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METHOD AND SUBSYSTEM FOR
PROCESSING SIGNALS UTILIZING A
PLURALITY OF VIBRATING
MICROMECHANICAL DEVICES
CROSS-REFERENCE TO RELATED
APPLICATIONS
This application is a continuation-in-part of U.S. patent
application entitled “Device Including A M cromechanical
Resonaior Having An Operaiing Frequency And Meihod Of
Extending Same” filed Jan. 13, 2000 and ,,a,ving U.S. Ser

A0 TT 4 NI AQ NVTA <xrle

¢ D, )
U.D. Fal. NO. 0,2947,U/5 W[llL[l 1[1 I.Ll[[l

claims the benefit of U.S. provisional application entitled
CYITITT e mmn TT 1My 11_»,.» SR TR S |

nr [‘ICC [‘ICC DCd 1 nign-v viicromecnanical
Resonators”, filed Jan. 14, 1999 and having U.S. Ser. No.
LN/M11E QQN T st ST ATt s L a5 A LTTQ
LVU/110,004. 1HIS dPPLICAUOLL dIdU CLALLS e UCLICIIL UL U.O.
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20, 2000 and having

provisional anphcatron entitled “Transceiver Front-End
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cessors” filed Apr
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VU/177,U00.

'T'his invention was made with government support under
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government has certain rights in the invention.
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1. Field of the Invention
This invention relates to methods and suosysrems for
processing signals utilizing a plurality of vibrating micro-

mechanical devices.
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The Micromechanical Beam Element
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conditions. Although several micromachining technologies
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different materials, surface micromachining has been the
nreforrad methad for rmechanical cammunication cirouite
preferred method for umechanical communication circuits,
mainly due to its flexibility in providing a variety of beam
oand ~oanditinng and alectrnde lacatinng and ite ahility tn
end conditions and electrode locations, and its ability to
realize very complex geometries with multiple levels of
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to provide low 1055, high perfo
the MEM devices also makes possible the fabrication and
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therebv enhancing the performance characteristics of the

us. Pat No <,872 489 to Chang et al. discloses an
integrated tunabie inductance network and method. The
network utilizes a pluml' y of MEM switches which selec-
nductance devices thereby providing a

for a particular circuit.
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. No. 5,963,857 to Greywall discloses an article
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a Tomacninea Iiier. 111 use, I.IIC 111 Oiia-
chmed ﬁlte rs are assembled as part of a radio to miniaturize
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actor of micromechanical structures.
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et al. disclose mlcroelectromechamcal signal Processors.
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The signal processors include many individual microelec
tromechanical resonators which enable the processor to
function as a multi-channel sional nrocessor or a spectrum
function as a multi-channel signal processor or a spectrum
analyzer.
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canac1tance-based, tunable, micromechanical resonator. The
resonators may be selectively tuned and used in mechanical
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present invention, a method for
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amplifier therein. The method includes providing a plurality
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ther includes vibrating the micromechanical devices to ini-
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stantially attenuating signals outside the desired frequency
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range of signals without the need for the low noise amplifier.
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vibrating mlcromechamcal mlxer-ﬁlter coupled to the filter
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of the pleCuL ulvcuuuu, an RF
system is provided which substantially reduces the need for
ront-end nower. The subsvystem includes a vibratine micro-
front-end p
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mechanicai f frequency r
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& micromechanical mixer-filier apparatus for convcrung and
filtering an information signal having a frequency without
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includes a mixing micromechanical transducer having

nort for receivine the information mnnn a gecond nort for
PUII, 1ur l\/\.«\/lVlllé v 1nviiianiuL 5 ddl, d dSVALULIG PUII, 1ur
receiving an AC signal having a desired frequency and an
outout vort. The apparatus alsc includes a micromechanical
output port. The apparatus also includes a micromechanical
resonator coupled to the transducer. The apparatus converts
the frequency of the information sienal based on the desired
quency of the information signal based on the desired
frequency and filters the information signal without the need
o
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perspective view;

FIG. 2a is a prior art, schematic perspective view of a

SAW resonator and a number of MEMS resonators formed
on a silicon die to compare the two approaches;
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ment via micromechanical versions of the present invention;

FIG. 4 is a graph of transmission {dB] versus frequency

g desired filter characteristics:
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FIG. 5a is a perspective schematic view of a symmetrlcal
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FIG. 7 is a system/circuit diagram for an RF channel
select micromechanical filter bank;
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channel selector, the T/R switch and the mixer-filter-gain

resonators;
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FIG. 15 is a schematic top perspective view of a 92 MHZ
(VHF\ free-free beam nn]v<1]1r‘nn llmPrhan1ra] es

ir) Irec am S11con dmechanic

ppO t beams isolate the resonator beam element
rate thereby aﬂnwmo higher QQ operation;

r of FIG. 15;

FIG. 17a is a schematic perspective view of a UHF

umechanical filter utilizing free-free beam umechanical

mechanical filter utilizing free-free beam wmechanical
resonators designed to operate at a second mode; and
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of so many frequency-selective passive components is easily
justlued when considering that communication systems
designed to service large numbers of users require numerous
communication channels, which in many implementations
(e.g., Time Division Mulitiple Access (TDMA)) must have
small bandwidths and must be separable by transceiver
devices used Dy ihe system. The rcqulrcmcn‘t for smail
char or extremely
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n a design perspective, one Q- -limiting loss mecha-
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nism that becomes more important with increasing fre-
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quency is loss to the substrate uuuugu anchors. The fre-
quen y denendence of this mechanism arises because the
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rise to larger forces exerted by

o 121 e A M RO OC

L‘lrlllé 'v1u1 ation. As a \.«Oubu\,luuuuu,

reganance de oh hal
ICS011ance uuoléuo, sSucii as oai-

ve effective in alleviating this

sonree nF ene
S0Urce o1 ¢nc

Anchor loss mechanisms can be greatly alleviated by
using “anchor-less” resonator designs, such as shown in the

wn

[S0)
i

=1

)

I

wn
(o)

[

o

o
P L A s [VIPISURS I (LSRN PEg T~ Q/AQN £70 - o
apove-noica paiclit applicauon OCI INU. UZ/9404,0 /U dllll dad
illustrated by the view of FIG. 15. This device utilizes a
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I I anchors 64.
By chaogine sunnort dimensions corresnondine to a quarter
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wavelength of the free-free beam’s resonance frequency, the
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be effectively nulled out, leavmg the beam 60 virtually
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requency is obtam d vi
ifically d t

tegic placement and excitation of ¢ , and by the use
of dimpies under the structure 60 to force node locations
corresponding to the desired mode. The mode can also be
specified by placing the support beams at nodal iocations, as
in FIG. 17a

FIG. 16 shows a frequency characteristic for a 92.25 MHz

sonstor with N ~F no

hic srmnenhoniaa

+ ; 1 vo o arly
tiis gimccnaiicar resonator wiin a @ OI ncarry

,000—still plenty for channel-select RE applications.
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Table 1 presents cxpcucd resonance {requencies {or vari-
and structural materials,
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uMechanical Resonator Frequency Design*

Frequency

(MHz) Material Mode h, [pm] W [um] L, [um]

70 silicon 1 2 8 14.54

110 silicon 1 2 8 11.26

250 silicon 1 2 4 6.74

870 silicon 2 2 4 4.38

1800 silicon 3 1 4 3.09

1800 diamond 3 1 4 6.16

*Determined for free-free beams using Timoshenko methods that include
the effects of finite h and W,.
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(1) An electrical input signal is applied to the input port
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pacings to achieve various values oI Ry 10r miCrome-
chanical filters centered at 70 MHz and 870 MHz, and
wrth N_ 10 N0NNN0 MD_1 98 NATT, o1 YV 10 17
1L J=1V,U0V, D=1.40 1vllls, dallud VP—LU v
TATT T A
1IADLL 2
Two-Resonator gMechanical Filter
Electrode-to-Resonator Gap Spacing Design*
Gap Spacing. d. for R =
Frequency 300 Q 500 Q 1,000 Q 2,000 Q 5,000 Q
70 MHz! 1954 223A 266A 317A 399A
870 MHz* 784 814 20A 954 119A
*Determined with Q = 10,000, B = 1.25 = 10 V.

TCCBeam, polysilicon, L, = 14.52 ym, W, = 8 um, h =4 ym.
*C(‘Beam; diamond, T,, = 9.36 um, W_ =& pym, h = 4 ym.

toa “quar[er-waveleng[n of ‘[he fiiter center Irequency

Here, the coupling beam is recognized as an acous
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Vibrating umechanical resonators constitute the building
blocks for a new integrated mechanical circuit technology in
whic ich Q serves as a principal desien parameter that
which high Q serves as a principal design parameter that
enables more complex circuits. By combining the strengths
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What is claimed is:
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