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1 AN ACCELERATI ON SENSI TI VE SWTCH Fi el d of the

I nvention The present invention relates to an

accel eration sensitive switch, nore particularly, to
a swtching arrangenment with a variabl e capacitor that
is sensitive to acceleration. 1Background

“wnen & thr oA ACLEL ERATRINCSENSFUVE Swiime A"

Accel eration switches are widely used in air bag

Wiele of thednverdidiect t he sudden decel eration of a
vehicl e during crash. Acceleration switches are

usual | yrhgephanic dhveiibit CREScshAY| 0 @cslFiiog- k@RHRE switch, more
mass that nmakes contact with an el ectrode, thus

gettiquiprlys ta asswitding wirengesaeb} axithed viagable cmpaditrithet is sensitive to
greater. than a predeterm ned threshold val ue of
é@ﬁ%@@?%&ion. Today, accel eration switches are

commonl y manuf actured using m cromachi ning. 15 US

Patent No. 6,336, 658B1 discloses an accel eration

swtch having a first and second inertia mass where
tBackgremadi nertia mass is lighter than the first

inertia mass. A pair of torsion bars connect to the

first iAveeleiationaswitched arct designed tarisbusy asisignpl fwhent e threshold

first .inertia ss.. The acceleration switch also ha

ACPAFRLIYH Valpe s (et Rerefretonmat Ehaer ey, of 51 i gag systems
ttg'% REC %dsu'dgﬁ{ : %c%leﬁ@ﬁﬁﬁ' ofvg1 %Qfﬁ@ﬁcﬁnﬁgacfrhéﬁp Rgcé}fﬁration switches are
predetermned value or greater Is applied to the .

asGalyermathBitad Wvitehbs RavengS 8 GRRAstddEEd indasPBES MBMRScontact with an
into contact with the pair of electrodes to act as a

shictrotle, h8s Rartipgt asNe. swWitcig 6whob Bubjdeted | tos eecelamation greater than a
accel erati.on switch having an inerti 5 mass anpd an .,
S UATO o RERDRI (. 5F CRBRED anbilyafosaraigy Sitches are

%Bﬁkﬂgﬂdg&gﬁg&nkﬁqgﬁ&qgﬁﬁﬁﬁﬁmhmﬁ%&nertia mass and the

el ectr ment to-a housi ng. en the switch is
subj ect to acceleration greater than a predeterm ned

value, an electrical contact point on the el ectrode
el enentUS Bafenieo0.a6,830.0 8 plodidrlases canacaeleratipe gwitgh theeing a first and

housi.ng, .so that an electrical signal,is.pravided.taq.

SRARIATGHE Rt Phe e ooty eRBmom R Oee HBE GRS ingfia mass. A
lpair of torsion bars connect to the first inertia mass and act as a turning shaft for the first
inertia mass. The acceleration switch also has a pair of electrodes formed on a substrate

facing the second inertia mass. When acceleration of a predetermined value or greater is

applied to the acceleration switch, the second inertia mass moves into contact with the

pair of clectrodes to act as a switch.

US Patent No. 6,236,005B1 discloses an acceleration switch having an inertia
mass and an electrode element that are pivoted about an axis of a spring element that
connects the inertia mass and the electrode element to a housing. When the switch is
subject to acceleration greater than a predetermined value, an electrical contact point on
the electrode element touches a corresponding contact area in the housing, so that an
electrical signal is provided to indicate that the predetermined value of acceleration is

exceeded.
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acceleratlon

30 exceeded. 2 The threshold val ue of accel eration
w || depend on the physical paraneters of the sw tches
such as the stiffness of the torsion bar or the spring
el enent, the inertia mass, and the distance between
t he contacting electrodes TheZt hr eshol d value of the

G111 1 oo e et ofkecd ErBoR il dfmod SR and AyakaEbdynders of the
%Vv‘?t'éﬁ&sr%cﬁ i&g thd Eﬂfhﬂ%ﬁ Bf‘t}ierfoﬂsgd | 29nd Pﬁnﬂgélgﬁgﬂl the mertla mass,
val ue, various ~configurati ons acceleration swtch

ané thy @i@ﬁﬁ&jbévheélﬁt}khen{abﬂi@ble&tﬁbdéal The itlgreddidisilabbethe switches
changi ng el ectrode voltage. US Patent No. 5,905,241

dféscmb@d asthgse prbbisttinnady gameralliy difficult fpadivss ence the switches are made.

snap-t hrough buckling phenonenon of a bi norph beamto

di spl ace a nmovabl e 10 el ectrode into contact with

anot herrel egaﬁfée R BmidoGH & S gﬁigﬁgg wﬁl%n m&ﬂm&sb&h@ various

orce Is experience

Appfigaatiomnt @Ot aAlsvd ick akop@posd wl&@@ﬂﬂe&hx&thodxhvalue is adjustable

swtch equi pped with an inertial mass that is

defobaeging Flectedsiodtage| US Rgtenpdiei §.08h24 bdisplosastaparederation switch

BB bbb Do B D 800G R HEHS! § SRS RED 3} Bbbfife o movabt
R RELAO AL t@t{ﬁ Ne#h taRafheP Q[E&&S&e the ?ﬁ%@'cﬁité{deoghéi? a threshold

forces and the inertial mass in the
pocdldration Worct | is caspedaned.by EPhBatemr dgptieationn@24730A1 discloses an
accel eration force. In both cases, the predeterm ned

aeeckyralion pwick ewﬁpedw%tés@awﬂtaé mgss dhdr istdeflestablectiom a holding

can..be  adj ustln el ectrode | t age .or

PREES 4f th el Yol oM srlhntt de iy BEUCEEG0 S piffFetn force. A
LBRa QYRR AN ?Faté Qéfﬁ%a‘f@s Efi'it elé&ﬁ{au@ Rcé {h%@ B}ch%éﬂ the acceleration
contact that is forned nmetal and may be

sorbge @hé chdlds hico hestia maesh nasthm Imidingedaditivg, ustilc omgeome by the

and oxidation, which may cause failure of the
rdetorained uscrgrERR fsaqsm lnchatl passs0 deomrsdgemed acceleration force

%&fsq%l%a%{s( ??Tg‘tlgcﬁe? gnoa%:vstﬂk X agbcg usEe%t W@Jué%mﬁfe@node voltage or the
%ﬁ@ée%@hé(p@, tH¥vho1ahp1k0 conpri ses a mass 112 attached
to a spring 114, a substrate layer 102 with a

threshol d adjustnent channel 108 | ocated between a
source_104 and a_drain 6 t her eo and at .

i nsul affongven g&‘?é‘lbOYL?WIF sinalveih Fastons lsgBiat sppgact that is formed
Weﬁxe}ag and HE’ 6@ SI%Q&L:&’ tgdﬂ)rﬁglteﬂﬁngucﬁhgsn ?rﬁl:rolvggl(hng, arcing, and

oxidation, which may cause failure of the switches.

US Patent Application 2004/0161869A1 discloses a contactless acceleration
switch without metal contacts as shown in Fig. 1. The acceleration switch 100 comprises
a mass 112 attached to a spring 114, a substrate layer 102 with a threshold adjustment
channel 108 located between a source 104 and a drain 106 thereon, and a gate insulating
layer 120 located above the substrate layer 102,. The threshold adjustment channel 108,
the source 104, and the drain 106 are implanted in the substrate layer 102 positioned at a
predetermined distance from the mass 112. The mass 112 operates as a moveable gate in
combination with the source 104 and the drain 106 to form a field effect transistor (FET).

When acceleration level exceeds a threshold acceleration value, an electric field may form
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the source 104, and the drain 106 are inplanted in the
substrate layer 102 positioned at a 30 predeterm ned
di stance fromthe nass 112. The mass 112 operates as a
noveabl e gate in conbination with the source 104 and
the drain 106 to forma field3ffect transistor (FET).
Wien accel eratjon | evel exceeds a threshold

brtweens thgy mass LY aud thesubsigaterlayert {02) greatpe B gigofyostatic force that
AR R S Gl b e L hhafe L Yl Parippgsobsvte

e 102 thhgposidatoratifcdl AYRinck Q2 whidhehoiiBe dléardsRitRSorce cxceeds a
towards the substrate Ilayer 102 to a position of

springi foede aeatedbyghatpnvg ¢ bd.pdimtmassel 18] way soddcalyi eontact the gate
force exceeds a rin orce created t.he spri.n

ipgyfating, Yﬁ‘ag%o m&ﬁﬁve&}% @k #Pf'yglefaﬁf 378133 ¥eﬁ%‘1€§étr5af'§m%m level, thus
. . | .

WIS AR ol el bl obd RIS R St e

douk@sival shdadé UEIe0s, viignngh oh @& BPU. @dePrbblemonitli eetswitch 100
to fl ow between the source 104 and the drain 106,

iatthatha substangially rengtEyt, vabiage pn bt sangei fromtlas dan ticle vade for low
I s that a substanti.al cqnst ant .vol.tage in the range :
JE BT BRcoTRERIEr PE V0BT £8 IR SLIFatu B AT, et be applied
]%%Q eration range
evg%gggnﬁhzy?%&ﬁg£§%g#|e%ﬁaﬁﬁqggtmeen t he ngss 112

and the substrate layer 102. It is an object of the

present invention to provide an accel eration-sensitive )
swi t cHt istanaabjes of therpeesent ingentionde aravédermeacselerpbipa-sexsitive switch
he di sadvant ages of the prior .art_ .or ich | east .
PR EREISY <0 SBTIPreLT P RAPTUE of s EYiRgSeror ThepRSrart or which
ARIENOORSG QU BkvEn @ first aspect, the present
i scl'osure provides an accel eration sensitive
swi t ching arrangenent conprising: an accel eration

sensitive variable capacitor; 20 a detection circuit
o] detec%in ﬁ capacitance val ue of the variable
gﬁklngf

%HHHP@{%F? ?ching circuit responsive to a
b boreARBR et o SR PEpaE, G BOBroPaNasym acceleration

4fﬂ§90é§§§d@m?ﬁ§ﬁl@&&H”Q&ﬁgﬁﬁﬁg one first electrode

ereon and a mass form a second el ectrode
resi | isanictaleratisp samdizide wydriatile kgmsitor;

a detection circuit for detecting a capacitance value of the variable capacitor; and

a switching circuit responsive to a comparison between the detected capacitance
and a threshold value.

The variable capacitor preferably. comprises a base with at least one first
electrode thereon and a mass forming a second electrode resiliently suspended by at least
one spring a first predetermined distance from the base. The spring applies a first force to
the mass in a direction away from the base.

The first electrode is preferably adapted to provide an electrostatic attractive

- force to the mass, the attractive force being inversely proportional to the distance between

the electrode and the mass.
The detection circuit preferably comprises a voltage supply and a resistive load.

The voltage supply is preferably an alternating voltage supply.
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25 one spring a first predeterm ned di stance fromthe

base. The spring applies a first force to the mass in

a direction anay fromthe base. The first electrode is
preferably adapted to provide 2n el ectrostatic

attractive force to the nass, "the attractive force

bei ng ﬁ% : - rti : [ b .
the o Aoy roachibe IEOR Tho@ARly boinbrites o EHRRGTHL SRS providing o
girafigp@bloftagonml 4 pe®nonietet B@QIBRPR s¥cont dnputvsthsd tovah electronic
| oad. The voltage supply is preferably an alternating
vwitelgdhe fpp putavoltpge compspohdnty tierdstactedprapheitanbé ynd the second
conprises a differentjal_ anplifier providing a first.

TR ol SerCsRRRfsaopBe e bell valiienr B0 s omCsutitshdis preferably
IR edv Bhdi rQMkC L t | ;
R BhEAs b M SRRl RN Yol o el B the first input
&oHagehe second input voltage corresponds to the

threshol d val ue. The electronic switch is preferably 5

t ri ggedbe thisshald walugpisnprefreatd s condble it ediwstingagfee potentiometer to
bﬁconﬁ% | ar ger tharl1 the first input voltage. The

FRPIEE LT (P08 WRUG WIBE/f er abl y vari abl e by adj usting

t he po td § s
I Su and e aeh Bipeed (hETIANSR: LRFIGSEE MAOVIIRP U APGERMEn sonsitve
aatsblecaphioor coppsikingve 10 vari abl e capaci tor

conprising: a base with at |east one first electrode
t her eoftbasg witlsat least ppnfirshelseteasiedhespest rode resiliently

L I p—
0O 5 AL O o e s

adagiretioh awpy doidihe daseehadt rostatic attracti ve force
to the nmss, the attractive force being inversely

pr opor tedh elecgrodn being adanied tagerpiide gnekrstrpstatig attractive force to the

lectyo nd. the Ss. Wherein the attracti.ve farce

oSt chPAERE i R bteb e I B itnciiff e the i
Lle@rR@d ¥ROMadshe mass being nmoved, due to

acceleration, to within a second 20 predeterm ned

di st aneberbimothet dtraditveeforce overcomes the spring force and draws the mass

towards the base upon the mass being moved, due to acceleration, to within a second
predetermined distance from the base.

In a first aspect of the capacitor, the mass preferably includes at least one spacer
formed on the surface facing the base. The spacer is preferably electrically insulated so

as to prevent the mass to form electrical contact with the first electrode when the mass

- moved to the second predetermined distance.

In a second aspect of the capacitor, a layer of insulator is preferably formed on
the first electrode separating the mass and the first electrode when the mass moved to the
second predetermined distance.

In a third aspect of the capacitor, at least one third electrode is preferably formed
on the base, adjacent to the first electrode, and having same electrically potential with the
mass. The spacer preferably comes into contact with the third electrode when the mass

moved to the second predetermined distance.
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In a first aspect of the capacitor, the mass

preferably includes at |east one spacer fornmed on the
surface facing the base. The spacer is preferably
electrically insulated so as jo prevent the mass to
formelectrical contact with tne first el ectrode when

the ma ed, .t ] [

25 11 it aprotante p Tk BpEHRK AR (T uabERRm wpon the
massimavad tol the ptodhe paddbterhideddihtaie, ihdieativerdtthetaatit@dmdergoing
separating the mass and the first el ectrode when the
rriseslotepuingd deyel pleacceaatn@ predet ermi ned di stance. In a

L AR ARkl BPuRBr b BBl BB BB bl o prterbty by

ERanlght $c%lfa%£ tsﬁﬂlﬁi%ﬁ QU AP LebRYdehdSABEN RS 8Lt 4d %ﬁ‘{/&@’ the level of

pot entl a the 30 nass. The spacer prefera
aaeRsationtroquitedttaatoveilidmadsao tie secorell predatartdénathiistaddee
mass noved to the second predeterm ned distance. 5

Pr ef er 4b¢ gapagitrace hplaeen shirciersbelegtrpdetad dbe woss is meelergblysmeasured
0 Xi mum upon the nmass noved, to the .stecgnd .
BY 8 el o et PR & YONEs PPV TR CAPE ¢ or

undergoing a predeterm ned | evel of acceleration. The

maxi mum capaci tance of the capacitor being variable,

nost Igref erably bih s _changi ng voltage supplied to the
BriefiDesedptigrtofithie Drawids “so as to vary the |evel

of acceleration required to nove the mass to the
secondAplegieprs phedimegnt ph theeinvepitone gilh dowabe dessaibobey way of
the first elgectrode a t he mass i r.ef erabl.y

s B, YR Etrdhe Pt it rlunint SRt K o1 ¢ age

suppl Yrignflisth {Behatid Vitw! @aPriol Ot BldepbrafRSGHitdpl | on of

the Drawm ngs At | east one énbodi nent of the invention

wi || nbg Dds deshemdirdblotly disgyano feprescampibe of al syyitchingharrangement
reference to the acconpanyi ng drawi ngs i n which: Fig.
acepling todthe preserd disclomsf a prior art accel eration

switchg. Fig, . 2 4isS..a schemati.c bl ock.di agr.am. - o
f epr ets‘lFielﬁt %?ﬁ %efgftngglsﬁ?%ﬁtﬂ%ga%a%ﬂ glﬁeaﬁ eler%on sensitive switching
AEARERLMN becdriic WM Yreftired fpléiRitalib.and 1S an

el ectrical schematic di'agram of the accel eration

sensi tFige 4+ tachiaagh swhematiendays iof saddlia aaparitvers mseful in the

preferred inplenentation, and
arrangement of Fig. 3.

Detailed Description including Best Mode

Fig. 2 shows an acceleration sensitive switching arrangement 208. The
switching arrangement 208 comprises an acceleration sensitive variable capacitor 200, a
detector 202, and a switching circuit 204. The capacitance of the variable capacitor 200 is
configured to change when the capacitor 200 is exposed to acceleration. The detector 202
includes a detecting circuit for detecting the capacitance of the capacitor 200 and
outputting a corresponding electrical signal, such as voltage, to the switching circuit 204.
The switching circuit 204 compares the electrical signal to a threshold value. As such,
when a value of capacitance corresponds to a threshold value of acceleration is measured

by the detector 200, the switching circuit 204 will be triggered to issue an output 206,
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Figs. 4-6 are each schematic views of variable

capacitors useful in the arrangenent of Fig. 3. 20

Det ai | ed Description including Best Mdde Fig. 2 shows

an accel eration sensitive smntghlng arrangenent 208.

The switching arrangenent 208" conpri ses an

306k B J QiR UEhbl Vi Addll SighaPAG) bBLet 30 dntroller for further
det ect or 202, a swtching circuit” 204

qapessih@nce of the variabl e capacitor 200 |s 25

configured to change when the capacitor 200 is exposed

to acceleration. The detector 202 includes a

detecti CIrCUIt f.or tectl t.he .c aC|t

capact 4 S5 AT b 25 o SiQER S Castlibl S10, which
SR Wl diSissedl il HRbre RUANRS ¥ bhRGRd tbod ddsts ioC hTHeQdetector 211
circuit 204 The switching circuit 4 conpares t

ehcdudeasi anaA(hscgnneﬂ 2t and laHnmhnlaz&dVHlZu evhldlmsstmfcally \mbs&snve The

a value of caFaC|tance corresponds to a threshold
\Va ftage asrosgdlaeeload 212 dnrdlaiedrassudig ta (9@9 stk @ehe spgeitance of the

ad:étog % 102 mﬁgﬁ\%ﬁtgg%ﬁlnrggul% é%erenng dlu iti iy qu ce)gtam a Sfmgle output

s1 gna

D-O

-_E"]!‘? FhRALE isteq SR 3hroaYd *ﬁ? asﬁ*x@i ipt 8f ﬁﬂ"élécﬁbfn@rsvflﬁh 220. The

further processing. Fig. shows an el ectri cal
cswutc]uJ|2202ﬂ5o |recemmsenondrmplhﬂ sigoapadi¢ois 2lfredeténmghed threshold
be di.scussed in npre detail later, is connected

| tvalt%ged?el@é&lt%mdz&qm arprienfiomesercy| 8o 1ihe; sy ich P cqppaes the two input

%81{:«5 va%l}e% ?pﬂ afi‘d IQ V\ghdl %Pbg %11%&#‘@# %cps &1%11?{!% Qrg‘lltég\é 217 is larger

res age acCr 0ss

Ftlﬁin&h@ %re%ﬁp{zcﬂta%g 2t19 upbikife dRBAd put. NELE BRAGLIENARZEN19 set by
the capacitor 0. The voltage is'input to a

thef paemivmicdr 2d8pdanfhicerdjisidsl oothebthei swmhsaZﬂghﬁ rogrtopdtto a different

217 ich is subsequent|y. provided f|r i.npu .
gplug rP\QhéP@EWHh p@)ag\;@qce,hw 18 'ﬂ%%’ciaéedts {a thees V%lP% 8% acceleration

S|gnal, which is a
e§%§£¥§%ﬂ$ﬂ%§%%#gg@ﬂﬂ] vol tage 219 obtained froma

potenti onmeter 218. The switch 220 conpares the two
input voltage values, 217 and 219, and wll be _
tri ggeFizl Hobows e s¢hematie wiewt alje fnsy dostipamgenr oftdmancceleration

the.threshqld volt 9 upon the second input. The )
PeRsEYRoiRHR BF%@QEM% g@'@ aﬁf’ KaPa5EP ‘Eﬂﬁ%{) TiSES 3pape 232 with an
ERBr aght yrt-esh A4 téqg)%ootfnﬁaé\’\‘li& ITOI%%Q% W Lleoh§ Sfﬁ@ﬂl%d‘: Gresiliently
a di erent 1Is V maxi mum capaci t ance,

assposdedttgch ép@ingP40s Mhk dpiag D40 SipliRe ashen@dron242 to the mass 234 in
a direction away from the base 232. The spring force 242 varies linearly relative to the
extension of the spring 240. The AC source 214 in the detector 211 supplies an
alternating voltage between the mass 234 and the electrode 238, thereby forming a
capacitor. The electric field formed between the mass 234 and the electrode 238 will
create an electrostatic attractive force 244 that draws the mass 234 towards the base 232.

The electrostatic attractive force 244 increases exponentially as the space between the

mass 234 and the electrode 238 reduces.

When the capacitor 230 is not in motion or there is no acceleration, the spring

force 242 is larger than the electrostatic attractive force 244 and thus, the mass 234 is

resiliently suspended at a stable position away from the base 232. If the capacitor 230
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experienced by the capacitor 210. Fig. 4 shows a
schematic view of a first configuration of an

accel eration sensitive variable capacitor 230. The
vari abl e capacitor 230 conprises a base 232 with an 20
el ectrode 238 thereon and a proof nass 234 fornming a

\%%8 rﬂ% ov%cxtlr o‘ﬂreﬁ 4%? 2 Dpl : %lt%m e gﬂéjgpth%ybagﬁggé it&gzhrds the mass

e Spri S a spr orce
M85 She Sthakior ﬁo%n%szﬁérfeﬁc@aiwslefﬁ@,mlﬁhﬁ Saelirddidon. Af8cceleration
spring force 242 varies linearly relative to the
dorcei46 associhted wathsthe aengl@atton WﬁleacA@p@Dthaeamsﬁ 234 iand pipve the mass

gt 58 230 WHE Shoperodss Samoveh by dby A prce 246 a
ﬁgggagl@g A5k B HRGBIERISA S @gg;ﬂ.tﬁggggggzggg{mgﬂng Rhen 202 o

Shragd NA6tAticascdt i@l wmé Ofh6 €clédrbstakiat attictive fdree P88 Sincreased
234 towards the base 232. The electrostatic

axpansatiallyeretative ¢o BeAdistancee afkae ex porntiodl dithyce aa@yt fiem the stable

ace b tvve n the . nmass_234 and the el ectrode.23
PRaion whergg W%wgtfﬁ@eééa&e #%ﬁe eeftgstalic giiaciiyp f?é‘ffi i igprease at a

J}ﬁé Faté 48w é:SJlt aP 1'3% s{éﬂ férgtr: £4 fitte at a lower rate
CRaamiie o e 8 78 lbfegls o

arger than t ros rac Ive Torce
tHaHShe bt Rs& 2424 résﬁltml'gQ}Spdslltﬁfét dffectiie BRUGeRr@l B the acceleration
stabl e position away fromthe base 232. If the
&apfa&i& ises3 Yan7the poutiveselfasting vm‘mgwfoecedtheenass @a4 ayvill évwavylled back

m t | ane of the, base.232 towards the
ICh eéfagf?cnp%m@géhqurﬂ Fﬁlwgngcferéﬁ 8RSt § ﬁc?ellf’f?tffél force 246

LT AR oAl Pl LR Boa gt i o e

gl dhendBSthe atelantis fhe M@anlzaannﬂﬂ&ete hée: eS8asd 344 further
is noved by the acceleration force 246 a 5 di stance

toweaydst trmbasee 282 aiblae ap pesitipm whasathel seledtwsiatis eatiractive force 244
the s forc of .t.he 40 increase
PYeh Ty R AnE e 236 aed PESARTa F IR ATS tRofgrods 238

i ncreased exponentially relative to the distance.

There is a critical distance away fromthe stable

posi t i Pig. MaboahbRe, sphpabod dectasdPB4andeidienc spacer 236 formed on

el ectrostatic attractive force 244 increase at a
thgnaairiagg dacimp fhowbasee23ey i The shaurrs 236 @se eleﬁ@lcally ‘insulating and are

GRS St St b 86 TPAR 8 iy §RFosilc atracive
R4 WP ICclodd 1 1 AGGRIETE! OThe LR dhcers 236

is less than the positive effective spring force,
pmsthtBé mss | 23efroml toadhingcke datbbe 288adnl thapake. tcapm:ltor formed

the positjve effective spring force once the
@@J@Qyémﬁm% shertreraniv aml to avoid any attractive binding between the mass 234

and the electrode 238 that might otherwise occur. The capacitance between the mass 234
and the electrode 238 reaches a maximum when the spacers 236 are in contact with the
electrode 238. A maximum voltage output from the differential amplifier 216
corresponds to the maximum capacitance will be detected as described earlier. As the
maximum voltage is larger than the threshold wvoltage 219 obtained from the

potentiometer 218, the electronic switch 220 will be triggered.

The mass 234 will stay at the position where the spacers 236 are in contact with

the electrode 238, even if the acceleration force is removed, because the electrostatic
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is renoved. If the acceleration force 246 is |large
enough to nove the nass 234 to the critical distance,
the acceleration force 246 will continue to nove the
mass 234 further 15 towards th§ base 232 into a
position where the el ectrostatfc attractive force 244

PR P2 R HEBOEhOlE ot cRGE2 L O, LRSS uiays kept o
Qnitigwirbesd $hddlediionicedfitchOI® SRased od3onliRidiRl @ite the capacitor
the surface facing the base 232. The spacers 236 are

8P 8 dws iexprriepcidnangkigratiog langar than a2bresholli vpliree @venoifdbenscceleration

info confact with the el ectrode 238 when the o1

apbcerosiea e tahpHahFor b Sheredyraony, TQmRE spisset shggswitching
e P | '

S5l B8 S NE et AL TSR A AL Sufata, wher

sl dlb@iostakie attEREAC fdréd 2440k Fedovddh erteypring [fbrcB Q42 will pull the mass
short-circuit and to avoid any attractive binding

Bét vy from thadws@ 342, rehedsingecthe|contectobieiweas thaspacpisgho and the
of her wi occur. The capaci tance between the mass 234

5 cg‘ﬁ#%%e el ectrode 238 reaches a maxi mum when t he

spacers 236 are in contact with the electrode 238. A

maxi mum vol tage output fromthe differential anplifier

216 cliris kApwndsat tiee Eb@ro¥mit AtMctaPntd LR aMunbtidieof the voltage
det ected as described earlier. As the nmaxi numvolta

e
aeplicdrtgcthe ehpaviion 830 et thai G digplacenblof dheBust Ponfrom the
th otent.i oneter 2 the el ronic switch 220 wll .
b@Ble PSR & RatsTon o1 Rie e qiihe HepEgtalic' qifluctive oe 244, This
PRR1d A B ARy RBGRIGP fciRodblitibh sGRINAGofthE Bapacitor 230 by
cleamgitothe htcrauseg tbleagelofche AST ik B4 it Fipas tinsteadfodradfusting the

244 is larger than the spring force 242. The o )
Bupdield ypless 219 abdgised dom dhe netentiemetem ifd tHus is achieved by

- BHERRARARS oBt 310 € e rhicplbeiee 2l SRMPHOATHAC e supply

Whaph& dt%‘ﬁﬁﬁ?b&t&‘é@ e t1R\6Hkck R 14 RRURCHE:ONBIH P troRBHiY attractive
exceéeded the threshold value for a short duration. To

faace 244, honcerleset thHréshokMWwdlwho g celaratiang dowibtai® Bpheathreshold value
zero voltage is applied to the capacitor 230 via the
ehanceleration, a lgfuer goltaggds RBERTE SSEBIT EheahE SARES Y1 or ce

244 is renoved. The spring force 242 will pull the

mass 234 away fromthe base 232, releasing the

cont ackighgt e Ath@PARRbR daplcittd30Ne Thel wefabRd@pacitor 250 is

. 238.

similar to that of Fig. 4 except that the proof mass 234 has no spacers 236 on the surface
facing the base 232. To prevent the mass 234 and the electrode 232 from short-circuit, an
msulating layer 252 is deposited on top of the electrode 238. The insulating layer 252
provides a non-metal contact between the mass 234 and the electrode 232. The non-metal
contact eliminates problems such as micro-welding, arcing, and oxidation. The thickness
of the insulating layer 252 provides a minimum gap between the mass 234 and the
electrode 232, which gives a maximum capacitance when the mass 234 is in contact with

the insulating layer 252,

Fig. 6 shows another variable capacitor 260. In this arrangement, in addition to

the first electrode 238 and the proof mass 234 forming a second electrode, there is at least
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10 It is known that the electrostatic attractive force
244 is a function of the voltage applied to the
capacitor 230, and also that the displacenment of the
mass 234 fromthe stable p03|t|on is a function of
the strength of the electrost ic attractive force

Ul 38 4550800 Fn6L PRLIHE AP0 JROESladkGae 238 and

acce Srationcsens IVI capa
%&%%BQ ddafs Bt emazas&ahws.m hedenAbeti@léd. SPRE ﬁlﬁ'd?elébtrodes 262
of Fig. % i nstead of "adjusting the 15 threshol d

el ¢tlegdcdlyocatiedtiedad the amss 284 ot that thendedrical ®terfial of the third

el e e Bt g.aat;s KTE TR M—
ﬁt'agt}s%pg r.ma%gtz ﬁqg&&ﬁg tﬂ? r 23 'ﬁ?ﬂcﬂalag ssﬂ%rc%?nezﬁtﬁ'o contact with the

ronger t ractive
A, eIEtﬁfdﬁ@s Q@z\?fev&ﬂt@mta@t Bétveen afe :ﬂme,mra@ﬁlm@ﬁrsiratectmde 238
obtain higher threshold value of acceleration, a
hd\eaving bt ageap sn béteeef tedwas Sthck dhe sphecrdZ3 G wrsuallztbd contacting
20 Fig.. 5 shows _.anot her vari abl ci tor 250
EGEY Bv@lrelgsi&mfi Y baing & samerelesinicah P?‘i?ﬁ’t‘alo‘f”q‘tutbe Topss 234, the

B e e B 00 0 pr bvent ¢ ho mass

234 and the electrode 232 fromshort-circuit, an
insulating |ayer 252 is deposited on top of t he
eI ect r Sltho@s8 thahiaventionl s nbpehaylescride® with prefeicdess ta preferred

P bed st 531 DFrgPHSHEHDATIoSE BFISa SRt & that the invention
8%% §Mﬁglﬁﬁ?§¥ﬁép @E_dlng, arci ng, and oxi dati on.
hi C e

ness Insul ati ng |l ayer 252 provides a

m ni mum gap between the mass 234 and the el ectrode
232, which gives a nmaxi mum capacitance when the nass
234 is in contact with the insulating |ayer 252. 30.

Fig, 6 shows another variable capacitor 260. In this
arrangement, in addition to the first electrode 238
and the proof mass 234 form ng a second el ectrode,
there is at least 9 one third el ectrode 262 deposited
on the base 232 adjacent to the first electrode 238
and facing the spacers 236. The spacers 236 need not
be insulated. The third el ectrodes 262 are
el ectrically connected to the mass 234 so that the
el ectrical potential of the third electrodes 262 and
the mass 234 are the same. Wen the electrostatic
attractive force 244
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5 draws the mass 234 towards the base 232, the spacers
236 conme into contact wwth the third el ectrodes 262
preventing contact between the nass 234 and the first

el ectrode 238 and | eaving an % r gap in between the
two. Since the spacers 236 aré smal |, the contacting

area is mnimzed and by having a sane el ectrica

Clhgnis:al with the mass 234, the binding probl em of

Fig. 4 is avoided. 10 Although the invention has been

escr,i bed. wi.th reference tog preferred .enbodinents, it
dF T 50 SSiPhibe R (BTG SORACRCT 88 R arrangement
@&hpﬁgﬁ%;the invention nmay be enbodied in many ot her
forms. 10 Clainms: 1. An sw tching arrangenent

sensi t A ecaeteratmeicasitivd variablchaapaaiior;chi ng ar r angenent
conprising:..5 an eleration _sensitive variable o
capaci £ Ptetioh ARl Eactngd tabiipnseyeg ¢h S darfable capacitor; and
capaci hangehinalcituibteshtiRiveabi dtnepatidfabétivekn tiRktected capacitance
switching circuit responsive to a conparison between

erda feedelderleapaci tance and a threshol d val ue. 10 2.

The switching arrangenent of claim1, wherein the

vari abl e capacitor conprises a base with at | east one

Ri r sTheleuthing arrh@hedn oAb 108therdio (e MigiableSR@aditr comprises a
el ectrode  resiliently suspended by at |east .one

base; wigh aat fleast ong fagfetlestradsdhegra ta&éc% njasH AOTIHBE [asgeond clectrode

S A LRy L CORRD Sy I AR b s

direction away fromthe base. 4.. The sw tching
ement. .of claim 2, n the first electr

rra er ej 0 i
gd apt BYSYEchipg gramgsmgpt ﬁ@%ﬂ% Fehergip the sprigg @PWS@%&@ICG to the

hﬁséiﬁ%d’i?e%ﬁ?nﬁx%yﬁ%{tﬁébés\é? force being inversely

proportional to the distance between the el ectrode and
the mass. 20 5. The switching arrangement of claimi1,
éﬂ;{oﬁbg g{q C (rjlgté%%tglgeg{;@ :ogg !gign 5,0 G}ﬂ{ﬂl‘e?ne The firs! Oe'léc%%&e is adapted to

‘provide an electrostatic attractive force to the mass, the attractive force being inversely

~ proportional to the distance between the electrode and the mass.

5.  The switching arrangement of claim 1, wherein the detection circuit comprises a

voltage supply and a resistive load.

6.  The switching arrangement of claim 5, wherein the voltage supply is an alternating

voltage supply.

7.  The switching arrangement of claim 1, wherein the switching circuit comprises a
differential amplifier providing a first input voltage and a potentiometer providing a

second input voltage to an electronic switch.

8. The switching arrangement of claim 7, wherein the first input voltage corresponds

to the detected capacitance and the second input voltage corresponds to the threshold

value.
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6. The switching arrangenent of claim5, wherein the

vol tage supply is an alternating 25 voltage supply.

7. The switching arrangenment of claim1l, wherein the
switching circuit conprises a_differential anplifier
providing a first input voltadé and a potentionmeter =

I ovilde mayitghing crgngemens pf olaimt 8,gwhergingthe clestrppigrivdteh is triggered

IR P oot A LR B R TSR Bl o BBl vt

det ect ed capaci tance and the second i nput voltage
corrgﬁponds to the threshold val ue..

11 9. T
i t dige sy 1tshing rgenesment of claimn. gvhegia the Hﬂ@aheﬁevalue is variable by

_ : y ) . g oon t he
R A S P S e
i nput voltage. 10. The swi tching arrangenent of claim
i ereirlthethreshold alue js variable by 5
dj D AGeleTREOR SRISHIVE TAEIRIP CHRICHNAIPPTENE second i nput
vol t agg hadelwith\3: 186:% Bhetifl LRBr&RNALLSY.E variable
capacitor conprising- a base with at | east one first
el ect r adeass fienmengna second stecfrodariasiicatly suprnded| bycatrlease one spring a

r.esilientl end b t | t _one ring a. 1

D er Gimtned R T e RS RS ¥ i Brvs g the ms
ﬁp@ﬂﬂé@ﬁn%“ﬁprﬂoﬁgthfeq,rag@aﬁ@ the mass in a direction

away fromthe base; and the first el ectrode being

adapt ethetfgsinlesiiode baingarenied tspravide aatelactrostptieatirgetivg force to the
0 . BN tractive force. bej i nyersel
bitstdfe 2BRS v bo7E BubE IFionkdy BRUERBIRS REmel YR Borwoon the first
eleegddendd theithatsie nass, is wherein the attractive
force overcones the spring force and draws the nass
t owar d¥beRE Hiesaitiaghbie faes pusomes My msingatorer and glraws the mass
Jise{h%tl#a‘gg'u B]E tl\{\Abhﬁ'sg] b%ﬁ@ %ﬁ%ﬂ:ﬁ aBL BHGLRIINRT to within a second
e . Ive

I stance tromt ase. e acceleration sénsit

| pexdeebhmed diztance Gomahe Bigg. one of clains 11, wherein

the 20 , mass includes at |east one spacer formed on
the surface facing the base. 13. The accel eration

- $ENSiThi Yeoel Rt RN RsiHPP i I0E cRackbPbiMntZoneW¥eiSh} 11D Sherein the

spacer is

_ mass includes at least one spacer formed on the surface facing the base.

13. The acceleration sensitive variable capacitor of claim 12, wherein the spacer is
electrically insulated so as to prevent the mass to form electrical contact with the first

electrode when the mass moved to the second predetermined distance,

14. The acceleration sensitive variable capacitor of claim 11, wherein a layer of
insulator formed on the first electrode separating the mass and the first electrode when the

mass moved to the second predetermined distance.

15. The acceleration sensitive variable capacitor of claim 11, wherein at least one third
electrode is formed on the base, adjacent to the first electrode, and having same

electrically potential with the mass.
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electrically insulated so as to prevent the mass to
formelectrical contact with the first electrode when
the mass noved to the second predeternined di stance.
25 14. The acceleration sensitive variable capacitor
of claim11l, wherein a layer of insulator fornmed on

tife fihegccderaden sasitive yaiahle papaciter afelaimalfy whigeeitt fhegspacer comes
qlﬁ% 0 93%{3 w\ﬁ‘ﬁgﬂ hﬁ elg;%%%g %ﬁd'hér atsgl Smo?r &80 e | second predetermined
predeterm ne Ur'Stance acce era

skBaside] ve varlable capacitor of claim11, mhereln at

| east one third electrode is forned on the base,

adjacent to the first electrode, and having sane
el'f“’ﬂfe%@éélé?al@&{ ?eﬁgﬂtl% leefblfe eﬂ) it BT an %%ne E;fcl mell t]t:_) 16, wherein
accel eratron sensitive vari abl'e capacitor o

whe cepacithive sftheesapaciive Sncremes to mmimﬂmn,t tndidaave foif rtle capacitor

SPRETEb A FEdCteb GFA o8] OF Sgelerins. qopBeh Hepfoved to the second

?ﬁ%&gﬁﬂﬁﬁ%d%ﬁﬁ&ﬁg|e capacitor of any one of clains 11
o 16, wherein the capacitance of the capacitor
increases to a maxi mum indicative of the capaC|tor

R T8 FhsGahof 55t Behls”sprefis A ERCA o B B i

l:@pa’]e%anc-glﬁtﬁé: StRteRid vagiaBlelsh 48 to/ Mry A Rv&laiFaekdl&htion required
of " claim 17, erein the maxi mum capacitance of the

d@pmsﬂmm@eutmgne\samndmredeﬁ&mm@dﬂbstmy the level of
acceleration required to nove the mass to the second
predeterm ned di stance. 19. The acceleration sensitive

Vgl i abkeceapagon QénsafveChaiablelépatiierd dlaitthes ITﬁhd:rl&iﬂTthe maximum
15 capaC|tance of . the casaC|tor is variable

CRRATHRTIE of dhe eapacitn phyardle by ehpasmigvoltagg %@ph%@ thg figst electrode
%P ﬂﬂﬂﬁ%; 20. The acceleration sensitive switch of

ai , Wherein the capacitance between the first
el ectrode and the nass is neasured by a detection

,%IQ; |C u{h}e \ggcoql " Sill sQ:%SI%V(}:/ g\lzv%tgg gf clalm %éj p\ghé&;e lqe capacitance between the

first electrode and the mass is measured by a detection circuit comprising a voltage

supply and a resistive load.



