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of digital signals (1) and (2) are
Digital wave shaping circuit, frequency multiplying circuit, and external

synchronizing method, and external synchronizing circuit

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a digital wave shaping circuit, a frequency
multiplying circuit, and an external synchronizing method and external
synchronizing circuit, which produce digital signals, the phase of which is identical
to the phase position of external trigger signals with the fmqﬁency_thereof identical
to the frequency of digital input signals.

2. Description of the Related Art

Generally, the interruption frequency of semiconductor active elements is
definite, and the usable maximum frequency is subject to the limitation thereof.

For example, in FIG.21, the wave forms of digital signals (1) and (2) are
identical to each other in the repeating frequency f. However, since in the wave form
of signal (2) the ratio of the upside H level period TA and the downside L level period
TB is not 1:1 while in the wave form of signal (1) the ratio of period TA and period
TB the wave form of signal (1) is 1:1 (duty 50%), the apparent (virtual) frequency fis



i dentical to each other in the repeating frequency f. However, since in the
wave form of signal (2) the ratio of the upside H'l evel period TA and the
downside L level period TBis not 1:1 while in the wave form of signal (1)
the ratio of period TA and period TB thewave formof signal (1) is 1:1
(duty 509, the apparent (virtual) frequency f is I ncreased.

L5171 by 35, R o D A
B
extrenely ‘{%88 %he?é’fnjé E?éféggﬁ%ngﬁlﬁgo?}agfgtﬁlgghhﬁ’%caﬂs @13kei?d arl {x{j;ﬁllggi&%,

exceedi ng the opera ( I nto the correspon
ther eby Ca”@hﬂ%é ﬁﬁtlzfﬁb%eﬁ Qﬂkﬂgaﬂcpogefat&f at Whe! él&Perhél¥ WS ORva Pitkhe
frequency of the correspondi ng I'nput Signals. herefore, It 1s

prefer abl e daghraBldpdritl, 8 sl of frbqificy %ﬂéﬂeﬁﬁg{}?\é%gg%%tﬁmi@ pefioll B fnplttélli ch.

the ratio of period TA and period TBis 1:1 ( n other words, if
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times, it wll be possible to handl e signals of higher frequencies by
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a consideration is given of a dirgital wave shaping circuit, a frequency
mul ti plyi ng cir cuTherefude,db iepreferable thataligitali sigmals ¢o beiandled Hyve a waivgi t al
wave shaping circuit Conventionally, in a synchronizing signal
sel ecti on cformuprt whithdhe paticiofpesiod NAcarad periad BB is kbt (drty pO%U). Intother wards,
identical to that of input signals and the phase of

if digital signals to be handled are shaped to a wave form of duty 50% at all times, it

will be possible to handle signals of higher frequencies by using the semiconductor
active elements.

In view of these points, a consideration is given of a digital wave shaping
circuit, a ﬁequency multiplying circuit anﬂ an external synchronizing circuit.
(§)) Digital wave shaping circuit

Conventionally, in a a;ynchmﬁizing signal selection circuit which produces
signals, the frequency of which is identical to that of input signals and the phase of
which is identical to the phase position of trigger signals, "n" sub reference sighals
Sa, Sb, Sc,.. of different phase positions have been produceﬂ from the reference
signal So. For example, a synchronizing signal selection circuit (disclosed by
Japanese Patent Publication No. 35606 of 1986) shown in FIG.22 is constructed as a
circuit in which the reference signal So of a frequency "m" times the repeating
frequency f ("'m" is an integral number _including and more than 2) of repeating
frequency f of the required synchronizing output signal is received, and "n" sub
reference signals Sa, Sb, Sc of different phases ("n" is an integral number including
and more than 2) are produced by gradually shifting the phase of the reference
signal by delay elements DL1, DL2, wherein, since trigger signal G is recsived,



which is identical to the phase position of trigger signals, "n" sub
reference signals Sa, Sb, Sc,.. of different phase positions have been
produced fromthe reference signal So. For exanple, a synchronizing signal
selection circuit (disclosed by Japanes_e3Eat ent Publication No. 95606 of
1986) shown in FIG 22 is constructed as a~ circuit in which the reference
signal So of a frequency "n' times the repeatin frequency f ('!m' is an
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Convent i onaploducea"ntusibareferénacdigryals SanSht Sc 6 diffefan? phasesofiremcthe refeir@stei n
series and are produced by carrying out an operation of gradually shifting
t he signal So. Conventionally, a number of delay elements DL1, DL2,... are connected in

series and are produced by carrying out an operation of gradually shifting the
phases of the reference signal with the reference signal supplied into the delay
elements.

However, with the above-mentioneﬂ technique of gradually shifting the
phase, a problem arises, that is, if a higher frequency (60MHz to 100MHz or the
like) is handled, there are cases where a signal wave form before passing the delay
elements DL1,DL2,... is destroyed little by little whenever passihg through the
respective delay elements and the meaning of the phase division will be lﬁst. In
particular, even though it is assumed that the signal wave form before passing
through the delay elements is a duty 50% wave form, the wave form shifts from duty
50% by passing through the delay elements and the frequency handled will become
actually higher, thereby causing an IC to exceed its frequency limit of the maximum
operatable performance.

Furthermore, with the above-mentioned technique of gradually shifting the
phase, the jitter is decreased responsive to the number "n" of phase divisions, that is,

sub reference signals. Therefore, in a case where a lower frequency (for example,



phases of the reference signal wth the reference signal supplied into the
del ay el enents. However, with the above-nentioned techni que of
gradually shifting the phase, a problemarises, that is, if a higher
frequency (50MHz to 100MHz or the 1like) is handled, there are cases where
a signal wave form before passing the dety elenents DL1,DL2,... is
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output is constructed, generally, input digital signal (shifted from 50% duty) is used

as output after the signal is frequency-divided into two, the phase of which is
delayed 90 degi'ees, with an exclusive OR intervened. However, with only the above,
the frequency obtained will be the same as that of the initial input clock.

Therefore, it is considered that signals, the phase of which is shifted 45
degrees, 90 degrees and 135 degrees, used.

However, in a case where such a technique of shifting phase is used, the
construction of a frequency multiplying circuit is made complicated and the design of
it is to be changed if the frequency to be handled is changed. Therefore, actually, it is
a real state that the target frequency is obtained by using a oscillator which has a
frequency two times larger than the frequency to be obtained and by dividing the
frequency thereof.

Therefore, it is desired that an actual frequency multiplying circuit, the
construction of which is simple, and which is able to output signals wave forms of
which are shaped to duty 50%, is produced.
® External synchronizing circuit

Conventionally, in a clock signal generating circuit for writing color picture

signals and a clock signal generating circuit for reading the signals, it is necessary to



(2) Frequency nmultiplying circuit : In a case where a frequency
multiplier which is able to obtain 50% duty output is constructed,
generally, input digital signal (shifted from50%duty) is used as output
after the signal is frequency-divided into two, the phase of which is

del ayed 90 degrees, with an exclusive ORTntervened. However, with only the
above, the frequency obtained wll be the sane as.that. qof the initial
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like) is handled, there are cases where a signal wave form before passing the delay
elements DL1,DL2,... is destroyed little by little whenever passing through the
respective delay elements and the meaning of the phase division will be lost. In
particular, even though it is assumed that the signal wave form before passing
through the delay elements is a duty 50% wave form, the wave form shifts from duty
50% by passing through the delay elements and the frequency handled will become
actually higher, causing an IC to exceed its frequency limit of the maximum
operatable performance.

Furthermore, with the above-mentioned technique of gradually shifting the
phase, the jitter is decreased responsive to the number "n" of phase divisions, that is,
sub reference signals. Therefore, in a case where a lower frequency (for éxample,
1MHz or the like) is handled, the number of delay elements to be prepared.is 2,000
to 3,000, wherein it is disadvantageous in the economical aspect and in view of
heating of the elements.

Therefore, it is highly desired that, without depending on the above-
-mentioned technique of gradually shifting the phases, an external synchronizing
circuit which is able to pick up clock signals synchronized with the trigger signals by

using as a few number of semiconductor elements as possible.



clock signals in synchronization with horizontal synchronizing signals.
Conventionally, there is a circuit shown in FIG 22 as a synchroni zi ng
signal selection circuit which produces signals, the frequency of which is
identical to that of input signals and the phase of which is identical to
t he phase position of trigger signals (Jfpanese patent publication No.

95606 of 1986). Since this circuit is expl aiaied, above, {he exgl anati on
about it is onittikurthermore, in a case whergiertexnal f5igger fienals, were Suaatedonal
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It is therefore the first object of the invention is to provide a wave form
shaping circuit which outputs signals after the wafre forms of input signals are
shaped to i;hose of duty 50% regardless of whether or not the input signals are of
duty 50%.

Furthermore, it is the second object of the invention to provide an actual
frequency multiplying circuit having a simple construction, which is able to output
signals wave forms of which are shaped to those of duty 50%.

Still furthermore, it is the third object of the invention to provide an actual
external synchronizing method and external synchronizing circuit having a simple
construction, which are able to synchronize input clock signals with external trigger
signals and to output input digital signals shaped to a wave form of duty 50%.
Furthermore, it is still another object of the invention to provide an external
synchronizing method and external synchronizing circuit which are able to
automatically synchronize output clocks in pursuit to external trigger signals even
though they are fluctuating.



using as a few nunber of sem conductor elenents as possible.

- 6- Furthernore, in a case where external trigger signals were
fluctuated, conventionally it was difficult to automatically synchronize
the output clocks in pursuit to the change. Accordingly, it is

much desired that an actual external symntritonizing circuit, which is
sinple in construction, causes input clock signals to synchronize with
external trigger signals and outputs signals in a state where the input
digital signals are shaped to wave form of duty 50% and an actual external
synchroni zing nethod are proposed. Furthernore, it is also

desired th g)rpnah Wml ng nethod and external synchroni zing
circuit arm ; E ically cause output clocks to
synchroni ze with external tri gger si gnal s even though the external trigger
signals are fluctuated. IS therefore the first object of the
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Furthernore, It e secon obj ect of the invention to provide an act ual
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to output signals wave orm; I ch are shaped tTo those of duty 50%
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an input clock signal; a duty determination circuit for determining and instructing
the timing position of duty 50% of a clock signal to be outputted, upon receiving the
timing signal generated by the timing generation circuit, which is composed of a
cycle measurement circuit for measuring the length of one cycle in the first cycle
arriving at every interval of integral number times of one cycle of the input clock
signal, an operation circuit for calculating the length of one half of one cycle on the
basis of the value thereof, an actual measurement circuit for executing
measurement of the length in each cycle of input clock signals, and a coincidence
circuit for outputting a coincidence output as said timing position of duty 50% when
the corresponding measured value becomes coincident with said calculated value;
and a width forming circuit for generating and outputting a clock signal having a
pulse width corresponding to said duty 50% on the basis of a signal synchronized
with the front edge of the input clock signal EXT-CK and the timing position
determined and instructed by said duty determination circuit.

The digital wave shaping circuit of this invention is a circuit which takes
out a signal frequency of which is the same ae that of the original signal. The cycle
measurement circuit measures the length of one cycle in the first cycle arriving at
every interval of integral number times of one cycle of the input clock signal. The

operation circuit calculates the value equivalent to the half length of one cycle. The



external synchronizing nethod and external synchronizing circuit having a
sinple construction, which are able to synchronize input clock signals
with external trigger signals and to output input digital signals shaped
to a wave formof duty 50% Furthernore, it is still another object of the
i nvention to provide an external synchre8izing nethod and external
synchroni zing circuit which are able to -automatically synchroni ze out put
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fluctuating. -7-
SUWRRY OF cyele of\uiinitl clbck signals, and ra epideidence sutpwvis owtpudtedy fomerthe oned
objects, the invention is constructed as shown bel ow. One aspect
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and determined in the duty determination circuit, whereby it is possible to form and

output clock signals having a pulse width equivalent to the above-mentioned duty
50%.

Even in a case whel;e the input clock signal has any cyclic length or the
input clock signal is of a wave form in which the duty is fluctuating, it is possible to
obtain output having a wave form of du_ty 50% at all times. Therefore, it is possible
to increase the apparent frequency limit of semiconductor active elements used.
These actions and effects can be obtained in any one of the following inventions.

Another aspect of the present invention is a digital wave shaping circuit
comprising: a timing generation circuit for generating, froni ‘input clock signals,
required timing signals including a signal for instructing the target measurement
period to be measured as length of one cycle of the input clock signals with an
interval which is integral number times one cycle of the input clock signal, a signal
for instructing an actual measurement period for sustaining a measurement
operation over the target measurement period, a signal for defining an oscillation
reference period commencing from the front edge of an input clock signal and ending
before arriving at the front edge of the next input clock; a cycle measurement circuit
having a delay line oscillator for oscillating only during the actual measurement

period upon receiving a signal of the actual measurement period produced in the



measurenent of the length in each cycle of input clock signals, and a
coincidence circuit for outputting a coincidence output as said timng
position of duty 50% when the correspondi ng neasured val ue becones
coincident with said calculated value; and a width formng circuit for
generating and outputting a clock signal.quaving a pulse wdth
corresponding to said duty 50% on the basis of a signal synchronized wth
the front eafigénggederationpivéuit;|aokntardmatountingGiie annlidraficyclesof g@oRliationn
determ ned and instructed by said duty determ nation circuit. The
di gi tal wawdf thé epiresponiingudelaydine dscidlatory amd a datch sirenit fordatchingthelvahekof's
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and for generating a coincidence output when they become coincident with each

other; and a width forming circuit for forming and outputting a clock signal having a
pulse width corresponding to said duty 50% on the basis of the timing position
instructed by the coincidence output of said coincidence circuit.

According to the this invention, since output of oscillator is utilized to carry
out measurement,. the phase error does not constitute any probleth. Accordingly, in
comparison with a conventional case of indexing the timing position by phase
divisions, it is possible to carry out highly accurate measurements by a very few
number of delay elements. These actions and effects can be obtained in any one of -
following aspects of this invention.

Another aspect of the present invention is a digital wave shaping circuit
comprising: a timing generation circuit for generating required timing signals from
an input clock signal of a fixed cycle; a first and a second duty determination circuits
for determining and instructing the timing position of dufy 50% of a clock signal to
be outputted, upon receiving said timing signal, which operate with at least one
cycle overlapped with and with two cycles. shifted from each other; wherein said first

and second duty determination circuits have a delay line oscillator, a counter for



Even in a case where the input clock signal has any cyclic length or the
I nput clock signal is of a wave formin which the duty is fluctuating, it
is possible to obtain output having a wave form of duty 50% at all tines.
Therefore, it is possible to increase the gparent frequency limt of

sem conductor active elenents used. These actions and effects can be
obtained in any one of the follow ng inventions. Anot her aspect of
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receiving a signal of said oscillation reference period, and a

measured value becomes coincident with said calculated value, said second duty

determination circuit operates with at least one cycle overlapped with and two
cycles shifted from said first duty determination circuit and outputs a coincidence
output as said timing position of duty 50%, and a width forming circuit for
generating and outputting a clock signal having a pulse width corresponding to said
duty 50% on the basis of the coincidence output coming from said first and second
duty determination circuits and signals synchronized with the front edge of the
input clock signals.

According to this invention, a first and a second duty determination circuits
which are overlapped with each other at least one cycle and operate with two cycles
shifted from each other are used, wherein coincidence outputs showing the timing
position of the above-mentioned duty 50% are obtained from the respective duty
determination circuits. In width forming circuit, a pulse is risen up by a signal
synchronized with the front edge of input clock signal and is fallen by the above-
mentioned coincidence outputs, whereby it is possible o output clock signals having

a pulse width equivalent to duty 50%.



counter for counting the nunber of cycles of oscillation of the
corresponding delay line oscillator; a coincidence circuit for conparing

t he out put value of the counter of said actual neasurenment circuit with

t he cal cul ated value of said operation circuit and for generating a

coi nci dence out put when they becone coi mdildent with each other; and a
width forming circuit for formng and outputting a clock signal having a
pul se wi dt h cor r pesfotd) @véirs acaseduthoreSafaelotthsighalshas aiy ¢ylelic langtiogr
position instructed by the coincidence output of said coincidence circuit.
Accordi ng tthetimmutt dock signalris ioba, wanienfoemdntwhich dhe duty id Suctnatisg, uvith ithed t o
carry out neasurenent,. the phase error does not constitute any problem
Accor di ngl ydigital wavershapingreinshithaceonding éo thisriaventione ibfis iatwdaya pepsthile to i mi ng
position by phase divisions, it is possible to carry out highly accurate
neasur ementebtaip eutpetsyhaving thasane frefluensy-as Secriginal freuneney aod hawingamd
effects can be obtained in any one of follow ng aspects of this invention.
Anot her aspt% daty vaee tf'9|‘"élsent invention is a digital wave shaping circuit
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cal cul ati nggdtBEnination circuits, the target measurement period and actual measurement
period are clearly distinguished, it is possible to securely perform oscillating actions
in the target measurement period fully to the width of one cycle.

Another aspect of the present invention is a digital wave shaping circuit
comprising: a timing generation circuit for generating, from input clock signals,
required timing signals including a signal for instructing the target measurement
period to be measured as length of the one 'cycle of the input clock signal with an
interval which is integral number timés one cycle of the input clock signal, and a
signal for instructing an actual measurement period to sustain a measurement
operation slightly longer than the target measurement period; a first and a second
duty determination circuits for determining and instructing a timing position of
duty 50% of a clock signal to be outputted, upon receiving said timing signal, each of
which is constructed to have a delay line oscillator, a counter for counting the
number of cycles of the oscillation, an operation circuit for calculating the half value
of the counted value and a coincidence circuit which uses output of the
corresponding operation circuit as one input and uses output of said counter as the
other input, and which operate with at least one cycle overlapped with and with two

cycles shifted from each other; a first flip flop positioned before said first duty



hal f val ue of the counted value, and a coincidence circuit which uses

out put of the corresponding operation circuit as one input and uses out put
of said counter as the other input, said first duty determ nation circuit
nmeasures the |l ength of one cycle by causing the delay line oscillator to
oscillate and counting the nunmber of cyclLgs_of oscillation by the counter
in the first cycle arriving at every interval of integral nunber tines of
one cycl e oetérmtinatiputireliwkhich great every time insymelaonization with thetfeoritedge h
fromthe front edge of each cycle by causing the delay line oscillator to
osci | | at e afdneoeysle ofginpué cmﬁimgnaifat@llsl resebby caid coincidercebguitpht in sbert er
in each of the second cycles in said |ntervals and out puts a coi nci dence
out put f r oresciblation geferense period between sai &amaehwsqutmr@fi ang: thegwxs when
the correspondi ng neasured val ue becones coi ncident w th said cal cul at ed
val ue, sai dtasgatomgasniementperiodii s second fhp dlop; nosawatl@@rw gecopd guty one

cycl e overl ed, vmth and t cycles shifted fro saldflr du
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duty determnation circuits. In width formng circuit, a pulse is risen up
by a si gnal flop yiahr sighalefdr MstFucting s‘aid)aétuauﬂﬁasﬁremutpeﬁbacihtossmaécoﬁad i's
fallen by the above- nentioned coincidence outputs, whereby it is possible

t o out put cHuokykdeterymahtion aircuit; and 9 thisd OR ghth fegpickiagenm ant output gf &dadoof

said flip flops.

According to this invention, at the time of oscillation in the actual
measurement period, output of the above-mentioned pre-positioned flip flops is
inputted into the duty determination circuits attached thereto and is inputted in the
output side. However, as a coincidence output is generated, the above-mentioned
pre-positioned flip flops are reset to cause the sighal to the output side to disappear,
thereby adverse influences can be avoided. Furthermore, signals indicating the
actual measurement periods are securely inputted in the duty determination circuit
attached thereto via OR gates. That is, a common delay line oscillator, etc. which
constitute one duty determination circuit can be operated without fail by changing
them to the actual measﬁrement period or oscillation reference period. Therefore,
the construction is further simplified in comparison with a case where two pairs of
delay line oscillator, etc. are provided for the actual measurement periods and
oscillation reference periods.

Another aspect of the present invention is a digital wave shaping circuit



Therefore, even in a case where input clock signal has any cyclic length or
the input clock signal is of a wave formin which the duty is fluctuating,
with the digital wave shaping circuit according to this invention, it is
al ways possible to obtain outputs having the sanme frequency as the
original frequency and having a 50% dutyl3ave form Furt her nore,
since the first and second duty determ nation circuits which are

over | apped dohiptistget ' Ginligp gehelativht citduit forCgenepatihg) fromtiaput tlock wiznals;| es
shifted fromeach other are used, wherein coincidence outputs show ng the
tim ng positeqaired timinesignnaty incheting arstghal oy insfiifcting thd taget thehsarsnidne
respective duty determnation circuits, the target neasurenent period and
act ual neasperiodetotbe peaswdd asdengthafithe dne cycle of shircthpuk clock signad withean o
securely performoscillating actions in the target neasurenent period
fully to thisteyval whish igrintegyall rumber times onmmlhe? thesinpait cmktsmair@sbat
invention is a digital wave shaping circuit conprising: a timng

gener at i on signalufor ingrueiingepatackeal measurement period to Sugiain A meaguremend
timng signals including a signal for instructing the target neasurenent
period to bepexsidenslightilopgersthandhetarget measyramentperigd: 2 Apsirand 8 secondgnal
with an in&erv | whjch is.int egP'aI nunber tai;,ﬁe,s one .cycle of the | npt%t
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corresponding operation circuit as one input and uses output of said counter as the

other input, and which operate with at least one cycle overlapped with and with two
cycles shifted form each other; a first flip flop positioned before said first duty
determination circuit, which is set every ﬁme in synchronization with the front edge
of one cycle of input clock signal and is reset by said coincidence output in the
oscillation reference period between said target measurement period and the next
target measurement period; a second flip flop positioned before said second duty
determination circuit, which is set every time in synchronization with the &ont edge
of one cycle of input clock signal and is reset by said coincidence output in the
oscillation reference period between said target measurement period and the next
target measurement period; a first OR gate for inputting an output of said first flip
flop and a signal for instructing said actual measurement period into said first duty
determination circuit; a second OR gate for inputting an output of said second flip
flop and a signal for instructing said actual measurement period into said second
duty determination circuit; and a third flip flop which is reset every time ir_l

synchronization with the front edge of one cycle of said input clock signal and the



correspondi ng operation circuit as one input and uses output of said
counter as the other input, and which operate with at | east one cycle
overl apped with and with two cycles shifted fromeach other; a first flip
flop positioned before said first duty

-12- determnation circuit, which is set-&¢ery tine in synchronization with
the front edge of one cycle of input clock signal and is reset by said

coi nci dencenpuhAig, i id PSssiIs € bbiin anultipfied sagfutschectaRefomest whicH ik ar get
measur enent period and the next target neasurenent period; a second flip

flop positidutgdobsasbatpial alaones] That is, cldek sigihlaalf palse & avefbim forhileith i S
set every tinme in synchronization with the front edge of one cycle of

i nput cl ockthei fieqlensyds itwortimes thy ismitdclock signdlsnawd dhé duty iis) 50%ecan be
oscillation reference period between said target neasurenent period and the
next tar gedutpetted atsintimpeThedefore, it isgiosSblegtat incfease thepappdarant fraquanicput of
said first flip flop and a signal for instructing said actual neasurenent
peri od i nt olimiti of spinkconducetoy activetedementamiseth circuit; a second OR gate for
inputting an output of said second flip flop and a sicgnal for instructing
sai d actual neasudiapewithdhisomorethe snpasurementi is garjedievk by wilizing the
circuit; and a third OR gate for picking up an oq%tput of .each of gﬁl dflip
flops. -  outputplcdglay Jimeroscillgtors,; theaphiasg erroxs doppotl; Gopatitite any; problemyy
t he actual  neasurgenent perj.od, oytput of .the above-nenti oned
pre-positi oﬁé‘iﬂ‘ri‘l“gé' 1"‘I‘8§Bs§‘l§let‘?ﬂ ‘?‘b&eWﬂ}lﬁh FACCHAR MEASHEMERtE i on circuits
attached thereto gand,is inputted.in {he ut, side. However.. as.
coi nci dence out pu?“%geﬂg?ré’r gl?ee FStt"H@t %FSBQ@%FF@H@&“%%%%HW@H@&% i p
flops are r t ' ' . ' .
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t hereby adverse ["'uences can be "avol rmore, signafs 1ndicating
the from each other are used, and flip flops and OR gates are positioned before each of

them. Therefore, at the time of oscillation in the actual measurement period, the
output of the above-mentioned pre-positioned flip flops are inputted into the duty
determination circuits attached thereto and are inputted in the output side. As the
final coincidence output is generated, the above-mentioned pre-i)ositioned flip flops
are reset to cause the signals toward the output side to disappear and the influences
toward the output side can be avoided. Moreover, signals indicating the actual
measurement periods are securely inputted in the duty determination circuits via
OR gates. That is, the common delay line circuit, etc. which constitute one duty
determination circuit are operated by changing over in the actual measurement
period and oscillation reference period. Therefore, the construction is further
simplified in comparison with two pairs of delay line oscillators, etc. for the actual
measurement period and oscillation reference period.

Still furthermore, in this frequency multiplying circuit, the first and second
duty determination circuit which is overlapped at least one cycle with each other
and operates with two cycles shifted from each other, since coincident signals

showing the timing positions duty 25%, 50% and 756% are outputted by turns, the



actual measurenent periods are securely inputted in the duty determ nation
circuit attached thereto via OR gates. That is, a common delay |ine
oscillator, etc. which constitute one duty determnation circuit can be
operated without fail by changing themto the actual neasurenent period or
oscillation reference peri od. Therefore,_lgbe construction is further
sinplified in conparison with a case where two pairs of delay |line

osci | | at or ,m&istireraét purivd airbitHeatext Rerget mersurementr morind, apfinst ORsgats dor

oscillation reference peri ods. Anot her aspect of the present

i nventi on iiapwttitiggiheadutpatyef said firstoflipi flopuand a signal for instructing said actual

-13- conprising: a timng generation circuit for generating, frominput

cl ock si gnahegsurementi peribdtinte said firaydaty detevhindition crcuityastcondrOR gaterfoct i ng
the target neasurement period to be neasured as |ength of the one cycle of
the input dhpeiting thesutpytof said sepondeflipflopand a signal fardgstanctingdnid actuakbs one
cycle of the input clock signal, and a sigenal_ for instructing an actual
measur ementmeasureBentperisdintosaid seeond dutydetermipation cispnit angthirdifimier t han
t he target asurenent. period; a first and a second , duty determ nation
circuits fdor eeﬁrwﬁﬂ%gﬁ xesek GYOEY Hima vhgvx&hmw%ow&g&%ddrw edaaP?OB@% of
a clock sign tp be outputted,. upon recei Vi sai d,tim ng, si gnal , ch of
Shich i s coiel: o ead R sosgbRomd FEe shalie)dh hictl e Shanghd pisr Y
counting the. nunber of cygles of the oscilkati an ration_circuit for
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whi ch uses f . ding operation circuit as one input and
uses out put&gérp%lglll dg%%ﬁ}nelgﬁ%l{s&?(ﬁlge ot her input, and which operate with at

I east one cycle oyEfhbFRREGH drtivipthtthidtvhl&Qf integral number times of one cycle
of input clock signals, the length of one cycle is measured. On the basis of the
measured value, the operation circuit calculates the timing value of a one-fourth
value, a two-fourth value, and # third-fourth value of the calculated value, that is,
the duty of 25%, 50% and 75%. And in each of the second cycles in the above-
mentioned interval, the length is measured and, when the corresponding measured
value becomes coincident with the above-mentioned calculated three values (1/4, 2/4,
and 8/4 of the calculated value), coincidence outputs are outputted from the
coincidence circuits. These coincidence outputs show the timing position of the
above-mentioned duties 25%, 50% and 75%.

In the width forming circuit, a pulse is risen up by a signal synchronized
with the front edge of the input clock signal gnd is gradually risen up and fallen at
the timing positions indicated and determined by the above-mentioned duty
determination circuit, that is, the timing positions of duties 256%, 50% and 75%.
Therefore, it is possible to form and output clock signals of a pulse wave form for
which the frequency is two times the input signal and the duty thereof is 50%.

Even in a case where the input clock signals have any optional frequency

or cycle length, or the input clocllc signals are of a wave form, the duty of which is



cycles shifted formeach other; a first flip flop positioned before said
first duty determnation circuit, which is set every tine in

synchroni zation with the front edge of one cycle of input clock signal and
is reset by said coincidence output in the oscillation reference period
bet ween sai d target neasurenent period ar@iethe next target neasurenent
period; a second flip flop positioned before said second duty

det er m nat i Qatual bf Uvhich M3l eRangeds @tzexe\bgr YoittidBnéa ouyMar oNisand ifps \Wuk t he
front edge of one cycle of input clock signal and is reset by said

coi nci denceddisinpiniation cirbidt and saildl saédnddute idetepidfativar ¢irshitoet ween sai d target
measur enent period and the next target neasurenent period; a first OR gate
for inputting an fadthet asjfectsof thef presdntfinventionl 3pa frequencyirgultiplying circuit

i nstructing said actual neasurenent period into said first duty

det er m nat | comprisinglia tinsing egeonrhtioR giatuit foyr genepating, fyoraninput plock signads, d
second flip flop and a signal for instructing said actual neasurenent

peri od i nt oresairgd danimgmsignhls inchiuding i signadl dor istogting the darget meagurementf | op
which is reset every tinme in synchronization with the front edge of one
cycl e of saperiddnisube pleganrediagriangtinef thecone cycle of an input clock signal with an

-14- fluctyatin?, It Is possible to obtain myltiplied outputs, the wave
form of whi EHerva W&ewsae%gr%!snwb%@m&ﬁ ope (cy¢le of the put clagk signadiand ana) s
of pulse wave formfor which the frequency is twy tinmes . .the input clock
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errors do not cons € any pro
instructing a timing position of duty 50% of a clock signal to be outputted, upon

i

receiving said timing signal, which operate with at least one cycle overlapped with
and with two cycles shifted from each other; wherein both duty determination
circuits respectively include a delay line oscillator, a counter for counting the
number of cycles of the oscillation, an operatidn circuit for calculating 1/4 value, 2/4
value, and 3/4 value of the counted value, and a coincidence circuit which uses said
three resulfs of the calculation of the corresponding operation circuit as one input.
thereof, uses the output of said counter as the 6ther input thereof and outputs a
coincidence output whenever the value of said counter becomes coincident with said
three results of calculation; a first flip flop positioned before said first duty
determination circuit, which is set every time in synchronization with the front edge
of one cycle of the input clock signal and is resét by the final one of said coincidence
outputs in the oscillation reference period between said target measurement period
and the next target measurement period, a second flip flop positioned before said
second duty determination circuit, which is set every time in synchronization with
the front edge of one cycle of the input clock signal and is reset by the final one of

said coincidence outputs in the oscillation reference period between said target



Accordingly, it is possible to performvery highly accurate nmeasurenents.
Furthernore, the first and second duty determnation circuits which are
over |l apped at | east one cycle with each other and operate with two cycles
shifted fromeach other are used, and flip flops and OR gates are
positioned before each of them Therefor at the time of oscillation in
t he actual neasurenent period, the out p'u]t ‘of the above-nentioned

pre-positi agegbtl Iménsubéentar geriodpUdid dadtab inBRsutingnt dpéesdr BRS | dBarly
circuits attached thereto and are inputted in the output side. As the

final coi nodistimguasied; pbierdbs iy é6 possibdel to séonrelp peeformrdn activn ¢frozeillation iwned
flip flops are reset to cause the signals toward the output side to

di sappear ahd taiget mefasursmad perioddo dhe fidl widthof osé cyele Stilbfarthermded) .the

Mor eover, signals indicating the actual measurenent periods are securely

i nputt ed i neonbkruchianyisofarthenisimpledn companisers withaa caR ygwst.wmrs pEdelape
common delay line circuit, etc. which constitute one duty deternm nation
circuit arcingpeirenits) ¢80. bmathgi acfual measnremant pariods andy osnilbation refersniced and
oscillation reference period. Therefore, the construction is further
simplified W%’éﬁpari son with two pairs of delay line oscillators, etc. for
t he actual measg&(la nt peri o(g nd oscill ation r,eferencemﬁ)elri od ..
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target nmeasyBRRNLyRHdI Weed dikhallacrddi & 4 Bfcle of input clock signals until the
next external trigger signal arrives; sharing them, with timing shifted from each
other, to the first duty determination circuit and the second duty determination
circuit; measuring alternately the timing position corresponding to duty 50% of a
cycle of input clock signal from the position of the internal trigger signal; causing an
output pulse to rise up at the position of the internal trigger signal; and causing the
output pulse to fall at the timing posi.tion mmspondjng to said measured duty 50%.
Since internal trigger signals (INT-TRIG) are inherently generated at
~ eycles (T) of input clock signals in addition to external trigger signals, it is possible to
easily obtain output pulses in synchronization with them. Furthermore, since the
timing positions corresponding to duty 50% of the cycles of input clock signals from
the positions of the internal clock signals are practically measured and indexed, the
positions are accurate, and it is possible to obtain clear outputs of duty 50%.

In summary, even in a case where the arrival interval of external trigger
signals is fluctuating or the pulse width of the external trigger signals is fluctuating,
it is possible to easily obtain clock signals in a state where the input clock sighals are
synchronized with these signals without receiving any influence by fluctuations of

these signals. Furthermore, even in a case where the input clock signals have any



I nputting the output of said first flip flop and a signal for instructing
said actual neasurenent period into said first duty determnation circuit;
a second OR gate for inputting the output of said second flip flop and a
signal for instructing said actual neasurenent period into said second
duty determnation circuit; and a third f#%l p flop for output which is
reset every tinme in synchronlzatlon wth e front edge of one «cycle of

sai d i nput gdReticadiRle leAlth, bP theSinput slotl sighhklars of & Raadermy e dity of

coi nci dence out puts obtained by said first duty determ nation ci rcw t and
sai d secoRghieh!iy fideiuatinlNabikosighals Hakving a pulse wavel form €hd Bt ofoWRicR is
arriving at intervals of integral nunber tines of one cycl e of input clock
signal s, ti59%,eagbe dbtainsé ac wllltiméss Thessforerit.is phssible th arreasefthé Appardaasur ed
val ue, t he operation circuit calculates the timng value of a one-fourth
val ue, a tiredusncy limiaition of agydicondutitercactive eldmends teeheotisedne cal cul at ed
value, that is, the duty of 25% 50% and 75% And in each of the second
cycles in the abdmthemaspettofsble presexbinventionds heregtérnabsymehronizig aireyit when
the correspondi ng neasured :val ue becones coincident with the

above- ment icompdising: an intexnal ftrigger\gengeating) ¢incuihwhich, spen Ieepivingis iming

cal cul at ed vaI ue coi nci.dence outputs are outputted fromthe coinci dence
circuits. oin Himiag eneration: @r%bﬁpl-h@eﬁﬁqﬁeﬁga Phase ipesition from a

above- mantloned uties 25% 50% and /5% In the w dah form ng
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have any Opﬁﬂeﬁf‘ﬁi thie'RGE PRRY signals and the second group signals, in each period of the

external trigger signals, upon receiving said internal trigger signal; a first flip flop
operating upon receiving said first group signals and a second flip flop operating
upon receiving 'séid second group signals; a first duty determination circuit which
executes oscillation upon receiving the output of said first flip flop, determines the
timing position of duty 50% of a clock signal to be outputted, by counting the
number of cycles of the oscillation, outputs the coincidence output indicating the
timing position, and resets said first flip flop; a second duty determination circuit
which executes oscillation upon receiving the output of said second flip flop,
determines the timing position of duty 50% of a clock signal to be outputted, by
counting the number of cycles of the oscillation, outputs the coincidence output
thereof, and resets said second flip flop; and a flip flop for output, which is set in
synchronization with said first group signals and second group signals and is
reversed by a coincidence output coming from said first duty determination circuit
and said second duty determination circuit.

A number of internal trigger signals synchronized with the external trigger



or cycle length, or the input clock signals are of a wave form the duty of
which is -16- status of
whi ch i s changed over by coincidence outputs of said first duty

determ nation circuit and said second duty determ nation circuit.

Anot her aspect of the present invention is,a frequency nmultiplying circuit
conprising: a timng generation circuit f'or generating, frominput clock
signals, reeenH1s Gk produbdll &t GoRs f injflt Rick Gighatd Gl tHeoextostdrual irijget he
target nmeasurenment period to be neasured as |ength of the one cycle of an
i nput ¢l ocksignd)®atrivi, alidale sharbd ty e fivdt ality detbrihiv@tioh cirgmitand theBseonde
cycle of the input clock signal, and a signal for instructing an actual
measur enmentdytgrdetekniiaations tcirciit avitie dhe! tinmiagtshifvexk hiwhi eacls btlglef wheteimghée t han
the target neasurenent period; and a first duty determination circuit and
a second dutiminepesitionm¢droespondingito dity 50%tafrthe eyelg ofiiuput eledk signalagra
timng position of duty 50% of a clock signal to be outputted, upon

recei vi ng sapasurgdinom Hiegroaitiondfithérindpaval triggdrtsignals,| the sutmria@udseds gisen
overlapped with and with two cycles shifted fromeach other; wherein both
duty det er niumat therpositionafithe internsb trigaes signplscansddihe suipytpnlse ig fallencatithet or |

a counter for counting the nunber of c&;:l es of tr&\?@osci | %i on. an.
operation cHmiRg positions eqreaspanding ta the ghovigamentioned measured Gyt pA%, Singe of

of 1 he. cal cNeaRbaDIEHRS L SFORBETRS LI EnTGH A4 DERP | OhLe O

th f, t.h t aof I d nt { he, ot h ' t th f d

outputs a BBPIE PR o e, 8, frupal Fnd” inals” sHtuy Bl LS haelies
tputs a  BEPHEH “uid § Darde St BERAE!

posi t1 oned SupielechptioRBabiRNitE il sl fkhhod, pdlinobeh Bl bitBo o,

time in syngifiindZaftiviy WkiePndNRighb P Bign&li9%nd interval of arrival of the external

trigger signals are irregular, the synchronization with them can be achieved.

Furthermore, since the timing positions corresponding to duty 50% of the cycle of
input clock signals are actually measured and indexed from the positions of the
internal trigger signals, the positions thereof are accurate and it is possible to obtain
clear output of duty 50%.

Another aspect of the present invention is a n external synchronizing circuit
comprising: an internal trigger generation circuit which, upon receiving a timing
signal from a timing generation circuit, measures a phase position from an external
trigger signal in one cycle (T) of input clock signal, prepares the reference internal
trigger signal at the phase position corresponding to the phase position, at which the
external trigger signal arrives, in every next one cycle (T), alternately shares the
signal to "A" period of external trigger signal and "B" period of it adjacent to said
period, and outputs it as an internal trigger signal; an "A" side mode change signal
generation circuit which, upon receiving one of said internal trigger signals, outputs
the internal trigger signals in said "A" period sharing the them to the first group

signals and second group signals; a first flip flop operating upon receiving said "A"



of one cycle of the input clock signal and is reset by the final one of
said coincidence outputs in the oscillation reference period between said
target measurenment period and the next target measurenent period, a second
flip flop positioned before said second duty determ nation circuit, which
IS set every time in synchronization mﬁtbkoghe front edge of one cycle of
the input clock signal and is reset by the final one of said coincidence

out puts i n $RenMS gidupigi) (SETN15 A8 aRREdmNPApaRIRr St upai @8diving said
-17- target neasurenent period and actual neasurenent period are clearly

di sti ngui sheend\g@uphsigndl SETRAZ)S iabfisst tdntg aletsredinatien feircaitawhick téxacutes
oscillation in the target neasurenent period to the full wdth of one
cycl e. Sti ldscillatibhamponrreceiting the @usputuctt said “AS sider filsé rflipiflop] defermixmspar i son
with a case where two pairs of delay line circuits, etc. for the actua
measur enenttigperg pelstiam df asditly| 5% of ardédkr signal tpbe ioutputted by countdmg theer
aspect of the present invention is a n external synchronizing nethod for
synchroni zinumber ofhexelescofotlie edcilasionnoutpuds aoeincidence: enipyb rindicafing the
conprising steps of: producing a Qupbpr of internal tri 3er signal s
synchr oni zdming position, andaesess said"A¢ sidedirghfip @mﬁ@rsmry? wyfegerminatien | nput
clock signals untj| the next %fternal trigger signal arrives: sharing them
Wi th tim neFiRaui vaigh eremiesesqiliabion dipon recaIyip st Pé’PtItHPt%f sgidt '@} ride;sacend
circuit andg,t second, duty. det erm nati,on,  cireuit; asur al ternately
The ti i no ade; GHiounies S smme oA oy lusB o0t 2 ey ptel BheRntbeRat K
signal fromthe posigion of t | nternal trigger signal; causing a ut put
oulse to ribogptie Hiscmyher PEwvels GeiBe rURAGH. SiPRRup cERHe St
causi ng the . t i E R i res dj to
said masurlg%%g t%!%%ﬁn& %oglﬁhh’sf?é\%{eéglgtﬁtdg ?%a? %{?;& gs%dggﬂsiﬁ ?113 sg‘(Df?‘I\hlIa Rl G
are inherenblahog ed?g.{aa,tgaeﬂe@&tion%ﬁfms which, Qpon"Ridbiviilg® Gtfothes 3¢ Isfid gAMLt i On
to external trigger signals, it Is possible to

trigger signals, outputs the internal trigger signals in said "B" period sharing them

to the first group signals and second group signals; a first flip flop operating upon

receiving said "B" side first group signal (SET-B1) and a second flip flop operating

upon receiving said second group signal (SET-B2); a first duty determination circuit

which executes oscillation upon receiving the oﬁtput of said "B" side first flip flop,

determines a timing position of a duty 50% of a clock signal to be outputted by

counting the number of cycles of the oscillation, outputs a coincidence output

indication the timing position, and resets said "B" side first flip flop; a second duty

determination circuit which executes oscillation upon receiving the output of said

"B" side second flip flop, determines a timing position of a duty 50%of a clock signal

to be outputted by counting the number of cycles of oscillation, outputs a coincidence

output indicating the timing position, and resets said "B" side second flip flop; and a

flip flop for output, which is set in synchronization with said "A" and "B" side first

group and second group signals and is reversed by a coincidence output from said

"A" and "B" side first and second duty determination circuits.



easily obtain output pulses in synchronization with them Furthernore,
since the timng positions corresponding to duty 50% of the cycl es of

i nput clock signals from the positions of the internal clock signals are
practically neasured and i ndexed, the positions are accurate, and it is
possible to obtain clear outputs of duty_5p% In summary, even in
a case where the arrival interval of external trigger signals is
fluctuating or the pulse width of the external trigger signals is
fluctuating, it is possible to easily obtain clock signals in a state
wher e t he iDPSCREPTON OFYHHEDRAWINGSichroni zed with these signals without
receiving any influence by fluctuations of these signals. Furthernore,
even in a case where the input clock signals have any

-18- frequency or_cycle length, or the input clock signals are of a wave
form the duty ofFIGuhiish viewt shewing: firs, preferead emfadimentofi o dligitgluweve wave
form the duty of which is 50% can be obtained at all tines. Therefore,
it is possﬂhaélltgcﬁlli‘cﬁttrméﬂtgﬁé (Eﬁ . f requency limtation of

sem conductor actjve elenents to be_used. Angt her as ect of the

present i nvent| orf'Ge2 38 3 ming ﬁ‘hﬂ'tssPﬂWH?‘&)HP%Hﬁn%Pf E‘Lﬁl‘f" DRXEHBE Hag mgeuikin
internal tr Ng circuit which, upon receiving a timng signal
ol e §he: i

fromtimn ‘rcuit 301, neasures a phase position froman

outpute an o ernP e Sarshbniien Safond nipfRBigh st e SBBAEFANET °
t he phase pﬁ?hﬁﬂ%ﬁrﬁuﬁtalcm%ttﬂg gﬁ{ﬂal trigger signal arrives, at each

of the next™ 0 ge Signal generation circuit for

S P17 A4S B SH BBRE  rd

illustrated in FIG.3.

FIG.5 is a view showing a third preferred embodiment of the digital wave
shaping circuit according to the invention.

FIG.6 is a timing chart showing operations of major parts of the circuit
illustrated in FIG.5. |

FIG.7 is a view showing a preferred embodiment of a frequency multiplying
circuit according to the invention.

FIG.8 is a timing chart showing operations of major parts of the circuit
illustrated in FIG.. |

FIG.9 is a view showing the left half part of a circuit of the first preferred
embodiment of an external synchronizing circuit according to the invention.

FIG.10 is a view shov;ring the right half part of a circuit of the first preferred
embodiment of an external synchronizing circuit according to the invention.

FIG.11.is a timing chart showing operations of major parts of the circuit
illustrated in FIG.9 and FIG.10.

FIG.12 is an enlarged view showing the upper half part of the timing chart
of FIG.11.



external trigger signals, upon receiving said internal trigger signal; a
first flip flop operating upon receiving said first group signals and a
second flip flop operating upon receiving said second group signals; a
first duty determnation circuit which executes oscillation upon receiving
the output of said first flip flop, determines the timng position of duty
50% of a clock signal to be outputted, by2Zounting the nunber of cycles of

the oscillation, PIG.p8isan BElaggdd eie@FheRingfhelbwernhialf partd thdEimihg chayg
position, and resets said first flip flop; a second duty determ nation

circuit whefFiGxkcutes oscillation upon receiving the output of said
second flip flop, determnes the timng position of duty 50% of a cl ock
signal to be out pHiG.2d,isbg ciowitryi diggtdne showting wfdetailedeexarhplehef timing
oscillation, outputs the coincidence output thereof, and resets said
second fl i pgénepptiomeiricuat 802 Blustraped irFI6t9.put, which is set in

synchroni zation with said first group signals and second group signal s and

is reversed by aFEailhds actiming,charntishewingneperatdonssefinart of &imigg gpneration

determnation circuit and said secqond duty deter rrgéfat i on _circuit.
A nunber of Cirgiik 3P illusiragadoin BIGyH and asryﬂéqﬁiwzéw generationdiratity) trj gger

signals are produ t. cycles of input clock.signal ntyl e next.
external trigger ﬁggdﬁé’i‘g ‘%‘Pg\‘r‘gfmfplgwg}gé’pé’ %%?Ba‘tir?gad“rt%a&ﬂwa on
determ nation c¢jr (Ié gnd t he. second dut‘ﬁ determ nation circuit with the
tining shi ff"é‘&“*?gﬂ 18 gnd @ widEh forming (PGt ¢ i ng posi ti ons correspondi ng

to duty 50% of th le of input,cl { gnal r a de.fr.
position of the i ﬁ?@%ﬁa‘ﬁ # ieap rgé% ivbe%gl%g,%hgﬁlg)pgﬂﬁl 6&% p %ﬁl @g{hﬁsnmlggﬁhgﬁp at
the positi Oﬁll&ftrét&f%d Rieqpal trigger signals and the output pulse is fallen

at the timng positions correspondi ng to the above-nenti oned neasured duty
50% Since FIG.18 is an enlarged view of the lower half part of the timing chart

illustrated in FIG.16.

FIG.19 is a exemplary view showing CKFA and CKFB which are produced
by timing generation circuit 301 illustrated in FIG.Q, wherein (a) thereof shows a
case where they are made coincident with one cycle of input clock, and (b) thereof
shows a case where they are made coincident with two cycles of input clock.

FIG.20 is a view showing another preferred embodiment of the external
synchronizing circuit of the invention.

FIG.21 is a view prepared for description of fluctuations of frequency
handled by semiconductor active elements.

FIG.22 is a view showing the configuration of a phase-dividedpart used for

a conventional synchronizing signal selection circuit.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, a description will be given of preferred embodiments of the



the internal trigger signals are inherently generated at cycles of the

I nput clock signals in addition to the external trigger signals, output
pul ses can be easily obtained in synchronization with this signal.

Furt hernore, even though the pulse wdth of arriving external trigger
signals and interval of arrival of the ex2®rnal trigger signals are
irregular, the synchronization with themcan be achieved. Furthernore,

since the tlh%r{tﬂnpﬂﬁ;htrbﬁﬁéwﬁ%ﬂ%mﬂbﬁﬂylh d@law‘m 80% of the cycle of input
clock signals are actually measured and 1 ndexed romthe positions of the

internal trigger signals, the positions thereof are accurate and it is
possible to obtain clear output of duty 50% Anot her aspect of

t he present[Wavesshiaping dittuit] n ext ernal synchronizing circuit conprising: an
internal trigger generation circuit which, upon receiving a timng signal
froma timng gerRigital wave shaping circvitshowasindIfhhbaes p bmiing @enération aircuit
external trigger signal in one cycle (T) of input clock signal, prepares

t he ref er en whick ganenates requjrpdr timinghsignals KB BY2GEW, 320K GKW,&OHEBm@mdl ng
to the phase position, at which the external trigger signal arrives, in
every next denk sigeals CK)a dm determingtiomeireuit Bh@hmg dgtermines and ipdicates of
external trigger signal and "B" period,_ of |t adJ acent to said perlod and

out puts it EmiRgpesipenspfjanreqy dutygialnes (b greiyduty 5Q%)efreclocksigraldp haal
T anal s, ourRGed, Weon FoghHRE ﬁﬁﬁé'géhgé. gﬁé@-. ek Mrg%%'sw{t% Bitbeing
Lhe hem ol heq,f S A 2L ARG AR N hgt%rms an ity 111
FAR T e erhie T
circuit whi gl 395 bh ¢Re basis of the timing positions determined and mdlcated by the duty
determination circuit 3.
()] Timing generation circuit 2 -
In FIG.2, CK is a clock signal inputted into the timing generation circuit 2
in which the duty may fluctuate while the rei;eating frequency is fixed (Cycle T).
Herein, to easily understand, input clock signal CK is exaggeratedly depicted as a
wave form in which the duty is fluctuating.
Timing generation circuit 2 generates required timing signals CKF,
1/2CKW, 1/2CK, and CKW shown in FIG.2, from the input clock signal CK.
Among them, CKF is a timing signal consisting of short pulses generated at
the front edge of the input clock signal CK and is used as input of RS flip flop
(hereinafter called RS-FF) 5a which constitutes a width forming circuit 5.
1/2CK is a timing signal for specifying a period T1 (target measurement
period) to be measured as a length of one ¢ycle T of the input clock signal CK, and in
details, this is a signal which can be obtained by dividing the input clock signal CK
to one half. To establish the target measurement period, one cycle period T1 in odd
numbers of the signal 1/2CK may be utilized.



oscillation upon receiving the output of said "A" side first flip flop,
determnes a timng position of a duty 50% of a clock signal to be

out putted by counting the nunber of cycles of the oscillation, outputs a
coi nci dence output indicating the timng position, and resets said "A"
side first flip flop; a second duty detergpnation circuit which executes
oscillation upon receiving the output of said "A" side second flip flop,
determ nes a tim NRCRWIisi #iRing2sigHAl to@ifablish d 9eldodi (atkal tnfedd@rdiditut t ed
by counting the nunber of cycles of the oscillation, outputs a coincidence
out put i ndpgAdd) LB téSustiall BOmeAtirémet oLt 90615 tike abovesnentisiRdseegitd
flip flop; a "B" nbde change signal generation circuit which, upon
recei vi ng anpaberementpariddTit ernal trigger signals, outputs the interna
trigger signals in said "B" period sharing them to the first group signals
and second group Thignd2€KW isia signhl ithe ffalb pf opeickatis rslightlp delayedefromnthesai d
"B" side first group signal (SET-Bl) and a second flip flop operatin upon
recei vi ng sabovesmentionagt HREKsthptds, a sigmalsehich is risensup simyltanepuslyiwith 3ten
circuit which executes oscillatiaon uFon recei ving the oqutput of said "B"

side first inpysclackECK, falercafienihe fall of H2CQK, bavingiagiightly Jonger fhapoparycle

| ock si | to b tputted b ti t h L f I f th
os0i 11 at o™ ofdhe et slosk pignAL USLRN 64 be Shintee ton okmBbIe: BY RPABERES on
and reset aid "B" sid .rst £lip fl.op;,a second.d dejermnatio

ol cur ¢ i Sreak b arta S i phgtl, peRSed . B dinel 1z Ele e, s
si de second ff(.ig flag, detﬁhm' nes,a ti.m position of a duty 50% of a

cl ock si gnalta 1 ablggl lﬂlmﬂt ’(fsfﬁpaégﬂﬂtlll t he nunber of cycles of

oscillation, outp . COI el depce | D i L[4 RO it on,
and resets said " l‘éﬁ&gﬁ egssgg%éridﬁ f|‘?°6ﬂ ﬁ%%ﬁ g%ﬁiagﬁhf W%&P Feoée%g’ g@?‘%‘u@%
which is set,.| ' | ' .S a0y A B8] ' and
second groutgogll%na sﬁgﬁg%}%?élg&gpé ggmggél;blggng??g%rggga?ﬁga{Béft?tgrﬁrgxal A
and "B" si dghé Foht e bFIRERN ifpHitCIGIR! RhEREVEE &Ry €lobk Bighsl CK arrives, and is

a timing signal for establishing the period (oscillation reference period )T4 for

actually measuring the timing position of duty 50%. At the cycle period in which the
above-mentioned CK is not measured, that is, at one cycle period T2 of even
numbers of the above-mentioned timing signal 1/2CK, this CKW is risen up
simultaneously with commencement of one cycle period T1 of odd numbers of the
above-mentioned 1/2CK and termination of one cycle period T2 of even numbers of
the above-mentioned 1/2CK, and is in HIGH level until the half of the corresponding
period T1 and T2 (the timing position of duty 50%) passes, and thereafter the CKW
is fallen before the termination of the corresponding period T1 and before
commencement of the corresponding period T2.
2 First duty determination circuit 8

Duty determination circilit 8 is equipped with a cycle measurement circuit
10 which measures the length of one cycle period T1 of odd numbers upon receiving
the above-mentioned timing signal 1/2CKW, a operation circuit 19 which calculates

the half value of the corresponding one cycle length T1 of odd numbers, that is, the



-21- DESCRI PTI ON OF THE DRAW NGS FIG 1 is a view show ng first
preferred enbodi nent of a digital wave shaping circuit according to the

i nventi on. FIG2 is atimng chart showi ng operations of ngjor
parts of the circuit illustrated in FIG 1. FIG3 is a view
showi ng a second preferred enbodi nent of %he digital wave shaping circuit
according to the invention. FIG®Z is a tim ng chart show ng

operations ginif@hesitiinof dut§50%4)«ip6h réddiving thd mehsirerdnt PFedultand an actual
FIG5 is a view showing a third preferred enbodi mrent of the digital wave

shapi ng ci r ;ehsuremeat cireigt 201or actually @ndasaring the timing pbdition 6f duty $0% witho

chart showi ng operations of major parts of the circuit illustrated in

FI G 5. respectHoCsignak CK whily €KWiiis gnaHpGHf levek diponb pateiving thd above-
frequency nmultiplying circuit according to the invention. FIG 8
i s a tim ngmehtipnedtimingisigopleCBW.ons of major parts of the circuit
illustrated in FIG 7. FIG9 is a view showng the left half part
of a circuit of tTWHhetyeemensuremensircuitbliticonsiats of adelaskline og¢illator 11, a
synchroni zing circuit according to the jinventjon. FIG 10 is a

vi ew showi nepuntter di7gand i latch gincuits 18, wherein the operation; eisquit, 18 xeepises a
enbodi ment Bfara 21 %ﬁ%p(ﬂtngfj "thséyﬂ%cq{ glrll'(lnfl%; nl% glll (i: eiatpaz%gl?e r(?uitggt tiSO récgi%eid Vye gt on.
coincidence circuit 28.

(a) Delay line oscillator 11

Delay line oscillator 11 is composed of an NAND gate 12, one input terminal
of which receives the above-mentioned timing signal 1/2CKW, an odd tier C-MOS
inverter 13 which is connected to the output terminal of the corresponding NAND
gate 12 as a delay element, and a simple reversing inverter 15 inserted into a
feedback loop 14 from the output terminal of the corresponding inverter 13 to the
other input terminal of the above-méntioned NAND gate.

As an inverter 18 which is a delay element, ECL inverter, IIL inverter, etc.
may be used in addition to the C-MOS inverter.

The delay line oscillator 11 receives a timing signal 1/2CKW (actual
measurement period T8) from the above-mentioned timing generation circuit 2,
begins oscillating for measurement at the rise-up of the 1/2 CKW, and stops
oscillating at the fall of it. That is, usually, NAND gate -12 is in such a state where
one input terminal thereof is in a logic level L with the output thereof at H, and the
output of inverter 15 (the other input terminal of NAND gate 12) is H while the
output of inverter 13 is L, and the oscillation of the delay line oscillator 11 remains
-stopped. However, usually, as one input terminal of NAND gate 12 is changed to
logic level H, the status thereof changes, wherein the output of NAND gate 12

becomes L, the output of inverter 18 becomes H, the output of inverter 15 becomes L,



FIG 11 is a timng chart show ng operations of major parts of the circuit

illustrated in FIG 9 and FIG 10. FIG 12 is an enl arged view
showi ng the upper half part of the timng chart of FIG 11.

-22- FIG 13 is an enlarged view showi ng the | ower half part of the
timng chart of FIG 11. FIG 14_jg-a circuitry di agram show ng a
detail ed exanple of timng generation circuit 302 illustrated in FIG 9.
FIG 15 is ahblbthe?@n@litttetmitadvf NANTPg4ta 120esorés Hpdind the dutpatnef NANBrgatd on
circuit 302 illustrated in FIG 9 and a node change signal generation

circuit. 12 becomes Hand Ghe sscilldtion stgrts.!Blhidreafboryihegosoiliatishiof tise ddlaypling of a
duty determnation circuit of FIG 18 and a width formng circuit.

FIG 17 i s ascillataxrijembmesdo acstop when ghe 1/2hGKW (actual aheasneernenti peyiod!E8) tis
illustrated in FIG 16. FIG 18 is an enlarged view of the | ower
hal f part diallelme tinming chart illustrated in FIG 16. FIG19 is a
exenpl ary view showi ng CKFA and CKFB whi ch are produced by tinng
generation ci r cui Thest/2GKW (aetual meapwrement poriod i) d¢ misen ) up sisydiameewsins a
case where they are nmade_coincident, with one cycle of input clock, and (b)
thereof shuid :rieese aiiibe abpye-nentigned, iming;signal JRCK, Garset meaguement f

nput ol ook g oy bt S Bhen Stk ¥ oSy SO D PO mBle i FaGROR et

summary, this delay line oscillator 11 starts oscillating at a fall of the timing signal
1/2CK obtained by dividing the above-mentioned input clock signal CK to one half
(at the commencement of the target measurement period T1) and stops oscillating
after the 1/2CK is fallen (after termination of the target measurement period T1).
Therefore, the oscillation is sustained during one cycle (target measurement period
T1) of each odd number of the timing signal 1/2CK.

() Counter 17

Counter 17 counts a change of output DL-OSC1 of the above-mentioned
delay line oscillator 11, that is, an output change generated once per cycle of
oscillation, since the clock input terminal CK thereof is connected to the output
terminal of the above-mentioned delay line oscillator 11. Furthermore, the above-
‘'mentioned timing signal 1/2CKW (actual measurement period T3) is inputted into a
clear terminal CL of the counter 17.

Therefore, the counter 17 begins counting simultaneously with a rise-up of
the above-mentioned timing signal 1/2CK (target measurement period T1) and
stops counting after the point of time when the timing signal 1/2CK (target
measurement period T1) is fallen as in operation of oscillation and stop of a delay
line oscillator 11, whereby the counting of number of cycles of oscillation is sustained
during one cycle period of each odd number of the timing signal 1/2CK (target

measurement period T1).



synchroni zing circuit of the invention. ' FIG 21 is a view prepared
for description of fluctuations of frequency handled by sem conduct or
active el enents. FIG 22 is a view showi ng the configuration of a
phase-di vi dedpart used for a conventional synchronizing signal selection
circuit. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS _
Hereinafter, a description will be givem %k preferred enbodi ments of the
-23- invention vgth rgfagseasit B t he acconpanyi ng draw ngs. [ Wave
shaping circuit] D gital wave shaping circuit shown in FIG 1 has
a timng gener at i pfigaderoiipiit of Zharhb@ie-enismidesuntes A7 iethputted itoshghatls CKF,
1/2CKW 1/ 2CK, CKWfrominput clock signals CK a duty determ nation
circuit 3 vdikenit I8;taadthe ¢sniagdignad il 20K ¢argetmeasuparsenti parinddFl)gencexed r ed
duty values (herein, duty 50% of a clock signal to be outputted, upon
recei vi ng thnthegelwvermendions@ Croing geaaationicintyis Lis dnpwiterd/inté the ¢loeki mput
generation circuit 2, and a wwdth formng circuit 5 which forns and out puts
cl ock si gnatesmid.(¥-Q) having a pul se width equivalent to the
above-nentioned duty 50%on the basis of the timng positions determ ned
and indi cated by Fheaefers. thisdlatcly ¢irqiat 18 datches aicount valpg (numbepy ¢f gygles of

eneration circujt. 2 i . . )
d oscillation) of the counter 17 on the point of time when the timing signal 1/2CK

(target measurement period T1) is fallen, that is, when the target measurement
period T'1 is terminated. |

Accordingly, the latch circuit 18 latches a count value of the number of
cycles of oscillation corresponding to the length of one cycle period of each odd
number of the timing signal 1/2CK (target measurement period T'1) (one cycle T of
the input clock signal CK).
(6)) Operation circuit 19

The operation circuit 19 calculates the half value of count value of the
number of cycles of oscillations for one cycle of odd numbers of the timing signal
1/2CK (target measurement period T1) that is, the duty value of 50%, upon
receiving the output of the above-mentioned latch circuit 18. This value becomes one
input of the coincidence circuit 28.
@ Actual measurement circuit 20

Actual measurement circuit 20 has a delay line oscillator 21 constructed to
be like the above-mentioned cycle measurement circuit 10 and a second counter 27.

The delay line oscillator 21 and the second counter 27 receive the above-
mentioned timing signal CKW. Therefore, the delay line oscillator 21 susi;ains
oscillation while the CKW is in H level (the oscillation reference period T4).

The counter 27 counts the number of cycles of oscillation of the delay line

oscillator 21 for the period T4 where this oscillation is being carried out. The count



In FIG 2, CKis a clock signal inputted into the timng generation circuit
2 in which the duty may fluctuate while the repeating frequency is fixed
(Cycle T). Herein, to easily understand, input clock signal CKis
exaggeratedly depicted as a wave formin which the duty is fluctuating.
Timng generation circuit 2 generates reggired timng signals CKF,  1/2CKW
1/ 2CK, and CKWshown in FIG 2, fromthe 1 nput clock signal CK

Among t hemyakdéfpdssesatliroigli §hs it positionSsfl MgtycB0% Reith reupesicto gignay @ked at
the front edge of the input clock signal CK and is used as input of RS flip
fl op (her dalfahyeof tladouatin®S- FF) 5a which constitutes a width formng
circuit 5. 1/2CK is atimng signal for specifying a period T1
(target nme@ur entoincidesce cidjuit 28 be neasured as a |l ength of one cycle T of
the input clock signal CK, and in details, this is a signal which can be
obt ai ned by di vi @omgidenee icinpuit 28 msks @i calcnlatd valye mquivalent tordutsstbld i sh
the target neasurenent period, one cycle period Tl in odd nunbers of the
si gnal 1/ 2Chktaingd fremithe| 4bowermentioned operation circuit 19 as one input and uses the

- 24- 1/2CKWis a timng signal to establish a erigg\éactual
measur ementouevalyg)obtained from thenabovaamentionad pountes ’f a8 theather fnput,
above- nent i cigged_ cLh%rlggt nlﬁasurerrent period T1. ~ .This 1/2CKWis a
si gnal t he ¥hareindothareyerifieds| i ght 1y del ayed fromthe above-nentioned
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oscillator 21 and counter 27 enter one cycle period of even numbers, a coincidence
output SA is caused to appear in the coincidence circuit 28 as shown in FIG.2 at that
time.
Furthermore, no coincidence output SA appears in the first one cycle T1 of
odd numbers. | '
Thus, the first duty deberminaﬁon circuit 3 determines the timing position
of an required duty value (duty 50%) of a clock signal to be outbutted and indicates
the timing position to the width forming circuit 5 as a coincidence output.
®) Width forming circuit 5 _
Width forming circuit 5 receives the above;mentioned timing signal CKF at
a set input terminal S of RS-FF B5a thereof and receives the above-mentioned
coincidence output SA at the reset input terminal R thereof. Therefore, the RS-FF
5a of the width forming circuit 5 is set by a timing signal CKF generated at the front
edge per cycle of input clock signals CK and is reset by a coincidence output SA
generated at the timing position of duty 50%.
Therefore, from the Q output of RS-FF 5a of the width forming circuit 5, it is
possible to obtain a clear clock output which is risen up at the front edge of each
pulse of every cycle of the input clock signal CK and which is fallen at the timing



signal in which 1/2CK is slightly delayed in the wwdth of 1/2 cycle
thereof, and taking a logic sumof this signal and 1/2CK CKWi s
a signal for defining an oscillation reference period, which is conmenced
fromthe front edge of signal CK and is term nated just before arriving
the front edge of the next input clock, whgrnever every clock signal CK
arrives, and is a timng signal for establishing the period (oscillation

ref erence 2&&%@&&%&@@9%_ actually measuring the timng position of duty

50% At th 'n which the above-nentioned CK is not neasured,
that is at one cyghenpedih oY R SN appRUPPRY the Brstl GRlePCHBATRAMEAPS
timng signal 1/2CK this I'S risen si nul t aneously w th comrencenent

of one cycl gippbrition will 1 disdgaridgber s of the above-nentioned 1/2CK and
term nation of one cycle period T2 of even nunbers of the above-nentioned

1/2CK, and is in Thédievey thoughithe dulg of'thelinpht £loek ﬁgﬁaBSKQB@fﬂgna\ﬁ%hﬁd T1
and T2 (the timng position of duty 50% passes, and thereafter the CKW is

fallen bef owhichiie fluetuatingthialiwagf theiapantocksigmaliCK mparbeoshtpitiad ROSTG)e
commencenent of the corresponding period T2. (2) First duty
det er mi nat i without faili afted being shaped tdatclead elpek signal hawing ardudy 60% wavedgrmpped
with a cycle neasurenent circuit 10 which neasures the |length of one
cycl e peri obly Tdusihg thecsignah{EK ¢o pgasthravghithe digital wave shapiagebnuitdned ti mi ng
signal 1/2CKW a gperation circuit 19 which cal cul ates the half val ue of
the correspfdi ngSensadephodimenigt h T1 of odd numbers, that is, the
o 9 POSTT b8 a%how the secand Simbodiment which s brovided with two pairs-of
duty determination circuits 3,4 having the same structure, wherein both the circuits
are constructed, as shown as operation cycles C1,C2 in FIG.4, so that they
alternately operate with two cycles of input clock signals EXT-CK shifted from each
other. It is noted that, as necessary, the first duty determination circuit 3 is called
*A" side, and the second duty determination circuit 4 is called "B" side, and they are
distinguished by respectively attaching affixes A and B thereto.
@ Duty determination circuits 3,4
The first duty determination circuit 3 handles, as shown in FIG.4, every
four cycles (4T) of input clock signals EXT-CK as one repeating unit (operation cycle
C1), measure the length T1A ("A" side target measurement period) of one cycle of
the input clock signal EXT-CK at the first cycle (t1) of the front half thereof, and
calculate the latter half value (timing position of duty 50%) of the length T of one
cycle, using the result of the measurement, wherein on the basis thereof, at the third
cycle (t3) and fourth cycle (t4) of the subsequent latter halves respectively, the first
duty determination circuit 38 measures the length T5A from the front edge of the
input clock signals EXT-CK until becoming coincident with the calculated value
(that is, to the timing position of duty 50%), and, when the coincidence is secured,

outputs a coincidence output SA indicating the timing position of duty 50%.



measurenent circuit 20 for actually neasuring the timng position of duty
50%with respect to signal CK while CKWis in H GH | evel, upon receiving
t he above- nentioned timng signal CKW The cycl e neasur enent
circuit 10 consists of a delay line oscillator 11, a counter 17, and a
latch circuit 18, wherein the operation cgpcuit 19 receives a parallel
output of the latch circuit 18 and the parallel output is received by a

coi nci dence ci rcuple gdond duty detem(lﬂxétion chehid¥ had'sn 9p&idtiodl§ble 2 shifted |
Delay line oscillator 11 is conposed of an NAND gate 12, oné iInput term nal

of which reggi ¢fded 8P BRY ArdiBRity ARBSihAIOY cheGRa. TRAGEV\theBecdfld dutp'

C-MXS inverter 13 which is connected to the output termnal of the
correspondi adteMitiatiofl @ireuit 4 handRs deém)fort @eRBI4THidnputsdleak! sty EXTICKI
inverter 15 inserted into a feedback loop 14 fromthe output term nal of
t he corr espshivmagithv®thfough36t in FIG.4 aé bas repgating anit (opbrationt dyele C2),

above- nenti oned NAND gat e. As an inverter 13 which is a delay
el ement, ECheaswres ths length T'1B (8" side, target measnyerbentiperivd) of ebdiytleofiivpmtt he
C- MOS inverter. The delay line oscillator 11 receives a timng

si gnal = 1/ 20xueK signal EXTOkash the fiesticygle (13) of the)frant halfithereaf, and calenlatestbe
timng generation circuit 2, begins oscillati ntgtfor measur enent at the

ri se-up of hadvalue (Hrmipg peritien efsity 69%) pf theilppgti T of energyrcle, weing the rpgult | s,

usual ly, NAND.gate 12 is in_such a state ere, one input termnal thereof
isina |ogp@heémsutewqbnwme%ep e gﬁ%mﬁ?(’faﬁt the thige e G"e)m@@uﬁh
ut. term,nal,  of .NAND Is,Hwhile t

' t 15 he, qt h | t 2
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beconmes H, put
the timing position of duty 50%), and, when the coincidence is secured, outputs a

coincidence output SB indicating the timing position of duty 50%.

The above-mentioned respective duty determination circuits 3,4 are
constructed so that one pair of the delay line oscillator 11, counter 17 and latch
circuit 18 concurrently achieves both the functions of the above-mentioned cycle
measurement circuit 10 and actual measurement circuit 20, simplifying the
construction of the duty determination circuit 8 described with reference to FIG.1.
That is, in view of circuits, they are in a form of omitting the above-mentioned
actual measurement circuit 20, wherein the operation circuit 19 is connected to the
latch circuit 18 while the coincidence circuit 28 uses output of the operation circuit
19 as one input and uses output of the counter 17 as the other input.

(i) RS-FF 6,8

RS-FF 6 is positioned before the first duty determination circuit 3, and the
Q output of RS-FF 6 is inputted into the delay line oscillator 11 of the duty
determination circuit 8 through OR gate 7 (OR-A) and simultaneously is inputted
into one input terminal of the OR gate 5b. And the output of the above_~mentioned



-26- the other input terminal of NAND gate 12 beconmes H, and the output of
NAND gate 12 becones H, and the oscillation starts. Thereafter, the
oscillation of the delay |ine oscillator 11 cones to a stop when the 1/2
CKW (actual neasurenent period T3) is fallen. The 1/2CKW (act ual
measurenent period T3) is risen up sinmultaneously wth a rise-up of the
above-nentioned timng signal 1/2CK (targdl- rreasurerrent peri od Tl1l), but it

thi L"":d'eFQ/yvc“ao{ eaS%'mr%gE& "ot B e oplzt ¢t fhe ‘SJ d Kfemipn e?lcerﬁglttﬂ‘a”ﬁg s
o one hal MYded 13 the forth ermifel BA0pREREE PR °62§wéﬂ€”fh 6o g
st ops osci Iéeht %‘F@Ié‘%n%éé‘s'%‘;’{d%%ﬂ“ﬁ%%&a (afte_r term nation of the

target neasuremnent p e oscillation is sustained

during one oycl e iREGHF ERRIHE hoR PRIAKETA (o inPrelepgihopiiahat egl (e

timng signal count S

a change of ggitlegh o PQ@%@& ghHEERPOIE 1R RhsdWREre Qﬁl@w ih F16.49 SEIK F or

11, that is, an output change generated once per cycle of oscillation,
since the Ghagk tiniBE gehdratibn aircdtk2 {4 H] Gk id, WHepd tIRCNAC dideGs frhthe@WéiRation
termnal of the above-nentioned delay |line oscillator 11. Furthernore, the
above- nendefarere perivd andisFasdt by/tREKNdeanbhtibnethminddemendutpat SA{(IByin i S
inputted into a clear termnal CL of the counter 17.

FI1G.4) (See (11) in FIG.4).

Therefore, pulses P1, P2 generated at the output terminal Q of RS-FF 6 at
the third cycle t3 and the fourth cycle t4 is caused to appear in the output (OUT) via
the OR gate 5b.

In the second duty determination circuit 4 which is constructed to be
identical to the first duty determination circuit 3 of such construction, RS-FF 8 and
OR gate 9 are positioned before circuit 4, the Q output of RS-FF 8 is inputted into
the delay line oscillator 11 of the duty determination circuit 4 through the OR gate 9
(OR-B), and simultaneously is inputted into the other input terminal of the OR gate
5b, wherein the output of the above-mentidned coincidence circuit 28, that is, the
output of the duty determination circuit 4 is inputted into the reset terminal R of
RS-FF 8 positioned before the circuit 4. This RS-FF 8 also constitutes a width
forming circuit 5b along with the OR gaté 5b.

This RS-FF 8 is set by a short pulse SET-B ((16) in F1G.4) generated at the
front edge of the input clock signal EXT-CK in a case where the Q ((7) in FIG.4) of
JK-FF in the timing generation circuit 2 is H, that is, where the "B" side is in the
oscillation generation period, and is reset by the above-mentioned coincidence
output SB ((21) in FIG.4) (See ((18) in FIG.4).

Therefore, pulses P3, P4 generated at the output terminal Q of RS-FF 8 at
the fifth cycle t5 and the sixth cycle t6 are caused to appear in the output (OUT)



Therefore, the counter 17 begins counting sinultaneously with a rise-up of
t he above-nentioned timng signal 1/2CK (target neasurenent period T1l) and
stops counting after the point of tine when the timng signal 1/2CK (target
measurenent period Tl1l) is fallen as in operation of oscillation and stop of
a delay Iline oscillator 11, whereby the-geunting of nunber of cycles of
oscillation is sustained during one cycle period of each odd nunber of the
timng signtirodgl?tli€ QRgagesb. neasur enent period T1).

-27- (c) Latch circuit 18 - A figure output of the
above- nment i oned c@iint erTibing generption eitcwit@o the latch circuit 18, and the
timng signal 1/2CK (target neasurenment perjod T1l) generated Dby the

above- ment i oned tTining geaeeation ¢ircuit 2cinternally prpdunes timingnsignaly SET-4dk

i nput  term nal CK. Therefore,_ thi Iatct} circuit 18 latches a
count val uelRRHIBICKDIo JEPTEF-Qomed JRET-BN. a4 Rerthor sting Bhom. mroducenc
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1/2CK ((4) in FIG.4) is a timing signal for specifying a period T1 (target
measurement period) to be measured as a length of one cycle T of the input clock
signal EXT-CK, and concretely is a signal obtained by dividing the input clock signal
EXT-CK to one half.

WC ((6) in FIG.4) is a timing signal for establishing periods T3A, T3B
(actual measui-ement periods) to sustain a measurement operation over the above-
mentioned target measurement period T1. This WC is a signal, the fall of which is
slightly delayed from the above-.mentioned 1/2CK, that is, a signal, which is risen up
simultaneously with the input clock CK, having a width which is slightly longer
than one cycle T of the input clock sighal EXT-CK.

This WC is obtained by producing a signal 1/2CK-DL ((5) in FIG.4) in which
1/2CK is slightly delayed in the width of the 1/2 cycle thereof and taking a logic sum
of the signal and 1/2CK.

JK-FF-Q ((7) in FIG.4) is a signal of Q output of JK-FF in the timing

'generation circuit 2, and, when the Q output is H, indicates that the "A" side is in

the measurement period (while the "B" side is in the oscillation reference period),
and when the Q output N of JK-FF in the timing generation circuit 2 is H, JK-FF
QN ((8) in FIG.4) indicates that the "B" éide is in the measurement period (while the
*A" side is in the oscillation reference period).

SET-A ((9) in FIG.4) is a timing signal consisting of short pulses generated



The operation circuit 19 cal culates the half value of count value of the
nunber of cycles of oscillations for one cycle of odd nunbers of the timng
signal 1/2CK (target measurenment period T1l) that is, the duty val ue of
50% upon receiving the output of the above-nentioned latch circuit 18.
This val ue becones one input of the coinggdence circuit 28. (4) Act ual
measurenment circuit 20 Actual measurenment circuit 20 has a del ay

reasur erent Sce &R 6985 b6 y5Escfhely Ham RO i8 %48 WRGK QRIBH 16 0
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T4). he counte e nunber o cyc es of oscillation of
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being carried out. The c

-28- val ue Qaﬂwoﬁwdguqﬁ xﬁﬁ\ﬁ dlocE éiﬁu{l(EXT ORirPh sl Wherk QWD in fFISO:ﬁCdf to

signal CK halfway of the counting. Coi nci dence circuit
Coi nci denceJRIFE il the’fmive geteratibe uirahed iy 3, tha iy whekethe BY sidd se lift%e
obt ai ned fromthe above-nentioned operation circuit 19 as one input and
uses the coseillationl refereftogieniod andbecdries @ bat\inpuolRORESB sicthet"Br silé. as t he
ot her input, wherein both are verifi ed. Therefore, since the
count val ue passed/2CKA(GH) thdiCodnis wadigral fonreswlielﬁd'gntjlet WA'dsidy tagget
hal fway of increasing of the count value as the delay |in

measurement period T1A, and is a signal which is taken out from 1I2CK while Q (7)

in FIG.4) of JK-FF in the timing generation circuit 2 is H, that is, while the "A" side
is in the measurement period (while the "B" side is in the oscillation reference
period). 1/2CKB ((20) in FIG.4) is a signal for establishing the "B" side target
measurement period T1B and is a signal which is taken out from 1/2CK while
QN((8) in FIG.4) of JK-FF in the.timing generation circuit 2 is H, that is, while the
"B" side is in fhe measurement period (while the "A" side is in the oscillation period).

Commonly, these signals are generated from input clock signal EXT-CK so
that target measurement periods T1A, T1B to be measured as a length of the one
cycle T are indicated with intervals T6A, T6B spaced, which are an integral number
times, herein, three times one cycle T of the input clock signal EXT-CK.

WC-A and WC-B are timing signals. for actual measurement periods T3A,
T3B and have a longer pulse than T1.

Giv) Operation

Firstly, input clock signal EXT-CK enters into the timing generation circuit
2. The timing generation circuit 2 begins dividing input clock signal EXT-CK to one
half, wherein the Q output ((7) in FIG.4) of JK-FF is in H level at the point of time
when the first SET-AB of the first cycle t1 is generated ("a" in FIG.4), and thereby
the "A" side duty determination circuit 3 is selected and instructed so as to start



oscillator 21 and counter 27 enter one cycle period of even nunbers, a

coi nci dence output SA is caused to appear in the coincidence circuit 28 as
shown in FIG 2 at that tine. Furt hernore, no coinci dence out put SA
appears in the first one cycle Tl of odd nunbers. Thus, the first
duty determnation circuit 3 determnes the timng position of an required
duty value (duty 509 of a clock signal t@d4me outputted and indicates the

timng position to th width formng circuit 5 as a coi nci dence out put.

(6) w dt PSP i rcuit 5 Wdth forming circuit 5 receives

t he above-nenti O”Q%e{»éfme” e%'gﬁ?eﬁi%ﬁ%h%gf“ﬁﬁhb%E%H‘&’S‘E%H?@!&d%@% S- FF

5a thereof and recerves the a COi ncl t he
reset input 1,03l f P fs s

[eset | MR obelifpRalt il O 19 ehflfimob iy BR1Efion 881 Afmblifed iy
edge per CyGidar trminRHELDE B cotn i By'the bie! df%ﬁ@iinﬁﬁf dighdl, TRké BRAGE
output SA generated at the timng poSition of duty 50%

Therefore, firdEgitdcotthfidf B n@hbsioffitycledofdscillagioni dth forming circuit 5, it

S possible to obtain a clear clock output which is risen up at the front

edge of each  pulfe dstillavieh vf ehecdatapliné bscillatprill o4 sustaimied atledskuatitl thi ch
is fallen at the timng

-29- posi t irse-uyf ofcuitlyckodthe second cycle €2 iscompletedii nci dence out put SA appears
in the first cycle Tl of odd nunbers, this portion will be disregarded.

The oscillation of the delay line oscillator 11 is terminated by a fall of WC-
A produced until a rise-up of a clock of the third cycle t3, that is, at the time when
the actual measurement period T3A slightly elapsed from one cycle T of the input
clock CK ends (point "¢" in FIG.4).

In the meantime, due to the target measurement period T1A of 1/2CKA
having a length corresponding to one cycle T of the input clock CK arriving at the
end thereof ("b" point in FIG.4) and 1/2 CKA inputted into the clock input terminal
CK of the latch circuit 18 being fallen; the latch circuit 18 latches a count value
(length of one cycle T = T'1A) of the counter 17.

Herein, the operation circuit 19 calculates one half of the count value of
length of one cycle T, that is, the timing position of duty 50%, upon receiving output
of the latch circuit 18, and outputs the result of the calculation, wherein the result is
inputted into one input terminals B1 to Bn of the coincidence circuit 28.

As the third cycle t3 starts, RS-FF 6 is set by arrival of SET-A ((9)in FIG.4)
('d" point in FIG.4). The set Q output ((11) in FIG.4) of RS-FF 6 is caused to appear
in the output OUT through OR gate 5b, and simultaneously is added to the "A" side
delay line oscillator 11 through OR gate 7, thereby causing the oscillator 11 to
oscillate. Furthermore, the set Q output of RS-FF 6 is added to the clear CL of the
"A" side counter 17 through the OR gate 7 to cleared the counter 17, causing the

counting of the number of cycles of oscillation to commence.



Thus, even though the duty of the input clock signal CKis of a wave form
which is fluctuating hal fway, the input clock signal CK may be outputted
(RS-FFQ without fail after being shaped to a clear clock signal having a
duty 50% wave form by causing the signal CK to pass through the digital
wave shaping circuit 1. (7) Second enbodi nent FI G 3 shows the
second enbodi nent which is provided with83&p pairs of duty determ nation
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determ nation circuit 4 1s ca and they are “di stinguis etd by
respecti vel %aﬁiet@ﬁhi_c@g:oglfc{geﬁ@%itzﬁ tﬁ@%lt_ﬁet(ﬁﬂf ?ﬁé’lenFth of one cy€lb)T) outgddted by

determ nation circuits 3, e first duty determnation circuit 3

handl es, as thgdvelhiertidaed.opEittion circ@i19CY Edifsidénke ottputBAs goherdtedframal S
EXT-CK as one repeating unit (operation cycle Cl), neasure the length T1A

("A" side tshgedincidardcaaiti28peri od) of one cycle of the input clock
signal EXT-CK at the first cycle (tl1l) of the front half thereof, and

cal cul ate the | at {This doihdidenzk vatputiSA isgnputted into thé rebet ynHG%prminal QN bfngt h
T of one cycle, using the result of the neasurenent, wherein on the basis
t hereof , at RSEFtGiand ressts|the (flif)flopn Thiraforneh wheo| thig caipcideneeheutpub Sdgient

| atter halves respectively, the first duty determ nation circuit 3 '
nmeasur es t h@genenaged the set émmd(lflb mFIed) of BS-KNS isfallan and appears ghthes
EXT-CK until_becom ng coi ncident with the calculated value (that is, to
the timng (UsBateAh &Py F15009 . and, when the coincidence is secured,

outputs a coinci dence, ouLRUY corss, Mis Gtpuf pulss P1'i8 s SuibS Whidrl3 riden Hif &t 50
the front edge of external input clock, that is, the input clock signal EXT-CK having
one cycle T and is thereafter fallen at the position of the half (duty 50%) of the
length T of one cycle.

Subsequently, since SET-A ((9) in FIG.4) arrives (point "f" in FIG.4) again
as the fourth cycle t4 starts, RS-FF 6 is set. The set Q output ((11) in FIG.4) of RS-
FF 6 is added to the "A" side delay line oscillator 11 through OR gate 7 to cause it to
oscillate, and is added to the counter 17 to clear it, causing the counting of the
number of cycles of oscillation to commence, while the set Q output appears in the
output OUT through OR gate 5b.

As the count value of counter 17 becomes coincident with the output value
(half of the length T of one cycle) of the above-mentioned operation circuit 19 ("g"
point in FIG.4), a coincidence output SA is generated again from the coincidence
circuit 28. Since RS-FF 6 is reset by this coincidence output SA, the set Q output
((11) in FIG.4) of RS-FF 6 is fallen and is caused to appear at OR gate 5b as pulse P2.
As a matter of course, this output P2 is also a pulse which is risen up at the front
edge of the external input clock, that is, the input clock signal EXT-CK and is fallen



- 30- The second duty determnation circuit 4 has an operation
cycle C2 shifted two cycles fromthe first duty determ nation circuit 3.
That is, the second duty determnation circuit 4 handles every four cycles
(4) of input clock signals EXT-CK shown with t3 through t6 in FIG 4 as one
repeating unit (operation cycle C2), neasures the length T1B ("B" side
target measurenent period) of one cycle ofd6mput clock signal EXT-CK at

the first c%&hggg%iﬁ%%g%&eﬁﬁo ont half thereof, and calculates the half

value (tim 5099 of the length T of one cycle, using the
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duty 50%, and,” when the coincidence Is secured, outputs a co | dence

out put SB i pulefated WPy ke B REdR 'dufl) deterflithaticid @rcuit 4 is selebbdd and

above-nentioned respective duty determnation circuits 3,4 are constructed

so that oneingéruttedfsotaddo dpérate theieat@éhbmg or 11, counter 17 and latch
circuit 18 concurrently achi eves both the functions of the above-nentioned

cycl e neasur enerTharefore, the timmgdsigred WiC-Bra@gLincFERY) i rigam @p 20 point in
simplifying the construction of the duty determnation circuit 3 described
with ref er eBi24),0arfd {8 4ddedTtwathei "B" side delaw liofe gsciltatort 31 thieghaOR gatedd,f or m
of omtting the above-nmentioned actual neasurenent circuit 20, wherein the
oper at i on cwhereby the osaillatinmie comenged. fimultanegusly, the signaldWighB isinputted
coi ncidence circuit 28 uses output of the operatign circuit _19 as one
i nput and uide agleapterminal Gl ofhgsounter 17.4herise-uproh gthich ¢anses the counter 17; j )
RS- FF 6, 8 . R

to commence the countering of the number of cycles of oscillation.

The oscillation of the "B" side delay line oscillator 11 is continued at least

until a rise-up of the clock of the fourth cycle t4 is completed. _

~ The oscillation of the "B" side delay line oscillator 11 is terminated by a fall
of WC-B produced before the clock of the fifth cycle t5 is risen up, that is, at the
moment ("j" point in FIG.4) when the actual measurement period T3B slightly
elapsed from one cycle T of the input clock CK ends.

In the meantime, due to the target measurement period T1B of 1/2CKA
having a length corresponding to one cycle T of the input clock CK arriving at the
end thereof ("i* point in FIG.4) and 1/2CKB inputted into the clock input terminal
CK of the latch circuit 18 being fallen, the latch circuit 18 latches a count value
(ength of one cycle T = T1B) of the counter 17.

Herein, the "B" side operation circuit 19 calculates the half of the count
value of a length T of one cycle, that is, the timing position of duty 50%, upon
receiving the output of the latch circuit 18, outputs the result of the calculation, and
inputs it into one input terminal B1 to Bn of the coincidence circuit 28.

As the fifth cycle t5 starts, RS-FF 8 is set by arrival of SET-B ((16) in FIG.4)



RS-FF 6 is positioned before the first duty determ nation circuit 3, and
the Qoutput of RS-FF 6 is inputted into the delay line oscillator 11 of
the duty determnation circuit 3 through OR gate 7 (OR-A) and '
sinmultaneously is inputted into one input termnal of the OR gate 5b. And
t he out put of the above-nentioned

-31- coincidence cir * 28, that is, th@7output of the duty deternination
circuit 3 i %Pt@g"l- )nto the reset termnal R positioned before the
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second duty determnation circuit 4 which is constructed to be identical
to the fir Sdgcilidtivndebshienad, i on circuit 3 of such construction, RS-FF 8 and
OR gate 9 are positioned'before circuit 4, the Qoutput of RS-FF 8 is

inputted into tHEhalehemtlofrthe OB did@icoiinted 197 ist inpudietyinde tthe wtheat inpat
circuit 4 through the OR gate 9 (OR-B), and sinultaneously is inputted
into the otteeminalp il toeAniofathe abircidenGReiyenié 285 lbausihg the covdtevalue pfithef t he
above-nmenti oned coi ncidence circuit 28, that is, the
counter 17 to be progressively increased, wherein a coincidence output SB is
generated from the coincidence circuit 28 at the moment ("q" point in FIG.4) when
the count value becomes coincident with the value (half of the length T of one cycle)
outputted by the above-mentioned operation circuit 19.
This coincidence output SB is inputted into the reset input terminal QN of
RS-FF 8 and resets the flip flop. Therefore, the set Q output ((18) in FIG.4) of RS-FF
8 is fallen at the point of time when this coincidence output SB is generated, and is
- caused to appear at the OR gate 5b as pulse P3.
As a matter of course, this .output pulse 8 is a pulse which is risen up at the
front edge of the external input clock, that is, the input clock signal EXT-CK and is
fallen at the position of duty 50%.
Subsequently, as the sixth cycle t6 starts, since SET-B ((16) in FIG.4)
arrives again ("r" point in FIG.4), RS-FF 8 is set. The set Q output ((18) in FIG.4) of
RS-FF 8 is added to the "B" side delay line oscillator 11 through OR gate 9 to cause
it to oscillate and is added to the counter 17 to clear it, causing the counting of the
number of cycles of oscillation to commence, while the set Q output. is caused to

appear in the output OUT through OR gate 5b.

When the count value of the counter 17 becomes coincident with the output



out put of the duty determnation circuit 4 is inputted into the reset
termnal R of RS-FF 8 positioned before the circuit 4. This RS-FF 8 al so
constitutes a width formng circuit 5b along with the OR gate 5b.

This RS-FF 8 is set by a short pulse SET-B ((16) in FIG 4) generated at the
front edge of the input clock signal EXT-8@E~in a case where the Q ((7) in
FIG4) of JK-FF in the timng generation circuit 2 is H, that is, where
the "B" side is in the oscillation generation period, and is reset by the
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and WC-B. p4, SET-AB ((3) in FIG4) is a timng signal consisting of
short puI ses generated at the front edge of the input clock signal EXT-CK.
112CK ((4) in Fl GAd)a mattar bf ¢vuige, $hig vakputopulsePdiis yipulseawhichiiodisdd uptatr get
measur enent period) to be neasured as a | ength of one cycle T of the input
cl ock si gnthe fedit-ddge ofithd exteranbinpliy clock, that igthl infitaioekdigmal EXTCKagdt he

I nput clock signal EXT-CK to one half.
is fallen at the position of duty 50%.

Thus, an output clock of duty 50% which the is synchronized with the input
clock signal EXT-CK can be obtained from OR gate 5b. Since the above-mentioned
action and effect can be obtained even though the duty of the input clock CK
fluctuates in the vicinity of 50% or further fluctuates, this is very effective for
shaping digital wave forms. Therefore, it is possible to extend the operatable period
of semiconductor active elements to a very high frequency.
® Third embodiment

FIG.5 shows a third embodiment. This embodiment is such that in a circuit
illustrated in FI1G.3, a presettable DFF 5c¢ is provided in a width forming circuit 5
with the QN terminal thereof connected to D terminal thereof, SET-A and SET-B
signals (that is, SET-AB) are inputted into the preset input terminal PR through OR
gate 6d, and simultaneously coincidence output SA, SB are inputted into the clock
input terminal CK of D-FF 5c.

It is noted that AND gates 81,32 are provided in the line from the
coincidence output terminals SA,SB of the coincidence circuit 28 to OR gate 33 in
order to prohibit a coincidence output during the measurement, whefein AND is
secured with Q output from RS-FF 6,8.

FIG.6 shows operations of major elements of a circuit illustrated in FIG.5.

A timing signal WC-A ((10) in FIG.6) is inputted into the delay line



WC ((6) in FIG4) is atimng signal for establishing periods T3A T3B
(actual neasurenent periods) to sustain a nmeasurenent operation over the
above- nentioned target neasurenent period Tl. This WCis a signal, the
fall of which is slightly delayed fromthe above-nentioned 1/2CK, that is,
a signal, which is risen up sinultaneousky with the input clock CK, having
a wdth which is slightly longer than one cycle T of the input clock

si gnal EXT-CK This WC i s obtained by producing a signal 1/2CK-DL

((5) in Fl Gty MiaBugh ORgate Pat GRijontdTltaneeat b Fm.f%h SET-ARGs1/ 2

cycle thereof and taking a logic sum of the signal and

JK- FF- Q (( 7gerieratedlQtdthd first &ict@l offinfitd elloblt! tsighial BEKT-EK Ho cbMnidndh e
generation circuit 2, and, when the Qoutput is H, indicates that the "A"

side is in odclilativhaand similtaneenslyds inpatted infocthé Bleas tebminal CD of {i counter
oscillation reference period), and when the Q output N of JK-FF in the

ti m ng genelatThencoantarul tbeginsscothtidgtidnurgher ¢fyclesnofdstilldjion bgtithatriesuphat
the "B" side is in the neasurenent period (while the "A" side is in the
osci | | at i onoffthediningesigral WIHA. The oscillation ¢fithie delaydineioscillator4) is eondinviedi ng
signal consisting of short pul ses generated

-33- at t hatleagihuntdldbe clork phithe sepand eycledR igpempletedXT- CK in a case where QN
((8) in FIG4) of JK-FF'in tthe timng generatign circuit 2 is H_that is,
where the "A' si dihe escillatiopeof thecdalawling gslater dids toyapinated whep WGA e
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1/2CKA ("b" point in FIG.6) and a fall of llzhe 1/2CKA, latch circuit 18 latches the
count value (length of one cycle T = T1A) of the counter 17.
Herein, the operation circuit 19 calculates the half (timing position of duty
50%) of the count value of the length T of one cycle upon receiving the output of the
latch circuit 18 and outputs the result of calculation, wherein the result is inputted
into one input terminals B1 to Bn of the coincidence circuit 28.
As the third cycle t8 starts, RS-FF 6 is set by arrival of SET-A ((9) in FIG.6)
(point "d" in FIG.6). The set Q output ((11) in FIG.6) of RS-FF 6 is inputted into
AND gate 31 and is added to the "A" side delay line oscillator 11 through OR gate 7
to cause the oscillator 11 to oscillate. Furthermore, the set Q output of TS-FF 6 is
added to a clear CL of the "A" side counter 17 through OR gate 7 to clear it, causing
the counting of the number of cycles of ascillation to commence.
The output of the counter 17 is inputted into the other input terminals A1 to
An of the coincidence circuit 28, and the count value of the counter 17 is
progressively increased, wherein at the moment ("e" point in FIG.6) when the count
value thereof becomes coincident with the output value (half of the length T of one
cycle) of the above-mentioned operation circuit 19, a coincidence output SA is

generated from the coincidence circuit 28.



JK-FF in the timng generation circuit 2 is H, that is, where the "B" side
Is in the oscillation reference period and becones a set input of RS-FF 8
at the "B" side. 1/2CKA ((14) in FIG4) is a signal for
establishing the "A" side target neasurenent period T1A and is a signal
which is taken out from 1/2CK whil e Q((Q0 in FIG4) of JK-FF in the
timng generation circuit 2 is H that is, while the "A" side is in the
nmeasurenent period (while the "B" side is in the oscillation reference
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periods T1Agy Mf&r&&epmpred as-a length of the one cycle T are
indicated wth intervals T6A, T6B spaced, which are an integral nunber

times, herein, thTiageforslas shoi€ pitsel AND-A0UN(16)ANIFIC.O)CHs gongrabd BXEhEK.

WC- A and V\C—B are timng signals for actual neasurenent periods T3A, T3B
and have a fromigaige@f thecdildidentd output SA from( AND gate Glexkdéreahis pulse P1 and
Firstly, input clock signal EXT-CK enters into the tim ng generation
circuit 2. commidenceontpuyStearmhised asitwo inputs, dxelfiecsmes aickdck nputpfiD-EF ek
signal EXT-CK to one half, wherein the Qoutput ((7) in FIG4) of JK-FF is
in Hlevel ﬁtrousleOBogate?»&f time when the first SET-AB of the first cycle

tlis generated ("a" in FIG@Jl and thereb the "A" side_d é%/
det erm nation ci rHihe aboyesmg @lﬂdeﬂhoﬁiﬂ}ﬂ?%&%ét%'rs(@ﬁ&sn FIGH) ig added to

D-FF bc as a clock input since D-FF 5¢ is preset by SET-AB every time, the Q output
of D-FF bc¢ is risen up at th_at time and is caused to appear in the output terminal
OUT as pulse P1'. As a matter of course, this output pulse P1' is a pulse which is
risen up at the front edge of the external input clock, that is, the input clock signal
EXT-CK having one cycle T and ié thereafter fallen at the position (duty 50%) of the
half of the length T of one cycle.

It is noted that, since a coincidence pulse SA1 ((15) in FIG.6) generated at
the first cycle t1 is generated while the Q output of RS-FF 6 is fallen down to L, no
output appears at AND gate 31, wherein D-FF &c is not changed over.

Therefore, the influence of the coincidence pulse SA1 generated when the
"A" side is in the measurement period (when the Q terminal of JK-FF is in H level) is
eliminated by AND gate 31, and the coincidence pulse SA1 does not appear at the
output OUT side.

Subsequently, as the fourth cycle starts, SET-A ((9) in FIG.6) arrives again
('f" point in FIG.6), and RS-FF 6 is set. The set Q output ((11) in FIG.4) of RS-FF 6 is
added to the "A" side delay line oscillator 11 through OR gate 7 to cause the
oscillator 11 to oscillate and is added to the counter 17 to clear it, causing the

counting of the number of cycles of oscillation to commence, while the set Q output is



- 34- measurenent. Therefore, the timng signal WC-A ((10) in
FIG4) is inputted into delay line oscillator 11 through OR gate 7 to
commence the oscillation and is inputted into a clear termnal CL of the
counter 17. By the rise-up of the timng signal, the counter 17 begins

counting the nunber of cycles of oscillation. The oscillation of
the delay line oscillator 11 is sustainedd4ht |east until the rise-up of a
cl ock of the second cycle t2 is conpleted. The oscillation of the
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the operation circuit 19 calcul ates one half of the count val ue of ength
of one cycl gf AND gtk 315n alfffn of phle@ PROSI tion of duty 50% upon receiving
output of the latch circuit 18, and outputs the result of the cal cul ation,
wher ei n the resul Theffore)awhbopulsé ANDHA-OUMU{(16)einFIGBY iSgerepatdd 4tf thehe
coi ncidence circuit 28. As the third cycle t3 starts, RS-FF 6 is
set by arri fmht ellgEhl edindidOndenoutpat SA fréthdANDPogate 31 whefs #his pilse B2tan@
output ((11) in FIG4) of RS-FF 6 is caused to appear in the output OUT

t hrough OR geineidange cartputsS Anare usrsbassiwo inputechtubbecomen @ clogk inputeof INEFHE | i ne

oscillator 11 through OR gate 7, thereby causing the oscillator 11 to
through OR gate 33.

D-FF 5c is preset by SET-AB every time. Accordingly, if the above-
mentioned short pulse AND-A-OUT ((16) in FIG.6) is added to D-FF 5c as clock
input, the Q output of D-FF 5c¢ is fallen at that time, and is caused to appear at the
output terminal OUT as pulse 2'. As a matter of course, this output pulse P2'is a
pulse which is risen up at the front edge of the external input clock, that is, the input
clock signal EXT-CK and is fallen at the position of duty 50%.

With respect to the above-mentioned "A" side operation, the same operation
is carried out at the "B" side with two cycles delayed. That is, the QN output ((8) in
FIG.6) of JK-FF is in H level at the moment when SET-AB of the third cycle t3 is
generated, whereby the "B" side duty determination circuit 4 is selected and
instructed so that measurement operation is performed.

Therefore, the timing sighal WC-B ((18) in FIG.6) is risen up ("h" point in
FIG.6) and is added to the "B" side delay line oscillator 11 through OR gate 9,
wherein the oscillation thereof is oommended, and simultaneously the signal is
inputted into a clear terminal CL of the counter 17, the rise-up of which causes, the
counter 17 to commence counting the number of cycles of oscillation.

The oscillation of the "B" side delay line oscillator 11 is continued at least



oscillate. Furthernore, the set Q output of RS-FF 6 is added to the clear
CL of the "A" side counter 17 through the OR gate 7 to cleared the counter
17, causing the counting of the nunber of cycles of oscillation to
conmence. - 35- The
output of counter 17 is inputted into thegether input termnals Al to An

of the coincidence circuit 28, wherein the count val ue of the counter 17 is
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FIG 4) arrives (point " 4). again as the fourth cycle t4 starts,
RS-FF 6 is ﬁ@clocﬂﬁpﬁeterﬁlﬁ#lt @Ktof the latch Birbif>18) theflaREr cirdulit £8 ldicl@dhe t o
the "A" side delay [ine oscillator 11 through OR gate 7 to cause it to

oscill ate, evuhtivalvedibngth @ of bre cyrlet @1 B) of the cohmter 177t , causi ng the counting
of the

Herein, the "B" side operation circuit 19 calculates the half of the count
value of length T of one cycle, that is, the timing position of duty 50%, upon
receiving the output of the latch circuit 18, and outputs the result thereof, wherein
the result thereof is inputted into one input terminals B1 to Bn of the coincidence
circuit 28.

As the fifth cycle tb starts, RS-FF 8 is set by arrival of SET-B ((17) in FIG.6)
("k" point in FIG.6). The set Q ((19) in FIG.6) of RS-FF 8 is inputted into AND gate
32, and simultaneously is added to the "B" side delay line oscillator 11 through OR
gate 9, wherein the oscillator 11 is caused to oscillate, and the set Q output is added
to a clear CL of the "B" side counter 17, wherein the counting is started.

The output of the "B" side counter 17 is inputted into the other input
terminals A1 to An of the coincidence circuit 28, and the count value of the counter
17 is progressively increased, wherein at the moment (point "q" in FIG.6) when the
count value becomes coincident with the value (half of length T of one cycle)
outputted by the above-mentioned operation circuit 19, a coincidence output SB is
generated from the coincidence circuit 28.

This coincidence output SB is inputted into the reset input terminal QN of
RS-FF 8, thereby causing the flip flop to be reset. Therefore, the set Q output ((19) in



nunber of cycles of oscillation to commence, while the set Q output appears
In the output OUT through OR gate 5b. As the count val ue of
counter 17 becomes coincident with the output value (half of the length T
of one cycle) of the above-nentioned operation circuit 19 ("g" point in
FI'G 4), a coincidence output SAis gener_aﬁ d again fromthe coincidence
circuit 28 Since RS-FF 6 is reset by this coincidence output SA the set Q
output ((11) in FIG4) of -RS-FF 6 is fallen and is caused to appear at OR
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timng signal (17) 1n FIG'4) is risen up (" point in FIG4), and

I s added to hﬁ,q;g B si de deI ay I|ne oscillator 11 through OR gate 9,
wher eby the oscillation i's conmmenced. Sinultaneously, the signal W-B is
inputted into a Theaboveméhtioheddhodf plilae ANDB-OUT {(25) HeFIG.6pis/addet tohi ch

causes the counter 17 to commence the countering of the nunber of cycles
of osci || at DsHF 5c as a clock ifijmet sinezi the D-FBrbcds prdset biBSETHAB esletyctimé, axal the
oscillator 11 is continued at | east
Q output of D-FF 5c¢ is fallen at that time, and is caused to appear at the ontput
terminal OUT as pulse P3'.
As a matter of course, this output pulse P3' is a pulse which is risen up at
the front edge of the external input clo<_:k, that is, the input clock signal EXT-CK of
one cycle T and is thereafter fallen at the position of the half (duty 50%) of length T
of one cycle. It is noted that, since a coincidence pulse SB1 ((22) in FIG.6) which is
generated at the third cycle t3 is generated while the Q output of RS-FF 8 is fallen
down to L, no output is caused to appear at AND gate 32, whereby D-FF bc is not
changed over.
Therefore, since influences of the coincidence pulse SB1 generated when the
“B" side is in the measurement period (the QN terminal of JK-FF is in H level) is
eliminated by the AND gate 81, they do not appear at the output OUT side.
Subsequently, as the sixth cycle t6 starts, wherein since SET-B ((17) in
FIG.6) arrives again (point »" in FIG.6), RS-FF 8 is set. The set Q output ((19) in
FIG.6) of RS-FF 8 is added to the "B" side delay line oscillator 11 through OR gate 9
to cause the oscillator 11 to oscillate and is added to the counter 17 to clear it,
causing the counting of the number of cycles of oscillation to commence, while the

set Q output becomes an input of AND gate 32.

When the count value of the counter 17 becomes coincident with the output



until a rise-up of the clock of the fourth cycle t4 is conpleted.

The oscillation of the "B" side delay l'ine oscillator 11 is termnated by a
fall of WC- B produced before the clock of the fifth cycle t5 is risen up,
that is, at the nonent ("j" point in FIG 4) when the actual neasurenent
period T3B slightly elapsed fromone cycle T of the input clock CK ends.
In the neantine, due to the target measur &fét period T1B of 1/2CKA havi ng
a length corresponding to one cycle T of the input clock CK arriving at the
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coi ncidence circuit 28. the fifth cycle t5 starts, RS-FF 8 is
set by arri vallse4.SET-B ((16) in FIG 4)
-37- ("k" point in FIG4). The set Q output ((18) in FIG 4) of
RS- FF 8 is caused Thereforecar shopt palse ANDBHOWIUT(28)iw FiG.6)Fs gaherabdd atithb i s
added to the "B" side delay line oscillator 11 through OR gate 9 to cause
t he osci | | atfoontitlge of thecdoincidence Fukpu §Bfrom, theANDegate@)32 oxhepe thispuls-B4- 8
is added to the clear CL of the "B" side counter 17 through OR .gate 9 to
cl ear the coandeincidence qutnut$A ane usedasitwg ipputshand hegsmesdr clegkcinput off D-
FF 5c through OR gate 33. _
CIf the above-mentioned short pulse AND-B-OUT ((23) in FIG.6) is added to
D-FF bc as a clock input since D-FF bc¢ is preset by SET-AB every time, the Q output
of D-FF 5c is fallen and appears at the output terminal OUT as pulse p4'. As a
matter of course, this output pulse P4' is a pulse which is risen up at the front edge
of .the external input clock, that is, the input clock signal EXT-CK and is fallen at the
position of duty 50%.

Thus, it is possible to obtain output clocks P1', P2', P3', P4',... of duty 50% in
synchronization with the input clocks CK from the Q output of D-FF 5¢. The above-
mentioned actions and effects can be obtained even in a case where the input clock
CK fluctuates in the vicinity of duty 50 or more, and this is every effective for
shaping digital wave forms. Therefore, it is possible to extend the operatable area of

semiconductor active elements to a very high frequency.

[Frequency multiplying circuit]

A frequency multiplying circuit 201 illustrated in FIG.7 is provided with
two sets of duty determination circuits 3,4 of the same construction so that both the
circuits are operated with two cycles of input clock signal EXT-CK shifted from each

other, as shown as operation cycles C1, C2 in FIG.8. It is noted that, as necessary,



oscillation to comence. The output of the "B" side counter 17 is
I nputted into the other input termnals AL to An of the coincidence
circuit 28, causing the count value of the counter 17 to be progressively
i ncreased, wherein a coincidence'output SB is generated fromthe

coi ncidence circuit 28 at the nonent ("q"-4foint in FIG 4) when the count

val ve beconps, ARHShGCHoHbhibblouNalYS. Lhahiedtal gl SN thol stonffu§Y ! ©

out putt ed operat lon Clircuit
e ef??,?’é‘mﬁ*h%?%r%ﬁt B8 ) °X
FIG 4) of Re&*B" & defe Jg b%tlf&rrtﬁstﬂg hifé thdgi® When this coinci dence

output SB is generate cause appear at the OR gate 5b as pul se
P3. As aTHE{ iserthef fréid mblbipFy iR chhit pzd1SBas3 al finfing PoAbraffdhch is
risen up at the front edge o t?\% ext (ia)lr%”q)#| I nput cl ock thaté)ll% the 1 nput

cl ock si gnatirdalt2 Whichshotltices idint the inhut d6ckgndl BXT-0K ﬂqﬁﬁeéﬁ%mg signals
Subsequently, as the sixth cycle t6 starts, since SET-B ((16) in FIG 4)

arrives againth{ding sigaalat 1/20KE&| €20KB IR&lEEI;rﬂcﬁmg tled targdtemesdurément pettiods( 18)
in FIG4) of RS-FF 8 is added to the "B" side delay line oscillator 11
through OR HaAsT9Btto h'eamaasured asdengthi ofl cpeecyaledT ivdthnanl dotervaltdyaivadentt ior 17
to clear it, causing the counting of the nunber of cycles of oscillation
to comenceintagral aurther dimesonecycle T of an dopeticlock signpbEXT-GK: and slsnplst ouT
t hrough OR gate 5b. . When the count value of the counter
becomes coi %{/Q‘ée annBt ﬁ)l't ﬁ@tmt}lp‘t the actual measurement pGI'IOdS T3A, T3B for
-38-
sustaining a measurement operation a slightly longer than the target measurement
periods. Furthermore, they have duty determination circuits 3,4 for determining
and instructing the timing position of duty 50% of clock signals to be outputted,
upon receiving the above-mentioned timing signals which operate with at least one
cycle overlappéd with each other and with two cycles shifted from each other.
1) Duty determination circuits 3,4 |
Both the duty determination circuits 3,4 are respectively composed of a
delay line oscillator 11, a counter 17 for counting the number of cycles of oscillation, '
a latch circuit 18 for latching the content of the counter 17, a first operation circuit
219, second operation circuit 220 and third operation circuit 221 for respectively
calculating a 1/4 value, 2/4 value and 8/4 value of the counted value, and a first
coincidence circuit 222, second coincidence circuit 228, and third coincidence circuit
224 each provided in the respective operation circuits 219, 220, 221.
(a) Delay line oscillator 11
Delay line oscillator 11 is composed of an NAND gate 12 in which one input
terminal is used as input terminal of the oscillator, an odd tier C-MOS inverter 13
connected to the output terminal of the corresponding NAND gate 12 as delay

element, a simple reversing inverter 15 which is inserted into a feedback loop 14



value (half of length T of one cycle) of the above-nentioned operation
circuit 19 ("s" point in FIG4), a coincidence output SB is generated
again fromthe coincidence circuit 28. Since RS-FF 8 is reset by this

coi nci dence out put SB, the set Q output (&11) in FIG4) of RS-FF 8 is
fallen, and is caused to appear .in OR gaté& 85 as pul se P4. As a
matter of course, this output pulse P4 is a pulse which is risen up at the
front edge of the external input clock, that is, the input clock signal

EXT- CK and g | | t i B . 9 T t put
cl ock o? nduff'é/'ﬁS 0 \9\)?1&’0“% ?&@ﬁ@@;@%ﬁ&gﬁ?g@%ﬁ? ﬁv/%xﬁeer ilﬁpifﬁ th% I%g%? s.rf’&ﬁ; -
EXT- CK ' . ' t he above- ti d ti

and of oot SEmatl S PRE b SAMOIARH NN R0, o1 “Che T nput ol ock Ok

fuctuates | n theAybf ifNdrior 3 widd’ad's ddiay SBineht, IHEL divitor! NISinvarode ok,

effective for shaping gital wave erefore, It I's possible to

extend the Qa@bhatabd ¢ REditi6A to CIMOBTheéGBsiuct or active elenments to a very
hi gh frequency. (8) Third enbodi nent FIG5 shows a third

enbodi ment. Thi s Ehdaslaitnk oscillabe 11 bé}ahs ostilRutivigfotinbasureinent whbfidiniing
FIG 3, a presettable D-FF 5c is provided in a wwdth forming circuit 5 wth

the QN ter ngignalstWE-20WCB (sutasldmbasddeinentripasibds MaAe STIB)SE6mA tha diboiel - B
signals (that is, SET-AB) are inputted into the preset input term nal PR
t hr ough OR mgatiendditimimglgerienaticrecirenit=2 greaizen updpnn eeminipg theimigBsignals,
inputted into the clock input termnal CK of D FF 5c. ltis
not ed that awbstgps escilbatimpwhenctheyavée thdlén; Thatiis, usually NAND gate 1248 incsuthnce
output term nals SASB of the coincidence circuit 28 to OR gate 33 in _order
t o prohi bi t a&tateivhere she loginlepelof gue inpytterminalis J. and the owgmwethﬁre;\f\@ Hs
ith f - FFE .
secured wit whge %ﬁé g\%putro t '9R1§1V61‘t6r6 1§ is L and the output (the other input terminal of
NAND gate 12) of the inverter 15 is H. Therefore, the oscillation of the delay line
oscillator 11 remains stopped. However, usually, if one input terminal of the NAND
gate 12 is changed to logic level H, the status is changed so that the output of the
NAND gate 12 becomes L, the output of the inverter 18 becomes H, the output of the
inverter 15 becomes L, the other input of the NAND gate 12 becomes H, and the
output of the NAND gate 12 becomes L, whereby the oscillation of the delay line
oscillator 11is commenced. Accordingly, the oscillation is stopped when WC-A and
WC-B (actual measurement periods T8A, T3B) are fallen.

The WC-A and WC-B (actual measurement periods T3A, T3B) are risen up
simultaneously with a rise-up of the above-mentioned timing signal 1/2CK (target
measurement periods T1A, T1B) while they are fallen with a slight delay from the
fall of the timing signal 1/2CK. In summary, this delay line oscillator 11 begins
oscillating by a rise-up (commencement of the target measurement periods T1A,
T1B) of the timing signal 1/2CK obtained by dividing the above-mentioned input
clock signal EXT-CK to one half and stops oscillating after the 1/2CK is fallen (that
is, after termination of the target measurement periods T1A, T1B).

Thereby, the oscillation is continued during one cycle (target measurement



FI G 6 shows operations of major elenents of a circuit illustrated in FIG 5.
Atimng signal WC-A ((10) in FIG6) is inputted into the delay |ine

- 39- oscillator 11 through OR gate 7 at the point of tinme ("a" in FIG 6)
when SET-AB is generated at the first cycle t1 of input clock signal
EXT-CK to conmmence the oscillation, and sirmultaneously is inputted into
the clear termnal CL of the counter 17."%he counter 17 begi ns counti ng

t he nunber of cycles of oscillation by the rise-up of the timng signal

WC- A. The o0sgi: ' ' ' kS continued at
| east until B%ﬁ&ed ?F%%E 'IgIB) %ﬂ@f‘&@%?@@eﬁﬁ %Elgé)lrrlp eit{éd. : The
oscill ation of thﬁ%del aﬁo‘ll'ﬁapl?sci [lator 11 is term nated when WC-A i s

fallen, that is, e actual neasurenent period T3A ends ("c" in FIG6). In

the meantine, dughbOcotintdr'dy @unid'@ eRshgd of PRath @ DAL-OBERA UG IRS) labBRd.i 0d
T1A of 1/2CKA ("b" point in FIG6) and a fall of the 1/2CKA, latch circuit

18 latches tfutioned Belaylink ofdilites N1 0thdrnie, & udpudt ehaigd) getleratd@ onesdher
17. Herein, the operation circuit 19 calculates the half (timng

posi tion of edetyyeyclefoséillatibie sineal the slodkinpat téheinab OK theresflis conecied to upon
receiving the output of the latch circuit 18 and outputs the result of

cal cul at i onthevbetpait tetrhinal efsthet abose-memtivhed! delaytlineosseillatmui 1.t Buntheraiose,B1 t 0
Bn of the coincidence circuit 28. As the third cycle t3 starts,
RS-FF 6 is dénputisjgreals which aye idemtical tothat inm euss.ofthe dhayiermentipneddelayding) .
The set Q out put (éll&! in FIG6) of RS-FF 6 is inputted into AND gate 31
and i s adde@sciBatondl; thatis, timingsignals We-4 I¥CB @ebral measuremant periodmfA.7 to
cause the osc'hl lator 11 to oscil.l e}ﬁe. Furt hf&EDr e, the set_ Q output of
TS-FF 6 i s T8B), etc. are inputted into the clear termina of the counter 17. '

Therefore, as well as operations of oscillation and stop of the delay line
oscillator 11, the counter 17 'Begins counting when the above-mentioned timing
signal 1/2CK (target measurement periods T1A, T1B) is risen up, and stops
counting after the timing signal 1/2CK (target measurement periods T1A, T1B) are
fallen. Thereby, the counting of the number of cycles of oscillation is continued for
one cycle period of the timing signal 1/2CK (target measurement periods T14A, T1B).

' ©  Latch circuit 18

A figure output of the above-mentioned counter 17 is inputted into the latch
circuit 18, and a timing signal 1/2CK (target measurement period T1) produced by
the above-mentioned timing generation circuit 2 is inputted into the clock input
terminal CK.

Therefore, the latch circuit 18 latches the count value (the number of cycles
of oscillation) of the counter 17 when the timing signal 1/2CK (target measurement
periods T1A, T1B) is fallen, that is, when the target measurement period T1A, T1B
ends. Therefore, the count value of the number of cycles of oscillation corresponding
to the length (one cycle T of the input clock signal EXT-CK) of one cycle period of the
timing signal 1/2CK (target measurement.period T1A, T1B) is latched by the latch

circuit 18,



added to a clear CL of the "A" side counter 17 through OR gate 7 to clear
It, causing the counting of the nunmber of cycles of oscillation to
comence. The output of the counter 17 is inputted into the other
input termnals Al to An of the coincidence circuit 28, and the count

val ue of the counter 17 is progressively_jpgcreased, wherein at the nonent
("e" point in FIG 6) when the count value thereof becones coincident with
the output value (half of the length T of one «cycle) of the

above- nentioned operati Jcouit . jgiCi dence out put SA is generated
from the coinci defile ci %‘ffﬁt’m’ﬁg‘mlgglg g2t

tg?m nal QN of Thgﬁ?—'@épsh%gﬁg@e uél&f 08?‘? Q%Hﬁw:o 1?5229' ncl Sﬁunhnpm
out put  SA | 5,d3GH6h drfitly 2&?%@&%@ eauwme 5(1314)va1d% Ehﬁnfl de'ﬁ'ﬁx Fhng des

fall en and becones an 1 nput inaformo

Therefore, gheshiRht vilieoe tHRIMbEAF ¢ ?&1&@& ds@ﬂlﬁh@n Qatchgdﬁyrﬂ%ﬁwpm&mtm

front edge of the coincidence outpu from AND gate 31 where this pul se

Pl and coi gsdtdienele autyrvaluSAf 259, L50%! add 70% theweef, SupoAnsbeli¢mgn® patalldl 0ck
i nput of D-FF 5c¢ through OR gate 33. | f the above-nentioned short

pul se AND- Aotlght (of kB¢ abovd-entipnddslatcld eitchiv 18D-OfRham, cthe aluty value 0f25%si nce
D-FF 5c is preset by SET-AB every tinme, the Qoutput of DFF 5¢c is risen
up at that becomenmte inputafthedirstbcoingidarce icircuib 822, thp dnty walne o£50% hkdbmes
pulse P1'. As a matter of course, this output pulse P1l' is a pulse which is
one input of the coincidence clrcult 223, and the duty value of 75% becomes one
input of the third coincidence circuit 224.
@) Coincidence circuit 222, 228, 224
The first coincidence circuit 222, second coincidence circuit 223 and third
coincidence circuit 224 respectively uses one of the parallel outputs (results of the
calculation; a 1/4 value, 2/3 value and 3/4 value) of the above-mentioned first
operation circuit 219, second operation circuit 220, and third operation circuit 221 as
one input while the output of the above-mentioned counter 17 is used as the other
input, wherein these coir_xcidenoe circuits 222, 223, 224 output coincidence outputs
SAl, SA2, SA3 or SB1, SB2, SB3 whenever the counted value of the above-
mentioned counter 17 is increased to the value which is coincident with the above-
mentioned three calculated values. .
2 Pre-positioned FF and pre-positioned OR gate
SR flip flops (hereinafter merely called FF) 6,8 are placed before the first
duty determination circuit 3 and the second duty determination circuit 4 and are set
every time in synchronization with the front edge of one cycle T of the input clock
signal EXT-CK in the oscillation reference periods T6A, T6B between the above-

mentioned target measurement period and the next target measurement period,

wherein they are reset by the final SA3, SB3 of the above-mentioned coincidence
outputs.



risen up at the front edge of the external input clock, that is, the input
clock signal EXT-CK having one cycle T and is thereafter fallen at the
position (duty 509 of the half of the length T of one cycle. I t
is noted that, since a coincidence pulse SA1 ((15) in FIG 6) generated at
the first cycle tl1 is generated while thgg¢Q output of RS-FF 6 is fallen
down to L, no output appears at AND gate 31, wherein D-FF 5c is not
changed over. Therefore, the influence of the coincidence pul se
SA1l gener at ed whe A shde ] Sai T t ri nithe Q
term nal of JK- FFﬁlll%&?'ﬁm e@%l%%'éss 7’92#6218 ﬁégﬁ%zﬁgl%ﬁi%egca léf)gie,( Hgsﬁzdd‘f e

Ty AT, BSOS . W 408 4, e

Subsequent |y, cycle starts, 9 arrives

PG 4y of RATRUER hoostiipBndin DR g, 3 ke SEH thliBolShe b b 88 11

through OR galesigndld WEUSEWEB ifhicdting2the abdvd-mefifibhdd attiakihedstrafléiad t o
the counter 17 to clear it, causing the counting of the nunber of cycles
of oscill at iperiedT8A/MWars inphittbd in tiee Getespdnlihgdity dotermination circuits 3,4.
-41- inputted into AND gate 31. Wen the count value of the counter 17
beconmes coifacoutpnt flig fldp Sdis provided whidhis reet| éveryf timedn IsgnetrbniZatién eriidh
cycle) of the above. nmentioned operation circuit 19 ("g" point in FIG 6),
a coi nci dendbe fonpedgedhons cyclaT of tnputi clagkisignak BXT10k andithe stidweef whiclvis t
28. \Wen this coincidence output SAis generated, the set Q output ((11)
in FI G 6) ofchregedover by thextdingidencd ob AlaBAZNPAS, or SB1ANB2SB3 obtained a
Form of pul Sbei\ tﬁg first duty determination circuit 3 and the second duty determination circuit 4.

Concretely, RS-FF 6 is pre-positioned in the first duty determination circuit
3, and the Q output thereof is inputted into the delay line oscillator 11 of duty
determination circuit 3 through OR gate 7 (OR-A), and simultaneously is inputted
into one input terminal of AND gate 31. Accordingly, the output of the above-
mentioned coincidence circuit 224, that is, coincidence output of duty 75% is
inputted into the reset terminal R of .RS-FF 6 positioned before the circuit 3. This
RS-FF 6 constitutes part of width forming circuit § along with output D-FF 5c. |

" This RS-FF 6 is set by a short pulse SET-A ((95 in FIG.8) generated at the
front edge of input clock signal EXT-CK when QN ((8) in FIG.8) of JK-FF in the
timing generation circuit 2 is H, that is, when the "A" side is in the oscillation
reference period, and is reset by the final SA3 ((16) in FIG.8) of the above-mentioned
coincidence output (See (11) in FIG.8).

Therefore, pulses P1, P2 generated at the output terminal Q of RS-FF 6 at
the third cycle t3 and fourth cycle t4 are added to one terminal of AND gate 31, and
while the pulses P1, P2 are being outputted, the coincidence oufputs SAl, SA2, SA3
are added to the clock input terminal CK of a presettable D-FF 5¢ through OR gate
33 (OR-2).

RS-FF 8 and OR gate 9 are pre-positioned in the second duty determination



Therefore, a short pulse AND-A-QUT ((16) in FIG6) is generated at the
front edge of coincidence output SA from AND gate 31 where this pul se P2
and coincidence output SA are used as two inputs and becones a cl ock input
of D-FF 5¢ through OR gate 33. D-FF 5c is preset by SET-AB every
time. Accordingly, if the above- nenti. &ed short pul se AND-A-QUT ((16) in
FIG6) is added to D-FF 5¢c as clock iﬁg ", the Qoutput of D-FF 5¢c is
fallen at that time, and is caused to appear at the output termnal OQUT as

pul se 2' Rk mﬂ%e ntl@am% Bi:%t %%w%mdtforﬁcum §Ra¥fgCh i's

ri sen up at t e fron e ext er nal clock, that is ﬁe I'nput

cl ock si gnagudwebnbtfuétivh, 'a%dftﬁé Q%htﬁht ishﬁpmai to thie delayite/osefllfator 11 of the

Wth respect to the above-mentioned "A" side operation, the sane operation

is carried ghfy ddternii®atiBn cirbai€ 4Whidugh'@OR giie) RORIB),ayEib it [ aiputted ibtboneN -
out put ((8) |n FIG6) of JK-FF is in Hlevel at the nonment when SET-AB of

the third cipue tesmisal gbANBt gate 8heAekydingly, "the sutpat dft gheletmenticirid on
circuit 4 is selected and instructed so that nmeasurenment operation is

per fornmed. coincidence clicaitd?8p thet is,romtputnifithe dityndeternBtion eBuit ¥ iFinpuljed s
risen up ("h" point in FIG®6) and is added to the "B" side delay |line
osci |l at or intottheoragat GRrmgimak R of REEFcB rpretposisioned |hm ofhish 8§ also
commenced, and sinultaneously the S|gnal i's utted into a clear term nal
CL of the ceenstitutesn widtl forming oivcuit 5 alongiwish @sgg 6et he counter 17 to

oaci | 1ati on of ¢ nahiegkS A it by ehae Bles FE ARG T FIC) sermssed 8t thecast
- 42 front edge of input clock signal EXT-CK when Q ((7) in FIG.8) of JK-FF in the
timing generation circuit 2 is H, that is, when the "B" side is in the oscillation
reference period, and is reset by the final one (although not illustrated, a pulse
similar to SAS3 of (16) in FIG.8) of the above-mentioned coincidence output SB (23)
in FIG.8) (See (18) in FIG.8). |
Therefore, pulses P8, P4 generated at the output terminal Q of RS-FF 8 in
the fifth cycle t5 and sixth cycle t6 are added to one terminal of AND gate 32, and
coincidence outputs SB1, SB2, SB3 are added to the clock input terminal CK of the
| presettable D-FF 5c¢ through OR gate 33 (OR-2) while the pulses P3, P4 are being
outputted.

)] Width forming circuit §

The width forming circuit 5 has a presettable D-FF 5¢, in which the QN
terminal thereof is directly oonnect_ed to D terminal thereof. Furthermore, SET-A
and SET-B signals (that is, SET-AB) are inputted to the preset input terminal PR
through OR gate 6d, and simultaneously coincidence outputs SA1, SA2, SA3 or SB1,
SB2, SB3 are inputted into the clock input terminal CK of D-FF 5c through OR gate

.88.
It is noted that, AND gate 31 which prohibits a coincidence output during

the term of measurement is provided in a line from the coincidence output terminals



until a rise-up of the clock of the fourth cycle t4 is conpleted.

The oscillation of the "B" side delay line oscillator 11 is termnated by a
fall of WC- B produced before a rise-up of the clock of the fifth cycle t5,
that is, when the actual neasurenent period T3B slightly el apsed from one
cycle of the input clock CK ends. ("j" pbint in FIG6). In the neantine,
due to the target neasurenent period T1B of 1/2CKA having a |l ength

equi val ent $481,0%42,8A3 ef the osincidendercirguite 22% 1223324010 igate 33, whezeia AND
thereof ("i" point in FIG®6) and a fall of 1/2 CKB inputted into the clock
i nput t er ni ispbtairedwithwespept 4ot @outnutfom RSFF 8:8h circuit 18 latches the

t I I h T of le = T1B), .of the, t 17, .
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d sinult | e .he..'oB" side del i illat 11
?Rroalggud?aaggtjz g‘frh%gg@g?ﬂatioﬁe&%ggifl atsl)rellei ?/calljrs]:dotsgI osgi Iolrat e, and
the set Q output iS;agde netr?ti(gn 8&&%2%%%&%&%@ itﬂlﬁnge%i’éﬂa%g' glﬁgeAB

wherein the counting 1s Started. Theé out put of t

counter 17 hRCKIPHWRCRIDINTWC! JE-FH-G8 'and WRUFF-QN, indefufrtibknioPe, Aisiff the

coi ncidence circuit 28, and the count value of the counter 17 is

progr essi vekignali; genérades whérodtputaitihig sipnalstSEDA, SET-B, 1/2CKRAGIACKBEN
the count val ue becones coincident with the value (half of length T of one
cycle) out WE#eandyWCHR above- nenti oned operation circuit 19, a

coi nci dence output SB is generated fromthe coincidence circuit 28.

Thi s coinci dence SHIpAB (B3in EIG.8pista timingaignal hensisting ofishontipulaes generatad\ of
RS- FF 8, thereby_ causing the fIiE flop_to be reset. Therefore, the set Q
out put ( ( 19pt the front edge of input clock signal EXT-CK.

1/2CK ((4) in FIG.8) is ﬁ timing signal for specifying a period T1 .(target
measurement period) to be measured as a length of one cycle T of the input clock
signal EXT-CK. Concretely, 1/2CK is a signal obtained by. dividing the input clock
signal EXT-CK into one half. |

WC () in FIGS8) is a timing. signal for specifying periods (actuaI
measurement periods) T3A, T3B to sustain a measurement operation over the
above-mentioned target measurement period T1. This WC is a signal which.is'
slightly delayed from a fall of the above-mentioned 1/2CK, that is, which is risen up
simultaneously with. the input clock signal.EXT-CK and has a slightly loriger width
than one cycle T of the input clock signal EXT-CK. This WC is obtained by producing
a signal 1/2CK-DL ((5) in FIG.8), which is obtained by slightly delaying the 1/2CK in
the width of 1/2 cycle thereof and securiﬂg a logic sum of this signal and 1/2CK.

JK-FF-Q ((7) in FIG.8) is a signal of Q output of JK-FF in the timing

generation circuit 2, wherein, when the Q output is H, it indicates that the "A" side



- 43- FIG6) of RS-FF 8 is fallen at the nonent when this coincidence
output SB is generated, and becones an input of AND gate 32 in a form of
pul se P3. Accordingly, a short pulse AND-B-OQUT ((25) in FIG®6) is
generated at the front edge of the coincidence output SB from AND gate 32
where this pul se P3 and coincidence outpyt SB are used as two inputs, and
becones a cl ock input of D FF 5c through gate 33. The
above-nmentioned short pul se AND-B-QUT ((25) |n FIG 6) is added to D FF 5c¢

as a clock i %%e%@?ﬁm%ﬂ@nppgﬁoé hile BREIBE shie RET O S¥ANNMidd Weredld t he

Q out put of D FF 5c all'en at t at tine, and is caused to appear at the

out put  t ergeriddl, dald] when Eheé QDdubiut-N of the JK-FFAR the fidhing gefbration chbuit 234 S
output pulse P3" is a pulse which is risen up at the front edge of the

external i MTUIKEREN (8 beFIG.8) idités thut tid B keidd Qﬁﬁkh&iﬁéaﬁﬁ‘éﬂfer@?@n@d/d e T
and is thereafter fallen at the position of the half (duty 50% of length T

of one cycl@hiletthe $Ahgide ik infthe oscillation refarehcecpativa).e pul se SB1 ((22) in
FIG 6) which is generated at the third cycle t3 is generated while the Q
out put of RS-FF SSEE-A §9)iaFIGHR)ina timihg signabeonsistingof ashoripulse gemprated at
AND gate 32, whereby D-FF 5c is not changed ove Ther ef or e,
since i nfl uatnthestrert edge of dhe inpivsrelosk s %%}C@ewbﬁattbﬂ QNé@)mEIGQSOfm de

is in the measurenent period (the QN terminal of JK-FF is |n H Ieveltg
el i m nat ed $§-Efin thatiming generation girepit 3ds Hhihatkis, athenriheg ¢d
Subsequently, as the sixth cycle t6 starts Wwhere|ln since SET- (17) |n
FI G 6) ar riQasillation;raft WWPHPE- setnppt Sé'il@ éeﬁ‘de%ﬁsFE& Q out put

((19) in SET-B ((18) in FIG.8) is a timing signal consisting of a short pulse
generated at the front edge of the input clock signal EXT-CK when the Q@ ((7) in
FIG.8) of JK-FF in the timing generation circuit 2 is H, that is, when the "B" side is
in the oscillation reference period, and becomes a set input _of the "B" side RS-FF 8.

1/20KA ((14) in FIG.8) is a signal for establishing a target measurement
period T1A at the "A" side and is a signal which has picked up from 1/2CK when Q
((7) in FIG.8) of JK-FF in the timing generation circuit 2 is H, that is, when the "A"
side is in the measurement period (while the "B" side is in the oscillation reference
period).

1/2CKB ((20) in FIG.8) is a signal for establishing a target measurement
period T'1B at the "B" side and is a signal which has picked up from 1/2CK when QN
((8) in FIG.8) of JK-FF in the timing generation circuit 2 is H, that is, when the "B"
side is in the measurement period (while the "A" side is in the oscillation reference
period). '

Commonly, they are generated so as to instruct target measurement
periods T1A, T1B to be measuréd as length of the cycle T with intervals T6A, T6B,
which are equal to integral number times, herein, three times, one cycle T of the
input clock signal EXT-CK, kept from the input clock signal EXT-CK.

WC-A, WC-B are timing signals for the actual measurement periods T3A,



FIG6) of RS-FF 8 is added to the "B" side delay line oscillator 11 through
OR gate 9 to cause the oscillator 11 to oscillate and is added to the
counter 17 to clear it, causing the counting of the number of cycles of
oscillation to commence, while the set Q output becones an input of AND

gate 32. When the count val ue-8g-the counter 17 becones

coi ncident with the out put

-44- val ue éhalf of gth T . of (Ee cycl e) of the above-nentioned
operation crsBuind 11*9’9(3 ngerpnﬂlwm &): a coincidence output SB is

gener ated again f@g t he, coi nci dence CI rcuit 28. Since RS-FF 8 is reset by
t hi s coi nci dence B@G’Ea t8AS (he set Q output ((19) in FIG 6) of RS-FF 8 is

e eoral DeComeRs Shmai e, Bh Rrstcdly dptoriRatah kel RIMEG by fors
bul se pa’* aee AHER iRTRE fiehulatir i ot 8 Pddle rgkRilB ol ol
Sbove- mantt G, dibasufds the BRI (8 0%'afus Virget moasupombit deiod) of ome gyele -
as a cl ock bﬁﬂ;& r@ﬁ%@E peCEmc@K EhebYroﬁﬁTxaﬁBﬁf‘s‘t y)fl q}rfrthéraﬁ Ghgut put

of D-FF 5c en an ars at e out put term nal as pul se p4'.

As a matt epaleflatddWahos of 145 m%mlm&h 5?%1 50%aﬁd ROdey 6f theledkth T df'oﬁ@n up
at the front edge of the external inpuf clock, that is, the input clock

si gnal EXT- gifclabg ustnglthb resulfbf tbRsurbMehnt. On tli?é bdﬁk !h&@&ﬁ in the subsedubn®, it
S pOSSIb|e to obtain output clocks P1', P2 P4' ... of duty 50%in
third cycle (t3) and fourth cycle (t4), the ﬁrst duty determmatlon circuit 3 measures
the length from the front edge of the input clock signal EXT-CK to the position of
coincidence with the calculated value, .that isf the lerigth up to the timing position of
duty 25%, 50%, 75% (in FIG.8 the length to the timing position of the maximum
duty 75% is illustrated with T5A), and outputs coincidence outputs SA1, SA2, SA3
indicating the timing positions of duty 25%, 50% and 75% whenever the coincidence
is secured.

The second duty determination circuit 4 has an operation cycle C2 which is
delayed two cycles from the first duty determination circuit 3. That is, the second
duty determination circuit 4 handles every four cycles of the input clock signal
EXT-CK shown with t3 to t6 in FIG.8 as a sirigle repeating cycle (operation cycle .C2),
measures the length T1B (the "B" side target measurement period) of one cycle of
the input clock signal EXT-CK in the front half first cycle (t3) of them, and
calculates the values of 1/4, 2/4 and 38/4 (timing positidns of duty 25%, 650%, and
76%) of the length T of one cycle using the result of measurement. On the basis
thereof, in the subsequent third cycle (t5) and fourth cycle (t6), the second duty
determination circuit 4 measures the length from the front edge of the input clock
signal EXT-CK to the position of coincidence with the calculated value, that is, the
length up to the timing positions of duty 25%, 50% or 756% (in FIG.8, the length to



synchroni zation with the input clocks CK fromthe Q output of D-FF 5c. The
above- nentioned actions and effects can be obtained even in a case where
the input clock CK fluctuates in the vicinity of duty 50 or nore, and this
is every effective for shaping digital wave fornms. Therefore, it is

possi ble to extend the operatable area _04 _sem conductor active elenents to
a very high frequency. [ Frequency nul t %I ying circuit] A
frequency nmultiplying circuit 201 illustrated in FIG 7 is provided with

two sets of A td ' ' i g Ot | o]

t hat both ttﬁlgl&%llng?tﬁﬁus% g?gﬁeg'%gggé\gg Jvl\ln%{’ ﬁ5?6\/\18§1(1:‘§/c gg&g“m’i nput 5@?%&@“&? gnal

EXT- CK shi T&ﬁ&iéehgé@@tﬁ& SBi, 582, SBB iAlR¥ng SheRMEEYE hATEHLI AhtyH5%,Eo% N

FIGS8. It 1s note as necessary,

-45- the figst 7% Dhed6dcpthb Beihéiabncelis Sétured® IS called "A" side, and the.
second duty determnation circuit 4 is called "B" side, wherein they are
respectively gi variG.A8 showé§ dperations of ah&joe etementatut! theodirahits illuagtated inng
t hem ' That is, the Prequency mul tiplying circuit 201 has a timng
generation FIG.Mcui-t 2 which produces fromthe input clock signal EXT-CK
required timng signals including signals 1/2CKA, 1/2CKB for instructing
the target nmeasur@ent "Alwsidedirst dytla t1T1B t o be neasured as | ength of one
cycle T with an interval 'equivalent to integral nunber tines one cycle T
of an input -cl ockWhey HRT-ARTis@enarated iafrthe first/gycle tl\of thef input elock signakg ¢ he
actual neasurenent periods T3A, T3B for sustaining a nmeasurenent operation
a slightly EZRfK (tadm FIGS8): thegdmingsienal Wend (18:in BHa.8) isjnpuiiedinte the hey
have duty determi nation circuits 3,4 f(i{ det erm ni ng . L.

delay line oscillator 11 through OR gate 7 to commence oscillation, and

simultaneously is inputted into the clear terminal CL of the counter 17. The counter
17 begins counting the number of cycles of oscillation by a rise-up the timing signal
WC-A. The oscillation of the delay line oscillator 11 is continued at least until the
rise-up of the clock of the second cycle t2 is completed. | '

The oscillation of the delay line oscillator 11 is caused to end when WC-A is
fallen, that is, the actual measurement perio_d T8A ends ("¢" point in FIG.8). In the
meantime, the latch circuit 18 latches a count value (length T of one cycle = T1A) of
the counter 17 due to the target measurement period T1A of 1/2CKA arriving at the
end ("b" point in FIG.8) and a fall of 1/2CKA.

Herein, the operation circuit 219, 220, or 221 calculate values of 1/4, 2/4
and 3/4 (timing poéition of duty 25%, 50% and 76% ) of the count value of length T of
one cycle upon receiving an output of the latch circuit 18, outputs the regult of
calculation, and inputs the result of calculation into one input terminals B1 to Bn of
the coincidencs circuits 222, 223 and 224.

(i) "A" gide third cycle t3

As the third cycle t3 starts, RS-FF 6 is set by arrival of SET-A ((9) in FIG.8)
-("d" point in FIG.8). The set Q output of RS-FF 6 ((11) in FIG.8) is inputted into
AND gate 31, and simultaneously is added to the "A" side delay line oscillator 11



and instructing the timng position of duty 50% of clock signals to be

out putted, upon receiving the above-nentioned timng signals which operate
with at | east one cycle overlapped with each other and with two cycl es
shifted fromeach other. (1) Duty determ nation circuits 3,4

Both the duty determ nation circuits 3,<4%fe respectively conposed of a
delay line oscillator 11, a counter 17 for counting the nunber of cycles of
oscillation, a latch circuit 18 for latching the content of the counter

17, a Tirstygq mégg%tgwtsuaﬁsetﬁéam,ﬁﬁspwt&&uﬁﬁhh%&uramgt 220 and third

operatlon circ respectivel calculating a 1/4 val ue, 2/4 val ue

and 3/4 val ue of pgh&ME qq&e\é@%Q%ut,ﬂ&%fRstFFstlsgﬁenm&tlsheaeﬁ:(gwﬂietmﬂ&
en

second coi ncidence circuit 223, and third coi nci ce circuit 224 each
provi ded i ngjd@owtepeaTt tn&augmntga@@ Trdusei the cdldter229 .to 2ldar, causing the ()
Delay line oscillator Delay line oscillator 11 is corrposed of
an NAND gatcbuib.ﬁngrthd\/ﬁuﬁfbeﬁaﬁcycleaufoscnmmrwlcommmad as input termnal of
the oscillator, an odd tier CMOS inverter 13 connected to the output
ternminal of the cDheastpatafcogntédND ightpatted into the bther impuiterminals A1 bpAn
reversing inverter 15 which is inserted into a feedback | oop 14

- 46- f r oneft éoincdensatcitonktsi 3%%, 228, 224, and rthe ponut Ngluenvfétheecmnﬁelt dTtike

other input termnal of the above-nenti oned NAND gat e. an
i nverter 13pregrassive yalme%epdeﬂ‘bﬂ’emat @@memeet thhen the cpunie value, beqomes may
be used in addition to CMJXS inve delay line oscillator

11 begi ns oeingident; wigh the VW&&Uﬁeﬁ’érﬂnWé ¥ a{qerﬁf,{glgth T of one cycle) outputted
by the above-mentioned operation circuits 219, 220 and 221 ("el", "e2", "e3" points

in FIG.8), coincidence outputs SAl, SA2, SA3 are generated from the coincidence
circuits 222, 223, 224 every time.

The maximum SA3 among these coincidence outputs SAl, SA2, SA3 is
inputted into the reset input terminal R of RS-FF 6 and resets the flip flop. When
this coincidence output SA3 is generated, the Q output ((11) in FIG.8) of RS-FF 6 is -
fallen, and becomes an input of AND gate 31 in a form of pulse P1.

On the other hand, this coincidence outputs SA1, SA2 are generated before
SA3. Therefore, coindidencé outputs SA1, SA2, SA3 are generated, as output AND-
A-OUT ((17) in FIG.8), in only the width of pulse P1 from AND gate 31 which uses
this pulse P1 and coincidence outputs SA1, SA2,SA3 as two inputs, and they become
clock inputs of D-FF 5¢ through OR gate 383.

However, accurately, SAS is a short pulse generated at the front edge of the
coincidence output SA3.

Since D-FF bc being a flip flop at the output side is preset every time by
SET-A or SET-B (that is, SET-AB), whenever a short pulse AND-A-OUT ((17) in
FIG.Q) corresponding to the above-mentioned coincidence outputs SA1, SA2, SAS is
added to D-FF 5c¢ as a clock input, the Q output of D-FF 5c¢ is reversed and is caused

to appear at the output terminal OUT as pulses x1, x2. As a matter of course, theses



signals Wo-A, WC-B (actual neasurenent periods T3A, T3B) fromthe above-
mentioned timng generation circuit 2 are risen up upon receiving the
timng signals, and stops oscillating when they are fallen. That is,
usually, NAND gate 12 is in such a state where the logic |evel of one
Input termnal is L and the output ther iIs H while the output of the
inverter 13 is L and the output (the ot “input terminal of NAND gate 12)
of the inverter 15 is H Therefore, the oscillation of the delay |line

¢ Eéi 'NL\§E°r garlaber ST, 2 i B G5 SR oz B it ghe 6RRF olBPHE pleRlanf
13 hecones. PUF Ak, Bt b B ANCadde RERRTBRT oRColond ST Bhd SV ' 0"

f
1, o, B SRS $q il s e O W

wher eby t he tron Ine oscillator "11is commenced.

Accor di ngl Youiphie wasé fdrirPhdcomes thatlop BRpRdbe THREN XTI ﬁii_ii_ﬂion\@jﬁst(tﬁ(@j h%_kdélty

measur enent periods T3A, T3B) are fallen. he WC- A an

(actual neaggyypoE e Reigtlo Of oi[@‘é{(_:la_ IBAIE f Shé d)oneSeyeld, 1A2BOUsdtyisWhbh a
ri se-up of the above-nentioned timng signal I/2CK (target neasurenent
peri ods T1Apositish of M¥4T @f thvcsyclarof theunpub wave form.sl i ght delay fromthe fall
of the timng signal 1/2CK. In summary, this delay line oscillator 11

begi ns osci || ati hgislnoted thate sinpe coinvideneeomtputsoSALNSARASAB (16} as WIGB)Nt
periods T1A, T1B) of the tim ng signal 1/CK obtained by dividing the
above- ment | gemaratedguntthe firstaycleitare gebératel whileothe @ ahtpudofi RS:HIH6 is fallen
oscillating after the 1/CKis fallen (that 1is, after term nation of the
target neasdewnwnail, peetigus appear af ¥BYD gate 31, and Bd &a)ip not geangediovemt i on i s

conti nued during ope cle (targef .measurenent
g There (%ll'e, inﬂglencego the coincidence pulse SA1, which is generated when

Ll

the "A" side is in the measurement period (that is, when the Q terminal of JK-FF is
in H level) are eliminated by AND gate 31, and they do not appear at the output
OUT side.

(i)  "A" side fourth cycle t4

Subsequently, as the fourth cycle t4 starts, RSFF 6 is set sin.ce SET-A ((9)
in FIG.8) arrives again (point "f* in FIG.8) . The set Q output ((11) in FIG.8) of RS-
FF 6 is added to the ."A" side delay line oscillator 11 through OR gate 7 to cause the
oscillator to oscillate and is added to the counter 17 to clear it, causing counting the
number of cycles of oscillation to commence, while the set Q output is inputted into
AND gate 31.

As the count value of the counter 17 becomes coincident with the output

~ value (1/4, 2/4 and 3/4 value of length T of one cycle) of the above-mentioned

operation circuits 219, 220, 221 ("gl","g2","g3" points in FIG.8), coincidence outputs
SA1l, SA2, SA3 are generated again from the coincidence circuits 222, 223, 224.

The Q output ((11) in FIG.8) of RS-FF 6 is fallen when this coincidence
output SA3 is generated and becomes an input of AND gate 31 in a form of pulse P2.
On the other hand, coincidence outputs SA1 and SA2 are generated before this SA3.



-47 - period T1A or T1B) of odd nunbers of the timng signal 1/2CK.

(b) Counter 17 The counter 17 counts a change of output

DL- OSC- A of the above- nentioned delay line oscillator 11, that is, an

out put change generated once on every cycle of oscillation since the clock
I nput termnal CK thereof is connected to the output termnal of the
above-nentioned delay line oscillator 1ldg7Furthernore, input signals which
are identical to that in a case of the above-nentioned delay |ine

il 11, ' | ng Si | A -

pori ods Taa.  Tau tergiee abuidbngt e AL b ot e BpelBRA G B,

t 17. . ' ' i d
Stop of ¢ neANR-APVT G BEERG By g pnifihe BB P I AR kel filed e
t he above- ' tid4 B b | 1A,
T1) 15 ri so b S8 e BudfBopll St b T B e BB e
measur enent EbPﬁ%‘ﬁS@thrﬁiﬁ@Oﬁé‘ate%@! | en. Thereby, the counting of the

S a

nunber of cycles of oscil lon Ts continued for one cycle period of the

timng signal 1/ 20 ghévt §llsc KRDIAET((PH ih FIE.8)LédrrebpSiding to the above:)
Latch circuit 18 - A figure output of the above-nentioned counter 17

i s i nputt edpjentionéd Goihéidente dupet/SA1,18A22803ds tadded o D-FFBc dd elodk fripatget
measur enent period T1l) produced by the above-nentioned timng generation
circuit 2 i sine@PFF &did preserithy SEDAB évepytime, tiQroatpuliof D-FF be is reversed
Therefore, the latch circuit 18 | atches the count value (the nunber of
cycles of atthdtitime and iscfausdtbtocappateat the ontput terminal UTE) as pulse k3, 1v42 8K
(target neasurenent periods T1A, TI1B) is fallen, that is, when the target
nmeasur enent apsattexiofitonrseT timse ontpnt prisassiBordoare visencun in synchpenizdtionneithunber

of cycles of_ oscillatiaqgn correspondin :
Y the ?ront edge of the external input c?ock, that is, the input clock signal EXT-CK of

one cycle T and becomes a digital signal, the frequency of which is two times the
signal EXT-CK. The output wave form is that of a pulse which is fallen at the
position of just the half (duty 50%) of 'length of one cycle, that is, the position of 1/4T
of the cycle of the original input wave form.

Gv) "B" side third cycle t3

With respect to the operation at the "A" side, the same operation is carried
out at the l"B" side with two cycles delayed. That is, when SET-AB of the third cycle
t3 is generated, the QN output ((8) in FIG.8) of JK-FF is in H level, thereby the "B"
side duty determination circuit 4 is selected and instructed to carry out
measurement. |

Therefore, when the timing signal WC-B ((19) in FIG.8) is risen up ("h"
point in FIG.8), it is added to the *B" side delay line oscillator 11 through OR gate 9
to cause it to commence oscillating and is inputted into the clear terminal CL of the
coufxter 17, the rise-up of which causes the counter 17 to start counting the number
of cycles of oscillation.

\)) “B" side fourth cycle t4

The oscillation of the "B" side delay line oscillator 11 is continued at least



to the length (one cycle T of the input clock signal EXT-CK) of one cycle
period of the timng signal 1/2CK (target neasurenent period T1A, T1B) is
| at ched by the latch <circuit 18.

- 48- (d) Qperation circuit 219, 220 221 The first
operation circuit 219, second operation circuit 220 and third operation
circuit 221 respectively calculate a 1/72%al ue, 2/4 value and 3/4 val ue of
t he count value of the nunmber of cycles of oscillation |latched by the |atch

circuit 18’unt51t€*i]sééﬁp O%Ll}ﬁ%ﬁ%?\f r;éﬁg&ie %‘@w@?%@({ld 70% t her eof , upon

receiving a pa ove-nentroned latch circuit 18. O
them the duty v 00 ' (Pat fa.r Hs&p&n ' e
circuit 222, theatdﬂlﬁ?/&ggﬁe O(g?ﬁgg@;/f%ggggnggqmgnoesaﬁlﬁ%?loifscta e co{hgfcglld[gg%ce
circuit 22 M5 ALY BT ' C [

coi nci dencgfaélﬁir’f?&?{]?%%we e aolfls(eel;ép(‘bp&Coi nc}lggﬁ'g edyg?;tgh?{at%%glﬂegzt%g 224

The first cgitigl fefdiRembhtperiodPIB sHERNN6lapst d oA VA6 ydlb MCofithe Bpht ekt hi rd
coi ncidence circuit 224 respectively uses one of the parallel outputs

(resul ts of CRhej" poiitan(FIGI8) dnd§, Ih/tHe hidantime) tRe Vargetmeashrémény péric) TOB t he
above-nentioned first operation circuit 219, second operation circuit 220,

and third opfl/2CKarhaving uiléng?R tqaivalenn ¢o b cyclefiof thd inpub dlopgki CRodonidsato
above-nentioned counter 17 is used as the other input, wherein these

coi nci dencethd exal("i poid2 iy FUZ.8), apd4/2CKBinputtédintethexlockinputiterminal CKRA2 |
A or SBL tliBl%i,tchsgfcu\{\?leg iesvfi{lertx.r']l?heigfgpet, ?:ge \llftlclllj iirgljit tlg(?atilt:g: Eh-e count value
(length of one cycle T = T1B) of the latch circuit 18.

Here, the "B" side operation circuits 219, 220, 221 calculates 1/4 value, 2/4
value, 3/4 value (timing positions of duty 25%, 50%, 75%) of the count value of
length T of one cycle, upon receiving the output of the latch circuit 18, outputs the
result of calculation, and input it into one input ferminals Bl to Bn of the
coincidence circuits 222, 228, 224.

(vi) *B" side fifth cycle tb

As the fifth cycle t starts, RS-FF 8 is set by arrival of SET-B ((18) in FIG.8)
("k" point in FIG.8). The Q output ((20) in FIG.8) of RS-FF 8 is added to the "B" side
delay line oscillator through OR gate 9 to cause the oscillator 11 to oscillate. and is
added to a clear CL of the "B" side counter 17 to cause the counting operation to be
commenced, while the Q output is inputted into AND gate 32.

The output of the "B" side counter 17 is inputted into the other input
terminals Al to An of the coincidence circuits 222, 223, 224, thereby causing the
count value of the counter 17 to bé progressively increased. At the moment when the
output bécomes coincident with the value (1/4, 2/4, 8/4 values of length T of one
cycle) outputted by the above-mentioned 6peration circuit 219, 220, 221 (points of
"ql", "q2", "q3" in FIG.8), coincidence outputs SB1, SB2, SB3 are generated from the

coincidence circuit 28.



mentioned counter 17 is increased to the value which is coincident wth the
above- nentioned three cal cul ated values. (2) Pre-positioned FF and
pre-positioned OR gate SR flip flops (hereinafter nerely called
FF) 6,8 are placed before the first duty determnation.circuit 3 and the
second duty determnation circuit 4 and are set every tinme in

synchroni zation with the front edge of ogg-cycle T of the input clock
signal EXT-CK in the oscillation reference periods T6A, T6B between the

oS Pt 1SR G 5 I, o8 R
oY T GRS AR5, p s i B DS ¢ 1

iibi cuit . HED B SRR BT bliplt 53 B BRLAIEY (S BRI |
Above. mont | nas SRt Bocofies el sihR T ANED Rete 2 AARREAMIREDC, (1 (he

correspondi ng dut gnqRb BEHE: MLHOGikiddiith batphtd SB1/SB2 Hbdkindrhiod Hefchd t6is | S

provi ded which is reset every tinme in synchronization wth the front edge

of one cycl gB3. Pherefiidd!! coficiddhcs bfpiits SE1; SB2, 8B8 akdgertdratedsasdutplit AND-S
changed over by the coincidence outputs SAl, SA2, SA3, or SBl, SB2, SB3
obtai ned bR-QUT (24)5h FIE.8) fiekcANDNgdts 32 it whichtthis pulde P3earidesineldsitey
determnation circuit 4. Concretely, RS-FF 6 is pre-positioned in
the first doatputeSBl$SB2SBawiusedias t@o impuls,tand ecome pudock impetadf D-FF 5¢
inputted into the delay |ine oscillator 11 of duty

through OR gate 33.

However, accurately, SB3 is a short pulse generated at the front edge of the

coincidence output SB3. |

| If a short pulse AND-B-OUT ((24) in FIG.8) corresponding to the above-
mentioned coincidence outputs SBi, SB2, SB3 is added to D-FF 5c¢ as a clock input
since D-FF bc is preset by SET-AB every time, the Q output of D-FF 5¢ is fallen at
that time and appears at the output terminal OUT as pulses y1, y2. As a matter of
course, these output pulses yl1, y2 become a digital signal which is risen up in
synchronization with the front edge of the external input clock, that is, the input
clock signal EXT-CK of one cycle T and has a frequency of two times the signal
EXT-CK. The output wave form is that _of a pulse which is fallen at the position of
just the half (duty 50%) of length (half 1/2T of the original cycle) of one cycle, | that is,
the position of 1/4 T of the original input wave form.

It is noted that, since coincidence pulses SB1, SB2, SB3 ((23) in FIG.8)
generated at the third cycle t3 are generated while the Q output of RS-FF 8 is fallen
down to L, no output appears in AND gate 32, wherein D-FF ¢ is not changéd over.,

Therefore, influences of coincidence pulse SB1 generated when the "B" side
is in the measurement period (the Q terminal of JK-FF is in H level) are eliminated

by AND gate 32, and they do not appear at the output QUT side.



determ nation circuit 3 through OR gate 7 (OR-A), and sinultaneously is

I nputted into one input termnal of AND gate 31. Accordingly, the output
of the above- nentioned coincidence circuit 224, that is, coincidence

out put of duty 75%is inputted into the reset termnal R of RS-FF 6
positioned before the circuit 3. This RgFF 6 constitutes part of width
formng circuit 5 along with output D FF 5c. This RS-FF 6 is set
by a short pulse SET-A ((9) in FIG8) generated at the front edge of input

cl ock signal EXT- whe " G 8) of JK-FF in the timng
generation ci rcui ¥™ ﬁ-lg\‘ieﬁé‘f%cg&e en the "A" side is in the oscillation

ref erence peri od, Smggﬁe}thgsa%t ysu%ﬂe .enﬁﬁ'ﬁ%éhg% 8('¥ﬁ;) Fh @18 8P hrivag

above-nentioned col'n

her ef or e, ;
;I'hgrtehio;g cﬁq@: t3 an our r%@fb hfmsoigggf‘tTﬁeeQrﬂu@lﬂt@(ﬁ nMGH) 4 at

cycle are added to one term nal of “AND

gate 31, angg. wﬂshseaadzﬁ tetthé@ﬁ" §ide dblay 8 ogﬁnaa,rqqttam&gﬁcbntgla@e 9% @ﬁs@ence
out puts SAl, SA2, SA3 are add edtot e clock 1 nput termnal” CK o

preset t abl etHe- akilfagort 1 B3/6dkilldte @ntiSs added fthé)counter 17 to cl&?f&a&sﬁ&@h@

gate 9 are pre-positioned in the second duty determ nation

-50-  Ci I CupdurdingoefsihbUehrabert of BRlosdsfrystillation @o cbmnidnics,t whilt thel@ eatpurat i on
circuit 3 having such construction, and the Qoutput is inputted to the

del ay Iine becimesandnpitoftANDhgate ﬁﬂl\mxdnm counttviahre afithe countdr 1HbecogiesOR

gate 9 (OR-B), while it is inputted into one input termnal of AND gate

31. Accordi aghgldenﬂmtb the autput vabe@/M4n8M4; Béraduesafilength dhofonei aycla) of 3@

that s, ou; (;J\Ee-l?lfenélgneeddgl}e¥a€§} (ezlrrcTup %tlsl) o2n2()C I2r2§ u(lpctnngs 'I's?l“,l “r; 'l'Jt"t 3"dm FIG.8),
coincidence outputs SB1, SB2, SB8 are generated again from the coincidence
circuits 222, 223, 224,

Since RS-FF 8 is reset by the coincidence outputs SB1, SB2, SB3, the Q
output ((20) in FIG.8) of RS-FF 8 is fallen and becomes an input of AND gate 32in a
form of pulse P4. On the other hand, coincidence outputs SB1, SB2 are generated -
before thls SB3.

Accordingly, coincidence outputs SB1, SB2, SB3 are generated as output
AND-B-OUT ((24) in FIG.8), only in the width of i)ulse P4, from AND gate 32 where
this pulse P4 and coincidence outputs SB1, SB2, SB3 are used as two inputs, and
become a clock input of D-FF 5c through OR gate 33.

If a short pulse AND-B-OUT ((24) in FIG.8) corresponding to the above-
mentioned coincidence outputs SB1, SB2, SB3 is added to D-FF 56¢ as a clock input
since D-FF bc¢ is preset by SET-AB every time, the Q output of D-FF bcis reversed at
that time, and appears at the output terminal OUT as pulses y3, y4. As a matter of
course, these pulses y3, y4 are a digital signal which is risen up in synchronization
with the front edge of the external input clock, that is, the input clock signal EXT-
CK of one cycle T and has a frequency of two times the signal EXT-CK. The output

wave form is that of a pulse which is fallen at the position of just the half (duty 50%)



into the reset termnal R of RS-FF 8 pre-positioned here. This RS-FF 8 al so
constitutes a width formng circuit 5 along with D-FF 5c. Thi s
RS-FF 8 is set by a short pulse SET-B ((16) in FIG 8) generated at the
front edge of input clock signal EXT-CK when Q ((7) in FIG 8) of JK-FF in
the timng generation circuit 2 is H that is, when the "B" side is in the
oscillation reference period, and is r e@bt by the final one (although not
illustrated, a pulse simlar to SA3 of (16) in FIG 8) of the

above- nenti gned coi.nci dence, out pyt SB. ( (2 i e F . (48) in FIG 8).
Therefore, ‘gﬂ?@ gbgrie %Tﬁghﬂflﬁt@@ pﬁxt{oﬁeo%)ol&’l:)ﬁi‘[cyglg‘ ro%hﬁé?ﬁ%néf "%Qgi; V8 n
the fifth c e t5 and sixth cycle t6 are added to one term nal of AND gate
32, and colncidence outputs SBl, SB2, SB3 are added to the clock input

Lormnal O of U ts Shidlth b Biyils, R ey HipERo0BIE 82 ohER s Rhociid © 1 he

pul ses P3, P4 are berng “outpu ormng circul

The width fﬁ,%ﬁ&a?&fdw. 423 e SUtHE Wadk kSmPalfy Howhich ¥BORNwhith 4

. 3
termnal thereof is diréttly connected to D term nal thereof. Furthernore,

SET-A  and @isfaBsigndRa having P irefencyof tRStiméLthe MphAIHXTTCK "gmeh®nsled nput

termnal PR "through OR gate 5d, and sinultaneously coi ncidence outputs

SAl, SA2, SH@thotheShbput clédk2CKSPRe akbitorisdnid éffstts oft the tabave-hivditiohed Beqhdiicyi nal
CK of D-FF 5c through OR gate 33. It is noted that, AND gate 31

whi ch pr ohi mvltiplyirgpamtduty Rorrectidnuan bawbtaiged éven inar case wheesatherdety of thies

provided in a line fromthe coincidence output termnals _

-51- input clock CK fluctuates in the vicinity of 50% or more. Therefore, this is very
effective as a frequency multiplying circuit accompanying shaping of digital wave
forms, and it is possible to extend the operatable area of semiconductor active

elements to a very high frequency.

[External synchronizing method and external synchronizing circuit]

FIG9 and FIG.10 show the left and right sides of the external
synchronizing circuit, réspectively. This external synchronizing circuit comprises of
timing generation circuits 801, 802, an internal trigger forming circuit 310 which
measures the phase position from the external trigger signal EXT-TRIG ((1) in
FIG.4) at one cycle T of input clock signal EXT-CK upon receiving timing signals
from the timing generation circuit 301, prepares a reference internal trigger signal
INT-TRIG at the phase position correspondiﬁg to the phase position wherein EXT-
TRIG arrives with respect to each of subsequent one cycle T, and .shares the
reference internal trigger signal INT-TRIG to "A" period and adjacent "B" period
alternately, which are sectioned by every arrival of the external trigger signal
EXT-TRIG to output as internal trigger signals TRIG-A, TRIG-B, and two pairs of
duty determination circuits 3-,4 (affixes A and B are attached to distinguish) which
determine and instruct the timing position of duty 50% of a clock signal to be

outputted, upon receiving the timing signals prepared by the timing generation



SAl, SA2, SA3 of the coincidence circuits 222, 223, 224 to OR gate 33,
wherein AND is obtained with respect to the Q output fromRS-FF 6, 8.

As well, AND gate 32 which prohibits a coincidence output during the term
of measurenent is provided in a line fromthe coincidence output termnals
SB1, SB2, SB3 of the coincidence circuits 222, 223, 224 to OR gate 33,
wherein AND.is qperated with the Q out®é fromRS-FF 6, 8. (4) Ti mi ng
generation CE“PP’éépg- 2 A timng generation circuit 2 internally
generates timng,signa SET- AB, ..1/2CK 2CK-DL, WC, JK-FF-Q and
JK-FF-QN, and fufbher mg, gengtation arcu als, generates and outputs

timng signals SEI- T.B 1/2 1/ 2 - - B,

SET-AB ((3) in Fﬁée@‘)‘m%“gn? igﬁv?fgﬁ?chﬁrgP%s%ﬁgr%s %Bﬂs%&sp%’l’e&r&me
generated g : . A . C j J - . 2CK
((4) in FI é?‘%r“.gﬁtf‘aé@?t%%?‘g@ﬁ%aﬁﬂ" L) “‘s%%‘iﬁ? 3%“?‘*313‘3 °§§f‘%"’ff°’{‘i%ﬁ“é%¥ﬁ
measur enent ' : RSl t I e | nput
clock si gn"'éﬁ%@%?’_}&é&cgﬁ%@ g‘r"ymﬁl%%? :ﬁg(ag ﬁsﬁ‘%%&ﬁ%%@nﬁ"ﬁ’@@ﬁ% ing
the i nput GaeGdning siinals TRIG-SFOPAL TRICSTOPB (D-FF-Q of (2) RCFIGA) ahd D 8) 1S
a timng signal for specifying periods (actua measur enment periods) T3A,
T3B t0 sust@Nrofas wee:gﬁﬂ. torddetordibBing@¥E lonk R riod NEAC paied) | fedih hdjabAE!
neasurenentherf?(ogﬁ?L Thi s \1;\6 is a signal oc\lhimcéﬁmi gm slightly deld:j';lyed from
a fall of thsicdh®Be porisd)ibeirassdotidfiid byakiviab of Wiy exteirtal rivigger signal EXT-
simul taneously with the input clock signal EXT-CK and has a sli-ghtly Il onger
width tharffRI& cycle T of the input clock signal EXT-CK. This WC is

obtai ned by producing a signal 1/2CK-DL ((5) in-FIG8), which is obtained
by slightly del ay®@hg t Haterhaldaigger sighal feimiing cifeuit/310cycl e t her eof and

securing a logic sumof this signal and 1/2CK .
The internal trigger signal forming circuit 310 is a circuit which forms

internal trigger signals TRIG-A, TRIG-B ((25), (26) in FIG.5) of two systems A, B

ei]

which are replaced whenever the external trigger signal EXT-TRIG is inputted, and
comprises of a second timing signal generation circuit 311, first and second phase
position giving circuits 312, 813, an OR gate (FSA1) 325 for forming a reference
internal trigger signal INT-TRIG by carrying out an OR process of the output of
both the phase position giving circuits 812, 318, and a logic gate portion (AND-A,
AND-B) 326 for outputting the reference internal trigger signal' INT-TRIG as
internal trigger signals TRIG-A, TRIG-B by sharing the reference internal trigger
signal INT-TRIG to the above-mentioned "A" period and adjacent "B" period
whenever the external trigger signal EXT-TRIG arrives.

(a) Timing generation circuit 301 |

The timing generation circuit 801 produces timing signals CKFA, CKFB
(phase position measurement period signals) ((10), (11) in FIG.4) to instruct the
phase positioﬁ measurement period from the front edge of the input clock signal
EXT-CK in one cycle T of it in order to know where the phase position is, counting

from the external trigger signal.



JK-FF-Q ((7) in FIG8) is a signal of Qoutput of JK-FF in the timng
generation circuit 2, wherein, when the Qoutput is H it indicates that
the "A" side -52- isin

t he measurement period (while the "B" side is in the oscillation reference
period), and, when the Q output N of the JK-FF in the timng generation
circuit 2is H JK-FFQN ((8) in FIG8)'§:?1'di cates that the "B" side is in

t he neasurenent period (while the "A" side is in the oscillation reference

od) T. . - . > . : ¢
Eﬁz)lr? ?)ul se gener%?‘gldo é‘[("(‘%%??ééB‘r’%ﬁ&‘@aﬁg‘féﬁ‘é‘?“‘%'ﬁgﬂe?%gﬁsﬁ C o(c: s;slgna]w%ﬁ-cﬁ
when th . . ' ¢ T AT TN

L That i 5, SR @bfRe L2 8 FIGH Whills v b th BAdERRE ORI theHighe” . 0

beconmes a sgbeli KAl BXTICR and'is Fdlléﬁ iﬁ%nﬁ'f:yﬁe T of the inputddckignaARXTCK! G 8)

Is a timng signal consisting of a short pulse generated at the front edge

of the i npulrhiy i aledtodhedsube‘dndif akb ApdsiiBle@oindérstand fhiepoditiof evditiionghn t he

timng generation circuit 2 is H that is, when the "B" side is in the
osci | | ati onahikesraACErigher isigghal EXT-PRIG efives sLhny ppsitiow in ohe cydé TsoftkheRS- FF

8. 1/2CKA ((14) in FIG8) is a signal for establishing a target
measur enent inguticlookl sighAl EXTiCK. InAhe preferrad émbsdimentgasignatof ab widsdywtiyased up
from1/2CK when Q ((7) in FIG8) of JK-FF in the timng generation circuit
2 is H 'thapossible finore than duty 50%)dis usedifor CEFACKEB @omsttopeventhe edtivee t he
"B" side is in the oscillation reference period). 1/ 2CKB ((20)
in FI G 8) i periodinone cytleT withdhe feweshgystema,tyotsystems.of EKIA, CEIEB, antl theB at
the "B" side_and is a signal which has picked up. fraom 1/f2CK when ON

phases of them are shifted 180 degrees from each other. Therefore, due to the duty

being more than 50%, they will be overlapped without fail at some place in the

period in which is both signals CKFA, CKFB are in H level even though the external

trigger signal EXT-TRIG arrives at any position in one cycle T of the input clock

signal EXT-CK, and since their phases are shifted 180 degrees from each other, a

highly accurate measurement can be obtained.

Concretely, the above-mentioned phase position measurement period

signals CKFA, CKFB are, as shown in FIG.19 (a), constructed so that the phase
position of the input clock signal EXT-CK is shifted gradually to make DL1, DL2,
DL3, and CKFA is generated by OR operation of those signals and CKFB by AND
operation of them. As shown in FIG.19(), by slightly causing the phase position of
the input clock signal EXT-CK to shift by frequency-dividing the signal, it is possible
to obtain phase position measurement period signals CKFA, CKFB, the base unit of
which is a frequency of two or more times.

o) First and second phase position giving circuits 312, 313

The first and second phase position giving circuits 312, 818 are constructed
to be identical to each other, and each of them comprises of a delay line oscillator

814, a counter 320 for bounting the number of cycles of the oscillation, a latch circuit
321 for latching the content of the counter 320 at the timing positions ("G1", "G2",



((8) in FIG8) of JK-FF in the timng generation circuit 2 is H that is,
when the "B" side is in the neasurenent period (while the "A" side is in
the oscillation reference period). Commonl y, they are generated
SO0 as to instruct target neasurenent periods T1A, T1B to be neasured as
length of the cycle T with intervals T6/g,J6B, which are equal to integral
nunber tines, herein, three tines, one cycl e T of the input clock signal

EXT-CK, kept fromthe input clock signal EXT-CK _ WC-A, WC-B are
timng si grgss, Gy pofifts #f FIQI12)Rhesy theRelerdiRs bodsnalifigger signal TRIG-AB is
-53- T3B, and have a longer pulse width than T1. (5) Operations

As shown i rgehbfat8d, 4 éindidérieb citobiy 332 e genepdtingoutpuCwhen Shdeutpue valRf y
four cycles (4T) of input clock signals EXT-CK as a single repeating cycle
(oper ati on thgebentef320 baamsiceincident withghé latdhed(tdhee (x4, x2,i.94, y2ir.yah OR
measur enent period) of one cycle of the input clock signal EXT-CK at the
front hal f gate OReAR0)B23t0) outpuiting a ceinddenva stopl sigres by aitilizingthe butputaf4 and
3/4 (duty 25% 50% and 70% of the length T of one cycle by u5| ng the
resul t of rihesorrespomdinglatchipireyits}?d inlacasewherethe phase positionclatch ﬁwrthecyme

(t3) and fourth cycle ét4) the first dyuty determ na IOTLCII‘CUIt 3 .measures
the | ength mmem@mp h gizenip 82 lrﬁemﬁﬂ‘tﬂ}{ﬂt%ltb%klssw o theesultyet lajching
position of o e tht gal ated val.u that is, .the th up
to the timigih G g"s mbtwtmefﬁheacsrr@m@nﬂg}aﬁ)hs t he

EL[nplrjltgspgz: #éﬁoﬁl&ﬂf t h JP{;&P@%F dut rc@;/@fa il u tr %vtvggnpvlvlltts h T5A), and
Accordingly, a phase position measurement period signal CKFA coming
from the timing generation circui£ 801 is inputted intothe delay line oscillator 314 of
the first phase position giving circuit 312, and a phase position measurement period
signal CKFB coming from the timing generation circuit 301 is inputted into the
delay line oscillator 314 of the second bhase position giving'circuit 313.
@) Delay line oscillator 314

The delay line oscillator 814 comprises of an NAND gate 315 in which one
input terminal is used as an input terminal of the oscillator 814, an odd tier C-MOS
inverter 816 connected to the output ferminal of the corresponding NAND gate 315
as a delay element, and a simple reversing inverter 818 inserted into a feedback loop
317 from the output terminal of the corresponding inverter 816 to the other input
terminal of the above-mentioned NAND gate 315. ECL invérter, IIL inverter, etc.
may be used as an inverter 816 of a delay element in addition to the C-MOS
inverter.

The delay line oscillator 814 starts oscillation for measﬁrement, upon
receiving a phase position measurement period signals CKFA, CKFB ((10), (11) in
FI1G.4) coming from the above-mentioned timing generation circuit 301, when they
are risen up, and stops oscillation when they are fallen. That is, usually, the NAND
gate 315 is such that the one input terminal is in logic level L, the output thereof is



i ndicating the timng positions of duty 25% 50% and 75% whenever the

coi nci dence is secured. The second duty determnation circuit 4
has an operation cycle C2 which is delayed two cycles fromthe first duty
determnation circuit 3. That is, the second duty determination circuit 4
handl es every four cycles of the input cl-&8k signal EXT-CK shown with t3
tot6 in FIG8 as a single repeating cycle (operation cycle C2), neasures
the length T1B (the "B" side target neasurenent period) of one cycle of
the i nput &, th&kowstpybaf theifvarier 316tik &, theonitpinalthe dther inpuy tbrminaB)f NANDhem
and calculates the values of 1/4, 2/4 and 3/4 (timng positions of duty
25% 50% gate 315306 thefinvérterl 318ds H, Whefein e asgillabion semginstséoppeduowexer,
measurenment. On the basis thereof, in the subsequent third cycle (t5) and
fourth cyc Iueua(llse)f the Ioeherenmdetmugpl ofANIDgate 815 is changed to logi bHeghet he

length fromthe front edge of the input clock signal EXT-CK to
posi ti on oftatys Fﬂ:‘FltPéﬁgéé sqithat thecoutpnicefi the NAND) gate 31fds L; the t“h'@“F éﬁﬂﬁh up

154 ¢ ho Yesiag ISP eBnoupul nEAStAR AN Uk 549&%%3&%@% fel e
post 1 ons o p“té 269, o 0 o1 BT 8B 815 R . BPRERHYe it PR g
F1G 8 o aRsoal ik ifiafph e ol W 35 phile Skt hobbbrdiich {)gr%
signal CKFA, CKFB is fallen. '
i) Counter 320
The clock input terminal CK of the counter 320 is connected to the output
terminal of the above-mentioned delay line oscillator 314 and the counter 320
counts a change of the outﬁut DL-OSC1, DL-OSC2 of the above-mentioned delay
line oscillator 314, that is, output changes generated once per cycle. of oscillation.
Furthermore, the input signal as in the above-mentioned delay line oscillator 314,
that is, phase position index signals CKFA, CKFB are inputted to the clear terminal
CL of the counter 320. |
Therefore, similar to the oscillatibn and stop operation of the delay line
oscillator 314, the counter 320 begins counting when the above-mentioned timing
signal CKFA, CKFB is risen up and stops counting when the timing signal CKFA,
CKFB are fallen.
(iii) Latch circuit 321
Latch circuit 321 uses the figure output of the above-mentioned counter 320
as input and reference external trigger signal TRIG-AB formed by the above-
mentioned timing generation circuit 301 is inputted into the clock input terminal
CK of the circuit 321. Therefore, this latch circuit 321 latches the count value (the
number of cycles of oscillation) x or y (x1,X2,..., y1,y2,... in FIG.12) of the counter 320
when the reference external trigger signal TRIG-AB is risen up, that is, when the



When SET-AB is generated at the first cycle t1 of the input clock signal
EXT-CK ("a" in FIG8), the timng signal WCA ((10) in FIG8) is inputted
into the delay line oscillator 11 through OR gate 7 to comrence
oscillation, and simultaneously is inputted into the clear term nal CL of
the counter 17. The counter 17 begins cour®®ng the nunmber of cycles of
oscillation by a rise-up the timng signal WCA The oscillation of the
delay line oscillator 11 is continued at least until the rise-up of the

cl ock of t hheternabiriggey sighak atrives CINHI"G283'G3", "G4" pointslir FiGCiZ)) ati on of the
delay line oscillator 11 is caused to end when WC-Ais fallen, that is,
the actual neasurEheraforgdhe tatcl difcuitid2] latciesmpotonnt valuel(Ehdse. pobitionxeor y
meantime, the latch circuit 18 |atches a count value (length T of one cycle
= T1A) of where thaenternal trigges signal amriveayof she number ofnynles pEoscillation svhidh

1/ 2CKA arriving at the end ("b" point in FIGS8) and a fall of 1/2CKA

Her ei n, t hds opf@ingad hyrcounting the length fogm a rige-uipaf the innut glogk ¢igngbEXECKty, 2/ 4
and 3/4 (timng paosition of duty 25% 50% and 75% ) of the count val ue of

| engt h T ofthe asrigalof theextpmnal tggarsignal TRIGABuUt of the latch circuit 18,
outputs the result of calculation, and inputs the result of cal cul ation
into one input t &M nalGomsi ancw t he coi ncidence circuits 222, 223

T e, Gubbhb e B A ot b B
POt 11 £ oIS 5 R BT bbb iblod Rk Sl OIS
oscillator illﬂiut. Accordingly, the coincidence circuit 322 outputs a coincidence output SA
when the count value of the above-mentioned counter 320lis increased to the output
value (phase position x or y where the external trigger signal arrives) of the above-
mentioned latch circuit 32 1..
While the output ((17) in FIG.4) of OR gate 323 is H, the coincidence output
" SA is taken out from AND gate 824, becomes a signal FSA1 (pulses x1,x2,x3,.. of
(20) in FIG.13) or FSB1 (pulses y1,y2,y3,.. of (21) in FIG.18), is synthesized as a
reference internal trigger signal INT-TRIG through OR gate 325 and is sent to the
logic gate portion 326. And this reference internal trigger signal INT-TRIG is shared
to the "A" period and "B" period and taken out as internal trigger signals TRIG-A,
TRIG-B by passing through the logic gate portion 326 ((25), (26) in FIG.5).

It is noted that, the output of OR gate 823 being H means that CKFA was H
when it was latched by the latch circuit 821, that is, that the conditions for
measuring the phase position of EXT-TRIG were all satisfied. In only this case, the
output of OR gate 823 becomes H. |

Thus, a plurality of iiltema_l trigger signals TRIG-A, TRIG-B ((25), (26) in
FIG.5) which are generated in synchronization with the external trigger signal
EXT-TRIG were obtained in the "A" period and "B”" period shown by the external
trigger period signals D-FF-Q, D-FF-QN.



through OR gate 7 to cause the oscillator 11 to comrence oscillating.
Furthernore, the set Qoutput of RS-FF 6 is given to the clear CL of the
"A" side counter 17 through OR gate 7 cause the counter 17 to clear,
causing the counting the nunber of cycles of oscillation to comrence.

The output of counter 17 is inputted into tHfef-other input terminals Al to
An of coincidence circuits 222, 223, 224, and the count value of the
counter 17 is progressively increased. Then, at the nonment when the count
val ue becor@?; Coﬁﬂﬁﬁ€?gﬁerw&hcﬁ-&ﬁt3® ue (1/4, 2/4 and 3/4 value of length
T of one cycle) outpuited by the above-nentioned operation circuits 219,
220 and 221 ("el"FIG.e£'show#£a cireitbafiguratibh Gf Ehe tingingGedertdniticitt J025A1,
SA2, SA3 are generated fromthe coincidence circuits 222, 223, 224 every
time. The thitd timingngshération sirenit! 862 producesi tiainge sipnhpul ACRAAL/BIA2,
SA3 is inputted into the reset input termnal R of RS-FF 6 and resets the
flip flop. WBEK-A2/B2s WG-ANMB L AMCAUBE wliclSAf: commendo dhetih” sysenQandt"Blt
((11) in FIG8) of RS-FF 6 is fallen, and becones an input of AND gate 31
in a form ofysparh sandPigives them to re tdwdy oddtermimation cirduitsc 8AndAledBe 4Bt put s
SAl, SA2 are generated before SA3. Therefore, coincidence outputs. SAl,
SA2, SA3 ar Burjbemmeneedince eaduofithe AMbsystamoumd ("Bl system ronsisty of twoddity t he.
wi dth of pulse P1 fromAND gate 31 which uses this pul se P1 and

coi nci dencedejgrmination circuiiazs, 4 timing, #ignal BLOCKREL, cproducednin oxdesdr

I nputs of D-FF 5c throygh OR gate 33. . JHowever, accurately, SA3 is
a short pul §EQQQMP&t%ﬁ’%%?W qu;ﬁg fwe dubydetepmingtion cirguits B4 constitybing gackn3
Since D-FF 5¢,.bej flipsfd, t the, out.put sj g1 PELSEL . ever. i me by
SET A or Seot e Andystom aikhtnoBrsto, A GO 1 HFF i eERGsiterebelers T, ),
FI G 8) corr g2 nothd uly etdimiRRRNCeiduils'sA] 94, 58! 415 b8 Bt Wil tReradt 16 52

SA3 is

noted that, FF stands for a ﬂip flop.

1/2CK-A1/B1 ((9) in FIG.15) and 1/2CK-A2/B2 ((6) in FIG.15) are timing
signals for establishi‘ng a period T'1 (target measuremenﬁ period) to be measured as
length T of one cycle of the input clock signal EXT-CK. Concretely, it is a signal
which is obtained by frequency-dividing the input clock signal EXT-CK to one half

WC-A1/B1 ((11) in F1G.15) and WC-A2/B2 ((8) in FIG.15) are timing signals

for establishing a period' T3 (actual measurement period) for‘ sustaining a
-measurement operation over the target measurement period T1. The WC-A1/B1
and WC-A2/B2 are éignals, the fall of which is slightly delayed from the above-
mentioned 1/2CK, that is, signals, having a slightly longer width than one cycle T of
the input clock signal EXT-CK, which are risen up simultaneously with the inpuf,
clock signal EXT-CK. )

This WC can be obtained by producing signals DL-AB1 ((10) in FIG.15) and
DL-AB2 ((7) in FIG.15) by causing 1/2CK to be slightly delayed in the width of 1/2
cycle thereof, and taking a logic sum of the signals DL-AB1 and DL-AB2 and
12CK-A1/B1, 1/2CK-A2/B2, |

BLOCK-SEL ((12) in FIG.15) is a signal of the Q output of JK-FF in the



added to D-FF 5¢c as a clock input, the Q output of DDFF 5c is reversed and
I s caused to appear at the output termnal OUT as pul ses x1, x2. As a
matter of course, theses

- 56- pul ses x1, x2 are risen up in synchronization with the front edge of
the external input clock, that is, the inpyggglock si gnal EXT-CK of one
cycle T and becones a digital signal, the frequency of which is two tines
t he signal EXT-CK, and the output wave form beconmes that of a pulse fallen

at the posigi | e f : : ; X0 e
(hal f of ¢ nanik %‘%ﬁ?ﬁ%&‘n@?ﬁ% ﬂ##r%”é%ﬁhﬁgsh IS pEvoriatyha Bl ‘g?ﬁel%%kof
the cycle ofjodd\GghABRT\OR KithOeBpect to every tv}otcéoﬁ;s,nﬁi@ﬁ idedlas 4l AQRating

coi nci dence out puts SAl, SA2, SA3 ((15) Iin FIG8) generated in the first

cycle t1 ar@raiéange dignhl lothhfife &e?the dhtyodetbimination icirchitd 8 d'for S@MIME0 L,
no out put appear at AND gate 31, and D-FF 5c is not changed over.

Theref ore, adgthhtisgciecuibéhanige signaBLOCGK-SEDUhdieatedthativheh theQuabmutds Bl when
the "A" side is in the neasurenent period (that is, when the Q termnal of
JK-FF is itheHutgdetermimation direnitt side (A1/BliBidghiscthd ineasndernémh pesivdr(whilappear
at the output OUT side. - iii) "A" side fourth cycle t4
Subsequent | the dudy dateriination cincuitd side A24B2 sideRg-the-ogillationaeferemegegind), A
((9) in FIGS8) arrives again (point "f" in FIG8) . The set out put ((11)
in FI G 8) oankWhenrtheQ ¢utputisde thedutydetexminatien eirquit4 sidg isidedisdhe 11
through OR gate 7 to cause the oscillator to oscil]late and is added to the
count er 17 measyregment pgn%@g}wmm fefgrmination circuit 8 side (A1/B1 side) is the

oscillation reference period).
@ Mode change signal forming circuit 330

The actuating circnit change signal BLOCK-SEL of the above-mentioned
timing generation circuit 802 is inputted into the data input terminal D of D-FF 331,
332 (D-FF-RA, D-FF-RB) which constitutes a mode change signal generation circuit
330, and internal trigger signals TRIG-A, TRIG-B are inputted into the clock input
terminal CK of the corresponding D-FF 331, 332. -

AND gate 334 is connected to the Q output terminal of D-FF 331 while AND
gate 333 is connected to the QN output terminal thereof. Internal trigger signal
TRIG-A and external trigger period signal TRIG-STOPA are respectively inputted
into both AND gates 333 and 834.

Similarly, AND gate 336 is connected to the Q output terminal of D-FF 332
while AND gate 335 is connected to the QN output terminal of D-FF 332, wherein
internal trigger signal TRIG-B and external trigger period signal TRIG-STOPB are
respectively inputted into both AND gates 335 and 336.

SET-A1, SET-A2 ((17), (15) in FIG.15) taken out from the above-mentioned
AND gates 333, 334, and SET-B1, SET-B2 ((21), (20) in FIG.15) are taken out from
the AND gates 335, 336.

SET-A1 ((17) in FIG.15) is a timing signal consisting of a short pulse



nunber of cycles of oscillation to comence, while the set Q output is

I nputted into AND gate 31. As the count value of the counter 17
becomes coincident with the output value (1/4, 2/4 and 3/4 value of |ength
T of one cycle) of the above-nentioned operation circuits 219, 220, 221
("g1","g2","9g3" points in FIG 8), coincidegge outputs SAl, SA2, SA3 are
generated again fromthe coincidence circuits 222, 223, 224. The
Qoutput ((11) in FIG8) of RS-FF 6 is fallen when this coincidence

out put SA3 4 agt i) higBér ABRADTREGAL whnah of
pul se P2. é%t%ﬁftﬁgagttﬁgﬁﬁgﬁg?&?m%nce ou prut ED%AI and SMnaré(QGf

gener at ed Qy.9Feint fhe $inPg: generation circuit 302 is L, that is, when the actuating circuit
-57- Ther ef ore, coi nci dence out puts SAl, SA2, SA3 are generated as

out put  ANRhAngb/Eighall BLOOK-BEG.(B)2) in FIGII5Y id b€ ivacdabe wherputhe A 17B1 sfdeqsn AND
gate 31 where this pulse Pl and coincidence output SA are used as two

i nput's, andiheascillation céferdnce ipariod T6), dndbecomes ar st G IRIRE-FFIBof the Al

If a short pulse AND-A-QUT ((17) in FIG 8) corresponding to the above-
ment i oned csidedudy determingtion civeiit 3AGde)SA3 i s added to D-FF 5¢ as cl ock

i nput since D-FF 5c is present by SET-AB every ti rre,'t.hehg out put of D-FF
5¢c is reversed aSETH#R (@Pnin F1G.15) isza dimingosigmaleconsiptinghel & shork palse i nal

QUT as pul se x3, x4. ‘a matter of course, these output pul ses x3, x4 are

risen up i ngenpnatedonl the itbmtpden of e riptarnale frgeest signal JRIGrAayvhem she

G gi tal o) ARt G RECReRg) SemalrBEHORSEro Eizs MRS chming Hom bR, The

output wav etiIn%rlgm giegerta %;[1 c?rfcul% 3?)%' isseHvzﬂll %hcaisesa v;];l%lrcla %Iﬁ& s&cﬂeeis the oscillation
reference period T6) and becbmes a set input of RS-FF 8 at the A2 sidé (dﬁty
determination circuit 4A sit_ie). _

SET-B1 ((21) in FIG.15) is a timing signal consisting of a short pulse
generated at the front edge of the.internal trigger signal TRIG-B when the
actuating circuit change signal BLOCK-SEL ((12) in FIG.15) coming from the
timing generation circuit 302 is L (A1/B1 side is the oscillation reference period T6)
and becomes a set input of RS-FF 6 at the Bl side (duty determination circuit 3B
side). |

SET-B2 ((20) in FIG.15) is a timing signal consisﬁng of a short pulse
generated at the front edge of the internal trigger signal TRIG-B when the
actuating circuit change signal BLOCK-SEL ((12) in FIG.15) coming from the

~ timing generation circuit 302 is H (A2/B2 side is the oscillation reference period T6)
and becomes a set input of RS-FF 8 at the B2 side (duty determination circuit 4B
side). |
b) Duty determination circuit 3,4

As shown in FIG.10, the duty determination circuits 3,4 are made a pair.
Two pairs of duty determination circuits 3A, 4A, and 3B, 4B in which two systems A
and B thereof are provided, respectively consist of a delay line oscillator 41, a



position of just the half (duty 50% of |ength of one cycle, that is, the
position of 1/4T of the cycle of the original input wave form '

(1v) "B" side third cycle t3 Wth respect to the operation at
the "A" side, the sane operation is carried out at the "B" side with two
cycl es delayed. That is, when SET-AB of t¥¥-third cycle t3 is generated,

the QN out R feﬁh fbpaﬁnﬁn%) thnuMSeFEf @é;&giﬂ,é e¥Blatid 8N 18RY% diddGit 4% for S! de

duty determnation circuilt I's selecte nstructed to carry out
measur enentagching the contmeafetuy &unwémvtb%p&tdﬁoagmﬁmmb Cedictledifdg 19
FIGS8) is risenup ("h" point in g), it is added to the "B" srde del ay

l'ine oscil |\aileds dfltheNdotnt valds, gad @ &)méldelﬁﬁttﬁﬁuitt 50 @t«aemneﬂcmeo irhiigd | NY
and is inputted into the clear termnal CL of the counter 17, the ri se-up

of whi ch casiseast 4e counter 17 to start counting the nunber of cycles of
oscillation. (v) "B" side fourth cycle t4 The
oscillation of tha)"B" Deldglidebsilldtonéloscillator 11 is continued at |east
-58- until a rise-up of clock of the fourth cycle t4 is conpleted.

The oscillation dFhe telay Bihe visciBatbe|4dyis| composextof 4 NAND gate 42dawetech bne end
by a fall of WC-B produced before a rise-up of clock of the fifth cycle
t5, that i sinpwhéerminal isaagedas mmnteﬁemmqiafltb@i ogcitlatori amwoldg tier from
one cycle T of the input clock CKE point_in FlGS.)]J ends. _In the

meanti me, tivertar 43 connestedte tagputput taymimalpf the corresponding NAND gate 42 as

~ a delay element, and a simple reversing inverter 456 which is inserted into a
feedback loop 44 from the output terminal of the corresponding inverter 43 to the
other input terminal of the above-mentioned NAND gate. ECL: inverter, IIL inverter,
etc. may be used for an inverter 48 as a delay element in addition to the C-MOS
inverter. B

The delay line oscillator 41 starts oscillation for measurement, upon
receiving timing- signals WC-A1/B1, WC-A2/B2 (actual measurement period T3)
coming from the above-mentioned timing generation circuit 302, when they ai'e_
risen up, and stops oscillation when they fall are fallen. That is, usually, with
respect to the NAND gate 42, one input terminal thereof is in logic level L, the
output thereof is H, the output of the inverter 43 is L, and the output (the other
input terminal of the NAND gate 42) of the inverter 45 is H, and the oscillation is
stopped. However, usually, one input terminal of the NAND gate 42 is changed to.
logic level H, the status is changed so that the output of the NAND gate 42 is L, the
output of the inverter 43 is H, the output of the inverter 45 is L, the other input of
the NAND gate 42 is .H, and the output of the NAND gate 42 is H, whereby the
oscillation is commenced, and the oscillation is stopped by a fall of WC-A1/B1, WC-
A2/B2 (practical measurement period T$3).

WC-A1/B1, WC-A2/B2 (actual measurement period T8) are risen up in



of 1/2CKA having a length equivalent to one cycle T of the input clock CK
cones to the end ("i" point in FIG 8), and 1/2CKB inputted into the cl ock
input termnal CK of the latch circuit 18 is fallen. Therefore, the latch
circuit 18 latches the count value . (length of one cycle T = T1B) of the

| atch circuit 18. Here, the "B" side operation circuits 219, 220,
221 calcul ates 1/4 value, 2/4 value, 3/4 {hfue (timng positions of duty
25% 50% 75% of the count value of length T of one cycle, upon receiving

e A SR,
fifth cycl e?@é’l{s‘f‘%ﬁ%{m’”ﬁﬁg Hehgurentdps ofifd g‘rii P oot Pighily e,
the B oi oo RIfe e tinfla il VAR, TRpCkcHaBy, iy, WS 0

osci | lator file emifstor Lﬂfbteg'il}ls . llhﬁng%‘é‘ieﬁset-ﬁ’p 8f HleSPhirg sighalk *l?’ZdIFéAﬁ%g,eQ

counter 17 to cause the counting operation to be comrenced, whi t

out put is i IROR-RY/BNERat N cARIMBnement of the targeilMBasitbiddht PéribdF1) Rhichi de

counter 17 is inputted into the other input termnals Al to An of the

coi nci denCGi&éHtﬁﬁieH%yZﬂQqueiﬁ?»di\ﬂaﬁig thi eibete-mpatisnabinpe clock ignal AXLCHEF t he
counter 17 to be progressively increased. At the nonent when the output

beconmes coi ngtocset haif,tand biopy alscilating 4Afte?/the fall 4f timhingssipials A2CK-AN/BL, one
cycle) outputted by the above-nentioned operation circuit 219, 220, 221
(points of 120K-A2/B2{that 3aftenthel terBinativniofi thatemget oensmremeiiieriodiPl). SB3
are generated fromthe coincidence circuit 28.

Gb) Counter 47

The counter 47 counts a change of the output DL-OSC-A of the above-
mentioned delay line oscillator 41, that is, an output change generated once per
cycle of oscillation since the clock input terminal CK is connected to the output
terminal of the above-mentioned delay line oscillator 41.

Furthermore, the input signals which are identical to those of the above-
mentioned delay line oscillator 41, that is, timing signals WC-A1/B1, WC-A2/B2
(actual measurement period T8) are inputted into the clear terminal CL of the
counter 47 through a line 46. Therefore, similar to the oscillation and stop
operations of the delay line oscillator 41, the counter 47 starts counting when the
above-mentioned timing signals IIZCK-AIIBI, 1/2CK-A2/B2 (target measurement
period'Tl) are risen up and stops counting after timing signals 1/2CK-A1/B1,
1/2CK-A2/B2 (target measurement period T1) are fallen.

Therefore, the counting of the number of cycles of oscillation is sustained
during the term of one cycle of timing signals 1/2CK-A1/B1, 1/2CK-A2/B2 (Target
measurement period T1).

© Latch circuit 48

The latch circuit 48 uses figure outputs of the above counter 47 as input,
wherein the timing signals 1/2CK-A1/B1, 1/2CK-A2/B2 (target measurement period



-59- The maxi num SB3 of these coincidence outputs SB1, SB2, SB3 is
i nputted into the reset input termnal R of RS-FF 8 to cause the flip flop
to reset. Therefore, when this coincidence output SB3 is generated, the Q
output ((20) in FIG8) of RS FF 8 is fallen and becones an input of AND
gate 32 in a formof pul se P3. On the ot her hand, coincidence

out puts SB1, SB2 are generated before this725B3. Therefore, coincidence
outputs SB1, SB2, SB3 are generated as output AND- B-QUT ((24) in FIG 8)
from AND gate 32 in which this pulse P3 and coi nci dence outputs SB1, SB2,
SB3 are useBDageneratedrip the abgwernmeationed Hming grnenapion chicuit. :mﬂp aee inputtedgh OR
gate 33. accurately, SB3 is _a short pul se generated at

Ho ,

the front e@@%ﬂ!ﬁdﬂﬁ\ﬁggmiﬂﬂ&léoﬁ untepd 7. If a short pul se
AND- B- QUT 24) i FIG 8 di to th b - ti d
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not ed that, since coinci e pul ses SBI, SB2, SB3 3) In FIG

gener ated af"1}yfadatched By €6 latch dréiit48lenerated while the Q output of RS-FF 8
is fallen down to L, no output appears in AND gate 32, wherein D-FF 5c is

not changed over. (d) Operation circuit 49

The operation circuit 49 receives a parallel output of the above-mentioned
latch circuit 48 and calculates 1/2 values of the count value of the number of cycles of
oscillation latchéd by the latch circuit 48, _that is, the duty value of 50%. This 50%
duty value will be one input of the coincidence circuit 50. '

- (e) . Coincidence circuit 50

" The coincidence circuit 50 uses a parallel output (1/2 values of the result of
calculation) as one input and uses the output of the above-mentioned counter 47 as
the other input. Accordingly, the coincidence circuit 50 outputs coincidence outputs
SA,SB when the count value of the above-mentioned counter 47 is increased to a
value which is coincident with the result 6f the above-mentioned calculation.
Accurately, the duty determination circuit 3A outputs a coincidence output SAl,
duty determination circuit 4A outputs a coincidence output SA2, duty determination
circuit 3B outputs a coincidence output SB1, and duty determination circuit 4B
outputs a coincidence output SB2.
(6) Pre-positioned FF and pre-positioned OR gate

RS-FF 6, 8 are placed before each of "A" and "B" sets of duty determination

circuits 3,4, wherein the corresponding RS-FF 6,8 are set every time in



Therefore, influences of coincidence pul se SB1 generated when the "B" side
Is in the nmeasurenent period (the Qtermnal of JK-FF is in Hlevel) are

el i m nat ed by AND gate 32, and they do not appear at the output OUT side.
- 60- (vii) "B" side sixth cycle t6 Subsequently, as the
sixth cycle t6 starts, SET-B ((18) in FIG8) arrives again ("r" point in
FIG 8), wherein RS-FF 8 is set. The Qout'ﬂ “((20) in FIG8) of RS-FF 8 is
added to the "B" side delay line oscillator 11 through OR gate 9 to cause
the oscillator 11 to oscillate and is added to the counter 17 to clear it,
causi ng t heynclonizatign ofith bignalsrSET-AQ{ SEICA2,SSET-Bis SRT-BRiiarthe ascllatiomce,
while the Q output becones an input of AND gate 32. Wen the count val ue
of the counefererics pgeeind Mébetwasmihiedbove-mentionérbtargetpmeasiaement figrind dhiddg 3/ 4
values of length T of one cycle) of the above-nentioned operation circuit
219, 220, Xxmbs¢quentitargetimeasurernent pariod rand @regyesetdey tbe cahove-mentioned SBI1,
SB2, SB3 are_generated again fromthe coincidence circuits 222, 223, 224.
Si nce RS- Froicidenee gwiputy SALSAD ISR 8B8ce out puts SB1, SB2, SB3, the Q
output ((20) in FlLG 8) of RS FF gﬁi s fallen_and z‘s:comss an i nput, of AND

gate 32 in a forHhasns,Re-EE 6iof thy AdsidenndoB1 sida dduty defermypation ¢ivguhi 8 Sp1,
out put o SIAnGEB. sides Secey BRLEE i SHRABUREAAND VIR She 915 TeRURed 6)
SRR R R e e A I N
SAl, SB1. Furthermore, RS-FF 8,8 of the A2 side B2 side are set every time in
synchronization with the above-mentioned signals SET-A2, SET-B2 ,and are reset
by the above-mentionéd coincidence outputs SA2, SB2.
' Furthermore, OR gates 7,9 are pre-positioned in every duty determination
circuit 3 or 4 of each pair of A and B, wherein through the corresponding OR gates
7.9, the output of the above-mentioned RS-FF 6,8 and signals WC-A1/B1, WC-A2/B2
indicating the above-mentioned actual measurement beriod T3 are inputted into the
duty determination circuits 3 and 4 attached thereto.
And the width forming circuii; 5 is provided with an output flip flop (D-FF)
54 which is reset every time in synchronization with signals SET-Al, SET-A2,
SET-B1, SET-B2, and the status of which is changed by coincidence outputs SA1,
SA2, SB1, SB2 obtained by duty determination circuits 8,4 of each of A and B_pairs.
(a) Construction of A system
Concretely speaking, RS-FF 6 is pré-positioned in the first duty
- determination circuit 3A of the A system ("A" side) duty determination circuits 3,4,
(8A, 4A), and the Q output of which is inputted into the delay line oscillator 41 of the
duty determination circuit 3 through OR gate 7 (OR-A1) and is inputted into one
input terminal of AND gate 51. The output of the above-mentioned coincidence
circuit 50, that is, the coincidence output of duty 50% is inputted into the reset
terminal R of RS-FF 6 placed before circuit 3, and is inputted into the clock input



beconme a clock input of D-FF 5c¢ through OR gate 33. If a short
pul se AND-B-QUT ((24) in FIG 8) corresponding to the above- nentioned
coi nci dence out puts SB1, SB2, SB3 is added to D-FF 5c as a cl ock input
since D-FF 5c is preset by SET-AB every time, the Q output of D-FF 5c is
reversed at that tine, and appears at the output term nal OUT as pul ses
y3, y4. As a matter of course, these pul5é8-y3, y4 are a digital signal
which is risen up in synchronization wth the front edge of the external
i nput clock, that is, the input clock signal EXT- CK of one cycle T and
has a frequterminalfCK abDtFRé4 throegls thpabovexifertione® AN gapeil andOB gate 58.i s
that of a pulse which is fallen at the positi on_ofr‘j ust the half (duty 50%
-61- of | eWyeD-BF 5drandREFE 6 constitute a paniofthe widthforming cirpuis 6 altpgethent t he
original input wave _form Thus, it is possible to obtain, from
the Q output of DTheREFFSRSKF-HIRKE0)In FIGAT) jssetby a ghort pnlse SET-A1
-the output wave formduty of which_ is 50% which are igital si
havi ng a f ré@hﬁhﬂé-éﬂ gensratedda synghranizabion E)@lh-'@ﬁ,m?% P‘i%‘ﬂ“mﬁ;’t he
i nput cl ock The ti and, effects of the aboye:;nentioned. frequency
il t1 byt g Ahem G of e SKCRF 15 ihe Liribe BeBerati S DEs 1 ChSCIS, ik s
duty of the ,inpwt glack,.CK £l uct es ip the vicinity.of 50% re.
Ther ef or e, ﬂh%é%‘* \Afymd%ﬁ é&?sggﬁi@ngef%w&egydnﬂ it quﬁéy&hp%pye-
acconpanyi ng_S i .of. .di qi (o1 Lt /1inS : il e to extend
t he oper at a%feéﬁ’igggg%g‘t’lgg%é%%?%f«% th\rg[G'gﬂg%éng?? flgﬁgé'\}z*y hi gh
frequency. Therefore, the coincidence output SA1 passes through AND gate 51 (AND-
Al; (14) in FIG.17) by pulses P83, P4 generated at the output termina_l Q of RS-FF 6
®S-FF-A1-Q; (10) in FIG.17) at the fourth cycle t4 and fifth cycle t5 in FIG.17 and
becomes a clock input of D-FF 54 for output through the OR gate 53, whereby pulses
P3', P4' which are risen up by SET-A1 produced at points "k" and "r" in FIG.17 and
are fallen by coincidence output SA1 (AND-A1; (14) in FIG.17) produced at points
"q" and "s" appear at the output terminal (OUT) of D-FF 54 for output. '
In the second duty determination circuit 4A which is constructed so as to be
identical to the first duty determination circuit 3A of such construction, RS-FF 8 and
OR gate 9 are pre-positioned;, wherein the Q output is inputted into the delay line
oscillator 41 of the duty determination circuit 4A through OR gate 9 (OR-A2), and is
inputted into one input terminal of AND gate 52.
Accordingly, the output of the above-mentioned coincidence circuit 50, that
is, the coincidence output of duty 50% of the duty determination circuit 4A is
inputted into the reset terminal R of RS-FF 8 pre-positioned therein, and is inputted
into the clock input terminal of D-FF 54 through the above-mentioned AND gate 52
and OR gate 53. The RS-FF 8 constitutes a width forming circuit 5 along with the
OR gate and D-FF 54.
This RS-FF 8 (RS-FF-A2-Q; (17) in FIG.17) is set by a short pulse SET-A2

((7) in FIG.17) generated in synchronization with the internal signal TRIG-A when



[ External synchroni zi ng nmet hod and external synchronizing circuit]

FIG 9 and FIG 10 show the left and right sides of the external

synchroni zing circuit, respectively. This external synchronizing circuit
conprises of timng generation circuits 301, 302, an internal trigger
formng circuit 310 which neasures the p e position fromthe external
trigger signal EXT-TRIG ((1) in FIG4) at’/dne cycle T of input clock
signal EXT-CK upon receiving timng signals fromthe timng generation
circuit 301, prepares a reference internal triqgger signal INT-TRIG at the
phase posi t Qef theofK-&hiarthe timing generagion sircwis 302 inH, mvgrl%im apage wham)the
arrives with r%%&fﬁ; to each of subsequent one cycle T, anﬂmfhares_the

reference i HZr theereillagion referenee. pavied. @pd-ipresst hyothe shovaupentioned- g
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risen up by SET-A2 generated at points "d", "f" in FIG.17 and are fallen by SA2

(accurately the output AND-A2; (20) in FIG.17) generated at points "e", "g" in
FIG.17 appear at the output terminal (OUT) of D-FF 54 for output.

However, in the example shown in FIG.17, since the second external trigger
signal EXT-TRIG (G2 in FIG.17) arrives at the sixth cycle t6, the second SET-A2 is
not generated (See (16) in FIG.15, and (7) in FIG.17). Therefore, this second pulse
P2 (illustrated with a dashed line) is not generated.

(b) Construction of B system

With respect to the B system ("B" side) duty determination ciréuits 3.4

~ (3B,4B), the pre-positioned FF and pre-positioned OR gate are constructed to be
similar to the above-mentioned construction. That is, RS-FF 6 is pre-positioned in
the first duty determination circuit 3B, the Q ouﬁ:ut of which is inputted into the
delay line oscillator 41 of the duty determination circuit 3B through OR gate 7
(OR-B1), and is inputted into one input terminal of AND gate 51.

Accordingly, the output of the above-mentioned coincidence circuit 50, that
is, the coincidence output SB1 of duty 50% is inputted into the reset terminal R of
RS-FF 6 positioned before the circuit 50, and is inputted into the clock input
terminal CK of D-FF 54 through the above-mentioned AND gate 51 and OR gate 53.
The D-FF 54 and RS-FF 6 constitute a part of the width forming circuit 5.



N of (3) in FIG4) in order to distinguish one period ("A" period) from
adj acent period ("B" period) being sectioned by arrival of the external
trigger signal EXT- TR G (2) Internal trigger signal formng
circuit 310 The internal trigger signal formng circuit 310 is a
circuit which fornms internal trigger signals TRRGA TRIGB ((25), (26) in
FIG5) of two systenms A, B which are replpged whenever the external
trigger signal EXT-TRIGis inputted, and conprises of a second timng
signal generation circuit 311, first and second phase position giving
circuits 312, 313Thid RESRFGRS-IFHLQY; @2pixd FIGI18) 1 o bg o soet pulse SEHTABEr nal
trigger si gnal | NT-TRI G by carrying out an OR process of the output of
both the phggt POFIGIIB) geineidted dinr Sichfonidation3kith dhnd istehex]i trigpet asigainilt i on
(AND-A, AND-B) 326 for outputting the reference internal trigger signal

| NT- TRI G asTRIGB:whet the QufJK-EF ¢n the tilihggenerdtieiveuiy 302 & L,ihat inein a
reference internal trigger signal INT-TRIGto the above-nentioned "A"

peri od and caspaxhere the" "Biérsuhd is the neniBiation eefevenee pariod ranggisr resey bzl the
EXT-TRIG arrives. - ( Tim ng generation circuit 301

The ti ming glmveﬂaentmneducpmidenmtpubaﬁg 4) imF iy 18) @na(?s?) OxKFAG.18XFB

(phase position rreasu errent per| od signals) ((10), in FIG 4 0
i nstruct the phabeergioze B%‘PF&B éhp@@eﬁrtb}’ﬁ é(jéN& t he

i nput cl ock_si gnal n,on in order to kno t he

phase posit Bén&f% n EﬁT 3%& p““’%ﬁ?&ﬁe@@ﬁf"é@; af ﬂfer oufput terminal 6 OWRHFI‘L 6
(RS-FF-B1-Q; (22) in FIG.18) at the eighth cycle t8 and ninth cycle t9 in FIG.18 and
becomes a clock input of D-FF 54 for output through OR gate 53.

Therefore, pulses P7',P8' which are risen up by SET-B1 generated at points
*k2","r2" in FIG.18 and are fallen by a coincidence output SB1 (accurately, AND-B1;
(25) in FIG.18) generated at points "q2", "s2" appear at the output terminal (OUT) of

: D-FF 54 for output.

RS-FF 8 and OR gate 9 are pre-positioned in the second duty .determ_ination
circuit 4B, completely in the same way as in the first duty determination .circuit 3B
.of such construction. The Q output of OR gate 9 is inputted into the delay line
oscillator 41 of the duty determination circuit 4B through OR gate 9 (OR-B2), and is
inputted into one input terminal of the AND gate 52.

Accordingly, the output of the above-mentioned coincidence circuit 50, that
is, the coincidence output of duty 50% of the duty determination circuit 4B is
inputted into the reset terminal R of RS-FF 8 pre-positioned before the circuit 4B,
and is inputted into the clock input terminal CK of D-FF 54 through the above-
mentioned AND gate 52 and OR gate 53. The RS-FF 8 constitutes the width forming
circuit 5 along with the OR gate 53 and D-FF 54.

This RS-FF 8 (RS-FF-B2-Q; (27) in FIG.18) is set by a short pulse SET-B2
((26) in FIG.18) generated in synchronization with the internal trigger signal
TRIG-B when the Q of JK-FF in the timing generation circuit 302 is H, that is, in a



- 63- Each of the phase position neasurenent period signals CKFA,
CKFB is a signal (pulse width T2 in FIG 4) which is risen up in

synchroni zation with the input clock signal EXT-CK and is fallen in one
cycle T of the input clock signal EXT-CK. This is used to neasure and nake
It possible to understand the position even though an external trigger
signal EXT-TRIG arrives at any position in one cycle T of the input clock
signal EXT-CK. In the preferred enbodi merit’7a si gnal of as w de duty as
possi ble (nmore than duty 50% is used for CKFA, CKFB so as to cover the
entire peréa38 wherenthecB2"eside ¢ the obullatiore séferyned Poriod tamal By Rdsetrby Ghe CKFA,
CKFB, and the phases of themare shifted 180 degrees from each other.

Ther ef ore, shovetmerntionedbincideacegntput SBL§20) MOPIG.18)eBear27) ihFIGVIS)] apped

wi thout fail at some place in the period in which is both signals CKFA,
CKFB are in H | eveTharefore,t two gbintideneex betpusd SB-2 i (geparatelyy nANDEBRS;- 130) Gn
arrives at g% position in one cycle T of the input clock signal EXT-CK
and si nce t REG18paresganenated diyifulses P Poogamerated it bhe culpt demmeinal @ of RS3hi y
accurate neasurenent can be obtained. . Concretely, the .
above- ment i BR} REIF=BRR;i @Tbin FEG® atdhe spdhicyele t6i gprdpeventdr gycledffngy e,
as shown in_FI G 19 (a), constructed so that the phase position of the

i nput cl ockFg(i}dﬁal EXT-CK is shifted gradually to nmake DL1, DL2, DL3, and

o Sl i
'Ito he signal, (Wﬁfgég%s‘@‘gfﬁo egpwe%ﬁgggf( b%v&tqagﬁégégﬁggﬁﬁ# tﬁ%ggd )
sl anal s Ok oyp, el W6 BulsBh oo e WHGDabcrifbnl {EBYELIE sdiiBallh 4070

times. and second phase posi grving>crr 312,
313 : " 2i| Fggdn § > ' b Shci YA MY 313
are constr ulc)?le$ (i[ o be l?(r}gkr(lf%a tagéqgggﬂag?héer, 611% ' egghﬂgfg%ih@?%ﬁ% i ses

of a delay butputANDIBRI(30) in FIG.18) generated at points "e2", "g2" in FIG.18 appear at
the output terminal (OUT) of D-FF 54 for output.

However, pulse P5' which is continued from the preceding pulse P1' is
accordingly made longer in FIG.18. '

(D Width forming circuit §

The width forming circuit 5 has a presettable D-FF 54, wherein the QN
terminal of it is directly connected to the D terminal of it. Furthermore, signals
SET-Al, SET-A2, SET-B1, SET-B2 are inputted into the preset input terminal PR
through OR gate 55, and simultaneously coincidence outputs SAl, SA2, SB1, SB2
are inputted into the clock terminal CK of D-FF 54 through OR gate 53.

AND gate 51 or 52 is piovided in a line from coincidence output terminals
SAl, SA2, SB1, SB2 of the coincidence circuit 50 of the respective duty
determination circuits 3A, 4A, 3B, 4B to OR gate 53 in order to prohibit coincidence
outputs ul, u2, v3,.. (FIG.17 and FIG.18) during the measurement cycle, and
operates AND of the Q outputs coming from RS-FF 6,8.

Furthermore, in a case where an external trigger signal EXT-TRIG (irigger
G3 in FIG.18) arrives immediately after the Q output of RS-FF 6 or RS-FF 8 is risen



314, a counter 320 for counting the nunber of cycles of the oscillation, a
latch circuit 321 for latching the content of the counter 320 at the '
timng positions "Gl", "Q@X",

-64- "@&@", "A" points in FIG 12) where the reference external trigger
signal TRRGAB is generated, a coincidence circuit 322 for generating

out put when the output value of the counfgeg_320 becones coincident with
the latched value (xI, x2,.. yl, y2,..), an OR gate (OR-ADO) 323 for

out putting a coincidence stop signal by utilizing the output of the

cor r espondiyjg that s whbke bh exteedall tRiger SigRalMIETEIRITE altivsschdorei doireiichad ched
by the above-nentioned latch circurt 321 is inadequate, that is, when the

result of loakshts'SAL ISA%RISBI, $B1 whith 26s0bB-TF ¢ 0B RE-FF 8)ake gehidiated, thait of
the corresponding OR gate 323 and output of the coincidence circuit 322
are used aldesocoinupddree output (pointAwt dndFi18), isafiph Fererabad before BE@ErECE MENt
period signal CKFA comng fromthe timng generation circuit 301 is

i nput t ed i rebincidencelettppt (paiet “"e8'tinl FI43. 18) cBartedifronm aaefi exdernah higgersignial on
giving circuit 312, and a phase position neasurenent period signal CKFB
comi ng f r oEXRIRIGrisrgengeated. xansingdhe Qi0utpsd of DsFF hdutothedfallen oln brder te| ay
line oscillator 314 of the second. phase position giving circuit 313.

(i) Del s8void his incenyanignse, Byerternal trigger priod signgl TR?@SH‘&IM issadsled $a 4
conprises of an NAND gate 315 in _which one input termnal is used as_an

i nput t er mi thg/mpyt Q'Egl @ypieny ANDgates 5, B2qand gpoterexternal, wigeer paned

connected tQ the out erm.nal . o e corr ondi ND gate 315 as a
del ay el emefignald (hgig{) léafla‘?ftﬁ"sé‘ﬁy’?yﬁ&é?ﬁ&ﬁ?ﬁ%si%as ted into a feedback
| oop . ® Operation

(a) QOutline |

As shown as operation cycles C1,C2 in FIG.17 and FIG.18, the first duty

determination circuit 3 and second duty determination circuit 4 which constitute

each of the above-mentioned sets A and B alternately operate with fwo cycles of

input clock signal EXT-CK shiﬂ:ed. And when a process is not carried out in timé

with respect to the arrival timing pf external trigger signal EXT-TRIG when the

process is performed by ome set, for example, the "A" side, the process is
~ automatically shifted to the other set "B" side.

In the preferred embodiment, "A" and "B" systems' are automatically
changed over whenever an external trigger signal EXT-TRIG arrives.

As shown in FIG.17 and FIG.18, the "A" side second duty determination
circuit 4A handles every four cycles (4T) of input clock signals EXT-CK as one
repeating unit (operation cycle C1), and measures the length T1 of one cycle (A2 side
target measurement period) of input clock signal EXT-CK in the front half one cycle

' (t1) of them.

Accordingly, using the result of measurement, the value (timing position of
duty 50%) of 1/2 of the length of one cycle T is calculated beforehand. In the
subsequent latter half third cycle (t3) and fourth cycle (t4), the delay line oscillator



317 fromthe output term nal of the corresponding inverter 316 to the other

I nput termnal of the above-nentioned NAND gate 315. ECL inverter, IIL
i nverter, etc. my be used as an inverter 316 of a delay elenment in
addition to the CGMXS inverter. The delay line oscillator 314

starts oscillation for measurenment, upon receiving a phase position

nmeasur enent period signals CKFA, CKFB ((10), (11) in FIG4) comng from

t he above-nentioned tinming generation cr?8ait 301, when they are risen up,
and stops oscillation when they are fallen. That is, usually, the NAND
gate 315 if SUHuséd 8 odciitate FOn e pointlofitinaé (pdintst'd’ oYY in FEGAIT) whehhe

out put thereof is - 65-

H, the outRaial FET-AL sivhe6iiesd With the rdspettive intirpal triggee sighals TRIGAare
termnal of NAND gate 315) of the inverter 318 is H wherein the

osci | | at i qgeneeatad,nand tthe paxsth Rirvsecared unsilidhe yresulf of meeasuramentippgomesr i nal
of NAND gate 315 is changed to logic level H the status_is changed so
that the owinuidentfwithéhelabiyesmenticdued ¢alculatiomaalngs that isf tifljs reacheather 316
is H the output of inverter 318 is L, the other input of the ND gat e
315 is H, timdng pesition of duty 50%AND measurett svheyein at\the peipt of Simes when éﬁ? on is

commenced. The oscillatjon is stopped when the phase position S ment
period sitpsult kmepmes caimeident meth éﬁp calculation valpe,) a co '&%%P“@% SAZ

The clock input ternin of .the counter 320.1s nne d tq the;output
terninal ofPoiHe %b&@ﬁﬁ%mgﬁﬂ ‘Wé‘g&o&tﬁnao?a“g%%ﬁﬁ%%“? £°Count er
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with two cycles shifted from the first duty determination circuit 3. That is, the first
duty determination circﬁit 4 handles every four cycles of input clock signal EXT-CK
shown with t3 to t6 in FIG.10-as one repeating unit (operation cycle C2), measures
the length (target measurement period) T1 of one cycle of input clock signal EXT-CK
in the front half first cycle (t3) of them, and calculates the value (timing position of
dui;y 50%) of 1/2 of length T of one cycie by using the result of measurement. The
delay line oscillator 41 is caused to oscillate from the point of time (points "k", "r" in
FIG.17) when a signal SET-A1 synchronized with the respective internal trigger
signal TRIG-A in thé su_béequent latter half fourth cycle (t4) and fifth cycle (t5).

By counting the number of cycles of oscillation, the first duty determination
circuit 3A measures the length T5 secured until the result of measurement becomes
coincident with the above-mentioned calculated value, that is, till it reaches the
timing position of duty 50% and outputs a coincidence output SA1 (points "q", "s" in
FIG.17) which indicates the timing position of duty 50% when the coincidence is
secured.

o) "A" gide operatioh (after trigger G1)

@ 4A side first cycle t1

With the example shown in FIG.17 , the first external trigger signal G1
comes in the first cycle t1 of the input clock signal EXT-CK.



line oscillator 314, that is, output changes generated once per-cycle of
oscillation. Furthernore, the input signal as in the above-nentioned del ay
line oscillator 314, that is, phase position index signals CKFA, CKFB are
inputted to the clear termnal CL of the counter 320. Ther ef or e,
simlar to the oscillation and stop operatlﬁn of the delay line oscillator
314, the counter 320 begins counting when “8Rs above-nentioned timng

signal CKFA, CKFB is risen up and stops counting when the tinmng signal
CKFA, CKFB are fallen. (it Latch circuit 321 Lat ch
circuit 321 uses Pnerht@wetmmm GAZB2 (@Sra KT hDds pwttedrin®dbe as

I nput and reference external trigger signal TRI G AB forned by the above-
ment i oned td@hanémg@ﬁ@ﬂa&oréhofcﬁhp Y s@mrsammrm%@ thpeugh QRigate: But
termnal CK of the cir 321. Therefore, thlﬁ fch cj CUIt 321 Iatches
the count vaf geinti'sem to, cansp; thes respedsivg; delay i )08551"5

hi e R e i r@n“l%ah@ﬂ%fhﬁf%u%%eﬂﬁgﬁﬁé‘-hp
G 1) St b hich opighs the patten £ fahain baintise g Spmber Bf tvelef o aBllatoh o ve.
nnber of - cip ety ssféffﬁeief i SREAD AL if botoef o8 Rt B X ERA-h of '
froma rise Pl 85k5ﬁlﬁe}a&$g{lég§%w%ﬂ{ﬁéw5” CKto the arrlval of the

ext er nal trlgger sl gha
The oscillation of the 4A side delay line oscillator 41 ("A" system second

duty determination circuit 4A side) is terminated when WC-A2/B2 ié fallen, that is,
the actual measurement period T3 ends (that is, point "¢" in FIG.17). In the
meantime, by the target measurement period T1 of 1/2CK-A2/B2 arriviné at the end
thereof (point "b" in FIG.17) and 1/2 CK-A2/B2 being fallen, the latch circuit 48
latches the count value (length of one cycle T = T'1) of the counter 47.
| Herein, the operation circuit 49 calculates the value of 1/2 of the count

value of length of one cycle T (that is, the timing position of duty 50%) upon
receiving the output of the latch circuit 48, outputs the result of calculation, and
inputs the result into one input terminals B1 to Bn of the coincidence circuit 50.

(ii) A4 side second cycle t2

As the second cycle t2 starts, RS-FF 8 is set by arrival of SET-A2 ((7) in
FIG.17) (point "d" in FIG.17). The Q output ((17) in FIG.17) of RS-FF 8 is inputted
into AND gate 52, and is added to the delay line oscillator 41 at the duty
determination circuit 4A side through OR gate 9 to cause the delay line oscillator 41
to oscillate. Furthermore, the Q output of RS-FF 8 is added to the clear terminal CL
of the 4A side counter 47 through OR gate 9 to cause the clear terminal to be cleared.
Therefore, the counting of the number of cycles of oscillation is commenced.

The output of the counter 47 is inputted into the other input terminals A1 to

An of the coincidence circuit 50, and the count value of the counter 47 is



(1v) Coi nci dence circuit Coi nci dence circuit 322 uses the
paral l el output of the latch circuit 321 as one input and use the output
SA of the above-nentioned counter 320 as the other input. Accordingly, the
coi ncidence circuit 322 outputs a coincidence output SA when the count

val ue of the above-nentioned counter 320 is increased to the output value
(phase position x or y where the external _fgqi.gger signal arrives) of the

above-  menpbigpR&divel fitrédso@UThe Ioment the count \MiueCtHobébf Yabdibs %ﬁt?ﬂeﬂtn

FI G 4) of gate 323 is H, the coincidence output SA is taken out from

AND gat e 32ith) gled aFaea(vah@naf 179561 ldnigth F ons leysle, TP outpudted by Gheidboké G 13)
or FSB1 (pulses yl,y2,y3,.. of (21) in FIG 13), is synthesized as a

ref erence i nientionbd opéxgtion cicyitadd (PeintIe Gn tFIGHLD a @eingidencd sbhitpatBAS iss ent
to the logic gate portion 326. And this reference internal trigger signal
| NT- TRI G i s gelmamated from thaeoihéideperdimditdild "B" period and taken out as
internal trigger signals TRRGA, TRI G B by passing through the logic gate
portion 326 ((25) Th(m)nmdame@lﬁ)ut SA2 is inputted intodhe gesed inprait termial RuohHut
of OR gate 323 being H neans that CKFA was H when it was |atched by the

| at ch ci rcuiRS-BP18 torsause shet flipt flomdo cgpeti (Whens this coipgidencei onipuh SA%hise

position of EXT-TRIG were all satisfied. |n onl |s case, the output of
OR gate 3236paersiads the Q ontput (17) inl{IG.1D Oﬁlf*&-EF%tly Plen andhacomes angnput

S T G ONTIEAR B 5ok h b P ook indeoe Sraked wdeeca
0 the ARSI A Eh) a%lfghﬁmoaym fe o ,} i width ok S35 P1°Ho0)
AN D gate 52 which uses this pulse P1, coincidence output SA2 and external trigger
period signal TRIG-STOPA as three inputs, a_nd bccomes a clock input of D-FF 54
through OR gate 53. |
Since the D-FF 54 which is the output side flip flop is preset every time by
SET-Al, SET-A2, or SET-B1, SET-B2, when a short pulse AND-A2 ((20) in FIG.17)
corresponding to the abovc-meﬁtioned coincidence output SA2 is added to D-FF 54
as a clock input, the Q output of D-FF 54 is reversed (fallen) every time, and appears
at the output terminal OUT as pulse P1'.
| i)  4A side third cycle t3
Continuously, as the third cycle t8 starts, since SET-A2 arrives again ((7) in
FIG.17) (point "f" in FIG.17), RS-FF 8 is set. The Q output ((17) in FIG.17) of RS-FF
8 is added to the 4A side delay line oscillator 41 through OR gate 9 to cause the
oscillator 41 to oscillate and is added to the counter 47 to clear it, causing the
counting of the number of cycles of oscillation to commence, while the Q output is
inputted into AND gate 52. As the count value of the counter 47 becomes coincident
with the output value (value of 1/2 of length of one cycle T) of the above-mentioned
operation circuit 49 (point "g" in FIG.17), a coincidence output SA2 is again

generated from the coincidence circuit 50.



-67- (3) Timng generation circuit 302 FIG 14 shows a circuit
configuration of the timng generation circuit 302. The third timng
generation circuit 302 produces timng signals 1/2CK-Al/Bl, 1/2CK-A2/B2,
WC- A1/ Bl, WC- A2/ B2 which are common to the "A" systemand "B" system and
gives themto the duty determnation circuits 3A, 4A, 3B, 4B. Furthernore,
since each of the "A" systemand "B" systdf-consists of two duty

determ nation circuits 3,4, a timng signal BLOCK-SEL is produced in order
to alternatively select one of the two duty determination circuits 3,4

constituting eachned) dutfut (i DHSHIFEN BT REFFSY i Alllend0Hen thidl ddfiltideRed FF
331, 332 positioneg%ﬁ)efore «\ggch of t'ﬁe duty determ #ati%n circul %dse %‘% 4A,

3B, 4B as laepitEAR ispRubrdtb®akPbecolres af infiftiofthd AND gdth 52tiA adSrh 8f pilsd | | P
f1op. 1/ 2CK-AL/BL ((9) in FIG 15) and 1/2CK-A2/B2 ((6) in FIG 15)

are tim ng P%MThasdforel @lcoRideRtd GitpRUSA2 RANDOAZ;R0Y ireFIR0) PARPGRSE Wnly
period) to be neasured as length T of one cycle of the input clock signal
EXT- CK.  Corinrthé eligth of pulse ®1sfrgmaANDgnte 521 which tuaes €lais ipnlder BLjweimeydetice/i di ng
t he i nput clock signal EXT-CK to one half WC-A1/B1 ((11) in FIG
15) and W\C-obR#B2SAL &ndi extéingl thggexrperiod rsigmal IR]GSTOPACas tuealihputhj mad a
period T3 (actual neasurenent period) for sustaining a neasurenent
operation memecloakgmutmé&ﬁFéMhm\wbrﬁﬁeam&&The WC-Al/ Bl  and WC- A2/ B2
are signals, the fall_of which is slightly delayed fromthe above-
ment i oned 1/ 2CK, Sineg DiIgF 5émw,bw%ﬁl‘-ﬂéeaemngmwben ashert nlee ANDRAR, one
cycle T of the input clock signal -CK, which are risen up .

si mul t aneod§30) g ¥1(x.p) gorregpopding) o thesabpygm Lcoincidence ouftsSAE B an be

A 15) bydedds P SR S sgetumt grbasha e penod i ol mrora ot |
that time, and appears in the output terminal OUT as pulse P2'.

The above-mentioned output pulses P1', P2' are risen up in synchronization
with the external frigger signal EXT-TRIG, and are a digital clock signals having
the same cycle T as that of the external input clock, that is, the input clock signal
EXT-CK. Resultantly, the pulses P1', P2' coinpose a signal which is the ini)ut clock
signal EXT-CK completely synchronized with the external trigger signal EXT-TRIG.
Furthermore, the wave form is of duty 50%.

Gv)  B3Asidethirdcyclets =

With respect to the operation at the above-mentioned A4 side, the same
operation is carried out at 8A side ("A" system first duty determination circuit 3A
gide) with two cycles delayed. That is, as the third cycle t8 starts, a signal WC-A1/B1
((9) in FIG.17) for indicating the actual measurement period (T3) is risen up (point
"h" in FIG.17). The signal WC-A1/B1 is added to the delay line oscillator 41 of the
duty determination circuit 8A through OR gate 7 to cause the oscillation of the delay
line oscillator 41 to commence the oscillation, and is added to the clear terminal CL
of the counter 47, the rise-up of which causes the counter 47 to begin counting the
number of cycles of oscillation. '

&)  3A side fourth cycle t4



cycle thereof, and taking a |logic sumof the si gnal s DL- AB1 and DL- AB2 and

1/ 2CK- A1/ B1, 1/2CK-A2/B2. BLOCK-SEL ((12) in FIG 15) is a signal
of the Q output of JK-FF in the

- 68- timng generation circuit 302, that is, a signal which is reversed
by a fall of the input clock signal EXT-CK with respect to every two
cycles, and is used as an actuating circ change signal to change over

the duty determnation circuits 3,4 for use. The actuating circuit change
signal BLOCK-SEL indicates that, when the ?_o_ut put is H the duty

det ermi nati on ci r'Eag escilationeof(the BB1side delpyiline: opeillagersd} imeontinvediabdegshhi | e
the duty determnation circuit 4 side (A2/B2 side) is the oscillation

ref erence pentiloaiyise-upefithegleck afthe fousthxgygle t4ds completedyut y det er i nati on
circuit 4 side ( B2 sjde) is the . urenent period (while the dut
determination cir ?scgi@o&é’f@&?‘gﬁl‘gie@y hme ?ﬂ?ﬂﬂ‘t%&r i9 terminated bgadall e
period). (4 e chan j gnal . forping,.gcircujt, 330, The

act uat i ng c?iWﬁ‘éWa B“ %S?ng?‘%&@lﬂf* 8 Eh‘bﬁﬁk‘l‘@d&b@@-m PRrrthat 14, the g
generation circuit 302 is. inpu d,.into the data input . tgarmnal D o FF
931" 350" Ethhl pnsemert Boigh TH gk plaped Bofh pifieela, e he inpaticlock
generation gt cud t, . “: b ernal trigger signals TRRGA TRIGB are

i nputted in@g?ﬁg%]ﬁgﬁ Hﬁgﬁh"'lﬁ‘erm nal CK of the correspondi ng D-FF 331,

ggi whi | e AND Aga 'gag%ﬁémg%hﬁggp E?F%t?ﬁee&%%%ﬁsgwdem@a?% géleo !:F
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end and 1/2CK-A1/B1 inputted into the clock input terminal CK of the latch circuit
48 being fallen, the latch ci@it 48 latches the count value (length of one cycle T =
T1) of the counter 47. _ ‘

Herein, the Al side operation circuit 49 calculates the value (timing
position of duty 50%) of 1/2 of the count value of the length of one cycle T upon
receiving the outj)ut of the latch circuit- 48, outputs the result of calculation and
input it ipto one input terminals B1 to Bn of the coincidence circuit 50.

As the fourth cycle t4 starts, RS-FF 6 is set by arrival of SET-Al ((6) in
FIG.17) (point "k" in FIG.17). The Q output ((10) in FIG.17) of RS-FF 6 is added to
the 3A side delay line oscillator 41 through OR gate 7 to cause the oscillator 41 to
oscillate and is added to the clear terminal CL of the 8A side counter 47 to cause the
counter 47 to commence counting, while Q output is inputted into AND gate 51.

The output of 3A side counter 47 is inputted into the other input terminals
Al to An of the coincidence circuit 50, and the count value of the counter 47 is
progressively increased. The moment the count value becomes coincident with the
value (1/2 value of length of one cycle T) outputted by the above-mentioned
operation circuit 49 (point “q" in FIG.17), a coincidence output SA1 is generated

from the coincidence circuit 50.

This coincidence output SA1 is inputted into the reset input terminal R of



into both AND gates 333 and 334. Simlarly, AND gate 336 is
connected to the Qoutput termnal of D-FF 332 while AND gate 335 is
connected to the QN output term nal of D-FF 332, wherein internal trigger
signal TRIG B and external trigger period signal TRI G STOPB are
respectively inputted into both AND gates 335 and 336. SET- Al,
SET-A2 ((17), (15) in FIG 15) taken out f184nthe above-nentioned AND gates
333, 334, and SET-B1, SET-B2 ((21), (20) in FIG 15) are taken out from

t he AND gates 335, 336. SET-AL ((17) in FIG15) is a timng

si gnal CONSRSIFFG afd causeehic f1ip flop €o be reset. Therefore, at the point of time when this
- 69- generated at the front edge of the internal trigger signal TRRGA

when the Q g@inciddfickbutputiSkl is genegatedtheaQi mitpat ((20) in BDQR. 175 of RS{FRSB is S,
when the actuating circuit change signal BLOCK-SEL ((12) in FIG15) is L
(in a case faflencaridizecéine®Ban inmid of AND gatedilcinl 4 forimoof puddedP@®nce period T6),
and becones a set input of RS-FF 6 of the Al side (duty determ nation
circuit 3A side).Therefore, a coBiEidenge ¢ytpsy SAA iFgaheratedias ontputrAND-Al Hi)in
consisting of a short pulse generated at the front edge of the internal
trigger si gELG-lmwAﬁﬂegﬂte which.nses thisqulse, P8, eningidancejoytput SAard SEL
((12) in FIG 15) comng fromthe timng generation circuit 302 is %i n a
case where FRIGSTORA agdhreecinputy andbecomes,a elople irputinf DAF &6 theowgh QR ones

a set input of RS-FF 8 at the A2 side (dut determ nati o ircyuit 4
si de). P gate 53. Accurately, the output -Al1s ayshort pulse generateH a% the front edge

of the coincidence output SA1.

Since D-FF 54 is preset by SET-A1 every time, when a short pulse AND-A1
((14) in FIG.17) corresponding to the ahove-ménﬁoned cbincidence output SAl is
added to D-FF 54 as a clock input, the Q output of D-FF 54 is fallen, and appears at
the output terminal QUT as pulse P3'.

It is noted that, since the coincidence pulse SA1 ("ul” in FIG.17) generated
at the third cycle £3 is generated while the Q output of RS-FF 6 is fallen down to L,
no output appears in the AND gate §1, and D-FF 54 is not changed. Therefore, the
influence of the coincidence pulse ul generated when the 3A side is in the
measurement period is e]iminated by AND gate 51, whereby no influence comes out
at the output OUT side.

(vi) 3A side fifth cycle t5

- Subsequently, as the fifth cycle tb starts, since SET-Al ((6) in FIG.17)

arrives again (point "r" in FI1G.17), RS-FF 6 is set. The Q output ((10) in FIG.17) of
RS-FF 6 is added to the Al side delay line oscillator 41 through OR gate 7 to cause
the oscillator to oscillate and is added to the.counter 47 to clear it, causing counting
of the number of cycles of oscillation to commence, while the Q output becomes an
input of AND gate 51.

As the _count value of the counter 47 becomes coincident with the output

value (1/2 value of length of one cycle T) of the above-mentioned operation circuit 49



SET-B1 ((21) in FIG15) is a timng signal consisting of a short pul se
generated at the front edge of the internal trigger signal TRIG B when the
actuating circuit change signal BLOCK-SEL ((12) in FIG 15) coming fromthe
timng generation circuit 302 is L (Al/Bl1 side is the oscillation reference
period T6) and becones a set input of RS-FF 6 at the Bl side (duty
determnation circuit 3B side). ~8T-B2 ((20) in FIG15) is a
timng signal consisting of a short pulse generated at the front edge of
the internal trigger signal TRIG B when the actuating circuit change

si gnal  BLOCKsohfels¢ (ﬂ-ﬁG' 7). Goiheillet@ b RPut AT ik Rneddtsd BOnd BREEGHhQdhce

circuit 3027is H (A2/B side is the oscillation reference period T6) and
becones a sg}cummlh {1 RS-FF 8 at the B2 side (duty determ nation circuit
4B side). (5 %uty determ nation circuit 3,4 . As shown in

FIG 10, the duty SinceRS-FRBiioresst by thik soificierdecoutpaleS Al [the Q outpi{1®)dhnr s of
duty determnation circuits 3A, 4A, and 3B, 4B in which two systens A and
B t hereof aFEGAMui RBFF 6 mfalbat amtbecomes andhpulf of ANBIgate 51 inea formi dfipalser 41,
a -70- counter 47 for

count i ng t h®4nThieeforef a xpincidencs outpat @idi id genevatedaas autpht ANT:-AILt (B4 ihor

| at ching the content of the counter 47, a operation circuit 49 for

cal cul af § ngFIGAT vihe vidth of ouisouPd muﬁvﬁmaﬁkm eascthie pulbei P4,50

attached to the operation . circuit Del ay |ine

osci | | at or ggincidence outputtA %?RIGﬁa‘QPs% as three %nmais and benopies aslask inputaND
gate 42 in wolGl 80 %hrough OR gate 5.

Since D-FF 54 is preset by SET-A1 every time, a short pulse AND-A1 ((14)
in FIG.17) corresponding to the above-mentioned coincidence output SAl is added to
D-FF 54 as a clock input, the Q output of D-FF 54 is reversed at that time, and
appears in the output terminal OUT as pulse P4". |

Thus, digital clock signals P1', P2', P3', P4.,... which are in synchronization
with the external trigger signal EXT-TRIG and lhave the cycle T as that of the
external input clock, that is, the input clock signal EXT-CK can be obtained from the
Q output of D-FF §4. Furthermore, the wave forms of them are modified so as to be
shaped duty 50% without fail. The actions and effects of this synchronization and
duty modification can be obtained even though the duty of input clock CK fluctuates
in the vicinity of duty 50% or more. Therefore, this circuit is remarkably effective as
an external synchronizing circuit accompanying a shaping of digital wave forms and
it is possible to extend the operatable area of semiconductor active elements to a
remarkably high frequency.

© “B" side operation (ﬁfter triggér G2)

@ 4B side sixth cycle 16 to 4B side seventh cycle t7

In the example shown in FIG.17, the second external trigger signal G2
comes out in the sixth cycle t6 of the input clock signal EXT-CK. Furthermore, this

is a case where the external trigger signal G2 arrives during measurement of the



input termnal is used as an input termnal of the oscillator, an odd tier
C-MOXS inverter 43 connected to the output term nal of the correspondi ng
NAND gate 42 as a delay elenent, and a sinple reversing inverter 45 which
is inserted into a feedback |oop 44 fromthe output term nal of the
corresponding inverter 43 to the other input termnal of the
above-nenti oned NAND gate. ECL inverter, 486~inverter, etc. may be used
for an inverter 43 as a delay elenent in addition to the CGMOS inverter.
The delay line oscillator 41 starts _oscillation for neasurenent, upon
recei vi ng t50% datysogiiancopymencegby SEE-AB/ B2 (actual measurenent period T3)

L BB e A T el
gl | %Pit@ilﬁaevem%‘&aPa'e%gﬁs%’F&f&%@ﬁé@ﬁfﬂﬁ!@ﬂﬁ@hf AL 43
e tor - ad pud {TRGHTORD GlTa ouaiSifort TheBF ok s bl TRt A0
o ehanged 944 A2 A4 GRTAF' SPTALRARRBAES fhp 1RO oo Bek adf Suf 1S
e NAND g QuipivL A Bkt cnhect, XD RARRIRE. { SET-DL ET IV BBl T o
oscillati onmes-B@Ag 1 RCBSFF 3% aleRadSadtiveat i on is stopped by a fall of

WC- A1/ B1, WC- 2 (practical measurenent period T3). WC- Al/ B1,

\/\g-1 A2/ B2 (actual ApgssheiRat, #6dne®f SET-BI énd SEAYB2/{: geherated in response to

whether the actuating circuit change signal BLOCK-SEL is H or L. In this example,
as shown at (20) and (21) in FIG.15, SET-B2 ("d2", "f2" in FIG.15) is firstly
generated. |

Upon receiving this SET-B2 ((26) in FIG.18), RS-FF 8 of the 4B side (the
second duty determination circuit 4B in the "B" system) is set (point "d2" in FIG.18).
The Q output ((27) in FIG.18) of RS-FF 8 is inputted into AND gate 52, and is added
to the delay line oscillator 41 at the second duty determination circuit 4B.side
through OR gate 9 to cause the oscillator 41 to oscillate.

The Q output of RS-FF 8 is added to the clear terminal CL of the 4B side
counter 47 through OR gate 9 to clear the clear terminal. Therefore, tl_le counting of
the number of cycles of oscillation is commenced. It is noted that, since the
measurement of one cycle T is carried out at all times, the fesult of calculation
equivalent to 50% duty in the operation circuit 49 is already inputted into the
coincidencé circuit 50.

The count value of the counter 47 is progressively increased, and at the
moment when the count value becomes coincident with the value (1/2 value of
length T of cycle) outputted by the above-mentioned operation circuit 49 (point "e2"
in FI1G.18), a coincidence output SB2 is generated from the coincidence circuit 50.

RS-FF 8 is reset by this coincidence output SB2, and the Q output ((27) in



synchroni zation with a rise-up of the above-nentioned timng signals

1/ 2CK- A1/ B1, 1/2CK-A2/B2 (target neasurenent period Tl) while a fall
thereof is slightly delayed froma fall of the timng signal 1/2CK-Al/Bl1,
1/ 2CK-A2/B2. In summary, the delay Iline oscillator 41 begins oscillating
at a rise-up of the timng signals 1/2CK-Al/Bl1, 1/2CK-A2/B2 (that is,
commencenent of the target neasurenent pet8de T1l) which is obtained by

£ eaueney s S0, i ATl e NS KRGS Nke 0 PRLR "
U 20K 21 02k iy 852 W BB AND-B Ol PIOTD FRBN AR,

change of t ReitAUreH ARD £hie 5% Shidh)GsA0MNS pulsBErY, | Bitfibened %Mtﬂdtfc‘?l@%ez and

oscillator 41, that is, an output change generated once per cy

osci | | ati oneabAfi thigBerchOidd bigRaT TREGSTOYE @K ﬁhﬁeeﬁﬁﬂﬁﬁﬁ Iixﬁd DeBorh &k a QigcR Ut

term nal of the above-nentioned delay |ine oscillator

Fur t her nor einpulp of DA 64 shpugh ORI BFRr e i dentical to those of the above-
mentioned delay line oscillator 41, that is, timng signals WC Al/B1,

WC- A2/ B2 (act ual SieadHFEnRhis prsetoby BET-B2 @veryptiieg df a shortifidsec AAHD-B2
termnal CL of the counter 47 through a |ine 46. Therefore, simlar to the
osci | | at i on{(80)dirs FIfp.18p paredpondingatio thecabdeé-mentioned osinridenteooutpist SB2eis
counter 47 starts counting when the above-nentioned timng signals

1/ 2CK- Al/ B1 addedioid-FF) S3bag a dogjempub dbe Qomsput of JAFFAH iBrpversed chwréas awp aand
stops counting after timng signals 1/2CK-Al/Bl, 1/2CK-A2/B2 (target

nmeasur ement fﬁig@ne\sathm))evam 1mg) Apd appears in the ogippttesminali QT asmwlse 6 okt t he

e i sl it LB i P
). alrea&;g zn'eset all'tati)g ?)ogll:i&(l: gf 'Id1'4,8P5' became a slightly wide pulse which is risen
up slightly before the position of G2.
@) 4B side seventh cycle t7 to 4B side eighth cycle t8
As SET-B2 ((26) in FIG._IB) arrives again (point "f2" in FIG.17), RS-FF 8 is
set. The Q dufput (27 in FIG.18) of RS-FF 8 is added to the 4B side delay line |
oscillator 41 through OR gate 9 to cause the oscillator 41 to oscillate and causes the
counter 47 to be cleared to commence counting the number of cycles of oscillation,
while Q output is inputted into AND gate 52.
When the count value of the counter 47 becomes coincident with the output
value (1/2 value of length of one cycle T) of the above-mentioned operation circuit 49
(point "g2" in FIG.18), a coincidence output SB2 is generated from the coincidence
circuit 50 again. At the point of time when this coincidence output SB2 is generated,
the Q output of RS-FF 8 ((27) in FIG.18) is fallen and becomes an input of AND gate
52 in a form of pulse P6. Therefore, a coincidence output SB2 (AND-B2; (30) in
FIG.18) is outputﬁed from AND gate 52 which uses this pulse P8, coincidence output
SB2 and external trigger period signal TRIG-STOPB as three inputs, and becomes a
clock input of D-FF 54 through OR gate 53; |



The latch circuit 48 uses figure outputs of the above counter 47 as input,
wherein the timng signals 1/2CK-Al/Bl, 1/2CK-A2/B2 (target neasurenent

peri od -72 - Tl
generated in the above-nentioned timng generation circuit 302 are inputted
into the clock input terminal CK of the counter 47, Ther ef or e,

this latch circuit 48 [atches the count vagle (the number of cycles of
oscillation) of the counter 47 when the timng signals 1/2CK-Al/B1,

1/ 2CK- A2/ B2 (target neasurenent period Tl) are fallen, that is, when the
target measurene 'ceoﬁfei ) Ghpalp 1 3 _mginber
of cycles of osci ' atlorpﬁgo%%?ggsﬁgﬁggﬁﬁg%r% g@ﬁg’?gﬁgﬁ%%lggeélgg ?%:e
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1/ 2CK- A1/ B1, 1/2CK-A2/'B2 (target neasurenent period T1) is latched by the
I atch circuidded®o D-FF 54 as a ek inpuéPhed) ofithutiof DUFEF 54%s reverse at thidt&ime
operation circuit 49 receives a parallel output of the above-nentioned

| at ch ci r cudrid dpearsincthe outmitdsrmindl QU T aspalke 61 e count val ue of the nunber
of cycles of oscillation latched by the latch circuit 48, that is, the
duty val ue of 50%n simamafy)the dutputvmilse Pl ofl the eabowe-niempioned fpuises P5' and

coi nci dence circuit 50. (e) -Coi nci dence circuit 50 The
coi nci denceP@iis 8 signabohichds risen upan syichoonipation with the last SER-AL feoint™dir't of
cal cul ation) as one input and uses the output of the above-nentioned
counter 47 BsFIG.AP im: thersixthnyele tBcand in fallen bytthe coincidener-aatput SBSUbeing 0

out puts coi nci dence outputs SA SB when the count value of the .
above- ment | ‘Geet Eladikatterthe extepnaldrigeer signal EXT-TRIG arrives. This fall position

is made coincident with the position of the duty 50% signal in a case where the input

clock signal EXT-CK is risen up at the same time as the time of arrival of the
external trigger signal EXT-TRIG.

Furthermore, the above-mentioned output pulse P6' is a digital clock signal
which is risen'up in synchronization- with the external trigger signal EXT-TRIG and
has the same cycle T as that of the external input clock, that is, the iﬁput clock
signal EXT-CK. Resultantly, the pulse P6' is such a signal which is the input clock
signal EXT-CK completely synchronized with the external trigger signal EXT-TRIG.
Furthermore, the wave form thereof is of dui:y 50%.

Gi) 8B side eighth cycle t8 to 3B side ninth cycle t9

With respect to the operation of the above-mentioned 4B side, the same
operation is carried out at the 8B éide'("B" system first duty determination circuit
3A side) with two cycles delayed. That is, measuremeni; of one cycle is carried out

- by oscillation, counting, calculati('m and coincidence operation, and, when as SET-B1
(21) in FIG.18) is generated in the eighth cycle t8, RS-FF 6 is set (point "k2" in
FIG.18).

The Q output ((22) in FIG.18) of RS-FF 6 is inputted into AND gate 51 and
is added to the 3B side (duty determination circuit 3B side) delay line oscillator 41
through OR gate 7 to cause the oscillator 41 to oscillate, and is added to the clear



val ue which is coincident with the result of the above-nentioned
cal cul ation. Accurately, the duty determnation circuit 3A outputs a
coi nci dence out put SAl, duty determnation circuit 4A outputs a
coi nci dence out put SA2, duty determination circuit 3B outputs a
coi nci dence out put SB1, and duty determnation circuit 4B outputs a
coi nci dence out put SB2. (6) Pre-positr8fad FF and pre-positioned OR
gate RS-FF 6, 8 are placed before each of "A" and "B" sets of
duty determnation circuits 3,4, wherein the corresponding RS-FF 6,8 are
set every ttemminal of the 3B side counter 47 to cause the counting to be commenced. -73-
synchroni zation with signals SET-Al, SET-A2, SET-Bl, SET-B2 in the
oscillation refeAbtheempment (poitg "g8! incEHG 18y whien \the neunt waluelof thegeunter
measur ement period and a _subsequent target neasurenent period and are
reset by th&7 ippragressivelyoinsteased iand ihgeornes eningideny with thgaaluestii2 valee of
That is, RS-FF 6,? of the Al side and Bl side (duty determnatjon circuit
3A and 3B lengypf gpe cyele B\autputtedby; thesghovamsntioned neevation cineuit 49, a
above-mantionedd Si %n | s T-Al, SET-Bl._ and are reset,ﬁg¥ t he
above- ment i tAYRGdence Ru iseeperated kythe cofncidenge cENitBPe, RS- FF 8, 8 of
the A2 side B2 sigde. are set ever | l.n chronization with th
above- nent i oned sggﬁﬁycé?%?%E%{ng‘S ,l%l&i‘%f’é‘r%? g@“efesety‘ lﬁepermmafR of
above-nenti i NG e te. S . F [ e
gates 7,9 arﬂ‘gﬁgir‘ gb?;??)@i ?elesggseaeéjkﬁévfgolpyﬁtﬁréggeét%tr H’%ﬁolug:ngf t&?ﬁ%fﬂ%‘”‘s@? 4 of
each pair Ofoifialthe But SIS s ddibPitel thB% SRIPLETRP IFNG. 18 0PRSS is risen
up and becomes an input of AND gate 51 in a form of pulse P7.
Therefore, a coincidence output SB1 is generated as output AND-B1 ((25) in
FIG. 18)' from AND gate 51 which uses this pulse P7, coincidence output SB1 and
TRIG-STOPB as three inputs and becomes a clock input of D-FF 54 through OR
gate 63. '
Accurately, the output AND-B1 is composed of a short pulse generated at
‘the front edge of the coincidence output SB1.
Since D-FF 54 is preset by SET-B1 every time, if a short pulse AND-B1
((26) in FIG.18) corresponding to the above-mentioned coincidence output SB1 is
added to D-FF 54 as a clock input, the Q output of D-FF 54 is fallen at that time and
appears in the output terminal OUT as pulse P7. It is noted that, since the
coincidence pulse SB1 (u8 in FIG.18) getierated in the third cycle t3 and the seventh
cycle t7 is generated while the Q output of RS-FF 6 is fallen down to L, no output
appears in AND gate 51, and the D-FF 54 is not changed over.
Therefore, the influence of a coincidence pulse u8 generated when the 3B
' gide is in the measurement period is eliminated by AND gate 51 and does not appear
in the output OUT side.
Gv) 8B side ninth cycle t9 to 8B side tenth cycle t10

Continuously, since SET-B1 ((21) in FIG.18) arrives again in the ninth cycle



7,9, the output of the above-nentioned RS-FF 6,8 and signals WC Al/ B1,

WC- A2/ B2 indicating the above-nentioned actual neasurenent period T3 are
inputted into the duty determnation circuits 3 and 4 attached thereto.
And the width formng circuit 5is provided with an output flip flop (D FF)
54 which is reset every tinme in synchronizg{ion wth signals SET-AL,

SET- A2, SET-B1, SET-B2, and the status of i ch is changed by coi nci dence
out puts SAl, SA2, SBl, SB2 obtained by duty determ nation circuits 3,4 of

cach o 1 B BR hac i  Blet SRIBUF G IS8 e

deter vt ol o 9 il B AP D SR ORRHrE W B BT
delay | 335 ot Siad U7 RH L SSE U B PLER,
output o SUSHANY b GRS BOLGRRR, SARE ) e g3l of

RS- FF 6 pl aged «Ref o1.€ circuit 3, and is inputted into the clock input
-74- termnal” CK of D FF. 54 through the above-nentioned AND gate 51 and

OR gate 53.  The yhdrthe'boantivdhss 5ffth co@ital UY Beorediricidint With Wi Wwtor m ng
circuit 5 altogether. ' The RS-FF 6 (RS-FF-A1-Q (10) in FIG17) is

set by a skalde (U vetusbfllerith of 669 cyclb T) 6Ethd dboesmentibgsll dperatisicdircai 49t i on
with the internal trigger signal TRRG A when Q of the JK-FF in the timng
gener at i on (point 452" B FIGSS),, atdohicidence iontputc sigaal SB1 is generated from the

coincidence circuit SB1. Since RS-FF 6 is reset by the coincidence output SB1, the Q

output ((22) in FIG.18) of RS-FF 6 is fallen, and becomes an input of AND gate 51 in

a form of pulse P8.

Therefore, a coincidence output SB1 is generated as the output AND-B1
((25) in FIG.18) from AND gate 61 which uses the pulse P8, coincidence output SB1
and TRIG-STOPB as three ini)uts and becomes a clock input of D-FF 54 through OR
gate 53.

Since D-FF 54 is preset by SET-B1 every time, if a short pulse AND-B1
(25) in FI1G.18) corresponding to the above-mentioned coincidence output SB1 is
added to D-FF 54 as a clock input, the Q output of D-FF 54 is reversed at that time,
and appears in the output terminal OQUT as pulse P8'.

Thus, digital clock signals P5', P6', P7', P8',... which are synchronized with
the external trigger signal EXT-TRIG and have the same cycle T as that of the
external input clock, that is, the input clock signal EXT-CK can be obtained from the
Q output of D-FF 54. Furtherﬁore, the wave forms thereof are modified so as to be
shaped duty 50% without fail.

The actions and effects of this synchronization and duty modification can be

~ obtained even though the duty of input clock CK fluctuates in the vicinity of 50% or

more. Therefore, this is very effective as an external synchronizing circuit



where the "Al" side is the oscillation reference period, and is reset by

t he above- nentioned coincidence output SAL ((13) in FIG 17) (See (10) in
FIG 17). Therefore, the coincidence output SAl passes through AND
gate 51 (AND- Al; (14) in FIG -17) by pulses P3, P4 generated at the
output termnal Qof RS-FF 6 (RS-FF-A1-@G94-10) in FIG 17) at the fourth
cycle t4 and fifth cycle t5 in FI G 17 and  becones a clock input of D-FF 54
for output 29¢pMPaRYInEca chapiagofgligitel,waze form, gud it psypossible tghextand therj sen
up by SET-Al produced at, pojnts "k" and *r" in FIG 17 a are fallen by
coi nci denceR§EE eg&ﬂ#ﬂ&ﬂ%&“ﬁéﬂ“&"ﬁ‘*ﬁ&“ﬁ?%Wﬁ‘a’u@@gqﬁﬁquﬁ’&wﬂts "g" and
"s" appear t he, Qut put term nal (OUT D-FF 54 for output. I n
t he second @Jty dét & W?W@ﬁ?ﬁg’?gg% ich is constructed so as to be
identical tg the firsi .du t l pation,cir et f such constructi on,
RS- FF 8 and& OoR g%%gldtg %?@?E@tgﬁg}?%h‘@aﬂ‘g‘(ﬁﬁgﬁsmg e Qoutput is inputted
into the delay I|i | . ' 'QF ﬁh@l{l A

t hrough OR gate 9 %%}%nﬂeiﬁ%@%néﬁ Eﬁ?p%@'?é%tﬁlﬁé %&%ﬁgﬁ:tﬁgg%r rmna {n&él AND
gate 52. in th A i hkg?l&u 1 Lde ph rrHEfo ti

Coi nci dencefncfrepttﬁntt _ %?‘%g?)“?ps&tt e (:l |nc!E ence ou’ﬁéﬁt 0 ’:ﬁfti}??/ggo‘a%sgf t he
duty deter mghgtd ghb ExtoriH) trigher Signh)GBldoRfbs! diirng Homb&sRbmbRE OF 56% datp!

RS-FF 8 pre-positioned therein, and is inputted into the clock I nput

t erm nal of pédifién, whith iséetindfeed BY SET-BENt i oned AND gate 52 and OR gate
53. The RS-FF 8 constitutes a width formng circuit 5 along with the OR

gate and D-FF 54. As the externalltriggeRSignial &3 Eméd;-INFFQn (He/ Jining fgeferhfibni S
set by a short pul se SET- A2 ((7) in FIG17) generated in synchroni zation
wi t h t he i ntieeuiBOL igyrewbrsé®| whexeby the external trigger period signal TRIG-STOPA is
changed to H, and the TRIG-STOPB is changed to L. Therefore, AND gates 335, 336
(SET-B1, SET-B2) belonging to the "B" system D-FF 832 are prohibited, and instead
thereof, AND gafes 333, 834 (SET-Al, SET-A2) belonging to the "A" system D-FF
331 are made active.

At this moment, any one of SET-A1 and SET-A2 is generated in response to
whether the actuating ciicuit change signal BLOCK-SEL is H or L. In this example, |
as shown at (15) and (17) in FIG.15, SET-A2 is firstly generated ("d3", "f3" in
FIG.15).

RS-FF 8 is set (point "d3" in FIG.I?) upon receiving this SET-A2 ((7) in
FIG.17). The Q output ((17) in FIG.17) of RS-FF 8 is inputted into the delay line
oscillator 41 at the duty determination circuit 4A side through OR gate 9 to cause
the oscillator 41 to oscillate, while it is inputted into AND gate 52. Furthermore, the
Q output of RS-FF 8 is added to the clear terminal CL of the 4A side counter 47
through OR gate 9 to cause it to be cleared to commence counting the number of |
cycles of oscillation.

It is noted that, since measurement of one cycle T is always carried 6ut, the

result of calculation equivalent to duty 50% in the operation. circuit 49 is already



- 75- Qof the JK-FF in the timng generation circuit 302 is H that is,
in a case where the "A2" side is the oscillation reference period, and is
reset by the abeove-nentioned coincidence output SA2 ((19) in FIG 17) (See
(17) in FIG 17). Therefore, two coincidence outputs SA2 are
generated by the pulses Pl, P2 generat ed_élé_the output termnal Q of RS-FF
8 (RS-A2-Q (17) in FIG 17) at the second cycle t2 and third cycle t3 in
FI G 17. Accinpyttedligto the eoincidemdecineuit 68yt put s SA2 pass through AND gate 52
(AND- A2; (20) in FIG 17) and becones a_clock input of D-FF 54 for output
through OR gate 5At thememept feintc'edbin Fid Tpwhenthe gountalug afthe cgunter
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pre-positione and pr ositioned OR gate are construct

to the abovg- {d donfa- ad AND-AR inFIGE 1 PRV hi din
the first dutdgmt}e‘{egﬁn&?\%?iﬂg%ﬂgisrcui ta%(ié, the Q g&tﬁj;lut rg??/?hi ch |sﬁ§in‘r%gﬁtted
into the dglideh ibigeRera$éd fromt ANDAsate b2 twltclil ubss thed pulse P8} échiciddrcs butpuiB
through OR gate 7 (OR-Bl), and is inputted into one input term nal of AND
gate 51. SA2 and eAtarnabiriigey peridiesignil TRIGSSTORA althyee-inputs| amdbecomes a

cai ncidence circuit 50, that 1is, the coincidence output SBl1 of duty 50%is
i nput t ed i ntlock fnput of BFF 64 thromigh QR gate 53.

Since D-FF 54 is preset by SET-A2 every time, if a short pulse AND-A2

((20) in FIG.17) corresponding to the above-mentioned output SA2 is added to D-FF
54 as a clock input, the Q output of D-FF 54 is reversed (fallen) every time and
appears in the output terminal OUT as pulse P9'.

On the other hand, since the Q output of the B2 side RS-FF 8 still remains
risen up by the last SET-B2 ("d2'_' in FIG.18) in the tenth cycle t10 at the moment
when the above-mentioned trigger G arrives, the 50% duty position is still being
measured until the B2 side RS-FF 8 is feset.

Accordingly, without any device, a coincidence output SB2 (point "w" in
FIG.18) appears at the 50% duty position counted from SET-B2 ("d2" in FIG.18),
which causes the output to be fallen. That is, the output OUT will be fallen at the
position where it is not synchronized with a new trigger G3, and but with the last
trigger G2. .

Therefore, TRIG-STOPA is added to AND gate 52, whereby the
corresponding AND gate is prohibited so that, when operation is performed at "A"

side, a coincidence output SB2 generated at "B" side does not influence the output



RS-FF 6 positioned before the circuit 50, and is inputted into the clock

i nput termnal CK of D-FF 54 through the above-nentioned AND gate 51 and
OR gate 53. The D-FF 54 and RS-FF 6 constitute a part of the width form ng
circuit 5. : - 76-

This RS-FF 6 (RS-FF-B1-Q (22) in FIG 18).4%.set by a short pulse SET-B1
((21) in FIG 18) generated in synchronization with the internal trigger
signal TRIG B when the Q of JK-FF in the timng generation circuit 302 is
L, that is, in a case where the "Bl1" side is the oscillation reference
peri od and gide.; oset by the above-nentioned coincidence output SB1 ((24) in
FIG 18) (See (2 in FIG 18). erefore,. the coincj qut put
SB1 passes throu rAﬁE Spme refisop,fhe °’¢Bﬁ‘3‘;{£}§3ﬁe’i‘ Rexio s‘gi‘gfllﬁéb' 1»7 P8
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Ul sos Py SRR ech it 3R Hod ANYHT AL 10 noped that, allHEER. 2.7,
in FIG 18 h D] B1,;
1112, gtk G TSNP S o 4
termnal (Qylle @&f whﬁgﬁﬁg@%ﬂ%@ﬁrﬁsptﬁis is also elimindted bf the &%+ S8R ﬂﬂlbg%%f are

pre-positioned Int S uty determnation circuit 4B, conp y in
the same way2agd dbek A6t inffusheetheYbufiiter M nation circuit 3B of such
construction. The Q output of OR gate 9 is inputted into the delay |ine

oscillator 41 of @ie dudl sidelelsventhidyclert1dits dAi sidetvélftheygs tCR gate 9
(OR-B2), and is

If SET-A2 ((7) in FIG.17) arrives again (point "f3" in FIG.17), RS-FF 8 is set.
The Q output ((17) in FIG.17) of RS-FF 8 is added to the 4A side delay line oscillator
41 through OR gate 9 to cause the oscillator 41 to oscillate, and is added to the
counter 47 to clear it, causing the counting of the number of cycles of oscillation to
commence, while Q output is inputted into AND gate 52.
" As the count value of the counter 47 becomes coincident with the output
value (1/2 value of length of one cycle T) of the above-mentioned operation circuit 49
(point "g8" in FIG.17), and a coincidence output SA2 is generated again from the
~ coincidence output 50. |
The Q output ((17) in FIG.17) of RS-FF 8 is fallen at the point of time when
this coincidence output SA2 is generated and becomes an input of AND gate 52 in a
form of pulse P10. Therefore, a coincidence output SA2 (AND-AZ2; (20) in FIG.17) is
outputted from AND gate 52 which uses this pulse P10, coincidence output SA2 and
‘external trigger period signal TRIG-STOPA as three inputs, and becomes a clock
input of D-FF 54 through OR gate 58. _
_ Since the D-FF 54 is preset by SET-A2 every time, if a short pulse AND-A2
((20) in FIG.17) corresponding to the above-mentioned coincidence output SA2 is
added to D-FF 54 as a clock input, the Q output of D-FF 54 is reversed at that time -
and appears in the output terminal QUT as pulse P10’



inputted into one input terninal of the AND gate 52. Accordi ngly,
t he out put .of the above-nentioned coincidence circuit 50, that is, the

coi nci dence output of duty 50%of the duty determination circuit 4B is
inputted into the reset termnal R of RS-FF 8 pre-positioned before the
circuit 4B, and is inputted into the clagk_input termnal CK of D FF 54

t hrough the above- nentioned AND gate 52 “and OR gate 53. The RS-FF 8
constitutes the vﬁncﬁwmmermth@oumutnw pg' mtbmgh%etmentmedwgmt@ubss BAY D-FF
54, This RS-FF 8 (RS-FF-B2-Q. (27) in FIGl% set by short
pul se SET- BB10 1*(%2’6}‘&1 \nh!:hequ W&e@&n}w@pﬁmf&e a%ttSSFSFerqm o2"

Igghg; 2? : Ohr{ggl?ﬁ,}?)l gglge pegxtﬂ;@ ehg[() q 18 &'ﬂfeg%y aco‘%rlfc-l ence guépr{l% Sb2 oxgt "ed"
A SR %%ﬁ‘&?%aé” R G 15) (See
(acturately, A B8 fplggeisip t"sﬁtfogc%* R BRI iy UhrB0E el

2o 16) ar e ey WA bah B AR o3 SpuPipok il EXFCIC iy i the bimo
(AN Bo; (B Egék%éﬁ"%%eﬁ“%‘gﬁé% HERRReTT Cuan A gete 52

t hrough O? gate ﬁﬁrthlé\ﬂﬁ&%blihé’%lbﬁ@eﬁnio ﬂl;lom{,:’d3 ou?ﬁitcﬁul@é P10 3£ Hi%lﬂal/ cfelt - B2

generated at points "d2 18 are fallen by t
coi nci dencegigdalPwhichB3 ris%ﬁﬁiﬁ ﬂi @déhromzatlon with the external trigger 31gna1 EXT-

TRIG and has the same cycle T as that of the external input clock, that is, the input
clock signal EXT-CK. Resultantly, the pulse P10’ is such a signal which is the input
clock signal EXT-CK completely synchronized with the external trigger signal
EXT-TRIG. Furthermore, the wave form thereof is of duty 50%.
(iii) 3A side twelfth cycle t12 to 3A side thirteenth cycle t13

With respect to the above-mentioned 4A side operation, the same operation
is performed at the 3A side (the first duty determination circuif 8A side of the "A"
system) with two cycles delayed. That is, measurement of one cycle is carried out by
oscillation, counting, calculation and coincidence operation, and, when SET-A1 ((6)
in FIG.17) is generated at the twelfth cycle t12, RS-FF 6 is set (point "k3" in
FIG.17).

The Q output ((10) in FIG.17) of RS-FF 6 is added to the 3A side delay line
oscillator 41 through OR gate 7 to cause the oscillator to oscillate, and is added to
the clear terminal CL of the 8A side counter 47 to cause the counting to be
commenced, while the Q output inputted into AND gate 51. |

At the moment (point "¢3" in FIG.17) when the count value of the counter
47 is progressively increased and becomes coincident with the value (1/2 value of

length of one cycle T) outputted by the above-mentioned operation circuit 49, a



out put AND-B2; (30) in FIG 18) generated at points "e2", "g2" in FIG 18
appear at the output termnal (OUT) of D FF 54 for.output.

However, pulse P5 which is continued fromthe preceding pulse P1' is
accordingly nade longer in FIG 18. (7) Wdth formng circuit 5

The width formng circuit 5 has a presettadbe D-FF 54, wherein the QN
terminal of it is directly connected to the D termnal of it. Furthernore,
signals SET-Al, SET-A2, SET-Bl, SET-B2 are inputted into the preset input

ter i nal - PRoohiaNbUb A Pisfinofitid Rofib sARRIBIN GRfichglence output s

SAl, SA2, Sgil, I nput't Into the clock termnal CK of D-FF 54

through OR gate S5&hjg coincide WEHAL Rlinphtted itd thé el HthutteAmidal R &ff OM
coi nci dence out put tsecro#ilc?]alngeég%l’ SA2, ggg, SB2 of the ?&n(r:t?de#(?eﬁcﬁcuit

50 of the r ®RSPEF6iand caiibas the AiEflep e 188atCThérefdrs, atdhe fdint oftimé RHed tRI3 gat e
53 in order to prohibit coincidence outputs ul, u2, u3,.. (FIG 17 and

FI G 18) dur icoigicidercenmaput SAR b generated, dhd Q optpust((i9) ANFIGI17) lof RI-BRi@i4 S
comi ng from RS- FF 6, 8. Furthernore, in a case where an external
trigger si gfallent20d hedebrbes animpetrof ABHD igateFd Kn d fyymeoofipuleePIlnmedi atel y after
the Q output of RS-FF 6 or RS-FF 8 is risen

-78- up, that i sTherefore, aroingilenceautputiSijkis penepai¢d apontpmt ANR-AL (@9) ivef or e
coi nci dence __outputs SAl, SA2, SB1, SBl which reset RS-FF 6 or RS-FF 8, are
gener at ed, HE-17 fenm AN gatedehwhich usea thismmlse P11y coingidence awdput AL and
generated before a coi nci dence out pu poi nt "e3"

rrect in FIG 18
counted fr Omngq-,gmpﬁgt@ ﬁgpe grm%@pﬁ egomes a c&ocﬁ( input of D-FF 54 through E)R
gate 563. However, accurately, the output AND-A1 is a short pulse generated at the

front edge of the coincidence output SA1.

Since the D-FF 54 is preset b-y SET-Al every time, if a short pulse AND-A1
{(14) in FIG.17) corresponding to the above-mentioned coincidence output SA1 is
added to D-FF 54 as a clock input, the @ 6utput of D-FF 54 is fallen at that time and
appears in the output terminal OQUT as pulse P11".

It is noted that coincidence pulses SAl1 and SA2 (u'l, u2 in FIG.17)
generated in the ninth cycle t9, eleventh cycle t11, etc. are generated while the Q
output of RS-FF 8, 8 are fallen down to L. Therefore, no output appears in AND
gates b1, 52 and then the D-FF 54 is not changed over. Accordingly, the influences of
coincidence pulses ul, u2 generated while the Al side or A2 side is in the
measurement period are eliminated by AND gate 51, 52, and the influences do not
appear in the output OUT side.

@iv) 3A side thirteenth cycle t13 to 3A side fourteenth cycle t14

Continuously, since SET-A1 ((6) in FIG.17) arrives again in the thirteenth
cycle t13 (point "r3" in FI1G.17), RS-FF 6 is set. And when the count value of the
counter 47 becomes coincident with the outﬁut value (1/2 value of length of one
cycle) of the operation circuit 49 (point *s3" in FIG.17), a coincidence output SA1 is

generated again from the coincidences circuit 50.



EXT-TRIG i s generated, causing the Q output of D-FF 54 to be fallen. In
order to avoid this inconveni ence, an external trigger period signal

TRIG STOPA is added to the input of the A system AND gates 51, 52, and
anot her external trigger period signal TRIGSTOPB is added to the B system
AND gates 51, 52. (8) Oper ati on -g96- () Qutline As
shown as operation cycles C1,C2 in FIG 17 and FIG 18, the first duty

determ nation circuit 3 and second duty determination circuit 4 which

constitute each,of the pves ment.i oned .seLs, d | t at elyy ;operate
with two cycles oft® %Wﬁpfﬁtﬁ‘%m&@%?&%wft%ﬂﬁ Aﬁ@’v&h ieh J8cess

is not carried out in,ti MW th,r.espec ri 1470 f r nal
trigger si g}ﬂfﬂ‘%%t%tﬁ%’ﬁ“ mﬁ?%@éé%aﬁfkghggﬁ’?{d‘ ra#éiiag% tglr’lgg%l tc,y(ﬁ%(f}f
exanple, t LA side e [ t ' ' ol t her
et g si dB that of il extieliy RIRKIRK ey, EApRELILN, fithsl ERTICKAR Y 1)
aut omat i cal . I T ' I | G
rrives, | obtainkd FAROAMES, RN Tl (R 4 mOdMAPE; aF W08 B &)
det er m nat iggy 50%ithduté4irhandl es every four cycles (4T) of input clock
si gnal s EXT- as one repeating unit (operation cycle Cl), and measures
the length T1 of Thaectishs Snd éfectd sfhistsinélonization aaddauty medifiealiordéan hgput
clock signal EXT-CK in the front half one cycle (t1) of them _
Accor di ngl whtaifiedih & base wheretthe duteefsthe dnmuticlock 'CK flattuatdd innths yigimisy of on of
duty 509 of 1/2 of the length of one cycle T is cal cul ated beforehand. In
the subsedi@®tor| miorer Thedeforehithis cipadit i§ t ®markdbliyoeffedtiveyas ear( texjernahe
delay line oscillator _

synchronizing circuit accompanying a shaping of digital wave forms, and it is

-

possible to extend the operatable area of semiconductor active elements to a
remarkably high frequency.

In the example shown in FIG.17, since the fourth external trigger G4 is
inputted the moment the coincidence output SAl is generated, Pi2' will be of a
length continued to the last pulse. |

As in the above description, with respect to the fourteenth cycle t14 and
subsequent cycles, an output pulse is risen up from the position in synchronization
with eﬁery input of the external trigger signal EXT-TRIG whenever the signal is
inputted, and is fallen at the point of time when just the half position of one cycle of
the input clock signal EXT-CK comes. Resultantly, the input clock signal EXT-CK is
synchronized with the external trigger signal EXT-TRIG.

¢)) Other preferred embodiments

Although a presettable D-FF 54 is used for alwidth forming circuit 5 in the
above-mentioned preferred embodiments, as shown in FIG.20, it is possible to
secure an required output ((33) IN FIG.18) by taking out an Q output of RS-FF 6, 8
positioned before each of the above-mentioned duty determination circuits 3A, 44,
8B, 4B by this OR gate 56 with an output OR gate 56 employed instead of D-FF 54.



-79- 41 is caused to oscillate fromthe point of tine (points "d", "f" in
FIG 17) when a signal SET-A2 synchronized with the respective internal
trigger signals TRRG A are generated, and the length T5 secured until the
result of neasurenent becomes coincident with the above-nenti oned
calculation value, that is, till it reaches the timng position of duty
50% i s neasured, wherein at the point of “®7fe when the result becones
coincident with the cal cul ation val ue, a coincidence output SA2 (points
"e", "g" in FIG1 i-ngi i e & i I 1O« i .

out put t ed. ﬁth‘f‘ﬁ%{ giébsgﬁ(ﬂ%%&} ?étsl-{é‘ %f@%%‘?%‘%& i on %??'gﬁt?fi{s‘“%‘}f Bas an
operation c ] . ' | : P

determ nati %I%h??ﬁlﬁ? ?f“ggdﬁﬂﬁ‘% &I}’ss‘ﬁ!(:ﬁt éetl}'hg E’Eﬁ"&%&mfﬁg{)@r%&ﬁ%ﬁég#%P?%su(f't -4
handl es evegyisR4s, RY.FFe1-Gf (O3, P4 th,optz),sasw-@%ﬂ P2 PYPIG)! RSIFF-tO 16
in FIG 10 as one repeating uni't (operation cycle ), measures the |length
(target nmeapyg MtPtl)?RS(FD-Bﬂ% @5,9@ iff F1G81 Péand PIQ118%re GKerslydsyaithdaighaCK

in the front half first cycle (t3) of them and cal cul ates the val ue

(tim ng poshhd @ clidractiizid 50 Watothe 1§ dufifutloftbéde preqiositioned Yiip Gopy 6,8sardg t he
result of nmeasurement. The delay line oscillator 41 is caused to oscillate
from t he potaltencduttasonigyisiastlkey are, Ah mdvamiagé bfanuch)a construetion Brinlth&FheAl
synchroni zed with the reSpective internal trigger signal TRRGA in the
subsequent tizeuibcorfiguirationistfurtbyr simplified thanitiatishownyin FEG(105) . By
counting the nunber of cycles of oscillation, the first duty determnation
circuit 3A measur Byrihesmprs, glthough do dhe above preferrad emhodimenis weves formsent

becones coincident with the above-nentjioned cal cul ated value, that is,
till it rea©XdtA.iGEFB is wredgn waye fosmsaf UE‘P@ opgoyaie AR B Gl gBaldence

pos L on of ToRI-G RGN oG e i ontk e e CRERT CRIH Sl hsed 1 rave

forms which two cycles shown in FIG.19(b) are made one unit.

The summary of the above-mentioned contents of this invention are as
follows:

(A) In order to achieve an objeét to provide a wave form shaping circuit
by which wave forms are shaped to those of duty 50% regardless of whether or not
the input signal is of duty 50%, the wave form shaping circuit comprises of a duty
determination circuit for determining and indicating the timing position of duty 50%
of a clock signal to be outputted, upon receiving a timing signal formed by a timing
generation circuit 2, wherein the duty determination circuit is composed of a cycle
measﬁrement circuit 10 for measuring the length of one cycle in the first cycle which |
comes with every interval of integral number times of one cycle T of input clock
signal EXT-CK, a operation circuit 19 for calculating the length of one half of one
cycle based on the value thereof, an actual.measurement circuit 20 for executing
measurement of the length in each of the second cycles in the above-mentioned
interval, and a coincidence circuit 28 for outputting a coincidence output, as a timing '

position of the above-mentioned duty 50%, when the corresponding measured value



secured. (b) "A" side operation (after trigger Gl)

(i) 4A side first cycle t1 Wth the exanple shown in FIG 17,
the first external trigger signal GL conmes in the first cycle t1 of the
i nput cl ock signal EXT-CK

- 80- Prior to this, a timng si | WC-A2/B2 ((16) in FIG 17) is
I nputted into the delay line oscillator 41 of the duty determ nation
circuits 4A, 4B through OR gate 9 at point "a" in FIG 10 to cause the

respective gelges! édﬁ%ci@e%@%g@t ﬁ]ez abdvd-MeRBghdl cARfidte P Valth, Whkels cldaRut t ed

into the clear termna counter 47, the rise-up of which causes

the count er gighalsth b B pulssWidtR chitBspoul toOfheCabovE-medtionsd iduty250%are The
oscillation of the delay |ine oscillator 41 is continued at |east until a

ri se-up of piddaced @k otputied ofidhe basis vEh sighdl synchfofiited with the front edgf
oscillation of the 4A side delay line oscillator 41 ("A" system second

duty det er ninpaiticlok sighal EXTYCK sinddthe tisnihg position ddtertiined/fndd/dRatedinf thiel en,

that is, the actual neasurenent period T3 ends (that is, point "c" in

FI G 17). | nabéve-mentiovddnduty dgterinéndtiomgitcuited@ee #€rk). peri od T1 of

1/ 2CK- A2/ B2 arriving at the end thereof (point "b" in FIG 17) and 1/2

CK- A2/ B2 being faen, hherdeattorachieve snothes ohijent dhawovide aractual, exteenal

(length of one cycle T ='T1) of the counter 47. i _Herein, the

operation cPyrRahr¢nizingamethod.asing a simplecanstryetion, by svhiel an éaputiclock signel isf

| ength of one. cycle T (that is, the tim %o,si tion, o{ duty 50% .upon

receiving t REpchzenzed withemextemnakingger sigpaland ippuh,tigital signals san be ghaped

cal cul ati o gr\]n(rjave form of duty §0%, a number of internal trigger signals INT-TRIG which
are synchronized with the external trigger signals EXT-TRIG are produced at a
‘cycle T of input clock signals until the next external trigger signal EXT-TRIG comes,
these internal trigger signals are shared to the first duty determination circuit 8 and
the second duty determination circﬁit 4 with the timing thereof shifted (SET-A1,
SET-A2), the timing positions corresponding to duty 50% of cycles of the input clock
signals are alternately measured from the position of the internal trigger signals,
output pulses are risen up at the positions of the internal trigger signals SET-A1,
SET-A2 and output pulses are fallen at the timing positions SA1, SA2 corresponding
to the above-mentioned measured duty 50% (See FIG.7).

- © In order to achieve én object to provide an actual frequency
multiplying circuit, having a simple construction, which is able to output signals
after they are shaped to duty 50%, a duty determination circuit for determining and
instructing the timing position of duty 50% of clock signals to be outputted, upon -
receiving a timing signals formed by a timing generation circuit 302, is provided,
wherein the length of one cycle is measured in the first cycle arriving at every
interval of integral number times of one cycle T of an input clock signal EXT-CK,
values corresponding to the positions of duty 25%, 50%, 75% are calculated on the

basis thereof, measurement of the length is executed in each of the second cycles in



inputs the result into one input termnals Bl to Bn of the coincidence
circuit 50. (i) A4 side second cycle t2 As the second
cycle t2 starts, RS-FF 8 is set by arrival of SET-A2 ((7) in FIG 17)
(point "d" in FIG17). The Qoutput ((17) in FIG 17) of RS-FF 8 is inputted
into AND gate 52, and is added to the delay line oscillator 41 at the duty
determ nation circuit 4A side through ORFate 9 to cause the delay |ine
oscillator 41 to oscillate. Furthernore, the Q output of RS— FF 8 i s added

to the clear termnal CL of the 4A side counter 47 throu ate 9 to
cause the ctheagb wemntmnedonbmis.emmﬂenwmmt@ tor lbiSBXhe
nunmber of cycles of oscillation is comencge The out put of the
counter 47 $E3arpentpatied mhsnem tb@ ﬁ@mmﬁd&net laeaﬁ%# valnp bpepmen coisrcidens

coi nci dence ¢i rt&gl 50, and t nt val ue of _th f(oun r 47 i s
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RS-FF 8 is fallen and becones an input of AND gate 52 in a form of pul se
P1. A coincidence output SA2 is generated as pulse AND-AS ((20) in FIG 17)
havi ng narrow wdth, only in the width of pulse P1, from AND gate 52 which
uses this pulse P1, coincidence output SA2 and external trigger period
signal TRI G STOPA as three inputs, and becones a clock input of D FF 54

t hrough OR gate 53.




Since the D-FF 54 which is the output side flip flop is preset every ti
by SET-Al, SET-A2, or SET-Bl1l, SET-B2, when a short pulse AND-A2 ((20) i
FI G 17) corresponding to the above-nenti oned coi nci dence output SA2 is
added to D-FF 54 as a clock input, the Q output of DDFF 54 is reversed
(fallen) every tinme, and appears at.the %l[;h@yt termnal OUT as pul se P1'.
(i) 4A side third cycle t3 I nuously, as the third cycle t3
starts, since SET-A2 arrives again ((7) in FIG 17) (point "f" in FIG 17),
RS-FF 8 is set. The Qoutput ((17) in FIG17) of RS-FF 8 is added to the
4A side delay line oscillator 41 through OR gate 9 to cause the oscillator
41 to osci lyWRh€is led i¢dded to the counter 47 to clear it, causing the
counting of the nunber of cycles of oscillation to commence, while the Q
output is inputted into AND gate 52. As the count value of the counter 47
beconmes coincident wth the output value (value of 1/2 of length of one
cycle T) of the ahove-nenti oedigitabeavd shaping cicanit cohtprigig:nt "g" in

FI G 17), a coincidence output SA2 is again generated fromthe coincidence
circuit 50. a timing generation circuit for generating a required timing signal §pm an

The Q output ((17) in FIG17) of RS-FF 8 is fallen when this coincidence
out put SA2 inputjeloel gigeal; and becones an input of the AND gate 52 in a form
of pulse P2. Therefore, "a coi nci dence output SA2 ( AND- AZ@Q@Z) %i]n Fl G 9)

i s outputted, onlg duty deteamination ejrcuit, forcdebermining And ingiry PEHNgses

TRI G STOPA pasition ebaniys60% of 8 elbok HEBAEL 5P GR@TKSHPERR SHoorsinte the Bpipg o
OR gate 53. Si D-FF 54 i t. by, SEI- f o

Shor't pul SeSiERE) Renergiedyy $hp pring)EeBaltEa Hrrth Jogh o conptnel Ea Yfcy”
ol ncl denc&{ég& L;}qeﬁ@%ié@iw goggtgefﬁ%u}'igg 'a'nl,: ﬁanﬁﬁl &Ford c%lg% th@ﬁi’httcy(‘,’l@ﬁfﬁ\migt he Q

out put of

ne
n

at every interval of integral number times of one cycle of the input clock signal, an
operation circuit for calenlating the length of one haif of one cycle on the basis of the
value thereof, an actual measurement circuit for executing measuremenf of the
length in each cycle of input clock signals, and a coincidence circuit for outputting a
coincidence output as said timing position of duty 50% when the corresponding
measured value becomes coincident with said calculated value; and

a width forming circuit for generating and outputting a clock signal having
a pulse width corresponding to said dufy 50% on the basis of a signal synchronized
with the front edge of the input clock signal EXT-CK and the timing position
determined and instructed by said duty determination circuit.

2. A digital wave shaping circuit comprising:
a timing generation circuit for generating, from input clock signals,
required timing signals including a signal for instructing the target measurement
. period to be measured as length of one cycle of the input clock signals with an
interval which is integral number times one cycle of the input clock signal, a signal

for instructing an actual measurement period for sustaining a measurement

* c L M S *




that tinme, and appears in the output termnal OUT as pul se P2'.

The above-nenti oned out put pulses P1l', P2' are risen up in synchronization
with the external trigger signal EXT-TRIG and are a digital clock signals
having the sane cycle T as that of the -external input cl ock that is, the
I nput cl ock signal EXT-CK Resultantly, -1B¢-pul ses P1' conpose a
signal which is the input clock si L EXT;CK ¢ onﬂ.ﬁg synchroni.zed with
the ext er nAPexatioguier $he)kangetirpasyiete panipdic pigpal for ki%l{&\%mf 8 4lon ¢
duty 50% 3A si.de clest 3. ect to
t he” oper at ,rgfﬁar(g}cetpﬁ 045%@‘*&@&8 fromthe /—‘\Iffmé; eﬁge Oﬁmu?gﬁ%loc%gg?vélﬁngrr?lﬂ
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added to they afahgﬁg'the%cafafi dethfimdhk (ericdport Hobiviify £ guiaRoF Be Gétughi t SA

t hrough OR g 0 cause e oscl I on of the delay I ne oscillator 41

to comenc em&{]h% rémeht Ip@ﬁb&’ prodiiidd! i 8RKIQiming goeratier cifcaitidabuiler fof the
counter 47 e rise-up of which causes the counter 47 to begln counting
E 29 nunbereoahtifiy %@ﬁuﬂﬁeﬂﬁ‘é&élb@éﬂo@ﬂllatmn of the corrésp)ondmg%lay Kikee dsoillatdr, _(It_ K cle
e
osci | | ati onardf atlagh3ircuitdfer tatching! the erabmecof thet mreﬁiiondmg mimlnu scheatsaidast
until a rise-up of the clock of the fourth cycle t4 is conpleted.
target measurement period ends;

an operation circuit for calculating the half value of the count value latched
in said cycle measurement circuit by using the count valuei

an actual measurement circuit having a delay line oscillator for oscillating
only during the respective oscillation reference periods upon receiving a signal of
said oscillation reference period, and a counter for counting the number of cycles of
oscillation of the corresponding delay line oscillator;

a coincidence circuit for comparing the output value of the counter of said
actual measurement circuit with the calculated value of said operation circuit and
for generating a coincidence output when they become coincident with each othef;
and |

a width forming ecircuit for forming and outputting a clock signal having a
pulse width corresponding to said duty 50% on the basis of the timing position

instructed by the coincidence output of said coincidence circuit.

8. A digital wave shaping circuit comprising:
a timing generation circuit for generating required timing signals from an
input clock signal of a fixed cycle;

a first and a second duty determination circuits for determining and

I ———

O



The oscillation of the 3A side delay line oscillator 41 is termnated by a
fall of WC-A1l/Bl produced before a clock of the fifth cycle t5 is risen
up, that is, the actual neasurenent period T3 slightly el apsed from one
cycle T of the input clock CK ends (point "j" in FIG 17). In the
meantine, by the target neasurenent pericedogk of 1/2CK-Al/Bl having a

| ength just equivalent to one cycle T of the input clock CK arriving at its
end and 1/2CK-Al/Bl inputted into the clock input termnal CK of the |atch

circuit 4 ' | hing SifRitich! T iuty 50% éf 4 Bloblabigheltd Beowputiod vapore
(I ength of §%%gﬁé§§g§% = élﬂ})ﬁltg?the %,:ounter 47. el H?rpei n, ﬁ\e Al

si de oper atrbé&viﬁﬁrsﬁid tim#y §ighal whichsopehetewith at ldastrong cyaoeverlapped iwithut y
5099 of 1/2 of the count value of the I ength of one cycle T upon receiving
the out put £id with twatgdlesalified froiSachotlmrt s the result of cal cul ation and
input it into one input termnals Bl to Bn of the coi.ncidence circuit 50.
As the fourth cyoklsertih suidafitst anRSecemdaluty determination ¢ircnitsdravgmmelay lines) i n
FIG 17) (point "k" in FIG 17). The Q output ((10) in FIG 17) of RS-FF 6 is
added to tdseillafors acounterfor coumbingsthie numbser oficycles of gecillationan gperatiomuse
the oscillator 41 to oscillate and is added tgQ the clear termnal, C., of -
the 3A si decirovibfor caladlatipg the balf value of she cayntad valpes m PRI whi | e
Q output is i_r(lzﬁutted into AND gate 51, . The out put .of 3A ‘ii de

count er 47 Whichriaes antpythelotheneormspending operation,circyits as goe igpuk, apd uspg,

coi nci dence ci rcu'qt@gio, and the count value of the counter 47 is

pr ogr essi ve‘P‘&tPPﬁQér eqpntenas PP count val ue becones coi ncident with

e (o e oS P F Ak ol B BSGORU WErlo by
U P o R Bl o R 8 PG5 S i mumbe of o
oscillation by the counter in the first cycle arriving at every interval of integral
number times of one cycle -of the input clock signal, executes measurement of the
length from the front edge of each cycle by causing the delay line oscillator to
oscillate and counting the number of cycles of oscillation by the counter in each of
the second cycles in said intervals, and outputs a coincidence output from the
coincidence circuit as a timing position of duty 50% when the corresponding
measured value becomes coincident with said calculated value,
said second duty determinatioh circuit operates with at least one cycle
" overlapped with and two cycles shifted from said first duty determination circuit and
outputs a coincidence output as said timing position of duty 50%, and
a width forming circuit for generating and outputting a clock signal having
a pulse width corresponding to said duty 50% on the basis of the coincidence output

coming from said first and second duty determination circuits and signals

synchronized with the front edge of the input clock signals.

4. The digital wave shaping circuit according to claim 3,

wherein said width forming circuit includes a flip flop positioned before each of said
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- 84- RS-FF 6 and causes the flip flop to be reset. Therefore, at the
point of tinme when this coincidence output SAL is generated, the Q out put
((10) in FIG17) of RS-FF 6 is fallen, and beconmes an input of AND gate 51
in a formof pulse P3. Therefore, a coincidence output SAl is
generated as output AND-Al ((14) in FIG 17) from AND gate 51 whi ch uses
this pul se P3, coincidence output SAl and-1l G STOPA as three inputs and
beconmes a clock input of DFF 54 through OR gate 53. Accurately, the

030! e b e B B 40 B o,
. Mo Gk A s o 9 0 O

i nput, the : ' i3 Roind{Me ' ;

term nal w@%&gﬂ%g"ﬁ%ﬁe ﬁﬁ) ﬂ&pﬁﬁ%%lai'sl not g%ogﬁg?ﬁaﬂﬁlccggﬁﬁg%cgl élltdence
pul se SAl (gfithelrBsgakive flip HPRT H ORgatehe third cycle t3 is generated
while the Q output of RS-FF'6 is Tallen down to L, no output appears in
the AND gate 51, and D-FF 54 is not changed. Therefore, the influence of

t he coi nci dence pul se ul generated when the 3A side is in the nmeasurenent
period is elimnaged by AND ghdigital wawh shaping eircuib tomprisiagcones out at the
out put OUT si de. S (i) 3A side fifth cycle t5

Subsequent |y, as ahtiming tgenesation tivcuit dbot sgenerrating, SEomAinputolocin sign@als,7)
arrives again (point "r" in FIG 17), RS-FF 6 is set. The Q output ((10) in
FIG 17) of required timing signals including a signal for instructing the target measurement

period to be measured as length of the one cycle of the input clock signal with an
interval which is integral number times one cycle of the input clock signal, and a
signal for instructing an actual measurement period to sustain a measurement
operation slightly longer than the target measurement period;

a first and a second duty determination circuits for determining and
instructing a timing position of duty 50% of a clock signal to be outputted, upon
receiving said timing signal, each of which is constructed to have a delay line.
oscillator, a counter for counting the number of cycles of the oscillation, an operation
circuit for calculatixig the half value of the counted value and a coincidénce circuit
which uses output of the correspondirig operation circuit as one input and uses
output of said counter as the other inpuf, and which operate with at least one cycle
overlappéd with and with two cycles shifted from each other;

a first flip flop positioned before said first dixty determination circuit, which
is set every time in synchronization with the front edge of one cycle of input clock
signal and is reset by said coincidence output in the oscillation reference period
between said target measurement period and the next target measurement period;

a second flip flop positioned before said second dui;y determination circuit,
which is set every time in synchronization with the front edge of one cycle of input

clock signal and is reset by said coincidence output in the oscillation reference period
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RS-FF 6 is added to the Al side delay line oscillator 41 through OR gate 7
to cause the oscillator to oscillate and is added to the counter 47 to
clear it, causing counting of the nunber of cycles of oscillation to
commence, while the Q output beconmes an input of AND gate 51. As
the count value of the counter 47 becomes coincident with the output
value (1/2 value of length of one cycle Tr18f-t he above- nentioned oper ation
circuit 49 (point "s" in FIG 17), a coincidence output SAl is
generated f o t he ¢cpj ncidence circuit ,50 nce, RS:FF 6 is
bethesh safdian -

reset by thf lvlteﬁi“ﬁéf geb !aeﬁsamm@e&pe q#fe"@%atnam t”(’%"lfdj‘e‘?%‘t‘fre‘ﬁ%i Ifie}‘}° f
RS- FF 6 an t Al
me Therefora o %@ﬁ"‘m%& B usobEofdBl st 018 o) aiR EfpARlor (14,

1 LG AT ity b el ﬁﬁéﬁ%@ﬁ“yﬁnﬁﬁ*’%ﬂ‘ﬁ%?s iRl

cI ock mputEfglk DFF 54 through OR gate 53. Since DFF 54 is
preset by S i every tinme, a short pulse AND-A1 ((14) in FIG 17)
corresponding to h%c&%ﬁ'gﬁ%%i&%ﬁ&nﬁ@bﬁ‘&ﬁﬁﬁ%ﬁsa@d’%ﬁdWﬂdﬁlﬁﬂfﬁg{; i e,

D-FF 54 as a cl ock input Q output of D-FF 54 is reverse

and appear for ilsfrigtisg 3410 actual Mesirefddht périint6 sdid second duty deteHitfation
digital clock signals P1%, P2', P3'", P4 ,... which are in synchronization
wi th the exiireunit)add i gger si gnal EXT-TRI G and have t he cycle T as that of
the external input clock, that is, the input clock signal EXT-CK can be
obt ai ned from t hea third OR gate for picking up an output of each of said flip flops.

6. A digital wave shaping circuit comprising:

a timing generation circuit for generating, from input clock signals,
required timing signals including a signal for instructing the target measurement -
period to be measured as length of the one cycle of the input clock signal with an
interval which is integral number times one cycle of the input cloek signal, and a
signal for instructing an actual measurement period to sustain a measurement
operation shghtly longer than the target measurement period;

a first and a second duty determination circuits for determining and
instructing a timing position of duty 50% of a clock signal to be outputted, upon
receiving said timing signal, each of which is constructed to have a delay line
oscillator, a counter for counting the number of cycles of the oscillation, an operation -
circuit for calculating the half value of the counted value and a coincidence circuit
which uses output of the corresponding operation circuit as one input and uses
output of said counter as the other input, and which operate with at least one cycle
overlapped with and with two cycles shifted form each other, _

a first flip flop positioned before said first duty determination circuit, which
is set every time in synchronization with the front edge of one cycle of input clock

signal and is reset by said coincidence output in the oscillation reference period
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Q out put of D-FF 54. Furthernore, the wave forns of themare nodified so as
to be shaped duty 50% wi thout fail. The actions and effects of this
synchroni zation and duty nodification can be obtained even though the duty
of input clock CK fluctuates in the vicinity of duty 50% or nore.
Therefore, this circuit is remarkably effewg§ve as an external

synchroni zing circuit acconpanying a shaping of digital wave forns and it
is possible to extend the operatable area of sem conductor active el enents

] g e et O A

trigger &) SI xth cyc
cycle t7 a sbébnld Mip $16 PobRiodb® Befokd sfihlgeéozld Aoty desaiifatont eﬁ%\gh

trigger signal G cones out in the sixth cycle t6 of "the input clo

si gnal EXT- @hichHdrsbbvei® tine ihbynchidhizatiboas@itiiihe erohb 8dgexéfesndadyclolof Eiflt
signal & arrives during neasurenent of the

-86- 50% delbgk sigaaldmbis eesst by e4id chbincidedes’siitput in the oscikatidrivefashe peiod
trigger signal & conmes, D-FF in the timng generation circuit 301 is
rever sed tobetwesn saitbtargétaneasurgmentiubriodgmdl the Red (BTG measurémengepdrind; L and
TRIGSTOPB to H (a state where the "B" side is selected). Therefore, AND
gates 333, 334 (SeEfirstlOR3mEte fapinmuting ainraptpet ofiseid fivst Sips flepramd BEigal forr e
prohi bited, and instead thereof, AND gates 335, 336 (SET-Bl, SET-B2)
bel ongi ng t instyuckingpsaid yactesh mepgurgment, periad date saidy Brst duty determinations
nonent, any one of SET-Bl and SET-B2 is generated in response to

circuit;

a second OR gate for inputting an output of said second flip flop and a signal
for instructing said actual measurement period into said second duty determination
circuit; and _

a third flip flop which is reset every time in synchronization with the front
edge of one cycle of said input clock signal and the status of which is changed over by
coincidence outputs of said first duty determination circuit and said second duty

determination circuit.

1. The digital wave shaping circuit according to claim 6,
wherein an AND gate which prohibité the coincidence output generated in the
actual measurement period is provided in each of paths for inputting coincidence

outputs coming from each of said duty determination circuits into the third flip flop.

8. The digital wave shaping circuit according to claim 2, 8, 4,
5, 6 or 7, wherein s_aid delay line oscillatpr is composed of an NAND gate, one input
terminal of which is used as an input terminal of the oscillator, an odd tier inverter
connected to the output terminal of the corresponding NAND gate as a delay
element, and an inverter inserted into a feedback loop returning from the output

terminal of the final step of the corresponding inverter to the other input terminal of
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whet her the actuating circuit change signal BLOCK-SEL is Hor L. In this
exanple, as shown at (20) and (21) in FIG 15, SET-B2 ("d2", "f2" in

FIG 15) is firstly generated. Upon receiving this SET-B2 ((26) in
FIG 18), RS-FF 8 of the 4B side (the second duty determ nation circuit 4B
in the "B" system) is set (point."d2" in_FIO%_18). The Q output ((27) in
FIG 18) of RS-FF 8 is inputted into AND gate 52, and is added to the del ay
line oscillator 41 at the second duty determnation circuit 4B side

through OR &id RAND @agause the oscillator 41 to oscillate. The Q
output of RS-FF 8 is added to the clear termnal CL of the 4B side counter
47 through OR gate 9 to clear the clear termnal. Therefore, the counting
of the nunber of cycles of oscillation is conmenced. It is noted that,
since the neasur&nent of one figglency nmitiplying eistudtidongirisihg: ti nmes, the
result of calculation equivalent to 50%duty in the operation circuit 49

i s al ready i nput tediming geherationi cicduile foe generating, Fom input clock Signabpunt
val ue of the counter 47 is progressively increased, and at the nonment when
the count veequiredsiwimgssigralsiniclivding nisignal fer inatrueting the targetmensurementh T
of cycle) outputted by the above-nentioned operation circuit 49 (point "e2"
in Fl G 18), pagiadolonke measwred asjergthpf the ogecyelataf @nsingnt cloek signgl witdner

circuit 50. RS'FF 8 is reset by this coi.nci dence out put SB2, and
the Q out puitgrvelywhich is integral number times one cycsle of the input clock sig% , and a

e oo Lok SR oA, ool 5% ekt 1o
having a nacgpre%\‘:ion slightly longer than the target measurement period; and

a first duty determination circuit and a second duty determination circuit
for determining and instructing a timing position of duty 50% of a clock signal to be
outputted, upon receiving said timing signal, which operate with at least one cycle
overlapped with and with two cycles shifted from each other;

wherein both duty determination circuits respectively include a delay line
oscillator, a counter for counting the number of cycles of the oscillation, an operation
circuit for calculatin_g 1/4 value, 2/4 value, and 8/4 value of the counted value, and a
coincidence circuit which uses said three results of the calculation of the
corresponding operation circuit as one input thereof, uses the output of said counter
as the other input thereof and outputs a coincidence output whenever the value of
said counter becomes coincident with said three results of calculation;

a first flip flop positioned before said first duty determination circuit, which
is set every time in synchronizatibn with the front edge of one cycle of the input clock
signal and is reset by the final one of said coincidence outputs in the 63cil1ation
reference period between said target measurement period and the next target
measuremeht period,

a second flip flop positioned before said second duty determination circuit,

which is set every time in synchronization with the front edge of one cycle of the
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width from AND gate 52 which uses this pul se P5, coincidence output SB2 and
external trigger period signal TRIG STOPB as three inputs and becones a
clock input of DFF 54 through OR gate 53. Since DFF 54 is
preset by SET-B2 every tine, if a short pulse AND-B2 ((30) in FIG 18)
correspondi ng to the above-nenti oned coi At0#dence output SB2 is - added to
D-FF 54 as a clock input, the Qoutput of DDFF 54 is reversed (carries out
a fall operation) every tine, and appears in the output term nal OUT as
pul se P5'. jhput élsclosigadl aldis résot by ¢he finabbre ofisaid doincideBoes putputs e tha xt h
cycle t6, since D-FF 54 is already preset at the position of "dl", P5
becane a sldsgiliatign whieerpa pariodbetweenssaid tangeti measuxgmen pecipd aad:the nexti t i on
of &. (i) 4B side seventh cycle t7 to 4B S|de elghth cycle t8

As SET- B2 (t(ai@@tmmsﬁr@ldlﬂ:)peaiodi ves again (poi nt in FIG17), RS-FF 8 is
set. The Q out put (27 in FIG18) of RS-FF 8 is addegl tiqthe 4B Sld deI ay
line oscillator 4alltst gatedor igpntting the ouipmtofspid fyst flin d;4 siggal
oscillate and causes the counter 47 to be l.eared,t count.i ng t he
nunber of cipetragting sgid jartusl jragasurepentopen t"b‘i?t sgid ﬁwﬁdm{%o‘fﬁ%ﬁ%‘“ ﬁﬂ‘gat e
52. Wien the count val ue of the counter 47 becones coincident with
the output C¥@e (1/2 value of length of one cycle T) of the

above- nenti oned oper ati, 0 Ci rc |t 49 [ dence
output SB2 is gentmSatond ‘33‘ h@g%&éutp&%ro&#}dzéegbﬁ@mgﬁog ﬁﬁh

poi nt of tine en thls oi nci.de o] Eggﬁ ]&.ﬂ’l t sgxﬁlﬁd tput
of RS-FF 8 ?‘Fﬁ ?r 4 ? ?%l&i ’g"'li\?%ln an ecorre an ?lﬁli%utgﬁgf 8{;&2

i-n a formo I a coi nci dence output SB2 (AND-B2; (30) |n
FIG 18) is ge@ Pfae(? fcrlr-(l):'{rinﬁAﬁ‘SPgate 52 which uses this pul se P6, coi nci dence

out put  SB2 and e Hich &Ir856tlevéry tim& OB chRoriibdtim withut s,
and becones a cl oétﬁ{rﬁptﬂﬂ@%%ﬂz&through glglate 53. '

the front edge of one cycle of said input clock signal, and the status of which is

changed over by coincidence outputs obtained by said first duty determination

circuit and said second duty determination circuit.

'10. The frequency multiplying circuit according to claim 9,
wherein an AND gate which prohibits coincidence outputs generated in the actual
measurement period is provided in each of the paths for inputting a coincidence

_output coming from each of said duty determination circuits into the third flip flop.

11. The frequency multiplying circuit according to claim 9 or
10, wherein said delay line oscillator is composed of an NAND gate, one input
terminal of which is used as an input terminal of the oscillator, an odd tier inverter
connected to the output terminal of the corresponding NAND gate as a delay
element, and an inverter inserted into a feedback loop from the final step output
terminal of the corresponding inverter to the other input terminal of said NAND

gate.
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Since the D-FF 54 is preset by SET-B2 every tinme, if a short pul se AND- B2
((26) in FIG 18) corresponding to the above-nentioned coi nci dence out put
SB2 is added to D-FF 54 as a clock input, the Q output of D-FF 54 is
reverse at that tine and appears in the output term nal OUT as pul se 6'.
In summary, the output pulse P5 of the aldd8-nentioned pul ses P5' and P6'
Is a signal which is risen up in synchronization with the |ast SET-A2
(point "d1" in FIG17) in the sixth cycle t6, and is fallen by the

coi nci dence outpui SB2 (poin e external trigger

t, "e2" in Fl 17) after .t
si gnal EXT-TRI G atfives. Thi sA‘PQF‘%’rﬁﬁls?m W“W'@grﬁaa ogogﬁdsyﬂ‘é}fffm\ﬁ%a{‘he
position of.th . 50% signal ,in [ d J ock si gnal
EXT-CK is rfnspélﬁcﬁléﬁéign?k &E‘%ﬁg“ﬁ%ﬁggﬁiﬁsm@%‘?%ﬂ%“f the external
trigger signal EX]: q t 0, 'HFcQ:. n oyt put
pul se P6' is a d?%foiﬁg}“ﬁgl %c&u%?%ngr%%%%@ef [ Qg%agpéﬁﬁ sy%rgﬂ’lhzg I on
W th the expgll | ' E? E—oTﬁhﬁl it &gﬂgl s et t hat
of the ext e%ﬁ%@n‘%‘{#&gﬁgg@ qt&ﬁg‘%l s, the ?rr?gut cl%lg(% |gn;l¥ﬂ|l£l(>e(tlh:gcﬁ(t
Resul t ant | y gxfloRealRbilkpér difnallatrivesch @ signal which is the input clock
si gnal EXT-CK conpl etely synchroni zed with the external trigger signal
EXT-TRIG  Furt heghgiy théi, Wale tieing slifledofroinS efh dttiar, 36 %he( fikst) duty3B
side eighth cycle t8 to 3B side ninth cycle t9 ' Wth respect to the
oper ati on ofletemimdtivnecircaitiandrthd sédond idiey déteemirsation chpeaitat i on i s carri ed
out at the 3B side ("B" systemfirst duty determnation circuit 3A side)
with two cycl es deleayaxing dlteinaitely the disning mesitionfcommespending to dutyab0% eflaout
by oscillation, counting, calculation and coinci dence operation, and, when
as SET-Bl ¢ycdyfinputelork éignaldrape thee pasition of thednternglithigegidignals, RS-FF 6 i s

set (point "k2" in FIG 18). ) . .
causing an output pulse to rise up at the position of the internal trigger

signal; and _
causing the output pulse to fall at the timing position corresponding to said
measured duty 50%.

13. The external synchronizing method according to claim 12,
wherein two sets A and B of said first duty determination circuit and the second
duty determination circuit are preliared. while one set of them is used for processing
one period between external trigger sighals and the othér set of them is used for

processing a period adjacent to said period.

14, An external synchronizing circuit edmprising:

an internal trigger generating circuit which, upon receiving a timing signal
from timing generation circuit 801, measures a phase position from an external
trigger signal at one cycle T of input clock signal, generates and outputs an internal
trigger signal at a phase position corresponding to the phase position, at which the
external trigger signal arrives, at each of the next one cycle T;

a mode change signal generation circuit for outputting internal trigger

A




The Q output ((22) in FIG18) of RS-FF 6 is inputted into AND gate 51 and
Is added to the 3B side (duty determnation circuit. 3B side) delay |line

oscillator 41 through OR gate 7 to cause the oscillator 41 to oscillate,
and is added to the clear

- 89- term nal of the 3B side counter 47_‘1 %_cause the counting to be
comenced. At the nonent (point ' "in FIG 18) when the count
val ue of the counter 47 is progressively increased and becones coi nci dent

with the valipgalslitarig henPlo thecfiiit lgravip sigrals)unideth®)secartdogrtonpbignals, han
above-nentioned operation circuit 49, a coincidence output SBl is

gener at ed byachhgericd 6f tlsie exernalr trigger signals, upon recdiving said riotetoak triggerput
SBl is inputted into the reset input terminal Rof RS-FF 6 and resets the
flip flop. digaalefore, at the point of time when this coincidence output
SB1 is generated, the Qoutput ((2) in FIG18) of RSFF is risen up and
becones an input afficsth\fligflop opbrating: upon rreegiving| said first group signalspandpor e,
a coincidence output SBl is generated as output AND-B1l ((.25) in FIG 18)
from AND gasecosd fhinflemopsreting mpen preeiving-said serondgaameisvdltpout SB1 and

TRI G STOPB as three inputs, and becones a clock input of. D:FF 54 t hrough OR
gate 53. a ety dloferminatio pigeit Wshrorertio opllation wion.rece]

o e 8D Byl i B B8 Sy A 5 RoR B i B
((25) in FI QL8 (B8 bERRORT! BY obthli a3 RiRsAIFd chABESr G AEANERE Sophiy !
the coincidence output indicating the timing position, and resets said first flip flop;
a second duty determination circuit which executes oscillation upon
receiving the output of said second flip flop, determines the timing position of duty
50% of a clock signal to Be outputted, by counting the number qf cycles of the
oscillation, outliilts the coincidence output thereof, and resets said second flip flop;
and
a flip flop for output, which is set in synchronization with said first group
signals and second group signals and is reversed by a coincidence output coming
from said first duty determination circuit and said second duty determination

circuit.

15. The external synchronizing circuit according to claim 14,
wherein each of said duty determination circuits is composed of a delay line
oscillator, a counter for counting the number of cycles of the oscillation and a latch
circuit, an operation circuit for calculating a 1/2 value of the counted value thereof,
and a coincidence circuit for outputting a coincidence output when the value of said
counter becomes the corresponding result of calculation, and

an OR gate is positioned before each of said duty determination circuits, a

signal for instructing a slightly longer actual measurement period than one cycle T

NN 0 l.




added to D-FF 54 as a clock input, the Qoutput of DDFF 54 is fallen at
that time and appears in the output termnal OUT as pulse P7'. It is noted
that, since the coincidence pulse SB1 (u3 in FIG 18) generated in the
third cycle t3 and the seventh <cycle t7 is generated while the Q output of
RS-FF 6 is fallen down to L, no output apgpgars in AND gate 51, and the
D-FF 54 is not changed over. Therefore, the influence of a

coi nci dence pul se u3 generated when the 3B side is in the nmeasurenent

period is efigh Mpheelobl s{HNR Bihpultéd vd theasrcaits im@nsaiod whereheyooftgaid OUT
side. (iv) 3B side ninth cycle t9 to 3B side tenth cycle t10

Co n][ i nuous|interahMaRzgdidighdls doesnot exist) fhrddgh ﬂterdomspmgﬁilgIOBrgatbﬂvhér?bh
cycle - 90- t9 (point
"r2" in Fl Ghel8)ay IRe-dstillatirds catsed Thescillateioplytin e agtuabmpasuremgnt paridds- FF 6
is added to the 3B side delay line oscillator 41 through OR gate 7 to
cause the omml hltiming sighal of thectargeit measwiteinent peded for inRtrueting the lepgth o
clear it, causing the counting of the nunber of cycles of oscil I_(i\ ion to
commence, vpusitionCeorraspondibg ¢oone cxele of the input clodo signal, is given to said latgh o
the count value of the counter 47 beconmes coincident wt he qutpyt. val ue
(1/ 2 val ue @rcuitedwring dhe @acillation do Tpusy the, @%&%@MWPH&@‘%}S@P&# dhe
circuit 49 (point "s2" i'n FIG 18), a coincidence output signal SB1 is
generated f¢@8e coincidence circuit SBl. Since RS-FF 6 is reset by the

coi nci dence output SB1, the Q output ((22) in FIG 18) of RS-FF 6 is
fallen, and becones an input of AND gate 51 in

16. The external synchronizing circuit according to claim 15,
wherein said delay line oscillator is composed of an NAND gate, one input terminal
of which is used as an input terminal of the oscillator, an odd tier inverter connected
to the output terminal of tﬁe correspondiﬁg NAND gate as a delay element, and an
inverter inserted into a feedback loop returning from the final step output terminal
of the cofresponding inverter to the other input terminal of said NAND gate.

17. The external synchronizing circuit according to claim 14,
‘wherein an AND gate which prohibits a coincidence output generated jh an actual
measurement period is provided in each of paths for inputting a coincidence output

from each of said duty determination circuit into the flip flop for output.

18. The external synchronizing circuit according fo claim 17,
wherein an external trigger period signal which instructs a period of external trigger
signal is inputted into said AND gate which prohibits the coincidence output.

19. The external synchronizing circuit according to claim 14,
15, 18, 17 or 18, wherein an OR gate for output which uses, as input thereof, an
output of the first flip flop upon receiving said first group signals and an output of
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@ formof pulse P8. Therefore, a coincidence output SBl is
generated as the output AND-B1 ((25) in FIG 18) from AND gate 51 which
uses the pul se P8, coincidence output SB1 and TRI G STOPB as three inputs
and becones a clock input of DDFF 54 through OR gate 53. Si nce
D-FF 54 is preset by SET-Bl every time, Lfjjg-short pulse AND-B1 ((25) in
FI G 18) corresponding to the above-nenti oned coi nci dence output SBl is
added to D-FF 54 as a clock input, the Q output of DDFF 54 is reversed at
that tine, thasecondifHp fopiopetdtingoubduitectiving swid sclond growp bigealdtis provided
Thus, digital clock signals P5', P6', P7', P8 ,... which are synchronized
with the dnsteadef sdid flimfep for gntgutEXT- TRI G and have the sane cycle T as
that of the external input clock, that is, the input clock signal EXT-CK
can be obtained fromthe Q output of D-FF 54. Furthernore, the wave forns
t hereof are nodified so as to be shaped_duty 50% w t hout, fail .

The actions and @ ects of t Anextemahschrenizigy clawt OMPrigHE; f i cati on can
be obtained even though the duty of inputipg’k&gf CK fl ugtuat gs in the

vicinity of 50% dn infgynal trigger gengration giren ypon recefving.a fiming signal | 5
synchroni zing circuit L. . : ] -91-
acconpanyi rf§oT adiae EpneFatigngincuit, Megantes p phase ppsition from snaxfernal rigger o g
et 3h 5 g AL SROHER i ApheL B ekl Bier
MY ) 4 oBAREpRARST g Hf th e pobBoh G SRR v
- external trigger signal arrives, in every next one cycle (T), alternately shares the
signal to "A" period of external trigger signal and "B" period of it adjacent to said
period, #nd outputs it as an.internal trigger signal;
an "A" side mode change signal generation circuit which, upon receiving one
of said iﬁternal trigger signals, outputs the internal trigger signals in said "A" period
sharing the them to thé first group signals and second group signals;
a first flip flop operating upon receiving said "A" side first group signal
(SET-A1) and a second flip flop operating upon receiving said second group signal
(SET-A2);
a first duty determination circuit which executes oscillation upon receiving
the output of said "A* side first flip flop, determines a timing position of a duty 50%
of a clock signal to be outputfed by counting the number of cycfes of the oscillation,
outputs a coincidence output indicating the timing position, and resets said "A" side
firat flip flop; |
a second duty determination circuit which executes oscillation upon
receiving the output of said "A" side second flip flop, determines a timing position of
a duty 50%of a clock signal to be outputted by counting the number of cycles of the
oscillation, outputs a coincidence output indicating the timing position, and resets
said "A" gide second flip flop; |

A




in the tenth cycle t10 of input clock signal EXT-CK. Furthernore, this is a
case where the external trigger signal & cones during a neasurenent of
50% duty position, which is commenced by SET-BL1. As t he external
trigger signal G3 cones, D-FF in the timng generation <circuit 301 is
reversed, whereby the external trigger periogd signal TRIG STOPA is changed
to H and the TRIG STOPB is changed to L-1¥R&refore, AND gates 335, 336
(SET-B1, SET-B2) belonging to the "B" system D-FF 332 are prohibited, and
i nstead t her eof g "BUE@ltchangSsignalgenehiifion’Grcudivhith) upei megiving anothére " A"
system D-FF 331 are nade acti ve. At this nonent, any one of '
SET- Al and oSEdidAdteisalgriggeraignils, outpadsthesivtarpal tiggensignalsdn said (Bt peripd
circuit change signal BLOCK-SEL is Hor L. In _this exanple, as shown at
(15) and ( BRaring thertoShe HIEt groupi sigrals and gecgod grenmsignalgz” | "3 in
FI G 15). RS-FF 8 is set (point "d3" in ElG 17) upon receiyi nig this
SET-A2 ((7) in M first7ip fopcororating wpop (receiving saids'BY pide; fivsk groun; signa
inputted into the delay line aoscillator 41 at the duty deterninatjon
circuit 4A GRFBDslaiseconddlip flop opgratingwpen,ecawing %%ﬁaﬁm grguR 810} ot e
while it is b:pro‘g ted into AND gate 52. Furthernore, the Q output of RS-FF
8 is added @ETHS: c| ear termnal CL of the 4A side counter 47 through OR
gate 9 to cause it,t “cleared.to compe ' .. cycles
of oscillation. a first dt‘)‘gy a?"%‘%'f’aa‘ 'z'i'twf}ﬁgtf %g%q%g(%“tﬁlgﬁgﬁ;& 0 E%(%{ew% cle T
Is always carri oWt . . . . C | : } XAl p0% i N
0 ?I?‘ét Lﬂlf ts%’%? §“{§ﬁ1§'g£ag‘yqi°p' ﬁé@&‘n‘n?ﬁésoi‘tﬁ% i‘d?glﬁ&{ oit & d&ﬂ'tao /5

t he operati
of a clock signal to be outputted by counting the number of cycles of the oscillation,

outputs a coincidence output indication the timing position, and resets said "B" side
first flip flop; | |

a second duty détermination circuit which executes oscillation upon
receiving the output of said "B" side second flip flop, determines a timing position of
a duty 50%of a clock signal to be outputted by counting the number of cycles of
oscillation, outputs a coincidence output indicating the timing position, and resets
said "B" side second flip flop; and

a flip flop for output, which is set in synchronization with said "A" and "B"
side first group and second group signals and is reversed by a coincidence output

from said "A" and "B" side first and second duty determination circuits.

21. The external synchronizing circuit according to claim 20,

wherein each of said duty determination circuits is composed of a delay line
oscillator, a counter for counting the number of cycles of the oscillation, a latch
circuit, an operation circuit for caleulating a 1/2 value of the counted value thereof,
and a coincidence circuit for outputting a coincidence output when the value of said
counter becomes coincident with the corresponding result of calculaﬁon, and

an OR gate is positioned before each of said duty determination circuits, a

WA




-92- inputted into the coincidence circuit 50. At the nonent
(point "e3" in FIG 17) when the count value of the counter 47 is
progressively increased and becones coincident with the value (1/2 val ue of
| ength of one cycle T) outputted by the above-nenti oned operation circuit
49, a coincidence output SA2 is generategi3~omthe coincidence circuit 50.
RS-FF 8 is reset by this coincidence output SA2, the set Qoutput ((17) in
FIG'17) thereof is fallen and becones an input of AND gate 52 in a form of
pul se P9. siynabimstiudtinga slighplytlonyed debwal meeasurementepexiod thanoneeycle T of G 17)
having a narrow w dth is generated from AND gate 52 which uses this pul se
P5, coi nci deputeclaelitsignal isSaputiad intetthe plxcuits inggyperigsewhere @yg}fam&me@nsﬁ OPA
as three inputs, and beconmes a clock input of D-FE 54 throug@v%&i}é’e 53.
Si nce D-FF tBiggersignal does not egist, throughethe cornegponding, OB gste, yphare g

((20) in FIG 17)_corresponding to the above-nentioned output SA2 is  added
to D-FF 5Aingosgillatasdp capsad to osgillagy guly iy t a%ﬁﬂ“&%“i“%’“?‘é‘ix@‘?‘i‘%ﬂ and g | on)

5 e ot im0 e R i,
[ ET-B2 {"d2" .iyn .Fl i .

e oA ook A B B b 6 LD A 1,
SLLIL 0! AR i s BARORIET M gty o,

FI G 18) appears at the 50% duty position counted from SET-B2 ("d2" in
FI G 18), which causes the output to be fallen. That is, the output OUT

will be fallen atgst he posit iy dxignal b &nd}&%giﬂingsdmiﬂﬂﬁbﬁﬁﬁk ¥ tlaim 21eW

trigger G3, and but with the last trigger . Ther ef or e,
TRI G STOPA Reriifi&fid delapWineGatiflator is vdifpcall of bR le?/r&@s@md igntAdbEmpale is

prohi bited so that, when operation is perfornmed at
of which is used as an input terminal of the oscillator, an odd tier inverter connected
to the output terminal of the corresponding NAND gate as a delay element, and an
inverter inserted into a feedback loop returning from the final step output terminal

of the corresponding inverter to the other input terminal of said NAND gate.

23. The external synchronizing circuit according to claim 20,
wherein an AND gate which prohibits a coincidence output generated in an actual
measurement period is provided in each channel for inputting a coincidence output

coming from each of said duty determination circuit into the flip flop for output.

24. The external synchronizing circuit according to claim 23,
wherein an external trigger signal instructing a period of external trigger signal is
inputted into said AND gate which prohibits said coincidence output.

25. The external synchronizing circuit according to claim 20,
21, 22, 28 or 24, wherein an OR gate for output which uses, as an input thereof, an
output of the first flip flop operating upon receiving said "A" and "B" side first group

AR U L




side, a coincidence output SB2 generated at "B" S|de does not influence the
out put -93- si de.

For the same reason, the external trigger period signal TRIG STOPA is

added to the "A" side AND gate 51, and the external trigger period signal
TRIG STOPB is added to the "B" side ANBigates 51, 52. It is noted that,

al though a coincidence-output SA2 (point "w' in FIG17) is also produced
at the end of the sixth cycle t6 where trlgger & arrives, this is also

el i mi nat ed signal$iand Aa"owputeofﬂuh@sgm flipflop-enerakieg; uReR receiving said sepend

out put . (idi) 4A si de eIeventh cycle t11 to 4A side twelfth cycle
t12 groyy sigazils igprovidediinsteadofisajd Hin flenpfor gyt (point "f3" in FIG
17), RS-FF 8 is set. The Qoutput ((17) in FIG 17) of RS-FF 8 is added to
the 4A side delay line oscillator 41 through OR gate 9 to cause the
oscillator 41 to oscillate, and is added to the counter 47 to clear it,
causing the counting of the nunber of cycles of oscillation to comrence,
while Qoutput is inputted into AND gate 52. As the count val ue of
the counter 47 beconmes coincident with the output value (1/2 val ue of

| ength of one cycle T) of the above-nentioned operation circuit 49 (point
"g3" in FIG17), and a coincidence output SA2 is generated again fromthe
coi nci dence output 50. The Q output ((17) in FIG17) of RS-FF 8 is
fallen at the point of time when this coincidence output SA2 is generated
and becones an input of AND gate 52 in a formof pul se P10. Therefore a
coi nci dence output SA2 (AND-A2; (20) in FIG17) is

* [+ L M S *



iout putted from AND gate 52 which uses this pul se P10, coincidence out put
SA2 and external trigger period signal TRIG STOPA as three inputs, and
beconmes a clock input of D-FF 54 through OR gate 53. Si nce the
D-FF 54 is preset by SET-A2 every time, if a short pul se AND-A2 __((20) _.in
FI G 17) corresponding to the above-nentioned coinciden @L&M 1948 BEEN
added to D-FF 54 as a clock input, the Q output of D .ﬁﬁmﬁmsed 3
that time and appears in the output ternmjpgl OUT as pulsse

-94- In summary, the output pulse P9" of the above-nentioned output
pul ses P9 P10" is a signal which is risen up in synchr apion with the
| ast SET- BARSTRACT" d2" DEGE TALGWAME ;SHARENG LR/ £ REQUENL]

a coi nci dence out put SB 'WmﬁmmeMLmi‘ NEHH N
signal EXT-TRI G (tri ggerMEIH0Dy AND: CHRONTZING GIRCUTT .

coincident with the position of the duty 50%5|9nal in a case where it is
assuned that t he Thepnventiancielateytan wavp foxmi shaping-eiranit, #ic.t ivhiclhoutputs ne as
the external trigger signal EXT-TRIG arrives,. Furt hernore, the
above- ment isignals pwbapmgsﬁlepmutussgrw dioga tduty 5%k wave; fore resaréhss of ri sen
up in synchronlzatlon with the exte trlg er mg&&l(ﬁgr TRI G and has
the sanme cywiether %rantﬁapuwg@ aEs@ m tyidetermigation, gir¢uif ¢

E:Ihgclknghgnal EXT-]g #éqisgltaml%ﬁﬁ‘é}'ﬁ&# P10. is @H)ch f?‘h‘i‘(ﬂ@%@ﬁ\é\g?(zh i's

trigger 5|%nal t he wave for t hereof, ,is of. duty

h
50% (it ) %ZRI Wé‘ld t“@@f&”"‘éaﬁ%ﬁ'?gt 8 %’R"@ﬁ §eng |p|r?%ﬁflhb c?c{%’"ﬁ3

generation circuit 2. The duty determination circuit is composed of a cycle

r—r

measurement circuit 10 for measuring a length of one cycle in the first cycle arriving
at every interval integral nu'_mber times one cycle T of an input clock signal EXT-CK,
an operation circuit 19 for cﬂculaﬁng the half lehgth of one cycle on the basis of the
measured value, an actual measurement circuit 20 for executing measurement of
the__ length in each of the second cycles in above-mentioned interval, and a
coincidence. circuit 28 for outputting a coincidence output as a timing position of
above-mentioned duty 50% when the corresponding measured value becomes
coincident with above;mentioned calcﬁlated value, wherein a clock signal having a
pulse width corresporiding to above-mentioned duty 50% is prepared and outputted
on the basis of a signal synchronized with the front edge of the input clock signal
EXT-CK and the timing position determined and instructed by above-mentioned

duty determination circuit 3.

s Sheet Has Been Rerlaced
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Wst-h respect to the above-nentioned 4A side operation, the sane operation
is performed at the 3A side (the first duty determnation circuit 3A side
of the "A" system) with two cycles del ayed. That is, neasurenent of one .
cycle is carried out by oscillation, counting, calculation and coi nci dence
operation, and, when SET-Al1 ((6) in FIG17) is generated at the twelfth
cycle t12, RS-FF 6 is set (point "k3" ir1%d? G 17). : The Q out put
((10) in FIG 17) of RS-FF 6 is added to t ]3A side delay line oscillator
41 through OR gate 7 to cause the oscillator to oscillate, and is added to
the clear termnal CL ofgthe 3A side counter 47 to cause the counting to be
comenced, while the Q o@t put inputted into AND gate 51. At the
nonent (point "q3" in FI 17) when the count value of the counter 47 is
progressively incregSedldndé becones coincident with the value (1/2 val ue of
| engt h of one cycle TL, ut ted by the above-nentioned operation circuit
49, a - 95- coi nci dence
output SAl is generated firomthe coinC|dencle e+¢uit 50. : Thi s

coi nci dence output SAl i$ inputted int Ehenresef input term nal R of

RS-FF 6 and causes the fllip flop to d&e [réset. TRérefore, at{the point of
time when this coincidence out put Sﬁg_lsogenerafea""fHE“Q but put ((10) in
FIG 17) of RS-FF 6 is fallen and becorfes Han i rit—of—AND ighte 51 in a form
of pul se P11. Therefore, a c0|nC|den e—@ut put SAB S generated as
out put "AND- A1 ((14) in &IG.l?) fron1APEEgat 52 [whi ch uses this pul se P11,
coi nci dence out put SAl anpd . TRI G STOPA ak thrFe I nputsia

i nput of D-FF 54 through{OR :
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gate 53. However, accurately, the output AND-Al is a short pul se generated
at the front edge of the coincidence output SAl. Since the D FF
54 is preset by SET-Al every tinme, if a short pulse AND-A1 ((14) in
FI G 17) corresponding to the above-nentioned coi nci dence output SAl is
added to D-FF 54 as a clock input, the Qoutput of DDFF 54 is fallen at
that time and appears in the output tergig§I QUT as pul se P11'.

It is noted that coincidence pul ses SAl aé SA2 (ul, u2 in FIG17)
generated in the ninth cycle t9, eleventh cycle t11, etc. are generated
while the Q output of RS-FF 6, 8 are fallen down to L. Therefore, no

out put appears in AND gates 51, 52 and then the D-FF 54 is not changed
over. Accordingly, the influences of RKoln€idenfk pul ses ul, u2 generated
while the Al side or A2 side is in the neasurenent period are elimnated
by AND gate 51, 52, and the influences do not appear in the output OUT
side. (iv) 3A side thirteenth cycle t13 to 3A side fourteenth cycle t14
Conti nuously, since SET-Al %56)1FQ_ELG-17) arrives again in the thirteenth
cycle t13 (point "r3" in FIG 17), RSIFF 6 is set. And when_the count val ue
of the counter 47cpecones|[coijncident| wif{h the putfgui val e (/2 val ue of

- length of one «cycle) of the operation circuit 49 (point "s3" in FIG 17),

a coinci dence out put SAL i generated again fromthe coinci dence circuit
50. CKF I L__-96- |
Therefore, Digital clock sqgnaHgng'ﬁ P10', P11i, P%Qi,..ﬁmhich are
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Counter 1 Qn r [l [
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synchronous with the external trigger signal EXT-TRI G and have the sane
cycle T as that of the external input clock, that is, the input clock
signal EXT-CK can be obtained. Furthernore, the wave forns thereof are
nodified so as to be shaped to duty 50% w thout fail. The actions
and effects of this synchronization and duty nodification can be obtained
in a case where the duty of the input clock CK fluctuates in the vicinity
of 50%or nore. Therefore, this circuit 8#82temarkably effective as an
external synchronizing circuit acconpanying a shaping of digital wave
forms, and it is possgble to extend the operatable area of sem conductor
active elenents to a |remarkably high frequency. In the exanple
shown in FIG 17, sijhqe the fourth external trigger G4 is inputted the
nonent the coinci denclg dutput SAl is generated, P12 will be of a Ilength
continued to the |ast|lpulse As in the above description, with
respect to the fourteenth cycle t1l4—and—stbseqguent cycl es® t pul se
is risen up fromthe pogition in synchronizatioh| withievery inpuf qdf the
external trigger signal | EXT-TRI G whenever sthe signal [$ inputted, jard is
fallen at the point of tine when jyst the alf position of one cyq::Ie of
the input clock signal EXT-CK c — ResbltantTly,) thejiinput cl ock:siignal
EXT-CK is synchronizediwi th g\o]he_ t efy >'tEj:gg 2l sighal EXT-TRIG
(9) O her preferred,enbodi nestdE i though @aipresettabl e D FF 54
is used for a width floMhing cir¢W® 55 Eb‘ bove- ment i oned preterjred
enbodi ments, as shown i h RLG 20/[Z% £8[pdd fo ségdture an reqi rled
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output ((33) IN FIG 18) i by aking|aut an Q]dudp;ﬁ of R$-FF 6, 8 pogitioned
before each of the above-ngnti & ity gee& @natiQn(circuits 3A; 4A, 3B,
4B by this OR gate 56/ with ja8 oyfput--OR.gat g 5q; ¢npl oyed i nstead of D-FF
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- 97- " Although a description of the operations of this preferred
enbodi nent is omtted, the enbodinent is such that the outputs Q of the
pre-positioned flip flops 6, 8, that is, RS-FF-Al1-Q (P3, P4, P11, P12),
RS- FF- A2-Q (P1, P2, P9, P10), RS-FF- B1-Q (P7, P8), RS-FF-B2-Q (P5, P6) in
FIG 17 and FIG 18 are nerely synt hesi zed ang/gf characterized in that the
Q out put of these pre-positioned fl ig flops are taken out as outputs
as they are. An advantage of such a BGefhruction is in that the circuit
configuration is further sinplified than that shown in FIG 10.
Furthernore, although in the above preferred ecgbodi nments wave fornms CKFA,
CKFB is used in wave forns of which ofie cycle an_input “iclyck signal
EXT-CK shown in FIG 19(a) is nade ong_unif. Cl Us n wave
forns which two qyckasxshownlin F1G '1rte Je £B° %%e—)'l%dg The
summary of the above-nentidned contents of{this invertl on are as follows:

(A In order tgy gghi eve—vg_r]—obj-lgpt—j(_)l—mﬁj%ird?‘g WWWI Fcuit
by whi ch wave forzzs are shaped tag th%-pe of iduty % riegar dl ess of whet her
or- not the input.,siagnal |smof dgty Pl% t waye forgn shaging gircuit
caonprises of a dLﬁ)ySng dBt er 1 'ct lﬁor—(;gt-eﬁm-n;ﬁaﬂd—‘ﬁnm—catl ng

tthe tim ng position of dut yi 5% of aiclock sighal td be outputted, upon
feceiving a tinirf) Mzghal Hor medl-by—al t i m rg—géner ath rcui t—2—wherein
the duty determnation circuit is conposediof ajcycle neasurenment circuit
10 for measuring fhe/ztiemgt hifof onle_cvele T hlthe:first I C mes
with every interval of integral hunbet tings of ione dycle T of input clock
signal EXT-CK, a gpg¢ation grrecont 19[for¢pl culfatimgyt he jemgth) of one
hal f of one cycle based on t he valuelthergof, an actigal measurenent
circuit 20 for exﬁcﬁ_w__g | ] 1
8) IJK-FF-QN Tl [ | -
d f
9 sera L N1 V]
<— TA - ¢ .
10) wc-A : i} [
' P1 (PZ .
11) RSFF A Q _| ' 1
12) or-A our 1 [ L | I
e— T3A —> '
13) oi-osc o _ (L {WAVONORL__ [V GO (AOUA_____
<T1A —} ~T6A T6A &
14) 1/20kA ' /1
—T6A +—
15) s 1 n (A
k
16) ser-s N . M
b T3B! P
17) wcB A I S
P3 P4
18) RS-FF B Q 1 | S_1__
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19) okBour _[ | | 1 1
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20) 12ck8 (
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21) sB 1 (I | I iy
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measurenent of the length in each of the second cycles in the
above-nentioned interval, and a coincidence circuit 28 for outputting a
coi nci dence output, as a timng position of the above-nentioned duty 50%
when the correspondi ng nmeasured val ue

-98- becones coincident with the above-nentioned cal cul ated val ue, wherein
cl ock signals havi ng a pul se w dth corresfginding to the above-nenti oned
duty 50% are produced and outputted on the basis of a signal synchronized

with the front edge iqut cl ock signal EXT-CK and the tim ng position
determ ned and i ndi 4An the above-nentioned duty determ nation circuit
3 (See FIG1). & - (B) In order to achi eve anot her object to
provide an actwal dxteripal synchronizing nmethod, using a sinple
construction, by ghi-am&nput clock signal is synchronized with an
external trigger sighal i eH f be shaped to a wave
formof duty 50% & nu r of internal trigger signa NT- TRIG which are
synchroni zed with { ernal . trigger 3signal s EXT- arge produced at a
cycle T of input clockl st i ext erjnal “tTTHYET rpnal
EXT- TRI G cones, these| [nternal rigger Jsignalls arg shared to the| first
duty determination|ciricbit 3 apdg tlle [séaond|iduty detpim natior cjrcuit 4
with the timng thereof:shiftiefl. (SEN- AT, ¥3BEF-|A2), |theitim ng pos|tions
corresponding to diity 5D% &_Ic§E| es,[of| & e i fiput cljock: signals afe
alternately neasure¢dfyomthe ctbsitﬁ onaf ,t he rnterna trigger isignals,
out put pul ses are i sen up. at =4 5Gsi EieRs=af | t he [i nf ér nal triigger signals
SET-Al, SET-A2 and ouf put{ pulisks lare fal |l ém iat thd Tdwi ng posiiti pns SA1,
SA2 corresponding [to |h¢ abgMersBnati-dEe@Sndauspred [dufy 50% (Sde FI G 7).
Q
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(O In order to achieve an object to provide an actual frequency
multiplying circuit, having a sinple construction, which is able to output
signals after they are shaped to duty 50% a duty determination circuit
for determning and instructing the timng position of duty 50% of cl ock
signals to be outputted, upon receiving aéiding signals forned by a
timng generation circuit 302, is provrd . erein the length of one
cycle is nmeasured in the first cycle arriving at every interval of

i ntegral nunber tines of one cycle T of an input clock S|gnal EXT-:CK,

val ues corresponding to the positions of-tludy Ao- 15084 6 gesicul at ed

on the basis thereof DEe&urdrent! bf thk ach of the
second cycles in N -99- t he
above-mentioned inter &8, coiihéi denbe dut puld SALf SAZ SAd, obfSB1, SB2,
SB3 are outputted mhenever th&-cor'esgpmding measur ed val ue becones
coincident wth the dhﬁVﬁBnEﬂannﬂdfr si gnal ,
the frequency of which is twe¥HtTrmes |ayger than the input clock signals
and the duty of which#8280% is fenerhted land dut puttedlon the hasis of
si:gnal s SET- AB synchroni zed with the cpincidence outputs and the front
edge of the input cIo@kvmmgnaLFEXT1CK.LS§§"F1£1£QI—_"_1, I |
= 100-
6)¥C - | B — | E— J —
TV JK-FF Q f | IS I P
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d f
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VWhat is clainmed is: 1. A digital wave shaping circuit
conpri si ng: a timng generation circuit for generating a required
timng signal froman input clock signal; a duty determ nation
circuit for determning and instructing t he timng position of duty 50% of
a clock signal to be outputted, upon receiving the timng signal generated
by the timng generation circuit, which is cbfdbsed of a cycle neasurenent
circuit for neasuring the Ilengt§ of one cycle in the first cycle arriving
at every interval of integral ndnber tines of one cycle of the input clock
signal, an operation circui't e al culating the Il ength of one half of one
cycle on the basis of the gfeof, an actual measurement circuit for
execut i ng neasurenent of gﬁé ) W in each cycle of input clock signals,
and a coincidence circuit fg 6tt| ng a__coincidence output as said

timng position of duty 50% w re—re red val ue becones
i éorgl ng
i-ghal—havi hg pulse wi dth

coi ncident with said cal cul at
circuit for generating and ou

corresponding to said duty 50% opfhe|rags—pira_signa ynLc AT pni-ze W th
the front edge of the input c n 1qﬁﬂosi1ion
_determ ned and instructed by i | £5’\§' 2.
A digital wave shaping ci'rcui  neg PEi M npe eratijon
circuit for generating, frominp R ghat-srr regui [ efi timi ngjsignals .
including a signal for instru¢ting fhert 'ty engt peri od §o|be
neasured as |ength of one cycle of tﬁ§$i3hyﬁ_nﬂo % §ighpl B WM th an
interval which is integral nufbel tiucﬁ(g’ges el gzoff & he | nplt clock
signal, a signal g\ a2 mn 8 « |
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for instructing an actual neasurenent period for sustaining a neasurenent
- 101- operation over the target measurenent period, a signal for defining

an oscillation
cl.ock si gnal
i nput cl ock;
oscillator for oscillating
receiving a signa

generation circuit,

a counter for

ref erence period commencing fromthe front edge of an input
and ending before arriving at the front edge of the next
a cycle neasurenent ci®€&lt having a delay line

only during grhecctgal

of the actual

measur enment period upon

maasur‘_ement' period produced in the timng

cou

16

tthheenunber—e

i of

@ycles

oscillation of the cd)ﬁ*@ﬂﬁondfﬂlg_d&a;fh_ndﬂosnm_aﬁal_ﬁ_’hnd_ﬂat ch
circuit for latching the valug of it he EoFYESHORET iy cdtinte? Wt sai d
t'arget measurement p@GBd endskd K LI anléperldti ohlfci rldui t Lor
calculating the half val ue of it he i¢oupt value latched in said cycle
measurenment circuit BYSERdBng—{lhe_dbunt ;
measurement circuit having a §eFay 1ing oscillator for oscillating only
during the respecti v BEE | | ali on kefef ence per ods | I ecei-w a signal
of said oscillation _refer ncar_per_' od, { and count ert for ing the
nidnber of cycles of SO at+on oJﬁ—t—hw,-cor?esp ndi 1 ay I-Lﬁe—
oscillator; : coi ncidence ci fcuit; for Cnmmm val ue
of the counter of sai act ohl mE&surenent FerLui t | t he | at ed
val ue of said operat i7pj,kaﬁ=j cuit arid or—déner at i ng incidence out put
when they becone coi nci den theach bt her md- awdth
formng circuit for fa?ji(ﬂijF,r@ afe—eytput i ng (g—etpek Hi!gnal havil-ng—a " pul se
wi dth corresponding to said duty 50% oh the be}is S fof € timng position
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instructed by the coincidence output of said coincidence circuit.
3. A digital wave shaping circuit conprising: a
timng generation circuit for generating required timng signals froman
i nput clock signal of a fixed cycle; a first and a second duty
determnation circuits for determ ning and _
-102- instructing the timng position &f/2iuty 50% of a cl ock signal to be
out putted, upon receiving said timng signal, which operate with at | east
one cycle overlapped with and with two cycles shifted fromeach other;
wherein said firgt and second duty determination circuijsghave a delay line
oscill ator, ago@nter for counting the nunber of cycl eszofgosciy!ation, an
operation cifguist fok cal cul ati gg—t he hal f val ue of &hg uﬁt&l val ue, and
a coi nci dence geigcui t - fhi ch use§ putput of the corresp@n ng gperation
circuit as ongsifput &hél uses _oBjbut of said countergas theRotgher input,
a1z:aon 8irlc i nmeasures the | gth f fone cycle by

| | at osci || ate and copntlin hel nunber of

3

cycles of oscjllati hcg C {ergin the first [CyclTe arriving]at every
interval of integral] rggtiH: d.one cycle of |the input clock signal,
execut es neasuy e wen L hg Zomthe front |edge of geach.cycle by
causi ng the de I il b —oscillate and count i &g t he nunber of
cycles of osci]latPohby$the ¢ r in each of tHe secofi@xycles in said
intervals, and outputs ajcoindidence outpy fronythe & &%
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coincidence circuit as a timng position of duty 50% when the correspondi ng
measur ed val ue beconmes coincident wth said cal cul ated val ue,

said second duty determnation circuit operates with at |east one cycle
over |l apped with and two cycles shifted fromsaid first duty determ nation
circuit and out puts a coincidence output as said timng position of duty
50% and a wdth form ng circuifojéy generating and outputting a
cl ock signal having a pulse width corresponding to said duty 50% on the
basi s of the coincidence out put coming fromsaid first and second duty
determination circuits and signalsg I;ynqhgonized with the front edge of
the i nput clock signals. . The digital wave
shaping circuit according to claim3, wherein said width forging circuit
includes a flip flop positioned before 3§%S,Of sai d 5 v

-103- first duty _determinpation circuit“afd said second o.ﬁi“deternination
' ' 8 t he front

circuit, sets the rrespondi ng f
edge of one séfy&tl—egég—*i nput? ctock ggi-gmats,;Tesetstt D dai d
coi nci dence out pu nd—ggggs It ye V40f { he I “lbhp fl ops
t hrough OR gate. . g i4Ng circuit
conpri si ng: Oy atating, fromi nput
clock signals, reguired{timi $n@l [[f or instructing
the target measurgment [peri d‘g *dbé’* of{[ t he one cycl e of
t he i nput clock sjgnal Wth fan Mtery egrg| ||punber tinmes one
cycle of the inpuf clock signal, afgd] #tr Cllj ng an act ual
nmeasurenent period to systaiin a neas|f 1 slll ght 'y | onger than
the target measurpnent| peri od; 1 Stghedia|segppd duty
determ nation cirpuitg for.d@LeLninLngmandansﬁgueting | I{| M ng position of
duty 50% of a cl otk—sHgh out-putt-ed—upon—+redei viipg| said timng
signal , each*b¥ Whichhs el a neillwosci | 1 ator, a
count er f OkricEfom tlhe n@nbér of CyCles of the ogcilfgdiilpn, an operation
; 4 —9SA2
o OR-A2 |
RS-FF-A2 i (4A)
ISET-B1 e AND-B1
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circuit for calculating the half value of the counted value and a

coi nci dence circuit which uses output of the correspondi ng operation
circuit as one input and uses output of said counter as the other input,
and which operate with at | east one cycle overlapped with and with two
cycles shifted fromeach other; afirst flip flop positioned
before said first duty determnation circuit, which is set every tine in
synchroni zation with the front edge of onkl£3tle of input clock signal and
is reset by said coincidence output in the oscillation reference period
bet ween said target neasurenment pEri@d and the next target neasurenent

peri od; a second flip flop positioned before said second duty
determ nation circuit, which is set every tine in synchronization with the
front edge of one cycle of input clock signal and is reset by said

coi nci dence ouytput in the oscjllation reference perjod
-104- Dbetwee Fa'd 14£getJneth BNE cggﬁ ndlthe next targeﬂ
measur ementt; per Hed = i ~EJRE f - 5 X Iai +=puf-pyt  of
said first3flip |fl ppjgnd |a [si Ng saidﬂa t wal agur enent
period intoj|said f|rst| ddty d t; al secgnd OR
gate for inputtijng|l an loutiput fIapLéid a lsignal | for
instructingis@aid act pgl r% Ssu sai | $€gonddut
determnatign| clirpultl; an ht el f Ore|pifcki np ip [an
out put of eac 5a d flji ¢ Al di gijtal wave
shapi ng cirgujt |conprilsirg: erafi on|cijrcluif 1{orn
generating,| fro Lngut cllock [si i n m;%i ngls i pcliudi ng a
si gnal for AmgtTEEti rhe ST TP He dured as
| engt h of ®he |ope|cycelle af | i Hﬁ n| ijntervyall which
is integral |nynpen tines |one Cl o gnal, pnd g signal
for instructing|pn agtfual 4ea SUST al nja measpr engnt
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operafion slightly longer than the target neasurenent per
first and a second duty determnation circuits for determ

instructing a timng position of duty 50% of a cl ock signal

each of whi
a countez/4br counting t

out putted, upon receiving said timng signal,
to have a delay line oscillator,
cycles of the oscillation,
val ue of the counted val ue and a coincidence circuit
t he correspondi ng operation circuit as one i nput and uses

od;
ni ng and
to be
ch is ¢constructed
he nunber of

an oper at@Goni ircuit for calculating the half
whi ch uses out put of

out put of said

counter as the other |nput RS ong cycle
over | apped wth Aand m{tﬂatmm T F ah j a
first flip floptlgositlpnrdd-| F-S ;?& - oH circuit,
which is set everly[tine i|n 3 Ek WAIHE % gg of one cycle
of input clock gignal]and i C@En ut| in the
oscillation referiece per|i oc E
- 105- bet ween daifd tparget i 0 3 | ar get
measur enent periqd; fl ap beflore said
second duty deterjmjnat| on ci seE_¢€ in
synchroni zati on h the [frg he [cY@E &8 C oEk si gnal and
is reset by said|cai nc| dence osGE 1B rence period
bet ween sai d target measurer heE n&g nmeasur enent
peri od; alfirpt OR Ut t) ng ,¢ o] saj d first flip
flop and a si gngh—for sty tluralgmErs BT JdlLOd into said
first duty dete£n1nat bn|  Ci 2 oehd gatejfof inputting
an out put of said secomnd fli AgeE —H O imst uFting sai d
actual neasurenent pe iop |q g \@&@t iinad i pn
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ci.rcuit; and athird flip flop which is reset every tine in
synchroni zation with the front edge of one cycle of said input clock
signal and the status of which is changed over by coincidence outputs of
said first duty determnation circuit and said second duty determ nation
circuit. 7. The digital wave shaping circuit
according to claim6, wherein an AND gat g y@%ch prohi bits the coinci dence
out put generated in the actual neasurenen% period is provided in each of

paths for inputting coincidence outputs comng fromeach of said duty
determnation circuits into the thifd flilp Il op. 8.
The digital wave shaping circuit_jac¢orpi gg to ¢l in#Z, 3, 4, 5, 6 or 7,
wherein said delay Iine oscillatqrg|§%:o oged| of| arl NAND gate, one input
termnal of which is used as an i|nput 4 e nhﬁal off the oscillator, an odd
tier inverter connected to the qutput|tegrm|nal of tihe correspondi ng NAND
gate as a delay elenent, and an |inyeé®iier| insefted ilnto a feedback | oop
returning fromthe output term ngl fE.h fdna eg of the corresponding
inverter to the other input termjnall o
-106- said NAND gate. 9. | B . firequency mul ti plying
circuit conprising: a tilm ngkye enatiin irlcuit for generating,
frominput clock signals, requirjedf{tifng gignalg ijncluding a signal for
instructing the target neasurenent |pRfiod tjo be gsured as length of the
one cycle of an input clock signgl__Whkh an !
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interval which is integral nunber tines one cycle of the input clock
signal, and a signal for instructing an actual neasurenent period to
sustain a neasurenent operation slightly |Ionger than the target

measur enent period; and a first duty determnation circuit and a
second duty determnation circuit for determning and instructing a timng
position of duty 50% of a clock signal to be outputted, upon receiving
said timng signal, which operate with atl4£akt one cycle overlapped with
and with two cycles shifted from each other; wherein both duty
determ nation circuits respectively include a delay line oscillator, a
counter for counting the nunber of cycles of the oscillation, an operation
circuit for calculating 1/4 value,&ﬁﬁﬁﬁyalgg, and 3/4 value of the counted
val ue, and a coincidence circuit [ aid three results of the

cal culation of the corresponding operation circuit as one input thereof,
uses the output of said counter as the other input thereof and outputs a
coi nci dence out put whenever the val ue &h sai d counter becones coi nci dent
with said three results of cal cul ati of; afirst flip flop
positioned before said first duty determ nation circuit, which is set
clock signal and is!reset by the final one of said c diBLOCKISEL e outputs in
. the oscillation reference period between sai d target imeasur enent peri od

and the next target :measurenent period, a second flip flop
posi tioned before sald second duty d j j Ui /2CK-WMABh i s set
every time in synchronization with tHe front dne cycle of the
-107- ! [_—— !
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i nput -clock signal and is reset by the final one of said coincidence
outputs in the oscillation reference period between said target

nmeasur enent period and the next target neasurenent period, a first
OR gate for inputting the output of said first flip flop and a signal for
instructing said actual measurenent peri%%) to said first duty

determ nation circuit; a second e for inputting the output of

said second flip flop and a signaIF¥beih§tructing sai d actual neasurenent
period into said second duty determ nation circuit; and athird
flip flop for outpuyt which is reset every time jn synchronization with the
front edge of_on idii ock s$ighall, |and tlhe| st @t us of which
i s changed ouer ' [ Dbt ai med| by $ai irpt %ut/
determ nationjci hty| det ef mijnat ign ¢i [ cuift .
10. j clirfcuif gccording o glajm?9
wherei n an AND gat i ijbi i hcidgncej oyt putsf generatiedfin the
actual neasufe i i n legch pf |t hepat srfor i hpputting a
coi nci dence ouf pyt i slaijd @uty detgrmf{nptign ¢ircuits
into the thir i w| The frequercy
mul tiplying gilrcuift a ri1l ,?Mme eijn $ald delay line
oscillator i%{co one |i nput terfmnal off which is
used as an igput]|t r,| a d tigr ijnyertler
connected to|th cprriespodi ng N ngi ag a del ay
el enent, and &n ee bﬁck -opp-H-ion final step
out put term npal verter|to [the her | nput{term nal
of said NAND |ga ' -108-
12. Ng [retthod fjor synchronlfuwg an
i nput cl ock sijgn jger i gnall, ¢onpni si phg |steps of :
produci ng a ndnb 51 gnal{s| synchfonli 2ed Wi tfh an
external trigger Ly ef-etot-—-+aptt—et-gekrsi gna s unti |
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external trigger signal arrives; sharing them with timng shifted
fromeach other, to the first duty determnation circuit and the second

duty determ nation circuit; measuring alternately the timng
position corresponding to duty 50% of a cycle of input clock signal from
the position of the internal trigger signal; causi ng an out put

pulse to rise up at the position of the internal trigger signal; and
causing the output pulse to fall at the ti@??ﬂ position corresponding to
said neasured duty 50% 13. The externa
synchroni zi ng nmet hod according to claim 12, wherein two sets A and B of
said first duty determnation circuit and the second duty determ nation
circuit are prepared, while one set of themis used for processing one
period between external trigger signals and the other set of themis used
for processing a period adjacent tg pa&.dipgri od. 14,

An external synchronizing circuit conprising: an internal trigger
generating circuit which, upon receiving a timng signal fromtimng
generation circuit 301, nmeasures a phase position froman external trigger
signal at omge cycle T of input clock signal, generates and outputs an

internal teidgfef| Eghal Taf & el pbsli tli dn| clor|r dspohdi o9t fhe se
position, at \%Iil[,] ‘:l'kgs xt‘nt %r'gg T |b¢glldl|? anTiv 5,'mq-'t[l cth J?@he
next one cycllelT; - qé thanhgg [sBgnal} gener gt ilon cirﬁ t| fjor
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- 1.09- .signals, sharing themto the first group signals and the second
group signals, in each period of the external trigger signals, upon

receiving said internal trigger signal; a first flip flop
operating upon receiving said first group signals and a second flip flop
operating upon receiving said second group signals; a first duty

determ nation circuit which executes oscilVA2Lon upon receiving the out put
of said first flip flop, determ n€sltthe 1ifi ng position of duty 50% of a
clock signal to be outputted, by counting the nunber of cycles of the
oscillation, outputs the coincidence output indicating the timng
position, and_resets said first flip flop; a second duty

determ natio i rcuit, whi ch executes, i n ypo receiyvi pg t he. out put
of said secor(@ flfi p|f]op| deterningsih p siFidn Ff dufy 50% of a
1 1.t ol rlr‘\\l nl[nl‘n H o arl-of ~trellac
cl ock S|gna| e~ (Sundiel T L6 1-OY - QU+ drert-off—ey-eltest-of the
oscillation, outputs t i n¢i dengel oyt p f[ and[redets said second
flip flop; an flip flop] for , i ch sféetin
synchroni zati o tth s giirst lgrou i and secqongd grloup signals and
is reversed by|a |cgi ncli- e _Qutipull Cord ng misabd fii st |duty
determ nation ¢irfcuit e slai d secoqy é}t I m i @?rcﬂt.
15. - The exit’st nal Rsynichnonj ziln Ui { 1 NG th clai m 14,
wher ei n each ®f slaijd eter pi datior c 5 | ed of a del ay
line oscill(alor| [a cdénter. fof dqountilngg it éles of the
oscillation and g llatch cli'P¢cuj t,| an| gpe Ci or lcajculating a
1/ 2 val ue of theleeyn vall-te-thel-eof-— egt ehRege-etfcui t for
outputting a cﬁiqciﬁe out plit mhegn the v of
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counter becones the corresponding result of calculation, and an
OR gate is positioned before each of said duty determnation circuits, a
signal for instructing a slightly |onger actual neasurenent period than one
cycle T -110- of an

i nput clock signal is inputted into the cil8¢plts in a period where any of
said internal trigger signals doe %,e |§t through the correspondi ng OR
gate, whereby the delay |ine oscillatdr 1S caused to oscillate only in the
actual neasurenent period, and a timng signal of the target measurenent
period for instructing the length position corresponding to one cycle of
the input clock signal,|iSg glvjn io J Tidgla1 FT jéﬂ#t during the
oscillation to cause the ljat¢h |ci tgheth alue of the counter.
16. The external i cclorfdi ng to claim 15,
wherein said delay linejo ND gate, one input

termnal of which is use f oscillator, an odd
tier inverter connected f e correspondi ng NAND
gate as a del ay el enent rted o a feedback | oop
returning fromthe fina o] correspondi ng
inverter to the other inpu AND g . 17.
The external synchronizing o ¢l aj mj14, wherein an AND
gate which prohibits a ¢oi rafediisa an actual
measurenent period is pjovi or{8inputting a coi nci dence
out put fromeach of said +-edf-tqinto the flip flop
for output. © _
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18. ) The external synchronizing circuit according to claim17
wherein an external trigger period signal which instructs a period of
external trigger signal is inputted into said AND gate which prohibits the
coi nci dence out put. 19. The external synchronizing
circuit according to claim 14, 15, 16, 17 or 18, wherein an OR gate for
out put which uses, as input thereof, an 19ypput of the first flip flop
upon receiving said first group signals and an output of t he
second flip flop operating upon rpcgi@ngls® d second group signals is
provided instead of said flip flop for output. 20.

An external synchronizing circuit conprising: an internal trigger
generation circuit which, upon receivi atimng signal froma timng
generation circuit, neasures a phase p tion froman external trigger
signal in one cycle (PH—of 4xnput clock signal, prepares the reference

internal trigggr cksigmal_at tte phasf—n05|tLpﬁjcorrespondlng_rm t he phase

position, at which the external trjgger signal arrives, in every next one
cycle (1), alb natq%rfsﬁgresjfh¢ Sk grhal to TA4 peri of exgernal trigger
signal and " peri odof gdj acenfito sard period, a outputs it as an
i nt er nal trlg S|gnal an " si de inbde ch si gna
generation CIBE%I , opon Fgge yirg ‘ garﬂ—jﬂfgrﬁaf-trigger
signals, outputs the intern L trigaget signals iinisaid " " period shari ng
the themto tmﬁflrstngaa ' | sk3 eclond-igt ol 'Enal ; a
first flip flop operating updn recefving said "A' sideifirst group signal

CKFA " L | LJ oL

CKFB L] L L 1

a. Example of charts when outputting a frequency
of external clock as it is

(b)
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b. Eiample of cases where an external clock is divided for use



(SET-Al) and a second flip flop operating upon receiving said second group
si gnal (SET- A2); a first duty determ nation circuit which
execut es oscillation upon receiving the output of said "A" side first
flip flop, determnes a timng position of a duty 60% of a clock signal
to be outputted by counting the nunber of cycles of the oscillation,

out puts a coincidence output indicating the timng position, and resets
said "A" side first flip flop; 2 Z zecond duty determ nation
circuit which executes oscillation upon ? % iving the output of said "A"
side second flip flop, determ nes ijﬁtl:ﬁng% si-tion of a duty 50%f a
clock signal to be outputted by countihg t nunber of cycles of the
oscillation, outputs a coincidence output indicating the timng position,
and resets said "A" side second flip flop; '

5
-1 12 - a "B" node change signal generation circuit Wi ch,. upon
recei vi ng anot her said internal trigger si | s, outputs tbmeinternal
trigger signagsl i[d "B period_ _sharing. IrhemIio ipne firs signal s

and second group siggal s; a,iérsl_u_a_%' fl op operating||ugen
recei ving said "Blgs _ﬂp_‘rt[éb— D81 Q %ﬁ Couft8RF4B1) and ia segdgond flip flop
operating upon regeiving [s&M ke qopesi gial LSE(ISPBZ); a first
duty determnatiof circuijft whith gsehi-adi o updn, regei ving the
out put of said "B| side flirst fi p-®¢-6p, djeterm' A &seirgnt t s i g|Hosition of a
duty 50% of a cl og¢k si gndl to be,piatp gd | by mdﬁ' ng,tle niifber of cycl es
of the oscillation, outpUtsacoincidencédu.plut i egtijon {fje tining
position, and res¢ts said "B" side firstpftaPoil Oy 4 second duty
determ nation cirguit whilch exgcut es B dalomit i u&ggﬂr epeijving the out put
of said "B" side $econd fllip flop, deter i’i‘i‘ééz.% ii iage pHsiltijan of
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a;dut§ 50%f a clock signal to be outputted by counting the nunber of
cycles of oscillation, outputs a coincidence output indicating the timng
position, and resets said "B" side second flip flop; and aflip
flop for output, which is set in synchronization with said "A" and "B"
side first group and second group signals and is reversed by a coincidence
output fromsaid "A" and "B" side first and second duty determ nation
circuits. 21. The 2x4%dr nal synchroni zing circuit
according to claim 20, wherei n_each of said duty determ nation
circuits is conposed of a delayfiﬂda- :%Qcillator, a counter for counting
t he nunber of cycles of the oscillation, a latch <circuit, an operation
circuit for calculating a 1/2 value of the counted val ue thereof, and a
coi ncidence circuit for ,ogpgrutti ng a coi nci dence out put when the val ue of
said counter becones c [aent mﬁj corresponding result of
calculation, and D .__ﬂé—T&ﬂ?Lizﬂﬁ_g_%gebes+%+bned before each of said
duty determination circujits,.a& 1B 1 signa) instructing a slightly

| onger actual neasuremert period than one cycle T of input clock signal is
inputted into the circuiits in a periiod where any of said internal trigger
si gnal does not exﬁsL+_ﬂ_iauthUMijEﬁlﬁﬁpﬂn@h@??iLgate, wher eby - t he del ay
“line oscillator is causde—% i ate only in the actual neasurenent
period, and a timng siﬁﬁﬁﬁ—ﬁﬁ—++mﬁtarget measur ement period for
instructing the | ength posiition corresponding to one cycle (T) of the

i nput cl ock signalmis_gLVEﬂ_L§_§1Lgﬂ7ﬂ£¢Lcircuit during the oscillation
to cause the latch circujt tolilatch a value of the counter. 22.
The ext ernal synchronizrnp %hﬁcuit according to claim?2l1, wherein said
delay line oscillator is conposed-of an NAND gate, one input term nal of
which is used as an input termnal of the oscillator, an odd tier inverter
connected to the output term nal of the corresponding NAND gate as a del ay
el enent, and an :
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i-nverter inserted into a feedback Ioop returning fromthe fi nal step out put
term nal of the corresponding inverter to the .other input ter agé

NAND gat e. 23. The external synchroniz m rcui
according to claim20, wherein an AND gate which prohibitsa co gence

" output generated in an actual measurenent period is provided in @é

channel for inputting a coinci dence out put . com ng fromeach of said duty

determination circuit into the flip flop~ Fh%- out put . 24.

The exter naI synchroni zing circuit according to claim 23, wherein an
external tr gnal tdayC X AN cqu(ﬁNtﬁrWE UENENEr signal is
i nputted i ﬁ%@bAND r"r'{-: p .~~~vr OOFERNAIC SYNCHRONIZING-

25. The ext &
21, 22, 23 or 24, wherei uses, as an input

thereof. an . outilnfluddice iatesm'w&eféop,a smsfr?gta%éw ek Yhijhes 21

si de group

recei ving SR %@%ﬁﬁhgﬁﬁ‘gﬂ%‘eﬁ“ nE Rl B g SRRRRRAR Mol of |

for output whether or not input signals are of duty 50%, wherein a duty determination circuit

15'1

is provided, which determines and instructs the timing position of duty 50% of clock
signals to be outputted, upon receiving a timing signal 'prepared by a tlmmg
generation circuit 2. The duty determination circuit is composed of a cycle
measurement circuit 10 for measuring a length of one cycle in the first cycle arriving
at every interval integral number times one cycle T of an input clock signal EE@P—QK,
an operation circuit 19 fox; calculating the half leﬁgth of one cycle on the basis of the
measured value, an actual measurement circuit 20 for executing measurement of
thg_ length in each of the second cycles in above-mentioned interval, and a
coincidence circuit 28 for outputting a coincidence output as a til_ning position of
above-mentioned duty 50% when the corresponding measured value becomes
coincident with above-mentioned calculated value, wherein a clock signal having a
pulse width corresponding to above-mentioned d\ity 50% is prepared and outputted
on the basis of a signal synchronized with the front e&ge of the input clock signal
EXF-CK and the timing position détermined and instructed by above-mentioned
duty determination circuit 3. |

Figure 1)
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