reiates to a multi-function electrenic digital watch of the dynamic |ogic
t }Wo& wherein tinekeeping or _displ aying are perforqmed by%g@?f%g ly 5
reading out a series of control instructions wittéen in®™re y renory
(ROM), in accordance with.predeterm ned timng pul ses. An electraqnic
digital watch needs to have, not only the tinme indicating function, but
atso the stop watch 10 function, the timer function, and the cal endar
function in order to neet present day demands. In order to neet all these
functions w 'R gididic fag tion Ndbgeadonticl ddisd til astsh'are required for
each respecti Ve Tnarviaoal runctron. This neans that the size of the
circuit arrange- 15 ment becones very |arge and that the manufacture of
the circuit aggangenent in the formof ;a.singl e chip it . d circuit
aCdi 1 oul t - ThEn BaRaRat GbvFet o SeBed S f BB I BSRERRD) oved”t he
so-cal | ed_dynam c | ogic systemwherein a series of control instructions
witten ehegtromizo digitak watehnefathe Ay LRgHs (Fypet wherein
predeterm ned timng pulsé% (for exanple, clock pulses of the order of
4KHz) detimekgepdtiy rar dicspbaying predeeerfored iby oseqguéenhially 2 -
processi ngs are conpleted according to the control instruct- ions.and

W thin arbbuedot it I sdvis (§£7 oM irdthidons written in a

2%?2?82 "Amulti-function electronic digital watch" The preseht I nvention
el

read only mémory (ROM), in accordance-with predetermined
timing pulses.
An electronic digital watch needs to have, not only

the time indicating function, but also the stop watch

0. function, the timer function, and the_éalendar function in
order to meet present day demands. In order to meet all
these functions with static 1oéic, independent logic
circuits are req;ired for each respective individual |
function. This means that the size of ﬁhe circuit arrange-

.5 ment becomes very large and that the menufacture of the

| circuit arrangement in the form of a single chip integr-
ated circuit is difficﬁlt. In order to solve this problem,
thefe.has been employed the so-called dynamic logic system
wherein a series of control instructions written in a ROM

20 are sequentially read out according to predetermined timing
pulses (for exampie, clock pulses of the order of 4KHz)

defining machine cycles, and predetermined information

r



naklng t he tlne base of the wat ch, whereby tinekeepi ng and displ aying are (E%
executed. 5 Wth this systenl‘h ver, in the case where the stop
wat ch function is added mhlch can nmeasure down to for exanple,. the digit

for 0.01 sec, ‘the tine,base needs .to b e 0.01 sec., '
Therefore. & he BIRGRTEHMERAE tAFRLEFER AESOEatRe Eodhe, Ho wiio FasRruct-
tlnédbase has been 10 - 0.1 sec and al so information processings '

i ncreased by t Heongigand owibhinhe fispdwsime inyeaved (for wxamphsiclled sec)
within 0:01 sec. In order to cope with this situation, the frequency.of the

timng pul ses negkibngothe thde bagh. oEhehbi mtbtmwemsebys tdiekedad ng tdhd

increases in the charging and di scharging 15 currents of capacitance

elements, and s Q% 5293% éf@cﬁ§e8ﬁtéﬁe circuitry, and results in various
Imcreas

probl ens such as e power ~di ssipation and lowering in the -

Speed ginin alaowyvoliage o eratlo Mor eover, .since the of an
oscillgq%r circuit ﬁ@i tﬁgﬁr gsﬁﬁweh ?eXeEbnﬁ§r§§FV§1 8&#?%%3&5%

for exanple, 32.768 KHz, it is subject to limtation to nake t he frequency
of the tining petes fmmtaendescadded wbdch. cannmesdurre slosmntogt £cat | t he
negessary processings within 0.0l sec as stated above, a high frequency

?§C| II'ator ci rCébté;m%Be; eghiéer@dgiSfor 0. end skls ‘thel eitiel Gdse I aMEeRRMch
put- into a.high trequency -3 - circuit, resulting in problens such as
Co*p'iCafi0”*”nééﬁ%Ct&CHétméﬂéa696TEQEc?”dTh@%&%%%%,'Qh%h%ﬂ%ﬁ@%érmlned_
information ﬁrocessings_performed when the time base has been
10 0.1.see and also informatidn proeessings increased by the
addition of the'stqp.wafch function must be coﬁpleted within.
0.01 sec. In order'to-cope with this situation, the frequency |
~ of the timing pulees.needs to be made high. The high f:equéncy |
'is'attenQed with incﬁeases in the chargiﬁg_and discharging |
15 .cur:entS'of_capacitanée elements, end stray capacitances:
of the circuitrj, and'results in various p:eblems such as
increase in the power.dissipation end lowering in the speed
margin in a low;voltage'operation.
Moreover, since thefrequency ef.an oscillator circuit
e« 20 | for a'watchnie_a coﬁpaietively low frequency of,'for example,

32.768 KHz, it is subject to limitation to make the frequency

1

of the timing pulses high as described above. In order to
complete all the necessary processings within 0.01 sec as
stated above, a high freqﬁency oscillator circuit is required;'

25 and the whole circuit arrangement is put into.a high frequency



sipation of the oscillator circuit. It is therefore an object of the
sent 5 invention to provide a nmulti-function digital watch which
realizes time-keeping in a very short time whilst avoiding conplication of
-a circuit arrangenent and rendering the power dissipation of the whole
» circuit lTow 10 Accprding to the present invention there.s —~
providéd a multi-function electronic digital watch of the dynamic |ogic o«
type i nctuding: timng means which generates a time base signal; count

neamF%RFW¥RE|Q%s%lFfﬁgnbnsPﬁﬁgﬁegﬁoﬁP€P|§§[ﬁ9WHkFQEF%qEH1the time base
si gnalf thwlicptceftci aprangenent badpdhareadd dimeheanrswd® store an out put
of sgid couqﬁhneang Egon an.gﬂdlcatlon of. .said input neans; first nmenory -
mean$ i§P 4 eHPR @ § BFCLONRFOF CALEEPddi ons are witten: arithmetic
means whi ch 20 Is tsnthekéfdrbyanhebdedtr @f itisd muodsems and whi ch executes
redgfe r s a tinme signal

avi ﬁig%én%ral? yﬁ%{ﬁ?gﬁ ? ﬁgggﬁ'g?%%olnt rorzf'“'%%ﬁaacnfs1 ‘Z%)%E) ed to said first
and sduicrid m?eaeameahﬁepénsalla @ viery =harfarsimer sequentially :
readigiy UK dN6i GORGT BbmpPEERYGbROBE &f diftedid HriBAddned®ans, said

control _i1nstructionS beihg provided tq renew a tinme signal of a |less
si gniant FRNpEIRg sERRROVRT Ré S§4ES T OFe A }hﬁaéﬂ'so]aﬁ each occurrence of
the tdimcbpselsR. signal, and to renew a tinme signal of a nore significant

r n th n
dlg't stored in,the s d¥59 o TR prisent invention there

¥
is prov1ded a multi-function electronic dlgltal
watch of the dynamic logic type including: tlmlng
means which generates a time base signal; count
means to receive a timing signal shorter in period

15 than the time base signal; indication input means;
temporary holding means to store an output of said
count means upoéon an indication of said input means;
first memory'means in which a series of control
instructions are written; arithmetic means which

20 is controlled by the control instructions and which
executes predetermined operations; second memory
means which stores a time signal having a plurality
of digits thefein; control means coupled to said
first and second memory means and to said timing

25 means for sequentially reading out the control
instructions of the first memory means, said control
instructions being provided to renew a time signal
of a less significant digit stored in the second _
.memory means at each occurrence of the time base 2

30 signal, and to renew a time signal of a more
significant digit stored in the second memory means o
when a signal for renewing the more significaht
digit has been generafed and to deliver a time signal



when a signal for renewing the nore significant digit has been generated k,/
and to deliver ‘a tine signal -4-. of a least significant digit determ ned

by the period of said timng signal shorter in period than the tine base

si gnal- on the basis of an output of said hol-ding neans and the tine signals

stored in.5 . said second menory; and output neans to deliver a signal
i ncqddi ng the tinme signal of the |east ngQiLicant digit. The present
i nvention will now be described in greater "detail *by way of exanple with

reference 10 to the acconpanyi ng drawi ngs, wherein:- Figure 1 is a block

circuit diagram ] e e b : - dpenction
electronic'digitéﬁm%é$éﬁéwkffﬁﬁéfé?§ﬁtigggggrggﬁgﬁﬁ?gﬁﬁggézplifyin%‘15_

control instructPemikodef e%Pg‘ﬁ timeng signad sberter ingperiad rtdya
i G AM Showi NG L, T R e ot G o s 2.0
5 gt tal vactHid rofREnd means Sag) EBe £ifey SLSBALS ARGy « he
arrangenent5 of asaibkosetendfmembiye andeoaitpat meamsFitgudellivenda signal
| ' including the time signal of the least significant
digit.

-

The present invention will now be described
in greater detail by way of example with reference
'10 to the accompanying drawings, wherein:-
' Figure 1 is a block circuit diagram showing
one preferred embodiment of a multi-function
electronic digital watch: _
Figﬁre 2{a) is a diagram for exemplifying
15 control instructions stored in a ROM:
Figure 2(b) is a diagram for explaining
 timekeeping which uses some addresses of a RAM:
Figure 3 is a diagram showing the
arrangement of segments for indicating numerals
in a digital watch: : _
Figure 4(a) is a block circuit diagram

~N
(o]

showing the arrahgemeht of an example of a time
base circuit in Figure 1l: and

Figure 4(b) is a waveform diagram showing

25 signals at various locations in the circuit of

Figure 4(a). .

Referring first to Figure 1, the digital

* watch includes: a crystal oscillator 1

which generates a reference frequency



(Li}igure 4(b) is a waveform di agram showing 25 signals at various |ocations
|

nthe circuit of Figure 4(a)T ﬁeferring first to Figure 1, the digital

wat ch i ncl udes: a crystal oscillator 1 which generates a reference
frequen --5.- S) of 768 KHz a frequen di vider 2 which
generast]é‘%?'f‘?%q%%hzélgﬁ?mﬁ 8ﬂB§P°8f P—Nédﬁé'f@ré{#@@ ¥ iganesratesi gnal ; a.
tim'ng generating circuit 3 which receives the output signal of the s

- frequendiradjuaniy Qiwheiohi chtpeheodt ehecantfeaenpe Faeduency giganssary for

10

dynami c | ogic operations and supplies themto various circuits; and a ROM 4

i N wWhigchtiises | @nof 2600 r@iréﬁiUEC{thEﬁ Reeelte'sy thiy Otd'fﬁh—e Xah pnd
or ‘e

di spl ayi ng are stored. ROM 4 has. a nennry capaC|ty of ol e,

2,048 | . iRst ion_is Iott mord, and

contro |lﬁﬁrtﬁ%§ons ¥q@§Yfﬁgé g g % #cpgra éiﬂé; $§% stored
over 16 pages eeéﬁqlncludlng 128 control I nstruc- tlons When the ROM 4 is

act i v&¥&e&® %Wl%.H%%b@e?Pgra§a@ﬁSc6ﬁdr@HP@&&EEU&M&M1tq;read out
fromthe corres- ponding address into an instruction register 8.

In therammrbarcfrcmmgeamahfarmlbnlnf whibht a skofied oF 2oRRAR Y €gi ster 7a
i s decoded so as to select one of the 16 pages. Further, an address

'nf0rE&@ﬂ¥héﬁ1&h§ﬁé§bé§é&f§ f@raﬁnﬂgﬂééﬁinéeghataﬂsgi y&n%?%ﬁgfd s as to”

.sel ect one of the

stored. S _ _ ' . I
The ROM 4 has a memory capacity of, for example, 2,048

words. One control.inscruction is allotted to one word, end

control instructions totalling 2,048 (=128 x 16 = 27 p3 24)

are stored over 16 pages each including 128 control instruce-

tions. When the ROM 4 is actlvated by an output of a decoder

5, each control 1nstruct10n is read out from the corres-

ponding address into an 1nstruct10n register 8.' In the

decoder 5, a page information of 4 bits stored in a page

register 7a is decoded eo as to select one of tﬁe 16_peges.

Further, an address information of 7 bits stored in an

address reglster 6a is decoded so as to select one of the 128

(=2 ) words lncluded in the selected page. . | : s
An address appointment portion 6 comprises the address

register 6a, a register 6b which adds "1" to the content of

the regieter 6a, and registers 6¢c and 6d which'store_returo'

addresses at the tlme-when subroutine jumps are made due to

an interrupt.



720 (=2 ) words included in the §egégted page. An address appoi ntnent{ 2%
portion 6 conprises' the address register 6a, -a regi-ster 6b which adds "1"
to the content of the register 6a, and registers 6¢c and 6d which store

return addresses at jhg, %e' %gfﬂuﬁéﬁﬁoﬂbﬁ:ﬁiohuvpéoﬁ @19R4e tHiee Py’ Treg-

an-interrupt. - 6- ol ntnent“portion 7 conprises the page reg-

| stigr 7a, a preset register_7b which stores specified val ue to he-.qi

to the page regt3teF 73s ?eB*%‘B%’Esr9glﬁﬁﬂr7ag\/\ﬁﬁc}ﬁ'hsts(gpgersefauFﬁ%ﬁé‘g&%dﬁp aluej

the subroutine junps, and a 5 buffer register 7e which tegporaﬂlﬁﬁ]
icerangl e

stores the addrizssbefgivenRom thetpage ragis&erndanudeigdsteds
I nstruction register 8 sets the control instruction read gut fromthe ROV

4, The i nfor majhoeh Oft@Pe i PELAYA! bABeBakL ithet Babredititle ijustpsictdrah 4 s
decoded in a decoder 8a, 10 and becones a control signal for executing

a_predetér mi ned. |, BEoF TBL POy BEOSESShAGN! RefiB oSl Ay TRt the NI ITs of

base. . e inf n-address part cornes ress of a
and the- bt T or FRI BN 6 7EtbeBotBrEhenAnsERICLEOn Toeiatamat on address
of the ROM4. It is aiso possible-to enploy the information of the address
part as a control siBnel instautkienakegilsterod tdedshddies comtadoi imsivncion
the infor- mation of the instruction part. Tinme information such as : '
® "~ read out from the ROM:4. The information of an imstruction
part in the coﬁtrol instructioﬁ is decoded in a decoder 8a,
10- : -aﬁd bécomes a control signal-forjeﬁﬁéﬁtiﬁg a predetermined“
information processing to be performed within one time base.
The information of an address part becomes an address of a
random access memory (RAM) 9, and it is stored_in.the.add:ess-
register 6a and the buffer register 7é té.become.the Jump
15 J ‘destination address of the ROM 4. It is also possible to
empizrthe information of the address ﬁart as-a_coﬁtrol signal
~or a literal value on the basis of éppointmént by'the-iﬁfor-
mation of the imstruction part. Tiﬁé-iﬁfotmation such as
dates, days'gf the week, and hour§;:ﬁinutgs'gnd seconds;__p
. 20 .information on timeé to be measured by the stop wétch function;
- information on set times for the timér function; alarm infor—
mation, can be stored iﬁ the RAM 9 as desired. It is possible
to read out data from the RAM 9 in accordance with the control

instruction of the ROM 4 so as to perform an arithmetic

25 procéssing or a displaying_processing; and also to write the



d&nes, days of the week, and hgprsf m nut es and seconds; 20

Dhfformation on tines to be nmfasured by the stop watch function; information
set tines for the tiner function; alarminfor- nmation, can be stored in

the RAM 9.as desired. .ILt ig.possible to r out, d fromthe RAM9 in .

accorHﬁﬁ?énggh%bﬁeaﬁﬁﬁﬁﬂﬁ“Hch§F¥ﬁ%%§§ﬁP%é¥ﬁ ¥&if& oéas to performan —

arithnetic 25 processing or a displaying processing, and al so to W ke

- the - 7- Thes gliimekeepiaga byt Hha iRAMrOoeEhkt mpwrbe deascribed. The

10

N
-

ti mekeeping by the RAM 9 will now be described with reference to Figures

2(a) wgh2réfprehcel ToaFigimed IMla)X arid @ (s r uLti Desaksdinédt elaitn. Fi gure
2(a) are success- 5 ively witten from page -1, address 0 of the ROM 4.

i - . @ | BB d,
A S R S e T G e M e

. are sequentrally ¢ (1, 3),
... of the RAM 9 as jndicated_in Fjgure b Thi efation wll now be
descr ?-K%gyi Wrél’:@&f‘erfr@& asge o addtess 26 (‘# t%?s%%c{ﬁti ngsawi‘?}fst ructi-on
--Load 1, 2-- read _out frompage 1, address O of the ROM 4, a value (1, 2)
for appei sequentiallyc meiash oqut; and @xaertaiy @ timappni @dlt seqovdsoder 10.
(ii) By executing an instruction --Binary Add 1-- read 15 out. from

page &, tagdr eas 11 sekods RQMabe thaptadvallpfcétigté@cahi Docktiorl of the
RAM 9 is read out and is stored in an accunul ator 11 for operand 1

(hereggalbgr 2457 99,208 (ot "B Re)o Ab {fafelpbyCih FEgiraUD(bYIM LNe 4
) This operation will now be described in greater detail.,
(i) By executing an instruction --Load 1, 2-- read out
* from page 1, addreés 0 of the ROM &, a value (1, 2)Ifor
| appointing the location (1, 2) of the RAM 9 is applied to a-
decoder 10.- | |
(ii) _By.executiﬁé an instruction ~-Binary Add 1-- read
.out.from'page-l, address i of the ROM 4, tﬁe content of the
location (1, 2) of the RAM 9 is read out and is stored in an
acce}%lator 11 for operand 1 (herginafter-abbrgvigted to
fhsc 11), while a value 1-read.out from the inétruction
register 8 is set iﬁ‘an-accumulator 12 for opgrand 2 (heré-
inafter abbreviated to "ACC 12"). The contents-of.the ACC s
11 and the ACC 12 are added in an arithmetic logic umit 13
(hereinafter abbreviated to "ALU 13") and the result is
" stored in the location (1, 2) of thé RAM'Q through a bus line

21 of 4 bits.



reéistér 8 is set ih an accunul ator 12 for operand 2 (here- i naf t er ‘ *Si;
abbreviated to “ACC 12"). = The contents 8f-the ACC 11 and the ACC 12 are
added in an arithnmetic logic unit 13 (hereinafter abbreviated to "ALU 13")

and the result is stOie]) i By hexéeasingnahlingdkrrattiba RANeSd ITheugos-bus
line 21 of 4 bits. - 8- (iii) By executing an instruction --Less Than

10- A4t ead out f - Sq 2 , e r aGhy 1ﬁﬂ5ﬁ§

the content A o’JT:eO%e oc%’f-?@gg%%? %5 %?d%ﬁgsmé gfr:]xg gévmgﬁde%ﬁ?ogromt g:’lon
instruction register 8 i.s per-. 5 orped,in the ALY 13, a he _boy r.ow
bit of the res ?t‘F%et&h"eI&?(e‘a‘?nF?nBo‘F‘rB&/ Eﬁ% }ﬂcﬂttisn*gy, :ﬁt)hé’nfg;'fg'reaﬁﬁg
proceeds to the next step (iv). If borrow= 0 (A - 10 [err] 0) the

operation procesd aovalee-1Q0from thexinstruckdont spgieten iSv)is per-
executing an instruction --Branch 20-- read from.page 1, address 3 of the
ROM 4, the operfgimsd bIRNERESALD D3geahd eHer BoFrdt bitl bE BEY 4eridtfis

iFnstruction --Halt-- stored therein is executed. Thereafter, unless 15
interrupt or t ' poccurs, the state of "halt" is held until the next
-period of 0.1 sec begihs. (v) By executing an instruction --Transfer O--

read out from page 1 ddress 4 of ,t he 4...a value 0 frogmthe
i nstruction registerr%éb%rgﬁV Tnftﬁ_ Tod tﬁog)elpﬁg)ogpr@ﬁ&on_proceeds

_E - ‘to the nekt step (iv). |
If borrow = 0 (A - 102 0) the operation procéeds'to thé:_
. 10 mext but ome step. (v). | |
(iv) By executing an instruction --Branch 20-- read
from page 1, address 3 of the ROM 4, the operation branches
td,page 1, address 20-of'the ROM 4 and an instruction
. --Hélt—- stured therein ié executed. Thereafter, unless
15 inter:upt or the like occurs, the state of "halt" is held
| until the next period oflO,l sec begins. |
(v) By executing an instruction --Transfer O-- read
out from page 1,'address 4 of the RQM 4, a.value 0 from the
instruction register 8 is set in the location (1,-2) of the
.20  RAM 9 through the ALU 13, (As a result,_thg location
(1, 2) of the RAM 9 is cleared.) -
(vi) By executing an instruction =-=Load 1, 3-- read
out from page 1, address-S of éhe ROM 4, a'value-(l; 3) for
éppointiﬁg the location (i; 3) of the RAM 9 is applied to

25 the.decoder 10.



' 0 RAM 9 through the ALU 13. (As a result, the location (1, 2) of the
JAM 9 is cleared.) (vi) By execdufing-an instruction --Load 1, :3-- read out

om page 1, address 5 of the ROM 4, a value (1, 3) for appointing the
| ocation (1{v&}) of Likewkeg! boi stepplidd,t §1251is adddd wecduer 10. -9 -
(vii) Likewse to step (ii), "1" is added to the location (1, 3) of the _

RAM 9.1odditien cOL § espopdsthe RAH Hact (iihdls 2oHepdints %%ﬂ@%&é‘% a RfM
0 e

“counter for the digit of 0.1 sec executed in the lI'ocation (1,

5the prigs

9 as sl i ' { b)., | [Jol! f 4the digif of 1 sec
havi ngﬁgée%?\é S‘%%?ﬁr n%.g_sﬂﬁ%?%%& é{r" Lt ﬁé“ﬁt%eﬁ?éﬁ% %‘%gf&ﬁi‘et cﬂ%ic?' B 10 sec
is perforned in | catiog (i, 4%,of gge RAM 9.tgkpilqu , the timekeeping of
the diffit Grequted AR FReplecatipRellon ook ithe RAM § as indiqebed. that.
of the digit of 10 10 minutes in location (1, 6), etc. That i's, since

&gﬁgm@i 2(k), 7thestimekeeppngeof, theddded t0 ot 1 rgeny dedgigd 0.1
sec, the tinekeeping in 0.1 sec is permtted by executing the flow -

 descr idesh ?w&;mé'@ﬁ)i MPhé ¥EhERBT), NtRACkifkRAe iﬁrg‘;?:r ')1% .‘%ﬁfﬁg% ed

10

15

20

within 1 1 machi ne cycle (for exanple, 25 nt™ and

"Val ug'py i ' | pdi s | e, qf Aty | h f
the 1y o HerEomed Tl Ee AP BRETRAAY oita S R of the

correspondi ng ti . In order to displ atinme formed irn the RAM 9, the
1ﬂ¥ia y,rgie 1 %ptgy

timekeeping o e digit of 1 minute is per- | v
formed in location (1, 5) of the RAM 9, that of the digit of
10 minutes in location (1, 6),.étc; | | |
That is, since'the présent register 7b is set to page
1, address 0 at intervals of 0.1-séc, the timekeeping in 0.1
sec ié permitﬁed by executing the flow described abové. jgz:
instruction in each step of the flow is executed within ;’
machine cyglé_(for examplé, 250 .ps). ‘'Content' and 'Value'
in Figure 2(b) indicate an example of the content in the
course of the timekeeping in each address of the RAM 9 and’
an example.of the corresponding time. |
In order to displéy a time formed'in the RAM-Q, the
contents of the add:esses.of the RAM 9 borresponding'to,the
respective digits of the time are read out by contr61 in-
stru;tions, and they are decoded by a display decbder 14
through the ACC 11 and then laécﬁed'in a latch circuiﬁ 15.

An output of the latch circuit 15 is applied to a display

20, and becomes an appointment for appointing segments



20 " contents of the addr esses of_thé RAM 9 corresponding to the - (EEE
respective digits of the tine are read-old Hy control in- structions, and 2
they are decoded by a display decoder 14 through the ACC 11 and then

| atched in a *gg&@e%rog@i&%ﬁg}%@ (@1 Ofo L BE- AL 04 ACHbnESrmeta | od

to a dlsplay econes an appoi nt ment. for appoi fiiti ng

seguents - 10 corres di ng meral §p;be-displayed.a u
segnent s [ err] SRHEERE g]_ 17 ¢ i ’gﬁ”’ésg ﬁgg%a# 1g§5§p? g‘f’IC)"‘l’aP’he
ot her hand, in case of app0|nt|ng the digit 5 to be displayed, a

digit\appointmaﬁ exastplect i on is read out fromthe ROM 4, and a signa
obt ai ned by decoding the. instruction is applied as a digit appoi ntnent

signal to the displ @n Zhd iheh el gi insehestofi appointingThhedidigliay 20
is driven by the segnent appointnent 10 . signal and the digit

appoi ntrent s gaak, dﬁﬁﬂ\&eﬁfg@fOrg%ﬁ’%ﬁ@fﬂ%@ﬂgtﬁnéﬁﬁu BRBN48d rdid

are dri The thmer e rea I'n such a way
mans ot & key Aol iR 1RO 4 ¢ Rl s pestenebnpbeained By, aBfoditle ik
i.sgcounted down in units of 0.1 sec, 1 sec etc. fromthe |east S|gn|f|cant
digit, and thatinstemdtion o eapphied besoaediglt apgeinsmsngnsignal te ghe
an al arm.device (not shown) is generated. The above operation has .
previ ously beerg R4y "R through a digit select circuit 19.
The display 20 is driven-by the segment appointﬁeﬁt
10 signal and the digit appointment signal, and the_segments
| corfesponding to the appointed digit are driven. -Ihe timer
_ fﬁnctﬁﬁn; fof example, may be realized in such a way that a
tlme to be externally set is stored in a locatlon of the
RAM 9 by means of a key 1nput circuit 16 that the content
15 .of the location is.counted down in unlts of 0.1 sec, 1 sec.'
ete. from the least significent'digit, end thaﬁ when the
‘content has become 'D ", a drive signal for, e.ge, anl alarm
device (not shown) is generated. |
The above operatlon has. prev1ously been.performed.
20 In this case, only the tlmekeeplng in 0.1 sec is p0531ble,
end the timekeeping in units of a shorter time is difficult.
_This iﬁvention makes possible the timekeeping, end the
dieplaying in units of a very short time, for example,
0.01 sec. |

_25. By taking as examples the timekeeping and the display-

ing in 0.01 sec in the stop watch function, this invention

I e S e R e ik



: In this case, only theitti mekeeping in 0.1 sec is possible, and the
nekeeplng in units of a shorter tine is difficult. This inveation nmakes

possi hy; Kk n e . di [ ryeshort tine,
for ex jfhﬁ\o% g§ asethBea e r@%@ éﬂﬁ'éi %@x%érp?%%ﬁ%% q?rrekeepi ng
and the dls gé in 9% sec, i,n the st tch function, this inyventiaon
will Hee d E?lﬁ HCRﬁFh ePBedds PETL AIFRLEFYa tine base - <
CIrCUIt 17 and its peripheral circuitry. As shown in Figure 4(a), the tine
base ci rcui4s1ghownnbdeFiguse &4(ddsi rohle duimet dyvase o ikt 407 vibg ch i s
caused 5 to free run by pul ses having a period of 0. 01 sec. an AND

gate 4gaddiep Gfoduaesimaliccoimledubuts fyiang e iondient s %&f respective
bits of the counter 41, and a latch circuit of 4 bits 44 whic at ches the

3 g o (Eree B By Bliglet ha%ife W Bebiid, ot dvdl S i G L peri oo

10

15

20

25

-0 sec I’QI arer .calle err or ne yt e requency i vi der ar e
f 0.01 hﬁ% i naf lled [err]) .f d by th f di vi der 2

appl i #Rt® t BFRARELsq 2 degimade oudipmte £xom Jihe RonEeRESase circuit
17. Timing pul ses having a period of 0.1.sec. 15 (hereinafter called

[ er r] Jofareherreispedtivenbihtspofs the thantexspdd, wndid slafch heigouhter 41
by means of the AND gate 43, and they are applied to a start circuit 18. In

addi tigp,4 key M%ﬁicﬁumt@ﬁe&t the %n%feeftéwadhegwméﬂ in a key

input circuit 16 is applied to the start circuit . <
A time at the digit of 0.01 sec is stored in address 1, for

example, of the RAﬁ 9.
Timing pulses hevtng a period of 0;61 sec (heteinafer
* called "leo") formed by the freéuency divider 2 are applied
to a clock terminal 42«1 of the counter.41 of/the;time'base
._circﬁit 17. Timing pulses having a period of O 1 sec
(herelnafter called "Tlo") are produced from outputs of the
respective bits of the counter 41 by'means of -the AND gate 43,
and they are applied to a start circuit 18, In addition‘, a
key signal sucH as start or stop signal generateé in a
key xnput circuit 16 is applled to the start circuit 18.

The start circuit 18 is a c1rcu1t~accord1ng to whlch,
when the start or stop 31gnal has.been recelved upon depres=-
sion of a start or stop.key, a signal is fed to the preset
register 7b in synchronism with the timing Tio eo as to set
a predetermined vélue therein, and eﬁmuitaneously, a starting

pulse synchronized-with the timing Tlo.is transmitted to the

L T



20 ' The start circuit 18 is a circuit according to which, when thééj¢'
start or stop signa] has been received‘ubgn depres- sion of a start or stop
key, a signal is fed to the preset register 7b in synchronismwth the
timng [err] sa@side® ?ﬁ edapingetbreubed3val Thishetart, cimguit can be
si-nul t anepusly, a starting 25 pul se synchronized with the timng [err]

| s Lransm tted tﬁé%ﬁc‘%e‘?j% rﬁ'é%ﬂGeQEEShal' DGegkr edirbudts.This start

circuit ‘can be TCons om convent | onal Ioglc circuits. - Wen the start

k f the st t b d d
Koy input ciroui 1 10MaRcthS Stagh FRR D5 hOoy tOR,YRLE Boto Pt SeERe Ry

“time base circuit 17, and the content of the cou er 41 I S Iatchi} #$the
latch circuit 4he fstatt sigmali genernbed: byt tg’ﬁg GRS e 15

start circuit 18. In order to junp to that page in the RONI4 in which is

stored the firsipgPiédotol Q.Ské?icln@ﬁt termioalad@+@ dnsdheetiole haae @irculit
I nstructions necessary for realizing the stop watch function, the output of

the start *. a;ry,ro?ﬁ@fegyétcaﬁﬁéﬁiedfo HeN@ obirdlely 107 1RAGMNERS @D the

I nterrupt sign estlnatlon page ‘in the preset

regi ster 7b. In accordance h contr ul se nerate th
tining generati¥gt %hr%h??uétm%éy ('fg'ﬁ'[ }5‘?}% i o‘er]sasratr esz'r%{%l ]{?
fromthe correpondi ng pages of the ROM 4 on the basis of the pages set

the preset regiappli€d todtheestagfesdirsmbl decutldy order i nfgf’lrsha
perfornmed such that the content of

page in the ROM 4 in which is stored the flrst control 1nstruc-
10 tlon among a series of control rnstructlons necessary for
reallzlng the stop watch functlon, the output of the start
circuit 18 based on the start signal becomes an interrupt
e : ' 31gnal for. settlng the Jump destlnatlon page in the preset
| . reglster.7b.- In accordance with control pulses generated
15 by the timing generatrng circuit 3, desired control.lnstruc~
-tlons are read out from the correpondlng pages of the ROM &
on the basis of the pages set in the preset reglster 7b and
are sequentially executed. g
The proce331ng is performed such that the content of
20 - the latch circuit 44 of the time base circuit 17 immediately
after the start signal has turned "on" is stored in a pre-
determlned address of the RAM 9 (1ocatlon 1, 1) in the.
example of Figure 2 (b)) through the bus line of & bits 21,
Thereafter,'}apsed times are stored.in predetermined addresses

25 of the RAM 9 (location (1, 2) and succeeding locations in



'\5 : the latch circuit 44 of-the-tine base circuit 17 inmmedi ately after
- start signal has turned "on13 s stored in a pre- determ ned address of
e

RAM 9 (location 1, 1) in the. exanple of Figure 2 (b)) through the bus
line ofhe éxamplé.ofhEigafee(b)pivedmriiiteo By Steyed. i n predet ermi ned
addr esses 25 of the RAM 9 (location (1, 2) and succeeding |ocatjons Ln

-13- the exgupie Béggggggﬁgc%ﬁg) )abb%u@ﬁé%ep%%ﬁs%% wle % ‘%'?rform ng the

10

15

above ti nmekeepi ng, R¥Tn the 0.1
sec interval, the di-spLaying is perfornmed.,in such a way that the contents 5
of add’rr&s%%v%ﬁ?'f e‘gﬁﬁﬁapég"g&if"ﬁewﬂ-&g‘&@ctti}\?e Giilgi tsecarintasgerlbut from t he
RAM 9, that they are decoded by the display decoder 14 and that the decoded
resul tEherdisplayinagi hst perfaramrdcinc siuchl & smysthat dfipoicuntsagrent s of a
nuneral . to-be-displayed, and besides, that a digit appointnent 10

i nstr wif | addtes sesdcovrebpomiihg BOVitheadd specif@UlEE NS agrd OrdpPoi Nt a
digit, signals of the appointnments.being delivered to 1he display 20.

Duri- ' oL P} f h { i git_of 0.01
s i o Sy T ESEPRAN 05 ERGer KRRy B deRORAIIST P distia na 15

by SeldATTHRE o4 2n tRaE: Efeclbnened seoul Sk dintehach Woykhas been | *

cupy- I ng sever

-subse%?ently depressed, the content of the counter 41 in the tine base

ci rcuikatch jaireuiheliSi aot A tat eppointuiseghentys oife ztmmesadnal gener at ed «
to-be-displayed, and besides, thatha digit aépointmenﬁl
instruction is read out from the ﬁOM 4 and is exeduted SO
as to appqint a digit,'signals of the appointments being
" delivered to the-display 20...During:the.timekeeping éf the

stop watch, even when the digif_off0.01 sec is displayed

the display is difficult to be visually discefned, and

hence, the digit of 0.61 sec may be displayed, for example,

as numeral "8" by selecting.all the digplay segments S, -'S7.

when the stop key hés been'subsequéntlj depressed, the |

content of the éounter 41 in the time base circuit 17 is
latched in the'lat@h circuit 44 by the-stop.;ignél'genérated

in the key igjput circuit 16. At the same time, the stop

[ 1

sigﬁal is applied to the start circuit 18 likewise to the
sta:ﬁ signal described above. The output of the sﬁart
cirﬁuit 18 based on the stbp signallbecomes an interrupt
signal for setting a jump destination page in the preset
register 7b. Using :this page, the operatioﬁ.is causéd to

jump to that page of the ROM 4 in which is stored the first



20 - in the key input circuit 16. Af jhe.same tine, the stop sighal S 941

"applied to the start circuit 18 likewise to the start signal described
above. The output of the start_gcircuit 18 based on the stop,signal becones
an interrupt siCHTHES r1§§§¥q9ﬁﬁ%9j%m%n3e§t?ﬁﬁ%?ﬁn°%a&8nFﬁ°ghé St 1oms
regi ster vb. Using this page, the operation is caused to junp to that page
of e ROM 4 i megessary oreerreetingsa timeldn that RéM Onsttr kbl stopnofy
a series of control instructions necessary for correcting a tine in the RAM

9 at the stop athd hetoy Gratet cdowoVbo t ehéhaigdi8i b£00.010seseandandnkhen
di splaying the corrected tinme. 5 I n accordance with control

pul ses gener at egt. %#EE iéﬂg\ rathngs circuit 3, desired control
~instructions a;%eislrj%"a mé- r-ogrrt{'éﬁe!E ‘égéérieg]ﬁ%%ai ng pages of the ROM 4 on the
basi s of. t he pages t inth resef register_7b and -are sequenti al
executed. 10 Tn 1o _%ﬁnW%ﬁht%%nFa?éhpei$E§isenaraﬁe@hbmnﬁgg
base. circuit 17 immediately after the stop signal has turned "on" is
stored in a prdiming \geppating cidcest 3f desikall 8ohbrolighinsiteukis onisne
of 4 bits 21. Subsequently, the tine of the digit of 0.01 sec at the 15

stop as stored dwe thpd MO -ﬁf&ntﬂﬁetéaﬁr@%@éﬁ%ﬁkgbggéé -Qfo%hé.eRogit] gt tBEle.

start as stored in the location (1, 0) of t e read out,.

difference bet yagn gy d IgPhe Sales! 8LE%5 A hD Do Re o reBSEY 76'8na are
sequentially ekecuted. - '
.'10 The content of the laﬁch_circﬁit 44 of thé time base.-
'circuit 17 iﬁmediately after the stop signal has turned "on"
~is stored in a previously appointéd address of the ﬁAM_Q
- o fhiough'the bus line 6f_4.bits 21. |
o Subsequently, the time pf the digiﬁ of 0.01.sec at the
15 stop-as.stored in the RAM 9 and the time of the digit of
| 0.01 sec at the_sta:t'as.stored in the locatiqn (1,.0) of
the-RAﬂ-Q are read'out, and the diffe;eﬁce between the.
times ié calculated in.the ALU 13, whefeby the.éorrection
for the digit of-0.01 sec is made..,The time of the'digiﬁ
20 | fof 0.01 sec after the'corrécticp is decoded by the display“
decoder 14,.the decoder output'is 1atcheﬁ in the latch circuit
15 and becomes a display segment appointment signal, and
. sumultaneously wiﬁh fhe execution of a digit appointment
imsitruction, the e#act time of the digit of 0.01 sec is dis-

25 flayed. Thereafter the time of the digit.of 0.1 sec, the



_: the digit of 0.01 sec is namde. The time of the digit 20 - of 0.01
ic/ after the correction is decbled by the display decoder 14,-the decoder
put is latched in the latch circuit 15 and becones a display segnent

appol oSl a3 SEMU| §@BCOHRLY tnbhoEhehex ae\shiito Of 0 sHIi L,
app0|ﬁ%ﬁgﬂt |nstrtﬁ% on, the exatt tine of - the dlglt%%t 0.01 sec is dls-,25

pl ayed. Thereafter

- Pne” Gl saenEtal (F S SRL8ze 4y et phy el sBBP é%%}’emﬁt]a‘ﬂm o

SecC.

di spl ayed, and an exact stog wat ch functlon is realized in unit of 0.01

JﬁssmmakxFQ@'M@yweite& nPr@lt BEE~t he content of the counter 5 41

at the start is (1000), i.e., 0 08 second and that the neasured tine at the
stop as i nsslesindebyi way of &xéipiecthat thencoutent?®DIheecmustert he
ALU 13 executes t he operatlon 11 m nutes 25.03 seconds - 0.08 second = 11

m nut

match

gq,rée 8100%? diag, expchst isERESRPI A IthAe iy med i n unit
sec IS a so p

Ssli to perforntthe I ap operatlon of. the stop

the ca'tﬁ%%?” “ime it i 8538 oy s (el B Al o 0 i ST ST

10

15

20

(0101),

i.e. f 0. 05 sec and that the measured tines at the first, second o

| aps dree W3 arinuees APrdBesesondssecshes AL 13 exeguhfedhes. qQER BRI

added

25

i n succession, the content B has the mnus sign (- ) assigned and is

11 minutes 25.03 seconds -~ 0.08 second . _ B
= 11 minutes 24.95 seconds '
and an exact timekeeping is performeéd in unit of 0.01 sec.

It is also pessible to perform the lap operation of the
stop watch in unit of 0.01 sec. |

Assumlng by Way of example that the ‘content of the
counter 41 of the time base circuit 17 at the start is

= (0101), i.e., 0.05 sec and that the measured times at

the first, second ... laps are A A1 =1 ﬁiﬁute 15.06
seconds, A2 = 11 minutes 25.03'secqnds,-f...in succession,
the content B has the minus sign (-) assigned and is addedl
to the times Al,.A ’ ....in the ALU 13 as follows: |

+ f(-B).= 1hminute 15.01 seconds

A .
Az + (=B) = 11 minutes 24.98 seconds

" In this way, correct lap'times are obtained in unit of
0.01 sec.
Since the lap operation can be executed by the interrupt

processing as in the foregoing cases of start and stop, it

IR e mTULADURNR N B e aaTL 1 h e el mm MG L e



to the times [err] ... in the ALU 13 as follows: 20 ~[err] + (-B)
= 1 minute 15.01 seconds [err] + (-B) = ' i nutes 24.98 seconds In this é%?
way, correct lap tines_are obtained in unit of 0.01 sec. Since the |lap _
oper ati on can- bésegesidyd replilzeble senghy diy adding oaesubroubinenfohethe

f oregoi ng. cases of start and stop, it Is easily realizable nmerely. by

addag a subroulapeobetration ap abry oML Lo the ROM 4. Further, two or

nore stop watch functions can be realized nerely by .adding subroutines to

the ROM 4 .and addi ng Frand : [100e 1 h M.9. 4.

As described above i ﬁ‘ﬁ \gpairl’, tévgcgj%_i ng %ogﬁﬁ ?%\#gn l‘f‘%%f%?l%a‘?h tF%@llzed
base remains |ong, for.exanpl.e, at.0.1 sec,. the timekeeping of the digit

. of 0.01 sec andmgﬁs gi B3 SofubroutHags o the B rhrard adding new
Various timng pul ses necessary for executing instructions nay be signals .

of conpafati vel addvessesqfoncistoring timesilttq tHeaRAM@ and di schar gi ng
currents for stray capacitances can be reduced to achieve | owering of the

pover dissipalion, ard deBc#ibed® Wb 106 QdiAL) Sddeiling o Dentl PRVt on,

wth 15 . to achieve sinplification of. the whole circu
® while the time base remains long, for example, at 0.1 sec,
' | | o _
& the timekeeping of the digit of 0.01 sec and the displaying

of the result can be performed.

_;0' : Various timing pulses necessary fbr executing instructions
méy be signals of comparatively low frequenéies. -As'a result;
charging aﬁd-discharging purrents for stray capacitances_.

. can be reducéd to'achieve loﬁering of the poﬁér dissipation,
and a high'ffeQUency.oscillatorfcircuit can be dispenséd with

15 to achieve simplification of the whole circuit.



2 rWE“T“*“*————A-auLLi-function el ectronic digital watch of the dynam c
?I din tim ng neans which generates a tine base-signal
oun 'mm m Hﬂ Eﬁ,’e a timng signal shorter in period than 5 the tine
base $igha on input means; tenporary holding neans to store an
"~ out put of "said count nmeans upen7an |nd|cat|on of said input neans; first .
menory nmeans in which a series of control instructions are witten; '
arith Le means which 10 is controlled by the control i nstructions and
whi ch es predeterm ned operations; second nenory neans which stores a
time signal having a plurality of digits therein; control means coupled to .
sai d fi.rst and fecoridimgmngtieanslaptrenicaddgiitailnyat&hneans for
sequeple §@@Q{ Lugt e first nmenory
maans%sgeh 5 ntro ﬁr}'g ruﬁ%ﬁ? e%’%%ﬂﬁ%ovﬁghga?oa%g#e%w a tinme signal of a
| ess yh@ﬁﬁf&%ﬂﬂ?%ﬁ%ﬁtasﬁkﬁ%xb¢$ﬁtﬁb9§é dnEoHBfOMEARSans at each occurrence

of theot rERelase 2@ igii |51?M1t§h6?ﬂ€i‘\/ ant pERis30RAan0f a nore
S|gn|f ant digit stor second penory neans when a signal for

gnewt %ﬂiﬁﬁ9§¥%uﬂn FtirRsiBRRE BEABSAted and to deliver a
t| me slegn@:aalrao:fy &dleHsig anmélmr&tdrglandehepﬁtneﬁ kwritdhe period 25 of -
sai d tIﬁ]@g % nal shorter, hg % an ta baseSS|gnaI on the basi.s;
of an SHPpuP fﬁﬂQ?QKﬁQh%ﬁél %_§°3n8 t gt ﬁﬁpgquSFE stored in said g
second imsio memcnyd meanRIti meemich oa deeries afsignairol a
instructions are written; arithmetic means which '

10 is controlled by the control instructions and which
executes predetermined operations; second memory
means which stores a time signal having a plurality
of digits therein; control means coupled to said
first and second memory means and to said timing

15 means for sequentially reading out the control -
instructions of the first memory means, said control
instructions being provided to renew a time signal
of a less significant digit stored in the second
memory means at each occurrence of the time base

20 signal, and to renew a time signal of a more
significant digit stored in the second memory means -
when a signal for renewing the more significant
digit has been generated and to deliver a time signal
of a least significant digit determined by the period

25 of said timing signal shorter in period than the
time base signal on the basis of an output of said
holding means and the time signals stored in said
second memory; and output means to deliver a signal
including the time signal of the least significant i

30 digit.



including the tine signal of the |least significant 30 digit. -18- 2. <iEE;;
A digital watch according to Claim1, wherein said tine base signal is’
generated on the basis of said output of said coun . digital

wat ch according to Claim1l or 2, 5 wherein said Hlmmmr“ﬂnmlcu ri ses

di spl ay neans to display said signal inclyging the tine &ighfal *of*the |east
sig§¥ficant digit. 4. A digital watch according to any one of the

preceding clainms, wherein said first and second nenory 10 neans are
respectively comstruct el digit&D\WatchaaBérding toAcTaliti Af,URdidrein

el ectronic digital watch of the dynamic logic type, constructed and

arranged to operagisl suime drasel 8ignalhiscgendeatedben whieh baafier @fce to and

as illustrated in the acconpanying 15 draw ngs. The text of the
speci fi cati on h@&pistautpyt oof ceaidycpuntomepnpsag t he applicants original
typescript. It may contain a few anendnents which are difficult to read.

The original typescript® @HFhFal nvatebsacarsdingnte FApime 1 @peébted on the

prem ses of_ the Pater}'f O‘fj&‘e ) . _

5 wherein said output means comprises display means to

* - display said signal including the time signal of the
' ! _ | least significant digit. |

4. - A digital watch according to any one of the
preceding claims, wherein said first and second memory
10 means are respectively constructed of a ROM and a RAM,
5. A multi-function electronic digital watch of
the dynamic logic type, constructed and arranged to
operate substantially as herein dgscribed with
reference to and as_illustrated_in the accoﬁpanying

15 drawings.

The text of the specification has been i:eproduoed 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 inspect\ed on the premises of the Patent Office
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