2052810 "AN ELECTRONI C TI MEPI ECE" Thi's invention relates to electronic

ti i eces. Electronic wist watches are known in which a liquid crystal

diespl ay devi ce produces an anal og--tine display sinulating that 5 '
pr\o’,duced by the hands of a nechanical watch. |In such wist watches, a ‘

graduated tine scale is fornmed by printing separately fromthe Iu@ﬁ)‘;
crystal display device, so that the position of the "hands" inzr ao

the tine scale appears to differ-depending upon the direction of angle of ’
observation due to the influence of the thick- 10 ness of the display
device and parallax effects. |In addition, a considerable amunt of | abour

i s necessary to adjust ("M@ BISCIRONIC BEMERIEGETng of the tine scale in

relation to the positions of the "hands"..-According to one aspect of the
present inventi onThheraveatignoyelriesako ctlestrendicc timapigrese conprising: a

di spl ay device 15 conprising a plurality of segnent el ectrodes having

el ongat e secti onsEWMFERLF FEiSEVRSher xe Sardt dp) yhich g Jiguid, pxxptal

lurality of _co n_electrodes of sector-like shape arrapged in, three
concent i rAHRRLSS] SEYA6E PTRAICAR; ¥1 SAPLTE S10R USPLoY 4PRLSHRgCEPe bei ng

d ] d ' f f
Spaced 4Lom AN RS M R B SRS BT B SRSt g

el ectrodes 28 &r ay elenent

circut paths SODIGEL] Mnt UISPI0 L0015 Rlndile SHANSOLPlCHIGHES |1

each. of the groups of segnent el ectrodes, m-di sposed between

the segnent ¢lagly adesa3Ngi 418y CAITIRE, CLEThELUSS pbhif 189he6E tdemiilids® Of

the outer one of the three conCentric rings of electrode 25 units having

ra_di all'y projgctd1agiéh GoCtRe RAME Ss&1CaEhedrs' €9 di%ker depending upon the
direction-of angle of observation due to the influence of the thick-

10 " ness of the display device and parallax effects. In addition, a
considerable amount of labour is necessary to adjust the position of
printing of the time scale in relation to the positions of the "hands".

 According to one aspect of the present invention there is
provided an electronic timepiece comprising: a display device

1S ° comprising a plurality of segment electrodes having elongate sections
which are arranged in a generally circular array, a plurality of
common electrodes of sector-like shapé arranged iﬁ three concentric
rings of electrode units with each sector-like electrode being épaced
from and opposing a group of an equal number of the segment e1e¢trodes

20 to define therewith display elements; first means defining circuit
paths connecting corresponding ones of the segment electrodes in each .
of the groups of segment electrodes, a display medium disposed between
the segment electrodes and the common electrodes, the electrode

units of the outer one of the three concentric rings of electrode

25 units having radially projecting indicia parts spaced at regular



intervals in a circunferential direction thereof, the segment el ectrodes
whi ch*are opposed to the indicia parts being.forned longer by a | ength of("
th,indicia parts than the renaini ng segnment el ectrodes; second nmeans for
producing time information corresponding to at |east 5 hours and

m nut'es; and third means for causing the display elenments conprising two of
sai d-concentric rings of electrode uniﬁﬁ except for the outer concentric
rag of electrode units and the segnent el ectrodes opposed to themto
display the tine informati on and fof causing the display el enents _
conprising said outer concentric ring of electrode 10 units and the
segnent el ect r daEsTFosrp chreunfesentiap| ¢irechion thennefedths fRome®%l e. The
el ectronic tinmepiece may include fourth neans for producing a pluraljty of
pul se trains e&IRCEFOMRH Wqﬁaérﬁlﬁp%t%eﬁl\?cf-wﬁhﬁﬁr&ﬁoﬁ‘é“& tAred| dngen

pr edet er m ned voltaﬂes havi ng djfferent val ye I fth nmeans

.15 f f '
appl yi ng at | ed¥t 2otRR5R 5 &0 Andicis paREs ¢ F’Sioi’r}‘lbepf’%&?if’én? r?ég‘é‘%‘btrr@ﬁ?étrﬁes’
| ectrod f the displ | t dj d.i to t ti
Chfor mat | on ancPoERE FBEHE AT ERLE A il cruPridiify ShrrRabtte 19, of doual
feg | yi f th ' - dl
ot g egndinitl e Biyest Mo Y% bidld o Uacd B hRbady dudines
common el ectr O%ﬁ?PIsﬁB”ﬁv&foft ddhéxme%!érzf'é SIRGL %efa%léc‘fﬁé&e ‘?:ﬂ@té)fexl:&ﬁgﬂkse

t€ai ns having voltage val ues and phase relatiohs effective to cause

di splay el enentyge! GutdizS Bbibentt{® rin§ YETBIE Q080 rfifh ARAPLN Nghént! BEAREEEY)
el ectrodes of the remaining display elenents at | east one of the pul se

trains having Zpposed @bt €n ¥al dieplapdnehemR iffctnkOlth aheffRClindngoneause
the remai ning display elements to display tinme information.
display elements comprising said outer concentric ring of electrode

10 units and the segment electrodes opposed to it to display the
graauated time scale. | |
- The electromnic gimepiece may include fourth means for produéing
. a p.lurality of pulse trains each of which has voltages s.electéd fr'.
among a plurality of predetermined voltages having different values,

15 fifth means for applying at least one of the pulse t;ains for display
to the segment electrodes of the display elements to be displayed in
reséonse to the time information and the segment electrodes
eléctrically connected thereto, and for applying at least one of the
pulse trains for non-display to the remaining seément electrodes, and

20 sixth means for applying to the coﬁmon electrodes of some of the

& - display elements at least one of the pﬁlse trains having voltage values
and phase relations effective to cause the display elements to d'isplay'
time information and for applying to the common electrodes of the
remaining display elements at least one of the_ pulse trains having

25  voltage values and phase relations ineffective to cause the remaining

display elements to display time information.



jhe fourth neans may be arranged to produce predeterm ned voltages having
fes of O,[err] and [err] The electronic tinepiece in one enbodi nent N
¢l udes seventh nmeans for applying-.to other ones of the comon el ectrodes y
of the 5 di splay elenents at |east one of the pulse trains having '
vol tage val ues and phase rel ations effective to cause the display of
graduation display elenents in turn Zat one second periods in response to  ~
the seconds time information. The invention is illustrated, merely by way “ -
of exanple, in 10 t he acconpanyi-ng drawi ngs, in which:- Figures 1A and
1B are circuit diagrans of an electronic tinepiece according to the present
i nvention; Figuremge ifpuftd mdiny xRy B 2raQHEESS HolGdd peeasicrangENt - Of a
di spl ay device of the electronic tinepiece of Figures 1A and 1B; 15 '
Figure 3 is doRages \Havbh@lvalued 8100, & §Cvodadas3v angenent of the displ ay
device of the electronic tinepiece of % glﬁes 1A%%nd 1B; Figures 4 to 6 are
circuit diagrans Tke pdettroayfict timepliess donore enhelimest intlédegueeeentA and 1B;
Figure 7 is a timng chart of voltage pulses to explain the 20 operation
of the el ectreansc 0¥ mpplyiow thovwher orisgaf dihelgommord dRctiFpdas ef&hes an
illustration of a display produced by the display device of the electronic
ti mepi e€e of diunjay celements @t Brasknaneiqfutks p3lse trains hgvingveltasst her
enbodi nent of an electronic tinepiece according to the present invention.

25 vekues; and) Phassixglpklonseffartive tonspuse she |GigelaweEd an -

graduation display elements in turn at one second periods in response

to the seconds time information.
The invention is illustrated, merély by way of example, in
10 the accompanying 'drawings, in which:-;
Figures 1A and 1B are circuit diagrams of an electronic
timepiece according to the present invention;
Figure 2 is a plan view of a segment electrode arrangement of
a display device of the electronic timepiece of Figures 1A and 1B;
15 F_igu:?e 3 is a plan view of a common electrode arrangement of
the display device of the electronic timepiece of Figures 1A and 1B;
Figures 4 to 6 are circuit di.égrams of parts of the electronic
timepiece of Figures lA and lB’.
Figure 7 is a timing chart of voltage pulses to explain the
20 operation of the electronic tiﬁepiece shown in Figures 1A and 1B;
Figure 8 is an illustration of a display produced by the
display device of the'électronic timepiece of Figures 1A and 1B; and
Figures 9 to 12 illustrate another embodiment of an electroﬁic
timepiece according to the -present invention. -

25 Referring to Figures 1la and 1B, there is illustrated an



el ectronic tinepiece according to the present invention. The out put signal(égg)

froma quartz crystal oscillator 1 is frequency divided by a frequency 7
divj.der_2 and is _supplied to a decimal--counter 3 to count units of seconds.
5 ;A carry output fromthe counter 3 is supplied to a seconds counter

4'._‘_\De'ci mal counters 5, 6 count units,pf minutes and counters 7, 8 count
uni.ts of hours fromcarry outputs of fthe preceding counter stage. These
chunters are adapted to produce binary coded deci mal outputs. A duodeci nal
counter 9 is adapted 10 to count tinme upon receipt of the output from
the counter 4 and produces a carry output which is supplied to the counter
7. Atimng pul%lécgéﬂét"aﬁ-‘m}’i@ﬁcﬁﬁc?rﬂ IEBddes timi ng pul ses successively

at termnals [err] to [err] upon_receipt of an output pul se of, for’

exanmpl e, 128 I[—Izprle#ﬁ?ﬁt e ﬂl'jéiﬁ’genw 8}’5‘9‘6"5151?‘.‘3]1§r°‘8 Bqﬁgﬁﬁ‘i"g-céﬁﬁta&l osi ng of
ate circuits 11 t 6 havj nga AND | oqgi functiqn is contraqlled by.these
'? i mi ng pul ses, ?sﬁégje%'i?rtg }c%%ffg‘fer{cl‘fg&g%ﬁfxyg%fa %ﬁ?ﬁﬁngyf%%'ﬁfifﬁgz (%ﬂ nters 3
to 8 to OR gate circui.t 7, 18, .Decoders 19,,.20 LEt - of
outpute from e shfilded odia Mol 3 oS RAAE ke I EOEER O

' dapt t t | | ' i th
Lhe 000 nmber Val SE B RV e anrae coatt @ 3rle WhORTen b LRSS N nt e

circuit 18. Theg eeu.tmqf%@éﬁla%ppé'%@r;%,asss&wtmy@ b20R raeR! aang
ckrcuit 22 adapted to select the voltage to be applied to segnent

el ectrodes whi dbuttbds B oSk DEsh tish of ShoursIER@ hrfifloatbuticbei tirf ter. A
common el ectrode, which wll also be described in greater detail |ater,
s adapted to Rrest@idld @dunter stage. These counters are adapted to produce
binary coded decimal outputs. ‘A duodecimal counter 9 is adapted.
10 to count time upon ieceipt Of'the output from the counter 4 and
produces a carry output which is supplied to the counter 7.
A timing pulse generating circuit 10 produces timing pulses

successively at terminals P. to P, upon receipt of an output

1 3
- pulse of, for example, 128 Hz from the frequency diﬁider 2.

15 Opening and closing o£ gate circuits 1l to 16 having AND logical
function is controlled by these timing pulses, thereby to control
the supply of outphts from the counters 3 to 8 to OR gate
circuits 17, 18. Decoders 19, 20 convert the codes of outputs
from the gate ciréuits 17, 18. 2An output conversion circuit 21

20 is adapted to alter the orxder of generation of signals in accordance
with the odd nu;ber value and even number value of_the output

< ' - date from the gate-ciréuit 18. These outputs are applied to a
segment voltage supplying circuit 22 adapted to select the voltage
to be applied to segment eléctrodes which will be described in

25 greater detail hereinafter. A common electrode, which will also



{ h: a vol tage selectively by a common voltage supplying circuit 23. A

'se cyclically generated at the output terminal Pl of the timing pul se
- n/erﬁtor 10 is divided by 2 by neans of 5 a flip-flop circuit 24, andy
.~Ls ‘applied to a voltage selector 25. Voltages 0O, [err] and [efr] are
periodically generated at terminals [err] respectively in synchronismwith
the signal applied to the voltage sg'ect_or 25. A reference nuneral 26 o~
denotes an inverter. 10 ' igures 2 and 3 illustrate the el ectrode-#
arrangenent of a liquid crystal display device of the electronid tinepiece

of Figures | A and 1B. A segnent el ectrode arrangenent 27 shown in Figure 2
consists of Q0 sagar@iia ¢h GrlcheéfUetdl 'Rted) | 16 BALSMICH, DD s@fprhea  Which
are connected as illustrated to termnals [err] of the segnent” voltage

suppl y circupifth?g. vdlthge $QGeRINey 8¢ld eldpsorvd1eayd @apsThiag fol l ows. In

the foll ow ng description the segnent el ectrodes are counted in the

cl ockwi se digsmeuieony.r om plsesegiHeh1 By ehetdied’ 48 RN beehurtdtésninhe

termnal e The tenth segnent 20 el ectrode is connected to the

el eventh se of thee dtimbnke pulsai gemekgtdhaoniatdiviéeghyt 2 dyeabanlofi S
connected tothe twelfth segnent el ectrode. The first segnent el ectrode and,.
the twenti etd 8dgreldp elixvatitodé, anideis vepplied tos egvaditinge| ssdectole 28nd t he
twenty- first segnent el ectrode, the nineteenth segnent el ectrode and the

25 t went¥oldegen @,s¥gnedv, cart3vgdare pedicdicadly\generasdgabterpinals ode v
and the thirtieth segnent electrode are connected to each other, S
respect i vel ySosSPyt |Qyr Eprrraperbivelyr &n npimehupnisy whth $het$ionpl applied

to the voltage selector 25. A reference numeral 26 denotes an

inverter.

10 Figures 2 and 3 illustrate the electrode arrangement of
a liquid crystal display device of the-electronid timepiece of
Figures 1A and 1B. 

A segment electrode arrangement 27 shown in Figﬁre 2

consists of 60 segmént electrodes 27§_radiaily arranéed, 10 of

iSI which afe.connected as illustrated to terminals e17%0 of the
segﬁenﬁ'Qoitage éupply circuit 22. Other segment electrodes are
connected as foildws. In the féllowing description'the éegment
electrodes are counfed in the clockwise direction from the segment

electrode 27a connected to the terminal e The tenth segment

1
20 electrode is connected to the eleventh segment electrode.
" Similarly the ninth segment electrode is connected to the twelfth
segﬁen£ electrode. The first segment electrode and'the twentieth -
ségﬁent electroae,'the twentieth segment electréde:and the twenty~-
first segment electrode, the nineteenth segment eléctzode and the

25 twenty~second segment'electrode, and the eleventh segment electrode



segrment el ectrqde. Figure 3 shows a common el ectrode arrangenent 28. 5
There 'will be seen that there is an outer comon el ectrode 28d, an
i it er medi at e common el ectrode 28b and an inner common el ectfode 28a each

which is\divided in the circunferential direction into six sections. The

outer common el

séparating the

positi oned between the tenth and el

ectrode 28d carries indicia or marks Mto ML2 formed thereon:
cgﬁrespondi ng to positions of 10 1 o' clock to 12 o' clock. G ooves 26¢C

adj acent sections ofé'\t/he comon el ectrodes 28a, 28b are
enth segnent el ectrodes 27a, twentieth

and twenty-first segnent electrodes, thirtieth and thirty-first segnent
el ectrodes, fortieth 15 and fourty-first segnent electrodes, fiftieth
and fifty- first seghnent el ectrodes and_sixtieth and first segnent

el ectrodes, re

¥ ST Eigith FETT FhRFTEIcHe kTS EoBPTLER| T Sath WP ui d

crystal di spl ay_device is const b‘t ut ed b an assenblé of display sections .
ety

i ncluding a |iquisResrialyr fped

el ectrode arra
Figure 3. Detai

?ﬁl“?ﬁe tions; aye mage P (8¢ egnent

Taeemen% gﬁcgf%re 2 and the common el ectrode arrangement of
Jg°tes it of the liquid crystal display device is

omtted. Figure 4 shong%‘]rl n3ds%to%l ctogg?g%ntlggﬁu%nggg&%?g% r2§U|F 21 ;a/md

t he segnent vol

38-43 an

tage su ying Clrcul are con

35043 andt | nver tore ke Bl RS RYlNS, flih, %‘?agefséiéﬁ'tfﬁg

circuit

10

an intermediate common electrode 28b and an inner common electrode
28a each of which is divided in the circumferéntial direction into
six sections. The outer common electrode 284 carries indicia oi
marks Ml to MiZ formed thereon corresponding to positions of

1 o'clock to 12 o'cléck.

Grooves 26c¢ separating the adjacent sections of the common

electrodes 28a,28b are positioned between the tenth and eleventh

15

20

.

segment electrodes 27a, twentieth and twenty-first segment
electrodes, thirtieth and thigty-first segment electrodés, fortieth
and fourty-first segment electrodes, fiftieth and fif;y-first
segment electrodes and sixtieth and first segment electrodes,
respectively, counted in the clockwise direction. _

The liquid crystal display device is constituted by an
ass;mbly of.display Sections including a liquid'crystal material
interposed between the segment electrode arrangement of Figure 2
and the common eleétrode arrangemént of Figure 3. Detailed
description of the liquid crystal display device is omitted.

Figure 4 shows, in detail, the output conversion circuit 21

and the segment voltage supplying circuit 22 which are constituted




/// which is constituted by switching circuits 59 to 74 and 5  inverters

B,) 76. Figure 6 shows in detail the comon voltage supplying circuit 23

ch~is constituted by AND gate circuits 77-82, switching circuits 83-92

arfd i nverters 93-97. Operation of the electronic timnmepiece shown in Figures
1A 10 and 1B wi l.l now be descrLﬁfd. Referring to Figure 5, voltages
[err] and [err] are applied to termnals [err] respectively. Further, a S~
voltage O is applied to the terminals [err]. For ease of explanation it is s\
assunmed that the liquid crystal display device produces no display when the
voltage is 15 | ower than [err] and produces a display when the voltage

i s higher tPaATRINT PYAtGRiNgeCcinaiss oA AFDWEYES SLFFH SN2 3 ure 7 i s
67 69, 71,5 gekf Pisgaie 743 Ba 1AuReEsmn A-HRY ol oced el fernately. 20
Qof the f11p- 11 dEAFPci o0h (o GEEVaY BUF CREHAT SBLoguRe SEEtia (he
the sw t chi £ iEE {5 SOREHRHEE oy ey ARILE L B O o 1 0™

closeg altefnatelys 28, pj@duce 25 two vol tages out of the four voltages _
O,[err] Theretfore . "pulse [err] of the waveform B in Figure 7 is proguced
and the potentialpflurd §BiHAWEI 1f AeBhil RBe! &lulibh o18eYe WhbbEyityl t ages [err]
and 0, 3vo and 0; [err] and O and [err] and 2vo are generated alternately
at the terngfithst [ vhionds| esndtitatee by M0 Yate QirbhfrOt7hoa2, : -

4@

switching circuits 83-92 and inverters 93-97.
Operation of the electronic timepiece shown in Figures 1A
1o and 1B will now be described. Referring to Figure 5, voltages
Vor 2V, and 3v° are applied to terminals %3, 24; 22, t5; 20, 7
respectively. Further, a voltage O is applied to the terminals
21, 26. For ease of explanation it is assumed that the liquid
cxystal display device proc'h;.lce_s, no display when the voltage _is
15: . lower than-lvol and produées a display when the voltage is
highexr than |2v° |_. '
A pulse train shown by waveform A in Figure 7 is applied
to the terminal Py of Figure 5 so that the switqhing circuits
67, 69, 71, 73 and 68, 70, 72, 74 are ocpened and closed alternately.
20 On the othexl hand pulses _shown by wavefom A are generated at
_the terminal Q of the flip-flop circuit 24 triggered by the | -

pulses generated at the terminal P In c_onsei;uenge, the switching

1 -
circuits 59, 61, 63, 65 and the switching circuits 60, 62, 64, 66
shown in Figure 5 are opened and closed alternately to produce

25 two voltages out of the four voltages O, Vor 2vo, _3vo. Therefore



5 . band if pulse b is produced a voltage [err] is generated at the }
terminal [err] and voltages [err] ‘and [err]and [err] and [err] and [err]
a@=[e_rr] are alternately generated at- termnals [err] and [err] -
resperc‘ﬂ\ve_l y, The operation of the electronic tinepiece will be explained
10 ¢ assuming a tine of 10 o'clock, 5 mnutes and zero seconds (exactly 5
past- 10). In.this state, the counter to 9 are counting, respectively, O,
- Op»5, 0, O5, 5 ‘As pulses are cyclicdlly generated fromthe termnal [err]
of the timng pulse generating circuit 10 shown in Figure 1A, the 15 v
gate circuits 11, 14 for units of seconds are opened, so that data in the
counters 3, 4ul88QKI BENEhe @aoektani B eFigerecd i pyedced amdithe 17, 18.
Therefore, logic Qs generated at termnals 2 - 2.0f the gate circuit 18
.80 that |ogi qpotentihll Ogis mdintasinpdothudbe terminakiSQal vhilleavmlthges2ygctivel y
while logicc 1 is produced at the 20 term nal xO of the decoder 19.

Ref er i ng’ novandoOFidyyr andi 0;svpeadt feanduvgang BYo@rergengzated alterneseln, 39
-are logic. 1, the potenti-al generated at the ternminal [err] appears at the
termnal el. @nhshedeanirals §enlat €g ad € aeprechiiNgly.S1ORpHREAPEISH ot her
termnals [err] because 25 the switching circuits 47, 49, 51, 53 are

.OFF. WYh redwd tomulee b, dg8Rredrced asFehiRgen Yy Jareensratet afofttge .
gonerated 2 (e, el B "o Lot ok Br Brab ol o 68 By o e 09
tlhe timng p%vieagg v S G SLEE L dekSedd Sk Cedmilif grlp1@°a'l c'; 3anidsczl ogi ¢
| respectively.
The operation of the electronic timepiece will be explained
10 assmnihg a time of 10 o'clock, 5 minutes and zero seconds (exactly
5 past 10). In this state, the counters 3 to 9 are counting,
respectively, 0, O, 5, 0, O, 5, 5.
As pulses are cyclicaily generated from the _termina.l. Pl of
the timing pulse generating circuit 10 shown in Figure 1A, the
15 gate éircuits; 11, 14 for units of seconds are opened, so that data
in the countexs 3, 4 concerning seconds j.s delivered to gate circuits
17, 18. Therefore, logic O is generated at terminals 20 - 22 of
the gate circuit 18 so that 1c;gic 1 and logic O are produced a;t
terminals h aﬁd h réséectively while logic 1 is produced at the
20 tenﬁinai x, of -the decoder 19. _. |
Referrimj nbw to Figlire 4, ‘since the outputs from the gate

circuits 29, 39 are logic 1, the potential generated at the

NS
)

terminal so- appears at the terminal e,- The potential generated

at the terminal S, appears at other terminals e, - 2 because

1 lo’
25 the switching circuits 47, 49, 51, 53 are OFF. With regard to the

v f



, S0 that the AND gate circuits 77-82 are open. Therefore, the
. gqu |ng circuit 83 is turned ON so that the voltage present at the

NeT mmal [err] appears at terminal [-err]. The voltage present at the
texminal [err] appears at terminals [err] Therefore, a voltage differential
[err] bet ween the vol tages 10 applied to the termnals [err] and [err]
Is applied to the liquid crystal qﬁ;erial periodically so that the display ~.
corresponds to the el ectrode S sho in Figure 2 which is turned ON. The ‘¢
voltage [err] is periodically applied between other el ectrodes so that the
di splay corresponding to those other electrodes is not produced. 15

Ref erri ngyRgde d’itcal JrP&H‘Hi;'urEZGOfthU\?ofth& nBELGR 9ENSleatbAfinGt rCui t 10,

a pul se perio generat’ed at term nal "PZ opens the gate circuits 12,
15 so that hpgefdt Qeltufiatazﬂﬁ'amad eBaude’ 28yid1a SOPUALGr St thE Passes

t herethro®h.” In consequence Iodrc 1 appears at termnal [err] of the
decoder lQrafghily {eryf RAls [sthtd, Fintbamiceatinalp., 3@ the Mpnfryver logic 1
and logic 0 are nflintained at termnals h and h reé%ectlvely I'n
consequensasetdemerdtitig ciremt bhe Q?lg@iceoctmswetmmals’é' Vwis degfe qure 4 | s
logic 1 so that the swtching circuit 48 is turned ONTo permt the

vol 3 ages s ¢bantthat ANIhgaterailircaitsS 7782 areacpant. OTHreford h&héer m nal [,er'r]
The voltage present at the terminal [err] appears at the termnals [err]
and [ err |switching checwidefi3 fipturiefuON ® tthat \tllet voktagecprasentitat fhet er i naI v
[err] appears at the termnals [err] while the voltage present at the
t ef m nal mﬂalaﬁgewaas !‘hé’-emlnaj_s [feeryoliage present at the

teminal Cl appears at terminals k 6 r 9 ~ 9g*

Therefore, a voltage differential [3vo[ between the voltages

-

10 applied to the terminals e, and g, is applied to the liquid crystal

1
material periodically so that the display corresponds to the
electrode S shown in Figure 2 which is turned ON. The voltage Vo isl
pericdically applied between other electrodes so that the display
corresponding to those other electrodes is r_tdt 'produéed‘. _

15 Referring now to the términal P, of the timing pulse generating
circuit 10, a pulse periodically generated at terminal P, opens the
gate circuits 12, 15 so that the output data "5" and' "O"- from the
counters 5,6 passes therethrough. In consequence logic 1 appears at

-terminal x. of the decoder 19 and at terminal ¥, of the decoder 20.

5
20 Moreover logic 1 and légic O are n_:ainta_ined at terminals hand h
respectively.
In consequence, the ocutput from the OR gate circuit 41 showh “at
in Figure 4 is logic 1 so that the switching circuit 48 is tur_;ned
ON to permit the voltages present gt the terminal so to appe# at

25 the terminal eg- The voltage present .at the terminal sl appears at



5 [err]. Therefore the dlsplay corresponding to the el ectrode M sh
in Figure 2 and connected to term nal [err] and comion el ectrodes opposad™
th;he termnals [err] produces a display. Referring now to the term nal\E
of the |n1ng pul se 3 generating circuit 10, the pul ses periodically
deriVed fromthis 10 term nal open the gate circuits 13, 16 to permt
the. output fromthe counters 7, 8t Cbass t heret hrough. I n consequence, the
velt age generated at the t er mi nal [err] appears at the termnal e of the
segnent vol tage supplying -circuit 22. Meanwhile, the voltage present at ‘the

termnal CO appears at the terminal k6 of the common 15 el ectrode
suppl yi ng ci rihel texkiina¥éid -tégaandle.fag-ee esent at the termnal [err]
appears at the terntnals [1err] t her eof . en a pulse is generated at the

term nal P3, the owspwilX rbensédne £26i Righee @& theiviodtige pr&€fenthetrthen Fi gure
6 is logic O so that the voltage present at the termnal [err] appears at
the terninal steraingl 29 appears at thxctermdnals ghe ki wpiley thervadtagmdi ng to
the el ectrode H connected to the termi nal el0 and the comon el ectrode
connected to Rq?ée%"eraﬁﬂi i tFEFHﬂlprcRBPSﬁr% a¥ She Sprminads % ¢ 9l

. cQrresponding to the el ectrodes I\Q cu___groduced i.e,a di s&l’a of 10 .
hours 5 mi nutkes=dfgt 0 %gregedsplayc peparding ito, the pleg i¥n wil |

b d to.the di dyat ed t I T
Dorr] of & he REMIAR ERGER Gaenb sandra Fh SFBU o a7 EOMRBCRLR P mron
Ece).rﬁ]heaagrrznvnqayjpoLe& rdo égg\gnemgnafsgg{’ekl pﬁsdu%egtaegialf eady, t he vol t ages

Referring now to the terminal P, of the timing pulse

3
;generating circuit ld, the pulses periodically derived from this

1o terminal open the gate circuits 13, 16 to permit the output from
the counters 7, 8 to pass therethrough. 1In consequence, the

voltage generated at the terminal so a‘ppesrs at the terminal elo

.of the segment voltage supplying circuit 22. Meanwhile, the 'vol_t_age

6

present at the terminal cb appears at the terminal k. of the common
15 = electrode supplying circuit 23, while the voltage present at the

terminal c appears at the terminals kl - ks thereof. When a pulse

is generated at the terminal P,, the output from the AND gate

3I
circuits 77 - 82 shown in Figure 6 is logic O so that the voltage
present at the terminal c, appears at the terminals g9, - 9g-

20 . . Therefore, the display corresponding to the electrode H'

o= : connected to the terminal e and the common electrode connected

1o
1> ' to the terminal k produces a display. Thus a aisplay corresponding
to the electrodes H, M, S are produced i.e. a display of 10 hours

5 minutes and O seconds.

25 _ Hereinafter a description will be made as to the display of



enerated at the termnal [err] at the half period of the pulse 5
t fromthe terminal Qof the flip-flop circuit 24, and vol tages [err]
: lerr] are formed in the next half period of output pulse fromthe
stermnal Q On the other hand, at the termnal SO the voltage -0 and 3v ar B
“formed 'in the earlier half and later half periods of the output pulse from
the termnal Q Further, 10 - voI?z;ges [err] and voltages [err] are -
formed at the terminal S1, in the eaffier and later half periods of the -f
out put pul se. In consequence, a voltage [err] is supplied between the -
segnent el ectrode and the common el ectrode 28d irrespective of whether this
segnent el ecta goedustattané atale. piTednieals giaﬁi ﬁ% oF tRelcohBon elesfrddeat
t he di splay between the comon el ectrode 28d and the segnent el ectrodes is
cont i nuousl y ?8ddbee inoFigutiec dt axre icnenaptaduit icensom ftoatky adumaimd tj ne
scale. Figure 8 illustrates the tine display of the electronic tinepiece of
Fi gures 1A anthowB. imiRignuerdt.al 8sastmikrd dlready, thegvaltuges ansand\evhe
provided by printing or by neans of a liquid crystal display devicCe.
Fi gures 9 andRXe2grhexptefiaate thaotemminahitdiatethe dhlfirperiedtafonhe pulsepi ece
according to the present invention. Figure 9 shows a circuit interposed
bet ween®t he OPHYPUE fwpm the finrminab@ ef rehe £1b-f3npvgiricniti2gurand 1A and 1B -
and the segnent_ vol tage supplying circuit 22. An inverter 98 inverts the
out put | evel YRYPFRE Fpoftd o BYE FPrmedifetle giexsi hakfi pepiod of coutput
circuits 99, 1010 hgve AhID fungtions, while the gate_circuit 101
pulse Ifrom t

e terminal Q. On the other hand, at the temminal So

the voltage O and 3vo are formed in the earlier half and later
half periods of the output pulse from the terminal Q. Further,
10 voltages 2v°, O and voltages Vor 3vo are formed at the terminal él'
in the earlier and later half periods of the output pulse.
In consequence, a voltage |2vo| is supplied between the segment
electrode and the common electrode 28d irrespective of whether
this segment electrode is seleéted to produce a display or not
15 so that the display between the common electrode 284 and thé
segment electrodes is continuously produced to indicate time
graduations of a gtaduated time scale.
Figure 8 illustrates the time display of the electronic
timepiece of Figures 1A and 1B. The numerals arcund the
20 graduations may be provided by printing or by means of a liquiad
crystal display device.
Figures 9 and 12 illustrate another embodiment of an )

electronic timepiece accoraing'to the present invention.

Figure 9 shows a circuit interposed between the output

25



5 . ,has an OR function. Figure 10 shows a nodification of the common @
el ectrode vol tage supplying circuit 23. Gate circuits 102, 103 have AND

faneti ons. A reference nuneral 104 denotes a circuit constituted by

swi t ching ci rcuifs 83-88 and inverters 93-95 as shown in 10 Fi gure 6,
whil e reference nuneral 105 denotes @ circuit constituted by sw tching
circuits 89-92 and inverters 95-_97./ ference nuneral 106 denotes a connbn
vekt age supplying circuit for the common el ectrode 28d which is constituted
by switching circuits 107-114 and inverters 115-118 as shown in Figure 11.
15 Figure 12 is a detailed circuit diagramof the voltage

sel ecting cCir Cedrversildi iv@litage SRWACIM FIgaidsC WAt aridS 18 Gt thellsQEmdiit
switching circuits 119-134 and inverters 135, 136. In this enbodi nent the
hours and m nuietage Bupplyixts cirenif 2lcad idveriter OB EnvEtBethaABupmayi ousl y
described and a seconds 20 I ndication is produced as follows. The units
of seconds is Isledc@exiveicfran phé Imtpst goneexdicd eircait A1y The gRtef t he
timng pul se generating circuit 10 shown in Figure 1A As this pulse is
generated t he gincuits 9y 100 hapei AW fudtions pybide the gaket clymuitni@k t ed

| ggi cal | evel of seconds 25 data is delivered to the segnent voltage
suppl yi n§ ci r chdg ap2OR fupgtigRdegugh the gate circuit 101. Therefore, a

vol t age correspondi ng to non-di splay, .i.e. the voltage generated at the
tarminal [err], is 89 ShPKR 2 E’Pﬁ?%?‘ta?nt‘?fetgégﬁ?éﬁ?“ ALEEFTBEe whi ch

should produce, 3.l SRLAY: S6E° LG 93¢ N%a42" BircRel 520t I nIE0db®
functions. A reference numera1 lO4 denotes a circuit constituted
by switching cirCuits.83-88_and inverteré 93-95 as shown in
1o Figure 6, while reference numeral 105 denotes a circuit constituted
-by switching circuits 89-92 and inverters 95-97. Reference numeral
106 denotes a common voltage supplying circuit for the common
electrode 284 which is constitutea by switching_cifcuits 107-114
and inverters 115-118 as shown in Fiéu;e 11.
15 | Figure 12 is a detailed circuit diagram of the voltage
selecting circuit. This voltage selecting circuit is constituted
by switching circuits 119-134 ;nd inverters 135, 136.
| In this embodiment the hours and minutes indications are
produced in the same manner as previqusly described and a seconds
20 ' indication is produced as follows.
The units of seconds is selected when a pulse is generated
e at a terminal P of the timing pulse generating circuit 10 shown
in Figure lA. BAs this pulse is-generated the gate circuit 99
{Figure 9) is opened so that the inverted logical level of seconds

25 data is delivered to the seément voltage supplying circuit 22



vol tage corresponding to the display, i.e. the voltage generated at

rmnal [err], is applied to the term nals of the segnent el ectrodes

shoul d not produce a display according to the data. Meanwhile, the
Fﬁng circuits 111, 113 shown in Figure 11 are opened by the pulse from
the termnal [err]. Also the voltage present 10 at the termnal [err]
appears at the output of the switching circuit connected to termnal [err] .-

at which the displaying output freg the decoder 20 is derived, while the N

vol tage present at the termnal C2 is _generated at the outputs of other
switching circuits. Therefore, as far as the output to be displayed is
concerned, the 15 voltage present at the termnal C is geperated at the
term nal [ ethdoughythe gate reiricait 493 . ofThekhefanst, patwithye lroshesdoddimt be

di spl ayed, the voltage present at the termnal [err] appears at termnals
[err] (n = totnengiisplayechasqbibnoltagh gepenategdeatptbectrrminal Ifg . t&¢ mnal C
shown in Figure 12 and the voltage present at the termnal S Q 20 are
appl i ed to #PRMESNR Fhe| teminal ofsghe Fegperlpeipcetrodect s shaidure 3) and

to the segnent_ el ectrode (Figure 2), soQ that voltages Jerr] and O are

peri odi cal | FFoNGRi @ fisplay acspedinghto dheqdatary. o7 fesether Bh these  _
vol t ages are | ied do _no roduce di.spl whj.l e_of her displ sections
recei Ves voltdgds 5 e<Pp E?I(fg‘fe‘?’rﬂplf‘g' g‘&lu §°%{I°§§I g .épteg%’%equent ly,
(e 92008 0 codfeal AT BHAUEC U SRR SR B 10
electrodes whi;:h should not produce a display according to the data. -
..Meanwhil,e, the switching circuits 111, 113 shown in Figure 1l are
opened by the pulse from the terminal Pl. Also the voltage present
1o at the terminal Co appears at the output of- the switching circuit
connected to terminal y, at which the displaying output from the
decoder 20 is derived, while the voltage present at the terminal
C2 -is generated at the 6utputs of other switching circuits.
Therefore, as far as the output to be displayed is concerned, the
i5 voltage present at the terminal Co is generated at the terminal m, .
while, in the case of the outputs which should not be displayed,
the voltagé present at the terminal C2 appears at tenﬁinals mn
(n=1 to 6). In consequence, the yéii;age present at the terminal
Co sliawn in Figure 12 and the voltage present at the terminal Sl
20 are applied to the common electrode .289_ for display of seconds

(Figure 3) and to the segment electrode (Figure 2), so that

<€

voltages lvo| and O are periodically applied. Therefore, the
graduated time scale to which these voltages are applied do not
produce a display while other display sections receives volt_ages

25 3|vo| and |v°| to produce a display. Consequently, the graduations

B I UV T

M i



As described ahove a graduated tinme scale is formed as an el ectro-opti cal

di spl ay device which represents the shape of 5 t he poi nter or hands sp .
t hay tpg\necessity for adjustnent of graduations is conpletely elimnnated. ™"
I n addi trron, since the variation of apparent position of the pointer -or
~hands  inrelation to the graduations due to variation of angle or direction
of observation is avoi ded, erroneous reading of the time indication 10

dees not take place. Further, thelpresent invention offers an additional
advant age that the graduated tinme scale can be used for displaying seconds

i nformation. 15 CLAIMS 1. An el ectronic tinepiece conprising: a

di splay device conprising a plurality of segnent el ectrodes having el ongate
secti ons whi clofathe gradunfed timessgrifcpne|sp ehexaiisaf to Apdicatepthgal ity of
common el ectrodes of sector-like shape arranged in three concentric rings 5
of el ectrode SAPPEe RFt PEOREA- sector-1ike el ectrode being spaced from and

opposi ng a group of _an_equal nunber of the segnent electrodes to define
therewith display eP&8nfsfeTibed F?P‘@r@aﬁ?%ﬁi?ﬂ%??ﬁﬁ ts formed @hnect i ng

correspondi ng ones of the se nt.el ectrodes.in each of the oups _of
segnent 6l ect PRIEECORRIIESY TRt CaVATh SBICh ERERRRrs the phendfen
el ectrodes - an e .conno glegtrod | ec d i of the outer one
of the three gg%&%f‘?ﬁ:-% ngs sofs_oeﬁgagt %g%e!gﬁgls%%t%hg‘\’#%gtj?% !eghosf_ projecting -
| mrdi ci a partsg%&&?ft‘i 1£4 ret\%ﬁe{%l.\fﬁkﬁaﬂeﬁ.a 1l LasdHishenddal did ection
thereof, the Segnment el ectrodes. ch are opposed to the indicia parts
being fornmed La@fifion of apparent position of the pointer.or hands in relation’

_to the graduétions due to variation of angle or.direction of

obsexvatioh is avoided, erroneous‘reading of the time indication

1o does not take place. Further, the present invention offers an

additional advantage that the graduated time scale can be used

for displaying seconds information.



by a length of the indicia parts than the renaining segment
Lrodes; second neans for producing tine information corresponding to at
¥t_ hours and minutes; and third nmeans for causing the display el enents

aghprising two of said concentric rings of el ecwl;or t he
outer concentric ring of el ectrodf?eun'rts and the t 20 efeet rqdes
opposed to themto display the .time information ml{m ' he di spl ay-
el enents conprising said outer concentric ring of=*e H WI”, and the
segnent el ectrodes opposed to it to display the graduated "ti fre scal e. 16
2. An el ectronic timnmepiece agaghgi ned in claim1 including fourth neans
for producing a plurality of pulse trains each of which has voltages
selected fromanong a plurality of predeterm ned voltages having different
val ues, fifth.neans diectappleytimppibed anspriviagofa Qisplayt Beviel sempniaims f or
di splay to the segnment el ectrodes of the display elenents to be displayed -

i n response apidrelityrefi ségmentielestroidst haviggoeimmgatd eettimhesvwislahcere cal | y
connected thereto, and for applying at |east one of the pulse trains for
non-di spl ay tarrangedrimnmg genryadly minculdarearraniesd, Plawalitiyof orvmas f or

applying to the common 10 el ectrodes of sone of the-display elenents at

| east one of elertrpies ©f pestier-hika sheRR PrEgigedaln ddres FoPREEIFTGEONS

effective to cause the display elenents to disp-l%tine i nformati on and for

appl yi ng to Pheeleghinfle upits mitheagh sepkorahikeneifFtards beine LAt Sap &
| east. one of éhe ul] se trains Favi ng \voltage valuyes and gh setre atLons 15
i neffective #B° FRRSEMHE IR At 73 § ﬁv%re € P p%f? °

! nfornatlcn1.define therewith display elements; first means defining circuit paths

connecﬁi,ng corresponding ones of the segment electrodes in each of
the groups of segment electrodes, a display medium disposéd between

10 the segment electrodes and the common electrodes, the electrode
units of the outer one of the three concentric rings of electrode
units having radially projecting indicia parts spaced at regular
intervals in é circumferential direction theréof s the segment
electrédes which are opposed to the indicia parts being formed .1ohger

15 by a length of the indicia parts than the remaining segment electrodes;
second means for producing time information corresponding to at least
hours and minuté#; and .third means for causing the display elements
comprising two of said concentric rings of electrode units except
for the outer concentric ring of electrode units and the segment

20 electrodes opposed to them to display the time information and for z
causing the display eleménts comprising said outer concentric ring
of electrode units and the segment electrodes opposed to it to display

the graduated time scale.



3. An el ectronic finepiecé as claimed in claim2 in which the fourth <3<?

neans is arranged to produce predeterm ned vol tagezeﬁgvi/ng/uyr-ues of
O{\[/gerr]'and [err] 20 4. An el ectr.onic tinmepie S cl ai

eda it ai
or 3 ,rnel udi ng seventh neans for applying to other oy \\‘\tm(“m .
el ectrodes of the display elenents at,|east one of 't £ aisns "havi ng
voht age val ues and phase rel ations eﬂéective to cause* hé& display of

graduation display elements in turn at one second periods in response 25
to the seconds tine information. 5. An el ectronic tinmepiece substantially

as herein descgi bedayi diict SHCPhiepiBcd ML 8521388 Iclaldld SLOUERAPERGth |
drawi ngs. The text of the specification has been reproduced by photocopyig

the appl i cant smedrsie8alprbiRESg b P1urality BY KRkt hids§ QenhogEAMIER thaswWhi ch

are difficult to read. The original typescript containing these ’

amendnent s nay vbEtages pslie€tled Erid anphg nd peardalfityher Babdsterfiiddac @oltages
having different wvalues, fifth means for a_pplying at least one of

5 the pulse trains for display to the segment electrodes of the display
elements to be displayed' in response to the t;iz_ne information and the
segment electrodes electrically connected thereto, and for applying
at least one of the pulse trains for non-display to the remaining
segment electrodes, and sixth means for applyin§ to the common

:L_o electrodes of some of the display elements at least one of the pulse
trains having voltage values and phase relatibns effective to cause
the display elements to display time information and for applying to

~ the common electrédes of the remaining display elements at least. one

of the pulse trains having volt_aQe values and phase relations

15 ineffective to cause the remaining display elements to display time

| | infozmation; .
3. an electrqnic- timeéiecé as claimed in claim 2 injwh.ich the
fourth means is arranged to produce predetermined voltages having
values of O, VO'. 2Vo and 3V°.

20 4. An electronic timepiece as claimed in claim 2 or 3 including

seventh means for applying to other ones of the common electrodes

of the display elements at least one of the pulse trains having

ra 1 LI

voltage values and phase relations effective to cause the display of

graduation display eiements in turn at one second periods in response
25 to the seconds time information.

5. An electronic tim-epiece substantially as herein described with

reference to and as shown in the accompanying drawings.

The text of the specification has been reproduced by photocopying the applicants original
typescript. It may contain a few amendments which are difficult to read, The original
typesoript containing these amendments may be inspectéd on the premises of the Patent Office



