13 JUN 2005 CONVERTI NG SENSED SI GNALS Background This invention rel ates
generally to converting sensed signals, such as accel eration and pressure,
to a desirable 5 formof electrical signals. Sensors, such as inpact
sensors, may be used in a variety of applications, such as autormt'v«lﬁLN

ai rbag systens to protect passengers during collisions. |Inpact sen ,Hﬂ5
for exanple, may enpl oy &OMNFERT YNGf S§BSEDeb&t@MES such as dual
capacitive sense elenments or single capacitive sense elenents. Sensing
circuits that interface with dual _ capacitive sense elenments may be |ess

vul nerabl e to noise such as elecﬁﬁﬁﬁgﬁﬁﬁﬂic i nterference noi se or power
supply 15 noise, partly because of the differential nature of the sensing
circuits. while,syuchndihfesentiabisensbngr&iTEuts comyrhenkesensusceptible
to noise, they tend to be rather expensive. 20 A nore cost efficient
approach #agndestosuse singicéelendetPri redi PESSAHFeh typiacalgsy nagtler f ace
with singke. capacitive sense glegents. However, single-ended circuits
generally tend to be nore susgeptlble to noise. 25 Thus, there is a need for
a cost efficient way that may be | ess susceptible to noise to convert
sensed signals_into a Qeskrable{fogn%of éﬁgg%%ricaé,sﬁgpals.dBO.1 13 JUN
2005 Brief DestriptionGF 't e Drakiffgs ° ¢ may used “id- @

variety of applications, such as automotive airbag systems

to protect passengers during collisions. Impact sensors,
10 for example, may employ a variety of sense elements, such as
dual capacitive sense elements or single capacitive sense
elements. Sensing circuits that interface with dual
capacitive sense elements may be less vulnerable to noise
such as electromagnetic interference noise or power supply
15 noise, partly because of the differential nature of the
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

a desirable form of electrical signals.
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The invention may be understood by reference to the follow ng description
taken in conjunction with the S acconpanying draw ngs, in which |ike
reference nunerals identify |ike elenments, and in which: Figure 5 imaﬁ
stylized block diagramof a restraint systemin accordance with e N"2005
enbodi nent of the present 10 invention; Figure 2 is a schematic di agram of
a sensing circuit that naycbe inpl emented in the restraint systemof Figure

1, in one enbodinent; BZiFifgheec3ipsien t9hite dragiaasshowi ng cl ock signal s
used in the sensing circuit of Figure 2, in accordance with one enbodi nent
of the present invention; and 20 Figure 4 is a graphical illustration of

vol t ages and tFaasiitivensiof gelecbed unddestobdt ey seabéyepad r toi tthef

Figure 2, in,accordance W, th, one e i ment_ of _the sent _i.pyenti.on.
Detai | ed DESErPption %§SCR%$5F$?ngq%%%nto T?gufggi?gégéIgligéagblégffdiagram

of a restmacbhpsygiem Hradws niglsl, ustinat edi¢imn dcicer darceranté ananeeribodi nent
of the present invention. The restraint syst.em 10 may be enployed in an
aut onobi | e>9FBF L 8% atpie, S TGt e AP936  p¥ssThyers during col lisions. In one
enbodi nent, the restraint system 10 may automatically deploy an airbag in

the event of an _activation worthy inpact event. 2 13 JUN 2005
Figure 1 is a stylized block diagram of a restraint

system 1in accordance with one embodiment of the present

10 invention;

Figure 2 1s a schematic diagram of a sensing circuit
that may ke implemented in the restraint system of Figure 1,
in one embodiment;
15
Figure 3 is a timing diagram showing clock signals used
in the sensing circuit of Figure 2, in accordance with one

embodiment of the present invention; and

20 Figure 4 1is a graphical illustration of vocltages and
transitions of selected nodes of the sensing circuit of
Figure 2, in accordance with one embodiment of the present

inventicn.

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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The restraint system 10 may include a control unit 15, a sensing circuit 20
and a depl oynent bl ock 25. The control wunit 15 may be a processor, in one
enbodi ment. The sensing block 20 nay, in one enbodi nent, provide a pul se
density 5 signal that may be indicative of a sudden acceleration or 13 JUN 2005
decel eration, for exanple. Based on the output of the sensing circuit 20,

t he depl oynentTHs @6 25 ipgy dettemnilfe PaYi ArchecenBodPRERPL WREEh&P  an
activation wordihy inpact; event,,qhas 4ecedirad: thalc My reqyir e action, such
as depl oynment of “10 ai rbags. ki an activation worthy I npact event occurs,
the deplwynentd blackb25a naycpeovinle dn @t imdoiddmesitgnalhen skinséng30, in
one enbodinent.,Referring now.tao Fi 2, sch tic_diagramof _one 15
enbodi nen ioo%q{ t‘hé2 fém%ﬁ/éi ngn ciorguie’tmbfgﬂt%l?nl‘:f g rrgwi%frerg if %Ss(?rgtega.ltafhe use of
t he sénsigigralr cthdt 20agaypenoindieca diivel teefd 4 ostiigéen estral atasyst esr 10;

rather, the sensin circuit 20 y be enployed in any one,_ of variety of
appl i cati% %Wﬁé%&nvéPfi Ny Zehsed sigﬁ%ds 4" oq’r‘?ergFBP% ?(faoftgél ectrical
signal s (@&ringdi gitalisi gnal she magpbeymsef ublook sthﬁ?bh%-te'rﬂﬂi@?

enbodi nent, the sensing circuit 20 1 ncludes an input block 217, a sensing
bl ock 220L7 #itf £EANSHTThg "BIEGERT 28 2951 Vsl e St Hed impamsr evaetai |

bel ow, the sensing &l rad L S AR ;QUE PUl, sl gRalie bk g nsing

bl ock 220 to a diqi ta‘f%s% grﬁgll en pre-sél ect egcvol tagg{s3 a??ééggp??ed to the

sensilfly diotle 220 ahfl ebherctigdésonf wohehgenspagt cevent t o20ursi nthecor dance

wih one EIDOdLIEN! (AdNSPLegeRlob RNt ol i A ) QNg-2TPRdl FEAL. (VO
30, in one embodiment.

Referring now to Figure 2, a schematic diagram of one

[}
w

embodiment of the sensing «circuit 20 of Figure 1 1is
illustrated. The use of the sensing circuit 20 may nct be
limited to the «restraint system 10; xrather, the sensing
circuit 20 may Dbe employed in any one of a variety of
applications where converting sensed signals to other forms
20 o©f electrical signals (e.g., digital signals) may be useful

or desirable.

In one embodiment, the sensing circuit 20 includes an
input block 217, a sensing block 220, and & converting block
25 225. BAs described in more detail below, the sensing circuit
20 converts an output signal from the sensing block 220 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



(unity) and INT (integrate), are used to clock the sensing circuit 20, as
shown in Figure 3. In one enbodinent, during 3 13 JUN 2005 the UN clock
cycl es, selected nodes of the sensing circuit 20 are set to a predeflijn&d 2005
| evel, such as to a VCM voltage I|evel, as shown in Figure 3. In one

enbodi nent, the sensing circuit 20 is clocked starting with the UN cl ock.

Figure 3 5 illustrates an output signal, OUT, which is the output of the
sensing ci &6 D CL YK de¥ers bed DT Ged MIRFie et 81T . SCRRERT rFhECEdai n to
Figure 2, aldt houghsnots0.l bheheds hoat hevdl | usteat ed eabadivpntoeithe sensing
bl ock 220 includes 10 two capacitors, CA and CB, connected at a common
node. The lgpwardaar sBRWEhEBufhIeapati t of? GRS rIeaiesnthateheeTAIng

capaci tance ;may, ;inghease JjnfegPanse t Q. an; i Apth. ¥ chocik N PN, ANTbodi ment,
may represent acceleration. The term ' dccelerati on," as utillze erein,
may i ncbude llssdeecker @&n omtput onegerhoddient white dewtwar dowrrdw ¢hr ough
capaci tor %a i ndi ga%escwgti%héeo CB_Scae%%irE n ebga% dlecr easedeitgirlesponse to
an i nput si éjr?als.enl‘ﬁ gne-énbodi Trent™” tHhe " 5ensi ng- f ock 22D, upon~sensi ng
accel eration, provides an output signal to the converting bl ock 225. The
sensing 20 bl ock 220, ,in one, enbodinent, has _an inEut termnal 222 and two
out put terninal §e384r1596295h FApIR IS m/ndItESBIN ROToRR enBbthet, is a
comon node o {18, A ARG BP0 Sthe Thes EAMMErtidik b 9gK; 22Byad N one
enbodi ment, includes 25 an integrator 228 coupled to a conparator 231,

whi ch Ally Beo faarasertogsuplCedand &:1 aterexdad RUid feewmll diodsper athional

anplifier Q&Q%EE) §§Zowahgﬂgnﬁﬁﬁhc£§§gpﬁﬁk €aPaGdi¥3e szt the Ca

capacitance may increase in response to an input, which, in

one embodiment, may represent acceleration. The term
“acceleration,” as utilized herein, may include
15 deceleration, in one embodiment. The downward arrow through

capacitor Cy indicates that the Cp capacitance may decrease
in response to an input signal. In one empbodiment, the
sensing block 220, upon sensing acceleration, provides an
output signal to the converting block 225. The sensing
20 block 220, in one embodiment, has an input terminal 222 and
two output terminels 224, 226. The input terminal 222, in

one embodiment, is a common node to the Cp and Cp capacitors.

The converting block 225, in ocne embodiment, includes

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

and Cpp, forms the integrator 228, in the 1illustrated

embodiment. In one embodiment, an applied direct current
30 (DC) voltage, Vcy, to the opamp 237 sets a common-mode level
of the integrator 228. In one embodiment, the Ve voltage

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

for example, may be 5 volts.



and CFP, forns the integrator 228, in the illustrated enbodinent. In one
enbodi nent, an applied direct current 30 (DC) voltage, VcM to the opanp 237
sets a common-node level of the integrator 228. In one enbodiment,13 hy Mgg\/l
voltage may be one-fourth or one-third of the supply voltage, which, f0
exanple, may be 5 volts. 4 13 JUN 2005 1In one enbodinent, integrator 228 is
configured in a manner such that input termnals 238, 241 of the integrator
228 are held essentially caonstant a th@,VcNQ\é%Ita e |evel. cf ln aone

enbodi nent, out’huPPEerTHIA T 346, BA§96F “Phe i te)gga%?“ﬁ‘érea e’ HePd

essenti al hyngonssadh ahathenMeM cyohiags |®egl 2 durd MgeideidiNgglaack cycl e.
The input  termnals 238, 241 of the integrator 228, in one enbodinent, are
coupl ed t®2% harFeSFect iBPeehGiphtyt EPRPHal's 22409 28mnfvog adke 1§&%di-ng bl ock
220. |19 ong ephodi BRALAIABL: OF HPI/ boNd Win-as M dhe ysed @ ceppect the
sensing block 220 to the integrator 228 of the converting bl ock 225. The

f eedback tapegfatorr CrRN, ma§ belcoupkeanbeiiben aRetans ot pihet eVed nal 246
and the i rm 23 f. the,, inteagr r.,22 e fe ack acitor,
CEP, may EQP%%%%I erﬁdé@ble't V\%é%lflhe t(:)l& pur?\gt gl%crél %ﬁggénd the i ﬁf)] ?ﬁt er m nal
241 of thermivaly atdd, 228, X0 thee intkggrabdor 2223, in nowd eerdrdaichiement |

includes two swtches 252, 253. ring the cl ock. ph or,.cycle (see
Figure 3)2T% hgogﬁj&?ah "?5%%1(55 ﬁer?ptegél'v?N?'utEF‘Lgl.I?rﬁ‘b?algog??i oﬁ?%aﬁé during
the UV phese, séheisyi bTHcR5220S imtbge ehdbdiers, dWYr PRSI ivdhd i n one
enbodinment, Simlarly, ,

wires may Pe used to connect the sensing block 220 to the

integrator 228 of the converting block 225.

The feedback capacitor, Cp, may be coupled between the

15 output terminal 246 and the input terminal 238 of the
integrator 228. The feedback capacitor, Cgp, may be coupled
between the output terminal 248 and the input terminal 241

of the integrator 228.

[N
(&)

The integrator 228, in one embodiment, includes two
switches 252, 253. During the INT clock phase or cycle (see
Figure 3), the switch 252 is in the MINT” (i.e., up)
position, and during the UN phese, the switch 252 is in the
“UN” (i.e., down) position, in one embodiment. Similarly,
25 during the INT phase, the switch 253 is in the “INT”
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 is a digital ™“1” if the voltage difference

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



25 during the INT phase, the switch 253 is in the "INT" position, and
during the UN phase, the switch 253 is in the "UN' position, in one

enbodi ment. The output terminals 246, 248 of the integrator 228 are {B9N 7005
coupled to respective input termnals of the conparator 231. The conparatoor
231, in one enbodi nent, provides an output signal that is a digital "1" if
the voltage difference between the output term nals 246, 248 of the

i ntegratorig22®ositigeJUNu2D08 diggigadi t iV, iandita dpginsgatioe.if ifhejs
negative. The_-di rent | u | t.ag i , ol t out put
termnal 2 %gjr:ngﬁ%gst%tdﬁle %/qu%uggé%g‘%a%%e (gfpﬁt tk?eervrél%éézm g&oe?% h e

i nt egr at or t228inhsl deAdt ednher éhr av1VeEDe Fhe tbet puitpoft theemcompartor 231 is
provided to.the latch 234, .in one _embodinent.. Th atch 234 transfers a "0"
or "1" at ?ts@?%pmatet%rra%oﬁalzzgollst %‘ESGf%%{W erm ﬁ%l IVB‘h‘ each falling edge of
the I NG cl ock phase (see Figure 3), in one 10 enbodi nent. The output signal
(QUT) of the latch 234 may he a digital bit eam that | ed back into
the switches (HScGEEBHT b oWy Sf C?’H‘Baf?.‘b% %F c%%l@?oYhé%%egoe di ment ,
the output19fchhezd atoh 234 dipddieme@utt. putrnef 1bben sBNSENhLidGuid 0. The
density of |I's in the QUT signal 15 may be an indication of the magnitude of
the anplit@de"sf aEhétpnpaPusi §AEPLIES t He SehsTHPW cETHIGL PRated® i f the
QUT si gnal ££ONL AL NSO beStnbornexamRlc&, phAgei NRUE %&g{]% 30€ 9n one
acceleration) arriving at the sensing bl ock 220 may e at the low end of
its rare. epbodmenthe dilrerodianvd, stilg@a20 (OUT) spfndhe cortcdi is34almayd 'be, t he

| nput SlgnQJ égéikgﬁ S¢S Q8ream that is fed back into the switches
{discussed Dbelow) of the input block 217. In one
embodiment, the output of the latch 234 is the output of the

sensing circuit 20. The density of 1’s in the OUT signal

1—1
w

may be an indication of the magnitude of the amplitude of
the input signal to the sensing block 220. That is, if the
OUT signal contains no 1’s, for example, the input signal
(e.g., acceleration) arriving at the sensing block 220 may
be at the low end of its range. If, on the other hand, the
20 OUT signal contains all 1’s, the input signal of the sensing
block 220 may be at a high end of its range. An OUT signal
containing 1’s on roughly 50% of the clock cycles, for
example, may represent that the input signal to the sensing
block 220 may be in the middle of the range.
25
In one embodiment, three reference voltages, Vaeri, Veerss
and GROUND, are applied 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. Vzgr: 1in one embodiment may be
approximately twenty percent of Vggr, thus, 1f Vggre 1is 5

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



bl ock 220 may be at a high end of its range. An QUT signal containing 1's
on roughly 50% of the clock cycles, for exanple, may represent that %B@NZ

i nput signal to the sensing block 220 may be in the mddle of the rh . @%
I n one enbodi nent, three reference voltages, VREF1l, VREF2, and GROUND, are
applied to the sensing circuit 20 at various nodes through the input block
217. I n one enbodi nent, VREF2 nay be substantially equal to the supply

It t 30 of th i ircuit_20. Th I [ t , f
xamle, \may BE% GOTT ST n GRE MRS ERe  VREFS | FUORY ERbod HEHt Ty be

appr oxi mateeliy Hraeryy wperceal iofa MREF 250 itthidss , 1 7o, YRERZ 16,5 . vDht Semd hen
VREF1 may be 1 volt, for exanple. 6 13 JUN 2005 The sensing circuit 20, in
one enbodi EHESrEy b%tcépﬁbﬁgfef%ﬁ FUchl i BF afPERGBFEages SEAEA And
VCAL2. 5l nsyex  bpSt ancas, chghfak e dinfkiscul t A0 £abrj cafte t Bensenging 5
bl ock 220 mﬁth.tiggi tol erances. As such, the sensing circuit 20 may be
cal i brat eFByFUEE &t iRy the SEFEPIat&d N AP usieinta dHeriingnd Fatrk brati on

operati on @@l thes$ensd ng Lihguhti20 icheas3¢BR! et Luring cahbbration,
VcAL1 and VcA; ;2 voltages may be set to values that bring the sensitivity
and 10 of fsiatcugdl i atd ohs pemaliest.er sDwfinhecsendmiatg ogi,r ekt 204 Wetthi n a
desirabl e i fication _range r I P the VCAL, a VCAL2

vol t ages ﬁ%@ﬁ% ﬁﬁi%& i%gd% grt?ﬁgéf??%?%%ggq%?gghghfeﬁff%é%%y%g i?nio. 15 In
one enbodinEiet acslovageiami tpa23medtrsheoSensiengsessioyi tci2@uimy st ore the
vol tages \5§Ehi% %?qjé§¥¥é fé];¥é¥i%%kation range. After calibration,
the Vep1 and Veae voltages may remain fixed for the lifetime

of the sensing circuit 20.

15 In one embodiment, a storage unit 235 of the sensing
circuit 20 may store the voltages Veann and Vearz in digital
form. The storage unit 235 may be a non-volatile
programmable memory, such as electrically erasable
programmable read-only memory (EEPROM), fuse-blowing memory,

20 o

=

zener-zapping memory.

The input block 217 in the illustrated embodiment

includes seven switches 270-276 that are operated by the UN,

INT, and OUT digital signals, as shown in Figure 2. The

25 switches 270-274 are connected to the node labeled “UN” when
the UN signal is high (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.



form The storage unit 235 may be a non-volatile progranmmbl e nenory, such
as electrically erasable progranmmble read-only nenory ( EEPROV) ,

fuse-bl owi ng nenory, 20 or zener-zapping nmenory. The input bl ock 21H JUH e
illustrated enbodi nent includes seven switches 270-276 that are operated by
the UN, |INT, 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)huaind ttthd heN node INTabeledk "dHYEFeswhehet keikNE gi7gnakyi s hi gh,
in one enbodinent. The sw ,%ches 2%5-2756 are_con ec(_gjed to }Hpe tgg tnode

(1 abel ed “BXTEEY) Vitten ¥ e OtFFpul Cof2T{He s&R&PRE-30° oY r cui t® 268 Fow, and
to the | overmhoge Elfabehed sW@JEs1")70 when ddpledt pué af fhestsenspng circuit
20 is high, in one ,engodi nment . é %3 JUN 2005 Dér.i ng, the UN. and gNT cl ock
phases, theBWREch°276 fray“rrEERi ¢&°VI AL, O&fid SURBE1 G0 t agB5 I T 8spatti vel y.

An outputynt erdi mat efotbhesMdsch 220 sistepuphedmt 9 feddiwd Y BRUENAt er m nal
of the switch 275, in one enbodinent. During the 5 UN and | NT cl ock phases,
the switchea27 1Vehy2etei VRSRFEFEFedYd \VEALODG oFR§EsMeREspaBt PWEPFE | n one

enbodi ment e AN, OUt Yt L Her Bl Ak, 0b7t he SWebgh 271 bs £oupkegdh t 9xausecond
input termnal of the switch 275. An output termnal of the swtch 275 is
coupl ed tbeamhode 240 dfet lve/isehsitip ci r dul t culpuRo,teirmiond erfbodhaent .
During th w£®£§n97éhqsckgﬁFlQQa§gsa B@%esﬁh50%le%en%%nsgggeb!§c¥§§Fl and
VCALI vol tages, respectivery. An output

10 20, 1in one embodiment.

During the UN and INT clock phases, the switch 273 may
receive Vggrpz and Vea voltages, respectively. An output
terminal of the switch 273 is coupled tao a first input

15 terminal of the switch 276, in one embodiment. During the
UN and INT clock phases, the switch 274 may receive Vga; and
Vger1 vOltages, 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 Dbe coupled to a ncde 242 of the sensing circuit 20.

During the UN and INT clock phases, the switch 272 may
be coupled to GROUND and Vggr, 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 Vger voltage 1is applied,-in one
embodiment, to the input terminal 222 of the sensing block
220. In one embodiment, as can be seen in Figure 2, the
same 1input signal (e.g., Vgegrz ©Or GROUND voltage level) 1is
applied to the common input terminal 222 of the C, and Cg

30 capacitors of the sensing block 220.



termnal of the switch 273 is coupled to a first input 15 term nal of the
swtch 276, in one enbodinment. During the UN and INT clock phases, gh
switch 274 may receive VCAL2 and VREFI voltages, respectively. An d tjgt‘!tw[]‘j
termnal of the switch 274 is coupled to a second input termnal of the
switch 276, in one enbodinent. An output terminal of the switch 276 may 20
be coupl ed to APnCRE 28PLBEIRRRE seddi Nt R4 cGRPEOBECDUFF NG St hECWRESHMd | NT

clock phases...khe sy tehqd72 iy 2nhe Grupkednt o LRAUND anth /RER2, the
respectively. Thus, during the UN clock phase, the input term nal 222 of

the sensi Agteiratkr2288 sazduphednPBt GROUND,tdm GenéserbBBIABNPSTERFR ng 25
the INT clogk %43 NEp¥RER VOlla0e Jh.aap] Lo, dn one saubodipeat, to
the input termnal 2 of 't he sen i ng bl oc 220.” I'n one enpbodinent, as can
be seeb i 22Bi.gurthe2,inthe @eeiicopat Sk grd (w. gnd VYREFZage cGROWKDCy ol t age

level) is __applied.t he_co j nput, fermnal 222 of .t he CA. and CB 30
capaci tor sanéjf Fyt‘aheoée{r;i)rsli% nae%fg‘lég%%& 82”10?;’ fﬂNofﬁ0§mFﬁlI3ﬁ8tén%% il‘?r%ﬁt , an
i nput capatiatraie GN | @ rcaredtbeihaeegr tthemnodae24@ecabdckheapaputoter m nal

238 of the integrator 228, and an input c citor, Cp i s coupl ed. between
the node 242 &R§ the'i n‘b‘it s njrl?*l%ﬁg%rof %ﬁe IR atleF 3N328C19R% i nput

capaci t or $haENsandnCResapdsé heo capacid i ayLCanaad sCB: ehet h8asenstmg bl ock
220, in one enbodi nent, deliver charge to (or extract charfe fro t he

feedbdlk cdpacicors, FMEFNTENG Gepmisrlt Ré2i Afe§hat 6pn22B3 dat ey the- | NT
clock phaggs, s HRSPORSE 410 th V@L&@getﬁlaa%%%ﬁagztoda%n@@g%@%e 10 242

and at the input termnal 222 of the sensing bloc
nodes 240, 242 and the input 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 is described
below. 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 Vgp (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 vecltage levels in the sensing circuit

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

duration may be one microsecond.



The switches 270-274 may cause the voltage changes at the nodes 240, 242
and the input termnal 222 of the sensing block 220, when the switche

270- 274 change fromthe UN position to INT position, for exanple. 15 MZUBS
operation of the sensing circuit 20 is described below During the UN clock
phase, the opanp 237 is switched into unity-gain feedback configuration,

o ch means (hel.t e vol! B985 oL L0RUL Ler TG 5,238, 292,600 £ pu

termnals 20 2 are’ at'tha"teve

He cormon- node

vol t age, VGy-26R epenenaadi rerih Ace i one IeTbpdasentonckdtighd,he UN

phase, the voltage

s.on.the node 240, 242 the input term.nal 222 of the
sensi ng bldck®220 en‘g’Pgl’B??Qen tﬁuFé{}‘él é:%‘&et @gﬁ'l ﬁ:g‘(‘fchfy Lt’l)haes?/al uB of"She cuT
25 signal emHR@iMahte ohet hee @A HCIST @M GitdY 0B, e diJeate ceepedtsi on t he
polarity of VOD (the integrator's differential output voltage) at the end

of the’pr &¥icsi8 INIE pABIBP 1237 -onE" e #BBdi FRERILMERE  UNFiFhaSe

sHodl §be of an

adequate [QuuaLERN dQarlikewst havoktage hevel s i B8N sepstage Clkcyi t 30 20
to settle to a static level. In“one enbodinment, the duration rmay be one

m cr osecor@sudt13f JUMN 20089 14i@e tdherOR EFomkrphiabaiserddd, phheesw t ches

270- 274 and 252-253 open, and then close to the !NT phase connections, in
one enbodi nent. During the INT clock phase, in one enbodinent, the feedback

capaci tors CFNAanche@ERocaee ebornect écbth arrmunthpute opeaql 234

(Ty cred

enbodi nent,, thedcgﬁleand CFP _f eedback capcamst o(rc'i gg& %E)I Irlnayageelflvésrt ored

an sense element capacitor

vol t age as h

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

(Cey and Cgp) in response to the change in position of the

switches 270-274. When some or all of the voltage

s settle

to essentially static wvalues at the end of the INT phase,

the value of Vpop may have changed to 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 1is 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 (Vo) of the integrator 228 to change (on

the INT phase) in a direction that tends to cause

signal to change states (e.g., from zero to one,

the O0OUT

or vice-

versa), 1n one embodiment. In other words, if Vg on a given

clock cycle is positive, then on the next clock cycl

25 Dbe either less positive or negative. And if Vgp on

e it may

‘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 (Cp - Cgz), 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



result of
above, bo
capaci tor
t he feedb
of the s

have chan

the integrated charge from previous |INT phases. As nentione

th the input capacitors (CN and CP) and the sense el enent

3 1UN 2005

s (CA and CB) nay deliver 10 charge to (or extract charge from
ack capacitors (CFN and CFP) in response to the change in position
W tches 270-274. Wen sone or all of the voltages settle to
essentialhydsmatﬁanaluesféecthehendrettﬂhe oNIT tpieas®T gilmmalaleecdf VOD may

ged%tg 8.1 M/va ue. If thls éﬁlcyc yaéf%]%ﬁgpﬁghgqudeﬁggy% the QUT

%ﬂe next clo

si gnal ew val ue 1s ‘negative,
then the M)suganathgayvdalezea 00" fhor bhépnextsm_;ln@dk cf/clbe F%rem/smmg t he
QUT signal .to the 8mntches 275; 256 causes,, %?e out ut voIt o[» of
the int egFafor+228"t 0 BhaRGe SFBRATRR" 1 NT pﬁag i h° a r%%?? ‘4t tends

to cause tlBedQ@Ineal gakntonchBegeost al esk( pe@iodd r ot z6£ Codd mng)r vi ce-
n one_ enbodinment. In other words, if_ VoD on a given clock cycle is
at héAhoAUEREt NEadU| 6@W1€?€IEythﬁaﬁl%E#lﬁ¥%ﬁq?ﬁ€V ‘| ess positive or
And if VOD on a given clock cycle is negative, then on the next
le it may be either |ess negative or positive. In one enbodinent,
t he val ue of (@A m@B)embo@ﬁm@htrsdpﬁengseoﬂe%m@%rmg teesensi fgd bl ock

I t h t f tyth f
ha %é ach a&fzﬁa o ihhe,t Qﬂérg%fér‘ia '}3%&55@:}5,3 EEEC €%l Ze 0

versa), |
positi ve,
negati ve.
cl ock cyc

di fferenti
the charg

e pac ets d dto t e integrato on’eac

ock cycle, 10

13 JUN) 2005tpand uftlthﬁeﬂ%pnahhgctcuheuitaCZQOWRnf tlee @UTssrgmal i ock
at del i 'S, Thl% fr actlona£ p%kgeeq%g%l%% (FE S Ihe val ue

cycles th
of the ou

15

20

25

30

Fpu rgﬁgna? SFePhé&™ senS|ng ggerin
event (e.g., existence of sudden acceleration), there may be

an increase in capacitance of capacitor Cp and a decrease in
capacitance of capacitor Cy within the sensing block 220, in
one embodiment. This differential capacitance (Cp-Cg), 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
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
at the end of the previous INT phase (e.g., Ve [n-1]) 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
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



circuit 20, in one enbodinent. The FPD, in one enbodinment, 5 is defined as
the nunber of clock periods per second having a high output val ue, ﬂigﬁ?ﬁﬁ
by the clock frequency. In one enbodi ment, during non-triggering evc J
(e.g., no sudden change in acceleration, pressure, etc.), the 10 output of
the sensing circuit 20 may be a series of alternating ones and zeros. In the
event of a triggering event (e.g., existence of sudden acceleration), there
may be an increase in capacitance of capacitor CA and a decrease in

capaci tance of itor . within the SEnsi bIo k .220, ..n,15 one

enbodi nent . ThléﬁdlgﬁgpeﬁPl Fggﬁﬁaéltaﬁceeié&%‘ gqa& lSneOénbga?ﬂeﬂ?, nay
cause the sensimeGdtCWlodd dnclautine vil=geones thamades 0341 ofiay s€l ect ed
time interval. Referring now to Figure 4, a graphical |IIustrat|on of 20

t he vol tagedlfjéiﬁ‘é standher aheis4 oRS t\fml R IBE appfi dit8 AP o6sCRbdes of

the sensji ng,dJLUIE2Qnks 8ROV B ONG, t@nhedi mepty fervhpt hivakuesopf the
QUT signal.” I n one enbodi nent, when the QUT signal is a "0," it is an

i ndi cat i on QWEna heheal iREasfratiee (T T ler GAPFAI Biagsut vobimigea 2y Jat thee end

of the prev. ( n e egrator.228 was | ess
t han zero. "I/'ér)llu?)a enﬁog?lr%enrfoc% o?yél gglnottljz]ea?5(21%2%?124%!&%%“242{0 %?“h

sensi ng ci rtuirte 2R0)t hbl irgi ItheofINTheoh@seows Theree seriit agel ttageskhievehs duri ng

the UN phasey |I\ce 2 & rgy\@gad freagflegenct vgltage Iezveanddugl ng 3 30 I NT
phase. In one e itbodi nen he~actu tFanAst T ons nmay occur durlng

t he | NLocl ockampiiase; Whlehagas mmpla;wbadurimg“nhe WNephasieavry e vhewed, in
one enbodi ment s startin oints_for the voltage transitions.

noég’Zfb may tramrsition frcm &umz to R%q Egne 438), whl%

the voltage on the node 240 may transition from Vgegm to Veanz

(line 440).

15 2s 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 Ve (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
below. The FPD of the sensing circuit 20 may be derived as

25 follows:

During the clock cycles for which O0OUT=0, the charge
delivered on the INT phase (or clock) to the node 241 (and
eventually to the Cp feedback capacitor) by the voltage

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

equation (1) below:

12



13 JUN 1005 As shown in Figure 4, if the QUT signal is "0," then on the
present clock cycle the voltage on the node 242 may be driven to tgﬁjp@%@h
of VREF1 during the unity (UN) clock 5 phase, and then nmay be driv e
| evel of V1 (line 410) during the integrate (INT) clock phase. Simlarly,
the voltage on the node 240 may transition fromVCBL1 to UREF1 (Iline 420)
during the I NT phase. Thege vol tage\transitiyons _may bhe verified with
reference to Figures®2 ¥ pGTQVﬁi}+ mwf%. Whrdefre °dUt idi gnal is "1,"
the voltage on the node XZ may transition fromVCAL2 to VREF1 (line 435) ,
while the voltage on the node 240 may transition from VREF1 to VCAL2 (line
440). 15 As can'ﬁe seen with reference to%E,Lwe 4, in one engodinent, the
vol tage at the PAPLE t'eFm hT2'Gf the SdnsSiIHGCsl enenteP20 PFanditi ons
from groundat 9LYRERSn (LbDesge 442, e 445) 0N -eweLy) chaak wgycl erdpeepandent of
the value of the OUT signal. 20 In one enbodi nent, applying_the above
descri bed t5el chitid@ reBLeades "eE Nt He & eNeF FRETI PEULRE20 Hay C7 bERFR LI a
desirable FPD transfer function, ag sh mn_i nore detail below The FPD of
the sensingotkkgubtaR® VRY he.deri vBd=agw 28x¢ oyl ows: During the clock
cycles for which QUT=0, the charge 2deliveted on the INT phase (or clock) to
the node 241 (and eventually to the CFP feedback capacitor) by the voltage

30 transitions at the nodes 242 and 222 may be defined by equation (1)
bel ow During the clock cycles for which OUT=0, the charge

extracted during the INT phase from the node 238 (and from
10 the Cpy feedback capacitor) by the voltage transitions on the

nodes 240 and 222 may be defined by equation (2) below:

1 1 '
Qus =Ca~:["2“VDG —;VDIFJ_CB (Vasrz) (2)
15 The delivery and extraction of the above charges cause

the output of theﬁintegrator 228 to change during the INT

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

1 1 1 1 3 ]
CP("VDG’_EVDIFJ+CA(VREF2) CN[—V ";VDIFJ—CE(V REYZ)
+

Cep Cen

20
where AVgp, 1s the change in the integratdr output

voltage when the OUT signal is low.

As suming that Cg=CN=CIN and that CFP=CFN:CF in one

25 embodiment, then equation (3) becomes:

13



12 13 JUN 2005 r _|I 1 4LR-CF | 2zVDG 2VDI F/ | +CA(VREF2) Equation (1) where
VDI F represents the difference between the two calibration vol tage'\s}(]iwf
VCAL2 - VCALI) and VDG 2 represents 5 the difference between the ave g@u%f
the two calibration voltages and VREF1 (i.e., VDGz = V'l + 2 V", V REFY
During the clock cycles for which QUT=0O, the charge extracted during the

| NT phase fromthe node 238 (and from 10 the CFN feedback capacitor) by the
voltage transitions gn t e _nodes 240 and %fzfi gﬂy be defined by equation (2)
bel ow. 4~ =C; al 2VDG 2¥bii-T¢ VRERF (*%A‘l%e) =2del i very and extraction of the
above charges calise= i or 228 to changé&fduring the

I NT clock phase, as defined in e%’uati on (3) below CP VDG 1 VD F +C DV = ~2
2 Ar \WREF2) CN 2VDG | CE 1/ \v .12) 2 ODL (3) CFF CFN 20 where
(err)VODL is the change in the integrator output voltage when the OUT
signal is |ow DAssugn g tdiatckCEyChegl NoandhidiatOUCFRzCENeCPutpuonet 25
enbOdlnen%hetggpeeg5§%!%&8(§Eyb %OQEEilggay determined, as shown in

5 equation (5) below:

1 1
- (ZCIN{_Z-VDG + 'Z'VDIF)'*' (CA _CB)(V REFZ)

c

Av,

ODH —
F

In one embodiment, the fractional pulse density may be

10 related to the above output voltage changes by equation (6):

1
FPD=——r (6)
AVODH

AV,

0oDL

Substituting equations (4) and (5) into equation (6),

15 and then simplifying, yields equation (7) below:

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

20 shown in Equation (8) below:

FPD=B+G[C, —C,] (8)
1 1y, Vege
where B= =-=-2f£ and G = —REE= |
2 Vp, 2V,.Coy

25

14



13 JUN2005 r 11 (2 CN11~\,~VDG--VDF "~ (CA- CB)(V REF2) ANCDE 2 2
(4) CF During the clock cycles for which QUT=I, the output of theld JUN 2005
integrator 228 may be simlarly determ ned, as shown in 5 equation (5)
below. 1/ -(2CIN ZVDG + | VDI F +(CA-CB)(V REF2) AVODH C (5) F In one
enbodi ment, the fractional pulse density may be 10 related to the above

out put vol t age Bimngesubyieruat iidh (6pd 1U&BPD= 5(16) OnAV CDRoAVDRNE,

SUbSt 1 11 0 SARLLOTR LA s P 20 GOy ol ANGLIRRe )
VDG 2VDCCl Nad hes&REP; ¢ based o:raammtumn (Tpluraymbe gemer aldnzedeas b20 shown
In Equati Ogl‘gesgir?gel \9,‘;’!, E/Jl?l[g:c% %a%A-eCT{B ail )rals:x.er!’ge clvsr_ }o%e;/%glz g'gth 7 VREFZ
5 the calibration voltages together, 1in one embodiment.
Adjusting Vpg may increase or decrease “G” in eqguation (8).
Upon setting the sensitivity value, the offset calibration
value may be adjusted by changing Vpp, which may entail
raising or lowering the calibration wvoltages in opposite

10 directions, in one embodiment. Altering Vpr 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 or 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 disclcsed 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 1limitations 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 mecdified and all such variations are considered

within the scope and spirit of the invention. RAccordingly,
15



2 2V 2VLCON 25 14 13 JUN 2005 The equations (7) and (8), in one

enbodi nent, illustrate how the sensing circuit 20 may be calibrated. The
sensitivity calibration value may be adjusted by altering VDT, Whi?UJUR”UE
entail raising or lowering both of 5 the calibration voltages together, iR
one enbodi ment. Adjusting VDG may increase or decrease "G' in equation (8).
Upon setting the sensitivity value, the offset ca%ibration val ue, may be

adj ust ed by cHRERSSTT 9B BoUMtc ety terittaid® i st W ort T o i figethe
calibratiaoniuqltages in opposite 10 directions, in one enbodinent. Altering
VDI F may increase or decrease "B" in equation (8). One or nore enbodi nents
of the present invention nay be cost efficient to produce and may al so be

| ess susceptible 15 to noise. The cost savings may result since the sensing
circuit 20 in one or nore enbodi nents nay enploy a single sense elenent,
whi ch may be | ess expensive than dual sense elenents. Additionally, one or
nore enbodi nents of the present invention may require fewer bondpads and/or
20 wi rebonds during manufacturing. In one enbodi ment, coarse calibration
may be performed on the sensing circuit 20 by adjusting the input
capacitors, Ca and CN, with a netal nmask. The particul ar enbodi nents

di scl osed above are 25 illustrative only, as the invention may be nodified
and practiced in different but equival ent manners apparent to those
skilled in the art having the benefit of the teachings



herein. Furthernore, no limtations 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 enmbodi mgitRN 2005
di scl osed above m ght be altered or nodified and all such variations are
consi der egghWIthl n the scope and spirit of the invention. Accordingly, 15
13 JUN 1008hatifelappetisct i on sought herein is as set forth in the clains

bel ow. 13 JUN 2005 What is clainmed is: | 1 An apparatus conprising: 2 an
input bl ock tio applyagnritopedmsignal to a common input terninal of a 3

sensi ng bl ock, the input block coupled to an)f a first signal to t he conmon
i nput terminal 4 @Brlpﬁijbé%ﬁﬁtpéi?}?b’la@dkp‘ﬁﬁa@@ 3 PIRMPEE INRY dFRUBHPTE second

si gnal erting
bl oo 1 ol Be 26000 K AR e T o Brsf SRR o By BT e
sens4 ngdbting K firn cﬂc&fkgﬂlﬂ%oﬂ ofitshelotinpitt a seq@nalkignil Ainnhesappachickphade oflaai m
1, wherein the converting block is coupled to provide 2 an output signal
based oRCORE clsks# si gnal . 1 3. The apparatus of claim1, wherein the
convgrting bl ock ; r t - al
and &;;r ovide a fi r%%&%%ﬁg bg{%ﬁ%}l&teg% agsteQEeegos(? o%ﬁ%?b%étog:&é‘%ﬁp&ﬁ%n%k%

appar at us sehisiab 8lotk3n respensito thidi@peasigent i ng bl ock is father configured 2
to conpare the first output signal and the second out put signal and provide
an output signal. 1 5. The apparatus of claim4, wherein the converting

bl ock is coupled tﬁue%ﬁé{:‘aﬁﬁ of 812618 QUERY th%'cgp xﬁﬁngﬁ&% ik @&&Hle(f o%gwdg‘ 6.

The apparatus of cl wherein fhe input onpri ses I r'st 1 nput
2 an output signal based on the sensed signal.

1 3. The apparatus of claim 1, wherein the converting block comprises an
2  integrator to integrate the sensed signal and provide a first output signal and a second output

3  signal

1 4. The apparatus of claim 3, wherein the converting block is further configured

2 to compare the first output signal and the second output signal and provide an output signal.

1 5. The apparatus of claim 4, wherein the converting block 1s coupled to provide

2 the output signal to the input block.

1 6. The apparatus of claim 1, wherein the input block comprises a first input

2 capacitor and a second input capacitor, wherein the input block is coupled to provide a first

3 1nput signal into the converting block through the first input capacitor and a second input

4 signal into the converting block through the second input capacitor.

1 7. The apparatus of claim 1, wherein the tensing block comprises a pair of output
2 terminals to provide the sensed signal.

] 8. The apparatus of claim 1, wherein the first clock and the second clock are non-

2 overlapping.

17



2 capacitor and a second input capacitor, wherein the input block is coupled
to provide a first 3 input signal into the converting bl ock through t he
first input capacitor and a second input 4 signal into the conve Jaﬂ ﬁtock
t hrough the second input capacitor. 1 7. The apparatus of claim @

the tensing block conprises a pair of output 2 termnals to prOV|de t he
sensed signal. | S. The apparatus of claim1l, wherein the first clock and

t he second clock are non- 2 overlapping. 17 13 JUN 1005 9. The apparat us
L L ur "SRR S o0y St AL BAP b0 SIRLE: Lgnﬁoos& A JeLe vol tage
val ues to couple to a i nput ¢apaci tor-and-a sec | nput capaci tor of
the 2 3 appareatdse.vahied o cdipde @pq)ﬁrsatzmm odpacit@i amdQ, sevhiel gipnt &dpemmldfal@e val ues
conprise calibration 2 voltages, the calibration voltages to couple to a
first |ﬁ@ﬁ¥mé§paC|tor and a second input 3 capacitor. 1 11. A nethod
conprising: 2 providing a first signal to a common input termnal of a
sensing block during a 3 first clock phase of a first clock and a second
signal to the0comie appgratustoéciamdl wilereimtieyotagecdne angoicephisatod a
second clock, wherein the first clock phase and the second clock 5 phase
havéznoHQB%§Fﬁhﬁﬁﬂﬂ@méﬁbﬂﬂuﬁ9%F@§uP@tPééEﬂVPW&‘ép§éh%éﬁd§§§%5ﬁ1PWBn1the

sen %; g k; based on providing the first 7 signal and the second signal;
and viding a signal based on the sensed signal. 1 12. The net hod of
claim11l, further conprising directly providing the input signal 2 using a
first reference voltage and a second reference voltage. ] 13. The nethod of
claih 11, furﬂherfbﬁﬁ%h@éﬁﬁ@“éﬁ@rbratlng the sensing block 2 using a first

| npujcapact tof anghAdseGand diaRito £8RAAGIhMputferhiina 1S SIRLHOAIRL dﬁhagpm 11,
conprising integrating the sensed signa providing a first output

si gnal and chockgpbeasebiaufinutlosli gmh second si onal to the common input terminal during a

4 second clock phase of a second clock, wherein the first clock phase and the second clock

5  phase have non-overlapping clock cycles;

6 receiving a sensed signal from the sensing block based on providing the first
7  signal and the second signal; and

8 providing a signal based on the sensed signal.

] 12. The method of claim 11, further comprising directly providing the input signal

2 using a first reference voltage and a second reference voltage.

1 13. The method of claim 11, further comprising calibrating the sensing block

2 using a first input capacitor and a second input capacitor.

] 14. The method of claim 11, comprising integrating the sensed signal and

2 providing a first output signal and a second output signal.

1 15. The method of claim 14, comprising comparing the first output signal and the

2 second output signal to provide an output signal.

1 16. The method of claim 15, comprising providing the first signal and second

2 signal based at least in part on the output signal.

18



1 15. The method of claim 14, conprising conparing the first output signal
and the 2 second output signal to provide an output signal. | 16. The

nmet hod of claim 15, conprising providing the first signal and second 2
signal based at least in part on the output signal. 18 13 JUN 20033 JUN 2605 A
restraint system conprising: 2 a sensing circuit to: 3 apply an input
signal to a common input termnal of a sensing block; 4 receive a sensed
signal fromthe sensing block in response to applying the 5 input signal;
and provi dg-an o i Si .at. least in part on the sensed signal;
7 a gepl oyrreﬁt7' bl d%:ltegy%)l]%%)gs\?%&é&g}ﬁgggfgi'vati on signal based at |east in pan
on the 8 output signdhgtirouttde sensing circuit; and 9 a control unit to
provi de a control signal to the_depl oynent block. 1 18. The restraint system
of cfaim 17, wher @PRMASIRERT FiAEht CHPBOR PR dguprdPirsensngpliekde t he
actiyation signal (0o.acti : i . : ) i.nt of claim
17, %her ein the sé%%f\ralegg %:e:{]?%:(ﬁflg‘q ?l?ﬂ%lgg%lSgé&ﬂfgbg)gﬂ%ég%ﬁélé%etg a‘??lé%age tg]aur ality
of n®n- iwmein kigppl; @ad cl ocks. 1 20. The restraint systemof claim 17, wherein
the sensing circuit is configured to 2 provide a digital signal. 1 21. The
restfaint system GFodf@apmPUtplt §ifed direedi# deasiingianprcibesemsedissndbupl ed to 2
provide a signal [ i : se..densi t: I S,L.hdjcati f
acceleration. 1 Z%aaéfwgts??%%ﬁ B@lﬁﬁleg%agpg%@ %ﬁ%%@%e&r%ﬁﬁéﬁg@ nyr(%{lgtll]gg a
st or &ge outpiut sithaldt@n ehedseadsing ctuiemé vol t age val ues to apply to the sensing
circuit. 1 23. The restraint systemof claim17, wherein the sensing circuit
conpiises a pair 22o8HobuipiPrewdaREaNE0k B & ihadeplymeshblogksi gnal . 19

1 18. The restraint system of claim 17, wherein the deployment block is coupled to

2 provide the activation signal to activate an airbag.

1 19. The restraint system of claim 17, wherein the sensing circuit is coupled to be

2 clocked via a plurality of non-overlapping clocks.

1 20. The restraint system of claim 17, wherein the sensing circuit 1s configured to

2 provide a digital signal.

1 21. The restraint system of claim 17, wherein the sensing circuit 1s coupled to

2 provide a signal having a fractional pulse density that 1s indicative of acceleration.

1 22. The restraint system of claim 17, further comprising a storage unit to store one

2 or more voltage values to apply to the sensing circuit.

1 23. The restraint system of claim 17, wherein the sensing circuit comprises a pair

2 of output terminals to provide the sensed signal.

19



