; e3es+p&& T(XD) H*6* T+Q 6WDO 02/ 11S7717 PCT/11SI'11/50881 CONVERTI NG SENSEE@
SI GNALS Background This invention relates generally to converting sensed ~~
si gnal s, wauetwsasi7accel erati on and pressure, to a desirabl BCT/USO39B8h of
el ectrical signals. Sensors, such as inpact sensors, may be used in a
variety of applications, such as autonotive airbag systens to protect
passengers during col | i sSICEHEVERERAE %@ﬁ%ﬁ@g.SIﬁﬂibﬁ exanpl e, may enploy a
vari ety of sense elenents, such as dual capacitive sense elenments or single
capacitive sense elenents. Sensin I CUi that interface with dual
capacitive sense elenents may be Iq?’a%Ik 2 I;larabl e to noise such as
el ectromagnetic interference noise or power supply 15 noise, partly because
- of the differennial imateuteonf refetsensgiengreiliguitbs.convielrd isuclyedisttler enti al

sensing circuits may be | ess susceptible t.o nai they te : rat her
expensi ve.Slﬂﬁ‘aZsr'rD%CE‘ofts FF9%iERt lgﬁpraggcl?l%géglg%’ t gxus?er%shglaggﬁded
»circuitss, srnchft gpeesatliyal ntigyfsdee Wi th singl e capacitive sense el enents.
However, single--ended circuits generally tend to be nore susceptible to
noi se. 25 Thus, there is a need for a cost efficient way that may be |ess
suscepti bl e t o gRIssest 0 Lvens Sedsed ssgnadiss, ntheya esusadl eirf orm of
electrical signals. 30 , W) 02/07717 Brief Des%r.ivpti an bof tSheSt[e)rm%V\,i ngs
PCT/ 11 SO VRyiSta81° frnaPh IhATHoos ' mey Be A d&HsEW5d By F€réPence t6°t he
fol I owi ng desprbptéONphakengd s CalE UGt conlnsidng he Srgecenpembog,
drawi ngs, in which IiEe reference nunerals identify #i ke elenents, and in
whi ch:10Fi giae examplg, simpli SBELBY o KVl dramfof CRSF &L PAFALS sy ¥t emdch
accor danceg i  hogpe- eohadi gpnte of 1 bhenps esents ik ibnvantdQnivei gléige? is a
schematic diagram of a sensing circuit that may be inplenented in the
restraint syeterhsof Fi digreing | rigreisabolhaknt inasrAqfur &FH s el ni ng
di agram show n l.ac | gn i hg. s kN i blie Ok oFir@lirs® 2, 1IN
accordancec%af%%ﬁ% Es o% %}?ﬁ;&%}%t h@b%rggeggggsn\%g%??gﬁ?lgng 20 Figure 4 is
a graphi casudH | ast ek bnorggned]itcagies: earfe rengAs iNCi6As o6f RWISEctBPPddes of
the sensing Clrcubl of Filldhfsd of RBEOTEAIREHi 1 O QIROIp RO the
present’ i nva&rti‘on!

sensing circuits. While such differential sensing circuits

may be less susceptible to noise, they tend to be rather

expensive.

20 A more cost efficient approach may be to use single-
ended circuits, which typically interface with single
capacitive sense elements. However, single-ended circuits

generally tend to be more susceptible to noise.

25 Thus, there is a need for a cost efficient way that may

be less susceptible to noise to convert sensed signals into
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a desirable form of electrical signals.
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Detail ed Description 25 Referring nowto Figure |, a stylized block diagram
of a restraint system 10 is illustrated in accordance wth one enbodi nent
of the pwas@nis7iinventi on. The restraint system 10 may be ROPUSHENSSIN an

aut onobil e, for exanple, to protect 30 passengers during collisions. In one
enbodi nent, the restraint system 10 may automatically deploy an airbag in
the event of an acti vatBohefiRadnripipigrt oyl DrAWings (121057717

PCT/ USOL/ 50881 The restraint system |0 may include a control unit 15, a
sensing circuit 20 and a depl oynment block 25. The control unit 15 may be a
processor, in offtes efboeihnEmt . mahe beensidrrBlasck PO FEFECPRCONECenBRi nent ,
provide a pu|se densit [We! t hat yihe ingi-catl of uddehns

accel erati g?lhfs)?wﬂlegcel %%%glr%‘?l@or gg}éﬁe}HBasdgghgnﬁkFﬁgnoutvg&? of the

sensi ngs ci actbhpRyirtche ddeplioysentihl ol chs ke deteiariense | Ruppeals

enbodi nment, whet her. .an activation ri i.-npact event has occurred that may
‘require actfont* cln&z?s eggrﬁﬁgéﬁén?%fl@émé%bags. | f an activation worthy

i npact event occurs, the deploynent block 25 may provide an activation
signal on line 30, in one enbodinent..R [ t i gu

schematic di agrah{'f® one ‘5 %nﬁ%gﬁﬁ%en gﬁ‘g%er&ggﬁg%g%grr%u?tgs 56t Fi gure
1is illustyated. itheauserddndchewsensiang cemcodingC may§ ndte beresemted to
the restraint system 10; rather, the sensing circuit 20 nmay be enpl oyed in
any on&0 of lﬁ"@’é%/’r%‘?y of applications where converting sensed signals to
other fornms 20 of electrical signals (e. g., digital signals) may be useful
or desirable. In one enbadinent, the sensing circuit 20 incl u%escg.ti nput

bl ock 217, a seRsPWEF bFodR 2203RfH %o Fhg® bl 3cR25 295 AS téscri bed
in more detgaihk Rl owe ke SR i@l tedi ke20r&DMy eytscean cdutrpatizsi gnal from
the sensing block™ 220 to a digital signal when pre-sel ected voltages are
appl i ed t olphensed@PeRtMck 220 and ot her nodes of the sensing circuit 20,
in acceedance with one enmbodi nent of the present invention. 30 In one
enbodi nent, two non-overl apping clocks, UN (unity) and | NT Qj ntegrate), are
used to clock tFRégsensdnys xitewing 20agasnshBARtIh FQflr &ighaty gﬁﬁd

enbodi ment ,, dyglng, %sin§0d9%69§Z7%%. vhh U131/ U8R haakbclioek exel es,

sel ected ndfles 6f The sensi ng circuit 20 are set to a predefined |evel,
such as toeambdhihenttafetiemsieseas shvemtionFiagge 3. In one enbodi nent,
the sensing circuit 20 is clocked starting with the UN clock. Figure 3

20 Figure 4 is a graphical illustration of voltages and
transitions of selected nodes of the sensing circuit of

Figure 2, in accordance with one embodiment of the present

invention.

Detailed Description

25
Referring now to Figure 1, a stylized block diagram of
a restraint system 10 is illustrated in accordance with one
embodiment of the present invention. The restraint system
10 may be employed in an automobile, for example, to protect
30 passengers during collisions. In one embodiment, the

restraint system 10 may automatically deploy an airbag in

the event of an activation worthy impact event.
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5 illustrates an output signal, OUT, which is the output of the sensing
circuit 20, as described belowin nore detail. Referring again to Figure 2,
al t houghwwe2/se7ibimited in the illustrated enbodi ment, theCEER&IH§81DI ock
220 includes 10 two capacitors, CA and CB, connected at a conmon node. The
upward arrow through capacitor CA indicates that the CA capacitance nmay

i ncrease in respensestaainti systemwAlcRayi ArehedendodPeml WY repr esent
accel eration, The term acceherali gnye, ASyiddd iaedkhesei nThavyorhfiedude 15
decel er ati%n?eril%lnoqneClé:r?bgL?ﬂ ?}gnt%ﬁ&Tge downward arrow t hrough capacjtor C$

i ndi cates that 1hendB lsapacpterrmesamy idecreas@bedingghonsent oS et ihut
signal. In one enphodi nent, the sensi ck 220, q4pan NS N@ensit

. accel erat i BhoHr 6Vi 8 rantdu put eénl%éjr%gfngitlg'tﬁe convert ilﬁgl bl oci 225. The
sensi ngs 20sbhRgk 288 mayone enbbidiateve, dfasa asuddgut acee he FRlTI22C%And two
output termnals 224, 226. The input termnal 2,1 Qe nepd , is a
- common nod&eFe! # R CA and®EB %’%?ﬁfglet'or s.énaﬁ%gl c%ﬁvécrltei ng b ock 225, in one
enmbodi nent sehBchgdesr2oi@n20nt egeadeplagBevcoupledk t 85 angprpararvrn3l,

whi ch may be further coupled to a |atch 234, di f nti.al  opegatjonal
anplifier EBpahp)ePIY G g ettﬁlefegﬂbﬁggl‘é%%a%ﬂl t%oﬁgt?lyaiﬁ]lpgng CFP, forms
the integrgLar o228rréd thetihhustéqiec endinnestuchl asodepénpoenent, an
applied direct current 30 (DC), voltage, m .to_the ogpa et
conmonlfodeirkses - of Htheén rﬁ%tdrvzfttdronﬂ@.r\t/ﬁﬁ REZEITh6 ?I%egﬁ? fz’ggﬁ%’ V?]R)?vol t age
may be O”G'dfe?%gnﬁeﬁi ONGs1t N Ghaf JrerisepRhyaveltagen whigeh)l bor lexanpl e,
may be 5 volts.”4 WO 112/07717 PCT/ USOL/ s0881 I n one enbodi nent,

i nt egr at or 3228ipsordrdMRRAEET™ a manner such that input terminals 238, 241
of the integrator 228 are held essentially constant at the VIMvoltage
level . 5 In one enbodi nent, output term nals 246, 248 of the in%eﬁr ator 228
are hel d essent RaFbyrtomshant toafighee VEM FoltR§EFEGe12867T nG t RBEUN
clock cycle, .The input_terpinals, 238, 241 rehithexp ntegr atigqurd28,1 i aisone
enbodi ment ,eméjroleauél(e)ﬁgl e £tog}]tl§e respegtiveroq%put termnals 224, 2%& of 10
the sensinglhhecka?28. | FhenersentsdditfEntsensi@dorcinsratbdRd™ MW r 88 maY be
used to connect the_ sensing : Ot 9rdhe 1ignt egh @y, 228c ofsdrR@ng
converti ng BrBER228° 'F‘?‘llée f%%%‘g%%kr?%asgc?tor, CFN, may be coupl ed between
the 15 out piitrduerm D@l 246 aed etipdoyrputint epny naine238t ofa t Har+#t¥grat or
228. The feedback capacitor, CFP e ed: hetwean, the QUIRHNS

term nal 2£PRIAFEERE P FrFeFﬁ%1H%?P¥ﬁ§ %%Q%ﬁie Eian egr at or 228, 20 The

i nt egr atgor 228 1ddt are leniodiatent(e.gnel didestaiws swialcheqasde 258 udyr i ng
the I NT cl ock phase_or cycle (see Figure 3), the switch 252 is in the "TNT"
(i.e., up) PosiasiidAPlEnd during the UN phase, the switch 252 is in the "UN'
(i.e., down) position, in one enbodinent. Simlarly, 25 during the INT
phase, the switch 253 is in the "TNI" position,_. .durdong; 1 he N phase,
the switch 253 i1 3Pg he™ PR PYwi l\&b%,s?rhs%]ﬁe Cel%g‘l&grreér?t. The out put
ternminals 246,.248 ofk the i at eghatng BP6clark B0 awupl ednvertespdetdale i nput

term nals of the conparator 231. The co tar 231, in_on npgg# t,
provi de¥> an2out pus SHqfifdl - AHat i ?Oéedﬁﬁﬁﬁ abecl)l'o i Jt%]ﬁes\%ﬁﬁrége | ¥erence '
bet ween t he, put pus. tier nal g 246512481 of réhecriantsagisdhgr b228k 5220 to a

digital signal when pre-selected voltages are applied to the

sensing block 220 and other nodes of the sensing circuit 20,

in accordance with one embodiment of the present invention.

30
In one embodiment, two non-overlapping clocks, UN
(unity) and INT (integrate), are used to clock the sensing

circuit 20, as shown in Figure 3. In one embodiment, during
3



Wo 0zi 0s~~t~ PcT~usnnsossi is positive, and a digital "0" if it is
negative. The differential output voltage (i.e., the voltage at the output
t erm nal wdi@/osrmnas the vol tage at the output term nal 248pCT/US1/30B8&
integrator 228 is denoted herein as Vop. 5 The output of the conparator 231
is provided to the latch 234, in one enbodinent. The |latch 234 transfers a
"0" or "1'wiat GN Scid@ut cyeres nadelartieds YmﬁeﬁutOft A 9% &of P4l i ng

edge of the INT cl ock hase u , dnePngs 10, egbggd) nenttagéhe
out put si grfal 2¥0UTS of tﬁepl ?Sﬁ g%% ![Sv e a di gr?al bit streamthat is

fed back idwei,hesswHoshesn( diseussd bIert owe erbeRémeRbut bt GEESAEPE. 1 n one

enbodi nent , . t he_out put of d e 42 ﬂh&@u@@u@lﬁkthehw 39
circuit 20ciTmHEty Sity %%?ﬁéﬁé#& gnal 15 may be an i ndication of

the magni t ude,ofrddes am)l btupiet oélgﬂn@lr NPUE, swlghﬁatll ie tthe BWEMhg Wi ock

220. That is, if the OQUT cont a 1 exalet gtpe i nput
- signal (e.BPe RTCHENG &tﬁrﬁﬁ)"ga?bt vihg astC tl%gdskegtjé?ng "bl'ock 220array be at the

|l ow end of its range. If, on the other hand, the 20 OUT signal contains all

1's, the input signal of the sensing block at,aq hj of its
range. An ClJT sk rigghtegitdngo1® égﬁﬁe %Ug%’rch‘% Rﬁt % 1%9%%;% es, for
exanple, mhy.r eRiEsePkcihabrbbeiiapt signaindind Nelesnsiny BhoLIIE0 fay

be in the %d l'e of the range. 25 In one enbodi nent rtmrltcgnee 5Oeefer epce
vol t ages, VREPEap’REFQOI%deG?GﬁN@B'aF@naﬁfﬁ? Pt ot REEZhsTHG circuit 20 at

vari ous no rqPQQWI heni-9R Rleckigd¥. d.n Oneienzed neat, YVREFZamay be
subst anti aﬂ?y %gua to the su%l%)l y \%%I t age (r?ot shown) 30, of Mtehsensr ng

circuit 20capheibappt ynyw| tagreaSorie X @fpIogsenty B8 37¥8Ft s"Ih“dhe

i nst ance. VREFl i o] nt ¥ BBt apReexi dmittloy .t wentiiepeteent O
VREF2, thu$® Q}E{%g?grelggg \C/ME[EF retisﬁrersr VRSF1 may be 1 volt, for SF%%WDI e. 6

VO u2/(| s7rhzcemtmm5'0881a$he seriditagdci r diR%e190, | Mhe erb nt, may

becal i brated wiith cali bratr on. v St VCARR a@gwmlgfmmhmsﬁ@nces it
may beldi f °EGLETE0 P Abrica & %e%og%glr nNg5 bl ock 220 with tight tolerances.

As such, trce@easwgccr;cmndlaﬁteraytrb@t celte bat @PAsY tadrasfPHg derEeHeAL1and

VCAI 2vo| tages durin al i brat o] on afiter i hegenginget f cahe 20 is
assenbl ed. %rF%@p%rgﬁ bggtr n, V&%ng% LZvol tages may be set to val ues

that bring dh@isgnsdidom t 92 a,ndfh@onf fssesival idscatesat por anbreysdet fRe

sensing circuit 20w thin a desirable s ecrfr n nge. ﬁg;t%r n
cal i brati orPXHREtVCAF dn3hd © 9CAtL VS??aeggC ylg?%éngr r%b i xed for ter?esir feti meof

the sensjing, GidiCUizn,20.n e rrboeinshodi hent an aispwr dgerwineduill 2260 fay

store the vol tages form The _staor ge 5 Pr o rarggqta FBhY, such as
pr ogr anmabl EYq eAtERTA yE IR S BE Z@Légr zener -'Zappi ng rré?rrlgrﬁg Ghi £V CALL

may el e meége’embodlment, is a common node to the Ca and Cg capacitors.

The converting block 225, in one embodiment, includes

25 an integrator 228 coupled to a comparator 231, which may be
further coupled to a latch 234. A differential operational
amplifier (opamp) 237, along with feedback capacitors, Cen

and Cpp, forms the integrator 228, in the illustrated
embodiment. In one embodiment, an applied direct current

30 (DC) voltage, Ven, to the opamp 237 sets a common-mode level
of the integrator 228. In one embodiment, the Veu voltage

may be one-fourth or one-third of the supply voltage, which,

for example, may be 5 volts.



235 of the sensing and V~~,2 in digital be a non-volatile ~ctrically
erasabl e fuse-blowi ng nenory, The input block 217 in the illustrated

enbodi nemo imsudes seven switches 270-276 that are oper aPEW/UBYI/I0B# UN,

I NT, and OUT digital signals, as shown in Figure 2. The 25 sw tches 270-274
are connected to the node | abeled "UN' when the UN signal is high (see
Figure 3), and to the node | abeled "INT" when the INT signal is high, in
one enbodi ment. The switches 275-276 are caon ed_t nogde (| abel ed
"OUT=0") when tlre @Eﬁpaﬁ‘be@lrf‘?fét'sei‘%ﬁ%r%lc%i ?S 2%0?12@?305\/?01 a%g {0 the

| ower node, [ ghel ek QWERL"dngilierckhenali pass of 2 ¢heosetist NERESTAHAT 20 i s
high, in one enbodinent. 7 WO 112J07717JCPCH/L%2{13‘/ sO§%éE%giﬂ%élh_e UN and
- INT cl ock phtisese hhbds@apsent g iSRS EE8 v & WEALL ‘dhd vol t ages,

r espectg Vﬁ#x. An ou%lwcgdin%r{g,nalo‘ﬁfputthetawniﬁﬁllémzi6, cO2¥B ecbt o e i r st
i nput terninal of t

e swtch 275, in one e di ment . Dq{/i ng t@he S UN and
- INT cl ock phasesatdihe 28%i tehe 2 PElRnye R REEPREP Ve ALz Vol t ades,
respectivel y, In ong enbodignenl, amoOutyput cieerl n@gcf. theThei t @71 is
coupl ed tovélg%%%n S iput Perm fal of the switch 275. An og%ga& termnal of
the switchtahinsleoif ed4l of roGe 1PEOIBREPRL Densing & FEEPTEY20, in

one enbodi ment. During.the UN and INI £l g6kpRhasesmiddies sxe4,.che2y 3ofray
recei ve VREBEF Sﬁ’ﬁp% Litov§11gag%sger es\[gecti vlél . An output term ngl f the
switch1873the eeuplird bboakf P26t ihpmnelﬂanﬁké?%mﬁ’—éllt'oPthSISWF%h 976, in

one enbodi nent. Duri t he n laek phasesy pheswich.@74nheany
recei ve VcAEZSAndaV Voﬁ#ﬁ%‘gs?o%%p%cti vely. An output termnal of the

switch 274 jingcgoupbed2t® &f sewomdnivapuing dviddial228f the switch 276, in one
enbodi ment. An output terminal of the switch 276 may 20 be coupled to a
node 242 of the sensing circuit 20. During the UN and I NT cl ock phases, the
switch 272 may hecceuphgdck ocERAIND BN VRERzYy bespantliedeBetweRs EP8uri ng

the UN cl ock phase, the input termnal 222 of.the hing,bboclke 22Qci s
coupl ed5t 0 CGREUND, LREMHRR! erfdddi ABht %:}ﬁ.ll‘ ilﬁBuESH\[%Igﬁ% ook phase. t he

VREFZ vol tgj_Q-ﬁ‘]e'géa%Bm bed. | Ameneceabac Neatscittwrt, hErinpuity ther How@les22 of

t he sensin k 220. In one enbadi nent, as can be seen jn. FLgur , the
sane i nput lsitgesn (@%.Qu%ﬁf%mléﬁ@%ﬂgv&qdagtehel elvn@(?"')(-}C iﬂs&amgll;r)l%?eglltao t he

common inpucg)€ ttq.{ﬁgiir&@e 222.9f28he CA and CB 30 capacitors of the sensing
bl ock 220. 2/ 887717 PCT/ U SO 1/50881 In one enbodi nent, an input

capacitor CN is coupl ed between the node 240 and the input term nal 238 of
the inte[?rator 2!51%[ and.ap, i pubrgapagi t oke Crubsdenunt ed inetindes tthwe node
242 andThe input termnal 241 of the integrator .
switches 252, 253. During the I clock phase or cycle (see
Figure 3), the switch 252 is in the “INT” (i.e., up)
position, and during the UN phase,  the switch 252 is in the
“UN” (i.e., down) position, in one embodiment. Similarly,
25 during the INT phase, the switch 253 4is in the WINT”
position, and during the UN phase, the switch 253 is in the

“UN” position, in one embodiment.

The output terminals 246, 248 of the integrator 228 are

30 coupled to respective input terminals of the comparator 231.
The comparator 231, in one embodiment, provides an output
signal that 1is a digital “1” if the voltage difference

between the output terminals 246, 248 of the integrator 228
5



5 228. The input capacitors, CN and Cp, and the capacitors CA and CB, of
t he sensing bl ock 220, in one enbodi nent, deliver charge to (or extract
char ge fwong2stA7f eedback capacitors, CEN and CEp, of thePChHUSG/H8YIr 228
during the I NT clock phases, in response to the voltage changes at the
nodes 240, 10 242 and at the input term nal 222 of the sensing block 220.
The switches 22012 maynaausedihetabl t*afe chahges sat ¥t FHitstes FAE, 242
and the input termnal 222 of the sensing bl.ack idughes
270- 274 cHH Iﬁ%&?#h@uﬁﬂubog?f‘?%%et@'fﬁrr 68% { E%g?g o%ge’;c<lgml@\nrpcl’%éﬂ.lCt 15 The
oper ati on af tihe 1Sensd ngikid cid 241 isyedescr iipedowehww, tOURitRg t3EIUN cl ock
phase, the opanp 237 is switched into unity-gajin dback configuration,

- whi ch neansf tH# -"t“ﬁé*g\%‘lttoég%gpajtsi eﬁlﬁte{ae%%r%é%‘sa%g\g’?' 242 and out put
termna s 20 246, 248 of the opanp 237 are at the |evel of the commonnode

voltage, VIM in one enbodinent. Al so, in ane gnbodi . qdyriag ghe UN
- phase, the vol tHesoBRPhe Ohodd€ Zﬂﬁf‘pazréf%ognfﬁhellgn u{at\’%gg% &l 222 of the

sensing bl ¢ ﬁcﬁ%@f e drdnenrnediavet s deierrdingd 23y tthenvdkue af “@he OUT
25 signal . e val ue of the QUT signal, in one grrb diment . _de gn?g on the
pol arity obrVOD (ehelfnt égPat ofeEnidiars difenttiSaloV l?tugut evoﬁage? at“ the end

of the preyi ase. the oRe embodi prate |bee UNiphasesshout dobe of an
adequat e d%‘lﬁlg??%il\%-%&% | ow t he voltage Igl\iel S itn t he seég? !§%4C£n£cuﬂaé 30 20
|

to setile embaditentc |BveloutptosdIBabod?Wehtot (HE diy nay” bé- one

m cr osecong. 8 i W 02 0STZIZ.RCTALISQSL £08BbaMheniithe Ehe chotkcphase
ends, the sw ches 270- 274 and 252- 2S3 open, and then_ cl ose tgnthe | NT
S

phase connddisonssedn bakoehboef mekRe DimPWly tPECTNT ¢t ock phae, °I'R one

enbodi nent ,_the. f ba%&%c it Qs +GENL aReh Fpu ar e woanneciped bfarband t he
opanp 237. éfnhogﬁ%&gﬁbo iment, the CFN and CFP feedback capacjtors g@y still

have a stowsedsyoyt agecasta2Pesulthepfdamd Gyntdgrhtediehalge FromBPavi ous
| NT phases. As nentioned. abov t he. LRputgLapacther snpthtand ©F) and
the sense BPEmetTt abrép%l%(?%%r slo‘(?‘t&@f;nghécBl)%a?ray del i ver 10 chgr ge .to gor

extract chamnge ihpar) sthealeedbtick sepaiia SYeoqkCRNOand T6RE) iism réshbfise to

the change in position of the swtgches - 274 en.§oMe @hraldi g@h1t he
vol tages sOPf1 498 ads sEMt T4y St a)tEi %’ vﬁ%geséﬁa;tnpt e end ofn%t he SI:L% phase,
the val ue qfe V0D mmechavetthangedrivimg naw vhkusenpinghpdoss RER P&lue is

positive, then the signal .may be_a "1" r OHsreyclee I f the
new val ue & r?ég&thie\cljigwt ﬁg‘?} toﬁel&ﬁrgfl Ral fr%gy (%Ige%%éétr%ox the ne_x'Ee cl ock
cycl e. HBr o ng ghhe OJFtaignakll althe Swi ticlpes 275n2Y60Eatise ST e

out put voltage (Vop) of the integrator 228t h (o ; se) in
a directi oPlfdt 2PEndeYt cabsé gﬁggcfﬁgs?gngﬁto c ea_ng}i@ﬂeg(%ga

fromzero tQ,AREni@Y ViceVarsayeugiilwnéodnboadi rbat .clorlot kgelapr dsf;oﬁ £ Vop

on a given clock cycle is positjiv h on_th I C j .t y 25
be either |G FMAVe "r?rprﬁéﬁa%i gg‘?‘EAﬁgei f‘n%% %ﬁégalgi%gﬁﬂg o%{rléclync eis

negative, thenonthe Rext choeke ayieldad bfmayebearjd her | ess negative or
positive. In one enbodinent, the value of (CA - C$) ( which is the 30
respons® of the sensing block differential capacitance to the input_
excitation, may gffeat dupeaingst pf thhee chafgenpackel sages i Vesad Veerihe
integrator 228 on each clock cycle, 10 _ , _

J and GROUND, are appl%ed to the sensing circuit 20 at various
nodes through the input block 217. In one embodiment, Vger
may be substantially equal to the supply voltage (not shown)

30 of the sensing circuit 20. The supply voltage, for example,
may be 5 volts in one instance. Vggr in one embodiment may be
approximately twenty percent o0f Vger2, thus, 1if Vggrz 1is 95

volts, then Vggm may be 1 volt, for example.
6




WO 02/ 07717 PCT/USOL/ SUBR 1 and ultimately affect the fraction of the OUT
signal clock cycles that deliver 1's. This fractional pulse density (FPD).

i s the vaae/sf7ithe out put signal of the sensing circuit POT/USHI/S9RH

enbodi nent. The FPD, in one enbodinent, 5 is defined as the nunber of clock
peri ods per second having a high output value, divided by the clock
frequency. In one enbodi nent, during non-triggering events (e. g., no
sudden change in accel eration, pressure, .etc t t-puty tee

sensi ng circui tTh20 REYSHRI a T TEsS 0?6’& tlgqr ng%lfng&g%c;e%n%lr% zer%?s. In the
event of a.iyi9o8fdagievwertl{Brgtiorexicitanes  ofwsuddeh Vageel ekmtiB) , there
may be an increase in capacitance, of_.capacitor re 4

. capaci t ancényfanraci tor ©F mﬁ?hi%’{fﬁ u@%ns‘%cﬁg 5 (])%Eggégo%l(\en %%@So_nrg;

enbodi renty; Jhi s 8iof f g1 ent itdlgheapaci dmmce s(.CA- @) , shphondhenbetir it , may

cause the sensing circuit 20 tg.outgu@é nor e, ones. tgp Z8ros Lan 3.5l ected
i ? us | ngril‘ CAL1l CELZ

“time intergafcuRef e? riAY RBWSEOLTRTY EAE GRS i 1'1°0stration of 20

the voltagg,l gygls andihgansitdninsdthan nayedse iappldfent othar Feusitddes of
the sensing circuit 20 is shown in one enbodi ?ﬁ?t e Qr thh vakues, of the
OUT si gnal cirpubheBnbsdPfsRTP Gfen PRETEUT R AT 1% a 05 't i & an
i ndi cati on_that the yalpe fc the @itiber enat abrOug pute \ewirtsdge vasyaendhe end
of the previous INI phase (e.g., VoD [n- 1]% of. the int egrat.or u%%S %@s | ess
than zebo. offisehe enbidtiatdnn, PEFARHETTodBS 29% 5285 8Rd 2475 "6 the
sensing circuit_2Q, LahLssREcl RecAl WS- drRfer.es et asol dedgerhevehs duri ng
the UN pha%%ju'hl‘;L i ed:e%grarrowﬁgaﬁs represent voltage %ﬁv | s duri n9m30 | NT
phase. In ahe ¥phodamenYcad Welaevaal Moyl Fafeln rahad | secrlrﬁy*éggﬁr duri ng
the I'NT cl ock, phase: voltages .applied during the UN phase may be viewed, in
one enbOdiO%EItiB? ﬁghg Ig t(l'alng ploi nts for the voltage transitions. 11 WO
02/ 11; 7717 PCT/ USOL/s0881 As shown in Figure 4, if the OQUT signal is "0,"
then on_the present clock cy the vold o iher poder24R2emaenbéndri ven
to thelPevel O‘%{}Rlﬁflf d%nlf&fon&/glﬂehéc’u% ty (U% clock 5 phase, and t Eﬁnlmay be
driven to tdieduevel200maCALtoxd | Hiee 410} CagRE | Vgt FE'S nicaigr dfe 449 cl ock
phase. Simlarly, t vol tage on t nodg; 24Q . JTRY dd ansi thon-Jd1emiYeALl to
VREFL (Iiné%20) durthy t%%gﬁﬁ\?ﬁ ph@é ese va[oylit age transitions may be
verified wighgeheuenee taekbogyr es dadnd 3s foelegtekampte. WIEFAHE ouT
signal is "1," the voltage on the node 242 Jjmy,transilioh,{fPmelfeils to
VREF1 (|i ne®4BEpmmapie| égf‘ﬂéoﬁ}%ﬁ't%%’%or&/n Frode gg% may tra(jrjlsi tion from
VREF1 t)g) VCALZ {i]ldie a$pQhg démdBy can be seen with reference to Figure 4, in
one enbodi nent, the voltage at the input term nal 222 of the sensing
el ement 220 transitions fromground to VREF2 (lines 442, 445) on every
cl ock cycle indepgndamntuef bheckalalg ofint heh©UTL Kiwgrtadateg) ¢pberhignent
enbodi ment, applying the above describ | ecte § L9 &he \wensi ng
circuit 20 hay #‘éﬁlls{e‘ieﬂ &W&§§P?§b§zbﬁ% %%fﬁs er% %ghﬁc:tglg%n gs shown in
nore det ai | 1ol oW, o TheTFRA Lftallhesisendisng as rendin 20n mlygbee déri vethas 25
follows: During the clock cycles for which =0 h ewget i yered on
the | NT2phasei{eres| Ht%)2 1o &fe CRBREC DAY 1i‘?alﬁg[aevﬂeoﬁj{euglll'—’l%%ﬁ{tEz g tﬁlg CFP
feedback cappgi tff) sPynhihe ;40l hagle (see Figure 3), and to the node
labeled “INT” when the INT signal is high, in one
embodiment. The switches 275-276 are connected to the top
node (labeled “OUT=0”) when the output of the sensing
30 circuit 20 is low, and to the lower node (labeled “OUT=1")

when the output of the sensing circuit 20 is high, in one

embodiment.



30 transitions at the nodes 292 and 222 may be defined b i

equation (1
below. 12 WD 112/11s7717 PCTIUSOL/511881 = CCl1L V1V XC 3 : Equagién (1
) Qp p wo@@s717DIF ~ A C REF2 J where VDI F represents tPer/dbdiises®gnce

between the two calibration voltages ( i e UCAL2 UCA

, e. ~ L1) and VpG-2
represents 5 the difference between the average of the two cal)l brati gn
vol tages and VBxHng the eUN and- IMC%J:chchphaz_seSUREﬁle PvbaER ng’ ? HB2 €| ock

cycles for which QUT=0 e_char e extracte e |
node 238 (&RELFFomMcED tHE e f 8935%%?(5’capac %%)Pt hel\g\%op?gggugromthe
”325'1“ ORg rABnkhe Jl@d%eZ%Qu&l&d 221 may l:rﬁ)m_lﬁfemebb by efisatti oAnP2Y bel ow

C QLN CN 2 vDG VI CB |V REF 5T
_extractiofesminpd 850\?@%?‘?&’%&85 ?&g%lf‘hémgu m]ﬁf)d(%%grtl%e i Etﬁéglr%%!t gﬁéégn?o

change sdurjyng ghgniNE16LRCKnRE@SE, 1S sdafi Ihed7[Ln eguat
VDG 20D Hl' +CA\ UREF21 CN~£SVDG VDl FIACHORER? el qumge( %iﬁjeaDWCFgPCFN
n an

. 20 where W&pLVpét?ﬁéSchéﬁﬁﬁthl‘f?ﬁé’ int éﬁr&nSr Bt Su{“evoitage V\/n nthe OUT
signal is Jow:AS 4T PHet Rati tSR=CWICl I asdupbatt EeP=CFReChnd n iopet25
enbodi nent, then equation (3) becones: 13
telmlnal of the switch 275. An output terminal of the
switch 275 is coupled to a node 240 of the sensing circuit

10 20, in one embodiment.

During the UN and INT clock phases, the switch 273 may
receive Vggri and Vea Vvoltages, respectively. An output
terminal of the switch 273 1is coupled to a first input

15 terminal of the switch 276, in one embodiment. During the
UN and INT clock phases, the switch 274 may receive Veanz and
Verrr vVOltages, respectively. An output terminal of the switch
274 is coupled to a second input terminal of the switch 276,
in one embodiment. An output terminal of the switch 276 may

20 be coupled to a node 242 of the sensing circuit 20.

During the UN and INT clock phases, the switch 272 may
be coupled to GROUND and Vggre, respectively. Thus, during
the UN clock phase, the input terminal 222 of the sensing
block 220 is coupled to GROUND, in one embodiment. During

25 the INT clock phase, the Vg voOltage is applied, in one
embodiment, to the input terminal 222 of the sensing Dblock
220. In one embodiment, as can be seen in Figure 2, the
same input signal (e.g., Veerz OT GROUND voltage level) is
applied to the common input terminal 222 of the Gy and Cp

30 capacitors of the sensing block 220.



WO U2/ 057717 PCT/t1 SU 1/s0881 Ir I 1 ~"" _ '" \' (2CI N 2UDG 2VDI F +| CA
CBUVREF2~ (~_) ClvDDL C F During the clock cycles for which OQUT=1, the
out put owam#sinmregrator 228 may be simlarly determ ned, PEGEBUSH&WPBLI n 5

equation (5) below 1r 1 1 ~ "' \" 1" -(2C I N 2VvDG+2VDI F +\ CA
o CB~~VREF2~
__(5) ~VODH C F In one enbodi nent, the fractional pulse densit

rel . ; y be 10
el ated o thesaboves ousputmolt agenchs efesielt o (87 THEL 1
and then STESFy e Perde Shuarion Cr) el ow “EREE S VB F 1o VRER
: : - | F +, VRE

| CA - CB 1 2,:29¥R602VRe8), Nahd) a henPD, carsastid-oon Ceqhiat FoWP {9  LaHf<Pe -2
- generali zedheas 20 sjéﬁ\gg/n i% I%%uat.i an, (8) . oBRD 5t Bxfa [g{\; $Bledr 8) 11
VDI and Ghe yRefte ooy 87B= e 3 P WDECRIRRA NS 14 e
5 228. The input capacitors, Cy and Cp, and the capacitors Ca

and Cz, of the sensing block 220, in one embodiment, deliver

charge to (or extract charge from) the feedback capacitors,

Cey and Cgp, of the integrator 228 during the INT clock

phases, in response to the voltage changes at the nodes 240,
10 242 and at the input terminal 222 of the sensing block 220.

The switches 270-274 may cause the voltage changes at the

nodes 240, 242 and the dinput terminal 222 of the sensing

block 220, when the switches 270~274 change from the UN

position to INT position, for example.

The operation of the sensing circuit 20 1is described
pelow. During the UN clock phase, the opamp 237 is switched
into unity-gain feedback configuration, which means that the
voltages at input terminals 238, 242 and output terminals

20 246, 248 of the opamp 237 are at the level of the common-
mode voltage, Ve, in one embodiment. Also, in' one
embodiment, during the UN phase, the voltages on the nodes
240, 242 and the input terminal 222 of the sensing block 220
are driven to levels determined by the value of the OUT

25 signal. The value of the OUT signal, in one embodiment,
depends on the polarity of Vop (the integrator’s differential
output voltage) at the end of the previous INT phase. In
one embodiment, the UN phase should be of an adequate
duration to allow the voltage levels in the sensing circuit

30 20 to settle to a static level. In one embodiment, the

duration may be one microsecond.



WO | 12/ 0s7717 PCT/ USOL/s11881 The equations (7) and (8), in one

enbodi nent, illustrate how the sensing circuit 20 may be calibrated. The
sensi ti vimoyooabiibr ati on val ue may be adj usted by alteri ngpGDUSOIGIBHN nay
entail raising or lowering both of 5 the calibration voltages together, in
one enbodi ment. Adjusting VDG may increase or decrease "G'_jn_equatjon (8).
Upon setting th@esersict Wi tocal peasehendsf sehe cari Behis A’ A" de be

adj usted by changing VDI F, i ch e i alsh n | oM@fd g o

calibrati o%”v’@l@ag‘&eq'n Bhosite 70 F%e(gtlé%‘_{r‘ls?@ ngl(l)%gee enbodi r,rentn@Al tering
VDir may i{|¢rgase ebdigedeease " Bluriingeduet i KT ( 8Loc®nePts vor enerfBiidi nent s

of the present invention nmay be cost efficie t reduge. apsh Byl so be
. | ess susceptRdstigerd t d'rhﬁoif§§.dgafﬁg E%E?Clsta?/flsngrg‘qn%ﬁl&re%ul t since the sensing

circui ty 20, j N pnecat My=epenbori nent smayeenplioyerd si byt e Ceended elCenent

whi ch may be | ess expensive than dual, .sense ele Addh tLgpallsy,, one or
- nor e enmbodf petRECkHf C?ﬁ%cb?%‘”ssen’f‘ai’n\?gﬁ%?or?aﬁ%ay al"ggg%?%dfewer gonSSadas and/ or

20 wir ebondg, dur i @ vRNUhaehYRtEg. chargne renmbodemeats BYard@sesli brati on
may be perforned on the sensing circuit 20 by adjusting the input
capacitors, CP and CN, with a netal mask. The particul ar enbodi nents

di scl osed above,ar g.Rb; bhddSkpabd vepouhyrhas ihbeti mepatibarayCheanddi fi ed
and practiced in different but equival ent manners a nt _to skilled
in the artChavand the SR iEtl@t?fentth€atpé‘5&ﬁf°h§s?{:\‘érﬂrdg.aé‘azufnfa&eg%r?ggrno
Lim ta&%onghg%ﬁei @%e’}%‘%d 4,0 108 qelaigks fafongonsier Utiddbactr cdesicghoher ein

an

shown, ~ 0t her O as described inthe clains beJow. It is thgrghgre
evi dent t hatmf lEendpaie cinarresmosdiemd® st sehgsd Hbolhi gt de al'tered or

modi fied and '%é%eguﬁ%‘—’?ﬂ ati %H%na%%mgoe*?i dened midrhi vdlltagseopetand spirit
. Y,

of the invéHti Aécor di ngl 5 " WO 02/ 0S7717 PCT/ 11 S01/s ssé t he
f asev\o

pr ot ect i on tsoughterhereilp issaascserliopt it ticherd aPfsthe G
U2/ 057717 %%t vlaﬁ_u%l agmo';ﬁéypg(zysméﬁ&g@lto a new value. If this

15 new value is positive, then the OUT signal may be a “1” for
the next clock cycle. If the new value is negative, then

the OUT signal may be a “0” for the next clock cycle.

Providing the OUT signal to the switches 275-276 causes

20 the output voltage (Vop) of the integrator 228 to change (on
the INT phase) in a direction that tends to cause the OUT
signal to change states (e.g., from zero to one, Or vice-
versa), 1n one embodiment. In other words, if Vep on a given
clock cycle is positive, then on the next clock cycle it may

25 be either less positive or negative. And 1f Vpp on a given
clock cycle is negative, then on the next clock cycle it may

be either less negative or positive.

In one embodiment, the value of (Ca - Cg), which is the
30 response of the sensing block differential capacitance to
the input excitation, may affect the size of the charge

packets delivered to the integrator 228 on each clock cycle,
10



1. An apparatus, conprising: an input block to apply an input si

comon input termnal of a sensing block; and a (F:)gnzerti ngpbl ozlkg'?gl rfage?ve
a sensedwo @uab7iffirom 5 the sensing block in response to ap@l/ykngossie i nput
signal . 2. The apparatus of claim1, wherein the converting bl ock provides
an output signal based on the sensed signal. 3. The apparatus of claim1l
wher ei n t hg, £ omiertaRg ol e dpr atiedefrartsiognalf el Y Ta e &S kpul se’

density 10 that is indicative of, accelgrati i
_ J Ve , at fevCl
wher ei n t eygiasut EBRbcISpyitres & fi r sfh%? g%gﬁc?%mﬁlg %g?n%%n (iiéﬁlp%ttytceﬁlmmnil’

during a figst) checkmhaselaad o seconduspghalsidmeilngofl $&ContPIG¥k phase.

15 15 5. The apparatus-of claim1, whereip,th onyerti i
. . . 11 egr at
. the sensedcsight Zhd Jﬁfo‘?ﬂede%“bé’dflfnlegg‘out%gﬁt %Eﬁgné g%ggg%gﬁigﬁédﬁ%u?put =

si gnal .5 6. ; Thg. apnay atdistid mlrdidd mf wheod metrchedsopeer s&agnd| itk
conpares the first output signal and the %0 second. out pyt g?gn}g?\kajqd”ther
- provi des aa wigpRUEEEnARLUP/ q‘h\élé;eﬁjpé?yattu§ Siogpafln?%,e vﬁ@rei n the
converting block provides the output signal to the input block. 8. The
apparatus of claim1, wherein the input block conprises i st i pput
capacitor and al®ee®ndeTRPEt™IT %W/W%lﬁg%t?%oﬁ%%{é%l %é%a&i t or
wherein the i ng‘ﬁgdg O PIRVi €8S fcddrestatiibpyt stesmird,0 Ehe.tonvereing ,

bl ock through the first input capacitor and second_i nput si
. _ , si_gnal
convert®ngobtpek thf oudle t KENSERONACT LT c&@ac]i“?%r. % l.oa SSﬁFg‘T'%e él]gp;:]gt us

of claim$8 3@,h i he_ i ; : : L,
. oinperel g hg,Lopuhableekspr ovirdesnd hevddd sof i aputr ah

a first capacF?or an% tﬁg' second ingut si gnal through a pcoﬁggggpg%it{lggugh
10. The appaeatuéeoq‘f-cl%mqe,nqeurotfh@PdéBHpF‘Fg?%@ra&:léjt“dr'aég‘el]iﬁi Yo St ore

one or nore volta val ye HecrA b
conpri si ng.‘—mpllg\(/:f:%?%% !’a}ri: ??\ éﬁ%@%a}&t éﬁggrag%ﬁﬁgﬁ@kir %:)dlﬁ‘-at erbrfir' af)@;f ﬁg
sensing bl eekacitance of capacitor Cs within the sensing block 22 , in

15 one embodiment. This differential capacitance (Ca=Cas), in
one embodiment, may cause the sensing circuit 20 to output

more ones than zeros for a selected time interval.

Referring now to Figure 4, a graphical illustration of

20 the voltage levels and transitions that may be applied to
various nodes of the sensing circuit 20 is shown in one
embodiment, for both values of the OUT signal. In one
embodiment, when the OUT signal is a “0,” it is an
indication that the value of the differential output voltage

25 at the end of the previous INT phase (e.g., Vop [n-11) of the
integrator 228 was less than zero. In one embodiment, for

the nodes 222, 240, and 242 of the sensing circuit 20, the
tails of the arrows represent voltage levels during the UN
phase, while the arrowheads represent voltage levels during

30 INT ©phase. In one embodiment, the actual voltage
transitions may occur during the INT clock phase; voltages
applied during the UN phase may be viewed, in one

embodiment, as starting points for the voltage transitions.
11



receiving a sensed signal fromthe sensing block 15 based on providing the
i nput signals and providing a signal based on the sensed signal. 12. The
met hod owacd2aismi111l, conprising providing a digital signal PGHESU/N8881t he
sensed signal. 13. The nmethod of claim 11, conprising providing 20 signal
having a fractional pulse density that is indicative of acceleration. 14.
The nmethod of claim 11, conprising providing a first signal to the common

input termnal during a.first clogk , . ongs signalcHed the conmon
i nput term nal 58S g’i’“né“a%é‘é%%% 'cll?g%%%hggg. giggg WO 112/ 11S7717

PCT/ USOL/ sQ881; ddsedthesTlRikat dfe alrai mol@ageompr itbengopfoviddi AGYL IRE fir st

signal and the second signal to the compn.input fermpal @yl N ock
. non- over | apBivRP cFBcKhSy et 18.% %ﬁ?lﬁuﬁééeo;ghc allngnl%, (coFrpri soicng

integrafing,the Ssensed ahgnet andew avi dhaglevél rat Youtplting ghdl) and a

second output signal. 17. The neth of ,claim, 16, conmpyiSijAg;GOMad ng the
“first out p@l‘tlr%rPC.gnépeanﬁl?%ast&oﬁ{iﬁ@ut SaPC8i gh Sezindmp)):{rl'f)n\s'/tildes9an out put

signal . 10,40 1% Jhe dmt heshof 2¢baimayl % raoeipibsi fig opr oliadi rigP t Heerf | 1 st

signal and second signal based at |east in rt._on u Lgnal . 19.
An appar at Gsineofd?) sAwgt At h pttt tﬁ%@cgl?'to oV ggtlggg?n%g%&ss?%nal to a 15

common ter pipaly,of ya {f{s8d GaRACIidHerandea txecBhgurapali tand offra g&ansi ng

bl ock; and a converting block to receive a sensed signal,.framthe,sensing
bl ock 1@ responbe- t o s yilly ¢HE Phpedt s?@naﬁ.’ 26T 58S dliers

The apparatus of claim
19, wher el  hbe gongeyt kidn20: bhockea ovifies.oa vkl taknsi gnal , bastte on the
sensed signal. 5 . The apparatus of claim19, wherei thevinp t Rl ock
appl i es a fhesvoitgnal onothhenemuAf Meput-rearrfhak gﬁ??nd“ﬁ i'r sE*2&1 ock
phase and 3 §g%oggoﬁignal during a second clock phase. 25 25 22. The

appar at us # clfaim 19, wherein the input block conprises a first input
capacitor and a second input 19

15 As can be seen with reference to Figure 4, in one
embodiment, the voltage at the input terminal 222 of the
sensing element 220 transitions from ground to Vggr (lines

442, 445) on every clock cycle independent of the value of

the OUT signal.

20
In one embodiment, applying the above described

selected voltages to the sensing circuit 20 may result in a
desirable FPD transfer function, as shown in more detail

pelow. The FPD of the sensing circuit 20 may be derived as

25 follows:

During the clock cycles for which 0UT=0, the charge
delivered on the INT phase (or clock) to the node 241 {and
eventually to the Cpp feedback capacitor) by the voltage

30 transitions at the nodes 242 and 222 may be defined by

equation (1) below:



WO 02/ 0S7717 PCT/U SO 1 /s0881 capacitor, wherein the input block provides
a first input signal to the converting bl ock through the first input

capaci t owoanghsaisecond i nput signal to the converting bl oRKI/Usigogi t he
second i nput capacitor. 5 5 23. The apparatus of claim 19, wherein the
converting block conprises: an integrator to receive the sensed signal from
the sensing block and to odu@e ai integrated signal.; a(ﬁgrrparat or to
recei ve the integrated=<k ‘éals_a;ﬁ{ﬂmgﬁcﬁ rpe Vi de iPut' *Si gnal ; and a

| atch to receive the outp si gnal “and to provide a | atched out put signal.
24. The apparatus of claim 19, further conprising a storage unit to store
one or nore voltage values to ap to 15t ) in i i 25%wA

. restraint systéfﬁer@onﬁ?lrsirﬁ@.reéeggﬁsitﬁ‘ﬁ c?llr%%f]ieq}%o%: g%%f’%/&gntcihﬁput si gnal
]Eo a Cﬁmmgaingtbi}O%r rkg}@ajagegfs (a,gepsivagzml o‘g?dsm)Z(hrrdgadéab)(/% _éeBé?\%@bFssi gnal
romthe sensin ock in response to ap ing t in :

. provi deéb antiat p‘gtffﬁ%%ﬁ? bssBac Rt tP%a?tveiEﬁgﬁar%tf r(;t(:het hg‘yée%ggg%?gﬁg{lj; and a

depl oyment bl ock to provide an actyvaton,gi gnal 25 based at |east in part
on the out pyitsignalnd ragnt hﬁ.sens—i%éﬁiﬁ-gu@a.*\aﬁq)q'he restraint system of
cl ai m 25, wherein the depl oynent bl“ock provi des the activation signal to

activate an airbag. 20 WO (12/11s7717 PCT/USII1/s0881 27. The restraint

system of claim25, wherein the sensing circuit |s ocke i
plurality of noPevErs agprnglackey %ﬁ’é Vbéfbaiogiﬁg)ys%ﬁr%so?gg?%?m 25,

wherein the %rﬁgggéngugiﬁgu£ﬁepiﬂvi9§§s@-Qf@htaheshg@al2329(§ﬂ@efre@traint
syst em of cfai m , Wherein the sensing circui t%(gr ovi des ,a si gnal ﬁ_ﬂgw ng a

fracti onal thel Sa demrdbagkt hapagitqmdiryatieeVot tadeeterititar™ 36" he
restraint system af GhAln 2%/ el Beti Al aqmRigisiagna (3] obageruni U to store

one or nor &Y tage values to apply to the sensing circuit.

1 1
Qus =Cy| 7 Voo —"VDIF)'CB(VREW) (2)
2 2
15 The delivery and extraction of the above charges cause

the output of the integrator 228 to change during the INT

clock phase, as defined in eguation (3) below:

1 1
CN(:VDG - EVDIF)" CB(V REFZ)
o (3)
Cre Cen

1 1
CP(:VDG . EVDIF}-FCA(V REE‘Z)

AVop, =

20

where AVgy 1s the change in the integrator output

voltage when the OUT signal is low.

Assuming that Cp=Cy=Cm and that Cgp=Cg,y=C¢ in one

25  embodiment, then equation (3) becomes:

13
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The FPD, based on equation (7), may be generalized as

20 shown in Equation (8) below:
FPD=B+G[C, —C,]

1 1\]DIE‘
where B= ————2% and G =
2 2 Vy 2VpeCiy

VRE 2
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@10% {&' (}rsl | c@IOPET® ) -wldlages together, in one embo gment
Adjusting Vpg may increase oOr decrease “G” in equation (8).
Upon setting the sensitivity wvalue, the offset calibration
value may be adjusted by changing Vpre, which may entail
raising or lowering the calibration voltages in opposite
10 directions, in one embodiment. Altering Vprp may increase Or

decrease “B” in equation (8).

One or more embodiments of the present invention may be

cost efficient to produce and may also be less susceptible

15 to noise. The cost savings may result since the sensing
circuit 20 in one or more embodiments may employ a single
sense element, which may be less expensive than dual sense
elements. Additionally, one oxr more embodiments of the
present invention may reguire fewer bondpads and/or

20 wirebonds during manufacturing. In one embodiment, coarse
calibration may be performed on the sensing circuit 20 by

adjusting the input capacitors, Cp and Cy, with a metal mask.

The particular embodiments disclosed above are

25 illustrative only, as the invention may be modified and
practiced in different but equivalent manners apparent to
those skilled in the art having the benefit of the teachings
herein. Furthermore, no limitations are intended to the
details of construction or design herein shown, other than

30 as described in the claims below. It is therefore evident
that the particular embodiments disclosed above might be
altered or modified and all such variations are considered

within the scope and spirit of the invention. Accordingly,
| 15
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What is claimed is:

1. An apparatus, comprising:
an input block to apply an input signal to a
common input terminal of a sensing block; and
a converting block to receive a sensed signal from

5 the sensing block in response to applying the input signal.

2. The apparatus of claim 1, wherein the converting

block provides an output signal based on the sensed signal.

3. The apparatus of claim 1, wherein the converting
block provides a signal having a fractional pulse density

10 that is indicative of acceleration.

4. The apparatus of claim 1, wherein the input block
applies a first signal to the common input terminal during a
first clock phase and a second signal during a second clock
phase.
15
15 5. The apparatus of claim 1, wherein the converting
block integrates the sensed signal and provides a first

output signal and a second output signal.

6. The apparatus of claim 5, wherein the converting
block further compares the first output signal and the

20 second output signal and provides an output signal.

7. The apparatus of claim 6, wherein the converting

block provides the output signal to the input block.

8. The apparatus of claim 1, wherein the input block

comprises a first input capacitor and a second input
17
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capacitor and a second input signal to the conver iné block

through the second input capacitor.

5 9. The apparatus of claim 8, wherein the input block
provides the first input signal through a first capacitor

and the second input signal through a second capacitor.

10. The apparatus of claim 1, further comprising a
storage unit to store one or more voltage values to apply to

10 the apparatus.

11. A method comprising:
providing an input signal to a common input
terminal of a sensing block;
receiving a sensed signal from the sensing block
15 based on providing the input signal; and

providing a signal based on the sensed signal.

12. The method of claim 11, comprising providing a

digital signal based on the sensed signal.

13. The method of claim 11, comprising providing
20 signal having a fractional pulse density that is indicative

of acceleration.

14. The method of claim 11, comprising providing a
first signal to the common input terminal during a first
clock phase and a second signal to the common input terminal

25 during a second clock phase.

18
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f F&10% terminal during non-overlapping clock cycles.

16. The method of claim 15, comprising integrating the
5 sensed signal and providing a first output signal and a

second output signal.

17. The method of claim 16, comprising comparing the
first output signal and the second output signal and
provides an output signal.

10
10 18. The method of claim 17, comprising providing the
first signal and second signal based at least in part on the

output signal.

19. An apparatus, comprising:
an input block to provide an input signal to a
15 common terminal of a first capacitor and a second capacitor
of a sensing block; and
a converting block to receive a sensed signal from

the sensing block in response to applying the input signal.

20. The apparatus of claim 19, wherein the converting

20 block provides a digital signal based on the sensed signal.

21. The apparatus of claim 19, wherein the input block
applies a first signal to the common input terminal during a
first clock phase and a second signal during a second clock
phase.
25
25 22. The apparatus of claim 19, wherein the input block

comprises a first input capacitor and a second input
19
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the sensing block and to produce an integrated signal;
a comparator to receive the integrated signal and
10 to provide an output signal; and
a latch to receive the output signal and to

provide a latched output signal.

24. The apparatus of claim 19, further comprising a
storage unit to store one or more voltage values to apply to

15 the sensing circuit.

25, A restraint system, comprising:
a sensing circuit to:
apply an input signal to a common input
terminal of a sensing block;
20 receive a sensed signal from the sensing
block in response to applying the input signal; and
provide an output signal based at least in part on
the sensed signal; and
a deployment block to provide an activation signal
25 bpased at least in part on the output signal from the sensing

circuit.

26. The restraint system of claim 25, wherein the
deployment block provides the activation signal to activate

an airbag.
20
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5 sensing circuit provides a dlgltal signal.

29. The restraint system of claim 25, wherein the
sensing circuit provides a signal having a fractional pulse

density that is indicative of acceleration.

30. The restraint system of claim 25, further
10 comprising a storage unit to store one or more voltage

values to apply to the sensing circuit.



