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TI MEPI ECE | NCLUDI NG A Pl EZCELECTRI C TRANSDUCER FOR ENTERI NG DATA MANUALLY
The préesent invention concerns a portable object such as, Q%Jlﬁ?ﬁﬁ?p@‘&ll ar, a
ti mepi ece, including a piezoelectric tr@nsducer for entering data manually.
More particularly, the object of the present invention is to use the

pi ezoel ectric transducer operating as a sound generator in a wistwatch
with an alarm device to performthe 5 function of a push-button swtch.
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20 including a piezoelectric transducer generating an electric voltage when
mechani cal pressure is exerted on said top portion, the voltage generated
by the piezoelectric transducer being applied to a first e'?féé%”'r‘%%pgdfci rcuit
which will generate a logic signal in response to the pressure exerted,
this electronic circuit being arranged i ngi-de said case, characterised in
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deformation. Thus there is no longer a risk of damaging the transducer by the effect of
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applications of pressure without its physical features deteriorating over time.



- Figure 1 is a general cross-section of a tinmepiece according to the
invention; - Figure 2 shows an electric diagramof a circuit allow ng the
pi ezoel ectric transducer operating as a sound generator tcUblingsed4o
performthe function of a 35 push-button switch; and Figure 3 is a diagram
of the voltage levels as a function of tide at two places on the circuit of
Fi gure 2. 30 June 2004 -4 It will be noted firstly that, although t he
foll ovdi ng description concerns a timepiece and, in partlcular

wistwatch, the present inventign is not limte uch me and
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ures an more

antages the present inv
clearly upon reading the foliowing detailed description of an example embodiment of
the portable object according te the invention, this example being given purely by way
30 of illustrative and non limiting example, in conjunction with the annexed drawings, in
which:
- Figure 1 is a general cross-section of a timeplece according to the invention;
- Figere 2 shows an electric diagram of a circuit allowing the piezoelectric
transducer operating as a sound generator to be used to perform the function of a
35  push-button switch; and
- Figure 3 is a diagram of the voitage levels as a function of time at two places

on the circuit of Figure 2.




entering data into watch 1. However, according to the preferred alternative
enbodi nent of the invention, transducer 32 is used both as a soung
generator for the alarm device of watch 1, and as neans f o0 £ ﬂ@ dat a
by successive applications of nmechanical pressure on crystal 14 of watch 1.
Pi ezoel ectric transducer 32 is thus 5 foraed of an el enent nmade, for
exanpl e, of piezoelectric ceramcs. This elenent may have, in a non
limting manner, a circular shape, ifs dianeter being typically conprised
between ten and fifteen millinmetres, and its thickness being of the order
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have just been descrr bed are used solgﬁ I| ve%rf)r ezoel ectric transducer
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32 to make i tOBPRTIAY & HeCHVUMCHER ®Armdevice fitted? for
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entering data in a Watch. The followi ng part of thé description wll
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are converted, across of piezoelectric transducer 32 into a

| ow frequencyWeqi@ftQtP@twegﬂ@’rﬁa‘Pf‘/StﬁWidctBﬁIC?S%f the order of 1 Hz, the level of
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interpretation circuit 38 shown in Fi ure pclu es, fir
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capacitor C, WBRREE" Pet@esedin thed gl a |s|r5wiiy
frequency, theornrigpedanceisabseQi Thrt,traheddcewsz sen bhaﬂsecﬁ he thatdle pupoaedf cal | y
pl ays the part of a short-circuit. Consequently, the variation in voltage
at connection point " b " of transducer 32 is also low In order to obviate
to this problemcapacitor C, is added. Indeed, the variation in voltage at
connection " b " will only be significant if there is a high inpedance at

thr s connectr on por nt " b". However at | ow 20 frequency, capacitor C, has

o o T T b1 R o,

a



frequency present at the termnals of transducer 32 when the latter is
operating as a sound generator at a frequency ranging about 1 Hz dto
prevent this signal propagating to the anplification and nlHg1es? st ages
which will be described hereinafter. Conversely, at |ow frequency, when

pi ezoel ectric transducer 32 is acted 35 upbn, the electric signal can pass.
Electric circuit 38 includes finally, connected in parallel one after the
other at the termnals of passive filter 40, a poI arisation resistor Rz, an
anplification 0 2004 7 conversi,on stage 44.
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is zero. Convugtmbty). st age 44 operates jUSt li ke an inverter. The event in

whi ch nmechani cal ure is d on n [ transducer 35 32.W ||
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20 much higher voltage than supply voltage +E TRishigh amplitude puise supplies

piezoelectric transducer 32 with the efficient electric energy which it needs to operate
as a sound generater. According to a variant, to obtain higher acausltic pressure, a
diode (not shown) couid be mounted in series with coil L. For mare further details,
reference can be made to Swiss Patent No. 641 625 in the name of Seiko.

35 At this stage of the description, it is essential to understand that the circuit
elements which have just been described are used solely to drive piezoelectric
transducer 32 o make it operate as a sound generator in an alarm device fitted, for
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characterised 1n that the piezoelectric transducer is bonded between two
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1, characterised IEnez;thatjnwgnd)ln@@r@@tﬁ%rdn@um Gal’b‘chm@éte(:lfba)a passheritedsd o t he
back cover (6) of th
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~o0i brati on SOH&&.%nE?Ee%dW&?E&e(} 4%%q5%é)rrallows a signal to pass is determined by the

. As will easily be understood, filter 40 is used to filter the high

. . — 1
30 relationship f SRS

frequency present at the terminals of transducer 32 when the latter is operating as a
sound generator at a frequency ranging about 1 Hz, and to prevent this signal
propagating to the amplification and conversion stages which will be described
hereinafter. Conversely, at low frequency, when piezoelectric transducer 32 is acted
35 upon, the electric signal can pass.
Electric circuit 38 inciudes finally, connected in parallel one after the other at

the terminals of passive filter 40, a polarisation resistor R;, an amplification stage 42



4. Portable object according to clains 1 or 2, characterised in that the
fir st electronic circuit, connected in parallel across the plezoelectrlc
transducer (32), includes anplification (42) and convermtﬂ@{UﬂQ? @bans in
a logic signal of the voltage generated by said piezoelectric transducer
(32) under the effect of nechanical 20 preéssure. 5. Portable object
according to clains 3 and s, characterised in that the first ! electronic
circuit further includes neans (40] for filtering the ,acoustic pul ses
generated by the piezoelectric transducer (32) when the | atter operates as
a sound genenad BICONGsiPBIstaall 4. Abjodticatian strogi47gneleded aPM®S rematacter. i sed

in that the fj, f@gwee 2xJMRaNsd (#)edi G ré’ﬂeioﬁaée,eﬁtﬁé@ﬂE(aRd)w@BQ deaig@paci tor
(C). 7. Porta bject a;.cording to claimb5, characterjsed |Or?that t he

filter is a eoyiackd (93 epistos Rei Thegatqiof Hagwt%iﬁ@ds EAPECITDOPL6rO" e i t h
an active fittens redistharabk etrebiepebr aseaididiget@danyheioctabitirect-ctreent’
characterised [n that the anplification (42) and convey sion (4~) neans
respecti vel y“"?l a circuit branch in 30 which a transistor (T~,,) and a
resistor (R) areAnpohttedniemeseaiaisblardcamerithsenbogy conreceeibagad fpeir al | el

apr0se S 0 EhAfly OLRDGN. STy BN ARYE ATl Seeqidi g bRl &

character ised in rter &?
-10 10. Portmt@e@@ﬂéfeﬂﬂsa@wmwhﬂ@ff&mﬂ@é agpMip S frangiRier det €¥Neel§dith 2P hat a

pol ari sati on,kesd §ListoRA),. e ?Ptﬁ@to?ﬁwe'sél t@@(r@hé@tbrmkw &J’tﬁel@bﬁd@ﬁécﬁ@t ric
transducer_ (32) and the CI rcult branch includ gr he transjs TR ). 11.

Por t abl e 18bj 6BtrestEpPaithgd t BeMRENSRe Eiai Prfs”%“sfsé 1 RAPHEPE 35 Sin that 5
t he second ek@ﬁrﬁé’dﬂﬁh@omﬂﬂutbnitmﬂbyd%&nputcgw\.@ﬂh:rﬂg Theasosrarafanyed to be

activated upon L, eceg’l[TIF gsgcso?\%%&?ﬁg %Leedzlr%g{]éur ent %?52;% F&eﬁ(ag‘é%%rﬁ P%Ly' ng

acoustic freddEnt s for
suppl yi ng a vohteed sothasiraio ot rarsestanT el @@ﬂ%@@h D@Uﬂrtr énbetween |tramﬂramsm sai d

swi 't ching meqns)i<@RdT . and T4, constitutes the output of inverter 44, The source of transistor
15  Tgeis connected o circuit 38's earth.

When piezoelectric transducer 32 is at rest, i.e. when no pressure is being
exerted on crystal 14 of watch 1, resistor R,, which is of high enough value, is used to
keep the gate-source voltage of transistor T zy at zero in order to prevent transistor T &y
being conducting. It will also be noted that between two successive applications of

20 pressure on transducer 32, the latter can be discharged through resistor R;, so that
the voitage across its terminals gradually finds its rest value.

As has just been seen in the above paragraph, when pieroelectric transducer
32 is at rest, transistor T py does not conduct. Connection point “ d " between the drain
of transistor T gy and resistor Ry is thus connected to circuit 38's earth. Connection

25 point “ d " canstitutes the input of conversion stage 40. Consequently, the gate-source
voitage of pMOS transistor T »z is equal to -E. This voltage is less than the threshold
voltage of transistor T 5 which is of the order of -0.6 volts, so that this transistor T g
conducts. At the same time, the gate-source voltage of nMOS lransistor T gs is zero,
i.e. less than the trigger voltage of transistor TRy, Consequently, transistor T z3 is non

30 conducting. Thus, the voltage at connection point “ f " which constitutes the output of
conversion stage 44 is equal to +E while the voltage at connection peint “ d " which
constitutes the input of conversion stage 40 is zera. Conversion stage 44 operates just
like an inverter.

The event in which mechanical pressure is exerted on piezoelectric transducer

35 22 will now be examined. Under the effect of this pressure, transducer 32 polarises
and the voltage at its connection point * b " decreases. Likewise, the gate voltage of
pMQOS transistor Tey decreases. The gate-source potential difference of transistor T s,



- acoil (L,) connected between the neans supplying a voltage and said

swi tching neans, said piezoelectric transducer (32) being connecés&
paral l el across the coil (L,). 12. Portabl e object accordl 4n111
characterised in that a capacitor 15 (C/) is nounted between the coil (L,)
and the piezoelectric transducer (28). 13.g Portable object according to
claims 11 or 12, characterised in that the second electronic circuit
further includes a diode connected in series with the coif (L,). 14.
Portabl e object according to any of clains 11 to 13, characterised in that
the swi t chi ngilneansicdess hentedtrgyeavdibgasicsthel thoperatstorg 4 vikhegichd ng. mode.
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Bgl gghhhh2i i ifjevipjikekik istarCocdnderdet i yaliagh et vu)jectpre apioh] Cayikia) cajdi)ten] cal c
a] cal ca] cal cal.cal saldeaheal ealoakoa vc,agg%] ﬁ)aaeq:amamscme;:@hg@a sehealsabea

[8_=! }#10%& ()-c!A }#10%I'T&' )-¢! &
1094& () 1P-- 1695 7Ig0 stage 44 is at +E wh| e the outpu of conversion $tage 40 is at zero.

~z[ 9!, (3} #10YBBEE s Jon QRO pelrhtek (U SETRIHA #REHE). - H () #1090 T& () - H(&109%F &' () -

I 0%

}#100ATLTE () - c~, - T LRSI BIREARLL () O BRYBRIREL T2 YL OWREET AUF T8 () -
10>T>T 10>T>1I?odf0ﬁﬁ§>a'75!@(*8?; whOYpE=d&E(Hic Itrénsducer 32 is at rest to a zero voltage value

N 0
wovt () (vl (1 oo ) T g gt el 7.
-#109% |11& (ynicroprocessor (not shown) which will control the horological functions of watch 1.
It is to be noted that data may advantageously be entered via pressure on
crystal 14 of watch 1 while transducer 32 operates as a sound generator. Indeed,
passive filter 40 prevenis the high frequency signals generated by transducer 28
reaching amplification stage 42 and conversion stage 44. Consequently, the data entry
20 system according to the invention is permanently available. The fiiter can thus be
digital, with switched capacitors or made with an active filter.
it will aiso be understood that the polarity of the supply voltage of electric drive
and evaluation circuit 38 can be inverted. In such case, a pnp transistor will be
substituted for bipolar npn transistor Tpe, and the pMOS transistors will be replaced by
25 nMQOS transisters and vice versa.
It goes without saying that various variants and simple maodifications fall within

the scope of the present invention.




I-#10%

109 () -

! W#lOEV(gl_TEL' e
| 0/As 1 b ! - . . . .

}gT}Z%}bﬁiéggh&uﬁqwg d GALhHHQ %E@erﬁg %gfésooja&mrga?% “]6:{8‘%83 ?Stgozn? pottiop.delimited

-11 O T+T -
:: <0>uSl! ] #1&/& i&#‘%‘)e-‘”/ %ﬁ@ﬁ@%@&*% Sy DpgYEMEIng (THoRIsON§Ct ind8tisy a108L8L

6 & ()- ,+10%@& () - #10%@ ()-!!()A?TJ@][ ! %%@j&l(()lb!/é 1"109& ()-!(
"109&' () - 109%@& ()- 10%@& () - B" 10%@& ()-p; sz[ < "10%@ () -
]10%@: (§) 110‘V%‘ 8 | 2" 10%9&' ()- 1"10% & ()- !"109KX& ()-3(3 June 2004
stel 1" #{\ . TI@]! ( 7' 10%@3& ()-t]410%@& ()-Z', #109%@E& () - | |
 #10% d/ & () -} ##10%@ ()-!, }#} #10% | & () -#B57$8$9%: $CBKSY @] ! ! " 10%& () - QL0
%ex ()-]" 10%E& (s 10@ 10@ 10@; |
0%@& () - 910V () -9 & &y () *+XVAb@ ! 9#10%y& ()-#!!2#10% r & () - #! | %t10%ee&
(1)-%! ;iOW@/@/&' ()-1?! 6#{82’/&' ()-#1)!]"10%& ()-+-0-..////}[ M1 1011 101
10111, (5]"10% 1 & ():! Pahad

ALQo@R: () - #1] 8#1?3@5866% L35 in pagioyiasy2 JgiePiace{dbarguging means
(()]‘- )%;91

HIAYIng ¢l leayiorpodma ftprmawgraceye ) 1096 ¢ a BbTatBan z X6 M2 1

108L8L!, (& 8]¢1éﬁ%ﬁi£ﬁ&rédsd@%@@@@§éh@r@$@$ %@é%%ﬁ%ﬁ%%%{&)&%@ﬁé@@%%i@

n& ()-! F#lO(l@ nLn eo( %ﬁ \s/\gi!d%#lo% n ni%'e(\? -

10&n

10

25

exe op portion, oltage generated by the piezoelectric transducer
(32) being applied to a first electronic circuit which will generate a logic signal in
response to the pressure exerted, this electronic circuit being arranged inside said
case (2), said piezoelectric transducer (32) baing arranged in the bottom portion of
said case {2) and being rigidly connected to said case (2), characterised in that the

piezoelectric transducer is bonded between two top and bottom electrodes (34, 36).

2. Portable cbject according to claim 1, characterised in that the
piezcelectric transducer (32) is bonded {o the back cover (6) of the case (2).

3. Portable object according to claims 1 or 2, characterised in that it further
includes a second electronic circuit which causes the piezoelectric transducer (32) to
operatzs as a vibration source for an acoustic generator.

<. Portable object according to claims 1 or 2, characterised in that the first
electronic circuit, connected in parallel across the piezoelaclric transducer (32),
includes amplification (42) and conversion (44) mean.s in a logic signal of the vollage
generatad by said piezoelectric transducer {32) under the effect of mechanicai
pressure,

5. Portable object according to claims 3 and 4, characterised in that the first
electronic circuit further includes means (40) for filtering the acoustic pulses generated
by the piezoelectric transducer (32) when the latter operates as a sound generator.

6. Portable object according to claim 5, characierised in that the filtering
means (40) include a resistor (R,) and a capacitor (C,).

7. Portable object according to claim 5, characterised in that the filter is a
digital filter, a filter with switched cacacitors or made with an active fiiter.

8. Poriable object aczording to any of claims 4 1o 7, characterised in that the
amplification (42) and conversion (44) means respectively include a circuit branch in
which a transistor (Tx,) and a resistor (R.) are mounted in series and an inverter
connected in parallel across said circuit branch.

8. Portable object according to claim 8, characterised in that the inverter is
of the CMOS type.
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12. Portab{e object according to claim 11, characterised in that a capacitor

15 (C.}is mounted between the coil {L,) and the piezoeiectric transducer (28).
13.  Portable abject according to claims 11 or 12, characterised in that the
second electronic circuit further includes a diode connected in series with the coil (Ly).
14. Portable object according to any of claims 11 to 13, characterised in that
the switching means are formed by a transistor operating in switching mode.

20 15, Portable cbject according to claim 14, characterised in that the transistor

{Tro) is & bipolar transistor.



