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The delay time calculation and data generation unit 40 receives the reference signal

ref and the sensing signal sen, calculates a delay time difference between the reference
signal ref and the sensing signal sen, and generates digital data having a value cor-
responding to the calculated delay time difference. The digital data has a binary code

format in the present invention.
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[73] be dasarreduéiga delay tlhieCMﬁstal[utiﬁn (Re]ﬁeévatrlabga detl)ayFlhﬁi 328,is an inductance
ggﬂg'elﬁr QE ngeng'orgll?)% R, 964 grdgfazq eu@olntstaﬁet%ef of the xaef‘)Ee&]el%gi unit 33c is

generat’on Circ ener a
si &R, so thabe delay tikned-onstant qmﬁeneme tdiff betﬁvﬁelsthetvnan@ble delay unit 32¢

vagib ?ixglgk A¥la 'ilhft 33855 (L8erOMROSGHoL 0 ) h Ter B

connect ed n a nmeasur enent S|gnal generatlon uni t
[74] 31c Hndissag |ua964ﬁnﬁ€es behwean the vyirblgdelapaenit s thedfixagle delay unit

unsic, 4fd thaRensdr 16 l%te‘-ih@de B ieRE&ch ﬁﬂleb 86 WeR hav thebitakitible delay

TR RN\ AR
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is not applied to the sensor 10.

[75] As a result, when the external stimulus is not applied to the sensor 10 to cause the



i nductor L and a buffer B serially connected between
t he nmeasurenent signal generation unit 31c and the

waledoagetirre cal cul ati on and data generati on unP@€T/KR2006/003069
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and a resistor R connectedlbetween the buffer B and a
ground voltage G\ND. [73] As a result, a delay tine
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CObé daxsiibedWedow tgerRidiedigahl dutd @4, Lbﬁbm&y&bﬂé)l tgdmtgca Vdl& cor-
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T o Bondig bInEAHET RS AR B G B R nde BB hd he
t dsepingsigneksgondi ng to t he increased i nductance of the

sensgfc X0 llgkti[dtgseéjdaﬁleh%cﬁlg ?&&H‘(ﬁﬁg% 4 Rist glgdogédlﬁ) é\f éfhthe delay time
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v ataleationpad data generagor uniheEBlGi3ngl v, the vari abl e

del arefeniing 349GY S NAE abiag tifdakARkgion dnd H&ﬁ %Ené"r@tﬁbn umt 40a has a
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he
188 até'{t%gn@r hggnerggion EH}'Ht‘1 a gNLYE ,gg{l%}‘ﬁftlon unit 42, a
d I Edumtiag clock dighél. gehérﬁiloﬂ\ﬁms 48 fa,nd\Mtﬁnnﬁﬂgacﬁdim‘@l@la nces of
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resi s ance ance ] ]
exdanying thetreferdnge Slsnalernf;g ah XQhgatd é((a&l pemiermiggay XQR operation

u nbﬁ the30@rencd Q\gnﬂr}gf (?@é;?'eﬁ %9%@&9911&9119{1}9?& (jﬂ? MSrefdrence signal

the present 1 nvention I Tferences

betehadich i oy delayed fe éerser%jﬁ arclackfo he, EIIOFIF?é‘ 1g spaghepization with
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B AR S e el e Sl g A GGG g of the
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bet ween I'gna
signal generation unit 42 is composed of inverters I3 and 14 delaying the sensing signal

sen, an XOR gate XOR2 performing an XOR operation on the sensing signal sen
delayed by the inverters I3 and 14 and the sensing signal sen which is not delayed to



sensing signal sen. [79] FIG 8 illustrates a detailed
circuit according to a first enbodi nent of the del ay

W@ pevg/ocElrzul ati on and data generation unit of FCTER3006/003069
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si gng| thi%f caﬁe‘ ehe’dinfAE BlodiREndI®nd @NEK AlsEen@l fof Hﬂxldhﬁg of@feriod
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Fhgth e tighe) of thedpsaspggent sg&%l ininto predeternpiped ity MMisa
C aﬁa&ural hemba)Rbithg ittas htpefibd Sidrted Gaa ks peﬁﬂ)dwfltﬁe rhedsurement
end Sk naI gener e .t he

d i 42
2 it T P RSB 4ER., o Y60 B O W copig Q8 Signar
d ed:I&ytElkI isbgnetmeiod iGiveay the fisst kime) ﬂ)ﬂthel&as_ummenwslgqm &l divigled by M.
eac h ter, #g?ﬂatr%—ﬁkeoe Hé* Helhy ng Efc'ﬁlaﬁbﬂ Rl 448 gsﬁeﬁﬁdﬁrhmt 40a of

uni t as a eneration Circult

gehKs. &Wﬁ]gb%fieé%hﬂil‘ﬂél @If‘%iél?@eépé‘?@{gcnt clk to be
cl ocipafénithe @feﬁ@ﬁde%ﬂkn@f refl aﬁ&ﬁ@@@nﬁﬁg@gneﬂ Béh hf¥ngLHb @ilrh@ felay time
CIrCUIﬁl‘[{éISIBE%ft th‘ﬁ as a c %er ich start it 40a. th
t oA CBERPIChRCHR Odfe fHAY BB SR °H ion gpgdatp é?f}ﬂr%“"n unit 24, the
c ntounhhg Strartrsmbsnae of metcbentnrgwtart mgna tgandratsorguneit 41 and the
glountmg ng glg H%f fif l'erg){mtg% gr}lelrarﬁo%%%ﬁqﬁsa?e élmul—

cou gnal i nar
hatanﬁglsbl Qla¢kl§>é cor r espondl ng to t he number of t he
C ounirh Ngounking I&r higARLshnbhEount ;ﬁe(iﬁﬁmelegf tHe ]ge&rﬁtgg c&dﬂfrﬁg clock

In this case, e circult configurati on o counte

cotignaleentyglk Huet%élp COWHBARrPtaretisind siaFand dhe ¢aygtingend signal end

dewmcheeb SlpmBhndduslQ R1dcREd, 80 thatit denérates kh® BRPuBQMRhdly code
.dn tgpepgﬁls the counting clock signal cnt_cl

V"éﬁ@ﬁ di vi ding one period (e.g., the first
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u nf.ilrng deérMéescdﬁ}f between each other are applied to the delay time calculation and
data generation unit 40a, the counting start signal start of the counting start signal

generation unit 41 is first clocked, and the counting end signal end of the counting end

signal generation unit 42 is clocked after a time corresponding to the delay time



natural nunber), so that it has a period shorter than
the period of the neasurenent signal in. Preferably,

wo b@7perirnbd (e.g., a second tinme) of the countPCHKRR@6K03069

[89]

[90]

[91]

[92]

of
[93]

[94]

[95]

[96]

signal cnt_clk is one peridd (i.e., the first tinme) of

the neasurenent signal in divided by M [85]
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start ich are
s | muiAs ando (sl qPIayI ttmk eadculgtrmrt Ehrdtdal'at gaglewepaues 4@mdetermines the

ébatePriifl @@fr t}iﬁ Eaﬂﬁm Qe Gorfd] ¥tﬁh léﬁd e &)um[ua%(?ndl dignal end in
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Er {f Detwgep thy refarence stena] i E an {hp senging signal son.
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t he B Couﬂtaétn S c?eéal ﬁg}rg@llf gch%eég)kae%ggﬁ %ﬁﬁ?qﬁﬂl@m&f the delay
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r naReREEI HOOTA o S0 e BARTAG TR o Hes{thio naitgp has a
of read eigoallgenematon huit k5,54 rgse stgnakgeneltaklon: umm #emn dgtayt Hgnal

t hgelfei'aﬁﬁn uhﬁ% f ﬁfenﬁéﬁ&gl' Eode V%ﬁ&aﬁ&?uﬁ?ﬂ@t 44 b(fﬁd'& gb&e decoder

s a circuit generating a binary code three
(Nﬂ%) and the cal cul ated nunber of the counting cl ock

sig n@tlé rdtaﬁ sfg‘élh!l gentaﬁtﬁog aHif }’45 %Ocﬁﬂlﬂ(ﬁéﬂ bf ﬁﬁnﬁ&fh@ﬂﬁhﬁ%
ut.s e DI nar e.0 Suc

eﬁeﬁﬁww Hhe TeLEredise ieneh My 2 5@%@? dFrBhe |SFHSA’EfaSIgnal sen,
dedm) an AND gdve A¥Diepeatfoethiig aTEAND‘ o;iet*eelommrthe mgeﬂédamtd delayed

Si rt nt L. Ng: n
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t hiee ¢le¢lkaddn spnobirgmzation exfitherwsing edgaelfshmlgvsnteg}mid d@lm'ed reference
eTlg tref Bndaﬂh%z Peat §1§1%J g@ﬁkﬁ‘%ﬁ({gﬂnﬁﬂ 46 'cBmf)f}s PQ)f GARErsTA@nd 15
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delaying ge sgpging signal s iap K QR gats) X@Erper poping ja XOR ggeration on
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I 1 t.
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In this case, the read signal read is generated through an AND gate AND1 and an



granmable is useful. [93] FIG 10 illustrates a
detailed circuit according to a second enbodi nent of

w0 b@7del12y tinme cal cul ati on and data gener at i OPCTUKR2006/003069
FIG 3. [94] Referring to F#G 10, a delay tine
cal cul ation and data generation unit 40b has a read
si @mal nu@fti&ﬁ gﬂ}he meuetstllz 4hd IRAwhereas the irgeedigiie Resesis igenerated
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¢ nibonetiandveR ni oG dRar i i 1S ue ROR e OB, apd s AND e
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hat the rqu@,@al ?@ﬂ is ocked prianto e resciyERal Fset or mi ng an
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i nverters 17 and ereeais t.he reset, signal reset

[98] geneHstedpfich @@E@HO%O dhe delay, e calgplatigy ém% data gilzsr%rmal unit 40b of
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having a delay time shorter than the delay time of the sensing signal sen, and the rest D



case, the circuit configuration of the binary code

decoder which converts the thernoneter code to the
whRwany11ende conplies with a wel |l -known technoPGHKR266/003069

that a detail ed descriptionSthereof will be skipped
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FIG. 12 illustrates the configuration of a time-to-digital converting circuit in
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aloam tor %ges not arge the out put vol t age Vsen
eP'ﬁléoééﬂ‘%‘?V 0 any nore, so that the first buffer Bl

[135] g eneTh¢ PFlipaBlop rseslanlsesnge mngmglmgnalaseaem smhﬂhnzatlon with a falling
Iotf tl?enr%fefrénom % Fon%F ang Yh ug-Sovén C(g.lnlter obta1]c { &l o%tputs the

HE Cor T espon e reference
d| dlgéalslwevatlweat thedme ¢hat fhe3dgnal havinma h@tlevalvh@rts tdhlee generated

exkrﬁflé‘ @équéﬁt!iam}"l déérehﬁn%ﬁfé' digitht H&a%eiﬁ{éﬁ%e éﬂﬁﬁt%lgﬁﬁlléﬁthe D

th sensor er at out put vol tag
c o Flig-Elopriti a&@gh lexe S@Ip%{uﬁs #nd eutputs j‘(ltegag,laql data value at the time

st thethe §1gnmﬁ1viﬂgra§1§1 Bmepstw to®e géhaﬁ@asmlars rgfimh@lw 1ncreas1ng

r 50

bt & 3438 alng odn Hougp SEnnCoige B B opd fa o tevel.

[136] Whl cAs sudn séfeirimgso FI(ém3avdhleg thel @it voblage dfole Valiagt output type
[ e t
G PR, SRR Sublaf iy GHRRAS o R
t dq:(frrveﬁmgg‘ergmt 60 senses the variation to vary the vanable delay time difference
tdiff, and then varies the digital data value of the up-down counter 82 while feeding the
varied digital data value back to the variable delay chain VDC to calculate the time



[134] In this case, the variable delay tinme difference

tdiff neans a delay tinme difference between the
wWEe@7neflgr ence signal pre_ref and the pre-sensPCKR2006/003069

signal pre_sen which are géherated by chargi ng nore

out put voltage Vsen of the sensor 50. And the fixable

d eﬂayy diltieroncE ATfdadvdeh ehe/s;vnslag |sgndlﬁieﬁﬁn@ thi refeMdnCe signal ref.

conp atef t e nce del a i fference
1137 ¢ P REERf o ik PSSl RS X, 5 68 DB S gf he
pr eolgxgn sitpyt typgrerisopd@issenstam, greowpettaf thelp Hiptldop 8t @aries

T T
difisracobetieenficsansingsignal seghand t(lamr%fewn@mmgw éfFf dug te the
| Oféehlfﬁéﬂ SO th&tetﬁé leh$i&idaifidanPbir bPthe Yiglital 348 ARFayks I‘l'ﬁrles Com-

sensing s sen in synchroni zation.wth af
edgfélsat?n fﬁg{hﬂe‘%ﬁm@a& FERAY %Ié‘Pt%O‘AHHhﬁ‘?én&B aa%wa— digital
c ocmtvefter&if thd¢ aivestiantideitat mmodudatbh peli sgithala ddadilad dedcrigtion

t I ignal having a high level starts
thg %feﬁlgfg?a%klgéev(\%h eelﬁsequentl ally decreasing the

[138] d| gi FET: I§atlustraggsithe odndigutdtion of o puitrophepeadircyit implenionted using the
R ngltg-ﬂlgaﬁailc h)lllghlt hr?é(&brdaﬂ@wﬁﬂ%ﬁ‘bﬂlﬁoﬁ%npb‘ﬁ ¥ biesent

t he di at a v | ue at
ha\ill"ﬁ’gtloél s qagssdhe Soepggrtlgoth@s Béhggﬁ@p%{ce;batv\mqr@s the electrostatic

s e@apqafarﬁ% b¥penain FQﬁi&‘sbﬁﬂd pﬂéﬁslél?é gérfélﬁitedj%t ?1 ?]saémal fldﬁ@ Benerator, so
ut si | 0) as a | ow
| otethe ipies e st PEPIE: s g ek ey Syt 20 im-

o uplptiented lag ﬂgeielﬂy tinhee vargingamét atab F1G1 4, aad hentherdely time

o AR 110 AP A TB oo
v adata gensmation lvlatr‘!;ﬂatflfﬁé’l(&aﬁ iable delay time diff er ence
[139] t d' f ft is A86! cfeﬁketﬂatvtﬁé H@lﬁY tihe c‘mcﬂlah@h afl@B&ta behdtficH mﬁthﬁ)a of FIG. 8

unt feeding the varied digit
damay \gglr 9312 ﬂ@f‘odql%tl%Fﬂﬁ%‘ﬁ%ora@rdaéﬁt%a%ﬂefﬁtwwnﬁ@b of FIG. 10.

[140] cal CAbéﬁrdl_ngty? a$ devetbddwith rdféRhenod1Gd4 f whdiethee&Rot ) varies the

D54 AR PRl 60 o e SOFREP BB Rl Bl e
whiemne ghlmratut, phg delay timgoayfing wet 124) ¢ofdJ6. o gmﬂrateglqhe reference
S eﬁ kﬁhé’:&?ﬁ'ﬁg gfgadalas%n %H%Pgta p?%dewﬁﬁuﬂ%d%epd n‘?epd@fet’lence

var et ween neasu
si @ﬁ&beﬁwea dpevgl! the V@ﬂahlﬁ éelﬂy Hait 433 and the fixable ﬁl@léy umt 73a.

[141] bet WERE délﬁﬁuﬁﬁ%%]cﬁﬁttléh gndlats géhei\ﬁtﬁ)ntlﬁﬁit 130ftRéefiRrates the counting
nal due dttg?t he feedaack t hat the |east

A piepalt ceiing;egf signalengdpaxingynredeigrmined dely, time
p ednfﬁtanng tlfe&rbetvlf&n\tﬁbugﬁ a @dft sipmyl gonptatipn anirdllaad a reset signal
evneeﬁ GE%%na tqlg %}daca?(gﬂtt 1 gur%n%er of:tqﬂev &{L{%n?l{lg gfoa tsgnflls 8nt clk
d esenerqmd duringtthe ok dl\ﬁf¢1’ﬂn®ebe§k¢q@|db©l gérerasehcoynlig ptaf|signal start
15a44d the %Eﬁéi‘{at@& c&ﬁﬁmg QRd s@HARNHE tlféﬁe @r%%éﬁ{lﬂﬁ@ry code.

circult "1 nmpl enent usi ng the ti me-
[142] ¢ onv 88 s16hy thei Im,cmﬁhon% cigueifddfe & ﬁﬁ”teﬁat%t e gl datphayng a value

t h&)rﬂfsp&ﬁﬂﬁg fotHe Eﬁdn@])reshlﬁketgahé‘ratédfb? thd éi@eriiﬁrtﬁﬂé gelﬂafhtor as in the
ﬁhrac 'S“Ctt%ﬁﬁ évarlesthet ﬁé‘fl ?stat C

ca BoEH BR Gt SIS0 AP SER Yares 58 R {igyf qfghe sensing

ansign] depaidirtgoorethg soerdairessuresd thdhe pereerator and calculates the varied

t ' 8@ grrn)g/ t% gér?ekatg mféﬁéﬁal ‘&E éér?qu]lflt]aSse ara qﬁﬁtg@% g@ﬁératlon unit for
t | mgumpamﬁethlmltage FSI 1@t refuirgéhd has t he del ay
[143] 11 MeAG& A gﬁl HRMARAHHEAL Bir@RNGTAG! 08 do&y ot fe¥flire the analog circuit

[ enmented "as the delay ti cal cul ation and
rTH(e the separate voltage generagon urgrl? for generat?ng a voltage, so that a size of the



data generation unit 40a of FIG 8. [139] It is also
clear that the delay tine calculation and data

w@erenetiron unit 40a of FIG 8 may be repl acedP@KRR@®6/003069
delay tinme cal cul ati on and2tlata generation unit 40b of
FIG 10. [140] Accordingly, as described with

r efn@dreptme ichclit faay e siphifitahiherededsld FudBdmosd, itlSmidiéphone circuit
rostati.c

I de h d
or EE06 RSy HBR G 78 <CRBE R PfTucni 3y Bl amglement
d eVaymgltheeel%trqstam!.} caprcitar@Glepéndingon te eg@mml atimslus lswength, so
re{hg{ %@%ﬁe&'& p %fth@EIQe Bf‘tg ﬁiﬁ H&lesdl Hﬁ'r%agffd% Héré'effanced.

eterm ne nce t ere

[144] t hr oééthowgbew dpsoalbpds a'aféfleavnmmerrtz &f ggdingto- dlag;&altﬂoevertmg

dedigdqitF 'FIG7§ and Eﬂiﬂédlm-gﬁ@ ofl élcA¥mé-td Bighal nberting Birdiflof FIG. 10
dat a ener 30 then ﬁ_[lglgrat es the .countj.

st &Y P& F@WE 8{%‘3{ en {deegssany &9, mertapothey fime-tg; ithl converting
havirduit of the pdsdne invenish. del ay tinme difference
t her ghet wee i-gn e | 4

1451 g EOFRUEER, M BylblehehS unk 2R AERELE 4R L . 1
t hmap bﬁbembmfed tv&h@l tb@ delay hpechlsulation gmdad&a generatida unit 40a of FIG.
9eQ6f el gLH‘Iﬁé’]&ﬂélpﬁldnl 4nd ciq{a néeﬁél%ﬂ&? ultf H%‘f@FFI@ %0 to implement a

gener ate ounti ng start start
geﬁ&uaﬁ&eaer@e% fhersgglah éa@cgﬁa&poaﬁlagﬁ%ﬂlew@r%yolg@wf shegsensor 50.
[146] & Di Aekemﬁo@lsz thé &éﬁ’dblé@d@p@:ht 33 ndthé€ fiviBI© BElaf Uhi€ 384 of FIG. 4

0t s B bG8 St RS it e 26D, A St i FoC,

exthe rdelaly tintnenlgéatmnaind datasgeneratibreunie 8@ of Bi€d 16itc iroplemest a circuit

ééh‘é}attmg thd" Jhgltalﬁat ‘PEX xrdm"g%'tl‘ﬁ: it el S oF¥hd éeH?or%

gx e soun press
(1471t o Toaics GEherBh o deseribohipgcatieyanthie Julny owitdbe Fgable delay unit,

U AR the d8R) einRi @ldulfiofl laflil Hakh peAdraiorthit £8brdnSBRAE &hBodiments
me%é@grqseneratl on unit for, dgenerating a separ a} e high

voP entipyentigp may bg compingfl ima YariQnsyN i achal use.

[148] m cr EIIT}lClmiEillﬁstfaﬁ;‘éz&Ithe @&fnf@uﬁtloih@f d@ﬁ&sﬁt@tseﬂsﬁfglﬂw&:etdﬁﬁlg a time-
anI&)l. i rcui t.he se arate eeraifoH
cnfteO e <Giking GG o Faglce Vi PRlRP GrBpB e o1 e present
t hewventiamphone circuit may be significantly reduced.

[149] ! Furt pge &FHV% &ﬁ? lréh&ﬁ@%ﬁg d%{'ircg ﬁiaﬁf #‘SF- r%ﬁﬁ% dﬁ%%]%echamcal type

I nventi on a e sSenso
Wi PIGSSHFC YEMEIRE ﬁ@V% rapicleg iy Pe Presiure gqnatnlgcdewp,aa@ﬂtaaﬁ@@econductor

deqpB Biddsure Bershi d@ﬂc@rHéiveﬁér' diidh Efesﬁré S&3 i, deﬁﬁ’:eﬁ Batnot
m Cropnone

thé effect.of red t he, si ze
ci %eéﬁr%hzﬁ‘i&‘ 5Em %ﬁ%ﬁ%ﬁ%@agwﬁap%ﬁa%mw Spdfpat they are
deslassnﬁm:hnﬂhm‘heed mrdcooidaiﬁretvmlofespdwvé 1488, dnd-aditlys ﬂmge field of the

foﬂrr\égﬁu}e soe%s g d%%' \./':léllrl?liy 1ncr%ias?ecs:,8t|h§ %Da?lgelt_. ﬂu&r%al%nts areoalso di-
covdsbified, spd@%trmamhﬁntn elcté@slamwtm therpbssmsrsensing dﬂeqte having
ti ﬁghé&eﬂélgfﬁﬂn&@ﬁé&ﬁﬁff i§! g?rﬁiﬂiﬁﬁélj;r dSfe. tI'aQ:oBé @étﬁ@hch market re-

ntion I45] For  exanpl e vari ab del aIy uni t
72q1af?anqnhs@ aresyHE senpiiZAevisgicompgseskof Fait@e %e geaverting circuit

CoatRbRRRL W the febaltdl%auoﬁ 1srmo§<fsb@ul ation and dat a

t f FIG
150 2T DAV A GRG0 0U 1 TBRREnsg g e strength
[ rmﬂ @mowsote gppbied froit the extenml camchet dngployegl dsahe piassare sensor 210 as in
ut voltage of the sensor 50.
%lgfﬁ%g{gg? E%lslbl\?le(f gﬁ'@gpvar i abl egdel ay unit 32a and
[151] t he i thistsiase, died vayiableiimpedance mag|be any onepf dectrastsicvapacitance,
Wi {listalge, 4Rl hﬁfﬁkﬁngéa h8¥etd?aihB coifiduridin Jfia<abhBle #RladYinit 230 is

chai n EDC, . and
determined in accordance with the kind of the variable impedance.

I)




the delay tine calculation and data generation unit 80
of FIG 13 to inplenent a circuit generating the
waelr@rved17dat a correspondi ng to the inpedance oPCT/R&2006/003069
sensor 10. [147] That is, &kthough not descri bed
above, the variable delay unit, the fixable del ay
[152] uni t Configurhtishs@f kiRyvariable deRlyaumited30@re desdribtal with reference to FIGS.

ge ation.unit acc dln tothe embodi pent.s of the .

o b ap PR i ARl dsiel e el Martostaty Spppeitance
actheatsivigee, {ntl4B¢ uﬂhc;ande&‘) s¢ tHatithe dataded téseription will be skipped
cng bguratl on of a pressure sensing device using a

r?g)&qu converting circuit in accordance wth
[153] an ot Wb@ v qlshunib?32 vasiaplyedelays aimgaswrement signed 0] gepgeated by a
C O UrdrRdIA klgﬁéleg%%bhraﬁoﬁ 8¢ DADineYonSe Wclﬁtﬁg@ﬁﬁkﬂp)édance Isen of
e

o e ot UL b5 BT Ml 61 oG St S
s eshomﬂ delay timetwhea the pessureis sensppligd dexwéto and hisveloager delay time
su&ltﬁelp{h?ﬁa% ;egsusfe n %pﬁavn&?§ are not generalized in

ooe of the pressure so )
[154] t hat Atfﬁvehjvlaade@ycum%%ﬁ%ls e@hfmdedmhawq the same delay tigeenasghe delay time

Wi bnE §éﬂ§g kb?ﬁﬁ ¢h@%aﬁ ﬂﬁ' HECH8 ikl tHe ?{?s&ﬂ@ls not applied

pressure devi ce gra I NCr eases,
natokBE PresHie F%ﬁﬁfrﬁ]é) andsthg) giéblmde ugit233 das amimppedance equal to

r eﬁl@ Mt ﬁl&ﬁﬂlﬁieqwiﬁﬂﬁerﬁhe fé@sdié Srio l&ﬁplgeﬂlrt& {tﬁk%ressure sensor
vin sensi eliability is
oA B e ST oS T e ety il ar kot e
[155] q UI r Anpredssre datggemsmition usit 240 nsghel sarhe as tho dplag eitheafalcalation and dat
t I t h
| ?geﬂe?atl%hgié% ? 48% Qxliﬁé £0b éh%gm(ig ﬁ‘?ﬁs%?’%ﬁﬁ gispgc&fvgl ; €
[156] eI enEhe prepane daja gnnqr@fp@dam%ml seasures pyelay time diffeyspesbetween a
t Or&&@n&ts'igrﬁﬁgﬁe@ aRd (HR'sBRHHY SRR RbuthiRt fﬁ'ék@u@)gaﬁdrme p_data

can be e as the ressure ensor as in the

d e%‘msa%fgﬁ%%é ¢ mepsuged &1 lgy time ?ﬂﬂl}cei Pithe Rrgssare g fat applied

V afol 8O pfesuFp SEBGCE O the défay&ﬁijescdf Qh@lfefe&élﬁfétsighél ﬁf ki the sensing
aci.tance,. resi sta t he

u nnn
c 0 g?ad e dhe sime, SQ,Q‘PF%’BP@‘%&& %9 hF pﬁéure ¥fa'p_data s "0" and
dewbemiheguessure azapplicd ncéle\prftShure ise,nslor D, dlie intpedaneilsdnl of the

PR IR) OELLOM L0888 B 4L LR
anlpngeruishiingiry Jeads ) e ideloa Mﬁ:@ﬁe@p@e scnbal the gupnt value of the

el pekupSdah pCdfARFE4aNES "g"he resi stance, and the
i ndugt ance, so that the detailed descri tJonlvleI

(1571 s i peidnsfsethe lopgershe peqod of theweasuprament sighakin @Wated in the
Vv amleadnkqmedﬁ sigyal genamden uic2iit asd @e ddrgérthe edth af e vayled

edgnneerigensh%q)a%%eggp%glﬁyc b e? hougal | N response to

inr sen o préssure sensor 210
[158] t 0 oE@lpthe C@eeﬂeatélnm]gre@ugm@mscy@w hﬁh e widaxsange osbhigelatitys elmarac-

hagrigi I'b?'rﬂe 5t1sqaeirﬁ 1tN@ gi‘@gﬁﬂe étﬂ@ gﬂ:ﬁﬁﬁ‘é H&{tﬁgé&rﬁgf umt 240

appl | e et o an &e
hi Biednces digital data to Plrlz@a vaighledely lmte%?- OAﬁﬁabéaépléy unit 233
deb@grmib1833 IS confl gured to have the same del ay

11591 po eagrelbfasS fer a0 milfes Sels! GrarR et RuELR e tdrByned unit in

appesp@ade twa térempné ssenr rcmns:mihed b h(isergant ariadyzes peelsduze data p_data
d ebtﬂi‘utl‘ﬁ](grh tl?e%%eﬁﬁ?é fta ééHéFa%%H @hic 298 ?(L oﬁtsut a corresponding level value
level_data.
[160] For example, in a case of the pressure data generation unit 240 having the con-

figuration shown in FIG. 8, when the pressure data p_data output from the pressure



the sum of the inpedance |sen when the pressure is not

applied to the pressure sensor 210 and the inpedance
w@Roorkellvar i abl e delay unit 232. [155] A pressPCBEK&2106/003069

generation unit 240 is the28ane as the delay tine

cal cul ation and dat a generation units 40a and 40b

S hd@at génerdtl doSinit48rislfold bits esiaartyl daed, the dulfftvaliB@anges from

PR fy LR B8 Rhfla sy 2P0 RuEERT R RS BLp ey gna when
s eths ipneyswie glatal p_data outpud froputhe aressws data @enkarat@onalit240 ranges from
8" ﬁprOb?%pfﬁ@ %J&Ed 12148 > diGESutfuf ﬁ'oﬂletlh?%vgi agssfher 250 is "00".

dlf erence fressure i'S no

[161] pr eskuthe sarep vy, thq dﬁve Yrdugjlevelydatp ﬁé@%ﬁomﬁhe leselclaspidier 250 is
si unalwHefthepdssubedi£p SdadisDufpiin SRAgALE (100" £ATR11'SR "10"

" D5hst S ol Seadh oG s 008 FEL i 11
zitghm thzmessm’eelatarm ddtaﬁs:ﬁutb&tﬁﬂ a&ﬁngehﬁ "ml@&*,'&u el dénsor
| N
[162] ‘I‘Plg {e%gls Fl‘g'ss floer ??ﬁl ﬁl%?ltb \%RSI {“Ee %{h gx pﬁ'g ﬁrﬁ Wta

si gnal'® §en ¢ G Orh
d eg%tseratuomnm%f) élaethseosﬂgltrhmn fofrfaGo U0 chowever, the ihary isede decoder
Pr £6 /14 %lsg%‘?e ?&%ﬁtlﬁl tﬂe%oﬂﬁgﬁ’traﬁ{m bt 'ﬁl@} 1810 a gzﬂe IEVel classifier
this nger the period the ne rement
S|%ﬂb |n generated in the neasurenent si gna

[163] geneTRdddibny tHetleved Elagdiflert 159 dad hBEtd alljust the dédd pointlof the measured
vari ed |&ﬁed ce I sen, the bigger pressure can be
meBSEEYC Eé% For the case that the pressure sensor

[164] 210 tThs leael\/mlabelfrea 5@ whenbegqriveathe gonrhandacset epinsdfithsetiymal user,
ne Y L&

e%gélggsga}sazg:go @’a‘%% Zédb c?aé%’{&%z)?@sa d%[%lep_@ﬁtt%}%#érﬁteﬂﬁ the pressure data

e| generatipnjuais| 240 due aya delpy tipgzli remqe&z@bm;end@ epfergmetsignal ref and

23(he RERI AR SEn, ahd 8Tesht. TRY %vepélé‘s%ﬁ'iefr AL tl?eﬁgumm@ already
| evel claa§' ng, pressure in a predeterm ned |£

r e §§r°t tf’azeé%ﬁi’%@oﬂé PIEH A P tfbgen&r t %IH‘{?SS“re data
angdn¢zgon IR 40 e oﬁtptltath@ lesbal dat@wvslu tathr om t he pr essure

data enerat correspon

11631 6 o P Bietrs S0 Pl gD e VesThd B R A 4 apa e
of reférenqerseggmlireé tal getrarag@ﬂmrpmssmﬂ dataip_dawGesudted frgmt the delay time

CO ﬂfei'egl% fﬂei‘éyé ﬁé&ﬁ  WhEh e c%rtgﬁ\g}ﬁrbfttﬁbeusgf fiser Ltro?n gaabﬁhed to

p_data out put rom e pressuredata generati on un
24tbleulevel elassifigri250the praserg datategneratien wiit 24t ouspyty ﬁle pressure data
g;ﬂ%%a fo'tRéMevOIQP4sifleP 250 WiAen @B @résglﬁ‘e e d&b i‘ssfﬁipilb@ fo the level

118 450 e Fvalitosor 260 i writiactop it S i qubteacts the

g ergo dhtaoorou dath fidddthe pigsswre fdatap_daAdo outpat the Idvelldath hevel_data
8%&1&% 8Hmf%%%§%%E%Drﬁ&B%§w&ron]the | evel classifier

e sane way, the |evel value
[166] | eveln ghaeral.dhe ghavefdeseribed @etogdatd zesd_akata if istoredas0h¢ pressure data

él daWﬂexf t'ﬂ@ Sl"gs?lﬁ'é W fot Qﬁﬁlﬁadpco% pre mﬁsﬁr@s‘éﬁ&f@lb "Héwever, a weight

e of 0111 en the pressure
d aP aa @%@%r may bssepat the gerg %@é%hta fopogasurigg appeight-or the like

andfarﬁobjéclcontMﬂealﬂﬂhecaﬁtaﬁeﬂre data p_data is out put
In a

11671 B[ G Bttt R pioR T 2 sTAA Aol PEestiE Rensing device using
pr & fiserte-dilgitah corevreting dinit um a¢cortbcdrevith tybeanother embodiment of the

gg@%agghgkhgﬁLof FI G 10, however, the binary code
[168] A contact and pressure sensor 310 includes a first conductor, a first insulator, a
second conductor, a second insulator, a third conductor, and a third insulator which are

sequentially stacked. The first conductor senses an electrostatic capacitance of an



49 may al so be replaced in the configuration of FIG
10 to apply the level classifier 250. [163] In
wa@ed7veam the | evel classifier 250 can act t oPGEHKR2106/003069
the zero point of the neaséted pressure data p_dat a.
[164] The |l evel classifier 250, when receives the
C Oﬂllij&lftdo be af ccﬁm ofith] the seotindicorductties conmected ¥es gdand voltage

7B R340 B AR ol IR0 ot

d einay332 fibe dirsticonduvte ibednneetad thesacehd vanabée ddlgnanit 33F and acts
ang s%ﬁ% HE E}%gtg&stzﬁic%g& i of ARG ﬂg.%&rts be dﬁ conTeib‘? vJét‘ﬁVﬁéwever the
i er

cl assi tracts t store

d a%e&mz%md@anoadlrspwbﬁl@“par@scmn@t@b&oa%gr@aﬂ@V@lé%ér(a‘tﬂédmd the
i nthh'ﬂQ:oﬁﬂ&%&*ﬁoﬁn&%cﬂogﬁ‘@ﬁfs@%&bléuﬁliy #f3320n A8 R BlastidBisulator

| evel veI dat a The pressure dat
gew&ra?%eé 2‘1% efWeERpsQ @eL glectrplaticGappenes éﬁ&gess% to the
anplretdmee aad dieclemgs irpeladtrasatic capagtmeeds deliveredad elssfirsevariable
aeeiégmgq%?z resulted fromthe delay tinme difference

t her weeni. And when the command of the user

[169] us er Acoeasiemeppsigeal generatinn wvE 1, e lpressire idata geB@atiothenit 340, and
pr nge%ﬁ‘re Qéi‘fsﬂng%ﬂ%rzﬁ Hx;ﬂnk!iﬁggtglg ]fi?sé ?f%hté@dl& 8?/1\%? finiP ??éﬁt{ Efirst
pr @%%hh delay pnit 33 Qj%r@éhq Pmgs| the mepyrerpent sigpal generatlon unit 231, the

§duﬁ‘é &ita géﬁratidiiﬁmhtelll@' thelvagsilé delay 3R 28R %nd the fixable delay
2%%{ Gn% shown i and subtracts the zero data
HIG, 1P+ hePesi¥d¥ur e data p _data to output the
[170] I ev eA abataat deaviap udadadl Whensdchrd sirtabdeldedgy wniti3343 a second fixable
Z e&e‘ig@&%?ﬁ( 'aﬁ%g coIlt;«lI@cgleﬁnlap %&%&? 8ﬁ lumt?ﬁ?sa%nd the secon(% variable delay

bov escri

prenit 334andkthe sgrond fizablp delay wait g3 2 bave the p@nﬁgwatw@p Bir@tar to the fi

U Opgt Oﬁlﬂ@&?&&r ﬁnﬁ?ﬁs&ﬁfd tBd ﬁrst HRYBIY @élay anit8s gy rl‘EspféEtlw%ly
e set as data zero data fo

cont al ner zero
[171] neasﬁl? PRYOBY ﬁéatdﬁtielay U{nﬁéﬁ Aglaysy mgpsuppent f‘lg%‘ﬁflé‘i’ a%@rate a
I Nsecbfd febdtbmdes®ynal fef®7] FIG 17 illustrates the

172100 R Ut R B R R 5
acthe iseeomdecfeianbe yighalaef@tth generatb adecnmdtsending $igngd sedewhen the
(ﬁ'ﬂ%ﬁ 8Bes I‘HQ%Lt %51?&& s ‘E)]{egglﬁ'é ‘§éﬂs§r ?ﬁf‘ 2R4 dg’l:cws the
| ncl udes

con uct or,
S e@@ﬁwr@m sienarin lenger than dha s%endaqefﬁren% Stalilﬁ]r 1@f2 % generate the
C Oila‘étiﬁd §nsin@Rebnal $ehd ftheh MsdEoAtRE c¥ibts R (IR ®ntact and pressure sensor
gﬂfnt ially stacked. The first conductor senses an
rostatic capacitance of anobject to be in contact

[173]1 W t hThé¢ bentae cipgnal gonactici anit 841 Bdmphiented 23 acD-FHlipHlop, and receives
vo n n
Varh%gg(fon&wensu%g%ﬁal ermnfsgnc n\c}lga(r“tlloglb 1rth %e l%g(],otna r tereg@&mgnal ref2
Thand dqt@tmwwdwchem the @nta@hambpresjmeoseascyéda mﬁln\ﬁamnmt sfate,
defr@denyReh A0shta% tsnlid ggpse the electrostatic

Y Behordifh A6 LEniN, 340

capaci e in contact wth,
[174] howe pesordingly, g@é&%ﬁ%%ﬁ%ﬁ}é uBit 331 spperEecHE detrrming whether an object

CoRf cdbRactivAth the catactRensisy ﬁrﬁgwhéﬁ\me@a ct B8 al dabadity of ac-
conduct ect.ed, to the f|r

S35 Ehe. rednagiincs et sen when R sbEskSeaeinablsciont con-

sodudnxzityt he el ectrostati c capaci tance changes due to

t he S c
1759 BERARHER, MRShAG Bp SERT BRI sty
recognizes contact and pressure using only one pressure sensor so that it can be ef-

fectively used as an electric scrolling and selection device.
[176] FIGS. 18 to 21 illustrate application examples of the pressure sensing device of



delay unit 332. [169] A neasurenent signal generation

unit 331, a pressure data generation unit 340, and a
W@e@3sene2 sensi ng unit 320 conprising, the firBCT/KR2006/003069

variabl e delay unit 332 and5Sa first fixable delay unit

333 are the same as the neasurenent signal generation

UNFIG.2%Jand thecqnts and pre@bﬁt@segang daticoof BIg.t17240, the

var i del unit 232

1771555 Bt A g cxfiaple 3 et} e s refCorbiat ripe e
unpressdige semsing deviee onatcomlanceowith thel pagseoninyer8®a, a
seco

[178] R%r&égﬁl%ﬁéeﬁsﬂ%h@%céjﬂg 5 e gg%%% dévar ?Hg\ﬁée %JO%Qh FIG. 16, and
u nh@ts TS SHIFPensNs hawiae agyarialilg iinpedaaraip resnonsatpshe, avemally applied
th e§§1’1?é P %’6 WiQiesshtetatap_dafh Joh&sédnd[n%tto‘ﬂ%pr@ﬁhfé Ptoa
de and the first fixable delay unit 333,
re% F‘V . [171] The second fixabl e delay unit 335

[179] del a¥he eonmﬂzlsmmmves ginet cornmbnd gesn evodd, @and co@as the pressure
ref I 72] . The del.
Rk i 0 e R on R RS Mol B et o
t hthe siserdn dutpof éllSBlﬁE datgidippidy_dath 20 @ dlsgbm aniid0a second

[180] S€NSFH% Iwh%ﬁ‘ Rite Ngeﬁébrﬁxﬁ%l&ﬁ’é%} %In &&%%g@?hl@ﬁ%hﬁtm?ﬁ‘s a

the contac pressure sensor
newghb%h@m%nagwats depigngged by the ﬁarﬁrqlké t@%e‘aﬁwﬂ%‘i%} emyerts the

si gia Kol ®iéspoRdBRNe iRl fredsife GELH MAtaSiansthe displagiata d&igilay_data to
when t he cont acfﬂyexn sgﬁ on the contact and pressure

se?llétB'r‘“%'ff’dgefhf? ontact signal generation unit

[181] 341 The pnspdumrmmkmg dasica irhE lprgskire ppeasurdmemtcappamatstofi #1G. 18 set
SRRt haﬁ&i B ﬁl%aéonﬁ& ié)nthﬁtyﬂgmvglnélﬁffief’ \AR(‘J"%ILJH RFI1G. 16
secon renc ef 4 det eraines
th@mtt@dt act and pressure sensor 310 is in a contact

[182] St at ?he GRFRS Wit 980 Rived thedi R Bftd diShIay dlatd ﬁ:&ﬂttl?e controller 420
[ Accordl ngly, the contact “sensing unit can

i$919ysdb PR A AFTR&N- whet her an object is in cont act

[183] WI t hFIchel oGllnstagds sSaosseag abl BkAmp¥e ©n tHelttechiy &ebllii@device using the
ng predeterm ned charges even

cagaci té’ of . agi currute,#"

wh rr?sﬁuﬁesegfﬁng tViG% 8 ot "have sufficient con

[184] duct Awiibut uhit 35) t:@osisiegmevinmant infhenagiontod ¢he mogse to a controller 520.
PT 39 #@ssﬁ% pEsYRATe ﬁv g%ngaré: &ﬁ)os&g todcidil 1? ﬁﬁp&ﬁiﬂ and responding

recogni zes cont act pressure using on
pr ©sgessBresapplied by usqﬁép that thedmpedanse vames: fhe P@ntrsgléaS%[bsenses

glntg |n‘i><§_i1efﬂeﬁt ﬁﬁdrﬁialhlbﬂ 6{' &B?n(ﬁﬁé Qfliﬁi'cﬁﬁhgé@ﬁi ﬁﬁ)edﬁﬂc%@f the two pressure
| ustrate I cCa n.exa
pr E8YS 34 swi ?i?gtomP@@ o B orgralline écrggm?!iacw%ﬁﬁed
pr esmspiter waipsd digecdon anda gpecllcbiresponding 10 thefiinBedabe.
[185] 1 ui‘i‘lru?tteﬁ‘gceaﬁo oﬁnpljtsethg s1§rgalporufﬁ% lf'ro(f"n {Tg%gﬁ'trrglir? gEO to transmit in a

apparatus usim e's gvice In
acﬁmndhdﬁagnmed%whmcmme@eﬁcomwgmt ion. [178] A
[186] pr ESAl Eé&dﬁl%ﬁﬁ kﬁé%oﬂeyﬂtﬁ)ﬁaﬁﬁgcﬂa&cﬁlr\@h&i EatbY RpREAFHY' e mouse

devi ce sho , .and has_a pressure sensor
haVhicg can \?@FRI& HPIéleinﬁﬁtef’dlaFH%Cé“‘F serolliag ApicHon ysipg gwo pressure sensing
exdsigrsl |y applied pressure P to output pressure data

[187] p_d aI:fG§.%O and 211 1|1srt]1%te an etlec%ng SCTo 191% %m? setlgctl%n device using the
contact and pressure sensing device of FIG. 17 which is applied to a personal digital

—.

assistant or an MP3 player.
[188] A plurality of contact and pressure sensors are disposed in a predetermined pattern
to act as the scrolling and selection device. That is, when pressure is applied to a

specific location of the contact and pressure sensor by a user, a display screen or a



controller 420. [179] The controller 420 receives a

user command user_com and converts the pressure data
w@2@ave112ppl i ed from the pressure sensing devi BEI/KR2006/003069

into a format designated byéthe user to output display

data display_data to a display unit 430. [180] For

e Xpdilﬁieﬁ of thbdispldyscteeis configard to fRive COM tﬁkeﬁllggél'&he pressure the

t ts.d
¢ he ST ARt B8 . Do R OBt Fle i PRl R gt or
Kgrecogmasg thediontact and fetecping s spﬂcmcdmm dppligedion titesctear.
di spl j
[189] U L]ISEJA%%%PZBL%‘%OM% 9 gfsegi'ﬁ{llgreglgﬁ Fsélcféh chSn H]&'dgll lﬁ)@kﬁ% a .
pr BeEerpent ghirgetignegndra spa?fbgﬂthﬁ seFet Whﬂmhe 13811‘5?@?01144 EOonfagtsensor is

degdedMadvisheR hd Ent£P BAd ﬂeks%fe sehSoridTdhe pragent RBhAtion senses not only

cl i fier 25 hown in 6 is om 18
@‘ﬁcgg}tagﬁhu[t algg & IEISPLFa go thatt mgyleqien fegtloL g lpeed of the
d | spéemycad bk derised mrérhlé oﬁlyntne @bhuact ahd préssure demsor &yispoked in each
0 nd&‘e Irl etﬁereh% l1i§\f?' ]é% up nor Pﬁ%aﬁg}l €S a nouseé as an
exanp mC st evi ce using the
[190] pr esEmIeplswnbtghmeMS oéthofprﬁlelii lnv_tﬁltlop haug bean disefosed herein and,
Unjithod deitSithSald® f, thBY AeBRES MU AE o H@m@ﬂl%?ed ina

fs

to a cgntéoller 520. TWO "pressure sensors, 521 and

ar e16riS 3pd descriptive seapg onlp aa%aotofewuraﬁw qfégrﬁ&ﬁlenn@cqoadmgly, it

Pr @8bbe @n@ﬁ%d(ﬂ@ Ms@oﬂtﬁ&ha@%kllhﬂltﬂlé he thm&fi’(ﬂﬂ(é‘hanges in form and

varie tro r.5 nses the no

! Pl e 5l hBhadeBtn Four dn B AR FRBEOL MespEn
t hmvemibnasasisfiorth is trefollewimg lame. 522 t 0 generate a
signal for scrolling the screen of a connected
conputer using a direction and a speed correspondi ng
to the inpedance. [185] An interface 530 converts the
signal output fromthe controller 520 to transmt in a
format designated by the connected conputer. [186]
Accordingly, the conventional mechanical wheel can be
repl aced by the nouse which can sinply inplenent an

el ectric scrolling function using two pressure sensing
devices. [187] FIGS. 20 and 2 1 illustrate an electric
scrolling and sel ection device using the contact and
pressure sensing device of FIG 17 which is applied to
a personal digital assistant or an MP3 player. [188] A
plurality of contact and pressure sensors are di sposed
in a predeterm ned pattern to act as the scrolling and
sel ection device. That is, when pressure is applied to
a specific location of the contact and pressure sensor
by a user, a display screen or apointer of the display
screen is configured to nove, and the higher the
pressure, the faster the novenent. In addition, it can
be used as a |l ocation selection device for recogni zi ng
the contact and selecting a specific itemdisplayed on
the screen. [189] A plurality of contact pads are
required in each direction in order to sense a




[1]

[2]

[3]

[4]

[5]

[6]

novenent direction and a speed of the screen when the
conventi onal contact sensor is used, however, the

w@onwracti7and pressure sensor of the present i NRENKRRIV6/003069

senses not only the contact27but al so the pressure, so
that the novenent direction and speed of the screen
can be sensed even if onlqlai Sont act and pressure
sensor is disposed in eac [13 tion, thereby having

super i Armﬁ@ﬁ)cﬁgum' doh¥¢&tihg Bircdid 8GthpisgP! ary
embodi ts .of the present invent|on have

di scl o gelantmerandng unis eenceaig adglegsnce élgfléfh?é’l%aepfogranﬂnably
enpl oyfitkd dogytirae,end aeensinglsigii hh@m@@ viarititsle delay eiehel ifi résponse to

generic and .descri not for purpose

or 11 it ERHeHR R o8 Ry AP E TR e ot ond by

t hose waflelay imeaalcukakiph hnd data lgencaationtunatt calcatatings: delay time
changeggfef. E@ B&bv@@ﬁj tlfé%i?i‘énﬁe g@)fal%d 'ﬁ?eds%n#'lé QI%HLJ and generating

departing r
i nvent ﬁhéﬂala@tf’slavmgo% quluq @prqueorfdémg evthe, gal%ulaﬁﬁéeléy am%hfference

[1] A ThéEmbSo-digial @dnv@ﬁmg%ﬁﬁcmlﬂ Hecordifisltd claif® MPWheréiRghe

21 gnal tRsgRTrs < s Skt huartfiod el Mae g shietositc gepacitance

sensi ngresisginad, ahdwn hgluataves.i abl e delay tinme in

;Ieg Egln’fﬁe ﬁlgl e g.gfﬁf gcﬁlggﬁmgfclu%ﬂllt g%%to%uﬂg kd éiaf?r??l wiSein the delay

gener atiineryantng uruh(cmpmes ‘ng a delay tinme difference
bet weeprfel&iréhéf fs%ﬁi ehbAiBh uAfl geﬁé?&u@eaﬁ%&%e?ﬁ&@ Signal;

and generatl ngl data having a val ye
cor r espehlageley umﬁ éelé&mg theameasutsatea) signatdy di Rredsterptined time to

[ 2] Thgeﬂefaf@meqeﬂf@bé gibngloangerting circuit according

t I in the i f th |l

appl 1tV eI PTRC e T TR o fpers Lpey paiagce of the
a resi sttemally applidd aignalp it delayieg the3heastmement signal in response to the
b e ¢ 0l OB R AC L S AGECT 9T g, To ol aim

1, whe nme-var npri ses:
meas ur Epgetimnedo-digatal epanyertiagicahuiy ﬁ¢q0r<§ég1 & fal@lirrnés \aherem the delay

ey e QblcSiRid dud bR Il s e o haner a1 o

Su Sl l, ) .
the ref €l é‘ggggﬁ?ﬁ?%tl%gmégwqt%lae""&%‘il%/“ﬁ‘i’i ﬁl%n to be clocked in
Vﬁ_r yi n@spdnele cted fyst lEQafég)fltI!i‘e feﬂf‘ﬁﬁﬁ&(;gngb lahdh_e cbum‘ﬁ@md 8ighhl to be

t he exter a I, e | n el aylng the
esordRangh fefRReGS Rk AR of ERSRR IS 1 N

ti me taclgen sgaalegend:reti@ems't gapesitiggal clodkafgriahand _

time- té)cé{ingér s%élg)ﬁvc%j&lia@ﬂl@n{l Elt ofth¢ Qfogk 51%{1%19 irﬁ‘e@f)dﬂse to the

3, wherein the time cal culation an ]
gener afqUIHNE FpEt S Apd generatingsligitah data hgyiag agakecategending to

uni t g@eehrhiafkd Iﬁnﬁiéﬂﬂf thB @loek &1, al%hﬂfb@ oris@ t@ﬁle%bﬂﬁth%dend signal.
rst state of the_.referenc

in response to S|

and a f‘a%%lﬁ-ﬁ@-d&ﬂfai ST RENECT OB agqopbRe P T 88 e control
a fir stigmdl geweratort lret coamsiseg signal ; a clock signal

generay 1:(9ﬂ1tiﬂg IS{aIt%?é}l%{ géﬂefhgioﬁ uﬂt%%ﬁerﬁﬁ%le ;coﬁﬂglg start signal to be

clocked in response to the first state of the reference signal; and

a counting end signal generation unit generating the counting end signal to be
clocked in response to the first state of the sensing signal.

The time-to-digital converting circuit according to claim 5, wherein the counting
start signal generation unit comprises:

first inverters delaying the reference signal;



a counter starting to calculate the nunber of the
clock signals in response to the counting start

W@ r@nabt17and generating digital data having a REI/E&2006/003069

[7]

[8]

[9]

[10]

corresponding to the cal cul&ted nunber of the clock
signals in response to the counting end signal. [5]
The ti afirst lhg@ki gité pérfmﬁﬂgsaﬁ KR 6ﬂ>dt&titint onah€ edfeliefi¢: dignal and an

compr ua8EEL e fip' e regP eiRaug d3EFAT R YR in response
gener atoi firgt andesecmdrstatesppfsbeareferenagrsignat;anbe cl ocked i n
respo n% gelj:h?d L(%?c %dée Eérfﬁ%ﬁﬁ%ﬁwﬁ%&ﬁf&rmg re?é&ﬂ@é Ségnal and an

and a n unit genera
t he coetpatsgnahef the @nﬁﬂoal@) g#e te panerase) thegoprtigovhatsigpal to be
: he fi It élegkeﬂtl?}?spgﬁsettg ﬁ%esfﬁﬁﬁdtﬁg oﬁthtg'ié‘ﬂeren[:@llgfﬁle _

i me Ita vertin Cl rcul ccor .al .
5, wher b timers %@ﬂf?lwsﬂ@%m% PERRLing t‘h@e&? Pofh ‘iﬁﬁ‘?‘ttﬂg counting
conpri a&mgﬂaﬂ gateratmnarrﬁteromméﬁyi ng the reference

si gnal I g an XOR operation
on thegerc & delrngl%]%eergg?lgwgghgen%g s1§P %Ut signal of the

first athindrlogicgateperfornaingtan @Blogwatlom on He sehsing signaland an
respo ”&ﬁgﬁtﬁléﬂal Sf the E&oﬁ& %W%ﬁel%tt@ Eerb alsl¥al t%fb%rc%&'é‘d in

si gnal a second | ogic gat erformng. an
oper at 1espPNse tQ st MS@F@%@@ @fntHP S%malgawgr@htaﬂét s. gnal

of t hea fduithtlogie @hte p@AfbANinG a8 XD dperatibe oﬁ‘ ﬂiéfb*ehﬂﬂg ﬁgﬂﬂtand an

signal to be c onse to th
e epuipurtaral P hitdopic B aenctels s gindhe ShaSigndl o be
conver tlbekgddn respotseac derfistugate of theaemsitg s1gmaér ein the

count i pg, {f%}g 13, }g%é] edhyBitin i@t H&Jo?dlfié’ F%l%ﬁ%ﬁ : e‘?&ﬁrﬂﬁe delay

i nverters € Ssensi ng
gat e p@mﬁsalmﬂﬁgoramcb@m gg@raamowt@nmpneessensu ng S| gnal

and an, gtuRy Elgﬁ!ﬂ%ﬁeraﬁfm ﬁﬁ? cSREANY 4 r@éldaﬁgl@c{l %o B@clocked in response
generate a Suﬁ%@go be_ cl ocked .in esponse first

and sel@dn§eat theirpference; sigpg), apdyneeset s  eloaked in

| ogi c @qbcgls@&fé wCﬁh@ga@rbeeﬁﬁﬁgaftghaﬂ on t he sensing
an ut .si

si gnal e to.
coor ot 806 S8 HkPihSL AP Bting R o Bkente s @R pyiRfichftimes
r es ponffemteach bther orgenerateatetaycsigrabschayergsdiffgrent dplai timgBfrom each
The tlgﬂ; wﬁn gligital converting circuit according to
claim erein the del a){ttime cal cul ati on and dat a

a

gener ad fligital deita gensrasion say latghing thersensing giamal igEaspenseito the
uni t g@é"l@feﬂtsig'iﬁlsaaﬂcﬁﬁa@o&hg A lafcBedPSenSing %@le't@ generate digital data.

response cop d state of the referenc

and a é?'atgé fal fovEEing CHERL Acqordipg g’p{‘] §’t ‘gheéem the control
secondmgﬁzﬂtgen@ﬁudm&n&&mqirrsgs Si gnal a del ay signal

generaf 9 eglgraaXn u at%lgtetflg }ga?ﬂ%&)e %Yocked in response

di fferenet rom ea ene
si gnal @thasecngd &a&f@ﬁ@mf@mcawgnahesdf rom each ot her ;

and a éjf&ett s?énaij ?éléregﬁ)ﬂ%'hﬁt eﬁél‘aﬁ'ﬁﬁ the r&eF 8L td B&clocked in response
SenS|n nres OnS
to the second state of the sensmg s1gna1

The time-to-digital converting circuit according to claim 9, wherein the read
signal generation unit comprises:

an odd number of inverters inverting the reference signal;

an even number of inverters delaying the sensing signal; and

a fifth logic gate performing an AND operation on the inverted reference signal
and the delayed sensing signal to generate the read signal to be clocked in

response to the second state of the reference signal.



del ayed signals, and decoding the | atched sensi ng
signals to generate digital data. [9] The

W pov61a72di gital converting circuit accordi ng PCI/ER200G003069

[11]

[12]

[13]

[14]

[15]

[16]

8, wherein the control sigBal generation unit

conprises: a read signal generation unit generating

t he reThe Singicldiginal fsvetiagkaduit Bedoeding fs¢€lain®9 t igerein the reset
second .state of .the.r rence signal; and a reset

ef e
si gnal S SFAFFHIN TS P2 ati ng the reset signal to
be cl osskentl inventas delaging ttle sehsing eigoalgd st at e of the
sensi ng.si ] t. - i@ i
ci v out TSRt palciBhfolihe dofROR pfHafibh B (RABHERE 1al and an
gener a®ytBif sighal ofgtbﬁp@qogé invegprsde genpnap esigpl forhgelacked in
i nver t jeBgbrisd & the iRt ARG Secdhd Sles of the@éRing) MBRA! arfdf
inverters delaying the sensin nal ;. and a fifth,
| ogi ¢ YSRVENPHIPEIGE -em@rfaﬁmmengﬁ‘ibgwr&t%% AP fceutpRf sigpakef the
r ef er esecendsingaddrs amdlain bepaksdignat df the Rt pgii @itdo dederate the reset
gener at.e_the, r i.gnal o cl ock LN sSponse .
Phe  scugm) FEpd FRtksa i Rboh BTheCHeBG it Or LB NBRRRS ik
t i me- t Shaeliigeteddigiehcanveiting cifcnic a¢aording tr claimy9 whareiaithe delay
9, whegigidl ok hGadS it &_‘ngﬂi%k Qﬁiﬁ?a[l&% bp&rf_éﬂxta fARU de Ry -units.
second nvgrters,delayl g t%e sensing ig%,a?' a sixt L
| ogi ¢ §aR émpde-digite] ervaringomceib asearding torlaimhg, wherein the digital
si gnal daf gderpationtuditicosipgised: of the second inverters to
generate a signal o be clocked in response to the
PF et ierudodfcadsdentralor it usting G SSRTiea Shal fesponse to
sevent éachoftte @pHysigmais andoutputting AldDatchat snsing signals ineresponse
out put. Si ' an out put
o1 ghal ©3h Rl sinad (AR MRS RaBURG"T 001 DO
si gnal a eedesony¢rng unit convieetsigche thermompigr sededn@ binagy eode, and

of t hey§pRehg theHifiRbodd &dhe dipfal diF-t 0- di gi tal
conver,tg#lng circui.t according to claim9, wherein the

del ay SheWRe-tedisdtabeqnygrtingicircrip agrording toclamy, § 3, wheyeip the
seri al ihgrmeemiaeciodd gépdraortimit omgriséd: The

c o ot : . . q | ai
5, "wnet B B R ARa SR e PR Psttiptt QU

a t her respestive deloylsiggals ar ganecite latvhtsignatsc dhg t he

sensin . C .

= gnal LpREAFLELENHISHE Bis bRTGREE Bl ANIPORR A on the read signal

r espondil the raspective datcks signals ta gengrafreihg thermomiter gedeet er

code; PRGtiRcGOARIGPEMREHINESirdhit heOPNHL tS E1Righ | NPherein the delay
thernoneter code .fo a binary code, and outputting the

bi nar yWOGYAVARE YHECHPRISCS data. [14] The

ti me- t om@dhgiréraént sipnUkEgenegon uhit gederatpar Weasgrentent bighaty

13, wh i her. [ d ener-atl;Qn .uni . .
coipr i ogiils ey bAF ATRTER e RS ARREHBAAER lfbleorjped e o
sensi ngersiaghthe refereneg gignalpantdo t he respective del ay

si gnal §viaeagsPhdit va4mb 1 @14} Sme 3 sponse to the impedance of the
externally applied signal and a digital data value fed back from the delay time

D=t

calculation and data generation unit, and delaying the measurement signal in
response to the varied delay time to generate the sensing signal.

The time-to-digital converting circuit according to claim 15, wherein the variable
delay unit comprises:

a first delay unit varying the delay time in response to the impedance of the
externally applied signal; and

a second delay unit receiving the digital data fed back from the delay time



a plurality of eighth I ogic gates perform ng an AND
operation on the read signal and the respective |latch

W@ Rr@nab7r 0 generate the thernoneter code. [ 15PCTRE&2006/003069

[17]

[18]

[19]

[20]

[21]

time-to-digital converting3gircuit according to claim
1, wherein the delay tine-varying unit conprises: a
measur edi@iltionl @ﬂaiatmnaraﬁblh ﬁiilt toWdry g@w@tthﬁg afd delaymg an

ment d I |
s g e o T BB R eSS R
t he regmemnezélesemslglmhd a variable delay unit

;’ﬁ;y ;Q?Iéér {]Hglr; qg! d%ta]( &Jfﬁeh& ﬁ%ﬁ? Q g% ta gl{ﬂ“}jﬁ ﬁg}{é&?&fl e second
fed badday wuhqurh@lse& p aiﬂf@ll%@f &%ﬂaélmcatmwwdad@baymt& and the number
gener agf e de1ay tnitPéh @éfféﬁfﬂnﬁ? atdeﬁy PpaRHOE BF fHe vyl @ignal of the

Sensi nESEAGRLITIL FsTeoet R FAT QLR Gh 0t ereases, and

ci r cui inceeasesrwhienghd mncﬁmldmréﬁses vvher ein the variable

del ay e first [ a n n

del ay 'rlq rr{émlg ?](r)'%ﬁl t%g (?]osné'glitmgt cuffi gcco)é%lﬁ% lteo ((:)1?1%% # vghetrelg the delay
ext er niing yala\ﬂptlom@hctd@mwner%m ualtsewndesdel ay unit

recei V? fhgxiht &ﬁuﬁ'l&bﬁlﬂ iakAsihed Heﬁq}f récsR&mett(l? ﬁlqufe?éﬁce signal; and

tinec atlon an ata gener tlon unit to Vq%%h

del ay & FOHRtergHguUiY éffoé‘thlﬁéIYalﬁﬂéﬁﬁﬂﬂﬁndsqeﬁW&Fmé they erqfrtb& digital
del ay 4tma ?vrl]ﬁlél fécARRANS Bigital <|iéfe€bab$rtb e @?ham dtelalygmitoand obtaining
gener at e e _sen n a 1 e-10-al

vy S0 iR e i e et it e RGLpipyhignal of the
secondlatbhl cmycum natiesdoomrifsstde el pd aisewbnd levek serial |y

connec el of the del ay

units A%H%ed ltéirgomemﬁl%g‘lr&ﬁpopepﬁgﬁ%n on the out put

si gnal a d¢lay h@ef\fanstlg thait at;nemtmg adrefarenss signaHmyingn programmably

armount ffq dia'lz@' ﬁrﬁe a‘ﬂata%elfls@ﬁjg H8f hhiAak %%ﬁ%le ﬁ@l‘ay time in response to
i ncreases t he anpunt ecrl

ea
time- t%V@Ff’@FtogFm%tﬁ ly epg) leélsi%\ﬁftangccordl ng to claim

15, whgdeaytiine@alilatiyn bhd@ata gbli‘dﬂittﬁinl it Alildiiaga delay time
gener rcui.t |at

hi .
The. s RLBaUE pmERt e 7 Elepefsemyiand s e oo antPheneraiing
si gnal digéaldlata levingt evales caesporskng terthe cleylatied delep simeglifference.

and de ;

feedi ngﬁéﬁﬁﬁb gfagli étqt%]l y@gg 121 aértﬁ&?ggdtog&hggor |aa 19{\,3’1’46?6111 the delay
uni t, GMe-vepiRg wWihepmapiipesut putti ng t he val ue of the

di gi t ah nféﬁ‘:ilﬂerﬁénttsfgﬁal %éﬁ@raﬁbﬁihnﬁgeﬁéﬂitﬁigta ﬁe&ﬁﬁim&lft s ha;

latch ¢ it varie roma first |evel a se
| evel . Fi@iie delpy ppit ?@aﬂpg thepeasyrrment sigpal %@&t}? etermmed time to
conpri gemga.‘teﬂledeﬂeﬂ:ylcé sigeal; aal yi ng un| t generati ng a

r ef ere ns%la%'leg&]eqa argmgl ak ePa& ofnls Xf(‘)qhg 91)1@9}/ e of the

2 Sens P Ebl e de
t | ms i extemsl@oamxhed elgaal\mﬂdtthegélgdal chita @dtbem&bmhe@@lay tithe

si gnal ¢.1afglich H8!d %:h&%uéiﬁhﬁw (jﬁ\fl 'dgﬁ?'ﬁlgghéjﬁﬂﬁsurement signal in
generation unit calc atlng
response to the varied delay time to generate the sensing signal.

. The time-to-digital converting circuit according to claim 20, wherein the fixable
delay unit comprises:

a first charge unit charging and discharging the measurement signal;

a first signal generation unit generating a signal having a logical value cor-
responding to a voltage of the first charge unit; and

a first delay unit delaying an output signal of the first signal generation unit by a

predetermined time to generate the reference signal.



di fference between the reference signal and the
sensing signal, and generating digital data having a

W@ 2000061002 r espondi ng to the cal cul at ed del ay tPEBEKR2006/003069

[22]

[23]

[24]

[25]

[26]

[27]

difference. [20] The tine-8b-digital converting
circuit according to claim19, wherein the del ay
ti me- vah/titg-toHdigitat onveitimngircait aR@sdihE tR¢lhins 2 [ vllerein the variable
genera ilon upi.t generating a neasurenent signal; a
fi xabl e?j‘/e?‘agc‘ﬂﬂéhseﬁra ayi ng the neasurenent signal by
a pr edeseond pledtge umtchangige aed disehargieg thef reeasnemeni §jpedl ;and the
and a ' nit varying a delay tinme in
responés[)g&ftngﬁ)}% ﬁ’ﬁ?g%é‘glé of the external I%pappl i ed o
si gnal 2 &Widch dedivering theicxiemallyrapplieshtignal i e speond eharge unit in
:jl {TE‘ Pﬁkﬁ%ﬂﬁatd alodpst sijgifat Pofa8é ﬁlfsil_*sigﬁﬁll gé&ibﬂatioﬁ?ﬁ*it;t "

el ayin neasurenent signal in response to the
var | b SRePRY SENFhEch AW LERIOrABE asiah kA ane h loeica) e cor-

. The iesponding-tdiagioltage ofthy egcdond gharpé anik;tandccordi ng to
claim?2 rein the fixabl I nit CONNIi Ses:
i rst ERecoB a0y Pt 08 AR fife BacRinbe (OB MR darf fed back
meas ur Eomrthe délgntime calcilation and data Renpeatonamitpand delaying an output
gener alibfg of el sBEHd sihal tHoRWnfi3h raBOME 16 Re varied delay time t
responoll ngoto é? vol tsg%le %%eﬁwé) fi rstrcﬁgrge ur?ivta;neantealaly Hmeto
a fi rsge_rﬁ@teave&ﬁmsenmgwi ng an output signal of the
first Thafimk-tgangfabédnmBringicirchiy accopdififl &3 elhifd P2 dvierdT® the second
to gen rlate.{ he referefc:ﬁ.y ?nal ]&22&Theg‘] . b
ti me- t S8 Bt SOMRIGHTY & PIYTHYY OF PRy CquResto el ites 4y e number
21, whefithe delahenttseach ipbdfonidhgy delay topematipi bs @& output signal of the
second I [ ' [ .
reasur Sy 8 i G BE DerARCeribe PR o back ncreases,
a swi t & inetenses whap therpmeunt dearedsey appl i ed signal to

the seeEme bl idvettihe CReRP IO rdiflg &I P! twiRk &R Me delay
of the first signhal,6 generation unit; a second signal

gener atilg falgpatoRakdaR LENSTAIoR UBH LOMBPESSSHg a | ogi cal

val ue @mgcm&&nn mﬁgmgg |m sendifg tignd i@fespdsnﬁfie gernefeediaé gignal; and
unit; an secon el.a unit varyi a de tLne . .
" es porbeoer gty repupnally tncressink dnd Gbeitaine fieyalis of he digial
ti me cddtz whie fepdirgrttle digital dptenleacktto the vamiable delag unit, and obtaining
del ayi i . . G .

el ayl iy (ﬁﬂ}&lﬁﬂﬁé’fﬁ% v%llg%kheg&%%ﬁ?ﬁﬁeﬁ %q:ll‘gé gfeﬁr‘%ril OI%tPlrlrte signal of the

generation unit- 1 n respons e varil e
to genlrchtcircpss¥ariesfsomn g fisstdenal to 3 segpndjeael. _
ti me- t phéliiMb i ldigianyiveiting coichié Hdordifif & €lhin®24, Qviteréth Me counter

22, wherein the second,delay unit co i Ses a.
pl ur al FFGULFOMPESES A %P'{l,‘b‘ﬁ‘h% 0Ly Se‘é‘fe&gglibha?cﬁasﬁﬁdh? Y@lue of the

nunber digftaltdaea whdrathe ouipussigeat lof fherlatoh ciragt Basdie fixst level and se-
operatjon.. th t. sl f.1he s n .
o =LA, b RSPt i oo

unit d ASE! n°an anount o
i ncr eakteh cirgnid hantbe segond leMebn t he anount decr eases.

[ 24] TG fiBRo lafifd] CiBhink QI hicbiifg Ui 76, GAHeiR the delay
to claim 20, wherein the del ay
time-varying unit comprises:
a measurement signal generation unit generating a measurement signal;
a fixable delay unit delaying the measurement signal by a predetermined time to
generate the reference signal; and
a variable delay unit varying a delay time in response to the voltage of the
externally applied signal, and delaying the measurement signal in response to the
varied delay time to generate the sensing signal.

The time-to-digital converting circuit according to claim 26, wherein the fixable



time cal culation and data generation unit conprises: a
latch circuit latching the sensing signal in response

wo oovkel1ref erence signal; and a counter circui PCT/KR2006/003069

[28]

[29]

[30]

[31]

sequentially increasi ng and2decreasing the val ue of
the digital data while feeding the digital data back
t o t hedelay idibt@Engtdesty unit, and obtai ni ng and

out putti.ng the value aof the digital data at the .tint

Chat s iBaehitEe Ul HrShe wpFa bt tidbflepledPubhdlrang

a fir sa firsevighaltgenerasec umtgérevating th&ferdive signal having a logical
tinme-t | 1 lﬁﬂ{% rtd | [ Ag to claim

24, V\hg%lg%.%dr%%%?qo tt%ear‘y.cl F&ggf%gg%sﬁpl églhg'n up- down .
count eFheéggderdigital gonyertingLiricwiy agqerding fqdaigs 29, tygherein the variable

di gi t aflelshpbmt idelte out put signal of the latch
circuit has,the first | evel d se .gu ntiall
515?1%1

i ncr ea®P9rgnd FRATgAYRIbChsrEipR an Bihemegrafment signal and the
out put eémgally appliet Bignhlat ch circuit has the second
level . [2 he t.ine-to-digital.conventi LI GUJ . s
ncoor o R old s il by OO 16 Y ki thinas gt in
uni t crespomise tsthe zeforsacusigradandsi gnal generation unit
gener . - .
el a1 e ePpEsHRATMDGITAN udl AR aiph the SANYE SERAHR 4 logica
tinme tvAlgeersrespendingtoasyaliage ekthesgrond chapgg unityar i abl e
del ay W fim¥as-Migi@l or¥ehikyg circhi atddrdifS ROEIGiE 26) vikkeein the delay
vol t age of %‘f‘r@% .exte @ﬁal I % a g)l ied signal , and del ayi ng
the meB¥EF flony ta geperiop JRULOTETSee vari ed del ay
ti me tacgerdsizghd geheratemsnihgererayingla copfiflg Khre signal to be clocked in
time-to-digi I L ' i i '
26, nsRorie KL i U el 584 £ Blhind i ek o be
char gecloeked ie rspgnsedo afistaraseofahg sengingisegnabas ur ement
tSIhg nal z%. cleBMsigndll g’eﬁérlaﬁdﬁrgﬁl_ﬁ{ g&ﬁfhf%f&l@_ta' c‘RlFl:kLé ral;@G@€r ati ng

e referencé signal haying a |ogical value )
corr es%%%ﬂit%@twgatwcp}é&e%éﬁmf"%ér ¢f; the £logk siggals fegponse to the
[ 28] | T&tmntzihgretah@igdlhg hﬁ@gemmgdligimé diﬁth haviin ad@telcdiegponding to
to claipm erei.n t varja el ay uni t . .
Conpr i %18 ggl%gla e glélﬁa)elé ﬂgt?la 8%&‘% isignglﬁ n &sﬁ%nsg I1‘1(athe counting end signal.
di schafhg myeittrdigr@bsanvertimgtcirsinig) aedordingl ta ¢leimeb,evheadih yhe delay
applie [ ; aﬁﬂﬂ' ' [ external ly
applie éicgggia“‘t"g t e#ég%’%%éi"\‘éﬁ‘%tg gméﬁ?s i n response .
to t hea et signel gepefiatipn unif gengraimgsrigadsighad to be clocked in response

gener afol Lddcorid dtatd P edtfeRGict BignSSH Nibs&ls tol RS &ked in
| ogi cal val ue corr%ﬁgtondl to.a voltage of the second

char ge™8RANSe 1q HEACORY, ate; ol LG SengING SIERAL conver ti ng
ci r cui 4 delay sigalrpgnératian ainddfyingtherreferenct sigtal byydiffenent times

cal cul ﬁarln.oeglc fr)]t(ijleld t%té%n?rgpee({eﬁahfi s?grhavsr}ilatvi & pd}%rieﬁ?&e:la imes from each
control “signal genetration uml dgeneramt ng a counti ng
start ethgnandto be clocked in response to a first
;t a; ZI Q{ligftEEda‘iz?é&fe%%ﬁ uRlt@MtBhing #RLeRsif®SBhAIRY r&Bbhse to the
J delayed signals, and decoding the latched sensing signals to generate digital data.

The time-to-digital converting circuit according to claim 30, wherein the digital
data generation unit comprises:

a thermometer code generation unit latching the sensing signal in response to
each of the delay signals, and outputting the latched sensing signals in response
to the read signal to generate a thermometer code; and

a code converting unit converting the thermometer code to a binary code, and

outputting the binary code as the digital data.



clocked in response to a first state of the sensing
signal; a clock signal generation unit generating a

w@b@ekoedignal ; and a counter starting to cal cuPGI/BRRIVE/003069

[32]

[33]

[34]

[35]

[36]

[37]

nunber of the clock signal 83in response to the
counting start signal, and generating digital data

havi ngAgrasshitesefishig gsparinek, b@npisihgte cal cul at ed number
of the cl ock si na}lr in response to.the counti.n

- a e ey i pga v nse t g er&jen th of
si gnal 2 PI°30® AR 1 & 8- PSP VASIRAPEIRY™YS o yrene
accor dpmspurcappliad fmoftthe wkteral;n t he del ay tine
cal cul af -anc ' ' ' :
cont of JAAD R e yBEQENeRrR'h s Rionce AERA! 12¥ng Forogrammably
si gnal fixed delayctimelead aisensieggispal davipg 4 dslay dinep varying infesponse to
t he reﬁlgﬁﬁpg(?ngégmgpregmggiﬂssﬁf%?ﬁl gnal to be clocked
in response a second sta . the sensing_signal; a
del ay SPGHHC g%‘ﬁ SFIFTRN %ﬁafcé‘gﬁt‘&ﬁiaﬁjﬁfatyﬁgn‘? &f%Feg‘ﬁ% ctween the
si gnal refsrenbefsignabmid the s@Bingrsignat aad gendistingt pregareatad leaving a
del ay signal s havi.n | {ferent lay ti from each
ot her VA RirespNiMEradhe LA ARt fimd dTREEDECT POCT
sensi nBheprgssare jensing sppavatus aesording thedlaiyed?, sihgrein ghe impedance of
decod! g phddGur SABPH HEP bl BloBir A cTab R1GRALE Hstance, and an
digital data. [31] The tine-to-digital converting
ci r cui Mdgetarsedi ng t o cl ai m 30, wherein the digital
dat a gERepbdudsenbing afgurmis s&oididg i @LIRDIE ver&iR R delay time-
generation unit |atching the sensing signal in
r espon¥BYg VY CAMBFSEShe "del ay signal's, and outputti ng
t he | ai oleeshiramertisippalkgenpamtion unit pespatingea measuteenane signal,

- | - . - -
191 ARy oI RS s
bi nar ygenetie thgmeferpncsigndlnand he bi nary code as the

di gi t a} v4aibhe dedAl urflt PIrFRg WAt Einb th ABRRGHsA td /e impedance of the

conpri sing: a pressure” sensor having an i npedance )
varyi nefepsIg seapRindid delaipgthe measyementsignabirgsponse to the varied

appl i edeldy @ﬂfﬁbwger@qt@ﬂfmbnsh@gl ﬁ%ﬁaﬂ._y ti me-varying ulni t

gener n a rererence si.gna Vi o r,anna

T xed i S5 SpraensgR abartudh ooyl BFufnh A MBI Bitoggssure data
ti me vgengiatignjunitcempuosse to the i npedance of the

pressu : t ] ' ' )
D 4 ki AR PR b B e cocca
r ef er ef¢sRONSE fhafirsh piaterad dhesiefpsencg signgh and a gpwnting end signal to be

gener aglb&lbdRh BSsponse 16l aifidst R Hthe sedingsigar;r espondi ng

to the calcul ated del.ay tine differ nﬁ.dﬁﬁS The

pr essu? S0k s gengrpioLiniLecnerating 2 30 ignebiaff 32,

wher ei acduneeristapiatocalonfatéd the npmbssoff the 8ko0E Signals iDespa@ise to the
an el ectr [,C. ytance [E€S].S C n n .
ducs Shpe AaldL A LORERe Bl 8T SN ngd Vot Mormesponding
accor diorthe calcwhted mudber afitbe dioek sigralsiai rypansertovthe pourging end
unit cqppfi ses:

The pressure sensing apparatus according to claim 35, wherein the control signal

generation unit comprises:

a counting start signal generation unit generating the counting start signal to be
clocked in response to the first state of the reference signal; and

a counting end signal generation unit generating the counting end signal to be
clocked in response to the first state of the sensing signal.

The pressure sensing apparatus according to claim 34, wherein the pressure data

generation unit comprises:



a nmeasurenent signal generation unit generating a
measurenent signal; a fixable delay unit del aying the

wore@seanent signal by a predeterm ned tine toPOUERBR@5H03069

[38]

[39]

[40]

[41]

the reference signal; and &4variable delay unit
varying the delay time in response to the inpedance of
t he prgesitiot sighilg@herafiiwlubie péneraiggtadreadsigadl teb&tlocked in response

signal,in res se.l,o the varied delay tine to .
cenor atd YRENCHE BEl% ot GentELieB8 S8 BestesBal @ ve gy in
appar atesponae o1 sticnyd stetelf shaseBsing vigealei n t he pressure

data gg Haﬁﬁgigﬂzﬂ gléﬂértclti&i)ﬁmf Jieclgy(:lh% ﬁle.q'gf%}é'n% si?h& different times
generat i on” ufiit generatéegg acounting start signal to

be cl ofRB®arhothestomeaerateglckayrsignals havingedifereptdelay times from each
ref er epxigr; gh@nal , and a counting end signal to be

cl ocked.in sponse to a.first state.of the.sensin

i gnal 4 digite} daEA ESRENIGR ugitrhine B¢ SGRTIRE SRRl FeoRp to the

cl ock ddlgyedlsignalslamil deeodibg thestiwhéd sumsing sippbis ub géreeritd ressure
nun‘oerdaagl the clock signals in response to the

counting 'start signal, and generating pressure data )
havi ngTke mabsuee seosing spparatius geccordingto dailc3il, atherein thetpontrol signal
of theg&Jethilsn%g@g}ngﬂgég: response to the counting end

signal” [36] The pressure sensing apparatus according

to cl af FRadsignalgengration Hait geperatig the frad sisgalierbgiclosked in response
uni : CRThé i;e:e_eﬁd sttatﬁQﬂlﬂlﬁH liefegerﬁfe@{gnaﬁ lafidal Igener ation

unit generatin e counting start signpa e .

cl ocketiTH NFEHEHEEOF “Pﬂegeg‘?rf“%’fg é’?é?sgt %}gnf{' E%Be clocked in response
r ef er etoathe sacgnd btatearfdheasensingsigngl. end si gnal generati on

unit g ' ' ' I a

" 1 ca RN e SOMMAL GecERlip® | X1 35 i B Afing a feve
[37] THassiftesstassityingtheipressurp peto atlers! auit of temymber désignated by a
34, WhglpidrelitsPiESSHhBaftPO A 888! #d RBpuHAd a level corresponding
conpri seﬁ: a control signal generation unit generating

a readiodhgREssue,dy¥a c| ocked in response to a second

st at e The prlessufedenrsiap apparatgs adcording teclfigs 39, viHegdithetlovel

be clo Iéedfigrrthees%onse tsp a second state of the
sensi n‘a ) beﬁ ey %P3§f signal generation unit

del ayi arggister staingrtbepressirgdaih abzerd dathen exsporise e thefooormand of
each ofheket ?mgenerate del ay signals having different

delay tines’fromeach other; and a digital data

gener at fubiragier subiteacting thg zetocdataosiaied gn glegﬁﬁster ffom the pressure data

r espongRi sulpditifg Bhielsabiestted @l s, and decoding the
| at ched sensin Hziesgnal s t.o generate pr.essure data.
I

[38] TREOPRE BRSPS AT At UEP AT S r ding to claim
37, whgcaitact bhd preestire sdnsori igolatingarenaict wiit hitvirig an impedance

conpri §a§§mg glrll ‘%ﬁ%sg%s% it(gJ g IFle (gs? rtli%tcia Qcit%rq(i:et of%%%%ﬁe%’f {(ﬂ% contacted,

the read’s ) be "cloc n-response
and a pressure unit having an impedance varying in response to the strength of

pressure applied from the external,

a measurement signal generation unit generating a measurement signal;

a first delay time-varying unit receiving the measurement signal, and generating
a first reference signal having a programmably fixed delay time and a first
sensing signal having a variable delay time in response to the impedance of the
pressure unit;

a second delay time-varying unit receiving the measurement signal, and
generating a second reference signal having a fixed delay time and a second

sensing signal having a variable delay time in response to the impedance of the



to the second state of the reference signal; and a
reset signal generation unit generating the reset

W@ @nab11td be cl ocked in response to the seconeCHKRR@6/003069

[42]

[43]

[44]

[45]

[46]

of the sensing signal. [39B5SThe pressure sensing
apparatus according to claim32, further conprising a
| evel edngssudhiter cl assi fyi ng the pressure into a |evel

;nlctom?réﬂ%gsg]'[en #ﬂg gﬁléeé?, 1011 ! %fﬁug%l[ﬂg %F&g t}%%élftsepe%gg Eettw%en the
cor r esfish Lﬁfﬂgndeslgﬂabarpi tbe $imst sembartgasigrial,Gind Boperptimgsprassare data
Sensl nﬂiﬁtgkg@?zﬂﬁé‘ §?r?é“s?ﬁﬁcﬁhégﬂ> th@ czﬁ&ﬂht'éh %gl-a Wcﬁff@rehg@ and

| evel I er rises: ister storin
t he pr&eiacs sigapkeeneratian gnig measurwgraébbadrtgée digfergnee between the

comangkcehd feﬂ’&eﬁb%%‘ignaﬁﬁﬂi tﬁe Sstiohd 3&iseig s‘i%'m raAd lsbAGatin}ea contact

zero data,stored in the i St 0 ress

data aHERd DL 4 §5601 ngipi sienah I%Gelﬁé@Png the,Second
cont aciefaattepignakur e sensi ng devi ce, conpri si ng a

ﬁont aC'i"hea (poql LCE ggdc' leSsurE sne%%lg d@%celfJ gclzcr(l)gdugg fooagi%?il,l%vrﬁetrein the
aving an 1 g€ varyi ngein respons o an

el ect r@mt@tamimpm seamecoufpﬂaes obj ect to be

cont aCt‘h@@om%&qm?t o%hﬁr%%!f(ﬁ d&‘i‘[‘sf cdﬂﬁﬂﬁﬂﬂfaﬁ@ i rpedance

varyil In response to t fren pressure
appl i e pFRsHTE H@lt@szmepmof adirpiansAmeRRalew & dhegrpgtact unit, a second

gener a¢drdicteNédnn@&8@ fPd pidviind vok:DS WeRive ke fﬁrStgﬂs'iﬂlatoﬁ a second

first I t

s ur s RERTON ot cendigor, adfted fonduprar defivering a

si gnal vdrablenighpadsprco go tuerfarktl deldyi tkeelvalyingyurit bebovatie sacond

First &Eﬁlﬁﬁop %qﬁ'aQ&?& dﬂﬂl\é{&l %FI%\%%E 'ﬂ’ﬁPd Gond@y time in
response t essure unit; a
secondTletanjact awbplvsauw segsingidevice @@ovdlmg tar ¢laim 42, wherein the first
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the contact unit, delaymg the measurement signal in response to the varied

delay signal to generate the second sensing signal.

The contact and pressure sensing device according to claim 44, wherein the
second delay time-varying unit generates a second sensing signal having a delay
time shorter than the second reference signal when a contact does not exist on the
contact unit, and generates the second sensing signal having a delay time longer
than a second reference signal when the contact exists on the contact unit.

The contact and pressure sensing device according to claim 41, wherein the
contact signal generation unit is a FlipFlop obtaining and latching the second

sensing signal in synchronization with the second reference signal to generate the



the contact unit conposed of a first conductor; and
the pressure unit conposed of a first insulator bel ow
W@ b@7oentact unit, a second conductor connect eRCT/BR2006/003069
ground vol tage below the fid¢st insulator, a second
el astic insulator bel ow the second conductor, a third
conduc¢dmtactisighaer i ng a vari abl e i npedance to the first
delay tinme-varying unit below the second insul ator,
and a third insulator below the third conductor. [43]
The contact and pressure sensing device according to
claim42, wherein the first delay tinme-varying unit
conprises: a first fixable delay unit delaying the
measur enent signal by a predetermined tine to generate
the first reference signal; and a first variabl e del ay
unit varying a delay tinme in response to the inpedance
of the pressure unit, and del ayi ng the neasurenent
signal in response to the varied delay tine to
generate the first sensing signal. [44] The contact
and pressure sensing device according to claim42,
wherein the second delay time-varying unit conprises:
a second fixable delay unit delaying the neasurenent
signal by a predetermined tinme to generate the second
reference signal; and a second vari abl e delay unit
varying a delay time in response to the inpedance of
the contact unit, and del ayi ng the neasurenent signa
in response to the varied delay signal to generate the
second sensing signal. [45] The contact and pressure
sensing device according to claim44, wherein the
second delay tine-varying unit generates a second
sensing signal having a delay tinme shorter than the
second reference signal when a contact does not exist
on the contact unit, and generates the second sensing
signal having a delay tine |onger than a second
reference signal when the contact exists on the
contact unit. [46] The contact and pressure sensing
devi ce according to claim4l, wherein the contact
signal generation unit is a FlipFlop obtaining and
| at chi ng the second sensing signal in synchronization
with the second reference signal to generate
t hecont act signal.



