a voltage applied to the top movable 
plate causes the top movable plate to move closer to the 
bottom ?xed plate thereby causing a vertical capacitance 
between the top movable plate and the bottom ?xed plate to be 
changed. Various embodiments of the method may include 
one or more of the following features. The fractal shape of the 
top movable plate and the complementary fractal shape of the 
bottom ?xed plate may comprise a Moore’s Fractal. The top 
movable plate may be suspended over the bottom ?xed plate 
by a suspension structure, wherein a speci?cation of the sus 
pension structure is provided that is con?gurable to allow 
tuning a capacitance ratio of the MEMS variable capacitor to 
a desired value. The suspension structure may be a straight 
suspension structure or a meander suspension structure. The 
method may further include a step of applying the voltage to 
the top movable plate thereby causing the top movable plate 
to move closer to the bottom ?xed plate thereby causing the 
vertical capacitance between the top movable plate and the 
bottom ?xed plate to change. For example, the changing 
capacitance may be linear. The top movable plate may be 
provided including a signal terminal and the bottom ?xed 
plate including a ground terminal. The method may further 
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include maintaining a horizontal separation between the top 
movable plate and the bottom ?xed plate within the MEMS 
variable capacitor. 
[0015] Other systems, methods, features, and advantages 
of the present disclosure will be or become apparent to one 
with skill in the art upon examination of the following draw 
ings and detailed description. It is intended that all such 
additional systems, methods, features, and advantages be 
included within this description, be within the scope of the 
present disclosure, and be protected by the accompanying 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Many aspects of the present disclosure can be better 
understood with reference to the following drawings. The 
components in the drawings are not necessarily to scale, 
emphasis instead being placed upon clearly illustrating the 
principles of the present disclosure. Moreover, in the draw 
ings, like reference numerals designate corresponding parts 
throughout the several views. 
[0017] FIG. 1 is a diagram of a layout of an exemplary 
embodiment of a MEMS variable fractal capacitor in accor 
dance with the present disclosure. 
[0018] FIG. 2 is a diagram of an isometric view of the 
MEMS variable fractal capacitor of FIG. 1. 
[0019] FIG. 3 is a diagram ofa close up view ofthe MEMS 
variable fractal capacitor of FIG. 2. 
[0020] FIG. 4 is a schematic diagram of a partial exemplary 
embodiment of a MEMS variable fractal capacitor in accor 
dance with the present disclosure. 
[0021] FIG. 5A is a diagram of a 3D oblique view of an 
optical pro?le analysis of an exemplary embodiment of a 
MEMS variable fractal capacitor in accordance with the 
present disclosure. 
[0022] FIG. 5B is a scanning electron microphotograph of 
an exemplary embodiment of a MEMS variable fractal 
capacitor in accordance with the present disclosure. 
[0023] FIGS. 5C-5D are diagrams of measurements of 
warping between sections of the MEMS variable fractal 
capacitor of FIG. 5B. 
[0024] FIGS. 6-7 are scanning electron microphotographs 
of exemplary embodiments of a MEMS variable fractal 
capacitor in accordance with the present disclosure. 
[0025] FIG. 8 is a diagram of a return loss measurement 
from 1 GHz to 4 Ghz of an exemplary embodiment of a 
MEMS variable fractal capacitor in accordance with the 
present disclosure. 
[0026] FIGS. 9-10 are diagrams of measurements of tuning 
range of an exemplary embodiment of a MEMS variable 
fractal capacitor in accordance with the present disclosure. 

DETAILED DESCRIPTION 

[0027] In the following, ?gures are introduced to explain 
the fractal concept and the present design. Embodiments of 
the present disclosure are not limited to the design shown in 
the ?gures, since there are many variations that could be 
included and are contemplated. For example, these variations 
can be within the structure or the suspension, the separation 
distance between the top and bottom plate, lateral separation 
distance, etc. 
[0028] Embodiments of the present disclosure comprise a 
microelectromechanical system (MEMS) variable fractal 
capacitor. In accordance with the present disclosure, one 
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embodiment of a fractal variable capacitor (varactor) com 
prises a capacitor body in a microelectromechanical system 
(MEMS) structure, wherein the capacitor body has an upper 
?rst metal plate with a fractal shape separated by a vertical 
distance from a lower ?rst metal plate with a complementary 
fractal shape; and a substrate above which the capacitor body 
is suspended. 
[0029] Referring now to FIG. 1, a layout of an embodiment 
of the MEMS variable fractal capacitor is depicted. The layer 
labeled “red” is the bottom ?xed plate; the layer labeled 
“yellow” is the top suspended (movable) plate which is sus 
pended by four suspension arms looking like meanders; and 
three measurement pads are on the left. It is noted that the 
meander shape could be replaced with a straight suspension 
for example or any other suspension design as desired, in 
other embodiments. 
[0030] In FIG. 2, an isometric view of the capacitor is 
shown, where the top plate (labeled yellow) is the ‘signal’ 
terminal and the bottom plate (labeled red) is the ‘ground’ 
terminal. A close up of the capacitor in FIG. 2 is also shown 
in FIG. 3. 
[0031] In FIG. 3, there is top layer fractal labeled yellow 
and a bottom layer fractal labeled red. The shape of the red 
fractal layer is a complement of the shape of the yellow fractal 
layer one. These are two layers completely different from 
each other. From the ?gure, it is apparent how the top plate is 
suspended over the bottom plate. Therefore, a static voltage 
may be applied over the top layer causing the whole top layer 
to move down, allowing for different values of capacitance. 
This bene?t is not readily available in CMOS (Complimen 
tary Metal-Oxide-Semiconductor) technology. 
[0032] The basic principle of operation of electrostatic 
fractal MEMS variable capacitors (MVCs) is explained with 
the aid of FIG. 4, in which a conceptual schematic is provided 
comprising a small portion of the Moore’s Fractal similar to 
that shown in FIG. 3. The Moore’s Fractal is described at H. 
Sagan, Space-?lling curves vol. 2: Springer-Verlag New 
York, 1994 and is incorporated herein in its entirety. 
[0033] As mentioned earlier, when a potential difference is 
applied, a representative electrostatic vector force is gener 
ated between both plates due to the fringing capacitance 
present between these two plates, and this force is referred as 
F F, as shown in FIG. 4. Similarly, another electrostatic force 
is generated between the top plate and the substrate, is 
referred as force F. However, F F can be de-composed into two 
forces, namely a horizontal force (F PH) and a vertical force 
(F FV). Note that F F shown in ?gure can be in any direction, but 
a single case is being shown for illustration purposes only. 
Due to symmetry, all the horizontal forces would theoreti 
cally cancel each other out, and only the vertical forces would 
contribute to the movement of the top plate, i.e. F FV and F S. 
Practically nonetheless, and due to fabrication imperfections, 
the horizontal forces will not be exactly equal. However, these 
imperfections are not severe to the extent that they cause a real 
concern. Further, the suspension arms are designed such that 
they would be very stiff in the direction of these horizontal 
forces but not as stiff in the direction of the vertical forces, and 
the variable capacitor is also designed with a horizontal sepa 
ration of 2 pm present between both plates. Hence, and as 
indicated in FIG. 4, no matter how high the actuation voltage 
reaches, the top plate would never touch the bottom plate. 
[0034] By taking a close look at FIG. 4, one can expect that 
F F and F S will eventually cause the top plate to collide with the 
nitride layer. The middle part of the plate will be the ?rst to 
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collapse because it will not be as warped as the outer parts of 
the plate (details will follow shortly).As the voltage increases 
further, a zipping motion will take place and the capacitance 
will continue to increase until the top plate is in complete 
contact with the substrate. The latter can be easily understood 
by visualizing two puzzle pieces coming together to form one 
bigger piece. At a ?rst glance, one may be tempted to ignore 
the effect of F. However, it has been demonstrated experimen 
tally that the substrate effects in PolyMUMPS on actuation 
are signi?cant, and as such, ignoring F S is not a reasonable 
assumption. 
[0035] It is possible to create the variable capacitor without 
the need for the bottom plate. However, the presence of the 
bottom plates provides two important advantages. First, it 
creates additional fringing capacitance, which results in cre 
ating an electrostatic force and subsequently lowers the 
required actuation voltage. Secondly, the second plate con 
tributes in increasing the maximum capacitance, i.e. when the 
top plate becomes completely in contact with the substrate. 
[0036] Another factor to consider is the warping that will 
take place due to residual stresses. This warping will cause the 
initial capacitance to decrease and hence, the TR will 
increase. By taking a close look at FIG. 5A, it is clear how the 
outer parts of the top plate are warped upwards more than the 
middle parts of the plate. To obtain more information on this 
warping, a detailed optical pro?lometer analysis with the aid 
of the Zygo 7300 optical pro?ler is presented below. 
[0037] FIG. 5A shows a 3D oblique pro?le plot of one 
exemplary embodiment of a variable capacitor, which clearly 
shows the warping that takes place. To quantify this warping, 
two cross sections for the variable capacitor, i.e. AA' and BB' 
as shown in FIG. 5B, are obtained and the surface pro?le plot 
for these sections are provided in FIG. 5C and FIG. 5D. 
Explicitly, FIG. 5C shows the AA' surface pro?le and indi 
cates that the warping distance between the outer and middle 
parts of the plate is 5.6 pm. On the other hand, FIG. 5D 
measures how far the outer parts of the plates are from the 
substrate, and this distance is 8.8 pm. 
[0038] FIGS. 5A-5D af?rm the analysis presented in the 
previous section (i.e. zipping behavior). Because the middle 
parts of the top plate are closest to the substrate, they will be 
the ?rst to collapse onto the substrate. Then, as the actuation 
voltage increases, the rest of the plate starts to ?atten out until 
the complete plate rests on the substrate in a zipping manner. 
[0039] From the previous optical pro?ler images, one can 
deduce that the middle part of the plate is 8.8 [rm-5.6 um:3.2 
um above the substrate. However, note that the distance of 3 .2 
pm accounts also the Poly2+ metal thickness of 2 pm. As 
such, the sacri?cial oxide thickness is approximately 1.2 pm 
as expected. 
[0040] A microphotograph of an embodiment of the 
designed MEMS variable capacitor is shown in FIG. 6. Next, 
in FIG. 7, a microphotograph of another embodiment of the 
variable capacitor is depicted. The only difference between 
FIGS. 6 and 7 is the suspension structure. In FIG. 6, a mean 
der suspension is featured, whereas in FIG. 7, a straight 
suspension is featured. With different suspension structures, 
embodiments of the variable capacitor can have lower actua 
tion voltages, higher actuation voltages, less tuning range, 
higher tuning range, etc. By adjusting or con?guring speci? 
cations of the suspension structure, one can tune the capaci 
tance ratio and the capacitance value to a desired value. 
[0041] The MEMS devices described herein can be fabri 
cated using any known micromachining processes, for 
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example, the multi-user MEMS processes (MUMPs) 
described in the PolyMUMPs Design Handbook, Revision 
10.0, by David Koester et al., MEMSCAP 2003. One 
MUMPs process provides three-layers of conformal polysili 
con that are etched to create a desired physical structure. The 
?rst layer, designated PolyO, is coupled to a supporting wafer, 
and the second and third layers, Polyl and Poly2, respec 
tively, are mechanical layers that can be separated from 
underlying structure by the use of sacri?cial layers of depos 
ited Oxide that separate layers and are removed during the 
process. A layer of silicon nitride is used to electrically isolate 
the substrate from the layers of polysilicon. A metal layer, 
such as, for example, gold, can be applied over the upper 
polysilicon layer. Details of the materials, layer thicknesses, 
tolerances, and the like can be found in the PolyMUMPs 
Design Handbook. 
[0042] Therefore, in accordance with embodiments of the 
present disclosure, there are two sacri?cial (oxide) layers in 
the PolyMUMPS process, i.e. Oxidel and Oxide2, which are 
2 pm and 0.75 pm thick, respectively, and PolyMUMPS 
allows some ?exibility in designing structures that depend on 
these oxide layers. 
[0043] For the cases of the MEMS variable capacitor 
(MVC) herein for example, it is possible to create the top plate 
over both oxide layers, in which case the separation between 
the top plate and the substrate would be 2.75 pm. It is also 
possible to partially etch Oxidel by 0.75 pm before deposit 
ing Oxide2 atop Oxidel . The latter case would result in mak 
ing the top plate reside 2 pm above the substrate. Another 
possible combination to use is to etch the combined thickness 
of 2.75 pm to bring it down to approximately 1.25 pm. Other 
possibilities are also achievable and contemplated in various 
embodiments. 

[0044] Depending on the initial separation between the top 
plate and the bottom plate, the minimum capacitance 
changes. As such, the tuning range changes as well assuming 
that the maximum capacitance should always, theoretically, 
stay constant. If the top plate is far from the bottom plate, then 
the minimum capacitance becomes smaller, which increases 
the TR. On the other hand, if the top plate is close to the 
bottom plate, then the minimum capacitance becomes larger, 
which decreases the TR. However, the higher TR will come at 
the cost of a higher actuation voltage and it is up to the 
designer to choose what is more suitable for the application 
considered. 

[0045] In one embodiment, the actuation voltage require 
ment is prioritized rather than the TR, because the actuation 
voltage requirement is very compelling in wireless handheld 
devices. Consequently, and with the previous explanation in 
mind, the combination is selected that provides the minimum 
oxide thickness and achieves an oxide thickness of 1.2 pm, in 
one embodiment. 

[0046] Referring now to FIG. 8, measurements were per 
formed at a frequency of 1 GHZ. FIG. 8 shows the return loss 
measurement (i.e. S1 1) of the capacitor shown in FIG. 7 from 
1 GHZ up to 4 GHZ, where the quality factor (Q) is approxi 
mately 5 throughout the frequency band. 
[0047] FIG. 9 also shows the tuning characteristics. The 
attained TR was 4.1 and was reached at a voltage of 6V, and 
no change in capacitance takes place beyond this voltage. By 
taking a close look at FIG. 9, one can conclude that the ?rst 
pull-in occurs at 3V. After the ?rst pull-in occurs at 3V, 
multiple consequent pull-ins also occur, until the maximum 
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capacitance is reached at approximately 6V. These measure 
ments are inline with the expected behavior of Zipping. 
[0048] As stated above, one notices that the capacitor expe 
riences the ?rst pull-in at a voltage of approximately 3V and 
little tunability is available. By exploiting a more suitable 
suspension design, the performance of this capacitor can be 
enhanced. FIG. 6 shows a scanning electron microphoto 
graph (SEM) of a fractal capacitor that is identical to that 
shown in FIG. 7 in every aspect except for the suspension 
con?guration supporting the top plate. The suspension arms 
that hold the capacitor in FIG. 7 are simple beams whereas 
those in FIG. 6 are of a serpentine or meander shape, which 
are less stiff than the typical design shown in FIG. 7. 
[0049] The spring constant of both con?gurations can be 
easily calculated through solid mechanics. Because the ser 
pentine suspension (SS) con?guration is less stiff than the 
?rst design presented with a typical suspension (TS), it is 
expected that the top plate in the SS variable capacitor will 
de?ect more than the top plate in the TS under the effect of its 
own mass. As such, the minimum (initial) capacitance will be 
higher in the SS variable capacitor when compared to the TS 
variable capacitor. On the other hand, it is expected that the 
maximum capacitance should not change in either designs 
because the ?nal state of both capacitors will be the same 
irrespective of the suspension used. Consequently, the TR of 
the SS variable capacitor should also be lower. 
[0050] Another bene?t that should also be possible to 
acquire from using the SS, is suppressing the abrupt change in 
capacitance caused by pull-in and Zipping. Because the top 
plate is closer to the substrate, this translates to having only a 
small distance to travel when compared to the TS structure. 
However, using the SS structure increases the series resis 
tance and in turn decreases Q. 
[0051] The tuning behavior of the enhanced variable 
capacitor is shown in FIG. 10 and corresponds to a tuning 
range of 2.5. For reliability purposes, the actuation was per 
formed twice, and as can be seen, the capacitance-voltage 
behavior in both cases is very similar. The Q was also mea 
sured and was 4 at 1 GHZ. 

[0052] With embodiments of the present disclosure utiliZ 
ing MEMS variable capacitors, the pull-in effect is eliminated 
completely (as discussed above). The structure relies on the 
fractal geometry that is created on two different layers within 
a MEMS process. One of the layers contains a speci?c fractal 
shape that is ?xed, and the other layer contains the comple 
ment to the shape in the ?rst layer, and is also suspended. 
Upon applying a DC voltage difference across these two 
layers, the suspended layer will move towards the ?xed 
plate--However, the two layers will not snap-in and will not 
short out because the shapes are complements of each other. 
[0053] In an exemplary embodiment of a method in accor 
dance with the present disclosure, a top suspended plate is 
created such that it follows a speci?c fractal shape. At the 
same time, a bottom ?xed plate is createdusing a fractal shape 
that is complementary to the top one. In other words, nowhere 
does the bottom plate exist under the top plate and nowhere 
does the top plate exist over the bottom plate. As such, no 
matter how far the top plate travels towards the bottom plate, 
the maximum that would happen is for the top plate to collide 
with the nitride insulator layer that is above the substrate 
without touching the bottom plate. When this latter case 
occurs, all the void area that is present within the bottom plate 
will be ?lled with the top plate similar to how a jigsaw puZZle 
is formed. 
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[0054] The source of the electrostatic forces is two-fold: the 
fringing capacitance that is present between the top plate and 
the bottom plate, and the capacitance that is present between 
the top plate and the semiconducting substrate. By using both 
the fractal concept and substrate coupling, a variable capaci 
tor with high tuning range is attainable. 
[0055] It should be emphasized that the above-described 
embodiments of the present disclosure are merely possible 
examples of implementations, merely set forth for a clear 
understanding of the principles of the disclosure. Many varia 
tions and modi?cations may be made to the above-described 
embodiment(s) without departing substantially from the 
spirit and principles of the disclosure. All such modi?cations 
and variations are intended to be included herein within the 
scope of this disclosure. 

[0056] It should be noted that ratios, percentages, amounts, 
and other numerical data may be expressed herein in a range 
format. It is to be understood that such a range format is used 
for convenience and brevity, and thus, should be interpreted in 
a ?exible manner to include not only the numerical values 
explicitly recited as the limits of the range, but also to include 
all the individual numerical values or sub-ranges encom 
passed within that range as if each numerical value and sub 
range is explicitly recited. To illustrate, a percentage range of 
“about 0. 1% to about 5%” should be interpreted to include not 
only the explicitly recited percentage of about 0.1% to about 
5%, but also include individual percentages (e.g., 1%, 2%, 
3%, and 4%) and the sub-ranges (e.g., 0.5%, 1.1%, 2.2%, 
3.3%, and 4.4%) within the indicated range. The term “about” 
can include traditional rounding according to signi?cant ?g 
ures of numerical values. In addition, the phrase “about ‘x’ to 
y includes “about ‘x’ to about y . 

1. A variable capacitor comprising: 
a capacitor body in a microelectromechanical system 
(MEMS) structure, wherein the capacitor body has an 
upper movable plate with a fractal shape separated by a 
vertical distance from a lower ?xed plate with a comple 
mentary fractal shape; and 

a substrate above which the capacitor body is suspended. 
2. The variable capacitor of claim 1, wherein the fractal 

shape of the upper movable plate and the complementary 
fractal shape of the lower ?xed plate comprise a Moore’s 
Fractal. 

3. The variable capacitor of claim 1, further comprising: 
a suspension structure supporting suspension of the upper 
movable plate above the lower ?xed plate. 

4. The variable capacitor of claim 3, wherein the suspen 
sion structure comprises a straight suspension structure or a 
meander suspension structure. 
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5. The variable capacitor of claim 3, wherein a speci?ca 
tion of the suspension structure is con?gurable to tune a 
capacitance ratio of the fractal variable capacitor to a desired 
value. 

6. The variable capacitor of claim 1, wherein a voltage 
applied to the upper movable plate causes the upper movable 
plate to move closer to the lower ?xed plate thereby causing 
the vertical capacitance between the upper movable plate and 
the lower ?xed plate to be changed, preferably the changing 
capacitance being linear. 

7. The fractal variable capacitor of claim 1, wherein the 
upper movable plate comprises a signal terminal and the 
lower ?xed plate comprises a ground terminal. 

8. The fractal variable capacitor of claim 1, further com 
prising a horizontal separation between the top movable plate 
and the bottom ?xed plate, the horizontal separation prefer 
ably being substantially 2 pm. 

9. A method comprising: 
fabricating a bottom ?xed plate having a fractal shape over 

a substrate; 
fabricating a top movable plate, the top movable plate 

having a fractal shape that is complementary to the frac 
tal shape of the bottom ?xed plate; and 

suspending the top movable plate over the bottom ?xed 
plate within a MEMS variable capacitor, 

wherein a voltage applied to the top movable plate causes 
the top movable plate to move closer to the bottom ?xed 
plate thereby causing a vertical capacitance between the 
top movable plate and the bottom ?xed plate to be 
changed. 

10. The method of claim 9, wherein the fractal shape of the 
top movable plate and the complementary fractal shape of the 
bottom ?xed plate comprise a Moore’s Fractal. 

11. The method of claim 9, wherein the top movable plate 
is suspended over the bottom ?xed plate by a suspension 
structure, wherein a speci?cation of the suspension structure 
is con?gurable to tune a capacitance ratio of the MEMS 
variable capacitor to a desired value. 

12. The method of claim 11, wherein the suspension struc 
ture comprises a straight suspension structure or a meander 
suspension structure. 

13. The method of claim 9, further comprising applying the 
voltage to the top movable plate thereby causing the top 
movable plate to move closer to the bottom ?xed plate thereby 
causing the vertical capacitance between the top movable 
plate and the bottom ?xed plate to change, preferably the 
changing capacitance being linear. 

14. The method of claim 10, wherein the top movable plate 
comprises a signal terminal and the bottom ?xed plate com 
prises a ground terminal. 

15. The method of claim 10, further comprising maintain 
ing a horizontal separation between the top movable plate and 
the bottom ?xed plate within the MEMS variable capacitor. 

* * * * * 


