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SPECIFICATIONS

| TITLE OF THE INVENTION

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
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increased. Therefore, if the wave form of input signal.is broken from a state of duty
50% (signal (1)) to a state of smaller duty wave form (signal (2)) than the state in a
case where an IC of semiconductor active element is caused to receive an input wave
form of duty 50% signal (1) and operates at the extremely upper level of its
operatable period, a signal of frequency exceeding the operatable period is inputted
into the corresponding IC, thereby causing the corresponding IC not to function in
response to the frequency of t_he corresponding input signals.

Therefore, it is preferable that digital signals to be handled have a wave
form for which the ratio of period TA and period TB is 1:1 (duty 50%). In other words,
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,
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these sub reference signals are commenced to be frequency-divided by frequency
dividers 823, 824, 825, and the frequency-divided signals are logically synthesized
in a logic circuit 822, thereby causing the output to be picked up as a synchronizing
output signal.

Although, in the synchronizing signal selection circuit, it is necessary to
handle signals of a frequency "m" times the repeating frequency f of a synchronizing
output signal as the reference signal, the jitter is decreased in compliance with the
number of the phase divisions, that is, the number "n" of the sub reference signals.

Thus, in the synchronizing signal selection circuit, it is important to
produce "n" sub reference signals Sa, Sb, Sc of different phases from the reference
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,
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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 actual wave form shaping
circuit which is able to operate waves is constructed with as a few number of
semiconductor elements as possible.

@) Frequency multiplying circuit

In a case where a frequency multiplier which is able to obtain 50% duty
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
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provide the circuits with an external synchronizing circuit which is able to generate
clock signals in synchronization with horizontal synchronizing signals.

Conventionally, there is a circuit shown in FIG.22 as a synchronizing 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 (Japanese patent publication No. 95606 of 1986). Since this circuit is
explained above, the explanation about it is omitted here.

As stated above, with the conventional technique of gradually shifting the
phase, a problem arises, that is, if a higher frequency (50MHz 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 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.
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Furthermore, 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 synchronizing circuit,
which is simple 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 synchronizing
method are proposed.

Furthermore, it is also desired that an external synchronizing method and
external synchronizing circuit are proposed, which automatically cause output
clocks to synchronize with external trigger signals even though the external trigger
signals are fluctuated.

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.



SUMMARY OF THE INVENTION

In order to achieve the above-mentioned objects, the invention is
constructed as shown below.

One aspect of the present invention is a digital wave shaping circuit
comprising: a timing generation circuit for generating a required timing signal from
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 aé 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
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measurement of the length is executed iﬁ the actual measurement circuit in each
cycle of input clock signals, and a coincidence output is outputted from the
coincidence circuit when the corresponding measured value becomes coincident with
the above-mentioned calculated value. Th{s coincidence output indicates the above-
mentioned timing position of duty 50%.

According to the above-mentioned invention, in a width forming circuit, a
pulse is risen up by a signal synchronized with the front edge of input clock signal
and is fallen at a timing position, that is, by a coincident signal, which is designated
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
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timing generation circuit, a counter for counting the number of cycles of oscillation
of the corresponding delay line oscillator, and a latch circuit for latching the value of
the corresponding counter when said 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 value; 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
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
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counting the number of cycles of oscillation, an operation circuit for calculating the
half value of the counted value, and a coincidence circuit which uses oufput of the
corresponding operation circuit as one input and uses output of said counter as the
other input, said first duty determination circuit measures the length of one cycle by
causing the delay line oscillator to oscillate and counting the number of cycles of
oscillation by the counter in the first cycle arriving at every interval of integral
number times of one cycle of the input clock siénal, executes measurement of the
length from the front edge of each cycle by causing the delay line oscillator to
oscillate and counting the mimber 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
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%.
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Therefore, even in a case where input clock signal has any cyclic length or
the input clock signal is of a wave form in which the duty is fluctuating, with the
digital wave shaping circuit according to this invention, it is always possible to
obtain outputs having the same frequency as the original frequency and having a
50% duty wave form.

Furthermore, since the first and 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, 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
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determination circuit, which is sét 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 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 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 OR gate for picking up an output of each of
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
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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 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 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 in

synchronization with the front edge of one cycle of said input clock signal and the
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fluctuating, it is possible to obtain multiplied outputs, the wave form of which is
duty 50%, as output at all times. That is, clock signals of pulse wave form for which
the frequency is two times the input clock signals and the duty is 50% can be
outputted at all times. Therefore, it is possible to increase the apparent frequency
limit of semiconductor active elements used.

Since with this mode the measurement ié carried out by utilizing the
outputs of delay line oscillators, the phase errors do not constitute any problem.
Accordingly, it is possible to perform very highly accurate measurements.

Furthermore, the first and second duty determination circuits which are
overlapped at least one cycle with each other and operate with two cycles shifted
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
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measurement period and the next target measurement period, a first OR gate for
inputting the output of said first flip flop and a signal for instructing said actual
measurement period into said first dvty determination circuit; a second OR gate for
inputting the 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
for output 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 obtained by said first duty determination circuit and said
second duty determination circuit.

In the first cycle arriving at intervals of 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
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status of which is changed over by coincidence outputs of said first duty
determination circuit and said second duty determination circuit.

Another aspect of the present invention is a frequency multiplying 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 an 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; 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 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
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target measurement period and actual measurement period are clearly
distinguished, whereby it is possible to securely perform an action of oscillation in
the target measurement period to the full width of one cycle. Still furthermore, the
construction is further simple in comparison with a case where two pairs of delay
line circuits, etc. for the actual measurement periods and oscillation reference
periods.

Another aspect of the present invention is a n external synchronizing
method for synchronizing an input clock signal with an external trigger signal,
comprising steps of: producing a number of internal trigger signals synchronized
with an external trigger signal according to a cycle 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
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frequency or cycle length, or the input clock signals are of a wave form, the duty of
which is fluctuating, clock signals having a pulse wave form, the duty of which is
50%, can be obtained at all times. Therefore, it is possible to increase the apparent
frequency limitation of semiconductor active elements to be used.

Another aspect of the present invention is a n external synchronizing circuit
comprising: an internai 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 signals, sharing
them to 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 '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
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signals are produced at cycles of input clock signals until the next external trigger
signals arrive, and are shared to the first duty determination circuit and the second
duty determination circuit with the timing shifted from each other, wherein the
timing positions corresponding to duty 50% of the cycle of input clock signals are
measured from the position of the internal trigger signals, the output pulse is risen
up at the position of the internal trigger signals and the output pulse is fallen at the
timing positions corresponding to the above-mentioned measured duty 50%. Since
the internal trigger signals are inherently generated at cycles of the input clock
signals in addition to the external trigger signals, output pulses can be easily
obtained in synchronization with this signal. Furthermore, even though the pulse
width of arriving external trigger signals and 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"
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side first group signal (SET-Al) and a gecond 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 outputted by counting the
number of cycles of the oscillation, outputs a coincidence output indicating the
timing position, and resets said "A" side first 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" side second flip flop; a "B" mode
change sighal generation circuit which, upon receiving another of said internal
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 (SE’I‘-B.I) 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.
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DESCRIPTION OF THE DRAWINGS

FIG.1 is a view showing first preferred embodiment of a digital wave
shaping circ\_lit according to the invention.

FIG.2 is a timing chart showing operations of major parts of the circuit
illustrated in FIG.1.

FIG.3 is a view showing a second preferred embodiment of the digital wave
shaping circuit according to the invention.

FIG4 is a timing chart showing operations of niajor parts of the circuit
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.
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FIG.13 is an enlarged view showing the lower half part of the timing chart

of FIG.11.

FIG.14 is a circuitry diagram showing a detailed example of timing
generation circuit 302 illustrated in FIG.9.

FIG.15 is a timing chart showing operations of part of timing generation
circuit 302 illustrated in FIG.9 and a mode change signal generation circuit.

FIG.16 is a timing chart showing operations of part of a duty determination
circuii: of FIG.18 and a width forming circuit.

FIG.17 is an enlarged view of the upper half part of the timing chart
illustrated in FIG.16.

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
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invention with reference to the accompanying drawings.

[Wave shaping circuit]

Digital wave shaping circuit shown in FIG.1 has a timing generation circuit
2 which generates required timing signals CKF, 1/2CKW, 1/2CK, CKW from input
clock signals CK, a duty determination circuit 3 which determines and indicates
timing positions of an required duty values (herein, duty 50%) of a clock signal to be
outputted, upon receiving timing signals 1/2CKW, 1/2CK, CKW generated by the
timing generation circuit 2, and a width forming circuit 5 which forms and outputs
clock signals (RS-FFQ) having a pulse width equivalent to the above-mentioned
duty 50% on the basis of the timing positions determined and indicated 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.
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1/2CKW is a timing signal to establish a period (actual measurement
period) T3 to sustain a measurement operation over the above-mentioned target
measurement period T1.

This 1/2CKW 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, fallen after the fall of 1/2CK, having a slightly longer than one cycle
T of the input clock signal CK. 1/2CKW can be obtained, for example, by producing a
signal in which 1/2CK is slightly delayed in the width of 1/2 cycle thereof , and
taking a logic sum of this signal and 1/2CK.

CKW is a signal for defining an oscillation reference period, which is
commenced from the front edge of signal CK and is terminated just before arriving
the front edge of the next input clock, whenever every clock signal 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
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timing position of duty 50%, upon receiving the measurement result, and an actual
measurement circuit 20 for actually measuring the timing position of duty 50% with
respect to signal CK while CKW is in HIGH level, upon receiving the above-
mentioned timing signal CKW. .

The cycle measurement circuit 10 consists of a delay line oscillator 11, a
counter 17, and a latch circuit 18, wherein the operation circuit 19 receives a
parallel output of the latch circuit 18 and the parallel output is received by a
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,
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the other input terminal of NAND gate 12 becomes H, and the output of NAND gate
12 becomes H, and the oscillation starts. Thereafter, the oscillation of the delay line
oscillator 11 comes to a stop when the 1/2 CKW (actual measurement period T3) is
fallen.

The 1/2CKW (actual measurement period T3) is risen up simultaneously
with a rise-up of the above-mentioned timing signal 1/2CK (target measurement
period T1), but it is fallen with a delay from a fall of the timing signal 1/2CK. In
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 tﬁe 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).
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© Latch circuit 18

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

Therefore, this latch circuit 18 latches a count value (number of cycles of
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
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value passes through the timing position of duty 50% with respect to signal CK
halfway of the counting.

®) Coincidence circuit 28 |

Coincidence circuit 28 uses a calculated value equivalent to duty 50%
obtained from the above-mentioned operation circuit 19 as one input and uses the
count value obtained from the above-mentioned counter 17 as the other input,
wherein both are verified.

Therefore, since the count value passes through the count wvalue
corresponding to duty 50% halfway of increasing of the count value as the delay line
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
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position of duty 50%.

Since no coincidence output SA appears in the first cycle T1 of odd numbers,
this portion will be disregarded.

Thus, even though the duty of the input clock signal CK is of a wave form
which is fluctuating halfway, the inpﬁt 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.
) Second embodiment

FIG.3 shows the second embodiment which. is provided 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%.
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The second duty determination circuit 4 has an operation cycle C2 shifted
two cycles from the first duty determination circuit 3. That is, the second duty
determination circuit 4 handles every four cycles (4T) of input clock signals EXT-CK
shown with t3 through t6 in FIG.4 as one repeating unit (operation cycle C2),
measures the length T1B ("B" side target measurement period) of one cycle of input
clock signal EXT-CK at the first cycle (t3) of the front half thereof, and ;:alculates the
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 (t5) and fourth
cycle (16) of the subsequent latter halves respectively, the second duty
determination circuit 4 measures the length T5B 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 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
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coincidence circuit 28, that is, the output of the duty determination circuit 3 is
inputted into the reset terminal R positioned before the circuit 3. This OR gate 5b
and RS-FF 6 constitute a width forming circuit 5.

This RS-FF 6 is set by a short pulse SET-A ((9) in FIG.4) generated at the
front edge of input clock signal EXT-CK in a case where QN ((8) in FIG.4) of JK-FF
in the timing generation circuit 2 is H, that is, where the "A" side is in the oscillation
reference period, and is reset by the above-mentioned coincidence output SA ((15) in
FIG.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)
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through the OR gate 5b.

(iii) Timing generation circuit 2

Timing generation circuit 2 internally produces timing signals SET-AB,
1/2CK, 1/2CK-DL, WC, JK-FF-Q, and JK-FF-QN, and further using them, produces
and outputs timing signals SET-A, SET-B, 1/2CKA, 1/2CKB, WC-A, and WC-B.

SET-AB ((3) in FIG.4) is a timing signal consisting of short pulses generated
at the front edge of the input clock signal EXT-CK.

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
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at the front edge of the input clock signal EXT-CK in a case where QN ((8) in FIG.4)
of JK-FF in the timing generation circuit 2 is H, that is, where the "A" side is in the
oscillation reference period, and will be a set input of the "A" side RS-FF 6.

SET-B ((16) in FIG.4) is a timing signal consisting of short pulses generated
at the front edge of input clock signal EXT-CK in a case wher_e 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 reference period and becomes a set input of RS-FF 8 at the "B" side.

1/2CKA ((14) in FIG.4) is a signal for establishing the "A" side target
measurement period T1A, and is a signal which is taken out from 1/2CK 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
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measurement.

Therefore, the timing signal WC-A ((10) in FIG.4) is inputted into delay line
oscillator 11 through OR gate 7 to commence the oscillation and is inputted into a
clear terminal CL of the counter 17. By the rise-up of the timing signal, the counter
17 begins counting the number of cycles of oscillation.

" The oscillation of the delay line oscillator 11 is sustained at least until the
rise-up of a clock of the second cycle t2 is completed.

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.
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The output of counter 17 is inputted into the other input terminals Al to An
of the coincidence circuit 28, whereih the count value of the counter 17 is
progressively increased, and at the moment ("e" point in FIG.4) when the count
value is made coincident with the value (half the length of one cycle T) outputted by
the above-mentioned operation circuit 19, a coincidence output SA is generated from
the coincidence circuit 28.

This coincidence output SA is inputted into the reset input terminal QN of
RS-FF 6 and resets the flip flop. Therefore, when this coincidence output SA is
generated, the set Q output ((11) in FIG.4) of RS-FF 6 is fallen and appears at the
OR gate 5b as pulse P1.

As a matter of course, this output pulse P1 is a pulse which is risen up at
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
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at the position of duty 50%.

The same operation is performed at the "B" side with two cycles delayed
with respect to the above-mentioned "A" side operation. That is, QN output ((8) in
FIG.4) 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 as to operate the measurement.

Therefore, the timing signal WC-B ((17) in FIG.4) is risen up (*h" point in
FIG.4), and is added to the "B" side delay line oscillator 11 through OR gate 9,
whereby the oscillation is commenced. Simultaneously, the signal WC-B is inputted
into a clear terminal CL of the counter 17, the rise-up of which causes the counter 17
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)
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("k" point in FIG.4).

The set Q output ((18) in FIG.4) of RS-FF 8 is caused to appear in the
output OUT through OR gate 5b, and is added to the "B" side delay line oscillator 11
through OR gate 9 to cause the oscillator 11 to oscillate. Furthermore, the set Q
output of RS-FF 8 is added to the clear CL of the "B" side counter 17 through OR
gate 9 to clear the counter 17, causing the counting of the number of cycles of
oscillation to commence.

The output of the "B" side oouﬁter 17 is inputted into the other input
terminals Al to An of the coincidence circuit 28, causing the count value of 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
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value (half of length T of one cycle) of the above-mentioned operation circuit 19 ("s"
point in FIG.4), a coincidence output SB is generated again from the coincidence
circuit 28. Since RS-FF 8 is reset by this coincidence output SB, the set Q output
((11) in FIG.4) of RS-FF 8 is fallen, and is caused to appear in OR gate 5b as pulse
P4.

As a matte}‘ 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, 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
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oscillator 11 through OR gate 7 at the point of time ("a" in FIG.6) when SET-AB is
generated at the first cycle t1 of input clock signal EXT-CK to commence the
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 the rise-up
of the timing signal WC-A. The oscillation of the delay line oscillator 11 is continued
at least until the clo_ck of the second cyéle t2 is-completed.

The oscilla;tion of the delay line oscillator 11 is terminated when WC-A is
fallen, that is, the actual measurement period T3A ends (‘c" in FIG.6). In the
meantime, due to arrival of the end of the target measurement period T1A of
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.
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This coincidence output SA is inputted into the reset input terminal QN of
RS-FF 6 and resets the flip flop. When this coincidence output SA is generated, the
set Q output ((11) in FIG.6) of RS-FF 6 is fallen and becomes an input of AND gate
31 in a form of pulse P1.

Therefore, a short pulse AND-A-OUT ((16) in FIG.6) is generated at the
front edge of the coincidence output SA from AND gate 31 where this pulse P1 and
coincidence output SA are used as two inputs, and becomes a clock input of D-FF §¢
through OR gate 33. .

If the above-mentioned short pulse AND-A-OUT ((16) in FIG.6) is 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
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inputted into AND gate 31. When the count value of the 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.6), a coincidence output SA is
generated again from the coincidence circuit 28. When this coincidence output SA is
generated, the set Q output ((11) in FIG.6) of RS-FF 6 is fallen and becomes an input
of AND gate 31 in a form of pulse P2.

Therefore, a short pulse AND-A-OUT ((16) in FIG.6) is generated at the
front edge of coincidence output SA from AND gate 31 where this pulsé P2 and
coincidence output SA are used as two inputs and becomes a clock input of D-FF 5¢
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
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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 a rise-up of the clock of the fifth cycle t5, that is, when the
actual measurement period T3B slightly elapsed from one cycle of the input clock
CK ends ("j" point in FIG.6). In the meantime, due to the target measurement
period T1B of 1/2CKA having a length equivalent to one cycle T of the input clock
CK arriving at the end thereof ("i" point in FIG.6) and a fall of 1/2 CKB inputted into
the clock input terminal CK of thé latch circuit 18, the latch circuit 18 latches the
count value (length T of one cycle = T1B) of the counter 17.

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
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FIG.6) of RS-FF 8 is fallen at the moment when this coincidence output SB is
generated, and becomes an input of AND gate 32 in a form of pulse P3. Accordingly,
_ a short pulse AND-B-OUT ((25) in FIG.6) is generated at thé front edge of the
coincidence output SB from AND gate 32 where this pulse P3 and coincidence
output SB are used as two inputs, and becomes a clock input of D-FF b¢ through OR
gate 33.
The above-mentioned short pulse AND-B-OUT ((25) in FIG.6) is added to
D-FF 5c as a clock input since the D-FF 5c¢ is preset by SET-AB evéry time, and the
| 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
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value (half of length T of one cycle) of the above-mentioned operation circuit 19 (s
point in FIG.6), a coincidence output SB is generated again from the coincidence
circuit 28. Since RS-FF 8 is reset by this coincidence output SB, the set Q output
((19) in FIG.6) of RS-FF 8 is fallen and becomes an input of AND gate 32 in a form of
pulse P4.

Therefore,_i a short pulse AND-B-OUT ((23) in FIG.6) is generated at the
front edge of the coincidence output SB from the AND gate 32 where this pulse P4
and coincidence output SA are used as two inputs, and becomes a clock input of 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 5c 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 foer. 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. Ii is noted that, as necessary,
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the first duty determination circuit 3 is called "A" side, and the second duty

determination circuit 4 is called "B" side, wherein they are respectively given "A",
and "B" as reference symbol for distinguishing them.

That is, the frequency multiplying circuit 201 has a timing generation
circuit 2 which produces from the input clock signal EXT-CK required timing signals
including signals 1/2CKA, 1/2CKB for instructing the target measurement periods
T1A, T1B to be m?ésured as length of one cycle T with an interval equivalent to
integral number times one cycle T of an input clock signal EXT-CK and signals
WC-A, WC-B for instructing the actual measurement periods T3A, T8B for
sustaining a measurement operation a slightly longer than the target measurement
periods. Furthermore, they have duty determination cﬁwits 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 linq oscillatbr 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
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from the output terminal of the corresponding inverter 13 to the other input
terminal of the above-mentioned NAND gate.

As an inverter 13 used as a delay element, ECL inverter, IIL inverter, etc.
may be used in addition to C-MOS inverber..

The delay line oscillator 11 begins oscillating for measurement when timing
signals WC-A, WQ;B (actual measurement periods T8A, T8B) from the aBove-
mentioned timing generation circuit 2 are risen up upon receiving the timing signals,
and stops oscillating when they are fallen. That is, usually, NAND gate 12is in such
a state where the logic level of one input terminal is L and the output the@f isH
while the output of the inverter 13 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, T'1B).

Thereby, the oscillation is continued during one cycle (target measurement
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period T'1A or T1B) of odd numbers of the timing signal 1/2CK.

() Counter 17

The counter 17 counts a change of output DL-OSC-A of the above-
mentioned delay line oscillator 11, that is, an output change generated once on
every cycle of oscillation since the clock input terminal CK thereof is connected to
the output termim?il of the above-mentioned delay line oscillator 11. Furthermore,
input signals which are identical to that in a case of the above-mentioned delay line
oscillator 11, that is, timing signals WC-A, WC-B (actual measurement periods T3A,
T83B), etc. are inputted into the clear terminal CL of the counter 17.

Therefore, as well as operations of oscillation and stop of the delay line
oscillator 11, the counter 17 'Begins counting ﬁhen the above-mentioned timing
signal 1/2CK (target measurement periods T1A, T1B) is risen up, and stops
countiné after the timing signal 1/2CK (target measuremenf; 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 T1A, T1B).
' ©  Latch circuit 18

A figure output of the above-mentioned counter 17 is inpufted 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 eorrespdnding
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,
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@ Operation circuit 219, 220 221

The first operation circuit 219, second operation circuit 220 and third
operation circuit 221 respectively calculate a 1/4 value, 2/4 value and 3/4 value of
the count value of the number of cycles of oscillation latched by the latch circuit 18,
that is, the duty value of 25%, 50% and 70% thereof, upon receiving a parallel
output of the abng-mentioned latch circuit 18. Of them, the dﬁty value of 25%
becomes one input of the first coincidence circuit 222, the duty value of 50% becomes
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-
mentionedltarget measurement period and the next target measurement period,

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



-49- .

Furthermore, OR gates 7,9 are pre-positioned in each of the first duty
determination circuit 3 and the second duty determination circuit 4, wherein
through the corresponding OR gates 7, 9 output of the above-mentioned RS-FF 6,8
and signals WC-A, WC-B indicating the above-mentioned actual measurement
periods T3A, T3B are inputted in the corresponding duty determination circuits 3,4.
An output flip ﬂop; fSc is provided which is reset every time in synchronization with
the front edge of ox;e cycle T of input clock signal EXT-CK, and the status of which is
changed over by the coincidence outputs SA1, SA2, SA3, or SB1, SB2, SB3 obtained
by the 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
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circuit 4 constructed to be identical to the first duty determination circuit 8 having
such construction, and the Q output is inputted to the delay line oscillator 11 of the
duty deterinination circuit 4 through OR gate 9 (OR-B), while it is inputted into one
input terminal of AND gate 381. Acc_or.dingly, the output of above-mentioned
coincidence circuit 28, that is, output of the duty determination circuit 4 is inputted
into the reset ter;fxinal R of RS-FF 8 pre-positioned here. This RS-FF 8 also
constitutes a widtﬁ -forming circuit 5 along with D-FF bc.

This 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
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
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SA1, SA2, SA3 of the coincidence circuits 222, 223, 224 to OR gate 33, wherein AND
is obtained with respect to the Q output from RS-FF 6, 8.

As well, AND gate 32 which prohibits a coincidence output during the term
of measurement is provided in a line from the coincidence output terminals SB1,
SB2, SB3 of the coincidence circuits 222, 223, 224 to OR gate 33, wherein AND is
operated with the Q output from RS-FF 6, 8.

()] Timing generation circuit 2

A timing generation circuit 2 internally generates timing signals SET-AB,
1/2CK, 1/2CK-DL, WC, JK-FF-Q, and JK-FF-QN, and furthermore, using these
signals, generates and outputs timing signals SET-A, SET-B, 1/2CKA, 1/2CKB,
WC-A, and WC-B. ‘ |

SET-AB ((3) in FIG.8) is a timing signal consisting of short pulses generated
at 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 (actual_
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 ((6) 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
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is in the measurement period (while the "B" side is in the oscillation reference
period), and, when the Q output N of the JK-FF in the timing generation circuit 2 is
H, JK-FFQN ((8) in FIG.8) indicates that the "B" side is in the measurement period
(while the "A" side is in the oscillation reference period).

SET-A ((9) 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 QN (®) 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 becomes a set input of the "A" side RS-FF 6.

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,
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T3B, and have a longer pulse width than T1.

(6) Operations

As Shown in FIG.8, the first duty determination circuit 8 handles every four
cycles (4T) of input clock signals EXT-CK as a single repeating cycle (opera;tion cycle
C1), measures the length T1A (the "A" side target measurement period) of one cycle
of the input clock signal EXT-CK at the front half first cycle (t1) thereof, and
calculates values of 114, 2/4 and 3!4 (duty 25%, 50% and 70%) of the length T of one
cycle by using the result of measurement. On the basis thereof, in the subsequent
third cycle (t3) and fourth cycle (t4), the first duty determination circuit 3 méasures
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
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the timing position of the maximum duty 75% is illustrated with T5B), and outputs
coincidence outputs SB1, SB2, SB3 indicating the timing positions of duty 25%, 50%
and 75% whenever the coincidence is secured.

FIG. 8 shows operations of major elements of the circuit illustrated in
FIG.7.

) "A': side first cycle t1

When SET-AB is generated at the first cycle t1 of the input clock signal
EXT-CK ("a" in FIG.8), the timing signal WC-A ((10) in FIG.8) is inputted into the
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
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through OR gate 7 to cause the oscillator 11 to commence oscillating.

Furthermore, the set Q output of RS-FF 6 is given to the clear CL of the "A"
side counter 17 through OR gaté 7 cause the counter 17 to clear, causing the
counting the number of cycles of oscillation to commence.

The output of counter 17 is inputted into the other input terminals Al to An
of coincidence circ1£1its 222, 223, 224, and the count value of the counter 17 is
progressively increased. Then, at the moment when the count value becomes
coincident with the value (1/4, 2/4 and 3/4 value of length 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 pl_llse 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
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pulses x1, x2 are 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 becomes a
digital signal, the frequency of which is two times the signal EXT-CK, and the
output wave form becomes that of a pulse fallen at the position of just the half (duty
50%) of the length of one cycle (half of the original one cycle, 1/2T), that is the
position of 1/4T of the cycle of the input wave form. |

It is noted that, since coincidence outputs SA1l, SA2, SA3 ((15) in FIG.8)
generated in the first cycle t1 are generated while the Q output of RS-FF 6 is fallen
down to L, no output appear at AND gate 31, and D-FF 5c is not changed over.

Therefore, influences of the coincidence pulse SA1, which is generated when
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.
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Therefore, coincidence outputs SA1l, SA2, SA3 are generated as output
AND-A-OUT ((17) in FIG.8), in only the width of pulse P1, from AND gate 31 where
tilis pulse Pl.and coincidence output SA are used as two inputs, and become a clock
input of D-FF 5¢ through OR gafé 33.

If a short pulse AND-A-OUT ((17) in FIG.8) corresponding to the above-
mentionéd coincidence owgput SA1, SA2, SA3 is added to D-FF e as clock input
since D-FF 5c¢ is present by SET-AB every time, the Q output of D-FF bc¢ is reversed
at that time and is caused to appear at the output terminal OUT as pulse x3, x4. As
a matter of course, these output pulses x3,x4 are risen up in synchronization with
the front edge of t_:he external input clock, 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
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until a rise-up of clock of the fourth cycle t4 is completed.

The oscillation of the "B" side delay line oscillator 11 is caused to end by a
fall of WC-B produced before a rise-up of clock of the fifth cycle t5, that is, when the
actual measurement period T3B slightly elapsed from one cycle T of the input clock
CK ("j" point in FIG.B) ends. In the meantime, the target measurement period T1B
of 1/2CKA having a length equivalent to one cycle T of the input clock CK comes to
the end ("i" point in FIG.8), and 1/2CKB inputted into the clock input terminal 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 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.
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The maximum SB3 of these coincidence outputs SB1, SB2, SB3 is inputted
into the reset input terminal 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 FIG.8) of RS-
FF 8 is fallen and becomes an input of AND gate 32 in a form of pulse P3.

On the other hand, coincidence outputs SB1, SB2 are generated before this
SB83. Therefore, coincidence outputs SB1, SB2, SB3 are generated as output AND-
B-OUT ((24) in FIG.8) from AND gate 32 in which this pulse P3 and coincidenqe
outputs SBl; SB2, SB3 are used as two inputs, and become a clock input of D-FF be¢
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.
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(vii)  "B" side sixth cycle t6

Subsequently, as the sixth cycle t6 starts, SET-B ((18) in FIG.8) arrives
again ("r" point in FIG.8), wherein RS-FF 8 is set. The Q output ((20) in FIG.8) 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 comménce, while the Q output
becomes an input of AND gate 82. When the count value of the counter 17 becomes
coincident with the output value (1/4, 2/4, 3/4 values of length T of one cycle) of the
abbve-mentioned operation circuit 219, 220, 221 (points "s1", "s2", "s3" in FIG.8),
coincidence outputs SB1, SB2, SB3 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 this 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 5c¢ 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%)
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of length of one cycle, that is, the position of 1/4T of cycle of the original input wave
form.

Thus, it is possible to obtain, from the Q output of D-FF 5¢, output clocks x1,
x2, x8, x4, y1, y2, y3, y4,..., the output wave form duty of which is 50%, which are
digital signals, having a frequency of two times the signal EXT-CK, synchronized
with the input clock CK. The actions and effocts of the above-mentioned frequency
multiplying and duty correction can be obtained even in a case where the duty of the
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
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circuit 302.

) Timing generation circuit 301

The first timing genération circuit 301 generates and outputs a reference
external trigger signal TRIG-AB ((8) in F1G.4) which is obtained by converting the
external trigger signal EXT-TRIG to a fixed pulse width, and external trigger
sectioning signals TRIG-STOPA, TRIG-STOPB (D-FF-Q of (2) in FIG.4, and D-FF-
QN of (8) in FIG.4) in order to distinguish one period ("A" period) from adjacent
period ("B" period) being sectioned by arrival of the external trigger signal EXT-
TRIG. | |

2) Internal trigger signal forming clrcult 310
| 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
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.
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Each of the phase position measurement period signals CKFA, CKFB is a
signal (pulse width T2 in FIG.4) which is risen up in synchronization 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 measure and make 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 EKP-CK. In the preferred embodiment, a signal.of as wide duty as
possible (more than duty 50%) is used for CKFA, CKFB so as to cover the entire
period in one cycle T with the fewest systems, two systems of CKFA, CKFB, and the
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 th(;, 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.

®) 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",
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*"G3", "G4" points in FIG.12) where the reference external triggér signal TRIG-AB is
generated, a coincidence circuit 322 for generating output when the output value of
the counter 820 becomes coincident with the latched value (x1, x2,.. y1, y2,..), an OR
gate (OR-ADQ) 328 for outputting a coincidence stop signal by utilizing the output of
the corresponding latch circuit 321 in a case where the phase position latched by the
above-mentioned latch circuit 321 is iﬁadequate, that is, when the result of latching
is all [0], and an_AND gate 324 in which the output of the corresponding OR gate
328 and output of the coincidence circuit 322 are used as two inputs.

| 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 givipg circuit 312, and a i)hase 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
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H, the output of the inverter 316 is L, the output (the other input terminal of NAND
gate 315) of the inverter 818 is H, wherein the oscillation remains stopped. However,
usually, if the other input terminal of NAND gate 315 is changed to logic level H, the
status is changed so that the output of the NAND gate 315 is L, the output of the
inverter 316 is H, the output of inverter 318 is L, the other input of the NAND gate
315 is H, and the output of NAND gate 315 is H, whereby the oscillation is
commenced. The oséillation is stopped when the phase position measurement period
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
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external trigger signal arrives ("G1", "G2", "G3", "G4" points in FIG.12).

Therefore, the latch circuit 321 latches a count value (phase position x or y
\.where the external trigger signal arrives) of the number of cycles of oscillation which
is obtained by counting the length from a rise-up of the input clock signal EXT-CK to
the arrival of the external trigger signal TRIG-AB.

@iv) Coincidence circuit

Coincidenc(; civcuit 822 uses the parallel output of the latch circuit 321 as
one input and use the output SA of the above-mentioned counter 320 as the other
input. Accordingly, the coincidence circuit 822 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.
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(6))] Timing generation circuit 302

FIG.14 shows a circuit configuration of the timing generation circuit 302.
The third timing generation circuit 302 produces timing signals 1/2CK-A1/B1,
1/2CK-A2/B2, WC-A1/B1, WC-A2/B2 which are common to the "A" éystem and "B"
system and gives them to the duty determination circuits 3A, 4A, 3B, 4B.
Furthermore, sincg each of the "A" system and "B" system consists of two duty
determination circﬁits 8,4, a timing signal BLOCK-SEL is produced in order to
alternatively select one of the two duty determination circuits 3,4 constituting each
of the "A" system and "B" system, and is given to D-FF 331, 332 positioned before
each of the duty determination circuits 3A, 4A, 3B, 4B as the data input thereof. It 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
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timing generation circuit 802, 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
circuit change signal to change over the duty determination circuits 3,4 for use. The
actuating circuit change signal BLOCK-SEL indicates that, when the Q output is H,
the duty determination circuit 3 side (A1/B1 side) is the measurement period (while
the duty determina_tion circuit 4 side (A2/B2 side) is the oscillation reference period),
and, when the Q output is L, the duty determination circuit 4 side (A2/B2 side) is the
measufement period (while the duty determination 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
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generated at the front edge of the internal trigger signal TRIG-A when the Q of
JK-FF in the timing generation circuit 302 is L, that is, _when the actuating circuit
change signal BLOCK-SEL ((12) in FIG.16) is L (in a case where the A1/B1 side is
the oscillation reference period T6), and becomes a set input of RS-FF 6 of the Al
side (duty determination circuit 3A side).

SET-A2 ((16) in FIG.15) is a timing signal consisting of a short pulse
generated at the ‘front edge of the internal trigger signal TRIG-A when the
actuating circuit change signal BLOCK-SEL ((12) in FIG.15) coming from the
timing generation circuit 302 is H (in a case where A2/B2 side is the oscillation
reference period T6) and becbmes a set input of RS-FF 8 at the A2 sidé (dﬁfy
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
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counter 47 for counting the number of cycles of the oscillation, a latch circuit 48 for

latching the content of the counter 47, a operation circuit 49 for calculating 1/2
values of the count value, and a coincidence circuit 50 attached to the operation
circuit 49. |

(a) Delay line oscillator 41

The delay line oscillator 41 is composed of a NAND gate 42 in which one
input terminal is used as an input terminal of the oscillator, an odd tier C-MOQS
inverter 43 connected to the output terminal of 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. |

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
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synchronization with a rise-up of the above-mentioned timing signals 1/2CK-A1/B1,
1/2CK-A2/B2 (target measurement period T1) while a fall thereof is slightly delayed
from a fall of the timing signal 1/2CK-A1/B1, 1/2CK-A2/B2. In summary, the delay
line oscillator 41 begins oscillating at a rise-up of the timing signals 1/2CK-A1/B1,
1/2CK-A2/B2 (that is, commencement of the target measurement period T1) which
is obtained by freqyency-dividing the above-mentioned input clock signal EXT-CK
into one half, and stops oscillating after the fall of timing signals 1/2CK-A1/B1,
1/2CK-A2/B2 (that is, after the termination of the target measurement period T1).

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
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Ti) generated in the above-mentioned timing generation circuit 302 are inputted
into the clock input terminal CK of the counter 47.

Therefore, this latch circuit 48 latches the count value (the number of cycles
of oscillation) of the counter 47 when the timing signals 1/2CK-A1/B1, 1/2CK-A2/B2
(target measurement period T1) are fallen, that is, when the target measurement
period T'1 ends. Therefore, a count value of the number of cycles of oscillation
corresponding to a length (one cycle T of the input clock signal EXT-CK) of one cycle
period of the timing signals 1/2CK-A1/B1, 1/2CK-A2/B2 (tafget measurement period
T1) is latched by the latch circuit 48.

() 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 latched 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
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synchronization with signals SET-A1, SET-A2, SET-B1, SET-B2 in the oscillation
reference period T6 between the above-mentioned target measurement period and a
subseqhent target measurement period and are reset by the above-mentioned
coincidence outputs SA1, SA2, SB1, SB2.

That is, RS-FF 6,6 of the Al side and B1 side (duty determination circuit 3A
and 3B sides) are set every time in synchronization with the above-mentioned
signals SET-A1, SET-B1, and are reset by the above-mentioned coincidence outputs
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
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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 constituﬁe a part pf the width forming circuit 5 altogether.

The RS-FF 6 (RS-FF-A1-Q; (10) in FIG.17) is set by a short pulse SET-Al
((6) in FIG.17) generated in synchronization with the internal trigger signal TRIG-
A when Q of the JK-FF in the timing generation circuit 302 is L, that is, in a case
wheré the "A1" side is the oscillation reference period, and is reset by the above-
mentioned coincidence output SA1 ((13) in FIG.17) (See (10) in FIG.17).

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
(RS-FF-Ai-Q; (10) in FIG.17) at the foux;th 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
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Q of the JK-FF in the timing generation circuit 302 is H, that is, in a case where the
"A2" side is the oscillation reference period, and is reset by the above-mentioned
coincidence output SA2 ((19) in FIG.17) (See (17) in FIG.17).

Therefore, two coincidence outputs SA2 are generated by the pulses P1, P2
generated at the output terminal Q of RS-FF 8 (RS-A2-Q; (17) in FIG.17) at the
second cycle t2 and third cycle t3 in FIG.17. Accordingly, the coincidence outputs
SA2 pass through AND gate 52 (AND-A2; (20) in FIG.17) and becomes a clock input
of D-FF 54 for output through OR gate 53, whereby pulses P1' and P2' which are
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.
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This RS-FF 6 (RS-FF-B1-Q; (22) in FIG.18) is 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 timing generation circuit 302 is L, that is, in a
case where the "B1" side is the oscillation reference period and is reset by the
above-mentioned coincidence output SB1 ((24) in FIG.18) (See (22) in FIG.18).

Therefore, the coincidence output SB1 passes through AND gate 51 (AND-
B1; (25) in FIG.18) by pulses P7,P8 generated at the output terminal Q of RS-FF 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' whiﬁh 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
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case where the "B2" side is the oscillation reference period and is reset by the
above-mentioned coincidence output SB2 ((29) in FIG.18) (See (27) in FIG.18).

Therefore, two coincidence outputs SB-2 (accurately, AND-B2; (30) in
FIG.18) are generated by pulses P5, P8 generated at the output terminal Q of RS-
FF 8 RS-FF-B2-Q; (27) in FIG.18) at the sixth cycle t6 and seventh cycle t7 in
FIG.18.

Accordingly, this coincidence output SA2 passes through AND gate 52
(AND-B2; (20) in FIG.17) and becomes a clock input of D-FF 54 for output through
OR gate 53, whereby pulses P5', P6' which are risen up by SET-B2 generated at
points "d2", "f2" in FIG.18 and are fallen by the coincidence output SB2 (accurately,
output AND-B2; (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
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up, tﬁat is, where an external trigger signal EXT-TRIG arrives before coincidence
outputs SA1, SA2, SB1, SB1 which reset RS-FF 6 or RS-FF 8, are generated, the
older coincidence output (point "w" in FIG.18) is first generated before a correct
coincidence output (point "e3" in FIG.18) counted from a new external trigger signal
EXT-TRIG is generated, causing the Q output of D-FF 54 to be fallen. In order to
avoid this inconvenience, an external trigger period signal TRIG-STOPA is added to
the input of the A system AND gates 51, 52, and another external trigger period
signal TRIG-STOPB is added to the B system AND gates 51, 52.

®) 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 two 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
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41 is caused to oscillate from the point of time (points “d", "f* in FIG.17) when a
signal SET-A2 synchronized with the respective internal trigger signals TRIG-A are
generated, and the length T5 secured until the result of measurement becomes
coincident with the above-mentioned calculation value, that is, till it reaches the
timing position of duty 50% is measured, wherein at the point of time when the
result becomes coincident with the calculation value, a coincidence output SA2
(points "e", "g" in FIG.17) indicating the timing position of duty 50% is outputted.

The "A" side first duty determination circuit 3A has an operation cycle C2
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 E}(’P;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" side 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.
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Prior to this, a timing signal WC-A2/B2 ((16) in FIG.17) is inputted into the
delay line oscillator 41of the duty determination circuits 4A, 4B through OR gate 9
at point "a" in FIG.10 to cause the respective delay line oscillators 41 to begin
oscillating, and is inputted into 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 .
The oscillation of the delay line oscillator 41 is continued at least until a rise-up of
the clock of the second cycle 2 is completed.

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.

(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 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
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progressively increased. The moment the count value thereof becomes coincident

with the value (value of 1/2 of length of one cycle T) outputted by the above-
mentioned operation circuit 49 (point "e" in FIG.17), a coincidence output SA2 is
generated from the coincidence circuit 50.

This coincidence output SA2 is inputted into the reset input terminal R of
RS-FF 8 to cause the flip flop to reset. When this coincidence output SA2 is
generated, the Q output ((17) in FIG.17) of RS-FF 8 is fallén and becomes an input
of AND gate 52 in a form of pulse P1. A coincidence output SA2 is generated as pulse
AND-A2 ((20) in FIG.17) having narrow width, only in the width of pulse P1, from
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.
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The Q output ((17) in FIG.17) of RS-FF 8 is fallen when this coincidence
output SA2 is generated and becomes an input of the AND gate 52 in a form of pulse
P2. Therefore, a coincidence output SA2 (AND-A2; (20) in FIG.9) is outputted, only
in the width of pulse P1, from AND gate 52 which uses this pulse P1, 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 53.

Since D-FF 54 is preset by SET-A2 every time, when a short pulse AND-A2
((20) in FIG.9) corresponding to the above-mentioned coincidence output SA2 is
added to D-FF 54 as a clock input, whereby the Q output of D-FF 54 is reversed at
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 trigger 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
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The oscillation of the 3A side delay line oscillator 41 is continued at least
until a rise-up of the clock of the fourth cycle t4 is completed.

The oscillation of the 3A side delay line oscillator 41 is terminated by a fall
of WC-A1/B1 produced before a clock of the fifth cycle t5 is risen up, that is, the
actual measurement period T3 slightly elapsed from one cycle T of the input clock
CK ends (point *§* in FIG.17),

In the meantime, by the target measurement period T1 of 1/2CK-A1/B1
having a length just equivalent to one cycle T of the input clock CK arriving at its
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 into 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
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RS-FF 6 and causes the flip flop to be reset. Therefore, at the point of time when this
coincidence output SA1 is generated, the Q output ((10) in FIG.17) of RS-FF 6 is
fallen, and becomes an input of AND gate 51 in é form of pulse P3.

Therefore, a coincidence output SA1 is generated as output AND-A1 ((14) in
FIG.17) from AND gate 51 which uses this pulse P3, coincidence output SA1 and
TRIG-STOPA as three inputs and becomes a clock input of D-FF 54 through OR
gate 53. Accurately, the ontput AND-AL1 is a short pulse generated at 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
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(point "s" in FIG.17), a coincidence output SA1 is generated from the coincidence
circuit 50 again. |

Since RS-FF 6 is reset by this coincidence output SA1, the Q output ((10) in
FIG..17) of RS-FF 6 is fallen and becomes an input of AND gate 51 in a form of pulse
P4. Therefore, a coincidence output SAl is generated as output AND-A1 ((14) in
FIG.17) in the width of pulse P4 from AND gate 51 which uses this pulse P4,
coincidence output SA1 and TRIG-STOPA as three inputs and becomes a clock input
of D-FF 54 through OR gate 53. _

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
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50% duty position commenced by SET-AZ2.

' As the external trigger signal G2 comes, D-FF in the timing generation
circuit 801 is reversed to cause the external period signal TRIG-STOPA to change to
L and TRIG-STOPB to H (a state where the “B" side is selected). Therefore, AND
gates 333, 334 (SET-Al, SET-A2) belonging to the "A" system D-FF 331 are
prohibited, and instead thereof, AND gates 335, 336 (SET-B1, SET-B2) belonging to
the "B" system D-Ff‘ 332 are made active.

At this moment, any one of SET-B1 and SET-B2 is generated 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



- 8 7 -
FI1G.18) is fallen and becomes an input of AND gate 52 in a form of pulse P5. A

coincidence output SB2 is generated as AND-B2 ((30) in FIG.18) having a narrow
width from AND gate 52 which uses this pulse P5, coincidence output SB2 and
external triggér period signal TRIG-STOPB as three inputs and becomes a clock
input of D-FF 54 through OR gate 53.

Since D-FF 54 is preset by SET-B2 every time, if a short pulse AND-B2
((30) in FIG.18) corresponding to the above-mentioned coincidence output SB2 is
" added to D-FF 54 as a clock input, the Q output of D-FF 54 is reversed (carries out a
fall operation) every time, and appears in the output terminal QUT as pulse P5'. It
is noted that, in the example shown in FIG.8, in the sixth cycle 6, since D-FF 54 is
already preset at the position of "dl",' P5'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
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Since the D-FF 54 is preset by SET-B2 every time, if a short pulse AND-B2
((26) in FIG.18) corresponding to the above-mentioned coincidence output SB2 is
added to D-FF 54 as a clock input, the Q output of D-FF 54 is reverse at that time
and appears in the output terminal OUT as pulse 6'.

In summary, the output pulse P5' of the above-mentioned pulses P5' and
P6' is a signal which is risen up in synchfonization with the last SET-A2 (point "d1"
in FIG.17) in the sixth cycle 6, and is fallen by the coincidence output SB2 (point
"e2" in FIG.17) after the external trigger 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) 3B side cighth cyclo 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
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terminal of the 3B side counter 47 to cause the counting to be commenced.

At the moment (point "q2" in FIG.18) 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
coincidence output SB1 is generated by the coincidence circuit 50.

This coincidence output SB1 is inputted into the reset input terminal R of
RS-FF 6 and resets the flip flop. Therefore, at the point of time when this
coincidence output SB1 is generated, the Q output ((2) in FIG.18) of RS-FF 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. '

Acéurébely, 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 (u3 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
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t9 (point "r2" in FIG.18), RS-FF 6 is set. The Q output ((22) in FIG.18) of RS-FF 6 is
added to the 3B side delay line oscillator 41 through OR gate 7 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 becomes an input of
AND gate 51. |

When the cguﬁt 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 "s2" in FIG.18), a coincidence output signal 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
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accompanying a shaping of digital wave form, and it is possible to extend the
operatable area of semiconductor active elements to a very high frequency.

@ "A" side operation (after triéger G3)

@ 4A side tenth cycle £10 to 4A side eleventh cycle t11

In the example shown in FI1G.17, the third external trigger signal G2 comes
in the tenth cycle t10 of input clock signal EXT-CK. Furthermore, this is a case
where the externa) trigger signal G2 comes during a measurement of 50% duty
position, which is commenced by SET-B1.

As the external trigger signal G3 comes, D-FF in the timing generation
circuit 301 is reversed, whereby 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
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inputted into the coincidence circuit 50.

At the moment (point "e3" 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
coincidence output SA2 is generated from the coincidence circuit 50.

RS-FF 8 is reset by this coincidence output SA2, the set Q output ((17) in
FIG.17) thereof is fallen and becomes an input of AND gate 52 in a form of pulse P9.
A coincidence output SA2 becomes a pulse AND-A2 ((20) in FIG.17) having a narrow
width is generated from AND gate 52 §vhich uses this pulse P5; 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 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
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side.

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 AND gates 51, 52. It is noted that, although a
coincidence output SA2 (point "w" in FIG.17) is also produced at the end of the sixth
cycle t6 where trigger G2 arrives, this is also eliminated by the "A2" side AND gate
52, and does not influence the output.

(ii) 4A side eleventh cycle t11 to 4A side twélfth cycle t12

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’
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In summary, the output pulse P9’ of the above-mentioned output pulses P9,

P10’ is a signal which is risen up in synchronization with the last SET-B2 (point “d2"
in FIG.17) in the tenth cycle t10 and is fallen by a coincidence output SB2 (point "e3"
in FIG.17) after the external trigger signal EXT-TRIG (trigger G3) arrives.

This fall position is coincident with the position of the duty 50% signal in a
case where it is assumed that the input clock signal EXT-CK is risen up at the same
time as the externgl trigger signal EXT-TRIG arrives.

Fuﬁhemom, the above-mentioned output pulse P10' 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 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



-5~

coincidence output SA1 is generated from the coincidencs circuit 50.

This coincidence output SA1l is inputted into the reset input terminal R of
RS-FF 6 and causes the flip flop to be reset. Therefore, at the point of time when this
coincidence oufput SAl is generated, the Q output ((10) in FIG.17) of RS-FF @ is
fallen and becomes an input of AND gate 51 in a form of pulse P11.

Therefore,' a coincidence output SA1 is generated as output AND-AL ((14) in
FIG.17) from AN D gate 51 which uses this pulse P11, coincidence output SA1 and
TRIG-STOPA as three inputs and becomes a clock input of D-FF 54 through OR
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.
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Therefore, Digital clock signals P9', P10', P11, P12'.. which are
synchronous 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. Furthermore, the wave forms thereof are modified so as fo be shaped to
duty 50% without fail.

The actiong and effects of this synchronization and duty modification can be
obtained in a case where the duty of the input clock CK fluctuates in the vicinity of
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.

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.
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Although a description of the operations of this preferred embodiment is
omitted, the embodiment is such that the outputs Q of the pre-positioned flip ﬂops 6,
8, that is, RS-FF-A1-Q (P3, P4, P11, P12), RSFFA2Q (P1, P2, P9, P10), RS-FF-
B1-Q (P17, P8), RS-FF-B2-Q (P5, P6) in FIG.17 and FIG.18 are merely synthesized
and is characterized in that the Q output of these pre-positioned flip flops 6,8 are
taken out as outpus as they are. An advantage of such a construction is in that the
circuit conﬁguratién is further simplified than that shown in FIG.10.

| Furthermore, although in the above preferred embodiments wave forms
CKFA, CKFB is used in wave forms of which one cycle of an input clock signal
EXT-CK shown in FIG.19(a) is made one unit, CKFA, CKFB may be used in wave

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
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becomes coincident with the above-mentioned calculated value, wherein clock
signals having a pulse width corresponding to the above-mentioned duty 50% are
produced and outputted on the basis of a signal synchronized with the front edge of
input clock signal EXT-CK and the timing position determined and indicated in the
above-mentioned duty determination circuit 3 (See FIG.1).

®) In order to achieve another object to provide an actual external
synchronizing method, using a simple construction, by which an input clock signal is
synchronized with an external trigger signal and input digital signals can be shaped
to a wave form of duty 50%, a number of internal trigger signals INT-TRIG w_hich
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;AI,
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 positioné of duty 25%, 50%, 76% are calculated on the

basis thereof, measurement of the length is executed in each of the second cycles in



-gg-

the above-mentioned intervals, coincidence outputs SA1, SA2, SA3, or SB1, SB2,
SB3 are outputted whenever the corresi)onding measured value becomes coincident
with the above-mentioned calculated values, and a clock signal, the frequency of
which is two times larger than the input clock signals and the duty of which is 50%, |
is generated and outputted on the basis of signals SET-AB synchronized with the
coincidence output; and the front edge of the input clock signal EXT-CK (See FIG.9).
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What is claimed is:

1. A digital wave shaping circuit comprising:

a timing generation circuit for generating a required timing signal from an
input clock signal; : |

a duty det:,ermination 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 dne 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 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
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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 timing generation circuit, a counter for
counting the number of cycles of oscillation of the corresponding delay line oscillator,
and a latch circuit for latching the value of the corresponding counter when said
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 ———
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instructing the 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 said first and second duty determination circuits have a delay line
oscillator, a counter for counting the number of cycles of oscillation, an operation
circuit for calculating the half value of the counted value, and a coincidence circuit
which uses outpuig of the corresponding operation circuit as one input and uses
output of said counter as the other ihput,

said first duty determination circuit measures the lengfh of one cycle by
causing the delay line oscillator to oscillate and counting the number of cycles of
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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first duty determination circuit and said second duty determination circuit, sets the
corresponding flip flop in synchronization with the front edge of one cycle of input
clock signals, resets the flip flop by said ¢oincidence output and picks up the output
of the respective flip flops through OR gate.

5. . A digital wave shaping circuit comprising:

a timing generation circuit for gemerating, 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 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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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 saitii,‘ actual measurement period into said second duty determination
circuit; and

a 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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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 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 ﬁrét flip flop and a signal for
instructing said a;:tual 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 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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said NAND gate.

9. A frequency multiplying 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 an input clock signal with an
interval which is mtegral 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; 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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input clock signal and is reset 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 first OR gate for inputting thé output of said first flip flop and a signal for
instructing said actual méasurement period into said first duty determination
circuit; :

a second OR gate for inputting the 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 for output which is reset every time in synchronization with
the front edge of one cycIe of said input clock signal, and the status of which is
changed over by coincideﬂoe 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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12. An external synchronizing method for synchronizing an
input clock signal with an external trigger signal, comprising steps of:

producing a number of internal trigger signals synchronized with an
external trigger signal according to a cycle of input clock signals until the next
external trigger signal arrives;

sharing tl{liem. 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 _

céusing 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
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signals, sharing them to the first group signals and the second group signals, in
each period of the external trigger signals, upon receiving said internal trigger
signai;

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 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 munﬁng 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 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.
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of an input clock signal is inputted into the circuits in a period where any of said
internal trigger signals does not exist, through the corresponding OR gate, whereby
the delay line oscillator is caused to oscillate only in the actual measurement period,
and a timing signal of the target measurement period for instructing the length
position corresponding to one cycle of the input clock signal, is given to said latch
circuit during the ?scillation to cause the latch circuit to latch the value of the

counter.

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 corresponding 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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the second flip flop operating upon receiving said second group signals is provided

instead of said flip flop for output.

20. An external synchronizing circuit éomprising:

an internal trigger generation circuit which, upon receiving a timing signal
from a timing generatioh circuit, measures a phase position from an external trigger
signal in one cycie ('l‘) 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, #nd 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" 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
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a "B" mode change signal generation circuit which, upon receiving another
of said internal trigger signals, outputs the internal trigger signals in said "B" period
sharing them to the first group signals and second group signéls;

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 dut§ determination circuit which executes oscillation upon receiving
the output 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 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 cbmposed 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
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signal instructing a slightly longer actual measurement period than one cycle T of
input clock signal is inputted into the circuits in a period where any of said internal
trigger signal does not exist, through the corresponding OR gate, whereby the delay
line oscillator is caused to oscillate only in the actual measurement period, and a
timing signal of the target measurement period for instructing the length position
corresponding to one cycle (T) of the input clock signal is given to said latch circuit
during the oscillati;n to cause the latch circuit to latch a value of the counter.

22. The external synchronizing circuit. according fo claim 21,
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 tlié 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
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signals and an output of the second flip flop operating upon receiving said second

group signals is provided instead of said flip flop for output.
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