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conventi onal mec haf gg?t many years wristwatches have taken the form of precision insttuments.
Conventional-mechanical wristwatches are driven by a main spring, use a hair-

35  spring and a balance wheel as a time standard, and display a time indication by 35 .
‘means of hands' driven by the main spring through a ‘gear train. As electronic
techniques: have 'developed, electronic wristwatches are being produced. In
“electronic wristwatches, a battery is used as the source of driving power instead of

. a main spring and a tuning fork is used as a time standard instead of a hair-spring
40 . and balance wheel. ‘Furthermore, in recent years eléctronic wristwatches which © 40
' will keep time to a remarkably high degree and usmg a quartz- crystal oscillator asa B
time standard have: been ‘produced. )
. Howevet;* ‘theseé -electronic wristwatches, whilst havmg internal electronic
: _components, indi¢ate the time by means of hands as in conventional mechanical T

45 'wristwatches. ‘Display devices which consist of light-emitting diodes or Tiquid crystal 45
elements and“which: are driven electrically -have been proposed for electronic '
‘wristwatches and some of these disp lgy devices indicate the time in digital form.

Electronic - wristwatches of this kind c¢an be thought of being “solid “state”
becaiise they:: havé ‘10 ‘mechanical parts However, solid state electronic

o




45 wr i stwat ches Display devices which consist of light-emtting di odes
or liquid crystal 45 elenents and which are driven electrically have been
proposed for el ectroni ¢ Wistwatches—and—sone_of these display devices
indicate the time in digital form Electronic wistwatches of Thrs Krmi—Ttan
be thought of being "solid state" because they have no nechanical parts. '

However, solid state electronic 1, 495, 568
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.el ectrgdes Eﬁe&}ﬁﬁg’f tetheheduemmmem%lrgégr{ngﬁﬁiﬁz%coneg dark -

.col our ed. B)prtshttsinmiadiﬁs laathedevi ce. As
‘ment i oned. . 2’(# lddlub'pﬂqstgudoei v&t%[i;agb{ﬁp %yyxf t%" (EQ Pp3dr educed when
25 :»,othe)gm Flsay tﬁ’eeﬁ% rl@rpettwke reductibret ‘Egatype or vice
versa. In anot he!ioth 18/devid ab ve s is rﬂéwlw‘s"“‘hm"e' ectrsml c

~wri stwat ch 'eecwl’teherhgs enentdmavarme BA&da -pﬁ %ﬂ o is used as a
di splay mat st e%]ﬁs {srelgtive eatumtha oﬁﬂﬁtﬁul ucﬁ(?ne tL and a vol tage
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The display of a dlspla device of an electromc wnstwatch accordmg to the present
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are changed to the reduction type they present a blue or black colour. An
oxi dati on-reduction reactl on essential involves donation or acceptance of
el ect LoRG——rhep—one—gi—t-ese—rmorgantcarsptay matertals i1 s di sposed

bet ween 50 transparent el ectrodes and DC voltage is applied to the

el ectrodes, the dispkay 50 material adjacent the negative electrode, i.e.
t he electrode at® which a reduction reaction occurs, becones col oured. Thus,
if the:negative €lectrode js di sposed towards an: observer t he col our
change on application of a voltage W | I49§ 68vr sible-~and a cI ear di splay will
be obt ai ned, %5 Mol y trgsten i U)u £ ODI um
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legtrogy, matgp 3?' Beatsy wgiglb §v°] reductl on

may be lused as. a F@ ea
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di spl ay device of an el ectron@ wri stwatch accordl ng@H the present 65
invention is exti ngur ‘shed. by ppl ?_/_‘ ng a reverse voltage to the display
material or by 65. - 1, 4B : reduction . H Xy Hheating the

di spl ay_nmaterial, bot h of auseMﬂ on’. on. Even i f the

di splay material undergoe A JS|yve cnmdatloon at (Mg e, of extingui shing
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The display materi-al of "a displ a@devr ce ‘accordin@to the present invention,
may be hydrogii none(1,4 di hydri_px@elq:zgr@.) y\tcd‘cmg.i]m@ used by reduci ngldp-
10 qui none (1,4 benzaoqui none)

10 The reaction is as follows: - [err"]| ["érr] |'Ch—|'7{|ternat|vely, t he display -
material for a di g aﬁaefge\thé:ﬁu&ﬁiﬁg)[-dibm to-the present invention may be: 15
[err] and undergo the follow ng reaction: [err] oxidation reductlon [err] H
H H H The di splay material for %)dl spl ay devi ce according to the present
i nvention mbe a vjol ogen dyestuff.3 A viol ogen dyestuff is a44

di pyridylium copp.cgnq:u\@ ch @CL @QC Hunder goes the following reacti on:
[err] [err] [err] = 1 :
H H'- . H H

" .. oxidation -
r‘e_d_uchon
CooH I OH
H C C C -— C C
o H H H H

“The dlsplay matenal for a dnsplay devme accordmg to the resent mventmn ma
be aviologen dyestuff, A. viologen dyestuff isa 4 4 dlpyndy ium compound whicl
20 undergoes the ollowmg reaction:. _ .

”"R-'-N* N "R +2x
__xmAnonI lREDUCﬂON .

"—NHN R+ X




4 1, 495, 568 4
where X i s a hal ogen atom and Ris an organi ¢ radical such as akyl, alkoxy,
acyl, acyloxy,—atkyt——carbonate—ete—Snce—the—oxidattoen-reduction-—poteat al
of a viologen dyestuff is between-300 and 450 millivolts, it is pOSSIb|e to

drive a display device of an electronic 5 MW|stmatch,accord|ng to the
prebent invention incorporating the viologen dyestuff 5 using a relatlvely
Iomrvoltage The oxidation type of viologen dyestuff wll dissolve in water

dépdsit_4._5 on the negatjve el ectlidd¥®8and by this means.a displ ay can be

f d. Thewtérs ey haloded hioal and R is &k Brgakie RIGRY! s6H ds Gyl Gk ectrontc
wri st wat ch agyloxy,. alkyt eqs qnaw t¢.0. t.he rrggﬁslent T rfvent i g}ﬂ ' oﬁ? agg'lant hrace?l'é/
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a di spl ay devifg nal for 1 ec r%m ording to-the
presen® i nvewonding tm/the sSRtSIpY eauo Sprays folFdidits, 1. e.
produces an_h d|° é!tel mIOdych h mehsplamdiemaet bban elEdElﬂmh:OUl’S i ndi cati on

can be di spﬂ% ggg mg'gl jve ){pé&é g‘ym%mdammn with a

OE@;COM' but the reduction type is difficult.to dissolve and will

bl ui sh_pur pdhevslcdgeugsphe gﬁﬁged so that the
hour s P ndi Qq‘trenlcavﬁtwa am:mrdmeso tlre rmhtllﬂ'ﬁhn&ﬁte ﬁ evidet N a1Hl ue

col our and ays fo tsef nand Mm tw:atheon are

di spl ayed vw:tg i gcﬁné%e o ﬁ, g;“:ﬁééﬁ"‘ Eﬁg the vol tage

applied to ltdus lutil yndzhhvnﬁmnesl'dal& au mﬁaw‘ma blu@ coﬁ pl ay device of

anel e ron|coo gate dndj ‘é'ha'!i’ctéﬂc %ﬁ%?t% Ebmdtwuhm/lankh purpleny CQOPri se of
urem l'e g miht

a display nma n colour and a

di spl ay rrattetthqrh resegt e ﬂudna%ﬁ:b eoYQGls ‘°“’Hs“”%x§§i§‘,’ffygeu n colour so
that the di g ?ﬂ iateridl ofmhdueddmei ¥Ren- a 25

di spl ay i s &? &:gf ‘1’3‘?8 dI‘SB 3y ateiigl is sspesited omboth cﬁﬂééla‘th%ﬂ red@&tion
potentials o 'I‘M&fdllOMﬁg bl lvaytheralitibitedudtidh pbtsialsir (SRl dpiagevi ces of

el ectroni c materiatsiar ulede diapledalicegoft dectrosic pirssatthesl a&v&m‘hg% the Tet hyl vi ol ogen
| -0. 446 vol tPESEEATGMANY| ogen ' -0.363 2.6 di bromophenol

0.217 The construction of one enbodi ment of a displ-ay device of an

el ectronic wistwatch according to]Jthe present rnveption is shown in .
Figures 1 and 2. t“’r‘%'i‘ﬁ'é'l?éﬂ‘%‘ht el e¢t rode44soelts i s fofmed on a gl ass base

pl ate 301 which fac%&zggwpo erver. |35 . ATransparent el ectrode is
formed oh t he whle_Lnher .rfarp it a2~ 338, al ass _B5 plate 302. A spacer
303 is encl osed et aaibrédghegbiass pl ateoﬁel and thefglass plate 302 to

mai ntain them spaced Qp:\l"f A _disnl ay materjal . tOJet her with an
electrolyte, are sealed in the space 304 between the gl ass plates 301, 302.
The transpareqT}‘: Eﬁtﬁcb@fe etembo knamsofn A dis ymlcaayaﬁl\au?gglw m | ar shape
to the 40 Ay is Sol IPg(lSP ilfand Re Adi spl ay device
is to rodutarlaérfxger ml ti colggfr”tn 1 Spid ass I'—’asélf? %B% fagsfetme nbodi nent  of
an el 8¢tronic @@m santcfectrodeds firmed dunthe Iwaolpmsmtfawwaﬁéar@lass Figsy e 3a

being a pl & clgged h%ndathdglﬁs tee 3b being a
oo A SRt
hgurface of a

per spect I- vetrwmn@felet:tmjevwn ﬂ:hvgwss: aeS302 nviy
print &% 45“‘5.'1?00 ourd ashiede larespeslly if Her display éevctesnpltmprmbé 2502 geccording

to the presen bv%’@ne flboliiliEnt! o?gélec?}tgmc%gtwggch acc a%egie)l ate 501 there

is di sposecbresanta@veaﬂidndF@urbGalb itiga | at or 504, a
bat t ey 505N Pla% &pmbpnegth@ftlﬁ mhmodenmlno\mguanexsenbodl ment of a
circuit forc&r%)bi 1531 sé)l 1:%?;1‘1"'532"’ ol é'ﬁfa @mdinted t o 4%he present
" invention. O'Mﬂleowaﬁrmao elb 01 4h eYA" mtiﬁﬁtiﬁ%ﬁ ed assum ng
that a ti me0rgjaustte icrystal escitlatg Hattery 4n6 2 afuélmEs Sighdior s081 oscil | at or

il CIT' r
(not shown) A dplites Anpyombedom e%%'s&u?:fmmwﬁ 2 sjgndard.

escribed assuming that a tlme mdlcatmn is dlsplayed in hours and minutes. An

oscillator (not shown) for example a quartz crystal oscillator produces a standard

time s Enal of relatively high frequency. A divider circuit (not shown) produces

5 from the standard time signal a one-minute signal 701 having a fre uency of
5 1/60Hz which is applied to the input of a dmde-by-ten counter/decoger circuit 55



time signal of relatively high frequency. A divider circuit (not shown)
produces fromthe standard tine si gnal a one- m nute si gnal 701 having a

f r equercy—of —55 6o wtrch—Ts—=apptred—to—tire—trput—oft—=a

di vi de- by-ten counter/decoder circuit 55 5

1, 495, 568 . 5 702. Each time a pul se of
the one-m nut e signal is received by the count er/ decoder circuit 702 the Ag_
| atter produces approprlate ones of outputs Ato d which are applied to

segnent el ectrodes 707 of “a display ce 5 4 whi ch displays the units of
m nut es of tt?e tine i ndi rat'l an...The cal J’ﬁ decader..circuit . -702-al-s0-

produces an 5  702.&a¢ af thham-mgua s&nﬂtsua:e.___f_;' Byfth&écﬁﬁﬁffdedwﬂrch s
applied to a di vN’H‘cu latte ‘%zd%})qeﬁ[ of o ‘,t*ts£0 ¢h !l‘ieme t he
count er / decoder RIS &;}ﬁg‘,ﬁ&g % m%' ?gl

appropri at e Sones oﬂfpuosingh&i ol fpeenih i€ V6GUER. vahighl ik iitdtd £ 8RR y-sne seggent

eI ectrodes of a d@p __1=r_,

euh?QShE@hh eabecetxwerides" "reﬂreu_mm:meeevesa the time

R e

the 10 wri #-wat diayiiptm fin ugwnc&if wwowz fom dﬁvggrtlse noui-s/\hﬂtchﬁﬁg -t ﬁlDthet he 10

di spl ay cel |- ;3 .{lga gﬁ W%ﬁ"% VO té@? nt ;EI |

codef ¢in

bet ween the segnagiags
of[err] and a conmon él acttr ode 706 'ccor I'ngly, 1f a pot

+ is applied totenialafer n--elaeétalcelaeon’%ctmdd7@6ndca>rqullanﬁappltem;al of

15 2 [err] is apphied t he2 el ectrodes 707, the voltage potential between

the el ecttomes 2+2071sammmeocmenwms&rﬁetew&e 760 4l | ndD@ pOfettlai GO 1 S guCh
as to cause a chavge i'n the: dISp| ay ‘On the ot her -hand, |f a potential of
el

e oo oo Yo" he eI bieE Bty I Boh GO SRR Bt BresiSRe'
that the display % add tlmacutrmante&mﬁdi 706Ml1b6+v%fsﬁﬁﬂfsudhfaafo&auu d0hafigeiae this
display cell is ent . a ugh a certd.n current .must. be applied -
to cause the di sgﬁ @F’p - 'ethf)&gﬁra’égg% ?P“F%” rior & PRl foothe elretrades | ow t o
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