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D. Horning 15 BACKGROUND OF THE | NVENTI ON M cro
El ect ro- Mechani cal Systens (MEMS) accel eroneters
typically consist of a pendul ous proof nmass, a
suspensi on system (fl exures) and a nethod for
determining the relative notion of the proof mass
under the influence of acceleration (F=MA). Surviving
20 hi gh shock environnments whil e maintaining
performance necessary for navigation purposes inposes
significant obstacles on Mcro El ectro-Mechani ca
Systens (MEMS) acceleroneters. Very small MENMS
accel eroneters are required in order to survive high
shock environments. Flexure systens for MEMS
accel eroneters nust be designed to limt notion to a
uni que sensing axis. The flexure suspension nust
mnimze the effects from25 environnental stress and
strain while possessing enough strength to permt
operation in high shock environnments. Historically,
strain isolation is required on these types of devices
to isolate the sensor fromnounting strains. The
strains experienced are typically due to the thernmal
coefficient of expansion (TCE) difference between the
device material and the nounting material. -1 WO
2004/ 088330 PCT/ US2004/ 009597
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BACKGROUND OF THE INVENTION

Micro Electro-Mechanical Systems (MEMS) accelerometers typically consist of a
pendulous proof mass, a suspension system (flexures) and a method for determining the
relative motion of the proof mass under the influence of acceleration (F=MA). Surviving
high shock environments while maintaining performance necessary for navigation purposes
imposes  significant obstacles on Micro Electro-Mechanical Systems (MEMS)
accelerometers. Very small MEMS accelerometers are required in order to survive high
shock environments. Flexure systems for MEMS accelerometers must be designed to limit
motion to a unique sensing axis. The flexure suspension must minimize the effects from
environmental stress and strain while possessing enough strength to permit operation in high
shock environments. Historically, strain isolation is required on these types of devices to
isolate the sensor from mounting strains. The strains experienced are typically due to the
thermal coefficient of expansion (TCE) difference between the device material and the
mounting material.
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Si ngl e axi s, pendul ous, capacitive-sensing MEMS

accel eroneters are extrenely popul ar for high shock
wenvidrossasent s at a | ow cost. Their snall over aPCT/US2004/009597

geonetry is ideal for high shock packages that

require mninmumsize. FIGURE 1 illustrates torsional

flexures that are used to support a pendul ous nmass

for one of these acceleronmeters. Thus, unwanted 5
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strain isolation beams protect the flexures ﬁom mechamcal strain.

BRIEF DESCRIPTION OF THE DRAWINGS

The preferred and alternative embodiments of the present invention are described in
detail below with reference to the following drawings.

FIGURE 1 illustrates a prior art torsional flexure for a pendulous Micro
Electro-Mechanical Systems (MEMS) accelerometer;

FIGURE 2 is a top view of a pendulous MEMS accelerometer formed in accordance
with the present invention;

FIGURE 3 is an x-ray view of the accelerometer in FIGURE 2.

DETAILED DESCRIPTION OF THE INVENTION
FIGURE 2 illustrates a single axis, pendulous, capacitive-sensing Micro
Electro-Mechanical Systems (MEMS) accelerometer 20 formed in accordance with the
present invention. The accelerometer 20 includes a pendulous proof mass 22, a pair of
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El ect ro- Mechani cal Systens (MEMS) accel eroneter;
FIGURE 2 is a top view of a pendul ous MEMS

wacowlosssoet er fornmed in accordance wth the pPCEASm04/009597
invention; FIGURE 3 is an x-ray view of the
accel eroneter in FIGURE 2. 30 DETAI LED DESCRI PTI ON OF
THE INVENTION FIGURE 2 illustrates a single axis,
pendul ous, capacitive-sensing Mcro
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ces that are su stantla ar a
accelwemgter@ailaﬁﬁatbs@n@,lpbﬁeci he proof mass 22, without
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mass
first Stemcukh?émorasna@hélabﬂn@ﬁcqnéﬁctm Crpagitor platps i e idgrarg focated on

the sﬂﬂi‘)%rt structure behind the first and second sections. The center of gravity of the proof
mass 22 is suitably located off-center from the rotational axis of the proof mass 22 caused by
the location of the cantilever-style bending beam flexure beams 24. The flexure beams 24 are
of sufficient strength to suspend the proof mass 22 above respective capacitor plates 40
and 42. When acceleration occurs, the proof mass 22 deflects under the externally applied g-
load. The first capacitor plate 40 senses capacitance of the first section of the pendulous
proof mass 22. The second capacitor plate 42 senses capacitance of the second section of the
pendulous proof mass 22. By measuring the difference in capacitance between the two
capacitor plates 40 and 42, the applied acceleration is known within a high degree of
accuracy.

In one embodiment of the present invention, above a predefined operational g-range
the proof mass 22 deflects and contacts shock stops (not shown) that are located on the
suppotrt structure.
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accel eronmeter 20 is greatly sinplified. FIGURE 3
illustrates an x-ray view of the accel eroneter 20. The
woheoumsgs3sbeans 24 are suitably connected to tReTISZDI009597

mass 22 in order to create a pendul ous proof mass 22

with first and second sections. In other words, the

proof nmass 22 seesaws about the flexure 20 beans 24,

whi ch have a Iinear relationship with the direction of
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thedwhmﬂhﬁfb%s&ent i nvention, above a predefined
operational g-range the proof nass 22 deflects and
contacts shock stops (not shown) that are | ocated on
the support structure. -3 WO 2004/088330
PCT/ US2004/ 009597 Al so, the securing pads 28 are
separated fromthe proof mass 22 by caging slots for
limting travel of the pendul ous proof mass 22 to |ess
than the failure strain of the conponents of the
accel eronmeter 20. Thus, the caging slots between the
securing pads 28 and the support structure and the
proof mass 22 and the slots between the strain
i sol ation
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5 beans 26a and b and the proof mass 22 cage the

accel eroneter 20 from high shock notion in any
wdizoEmsssn. |t can be appreciated, that althougaTiseo04/009597

exanpl es of the present invention show that the

fl exure beans are approxi mately orthogonal to the

sensitive axis, the flexure beans could be placed

anywhere between parallel to perpendicular to the

p . roof mass. 10 While the preferred
ehgggfﬁéﬁ gfgthe i nventi on has been illustrated and

descri bed, as noted above, nmany changes can be nade
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accel etluplgtess as thhpromf owker omet er conprising: a
pendul ous proof mass; one or nore securing pads; and 5

2.0Neryar a&@fe?orﬁ%}@?‘ uf @lgiﬁ?ﬂsﬁﬁ’ﬁﬁgp |68 i%l'h? Jﬂ%eop ?ﬂb%’ | S%ﬁl 1solat10n

proof mass an he one or nor e S cur

beamy Finepls ey SFR I GIAPION FRTER a0 leaene of fheprodalons proof

mass &Stht Recupihgphdyrass. 2. The accel erometer of Caim 1,
further conpr|5|ng one or nore strain isolation beans

I e a %C%ﬁge%))?ﬁ p(:sl Y\jlgers %%tr%aeﬂﬂr ic?noﬁea{n}?emclude slots for
limitisgtravel nfjthe aodsduleus prbef raassdd mssﬁmtlefmlwé st@diniofitt2, accelerometer.
wherein the strain isolation beans include slots for

4.1 1 ridel DYelefRAYRLr S Cfaﬂﬁ 1?%@*@119 ECQHE% ?39&33 are? e(lgglsctﬁi‘d from the

than failure strajin accel er onet
Pend%@ewre%%ﬁsefordm@nal%w ofuther Randulone peeaf ppsigopagssthan failure

strain @f eheSRPelé@ditbrf rom t he

5. The accelerometer of Claim 1, further comprising first and second capacitor plates,
wherein the first capacitor plate is positioned relative to a first section of the pendulous proof
mass, and the second capacitor plate is positioned relative to a second section of the

pendulous proof mass.

6. A micro electro-mechanical systems accelerometer, the accelerometer comprising:

a pendulous proof mass;

one or more securing pads;

one or more flexure beams coupled with the pendulous proof mass and the one or
more securing pads, wherein the flexure having approximately the same
thickness as the proof mass; and

one or more strain isolation beams connected between the one or more flexures
and at least one of the pendulous proof mass or the securing pads,

wherein the strain isolation beams protect the flexures from mechanical shock,
and the securing pads are separated from the pendulous proof mass for
protecting the flexures from mechanical shock.



pendul ous proof mass for limting travel of the

pendul ous proof mass to less than failure 15 strain
wofod4veszsaecel eroneter. 5. The accel eronet er of PCraiSm01/009597

further conprising first and second capacitor plates,

wherein the first capacitor plate is positioned

relative to a first section of the pendul ous proof

mass, and the second capacitor plate is positioned

7.7 el"ﬁ{e' a\é/;gelgr%n%t& %gl 8 \%Vh&@motfh sﬁ'gm 1?(?1@@&{ Béhind’ ngﬁ]zle slots for

cro e Fo- mech
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the sdpaRfishOsIS HRr &Q{mﬁ@?ﬁds 20f Pe PRURIGRCHODN hal@dnitsORSve] of the
nore_ flexure coupl.ed_w th the pendul ous proof
Pendlﬁ%@%?fdnﬁ%éo it P fallws? graip efithergegheranictehher ei n t he
fl exure having approxi mately the sanme 25 thickness as
the proof nmass; and one or nore strain isolation beans
connected between the one or nore flexures and at
| east one of the pendul ous proof mass or the securing
pads, wherein the strain isolation beans protect the
fl exures from mechani cal shock, and the securing pads
are separated fromthe pendul ous proof mass for 30
protecting the flexures from nmechanical shock. -5 WO
2004/ 088330 PCT/ US2004/ 009597 7. The accel eroneter of
Claim6, wherein the strain isolation beans include
slots for limting travel of the pendul ous proof nass
to less than failure strain of the accel eroneter and
the separation of the securing pads fromthe pendul ous
proof mass limts travel of the pendul ous proof mass
to less than failure strain of the accel eroneter. -6



