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In the preferred embodlment the electronic circuitry is'a C—MOS IC. 20
The invention is illustrated merely by way of example in the accompanymg '
drawmgs, in which:— . :
Figure 1 is a block dlagram of a conventlonal electromc wnstwatch
- Figure 2 illustrates plan and s1de views of an electromc wnstwatch accordmg '
" 25 to the present invention; 25
- ~.Figure 3 lllustrates schematlcally a- hquld crystal dlsp]ay devnce of the
.wnstwatch of Figure 2; .
Figure 4 illustrates gra; dphlcally the voltage-contrast characterlstlc of one type :
of lquId crystal compoun :
30 igure 5 illustrates graphlcally the voltage-contrast charaetenstlc of* a P- 30
E cyano enyl-P’-alkylbenzoate compound; :
Flgure 6 illustrates graphically the voltage-contrast charaeterlstlcs ofa hqmd
crystal material suitable for use in. an electromc wnstwatch accordmg to the
. present invention; T
35 “Figure 7'is a petspectlve view of a- tumng fork type ﬂexural quartz crystal 35
. vibrator for use in the wristwatch of Figure 2; and ’
. Figure 8 illustrates the arrangement. of electrodes on the v1brator of Figure 7.
Referring to Figure. 1 there is shown:a conventional electronic wristwatch
comprising a piezoelectric vibrator | as a time standard, an oscillating circuit2, a _
40 divider circuit 3, a distributing and driving c1rcu|t 4, a hquld crystal display device 40
5, a battery 6 and a boosting circuit 7.
.~ Because :the liquid crystal display device cannot be: drlven directly by the
- output voltage of the battery 6, whose: output voltage is typically 1.5V, but requires
: a higher driving voltage, the boostmg circuit 7 is provided. However, the provision
45 - of a boosting circuit, which may include a co1l and capac1tor is not conduelve to 45
' " miniaturisation of the wristwatch. :
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run for a year or 7, 28 are f)arallel n the liquid crystal dlsplay device appears dark:When an
electnc field, above some:given voltage .depending upon the composition of the
liquid crystal material 26, is applied between the electrodes:23; 24, the molecules
of the liquid crystal matenal | they-have positive dielectric anisotropy, orientate
50 with their molecular axes parallel to the electrlc field and ‘the light or dark 50
appearance -of .the. liquid. crystal dtsplay device is reversed. If the €lectric field is.
removed, the liquid-crystal material 26 returns to its original state, i.c. with a
_twnsted or spiral structure. It is possible to provide a reflection type liquid crystal:
: : display device by arranging a- dlffusmg refleetmg matenal (not shown) at the rear -
55 of the polarising filters. - . 55
: . The voltage needed to. dnve the: lzqutd crystal dlsplay dev:ce is determmed by
the composition -of: the: liquid- crystal mater:al and by the value of the dlelectnc
amstropy Ae thereof where Lo oo

the battery 6; .“whose- humpulectwnictmateha hnaltbyhelpxﬁédntinmnmeg qmda . W,
52

e

60 s,  is the dielectric constant in a parallel dlrectlon to the molecular macro axns and. 60
" &) is the dielectric constant in.a dlreetlon at: rlght angles to the molecular macro-
. axis.- :
. The threshold voltage Vth of the llquld crystal matenal is glven by the
formula: o
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nore using a small-sized button battery. Figure 3 illustrates
schematicallyj the liquid crystal display device of the 30 wri stwatch
shown in Figure 2. -Liquid crystal material 26. is sealed by a spacer 25
30 between el ectrode pl ates consi'sting: &f. transparent el ectrodes 23; 24
made of, for exanple, tin'.oxide (SnQ2) or indium':oxide: (In20 coat ed
on -respectlve transparent' gl ass base-plates 21, 22. The el ectr@za
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thus the smaller the driving voltage required for a liquid crystal
device. A liquid crystal conponent having a structural fornula:

5 Y-OX-OCN. where the nitrile radical

has a |"arge dielectric5 anisotropy. Some conpounds havi ng the above .
structure fornula and their tenperature characteristics are exenplified in
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The conpounds of'secti6ns |

to 5 in Table 1 have an anil radical (-CH=N-)

conpounds of Section | have a
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relatively wide 5 liquid crystal
having a lrquid crystal phase’

mat eri al

5 bet ween OC and 60' C can be made

by m xi ng conpounds of sectian 1. However, the anil radical is easily

af fected by noi sture.
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P- cyanophenyl - P' - n-oct yl benzoat e, N.l; 52 in adm xture in
the ratio of 33.3-:33.4 :33.3 by weight." 3. -
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P- n- hexyl oxy- P' - n- hept anoyl oxybenzoat e CN 43, NI; 81

P- n-anyl oxy- P' I n- hexyl car bonat ebenzoat e C.N, 41, N 1; 89 Besides

adding |iquid crystal conmpounds having a snall positive or negative 15

dielectric anisotropy as exenplified—Tm Tabte 3, 1T IS possible to add
honol ogues 15 and m xtures thereof. It is also possible to add conpounds
havi ng ot her radicals, for exanple, MB.BA . :
(P—nethoxybenzylldene P -n-butylgniline), EBBA (P-.

ethoxybenzyI|Qene P -n-butyl aniline), apgmgﬁgethoxy P'-n butylazoxybenapne
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Besides adding liquid crystal compounds having a small positive or negative
15 dielectric anisotropy as exemplified in Table 3, it is possible to add homologues 15
and mixtures thereof. It is also possible to add compounds having other radicals, -
for example, MBBA (P-methoxybenzylldene-P'-n-butylamlme), EBBA (P-.
- ethoxybenzylidene-P'-n-butylaniline), and P-methoxy-P'-n-butylazoxybenzene.
Table 4 shows liquid crystal materials consisting of a compound:having small :
20 . positive or negative dielectric anisotropy. together with P-cyanophenyl-P'- - 20
. alkylbenzoate compounds. These liquid crystal materials are suitable for-use with
electromc wristwatches according to the present mventlon :
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el ectrical, nmechanical and optical axes of the vibrator, respectively. The
vibrator is 35 cut froma quartz crystal plate which is an X-plate
rotated through a' 0 about the X- axis and further rotated by p30 about the

Y' -axis genejiited by the v-axis upon being 35 rotated through c' 0. The
angle a: may be between 0 and 10 and .the angle 3 may be between 50 and 70
or between -50 and -70. When a positive voltage is applied to.the

el ectrodes .32, -32' and a negative 403 voltage is applied to the
el ectrodes 33y -33', the el ectrl c fiel dsI§6066§5_(Fi gure 8) ‘are set up'V\iithi n
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Il 2. A small - si zekcwiod mmsstnd\opmcﬁtamstcﬂ erB)r &ﬁyel &ihsworﬁhe qguarti
crystal vibr3gor Gsfeftp %qwaﬂecw#t slatema a  3s
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el ectronic CI rcui teaqh tae of th eming Qrkdom%onents 36, 37 are in opposite dlrectlons relatlve
to the centre line of the tine so that the quartz crystal vibrator has an expanding
45 distortion to one side and a contracting distortion to the other, Therefore, when an . 45
. alterngtmg current is applied to the electrodes, a symmetncal flexural v:bratlon is .-
cause ;
" This kind of vibrator is formed from very thin quartz crystal plate, so that the
- tuning fork shape and the electrode shape can be made by a chemical process, e.g. °
50 - aphoto-etching process, to produce a small and, especially, a. super-thin vibrator. 50
' The vibrator may, therefore, have a thicknéss which is about 0.1 mm, a width of
about 1 mm and a length of about 4, 5 mm and may be housed ina very small
‘casing. - .
Because the fork ‘type vibrators Wldely used up to now are. produced froma . .
55 - quartz crystal glate by a mechanical process, e.g. by means of a diamond cutter, 55
much time and cost is expended, and they have to be at least 0.5 mm thick (for
.example one conventiona tumng fork type vibrator has a thickness of about 0.6
mm), have a width of about 1.5. mm and a length of about 6 mm. Consequently,"_ )
conventional -tuning fork type vibrators dre not suitable for miniaturisation. g o
60 . The embodiment of the present invention described above uses a C—MOS 60
IC driven by a driving voltage of 1.5V, The embodlment has the’ following - :
important features:
- 1. A boosting circuit.is unnecessary and the conistruction is snmpllf' ed because -
g the liquid crystal display device and the electronic cnrcultry is dnven by a drlvmg ;
65 voltage of l Sv supphed du'ectly by the battery - 65



crystal display device are driven by a voltage of 1.5V directly froma
single cell or 10 battery in order to reduce power consunption. The
voltage of 1.5V is selected 10 because this is the typical voltage
produced by batteries which are cuyrreéntl-y:avail able. However, .the

el ectronic circuitry of the liquid crystal display device could I ven

directly by a single battery prodUC|ng an out put vol tage of 2V/g . 15
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6. A Wi egcstal ma nalasp axorltwnér;d strulé:ﬁl};;ﬁn;l g;t’cv;v olariser. (a.lbetwee':lag ﬁhl tll:,%h the 6l ectronic
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accompartyt 53, Urditdos, ctelmedh o) 6 i in By arlif AL cant s,
Chartereﬁle’caérjalie esretisl,de ¢l gh Ho bor n, Lon on, WOI'V 7EF. Printed for
HeBo Maj est /?Wsﬁt&'@iicm mé!iﬂlctﬁem Aheﬂﬁ apby igyid crystad i ngBon Spa, 1978.
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f r om whivtat6©0® la@enif@s6r @p@ rator,
5. A wristwatch as claimed in c]alm 4 in which the v1brator is formed of quartz
35. crystal material. 35

6. A wristwatch as claimed in any. precedmg claim in which the electromc
circuitry is a C—MOS IC,

- 7. A wristwatch substantially as herein descnbed w:th reference to and as

shown in the Figures 2, 3, 6, 7. and 8 of the accompanying drawmgs
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