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In Figure 6A, the first frequency conponent (i.e. "1" within the brackets
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duration equal to one cycle of clock pulses [err]. The output R serves to
reset a chain of flip-flops 204 which are connected to forma first
counter, which is a binary counter in this 45 exanple. Qutput x* from
flrpflop 206 is inverted w , While each 45

negati ve- goi ng and positive-going transl ’;r_-'on of Xg is synchronized with a_
negative-going'. edge of pulses [err] Signal x** is of the same frequency a®
x063*, but |s i pverted ‘and del ayed by one cycle of [err] with respect g
[err]. Thug, since [err] and x** are applied to the inhibit inputs of .- ¢
208, a si n'qI e pul se of duration equal 1tss7a7¢€ycle of [err] is produced?
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val ues stored in the binary counter 204 are affected very little by .any
noise or jitter (bri‘&vput signal x. The 65 tinme constant for heat
conduction of sfeg chaBg«es in tenperature, in the case of a tinepiece 65
9 1 567 428 enclcbsecﬂonﬂoa_mt al casing, is of the order 8 to. 15 secon®s,
while the m ni mmTiQreQDnRe@mi ations in t enper at ur e due to the timepiece
bei ng worn on t % i RmBotB8eyi-Qoof the order of several minutes. In.
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the gate 388 ar& A eQist 0 a ‘second binary counter 212 conposed of s&Ven
flip-flops, wth bR Qs err]. The waveforms for these outputs are 10
shown in the uppet Be$s-@fs lines in Figure 6D. Wth the AND gate matrix 214
shown, then for #*P=&e@ple if the count in the counter 204 is such-that
only out pdﬂ [err]+dEcldnter 204. is at the high level, then output sf“bnal
[err] of counter. PiGiQii be sel ected f or input to a frequency sunmi ng gate
216. Since output+[&«€3Qics ANDed together with signal' D' before be| ng ANDed
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35 [err] the selected combination of pulse tr. % a frequency which is the ¢
40 [err] [ er I’p]roduct of two quantities which vary linearly with f(x). and thus is proportional to the
square of f(x), i.e. the frequency of the output signal from the summing gate 216 in Flgure
‘6B may be written _ . _

65 1) = kaf(x)? S s



45where y represents the output fromthe sunm ng gate 216. As shown in
Figure 6D, the 45 plse trains represented by the terns of the above
equation are interlaced in such a way that frequency sumi ng can be
performed merely by utiiiTzing a togrc OR gate—AHternrati-vely—an—AN-g
could be used similarly, if negative logic pulses were applied. In either
case, any combi nation of pulse trains corresponding to any conbination of

out fromthe counter 50 204 may be added correctly in frequency w thout
mut i/nt er f erence between the pulses. If 50 an exclusive-OR gate i,5 used
for chency summ ng. is only NeGepaM Yy to. ensure that the edgel=.0 of -
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wi dt hs of MOSFETs 224 and 230 relatively wi de and those of MOSFETs 234 and
238 45 relatively long, at the tinme of integrated circuit manufacture.

45 Figure 8 shows an exanple of an electronic tinepiece circuit

i ncorporating a further preferred voltage CONVersion systentand enmbodying
the present invention. In this case, ‘oth vol'tage down conversion and

vol tage conversion are.incarporated. The electronic tinmepiece conprrses(i:>

power .source 250 and a vol tage conversion system 251 conposed of 50 an
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descri.ped. An output signal fromthe auxiTrary osciltator circait 252 1S
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di spl ay panel may thus be driven using a dynamc matrix drive systemwith a
1/3 voltage 40 application arrangenent. Wth this, the voltages applied to
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el ectronic timepiece according to claima17, in.which said frequency
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frequency sel ecting neans for selecting various conbinations of said pul se
trains, and frequency summ ng neans for summ ng said sel ected conbinations
of pulse trains. 19. An electronic tinmepiece according to claim18, in

‘“VWﬁTﬁT“‘J* requency serecting ne FSes—Aeans—orpraducing various
| signals in prop

~contro |on to changes in 20 frequency of said sanple

(3?25? oft”“ﬂ"l”uu,mu"mm,‘ ding to claim19, in V\/nr ch sai d cont rzgl Zgr gﬁgl
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control signals. 21. An electronic timepiéce according to clam18,
whi ch saddl Mecalestrouie tipemicho subsgn@Bly assbioan pduLklo@dribEchmf R h@i NS C{Z?’P“ ses
a count’&TMRAMARR HraWiBth count.s-conti ruousl y' - 25 response to an Mhput
- signal of frequency proportr et of - sard sanple out put signal .. 22.
An electronic tjn r%ew?. ac e'g)j(IKS——t@ofilgﬁlK I-m.45,°i'n which said.tenperature
conpensati ng. neans--mmhhe?ﬁﬁoﬂﬁreﬁﬁﬁf“'”ﬁ"ﬁﬁ%ﬂzEﬂhﬁthTtent|y det ecting
sai d anmbient tenperature to proVIaR ¥ t"¥nperature i nformation sjgnal. and
menory neans for storing 30 said tenperature:information signal.
30 23. An electronrc trneprece accordrng to claim 19, in which sard
freguency sel ecting neans further conprises a matrix of l'ogic AND gét es
coupl ed to sai-d control. signal producing neans and sai.d- means for producing
said plurality" of pulse trains, said matrix sel ecting said various
conbi nat i-ons ‘of said pul'se trains in response to said:control srgnals 35
24. An electronic trneprece according-to claim2.. further conprising a
vol tage step up. 35 converter circuit coupled to sal d signal generator and
t he -power source to- provi-de a higher- out put vol tage than that of the power
~source. 25.. An electronic tinepiece.: accordrng to ¢laim.24; in which said
voItage step-up-.converter circuit conprises-a.plurality:of metal oxi de
field effect sem conductor transistors, 40 a-first capacitor .coupled to a
source: t.erm nal -of one of said field. effect transistors and - 40 coupled to
a drai.n-termnal -of. another of 'said field ef f ect tfansrstors - a source of
boost “swi-t chi ng srgnals and a reservoir - capacrtor coypl-ed t.o a ternlnal of
t he pow T 'source and to an-output termnal of said voltage step-up
converter ¢ircuit. 26. An electronic trneprece according 't o -clai m25.
~whi ch=charge -stored in said first 45 capacitor. by a. first” poIarrty of
transi-tions of :said boost .swit ching signal's is transferred to said: 45
reservoir. ‘capaci‘tor by the actron of a second pol ari-ty: “of transi tions of
sai‘d hoost swi't chi'ng si gnal’, “causi ng one or nore.of. 'said field effect
transistors.to pass froma- hrgh resi'stance state between drain and source
termnals to a | ow resistance state.. 27. An el éctronic: tlneprece accordi ng
to claim26. in which ‘said boost smntchrng srgnals 50 are provrded from
“sai"d si.gnal- generat or . T . - 50 28.
An el-ectronic trneprece accordlng to cIarntl mherern the trnekeeprng
circuit but ‘not:the’ di spl ay- neans is coupl ed ‘to the volt.age conver sion
Systentand the out putof the trnkeeprng circuit is connected to the display
neansit hrough a level shifter circuit. 29. An el ectr.onic: t'i nepi ece
accordrng to cIa|n128 in-which said | evel® shifter. circuit.55. conprises an
i nverter supplied wth- power. froma first supply vol:tage, and a flip-flop
circuit:55 supplied with power froma second supply’ vol tage. an output of
sai d |nverter bei ng coupled to a first input ternmnal -of said flip-flop
circuit and the- ‘out put si gnal . of. said- ti mekeepi ng ‘circuit being apglred to
an input, terninal. of said- inverter and-also to a second input termnal of
sai d fllpiflop circuit, mhereby an out put -of - sai d flip-fl.op changés between
a reference 60 voltage l'evel and a level “of sai-d second supply voltage in
response, 't 6 ‘changes i n l'ogi ¢ | evel - 60 of said out put si-gnal . .30. An
el ectroni.c. trneprece accofding to any- precedi ng ¢l aimin which said power
source-conpri-ses -a battery, 31. An electronic trneprece accordrng to claim
30-wherein ‘the battery is a-. srlver oxrde 65 battery :
65 . 16.1 567 474 &
16 32. An electronic’ trneprece substantrally as. shomn and descrrbed with
ref erence to the-acconpanying drawi ngs. MARKS & CLERK Printed for Her
- Mpjesty's Staionary O fice, by C}oydon Prrntrng Cbnpany Lrnlted Croydon,
~Surrey, 1980, [err]
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