"I'MPROVEMENTS | N OR RELATI NG TO ELECTRONI C TI MEPI ECES" Thi s invention
relates to electronic timepieces and has for its object to proviige:
eI,__e_% ronic tinepieces which are reliable, of relatively sinple constru
angd™jel atively 5 cheap and easy to manufacture, of relatively |lo =
el ri cal power consunption and which display tinme optically ina :204496‘
closely simulating the tinme display given by an ordinary tinepiece with

movi ng mechani cal hands. The time=di spl ay means used in conventional known
anal og 10 el ectronic tinmepieces can be roughly divided into two cl asses,

namely: that in which tine is displa ed*l:')% novi ng nmechani cal hands and that '
in which tine is omwmwa@m Fo ELE € MR RS
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for so long to reading the tine ookl ng at the positions of an“ hour hand

and a lgngercwdhp afid edsy BHanugack e 288 4d1888ve1SL 10RIS iR EcAT JowBBPI eces

di spl ayi ng seconds) that it is natural to want to read the time in this <
way. Accor.di égisympeldr) @nghwititih adspXtiys gl opkiicdlBs 1thhe whinnde Elcgelgys

above nentioned may be regarded by sone people as ornanental ly satisfactory
it is, in predulaeinyahe tiss dibbkast Aven iy annerdinarydtigepieceiwith shal | »
simyl ate closely that given by an ordinary -2- : . :
: moving mechanical hands.
The time display means used in conventional known analog
10 electronic timepieces can be rouéhly divided into two classes,
namely: that in which time is displayed by moving mechanical hands
and that in which time is optically displayed without using actual
haniis. Representative examples of tl;xe latter class are timepieces
with a display device comprising light—-emitting eleménts such as
15  light-emitting diodes which are arranged rcuna a ~circ1e and, with
the lapse of time, are either turned on in a cumulative manner or
are turned on one at a time in successivé positions_ round the circle.
However, people have been accustomed for so lox'xg to reading the
time by locking at the positions of an hour hand and a longer
20 minute hand (and an additional seconds hand in timepieces displaying
seconds) that it is natural_ t6 want to read the time in this way.
Accordingly, althcugh_optical displays such as the dicde displays
above mentioned may be régarded by some pecple as ornamentally | b

satisfactory it is, in practice, very desirable that the time

25 display given shall simulate closely that given by an ordinary



ti mepi ece,wi th hands and which can be quickly read in the same way. ' @
Attenpts have therefore been nmade to achieve this desirable object: but, o
owi.ng to the restrictions inposed by the electronic circuits enployed and,
nore especially, the restrictions 5 - i nposed by the display devices
en‘p-l"oyed, these attenpts have resulted in tinepieces which are incapable of
displlaying time with sufficient accuracy - down to a mnute or a second -
angLor are conplex and expensive to_manufacture, and/or are not easy to

read at a glance, and/or |ack good PeTi abi | i ty. 10 According to
this invention an electronic tinmepiece which optically provides a tinme

di splay sinmulating that given by an ordinary tinmepiece with tinme-displaying
hands and whi ch- ctimepiece eitdi baidsy andwhdeh van hg auickinweed direthe gidme
system consi sting of a predeterm ned plurality of segnent el -ectrodes
extending in 15 waydiAtteppta haye dderefrrechesn Bade doperhiieng Wishdesigable
direction of extension of the hand of an ordinary tinepiece in a different -
position of said RE¥RFtaRBte WEPPJ& &be kpstoiffdane | EepFeftidYstRe SARCYREESt i ng
of ‘aplurality ofﬁgroups of common el ectrodes, the el ectrodes in each group

begng positioned SAFAEEsHRRICYED dfe FFe esPecdahibnithe| RSO o
co-operate with a,predeterm.ned,plurality of seqgnment el ectrodes;.

connect i ons® each 5‘8‘?\?‘?&‘% gﬁgﬂ‘[eogé%}@? %%cgﬁgﬁ?@ﬁgy%‘{legg?ﬁfdgégwis have
prgdet er mi ned positians., one.in gach of. | ff.erent .pl i el.ectrodes
co-operating wt hrﬁs%s?g‘e’g? ?‘\}Ié'eﬁlfec?ﬁﬁ ‘g'fm%ogn%%ri{' nﬁ%%aébtlrgoges i sér%ag%ng%r%%_ :

generating {ime i Qfok MEEOMAY accurady ANbd BChGELD PANSedila Sel ecting

first tinme unit information S|gnacis at aftirst given tine; an second tine

unit information gheRal ardlcchples Wid Gipeadidd TR ndRAAELLY, and/or are not

| easy to read at a glance, and/or lack.gcod reliability. | |

10 . -According to this invention an electrénic'tiﬁepiece which
optically providés a time display simulating that given by an.
brdinary timepiece.with time-displaying hands ané which comprises
a display device having a segment electrode system consisting of
a predetermined plurality of segment electrodes extending in- |

15 different directions e#ch corresponding with the direction of
extension.of the hand of an ordinary timepiece ih a different
position of séid hand énd a co-operating common electrode system
consisting of a plurality of groups of common eleétrodes, the
electrodes in each group being positioned with respect to ther

20 " segment electrodés to cb—operate with a predetermined ?lurality

of segment electrodes; connections each connecting together two jp—

et

segment electrodes in predetermined positioms, one in each of a
- different plurality of electrndes co-operating with a respective

group of common electrodes; means for generating time information

25 signals; selection means for selectiﬁg first time unit information
signéls at a first given time; and éecond time unit information

signals at a second given time; means for



‘generating a plurality of pul se si.gnals of predeterm ned different

ages one of which is of a value sufficient to produce a display if

pl i ed between a segnent el ectrode and a conmon el ectrode’ and, anot her of

which is a value insufficient 5 to produce such a display if so applied; -
and neans, controlled by said selection nmeans, for utilising the generat ed/
pul se signals to apply, at a givenstine, between the segnent el ectrode
system and the common el ectrode system pul se signals derived fromthe-
generated pulse signals and of sufficient value to produce a 10 di splay, =-
t he whol e agemergeinnia phardliey sdfpetsardigiakp s prajetemhindde segnent :
el ectrodes and of the common el ectrodes being such that,(at said given .
time) the disffezgnprvodtages snedfawbich st ofiln value duffbelientotioiced
by anordinary tinmepiece with hands. 15 I'n one enbodi nent which

. optically ppxfucesa slisphey difsppriiedi betiveenny seguentyieleatindesandr di nary
timepiece with hour and m nute hands the segnent el ectrode system consists
of 60 radi af omEeR (Jeetredn apf\anothes Pf yhich 45cp @lve nspffheiendnmon
el ectrode system,consists of five simlar_electrodes arranged in _an inner

20 r?ng atRl PEOARCRFUER H§iirplay 4F 59 gprliedy ( 8Ol eapsy RpBdTetedn outer .
. ring, each group.of co n_el ect rodes nsi st.i.ng of one_inner el ectrode and~
one out er eﬁ’é@#ﬁo%el@& %P&Wﬂg%t‘ﬁ%?@%%‘ﬁ?ﬂ?‘? s@l%‘@f’?‘%ﬁes. I'n
anot her enbpdi_nment whi | _ oduc a ti display. 25 _ sinmulating
that given By &R ot dfn I EpI cggévﬁ'efeﬁ' ﬁ%%rseﬁ{n%& eemgl:tdie Systen 3 *
and the common  electrode system, pulse signals derived from the

generated pulse signals and of sufficient value to produce a
10  display; the whole arrangement and the shapes and _di.spositidns
- of the éegmer_xt electrodes and of the common électrodes being such
that, §t=—ssid-giventime} the display produced simulates that
which would be produced .ﬁm by an ordinary timepiece
with hands. |
15  In one embodiment which optically produces a time display
simulating that given by an ordinary timepiece with hour and
"minute hands the segment" electrode system consists of 60 radial
electrodes equally spaced round a circle, and the common electrode
system consists of five similar electrodes arran.qed- in an inner
20 ring and surrounded by five similar electrodes manged in an
outer ring, each group of common élect:_rodes cbnsisting of one
inner electrode and one oﬁte.r. electrode co—-operating with twelve
of the segment electrodes. _ ' - _ | v
- In another embodiment which optically produces a time display - |

- 25 simulating that given by an ordinary timepiece with hour minute



’

-4- and second hands the segnent el ectrode system consists of six similar
el ectrodes arranged in an.inner ring and surrounded by six simlar

el ectrodes. arranged in an outer ring, each group of common el ectrodes

C'O:Q%j sting of one inner electrode and one 5. outer el ectrode.co-operating
wi th ten of the segnent el ectrodes. The invention is illustrated in and
further explained in connection wilg the acconpanyi ng draw ngs, in which:-
Figure 1 (which is shown in two parts, Figures 1A and IB) is a diagrammtic
bl ock circuit representati on of one enbodi nent 10 of the invention Figure 2
is a plan view mid Eheorsbhanas thecsigmede ehertesad systdn Guhsistsystal di splay
device used in the enbodinment of Figure 1; Figure 3 is a plan view of the
common el ect r odei®s y simkbazf eléctrodesd ardamgedain day iinned rdng e Bhrdunaéd ode
system of which is shown in Figure 2; Figure 4 is a diagramillustrating
the output convét $i8n similar telggtirades swramged irkbagrtesupirig, eadkcurbup n t he

enbodi nent of Figure 1; 20 Figure S is a diagramillustrating the
conmoh vol t age ¥uFprgeRietecticdes eansistingoficone dnnedt glectroderandiioses i s a
voltage table for -illustrating the operation of Figure 1, Figure 7 is a

vigw showitg t HE A% TheTPIR (FP-RRSRACLRR vith ten @fHheypeghenti giechzpdasby -t he
di spl ay quI ce ill usﬁeag.gge:?tv:l.on is illustrated in and further explained in

“

connection with the accompanying drawings, in which:-
. Figure .1 (which is shown in two parts, Figures 1A and 1B)
is a diagramatic_ block circuit representation of cne embodiment
1o of the invention;

Figure 2 is a plan view of the segment eleétrode -gystem
of a liquid crystal display device used in the embodiment of
Figure 1; | | |

Pigure 3 'is. a plan'{riew of the common electrode system of

i5 the display device the segment electrodé system of which is shown
in Figure 2; |

Figure 4 is -a diagram illustréting the output. conversion
circuit and the. segment voltage supply circuit in the emboﬁiment
of E'igure 1;

200 Figure 5 is a diagram illustrating the common voltage

supply circuit in the embod:l.n;eht of Figure 1; .

L 2]

Figure 6 is a voltage table for illustrating the operation

iy

of Figure 1,
Figure 7 is a view showing the nature of thé‘ hand-like

25 display of time given by the display device illustrated by



:5- Figures 2 and 3; Figure 8 (which is shown in two parts Figures 8A and
AB) i.s a diagrammtic block circuit representation of a second enbodi nent
the invention; 5 Figure 9 is a plan view of the segment _
#l ectrode systemof a liquid crystal display device used in the enbodi rren’tv
of Figure 8; Figure 10 is a plan view of the common el ectrode system of the
di spl ay device the segnent el ectygde systemof which is 10 shown in -
Figure 9, Figure 11 is a diagramillustrating the output conversion cCircui%/
and the segnent voltage supply circuit in the enbodinent of Figure 8. :
Figure 12 iﬁ@rggaggraﬁ@ 3J lustrating the voltage selector 15 in Figure 8.

Figure 13 is a block diagramillustrating the conmon voltage supply circuit
in Figure 8, Figifgurk4si GwhlchOid apowh ald ewd Pariths| Fisjuirasi 829 ah@eBB)per at i on of
Figure 8, and 20 Figure 15 is a view showi ng the nature of the

hand- i ke displ ayagfamnatiz gileck diyctibe rdpsesenfatiton of alsecondat ed by
Figures 9 and 10. Referring to Figure 1 (Figures 1A and 1B) block 1
. represent s emdymént ofothe dhniventionme standard oscillator the output of -
whi.ch 25 is divided down in frequency by a multi-stage frequency divider
2 5 : Figure 9 is a plan view of the segment electrode system
| of a liquid crystal display device used in the embodiment of
Figure 8;
" Figure 10 is a plan view of the common electrode system
of the display de\fice the segment electrode system of which is
10  shown in Figure 9 |
Figure 11 is a diagram illustrating the oﬁti:ut conversion
cif:cu:l.t and the segnient voltage supply circuit in the embodiment
of Figuré 8; .
- Figure 12 is a diagram illustrating the voltage selector
15  in Figure 8; | |
: Figure 13 is a bloﬁk diagram 11iustratin’g the common voltage
supply circuit in Figure 8; |
" Figure 14 is. a voltage ﬁable for illustiatin'g‘ the operation
of Figure 8; and
20 Figure 15 is a view hwing the nature of the hgnd—like
‘display of time given .by.the -'display device illqsfrated by - o
" ‘Figures 9 and 10. |
Referr;.ng to Fi:jure 1 (Figures 1A and 1B) block 1 represents

a crystal controlled time standard oscillator the output of which

25  is divided down in frequency by a multi-stage frequency divider 2



6 the reduced frequency output fromwhich is fed to a duodeci mal counter 3 /[ .27
counting digits of one minute. A divide-by-five counter 4 receives the e
carry output of the counter 3 and counts digits of a higher order of _

m put es. A duodeci mal counter 5 5 and a divide-by-five counter 6 conbine .
to Count digits of one hour. Al the above-nentioned counters produce

bi nary coded deci mal outputs. Gate tPrtuits 7 and 8 havi ng an AND | ogi c
fukstion receive at termnals L2 and L3 respectively the and out puts of

aflip-flop cirguit and_control the. sage of 10 _ the outputs of the
counters 3 and '%‘er Eg%%‘:@?i %ﬂ?.encﬁa‘?“ézpﬁﬁa%?ﬁgemf%‘ iﬁofefltﬁl%g"ﬁ‘gﬁﬁ%]'an AND

| ogi ¢ function also r ectivel y, receive the,aforesai t puts, of the
flip-flop ci reuf e%ﬁ%sj%%‘h"ﬁ“& X*%%spggs"ﬁemﬁuttehe ‘gtﬁﬂb'g#%'%é'fé{“ﬁe counters
5 and 6. The o f t ircuits 7 an [ ed.to decpder 15
14 via a gate g‘%%%?’fqlfggﬁﬂg?hg%ua% s°§’c?Pu?h°(% é‘gfgc"?f’{r:%ruia;?@ cé?ﬁﬂgil are -
fed to a decodefy 1pgVd ahg&;' & i ' he A08hSactiihSt i dos nd 13
have an OR | ogi Cig%u?lctf'lagn. 1% %é%bgu%%l%e%bmﬁerm on ci rcul é\zﬁn?ﬁch '
operates tg Chahgeal dfriAlbylisive Qtnthe glecabifie t4 édtnd 8idit8" &floner der to
sudt the wiring of the 20 ~ el ectrodes which are used in the timepiece _
di spl ay devi ce Houet :H1QWBhé Nabovelichtiondd chhhterae ca! aksdegherein. A
segnent voltage supply circuit 17 sets voltages that are to be applied to
segnent - el ect r ciéeimal dutPuth Speaye ddxtatts!Ieshd 18 héwing 8 INDC LogiaNd common.
vol tage supply circuits 18a and 18b set voltages that 25 are to be _
applied to comynctiacireceiee at wm:lndlsmzamdiméi respectively the 9, and Ql '

outputs of a flip-flop circuit 9 and control the passage of
10 the outputs of the counters 3 and 4 respectively. Gate circuits
1o aﬁd 11 al_so'h_aving an AND logic function also respectively
receive the _afores_aid- outputs of the fl:l_.p-flop circuit 9 and |
" control the f:assage of the outputs of the ¢6unters_' 5_ _and 6.
* The outputs of the gate circuits 7 and 10 are fed to a decéder
15 14 via a gate circuit 12 and the outputs of the gate circuits 8 .
| . and 11 are fed to a .decod.er 15 jr_:!._a_ a gate circuit 13. The gate
circuits 12 and 13 have an OR logic function. 16 is an output
converéioh circuit which 'operate.s ‘to change the outputs from the
decoder 14 .to a different order to suit the wirir;g 'o_f the -
: 20l electrodes which are used in the timepiece _displaj device (not
' shown in Figure 1) as will be _eﬁcplained later herein. A segment
voltage supply circuit 17 sets voli:ages that are to be applied

to segment electrodes in the display device used in the timepiece,

16t

and common voltage supply circuits 18a and 18b set voltages that

25 - are to be applied to common electrodes in said display device.



j[ 19 is aflip-flop circuit mhlch IS trlggered by the Q output.of the
p-flop circuit. 9, and produces outputs which control the on and off
'eratlons of electronic switching circuits 20 to 27 of the semn conduct or
type. 28 is an inverter, 5 and 29 to 33 are AND gate circuits. The

di splay device is of the liquid crystal type and includes a segment v
el ecjrode system generally designated 34 in Figure 2, consisting of 60 -
radial segment el ectrodes 34a equally spaced round a circle. The first S -

twel ve of these electrodes are 10 respectively connected to the terminals”
[err] of the segmonis siugEpip-flopceircul¥ whitheis airdggerefl beotmnp el ectr odes
are connected as described bel ow. The count order of the segmeﬁt el ectrodes
IS in the cutpokwfs thelifldptfinp sizeuiitng, vindhptdincesgoutputs | widichode whi ch i s
connected to the termnal [err] as the first one. The 12th 15 el ectrode

i s connectagdtrel tthe argtand offe operations off edectxondgnemidichdingo the | 4th; the
10th el ectrode is connected to the I5th ..... and so on,- the 24th

el ect r ode BEFwES 8RR 22(0f Fhehgemicondugiors kypp-242R 45 @bt LRRAXLES) al so

“connected tq the 25th; the 23rd el ectrode is connected to the 26th...the
13t h %l ecta8dt® it 33 e AR Qa("}etﬁ’e“’“éﬁs' 36th....and so on until all 60

| ect rod t t Th d I | ud
glectiodes are CUSEel il Mok, Mo diopl A ded Gedigq 1 ol vdes @
- t i 1 h th t d t d t ”
of Trve siinelided pfEoclr feckreid oty hithaidy necialtbla 3408 T00CL 52,
25 . © Fiqudd'®,” Bl AlseIRFEES 635fad‘§.’gi C&g&‘éﬂé‘reﬁ.te%&%é gL Vd iy conmmon |
spaced round. a circle. The first twelve of these electrodes are

1o respectively connected to the t_erminals e, to e 9 of the segment

1
supply circuit 17. fThe remaining segment electrodes are connected
as described beloﬁ.' The count order of the se§1nent electrodes is
in the clockwise dir'eci:icn starting with the segment electrode
which is connected to tlxe terminal e, as the first one. The 12th

15 electrode is connected to the 13th; the llth elactrode is connected
to the 14th; the 10th electrode is connected to the 15th.....and
so on, the 24th electrode being connected to the lst. The said
" 24th electrode is also connected to the 25th; the 23rd electrode
is connected to the 26th...the 13th electrode is connected to ‘the, |
| 20 36th....and S0 on until all 60 electrodes are connected in this way.
. The display device also includes a common electrode system,
genei'ally designated 35 in Figure 3 which co-operates with the
‘segment electrode system 34 of Figure 2 and consists of five ' “ .
'similar inner electrodes 35a and five similar outer electrodes 35b. |

25 o The radial spaces 35¢ which 'sep_'arate the individual common



.-8- el ectrodes 35a and 35b fromone another radially are |ocated between
the 12th segnent el ectrode and the |3th; between the 24th segnent el ectrod
and the 25th, between the 36th segnent el ectrode and the 37th, between the
48t h, segnent el ectrode and 5 the 49th, and between the 60th segnent
el e€trode and the 1st (counting in the clockwi se direction). The segnent

el ectrode systemis positioned ovem® +he common el ectrode system and a | ayer
of \liquid crystal material (not shown) is interposed between the two
systenms in a seal ed housing (not 10 shown) through which the display

gi ven can be otkestyedes BPyand 35k fraw one spathetcradialijrcaxs locatedy of the
out put conversion circuit 16 and the segment voltage supply circuit 17 of
Figure 1. |n Prejween £hecldth seguers; electamdgcansd &heakithe | rkatiween dthewhi ch 38,
41, 44, 47 and_50 are OR gates and the renmi nder are 15 AND gates, 51 to
60 are swit chi#ftfhcEeEemtselpatEndeandpthe 28thy hdetween thg Fethiseamentol to 65
are inverters. ure 5 shows _in sonme detai| the common vol tage supply

Fi _
circuit 18a. |FeErEU% 289 e PltRicsbebvesy the ASEB seamRRt SlerbTRder addt s
whi-ch may be |j.ke those in Figure .1, and 72 to 74 are 20 inverters. The
cgmmndvosftageéhseag%{}y Cf’?@tﬁettgi%’blt yg%"g‘ Eﬁﬂgﬁg{;&‘if;h (e F%%&shgner as
above descri be C age. cirecu : ere w now. be
descri bed, by %y %#%ri_gcg | ca?oé%e{ﬁﬁl (gj{refgi‘\:/ljé)l'ues of relative voltages to
beS produced at the qyy Zeffdrt bfidtrode system is positioned over the common

electrode sysi:em and a layer of liquid crystal material (not shown)

E¥/

_is interposed between the two systems :I.n a sealed hoﬁsing (not.
10 shown) i:hrough which the display g:fven canl be observed..

: Figur%e 4 shows in some detail the circuitry of the output
'cbxivers_ion circuit 16 and the s'egment voltage supply circuit i7
of Figure 1. In Figure ‘4 refereﬁces 36 to 50 denote gaté -circuit's |
of which 38, 41, 44 ,.47 and 50 are OR ggtés and the ranaind_ér are

-15. . AND gates; 51 to Go.are. switching circuj.ﬁs which ﬁay be like
those in Figure 1; 'and 61 to 65 are. invérters.

. Figure 5 shows in some detail the common voltage suépi_y
circuit 18a. 1In Figure 5 references 66 to 71 denote switching

- circuits which may be like thosg in Figure 1; and 72 to 74 are
.20  inverters. _ _ _
| ‘The common voltage supply'_circuit 18b may be mﬁstmcted in

the same manner as above described for the common voltage circuit

[ a-_!

%
18b.
There -wi_ll -now be described, by way of practical example,

25 values of relative voltages to be produced at the terminals S o’ S1



'-9~_ of F| gure 1 for application to the segment el ectrodes; val ues of
oltages to be produced at the termnals [err] of Figure 1 for appllcatlon
31.( t he common el ectrodes and voltages to be applied between segnent and

mmon ‘el ectrodes. Predetermnined 5 vol tages of relative values [err] are -
sel ectively applied to the segment el ectrodes and the common el ectrodes, |
being assumed that there will be_ng display given by voltage difference

bet ween a segnent el ectrode ‘and a common el ectrode beneath it if the
vol tage difference is smaller than [err] but. 10 that a display is given .

|31‘/ said vol t@gg&{'grg‘g&c%ﬁ[{?ﬁf’i ,9{ tﬁﬁ Jil éf-mwptﬁé%g vol tage of

Is applied

erm na W tching circui 25 (Figure

1 a volt r e I ézﬁ:ﬂiﬂ al wi tchin
CI)I‘CUI ts 23&92%:BIang %ggeﬁf%‘;{rc]ad?%pg%%ﬁe to gtnec'??m ?}hl[o?rf‘lq% %f SW tC%I ng
circuits 15ey gﬁpli%Zdﬁ‘%atﬁ@cbﬁﬂﬁx Q1eé€¢dAks) s ﬁﬁp%ﬂighg t&gi nals [err]

of switching circuits-21, 24. Therefore, when the switching circuits 20 to

27 are swi taphefed bethiber RBegiiechtBn® Woiibh &Xectisads.i PpiddaReshireai t 19, -which
is triggered by the output of the flip-flop CII’CUI'[ 9, the voltages

" produced atvon’aegésebmfalm{rewa]lueem vl gr Fangéﬁe bedadefirllyeen them
6 nth

wll be as shown by the Table in Figur

Tabl e the vol tages Vs

are those \wpptiedrap bmea:eguaadelhyctd‘tﬂebeand thé scomeon |eleattodds; ¥bl t ages Ve
are those which nay be assuned by the termnals [err]. Anbng these two

groups of \eiitagesumed ddatotharieewill beane displaygdvemdly weltadse produced 25
at the termnals when the [err] output of the flip-flop circuit 19 has

1o

15

20

25

difference between a segment electrode and a common electrode
beneath it if t;he voltage difference is smaller than [vol but
that a dispi’ay is given if said voltage difference is SIVOI or
more. On this assumption a voltage of 3v, is applied to terminals

1,1 of the switching _circlzits 20, 25 ,(l?'igure 1l); a voltage of

0” 75

2v, is applied to terminals 1,, 1, of switching circuits 23, 26

a volta'.ge'vo is applied to terminals 1y '17. of switching circuits
and 1

22, 27; and a voltage O (zero) is applied to terminals 1

1 =4 1y

of switching circuits 21, 24. Therefore, when the switching

circuits 20 to 27 are switched by the Q, and §, outputs of the

' flip-flop circuit 19, which is triggered by the output of the

flip-flop circuit 9, the voltages produced at the terminals Sqr Sy

C(:), C, of Figure 1 and between them will be as shown by the Table -

' inli*igure 6. | In this Table the vo_itages 'Vg_ are those which may be

assumed by the terminals 'so, Sy and the voltages Ve ‘are those which

may be assumed by the terminals co, C Among these two groﬁps

1.
of veli:ages; ‘those on the left are voltages that will be produced

at the terminals when the 9, output of the flip-flep circuit 19 has



- 10 - a- Jogleal value "1" (hereinafter referred to sinply as logic "1"
and those on the right are voltages produced at the term nals when the

output @-is logic "1".

ter
di

m nals er
lay may b

Slerr]. In or
ba_ﬂescrlbed t he operation of the counters '3 to 6 when t hey have counted a
particular time - 10 m nutes past 10, for 10 “exanple. In this case t
counts in the arnlnui»@lcuatn%l"ﬂf“S(lm#einaﬂhelrl referred tmmimply’ asrgdectiVal y,
and the counts in the hour counters 5 6 wilF be "2" and "4", respectiv

The gate circuAndstipsemansgthe sigyensd Yojtages tproduces gﬁaﬂ%ﬁm!’p\é#lmal |y

occurs in the

out

put fromt

r] and termnals [err]. As will now 5 be apparent, a
e "turned on" by a voltage produced between the term nals
der. to explain the opelat+on of the timepiece there will n

err] outgut of the. fI|p flop circuit 9. whichis fed with
¢ JPEs "37 . WTReCcYRLtages WaTE: ¥pResent (Veltage

counters 3, 4 is. selected and blnary coded_deci mal_ val ues of_ "10"_ and
are produced ivalpeR heteeh terpinals ﬁa{ &1cppd feruinals ¢g. q:;esp%?:t"ﬂr%l”;‘i’w
| ogic "1"

and a Iodﬁc "

13.

n 1" -

Ther ef or
and the v

d d I f th at 12
e Bt b Fepl é”‘ve?nﬁr S Sesged ohy by, S0SRGE rgieed i 7
q1 agg,%get hg o .I!ne X (Figures 1B and 4) is |
ol't e

age l'eve gic "0"..  The outputs fron1the

\(/:\ﬁra(r:glb;sl ééi gn'gll"lBI S pr%ced%m at tgg %Eei??‘ns?%l glgj'“{eg)?'ggéec er- 14

logic "1" i s REQYULRA bRt addi&ibea the operation of the counters 3 to 6 when

»

10

15

20

25

they have counted a particular time - 10 minutes past 10, for
example. In this case the counts in the minute counters 3 and 4
will be "10" and "OQ", re,spect:l.v'ely, and the counts in the hour |
counters 5, 6 will be "2" and "4", respe'ctivel_.y.. The gate circuits
7 andl 8 .are ~opened for each "1'; s_:l.énal which periodically- occu_rS

in the Q, output of the flip-flop circuit 9 which is fed with

_ output from the frequency divider 2, whereby the minutes data in

the -counters 3, 41is aelected, and binary coded decimal values_' :
of "10" and "O" are produced in the outputs of the gate circuits

12, 13, respectively. A logic "1" 1s'produced at terminaLe 21 and

3
2 to 2 of the gate circuit 13. _ ':merefore, the voltage level
on the line b3 (Figures 1B and 4) is logic "1" and the voltage
level on line X is logic non,

'I'he outputs from the gate circuits 12 and 13 are converted '
by the decoders: 14, 15 respectively whereby logic "1" is produced

at the ternu.nal "l0" of decoder 14 and logic "1" is produced at the

The vol tages Vs-c represent vol tage val ues between

ow

he

ely.
15

n Oll
A

CUIt
ogi c
gate .

and

2”7 of the gate circuit 12, and a logic "O" is produced at terminals



m nal "0" of the decoder 15. Referring now to F| gure 4, si nce -t he | evel
n/line X'is logic "1", the output of the gate circuit 45 is al so Ioglc
1", and hencethe out put of the gate circuit 47 is logic "1", the switching

"CII‘CUI'[ 57 is turned ON, and voltage 5 - produced at the te_rrri nal [err] is-
applied to the segnment electrode termnal [err. The outputs of the other &/
gate circuits, i.e., the outputs oi the gate circuits 38, 41, 44, -50 are
~all logic "0" and hence the switch }‘lg circuits 52, 54, 56 --- 60 are turned
- ON, and voltage produced at the terminal [err] is applied to the termnals
10 - [err] Sgfat Monvoh (igCabbitl . | §EALITh Ay bb Aloybloy Igcader 15 i
“logic "1", e swtching circuit 66 of |gureg|sturn voltage
- produced atydNget i BhNineCx 1S 13aRL166,t Snd %tgamenu% %&téﬁ‘i— £ g nal
Q. Al so, si nece t he I;‘JVJV‘IetChI ng%(%?')rcwts 69, - - a‘:glg turnegi

-vol tage prodiiaeso alo B.EG"JI"%VHM‘QJenQ& the SREMtCOE the St& QIPRR € 49Cid ode -
termnals g2 to gb. SI nce the [err] output of the flip-flop circuit 9

(Figure 1) idgibowitg ife .svwikenimyelr&iitt b? xuitpitied ey &l vbBEage Of the gate -
circuit 29 becones logic "1". Therefore, as will be seen from 20 t he
conmors vol tmﬂueem[altytne rueuminathostm\a@pued:tguﬂﬁe Beatisht\Bl&dtriode
constructed in the same manner as the conmmon voltage supply circuit 18b,
vol t age pr othrmésalte, e Ther aut@itsGAf itheapiiieredate clreuitanmbieal ebér ode
‘terminal [err], and voltage produced at the termnal [err] is applied to
the comon itputs m?etb%rmwérqvit%omﬁﬂeauu =-==50 axe #lL| logicse@h, from

. the voltage relati ons shown by the
_ and hence the switching circuits 52, 54, 56 === 60 are turned ON,

and voltage produced at the terminal Si is applied to the terminals
10 e to L and to e, |
| Since the 'volteg'e level at terminal jo ©f the decoder 15 is
locic_uln, the switching circuit 66 of Figure 5 is turned O_N,.and
%roltage produced at the teminel R .is applied to'th‘e ‘common
electrode teminal gl Also, since the switching circuits 69,~==71
15  are turned oN, voltage produced at the teminal c, is ‘applied to |
the common electrode terminals gy to gs.
~ Since the Qi output of the flip-flop circuit 9 (Figure 1)
"is logic "1", the level at the output terminal y, of the ‘gate
| circuit 29 becomes logic "1". Therefore , as will be seen from
20 the con':_'mou'voltage supply.' circuit 18a .shown in Figure 5 and which
| is constructea in the saiﬁ_e manner .as_ the common. voltage supply
circuit 18b, voltage produced at the terminal C, is applied to
the 'comm'on electrode terminal kl .and voltage produced at the

" terminal ¢, is applied to the common electrode terminals ké to k..

25 - It will be seen, from the volté.'ge 'relations', shown by the



- 12 - taple in Figure 6, that a display will appear between a segnent /
el ectrode connected to the termnal -[err] and a common el ectrode connected{
to the termnals [err] and [err]. The hours data in the counters 5, 6 is
sel ected at each periodic devel opnment of a logic 5 "1" signal in the Q
(Srf)ut of the flip-flop circuit 9 (Figure 1) so that a logic "1" signal is
produced at a "2" termnal of the deed®r 14 and a logic "1" signal is
pr@ﬂuced at a "4" termnal of the decoder 15. Since the level at the [err]
termnal of the gate circuit 13 is logic "O', the voltage level on the |ine
X i's |ogic 10 table"imFdgute 6, sthathe dispdax widl| appear' bétwethea megpent of t he
gate circuit 42 (Figure 4) is logic "1", so that t he output of the gate
citcuit 44 is qlsgwdelwmtpﬂet%mmﬁmgnﬂ e yi b8 Fepmon; AterteRigo t hat
vol t age produced at the terninal [err] is applied to the term nal e3.
Vol t age . produ(9L9t‘,!“%‘f‘=ﬂ"h‘é° fehe texpizals ki apd|9,i-s PR bewrs daseHia the:
termnals. Further, 3 e the |level at term nal of the decoder_15 is

ee

I Qgi c I 1 vol t SFEHRR R s sﬂ%“ﬁélr?ﬁ faFh Gfr'r"gdjaflbﬁPd nt R pelogifal g5,
farm nal & Ler i el 4 e B Teets o Phe APl il § lmglre )

circuit 9is I {:ﬁa% he.,QJ,rtsq_ §10f t ﬁ&%&e crrgg;,ttsez%g? 3..are aI.I
uc

"0', and. voltage pro Cat the ernin err] 1s applte eﬂferm nal s

[&rr]. Thus, W SRANEOL, A4
connected to ﬁ%go?éerrnhn i ?e % an 8 Séiékhquogfg%trogggconhe?{' ¥ 25
the ternminal [#f the deSolel 180 @¥nce the level at the 2° terminal of the gate

circuit 13 is logic "O", ._the voltage level on the line X is logic

10  "O" and that at the line X is logic "1".
The output of the gate circuit 42 (Figure 4) is logic "1%,

so that the output of the gate circuit 44 is logic "1" and the |

switching circuit 55 is turned ON so that voltage produced at the

- terminal S, is applied to the terminal 33.". Voltage preduced at the
15  terminal S, |
level at terminal 3, of'tt_le decoder 15 is logic "1", voltage

is applied to other "e" terminals. Further, since the

.'produced at the terminal C, is applied to the terminal 95; and
voltage produced at the te;;-mixiai c, is applied to other "g"
- terminals 9, to §4. . Moreover since the Q‘i output of the flj.p—flop
.20 - circuit 9 is logic "O", the outputs of the gate circuits 29 to '33
| are all ""(_J", and .voltage p'roduc_eci at the terminal < is applied to
the terminals k, to k. ' |
. ‘@ | | ' Thus, the diéplay portion consisting of a segment electrode

connected to the terminal e3 -and a’ common electi'ode connected to

E 25 .the terminal Igr is turned ON.



R N 13 - Figure 7 shows the di spl'ay' gi ven as above described and consisting
B two radial display lines (indicated by black radial |ines) one of which

ghul at es an hour hand and the other of which sinulates a m nute hand,

obugh the display is, of course optical 5 and there are no actual
mechani cal hands. In line with the descriptions of operation given
her ei nbefore, the tine displ ay'e'dl?n" Figure 7 is ten mnutes past ten.
Figure.8 (which is shown in two parts, Figures 8A and 8B) illustrates an
“enmbodnent

Gl ven by a 11 moptiBmEe.] (et e RAAREy FIE of oS MetEs s ccond

hands. Referri

deci mal coucr?f‘gﬁg%fr?% glE ] Cfﬁg@glfgé%g’ug{}gﬁ;?g?&%é%iq’;[’(gg?%g‘e%éé% lg @

digits; 77 3udey&re®BE AL 4 %géé'\éﬁ' Hodk %Sﬁ%{%h@?é‘%ﬁéﬁé&aﬁﬁfﬁg a

di vi de- by-si X counter for counti

the mnute

represent rsReolde’ |l MirdhtdCrid® chéUh the Hidpfay! 1K, 5e %uéég,ggsz iy ©f for

counting hour digits. These three counters produce binary co

out putss. BlG@keildre 8B GRFBESuA AHOKIEAICER han@d Dt & 1B O tB%Hes @ tim ng

pul se generator 82 successively 20 "producing pulses at term nals[err]

response t @esbiiptiocns | & opbtatilichNgivencHetuithefibrd , dehe 2igei dup1ayed IR

crystal controlled. oscillator 1. Gate circuits 83 to 88 having an AND
| ogi ¢ functiigorarz isotén aiheeksbpagti/tens t hat are successively fed to the

terminals [err]. The outputs of gate circuits 89 and 90, which have an 25

OR | ogi ¢ functi dfigure -8 elhich dscebimms 18 1twmn padts ,Rigkresofkemid 8RR

10

15

20

25

'producing pulses at terminals P

illus:trates an embodiment in which the opt_ic';al display given

simulates that which is given by a timepiece with three_ hands, namely

hour, minute and second hands.

| Referring to Figure 8 hlocks 75 and 76 represent respectively
a decimal counter and a divide-by-six countgr'fdr counting the
seconds digits; 77 and 78 represent respectively a ‘decimal counter
and a divide~by-six counter for counting the minui:e dig:l.t_si and
79 and 80 represent respectively a ‘decimal counter and a divide-by- |
six counter for counting hour digits. These three counters'prcduce
binary coded decimal outputs. Block 81 represents a duodecimal
counter. Biock 82 is a timing pulse generator 82 successively
1l
from the frequency divider 2 driven by the crystal controlled.
oscillator 1. Gate circuii:s 83 to 88 having an AND logic function
are controlled by pulseé that are successively fed to the terminals

P, to 23. The outputs. of gate circuits 89 and 90, which have an

1l

. OR logic function are fed to decoders 91 and 92 which convert the

ci nmal

to Py in response to:output pulses -

in



-14- output codes. Block 93 represents an out put conversion circuit for

changi ng the order of the outputs of the decoder 91 responsive to output
fromthe gate circuit 90. Block 94 represents a segment voltage supply

Circuit the construction of which will be described 5 in sonme detail
Iafér Bl ock 95 represents a common Xoltage supply circuit for selecting
vol tages to be applied to the commo?eT ect rodes of a liquid crystal display
~deyj;,ce which will be described later. Block 96 is a flip-flop circuit, and

Vol tages 0,  [OVARCati fiock PR REeS Bubed QUUEERI ERRIHT
same ref er enCegy Gl Bhe TadEx RG¥ tthe ' b tEhgé”o%Stﬁe%ggﬁ 19ﬁ£§p%n319é‘d 10

illustrate respectively the segnment elect e system € "conmnon

el ectrode sys{®PutBle Grohhthdligabs e 8. 1EBJ.ocku§43‘1' bPeéA?;%sem ggt of

Figure 8, and the way in which the i ndi vi dual el ectrodes are conn ted As
Wil be seen $g1RAYE SipptyScireie MeCcbitstradtfin SLOMAML #11C bE o8R8 Whi ch
are wired in a manner generally simlar to that shown in Figure 2 wth the
excepti of, howwe\seme ddralilnidtegure 9, the nunber of segnent el ectrodes 20
in,any one group is 10 instead of 12. Figure 10 shows the common el ectrode

system |t consi SBIodk 95 miprebants anesmmehcesItadessukdDe ervdubt sow | ar out er

el ectrodes | OCb arranged and shaped as shown, there being a pair of common
elwectrodes | Geeletbligy wodtagmnth e a@pplissis ito etii) comume el ectredes asiba when t he
25 di splay device is in assenbled. condition with the conmon el ectrode

liquid crystal display device which will be described later.

"Block 96 is a flip-flop circuit; and 97 is a voltage selector :
lo which pei:iodically produces predetermined voltages O, Vor 2v° and

3v at the terminals so, Sl. co and °1' 98 is an invert_er._

The same references denote the sane. parts _:I.n Fignres 1 and 8.

. Figures 9 and 10 illustrate respectively the s_egment_ electrode

system 99 and the common electrode .system 100. of the display-_._device
15 used :Ln the embodiment of Figure 8, and the way in 'whicn the

individual electrodes are commected. As will be seen £rom Figure 9

there are 60 radial segment electrodes 992 v_:hich. are wired in a '

manney .generally'simi]..ar to that shown in Fignre .2 with the |

exception, however,- that,j.n _Figm.;e 9, the number of segment electrodes
20 _ in any one group is 10 :l_.nsteed of 12.: |

Figure 10 shows the common electrcde sYstem._ It consists of

6 similar :!_.nner electrodes'loo_a_ and 6 similet' outen electrodes 100_1_)_ '

3 ar;'anged' and shaped as shown, there 5eing a pai:r._' o_f common electrodes
| | 100a, 100b underneath and opposite 10 segment e?.ectrodes when the

25 display device is in assembled. condition with the common electrode

-8



ySstem underneath the segnent el ectrode systemw th a.layer of I-iquid

ystal between the two systens in a seal ed housing through which the

splay can be seen. Figure 11 shows in sone detail the output conversion
Arcuit 5 93 and the segnent voltage supply circuit 94. In Figure 11 1Q&J
to 110 are AND gate circuits 111 to 115 are OR gate circuits; 116 to 125
are switching circuits which_ qu be like those in Figure I|; and 126 to 130
are inverters. Figure 12 is a di agram show ng in.sone detail the vol t.age rQJ
selector 97. In Figure 12 131 to 138 are switching circuits, and 139 is an

inverter. KieQuhGnbdrhéath Ehéd, egnaﬁb@ﬂeaarda& SPERnei@] la 18pecEEMDN VOl tage
suppl y cir%%it 95. In Figure 13 140 to 145 are. AND gatg circuits; 146 to

155 are swijlgaid NEryatil Welthedd)ithl Ry spSteisenld seala@aﬁuhmfltaﬂmﬂ and’

156 to 160 are inverters. Making the same assunption as was made i n the
‘descri pti oghieh tHee apspMiyogah Ybedgeai bed enbodi nent as regards the el ectrode
vol tage differences required between a segnent. el ectrode and a conmon

el ectrode to deriyurentl whewscin some sjeltail ithegowtputoconweirsitheifuit vol t ages
whi ch may be applied to the segnent el ectrodes and the common el ectrodes

are (8 [er93 and thef segneng voltaggusupply, clrcuito94.agdn Figureplll 10 too ¢

- terminals 11, 14, a voltage [err] is applied to ternminals [err] a voltage.

2vo is appHlicedre dNDegatienglrcyidiss] HHddta 147 engORgate wizppltssd to terninal s

[err]. Alogic 25 - "1" signal is periodically produced at the tern1na| Pl«
of the timMi§gto 125 are switching circuits which may be like those in

Figure 1; and 126 to 130 are inverters.
Figure 12 is a dia.gram showing in soule det_ail tl;xe -voltage
10  selector 97. In rigure 12 131 to 138 are switching circuits, and
139 is an inverter. |

Figure 13 is a’ diagram showing in some detail the common
voltage supply: circuit 95. In Figure 13 140 to 145 are AND gate
circuits; 146 to 155 are switching circuits which may' be like

15 those in Figure 1; and 156 to 160 are inverters. .

Making the same assumption as was made in"the description of
the previously described embodiment as regards the electrode veltage
differeucee required between a segment electrode and e cemon

' electrode to determine whether e disp'laf 'is giveu or not,. the

20 voltages which may be applied to the segment electredes and the

i

common electrodes are O,'_ Vor 2v° and 3vo. léferring to Figqure 12,
a volté_ge 0 is applied to 'terminals 11, 143 a voltage v' is ..

epplied to terminals 12"
end a voltage '3vo is applied to .teminals lo, 15. a logic

_17 ; a voltage 2v is applied to terminals

25 "1" signal is periodically preduced at the terminal Py of the timing .



--16 puI se generator 82 (Figure BA) . and | ogi cs " 1" and "0" are alternatg
produced at the Q output of the f||p flop circuit 96. Therefore, voltaggs
and [err} are alternately produced at the termnal [err] voltages [err]
-[err] are alternately produced at 5 the termnal [err] voltages 0 and
[®¥r] are alternately produced at the terminal [err] and voltages [err]
are alternately produced at the=t& mnal [err]. These voltage relations are
ngvvn by the table in Figure 14 which is of the sane nature ‘as the table in

Figure 6. As will be seen fro ure 14, when vqlft, JaLe applied 10 to
the terninal PUEF FEOETRR gé {?ﬁ&f‘g 831 anq, flogfies glls i's ¥frped on. The

hat pr ovi oudnySeRESTE Prebuast Ay B'a) 0 ot B G LT ?f‘?%ﬁﬂ%ﬁ"é&ﬁf rent
the 11 CROSEE, LAk eoXilil L;C@w;ggbew‘gdaﬁgr?&ayeg{@ﬁés dioghe 0 mnutes

5 seconds, i.e en the counters ave counted a tine

of 5 seconds%gﬂ 50 Myl Eg%egagt i 9 cI&gkaltéﬁa{:%fpgg&@cédhgtcount in

t he counter - 5"° t hat coQnt er I n counter 77

is"0", tghat gy, %%1758 | Syoi¥aghd'd) ah@ HPURLE a1terhstel 9 Afhcbiae in 20

counter 80 is "5" pulses are periodi caldy produced a he termnal P

~of the tini ngnaUka@isRNes 3t Sia F1ELIEILE 3AS, vi hereSeTaaas Ll Wipksawac
circuits 83, 86 are opené’d so that the Qecondg data in the counter 75 is

fed to the gatetwd tewninaloc, and'hhbe @eﬁa@&i&edatﬁnsnaf&ehswmyeth% is fed
to the gate circuit 80. 2 =
. table in Figure 14 which is of the same nature as. the table :I.n

Figure 6. As will be seen from Figure 14,-when voltages are applied
10 to the terminals S, and C,, 2 corresponding part of the.dispiay is
coened om.
The 6peration of the embodiment will now be deseribed in
- a manner simiiar to that pmévibﬁsly adopted to describe the operation
of the first émbodiment, the iime chosen for exemplification being, |
15 hoﬁever, 10 hours O minutes 5 seconds, i.e; ‘when the counters
75 to 80 of Figure 10 have counted a time of 5 seconds past' zero
minute past 10 o'clock. In this case the count in thg countexr
75 is_“S“ that in counter 76 is "o" that in counter 77 is"O"; that
in counter 78 is "O"; that in counter 79 is "O"; and that in -
20 | eounter 80 is "5". As pulses axe.pexiodically produced at the
terminal Pi'of the timing pulse_éenerator_BZ (Figure 8a), the
seconds digits gate circuits 83, 86 are opened, so that the secoﬁds

data in the counter 75 is fed to the gate circuit 89, and the

_.
Yk

' seconds data in the cbunter 76 'is fed to the gate circuit 80.

25 Accordihgly, a logic "1" is produced at the terminals of 2o and 22



~(Figure 8B)

Accordingly the switching circuits 117, --119, 123,

“[err] 10

(Figure 13).
the timng

there is logic

“therefore t
t he svg tchi
appears at
ot her term
display is
termnals [
t erm nal

10

15

20

Further, since no puls

91 is logic "1".

- Accordr ngly, a logic wqe S produced at the termnals of [err]
of/ the gate circuit 89, and a logic."0"
e r] .of the gate circuit 90. Consequently the voltage | evel
is logic "1", the level on the line his logic 0",
~the terminal x5 of the decoder 5
.11, since the gate circuits 105 antl7 213 produce out puts of
. voltage produced at the termnals [err]

Referring to Figure

|l ogic "1",

appears at the term nal [err] )

--125 are turned ON and

t he vol't ageofathe fgateceinavdt &), apdm dogted'@t i producedtaltethd e” terninal s

: and [err]. Aylogig "1" i's produced at the term nal
‘decoder 92 teymingks VSIZag!e At afhshe Wn@r@ta?%eaﬁsn%ﬂquﬁhﬂx &hei nal

S present at . the term nal

, - 17-
I's produced at the termnals of
on the line h
and that at

W/

A

[err] of!the .

yotage Jevel a‘t’br‘-hszu("ﬂ Bu?’é%ﬁ& 8B} nigtYRghconot us thdevey aan 15

2 %%%%n Ft %&%“app‘rfzqagt

0!&: heI éelql P%Qeq%ezg__&gp”rrla#slorc

"1", and

[err]
err] of

FFEnthe dREdsYi ngl Y,

a8 deahe oty oFPEe e O?ia?r”%’ (43R e e %ﬁa#%d o the

%I’ n ?I%dgg a n

e

&? flnd¥ex EubE i c tmﬁrg .
t he trﬁt ng %ﬁgs%éggﬁgé at oriﬁi?»%cé g%&&ﬁ%ﬁ%ﬁ%ﬁiﬁ

circuits 117, --=119, 123, _---125 are turned ON and the voltage at

the terminal: sl

and e, to -elo._

is produced at each of other "e" terminals e

toe

1 S

A logic "1" is produced at the terminal y, of the.decoder 92

so that voltage at the terminal C, appears at the terminal ky

(Figure 13). Further, since no pulse is 'pi'esent at the terminal P
of the timing pul'se generator 82 (Figure 8A), in other words the level |

there is logic "O", the level at the terminal F.

3

is logic

3

"1", and

.the:_:efore the gate circuits 140 to 145 (Figure 13) are cpened.

Accordingly, the switching circuit 146 is turned ON, and voltage é.t:

the terminal cb appears at the terminal gy Voltage at the terminal Cl :

is applied to the other terminals k2 to kG

amﬂ_g2 to gs.

As a result,

the appropriate part of the display is turned on by voltage applied -

to't'h_e terminal e. and the terminals gll' and k

6 nd ky.
Next, when pulses are periodically generated at the terminal

P, of the timing pulse generator 82, ‘'gate circuits 84, 87 of

25

Figure 8B are opened to permit the 'ﬁass'age'of the data "O" in

the counters 77, 78 re'spectively. Therefore, ‘the level at the

terminal x, of the decoder 91 becomes logic "1";

that at

B



2 Figure 8B are opened to permt the passage of the data "0" in 25 t he @
counters 77, 78 respectively. Therefore, the level at the termninal xO of ‘

" the decoter 91 becohes logic "1"; that at the termnal [err] of the
‘decoder 92 becones logic "1"1 the level at his logic "I", and the |evel at
- h\% |l ogic "0". Therefore, the gat_elgilcuit 111 of Figure 11 produces a
logic "1" output, the switching circCuit 116 is turned ON, and 5 vol t age
at_the ternminal SO appears at termnal [err]. Voltage at the terminal [err] .

‘appears at th "]" ot erdnipal ] Eg&“ﬂ I age pyodu he

term nal .'[err%é()tstggﬁﬂagu?’@%ﬁ}ﬂ?s&g%gﬁe% to-t\ég %%%% niél 5 f’ggr ,e%md
vol t age produgedr 3k icfb"ict e{v] Nghg [19lel ledel 8PA 1801dJ2ct RGOt her term nals g2
to g6-and k to k 10 and a portion of the=display corresponding to the

termnal e, and te'mg&bse{ he] gate LAt oM JRUFPSRSeMIL Glrodhsed @l | 0dical |y
~generated at the termnal [err] of the timng pulse generator 82 cause the
gate circuitsidgic D" (dukgut £ t88) switchendpepedit 306 tiztumddolis dndom t he
counters 79, 80 15 respectively are allowed to pass through these gate
circui tss Thisolkagsest thettagminal t52)6a§p§afsnﬁt teehiral b@. barcapsde @d to t he
termnal e of the segnent voltage supply circuit 94. Voltage 10 at the
term nal [.errthe texrmigwli 84 dppeabh® atcthe rthef dle”] texafinhhe \ MOl t age
supply circuit 95, and voltage at the termnal [err] is 2 ap&ied to the
other terminals [e¥h§ voltugs pyodudedeat sther bexmingl £, Agee i(RMigusetiddts of the

gate circuits 140 to 145 of Figure 15 :
o is applied to the terminals 9y kl' and voltage produced at the

1 2
1o and a portion of the display corresponding to the terminal e, and

terminal C, is applied to the other terminals g, to 9 and k., to kG'

terminals gy kl is turned on.

'Ptilses which are periodically generated at the terminal P3
of the timing pulse geherator 82 cause the gate circuits 85, 88

(Fiéﬁre_ 8B) to be opened, so that outputs from the counters 79, 80
15 respectively are allowed to pass througl:} tﬁese gate 'circﬁits; .
This cat_lses. voltage at the terminal §, to be .applie.d to the o
terminal_ %0 of the segment voltage supély circuit 94, Voltage
at the terminal C, is applied to the terminal k of the common
voltage supply circuit 95, and voltage ai: the terminal C, is

20 applied to the cther terminals k, to ks. - When a pulse is produced

1

at P, the outputs of the gate cj;rcuits 140 to 145 of Figure 15

3!
are all logic "O" and hence voltage produced at the terminal cl

Ry | is applied to the terminals 9y to 9ge cOnsequehtly a portion of -

the display corresponding with the terminals e,,. and k_ is tu:_:ned

10 6 _
25 - on. Figure 15.shows in manner similar to tha'_l:.adopted in Figure 7,



arayall logic "0" and hence vol tage pr.oduced at the terminal CL is applied
' rt‘}@Kth_e termnals [err]. Consequently a portion of the display.corresponding
wth the terminals [err] is turned 25 on. Figure 15 shows in manner

m lI'ar to that adopted in Figure 7, -19- the sinulated three hand )

" (simulated hour minute and second hand) di spl ay given for the above
exenplified tinme of 10 hours Q pgrautes 5 seconds. As wi || now be -
appreci ated the invention provides an optical 5 di splay sinmulating an '\.,

“hour and.m nute hand display (in the first embodi ment described herein) or
an hour, nithetsAmabatatehnce hand (Eimplated hout hinaee amd eedond REfd) descri bed
herein) by neans of an el ectro-optical display device having a segnent !

el ectrode fyspiay givkrn fop-thec abdve) gxemplified | tater ofi A2 hetesnoanihuteswhi ch
t he segnent 10 el ectrodes are divided into groups, segnment el ectrodes

| ocat ed at Spsexbades mi ned positions in each of the groups being common
connect ed toget her, -and pul ses being selectively supplied, in response to
ti me-di vi ded di &gl widl npwrheaeppreciated the inyantien Rrovides emsopticahe
di spl ay devi ce conprising segnent el ectrodes and.divided conmon 15
el ect Podes display %Wﬁ@ Rewh @pdopinutenhand SisRlay (& ther fiefthection to .-

the electrodes_in the segnent el ectrode system. s nuch reduced conpared

wi th what f heeedndsgF an heug: dingte And,geeendelan%k| iability,
ar ot o1 coRSERAIn LR (e otecoed pgeteRy: cRBTiied B Ry PEAVERI T 8 115
OPErating. AL GHLLLYes ML IPOUbAL ARG 2%EmRRE VAL U roduced
and a 'cp-o'perating common electrode system and in ﬁhich the segment
10 electrodes are divided into groups, segnient electrodes located at
piedetermined positibns in each of the groups being common connected
- together, and pulses being selectively suppliec_i,' :I._n. response to |
time-divided display information, to hand simulating porticns of
the display device cai:_:prising segment ele_ctrodeé and divided common
15 electrodes. In this way the number of tefminal_s reéuire_d for
connection to the electrcdesin the éegmeht electrode éyst is
much reduced ccmpéi:ed with what would othérwiée be necessary,
resuitimj in increased 'reliabiiity, increased ease of manu%acture;
reduced cost of manufactﬁre, and much greater -anvénience in
20  connecting the diéplay device itself to its 6p_e$:ating_ circuitry.
Other iméortant advantages. obtained are. much reducéd liability to
F',cross.talk.". (pi:oduction of visibie displays in wrong. positions
adjacent the correct otie#) increased speed of res;bonse and increased
stability over a. wide range of ambient"tempefature's. From the

25 viewpoint of the user, the display given is very convenient and



~

"crosstal k" (.production of visible displays in wong positions adjacent the
correct: ones) i ncreased speed of response and increased stability over a e
wi de range of anbient tenperatures. Fromthe 25 vi ewpoi nt of the user
-the display given is very conveni ent and -20- satisfactory, simulating
c%ﬁ%ely, as it does, the display given by ordinary nechanical watch hands
and enabling the tine to be read qU|%ku in a natural manner. Furthernore
t@g consunption of electrical power is |ow because the display device is
sem - 5 statlcally operated for each time information unit instead of

bei ng dynani cRHFEIFEFEr HWRACIRGFLORALY /SPRAS BPRS/5HE sHePhte FAPR of the
display is tuyrned_on for ac it of .ti ornmytion, the quantlty of
o ot Ui el el st fes%h asts a 3002t :
Imra]u g{g?nlegnconatda%%a IYV\Ltbh%stg gm%%%ty%{fﬁ% gﬁ% §5 |nf ormation -
may be -hi gh *do 0

'”gO”Ve”: g”“( gig@cﬁ eéﬁv&QI eié‘tlg é’&h&égé‘ne S%a ﬂ-t ée%‘ﬁired

-21- CL A I%@ %i ectronlc I'meprece ﬁ% % |ca y prOV|des a
tinme displa 0 iﬂgg ggg%

t: me- d: ?}i)l a))il ng &?]gﬂéd;%figﬁ&g%rarp@‘l?%g I'S F evi ce gaﬁvc% %5

being dynamically operated.

¥ - : In addition, since the appropriate part of the display is
turned on for each unit of time information, the quantity of

information which is simultaneously displayed at any instant is

10I maintained constant notwithstanding that the total quantity of -
' information may be high (for example .displaying time down to
. seconds) so _that inconveni‘e_ntly high preset operating voltage

- levels are not regquired.

Vg



segnent el ectrode system consi sting of a predetern ned-pl urﬂ_@_y 9
ON segment el ectrodes extending in different directi-ens—each” _
rresponding with the direction of extensian of the rdi nary -
tfmepiece in a different position of said hand mm%m g comon -~
el ectrode system consisting of a plurality of g n el ect rodes"“"
the el ectrodes in each group being 10 p03|t|oned vmth respect to the .
segnment el ectrodes to co-opergieewith a predeterm ned plurality of segnemv‘
el ectrodes; connections each connecting together two segment-electrodes in
pr edet er m ned positions, oreni ® each of a different plurality of segnent
el ectrodes co-operating wth a--respective group-of conmon el ectrodes; 15
means for generating tine informati on signals; selection neans for

sel ecting fir st kn%oe%nr% Iicnft%egi !gcgnécon%lgpmg esggvgﬂltl me and

second tinme Unlt on Si rven tine; neans for

gener ating_ g el itafing thie o RS o “offiREPdabepilaedu 11 er ent

vol t ages one of Whic |s ue 2 to produce a displ ay

if applied RehdeeEpPay3cE BiHasCARS WhlR RRErPsds0T@IAehE Hevee RRIngnot her

of which is of a value insufficient to produce such a display if so

applied; and s@milst &edtiédd e¢dstem $3héh=tehedd anprezBemined - pihirklstyng t he

gener.ated pul se signals to apply between the segnent el ectrode 25 _

syst @m and bheseRsH®o elekerddesdexisyndli fgn inpai Sferenht) niilrectimsveac r om the &

generated pul se signals and of sufficient . - 22 - value to produce a '

di spl ays t herzsspbedingr abtlerthat dredtidre cfhepension ofi thwdhand fsanf t he -

segnent el ectrodes and of the common '
ordinary timepiece in a different position of said hand and a-

'co—operating common electrode system consisting of a plurality of
groups of common electrodes, the electrodes in each group being

1o o positioned with respect to ﬁhe segment elect;odes to co—opeiate

| . with a predetermined plurality of segment electrodes; connections.

each connecting together two segment electrodes in predetermined
positions, one in each of a different plurality of segment
electrodes co—operating'with a-respective group of'cemmon electrodes;

15 -means for generating time information signals; selection means
for selecting first time unit information signals at a first
given time and second time unit information signals at a second
given time; means for generating a pluralityugf pulse signals -_f_
of i:redetennined different voltages one of whichisof a value

26 . sufficient to produce a display if applied between a segment __
electrode and a common electrode and another of which is of a Lo
value insufficient to produce such a display if so applied- and
meang, controlled by said selection means, for utilising the
generate& pulse signals to apply between the segment electrode

25 system and the cammon electrode systen, pulse signals

derived from the generated pulse signals and of sufficient



el-ectrodes being such that(at said given tine) theW ‘

simu ates that which woul d be produced: (in that ti di nary
ti mepirece with hands. 2.. Ati rrepi ece as cl ai ned g’ﬁlﬂ m
) Rr(ecal |y produces a tine display sinulating that giVverf ry

t "epi ece with hour and m nute hands and in which the segnent el ec’irode
system consi sts of 60 radial el ect 28des equal | y spaced round a circle, ‘and
tl;g comon el ectrode system consists of five simlar el ect rodes arranged in
an i nner rrng and surrounded % five simlar_electrodes arranged in an

outer ring, eRitegkdugrogree FPiaYa c  Phsy ¥BolR) AT ARgSRgTbransh EBe fkapes

Gl octrodes "o GutRiEaPuE 7. BAS hometl S Skedler Ak 2R g ot
crystal -displ evice. subst an s hérein desgcrib th reference to
Fi gures 2 andai\ls‘""g'ﬁﬁcli g‘ﬁ 588#&%&3%@ ?ﬂ \égeiﬁ\%
‘substantially. e C M d .
A timepiece a%lq%uggéreé §é Aelh{r%ngg %%@H‘;%%?r W‘Bﬁ%dﬁ%é%%‘%g& spl ay
simulating th le%ap pi ece with hour m nute and second
hands and in I CEX seg dﬂesystem consists of six simlar
~electrodes argangeg éﬁesﬂewasrcimaaamcimquuﬁf&. Rprtany Phdddbes

el ectrodes’ arranged In an outer ring, each group of common eIectrodes

consi sting of 3 Gifel @PLaP! HGh SR Eﬁa@@&v@ﬂtﬁf aft| Sdinaes ﬁiﬁeﬁ%ea%iﬁg W th
ten of - 23 - the segnent el ectrodes . A tinmepiece as clained in

claim4 and MmtrNgnd nlinGté thands and in which the segment electrode system

"~ consists Qf 60 radial e;ectrodes equally spaced round a circle,

- and the common elecfrode system censits ‘of five éimilar electrodes
ar:;anged in an inner ring and surreunded by f:l.ve similar eleetrodes
arranged in an outer ring, _each -gro'r:p of ‘common electfr:odeg _ |

| consisting' of one ihne# elecfréc_ie and one outer electrode co-;

| operating with twelvre of the segxlrent_ electrodeé.. - %
3. -. A timepiece as claimed in. claim 2 and havin§ e liqﬁid cry;stall'
display device substaﬁtially as herein described with-'reference- to
Figures 2 and 3 and driven by an electronic circuit arrangement
substantially as herein described with reference to Figure 1 (A and B).
4, A timepiece .as claimed in claim 1 which optically produces
a time display simulating that given by an ordinary timepiece
with hour minute and second hands and in which the segment electrode
system consists of six: similar electrodes arranged in an inner

. ﬁ E - ring and surroﬁﬁded by six ‘similar electrodes arrénged in an

outer ring, eech group of common electrodes consisting of one

inner electrode and one cuter electrode co-opeiating with ten of



xstal di splay device substantially as herei,n described with reference to
;s@re 9 and 10 and driven by an electronic 5 clrcuit arrangetrent
ubgtantially as herein described with reference to Figure 8 (A and B). 6.

\n“el ectronic timepiece conprising an optical displa iﬂ wuﬂ ﬂulﬂuﬂ :
nurber of separate display elenents in the shape of (8RR Y lhsking o
- el ectrodes conprised of a nunber -of 10 segnent el ectrodes I nthe shape _.
of hands arranged to extend radialljs froma point, and common el ectrodes ‘k}h
-formed in at least two concentric rings and divided into sector-1|ike

el ectrodes each of which is:of the sane arcuate extent and opposes a:group

~of the segment el ectrodes, neans conprised of circuit paths 15 for
connecting together a correspondi ng segnent el ectrode in each of the groups

wi t hout crossi nfh%ReTEeRf FLECEEO98Sti quid crystal ‘display nmaterial between

“the segnent el ectrodes and the common el ectrodes; tine counting. reans
“receptive of cl gck pul dodipspissenas Aedged o ﬁ&%ﬂn@%&ﬁ&g Pept®dEnt i ng

at least mnutes 2Q . and ‘hours: a_.timn, ul se_generator fo eratin
timng pul ses; 5”?3?&6?%%?3&&%&'&% ?’ﬁ”@&ﬁ?‘?’g’&gﬁfaﬁ Pﬁf?@.gﬁ??‘é&’eﬁao ausi ng_g o
each tinme unit of_the tine_count out t e.in nchronisation with the -
tim ngI pul :e_ls; ff?fsetteﬂ%%tlntso Fg?‘yr e(?ou ‘?3350 5 %f%l‘lé §¥ é e‘lfifﬁ?éxlj'ﬁni ¥VI of the ?

~time- count - out py r&?ﬂe@aﬁ%ﬁéﬁé 9&%%35%%1% agiﬂe"rghﬁ ée%c?i:eq[ wié{:lgi cal

val ues f sel eCting a se ~conne espondi ng segnen ctrodes; =

second means fop.#leendi NG 1 ogd(zpla?‘geBp_f each tine -24- unit of the
' S : :

ti me-count - out put generated Dy the selection : _
6. An electronic timepiece comprising an optical display

.device having:é ﬁumber of sgparate display elements in the shaée
of hands and'iﬁcluding.electrodés cémprised of a number of
io - segmént elect;odes in the.shape of hands arranged to extend
iadialiy from a point, and common electroaes formed in:at least
two concentric rings and éividea iﬁto sector-like.electrodg§
each of which is of the same arcuate exten# and opposes a group
of the segment eléétrodgs, means compﬁised of circuit paths
15 for connectiqé-together_a corresponding segment electrode in each
of the'groups:without croséing one ancther, and ligquid crysfal
_displa& matérial between the ségmenﬁ électrodes'and the |
common eieétrodesg time countiﬁg means regeptive of clock pulses
. for generating.a time-count outpuf.represénting at leasﬁ minutes

20 ° - and hours; a_timing pulse generator for genérating timing pulses;.

Y

a seleétion cir¢qit receptive of tiﬁing pulses for ;ausing each . a
time unit of the time count output to be in synchronisation with .
the timing gulses;first means for decodiné one place of each time
unit of the.fimg-count-output generated by the selectién circuit to.
25 logical values for selecting a set oflconnected corresponding ségment

electrodes; second means for decoding a second place of each time



circuit to |ogical val ues for sel ecting a sector-like electrode a co

vol tage ‘supply €ircuit for applying a pul sed M »
i nst ant aneous val ue*desi gnat ed -5 by the ach ' -
&%or-l i ke el ectrode; and a segment voltage s mﬁg@ ﬂ“j\ applying a
put=Sed voltage havi ng such an instantaneous val ue creLa he pul sed

vol tage applied to the sector-like el ectrodes that the display elements are.
sglgctively turned ON and OFF when 4rd 10 di fferept pul sed voltages

are applied to the sector-like el ectrodes. 7. An el ectronic tinmepiece
conprisi-ng an optical display device having a nunber of separate display

el enents in 'the shapt of thentimeapndurtrohitplithgendraded dije the aedectsient of a

nunber of .15 RN f nged to

extend radially frcg'?n a- p%ﬁni%%ggqg%%%gnﬁ%egg{%gng @g@ng% ?#%t | east two
concentric rings ®igctifodeded dommen wedtage |supplye|cdeevidd &or aapphyirg which i s

of the sanme arcuatge ﬁﬁéﬁ‘%f%eoﬂ%ﬁsaﬂ ﬂs@&x@tﬁ%oﬁ@@ﬁﬂé Rlegidades, neans
20 conpri sed o? clrcuit_paths for connecti r}gkto et her_a correspondi ng

segnent el ettrode Bnta@ecsrd t’q?énﬁr*tﬁjﬁé"l\‘/\nsﬁﬁ‘éﬁ‘f‘ eREredies antbanhesImenfid

liquid crystal di saratteagér&tzgﬂ;alcib&imear téi@l?ﬁiﬁ’mnﬁuﬁeanlQii@S 1aRdng he -
nmeans_receptive of ul ses

connnn el ectrodes

far generating a tsi“ﬁ% i’bg‘ﬂ BPUS IpLR &Sty eatel ‘iﬁrﬁeﬁui’%]é:aagd hour s;
a%#tining pul se gerpphtet tbotheg @etamt-1 ke telm:ﬁg:qml Sl thesii]splsiy on circuit
receptive of tim uIs for BACH 4t

t i me- count - out put %geg I N es r%%ronl zgt éﬁg”&ﬁp %? | m ng pul ses;
first neangux(n- d@u@thxq;top@lsed voltages are applled to the sector-like
electrodes.

7. ' ‘An electron;c timepiece comprising an optical display
' device having a number of separate display elements in the shape
“of hands and including electrodes cqmprised of a number of
15 segment electrodes in the shape of hands arranged to.extend
' radially from a point, and common electrodes formed in at
least two concentric rings and divided into”sector-like
electrodes each of which is of the same arcuate extent
and opposes a group of segment'electrodes, means
20 comprised of circuit paths for connecting together a
corresponding segment electrode in each of the groups
without crossing one another, and liquid crystal display
material between the segment electrodes and the
common eleétredes; time counting_meahs receptive of clock
25 pulses for gene:ating a time-count-output representing
' at least minutes and hours; a timing pulse generator
for generating timing pulses; a selection circuit receptive
of timing pulses for causing each time unit of the
! : time-count-ocutput to be in synchronization with
| .30 the timing pulses;.first means for deccding one
' place of each time unit of the'time-couht-output generated
by the'selection circuit to logical values for selecting a



bta of each time unit of the tine-count-output generated by the,sél gctioh '
'g Wit to | ogi cal values for selecting a -25- set of connecfed:

' doi gspondi ng segnent el ectrodes; second neans for decoding—a second pl ace
‘Or—€ach time unit of the time-count-output generat th l'ection -
circuit to logical values for selecting a s r-1ik @@e;. ‘a segment ‘e’
e

vol tage supply circuit for applying selectivel. w rr] to the
respective segnment el ectrodes in accor @dgnee WI\ outtput fromthe -secon_du
means; and a comon vol tage supply circuit for+applying selectively the
voltages [err] to-the respective sector-like el ectrodes, the whole

arrangenent lseitngf suenhettrst cohayapondingesegmintaélectappés ;cdsécond seapsl fyr

el enent to be turned ON a voltage [err]at a maxi mum bet ween each segment

el ect r ode andlecading @csegonid hlace ofteasiictimed unbt oflithe | tipe e¢mmbnoutipytbe
turned OFF thére is periodically applied a voltage[err] at a maxi num

bet ween each 988§ by cieher seteqidan ceigiube diophogided walues: fepe sedecting a

El ectronic tinepieces substantially as herein described with reference to

t he acconpanyieRECENdKe Yectrage s o Rt Segmeph vaditags fSUPRLY (i XRakt fosmpplying
reproduced by phot.ocqpyi.ng the applicantg origipal typescript., It ma

contain a feWeaf® tE"‘WET‘Fq&FeQdi‘fd'i be[a"go3’f®§8.8‘e 'Fﬁég"tﬁtiiﬁ? rBggment f :
ypescripl optbaLilAl LISRS AERI RS VoGt BRECLEY QLA BT 358 Oy

t he Pat ent
'~ a common voltage supply circuit for applying selectively the woltages
0, Vor 2vo and 3vo to the respective séctor-iike elecitrodes, the whole
'arra_ngement being such that there is periocdically applied to a display

element to be turned ON a voltage at a maximum between each

: 3v°

segment electrode and each sector-like electrode and to a display

element to be _turneé OFF there is periodically appiied a voltage VO]
at a maximum between each segment electrode and each sector-like '
electrode.
8. Electronic timeéieces substantialiy as herein described
with reference to the accompanying drawings.

e text of. the specification "has been reprodaced by photocopying the spplivents original

typescript. It may contain a few amendments which are difficult 1_:0 read., The original
o __tt:yygescript containing these amendments may be inspected on the premises of the Patent Office
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