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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 relat.es 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 frequency thereof identical 

to the frequency of digital input signals. 

2. Description of the Relat.ed Art 

Generally, the int.erruption frequency of semiconductor active elements is 

definit.e, 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 f is 
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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 the 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 frequency multiplying circuit and an external synchronizing circuit. 

(1) Digital wave shaping circuit 

Conventionally, in 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, "n" sub reference signals 

Sa, Sb, Sc, .. of different phase positions have been produced from the reference 

signal So. For example, a synchronizing signal selection circuit (disclosed by 

Japanese Patent Publication No. 95606of1986) 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 C'n" is an integral number including 

and more than 2) are produced by gradually shifting the phase of the reference 

signal by delay elements DLl, DL2, wherein, since trigger signal G is received, 
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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 DLl, 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-mentioned technique of gradually shifting th~ 

phase, a problem arises, that is, if a higher frequency (50MHz t.o lOOMHz 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. t;hough 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 t.o 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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lMHz 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. 

(2) 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 degrees, 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 ~ 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. 

(3) 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 lOOMHz 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 w'4ere a lower frequency (for example, 

lMHz 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 ext.emal 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 th,e 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 wave forms of input signals are 

shaped to those of duty 50% regardless of whether or not the input signals are of 

duty50%. 

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 syncbroni?.e 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 ext.emal synchronizing circuit which are able to 

automatically synchronize output clocks in pursuit to external trigger signals even 

though they are fluctuating. 
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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 t.o 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 t.o 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 as 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 t.o the half length of one cycle. The 
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measurement of the length is executed in 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. This 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 tlie front edge of input clock signal 

and is fallen at a timing position, that is, by a coincident signal, which js 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 where 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 duty 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, from ·input clock signals, 

required timing signals including a signal for instructing the target measurement 

period to be measured as length ~f one cycle of the input clock signals with an 

interval which is integral number times one cycle of the i~put clock signal, a signal 

for instructing an actual measurement period for sustaill.ing 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 problem. 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 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 



-10-

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 output 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 int.erval 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 

determination circuit operates with at least one cycle overlapped with and two 

cycles shifted from said first duty det.ermination 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 havi~g 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 t.o this invention, a first and a second duty determination circuits 

which are overlapped with each other at least one cycle and operat.e 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 to 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 t.o this invention, it is always possible t.o 

obtain outputs having the same frequency as the original frequency and having a 

50% duty wave form. 

Furthermore, since the first and second duty det.ermination 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 t.o securely perform oscillating actions 

in the target measurement period fully t.o 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 t.o 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 t.o sustain a measurement 

operation slightly longer than the target measurement period;. a first and a second 

duty determination circuits for det.ermining and instructing a timing position of 

duty 50% of a clock signal t.o be outputted, upon receiving said timing signal, each of 

which is constructed t.o have a delay line oscillat.or, a count.er 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 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 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 signal 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, et.c. which 

constitute one duty determinati()n circuit can be operated without fail by changing 

them to the actual measurement period or oscillation reference period. Therefore, 

the construction is further simplified in comparison with a case where two pairs of 

delay line oscillator, et.c. 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 ~rst 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 between said target measurement period and the next 

target measurement period; a second flip fl.op 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 gat.e for inputting an output of said first flip 

flop and a signal for instructing said actual measurement period into said first duty 

det.ermination 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 is carried out by utilizing the 

outputs of delay lirie 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 outp.ut is generated, the above-mentioned pre-positioned 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 75% 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 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 

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 a 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 calculat.ed three values (114, 214, 

and 3/4 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 and is gradually risen up and fallen at 

the timing positions indicated and det.ermined by the above-mentioned duty 

determination circuit, that is, the timing positions of duties 25%, 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 cl~ 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 

c1rcuits respectively include a delay line oscillator, a counter for counting the 

number of cycles of the oscillation, an operation 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 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 synchron~ation with the front edge 

of one cycle of the input clock signal and is reset by the fmal 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 ext.emal synchronizing 

method for synchronizing an input clock signal with an ext.ernal trigger signal, 

comprising st.eps of: producing a number of int.emal trigger signals synchronized 

with an ext.ernal trigger signal according t.o a cycle of input clock signals until the 

next ext.emal trigger signal arrives; sharing them, with timing shifted from each 

other, to the first duty determination circuit and the second duty det.ermination 

circuit; measuring alt.ernat.ely the timing position corresponding to duty 50% of a 

cycle of input clock signal from the position of the int.ernal trigger signal; causing an 

output pulse to rise up at the position of the int.emal trigger signal; and. causing the 

output pulse to fall at the timing position oorresponding to said measured duty 50%. 

Since int.ernal trigger signals (INT-TRIG) are inherently generat.ed at 

cycles (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 t.o 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 accurat.e, and it is possible t.o 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 ext.ernal trigger signals is fluctuating, 

it is possible to easily obtain clock signals in a state where the input clock signals 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 internal trigger generating circuit which, upon receiving a timing 

signal from timing generation circuit 301, :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 fl.op 

operating upon receiving said first group signals and a second flip fl.op operating 

upon receiving ·said second group sigilals; a first duty determination circuit which 

executes oscillation upon receiving the output of said first flip fl.op, det.ermines 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 fl.op; 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 osciJlation, outputs the coincidence output 

thereof, and resets said second flip flop; and a flip fl.op for output, which is set in 

synchroni2ation 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 60% 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 60%. 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 60% 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 an 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 po.sition corresponding to the phase position, at which the 

external trigger signal arrives, in eveey 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 int.emal 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 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 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 fl.op; a second duty determination 

circuit which executes oscillation upon receiving the output of said 11A11 side second 

flip fl.op, 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 11B11 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 signals; a first flip flop operating upon 

receiving said 11B11 side first group signal (SET-Bl) 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 output of said 11B" 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 11B11 side first flip flop; a second duty 

determination circuit which execut.es oscillation upon receiving the output of said 

11B11 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 11B11 side second flip flop; and a 

flip flop for output, which is set in synchronization with said 11A11 and "B" side first 

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

"A" and 11B11 side first and second duty det.ermination circuits. 
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DESCRIPTION OF THE DRAWINGS 

FIG.1 is a·view showing first preferred embodiment of a digital wave 

shaping circuit according to the invention. 

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

illustrated in FIG.I.' 

FIG.3 is a view showing a second preferred embodiment of the digital wave 

shaping circuit according to the invention. 

FIG.4 is a timing chart showing operations of major 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 

illustrat.ed in FIG.7. 

FIG.9 is a view showing the left half part of a circuit of the first preferred 

embodiment of an ext.ernal synchronizing circuit according to the invention. 

FIG.10 is a view showing 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 

illustrat.ed in FIG.9 and FIG.IO. 

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

ofFIG.11. 
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FIG.13 is an enlarged view showing the lower half part of the timing chart 

ofFIG.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 

circuit ofFIG.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.IS 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 illustrat.ed in FIG.9, 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 ext.ernal 

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. 

LW ave shaping circuit] 

Digital wave shaping circuit shown in FIG. I has a timing generation circuit 

2 which generates required timing signals CKF, l/2CKW, 1/2CK, CKW from input 

clock signals CK, a duty determination circuit 3 which det.ermines 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. 

(1) Timing generation circuit 2 

In FIG.2, CK is a clock signal inputted into the timing generation circuit 2 

in whfoh the duty may fluctuate while the repeating 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 generat.es 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. 

l/2CK is a timing signal for specifying a period Tl (target measurement 

period) to be measured as a length of one cycle 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 Tl in odd 

numbers of the signal 1/2CK may be utilized. 
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l/2CKW is a timing signal to establish a period (actual measurement 

period) TS to sustain a measurement operation over the above-mentioned target 

measurement period Tl. 

This 1/2CKW is a signal the fall of which is slightly delayed from the 

above-mentioned l/2CK, that is, a signal which is risen up simultan~ously with the 

input clock CK, fallen aft.er the fall of l/2CK, having a slightly longer than one cycle 

T of the input clock signal CK. 112CKW can be obtained, for example, by producing a 

signal in which l/2CK is slightly delayed in the width of 1/2 cycle thereof , and 

taking a logic sum of this signal and l/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 l/2CK, this CKW is risen up 

simultaneously with commencement of one cycle period Tl of odd numbers of the 

above-mentioned 1/2CK and termination of one cycle period T2 of even numbers of 

the above-mentioned l/2CK, and is in HIGH level until the half of the corresponding 

penod Tl and T2 (the timing position of duty 50%) passes, and thereafter the CKW 

is fallen before the termination of the corresponding period Tl and before 

commencement of the corresponding period T2. 

(2) First duty determination circuit 3 

Duty determination circuit 3 is equipped with a cycle measurement circuit 

10 which measures the length of one cycle period Tl of odd numbers upon receiving 

the above-mentioned timing signal l/2CKW. a operation circuit 19 which calculates 

the half value of the corresponding one cycle length Tl 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 18 which is connected to the output t.erminal 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 t.erminal of the corresponding inverter 13 to the 

other input terminal of the above-mentioned NAND gate. 

As an inverter 18 which is a delay element, ECL invert.er, IIL inverter, etc. 

may be used in addition to the C-MOS inverter. 

The delay line oscillator 11 receives a timing signal l/2CKW (actual 

measurement period TS) from the above-mentioned timing generation circuit 2, 

begins oscillating for measurement at the rise-up of the 112 CKW, and stops 

oscillating at the fall of it. That is, usually, NAND gat.e 12 is in such a stat.e where 

one input terminal thereof is in a logic level L with the output thereof at H, and the 

output of invert.er 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 gat.e 12 

becomes L. the output of inverter 13 becomes H. the output of inverter 15 becomes L, 
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the other input terminal ofNAND gate 12 becomes H, and the output of NAND gat.e 

12 becomes H, and the oscillation starts. Thereafter, the oscillation of the delay line 

oscillator 11 comes to a stop when the 112 CKW (actual measurement period T3) is 

fallen. 

The l/2CKW (actual measurement period T3) is risen up simultaneously 

with a rise-up of the above-mentioned timing signal 1/2CK (target measurement 

period Tl), 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 the commencement of the target measurement period Tl) and stops oscillating 

after the 1/2CK is fallen (after termination of the target measurement period Tl). 

Therefore, the oscillation is sustained during one cycle (target measurement period 

Tl) of each odd number of the timing signal l/2CK. 

(b) Counter 17 

Counter 17 counts a change of output· DL-OSCl 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 l/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 l/2CK (target measurement period Tl) and 

stops counting after the point of time when the timing signal l/2CK (target 

measurement period Tl) is fallen as in operation of oscillation and st.op 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 Tl). 
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(c) Latch circuit 18 

A figure output of the above-mentioned counter 17 is inputted into the latch 

circuit 18, and the timing signal l/2CK (target measurement period Tl) generated 

by the above-mentioned timing generation circuit 2 is inputted into the clock input 

terminal CK. 

Therefore, this lat.ch circuit 18 latches a count value (number of cycles of 

oscillation) of the c0unter 17 on the point of time when the timing signal l/2CK 

(target measurement period Tl) is fallen, that is, when the target measurement 

period Tl 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 Tl) (one cycle T of 

the input clock signal CK). 

(3) Operation circuit 19 

The operation circuit 19 calculates the half value of count .value of the 

number of cycles of oscillations fur one cycle of odd numbers of the timing signal 

l/2CK (target measurement period Tl) that is, the duty value of 50%, upon 

receiving the output of the above-mentioned lat.ch circuit 18. This value becomes one 

input of the coincidence circuit 28. 

(4) 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 sustains 

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. 

(5) 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 value 

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 Tl of 

odd numbers. 

Thus, the first duty det.ermination circuit 8 determines the timing position 

of an required duty value (duty 50%) of a clock signal to be outputted and indicates 

the timing position to the width forming circuit 5 as a coincidence output. 

(6) Width forming circuit 5 

Width forming circuit 5 receives the above-mentioned timing signal CKF at 

a 8et input t.erminal S of RS-FF 5a thereof and receives the above-mentioned 

coincidence output SA at th~ reset input t.erminal 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 t.o 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 Tl 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 input clock signal CK may be outputt.ed (RS-FFQ) 

without fail after being shaped to a clear clock signal having a duty 50% wave form 

. by causing the sigriitl CK to pass through the digital wave shaping circuit 1. 

(7) 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 CI,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 11B11 side, and they are 

distinguished by respectively attaching aftixes A and B thereto. 

(i) Duty determination circuits 3,4 

The first duty determination circuit 3 handles, as shown in FIG.4, every 

four cycles (4'1') of input clock signals EXT-CK as one repeating unit (operation cycle 

Cl), measure the length TIA C'A" side target measurement period) ofone cycle of 

the input clock signal EXT-CK at the first cycle (tl) 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 3 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 S. That is, the second duty 

determination circuit 4 handles every four cycles (4T) of input clock signals EXT-CK 

shown with tS through tG in FIG.4 as one repeating unit (operation cycle C2), 

measures the length TlB C'B" side target measurement period) of one cycle of input 

clock signal EXT-CK at the first cycle (tS) of the front half thereof, and calculates 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 (t6) 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 ihe functions of the above-mentioned cycle 

measurement circuit IO and actual measurement circuit 20, simplifying the 

construction of the duty determination circuit 3 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 1_9 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. 

(rl) RB-FF 6,8 

RS-FF 6 is positioned before the first duty determination circuit 3, and the 

Q output of RS-FF 6 is inputt.ed int.o the delay line oscillator 11 of the duty 

determination circuit 3 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 det.ermination circuit 3 is 

inputt.ed into the reset t.erminal R positioned before the circuit 3. This OR gat.e 5b 

and RS-FF 6 constitut.e a width forming circuit 5. 

This RS-FF 6 is set by a short pulse SET-A ((9) in FIG.4) generat.ed 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 Pl, P2 generat.ed at the output t.erminal 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 gat.e 5b. 

In the second duty det.ermination circuit 4 which is construct.ed 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 s·is inputt.ed int.o 

the delay line oscillator 11 of the duty determination circuit 4 through the OR gat.e 9 

(OR-B), and simultaneously is inputt.ed into the other input t.erminal of the OR gate 

5b, wherein the output of the above-mentioned coincidence circuit 28, that is, the 

output of the duty det.ermination circuit 4 is inputted into the reset terminal R of 

RS-FF 8 positioned before the circuit 4. This RS-FF 8 also constitut.es a width 

forming circuit 5b along with the OR gat.e 5b. 

This RS-FF 8 is set by a short pulse SET-B ((16) in FIG.4) generat.ed 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, 112CK-DL, WC, JK-FF-Q, and JK-FF-QN, and further using them, produces 

and outputs timing signals SET-A, SET-B, l/2CKA, 112CKB, WC-A. and WC-B. 

SET-AB ((3) in FIG.4) is a timing signal consisting of short pulses generated 

at the front edge o£the input clock signal EXT-CK. 

112CK ((4) in FIG.4) is a timing signal for specifying a period Tl (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 measurement periods) to sustain a measurement operation over the above­

mentioned target measurement period Tl. 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 signal 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" side 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 11A11 side is in the 

oscillation reference period, and will be a set input of the 11A11 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 whe~ Q ((7) in FIG.4) of 

JK-FF in the timing generation circuit 2 is H, that is, where the 11B11 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 TlA, and is a signal which is taken out from l/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 11B11 side target 

measurement period TlB 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 the 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 TIA, TlB to be measured as a length of the one 

cycle T are indicated with intervals TGA. 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-Bare timing signals .for actual measurement periods T3A, 

T3B and have a longer pulse than Tl. 

(iv) Operation 

Firstly, input clock signal EXT-CK enters int.o 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 ti is generated C'a" in FIG.4), and thereby 

the "A" side duty determination circuit 8 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 int.a delay line 

oscillator 11 through OR gate 7 to commence the oscillation and is inputted int.a 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 t8, that is, at the time when 

the actual measurement period T3A slightly elapsed from one cycle T of the input 

clock CK ends (point "c" in FIG.4). 

In the meantime, due to the target measurement period TIA of 1/2CKA 

having a length corresponding to one cycle T of the input clock CK arriving at the 

end thereof C'b" point in FIG.4) and 112 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 =TIA) of the count.er 17. 

Herein, the operation circuit 19 calculat.es 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 Bl to Bn of the coincidence circuit 28. 

AB 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 t.o appear 

in the output OUT through OR gate 5b, and simultaneously is added to the "A" side 

delay line oscillat.or 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 count.er 17 through the OR gate 7 to cleared the count.er 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, wherein the count value of the counter 17 is 

progressively increased, and at the moment C'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 fl.op. 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 Pl. 

As a matter of course, this output pulse Pl 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) ofRS­

FF 6 is added t.o the "A" side delay line oscillat.or 11 through OR gate 7 to cause it to 

oscillate, and is added t.o 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 beCQines coincident with the output value 

(half of the length T of one cycle) of the above-mentioned operation circuit 19 f'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 outp~t 

((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 11B11 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 C'h" point in 

FIG.4), and is added to the 11B11 side delay line oscillator 11 through OR gate 9, 

whereby the oscillation is commenced. Simultaneously, the signal WC-Bis 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 C'j" point in FIG.4) when the actual measurement period TSB slightly 

elapsed from one cycle T of the input clock CK ends. 

In the meantime, due to the target measurement period TlB of 1/2CKA 

having a length corresponding to one cycle T of the input clock CK arriving at the 

end thereof C'i" point in FIG.4) and l/2CKB inputt.ed into the clock input terminal 

CK of the latch circuit 18 being fallen, the lat.ch circuit 18 latches a count value 

(length of one cycle T = TlB) 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 lat.ch circuit 18, outputs the result of the calculation, and 

inputs it into one input terminal Bl t.o Bn of the coincidence circuit 28. 

As the fifth cycle t5 starts, RS-FF 8 is set by arrival ofSET-B ((16) in FIG.4) 
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C'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. 
I 

The output of the "B" side counter 17 is inputted into the other input 

terminals Al t.o 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 C'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 3 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 C'r" point in FIG.4), RS-FF 8 is set. The set Q output ((18) in FIG.4) of 

RS-FF 8 is added t.o the "B" side delay line oscillat.or 11 through OR gate 9 t.o cause 

it to oscillate and is added t.o the coun~r 17 to clear it, causing the counting of the 

number of cycles of 9scillation t.o commence, while the set Q output. is caused t.o 

appear in the output OUT through OR gate 5b. 

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



-38-

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 matter of course, this output pulse P4 is a pulse which is risen up at 
i 

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 vecy effective for 

shaping digital wave forms. Therefore, it is possible to extend the operatable period 

of semiconductor· active elements to a vecy high frequency. 

(8) Third embodiment 

FIG.5 shows a third embodiment. This embodiment is such that in a circuit 

illustrated in FIG.8, a presettable D-FF 5c is provided in a width forming circuit 5 

with the QN terminal thereof connect.ad 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 5d, and simultaneously coincidence output SA. SB are inputted into the clock 

input terminal CK of D-FF 5c. 

It is not.ed that AND gat.es 81,32 are provided in the line from the 

coincidence output t.erminals SA.SB of the coincidence circuit· 28 to OR gate 83 in 

order to prohibit a coincidence output during the measurement, wherein 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 gat.e 7 at the point of time C'a" in FIG.6) when SET-AB is 

generat.ed at the first cycle t1 of input clock signal EXT-CK to commence the 

oscillation, and simultaneously is inputt.ed into the clear t.erminal CL of the count.er 

17. The count.er 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 clock of the second cycle t2 is·complet.ed. 
; 

The oscillation of the delay line oscillator 11 is t.erminat.ed when WC-A is 

fallen, that is, the actual measurement period T3A ends f'c" in FIG.6). In the 

meantime, due to arrival of the end of the target measurement period TIA qf 

1/2CKA C'b" point in FIG.6) and a fall of the 1/2CKA, latch circuit 18 latches the 

count value (length of one cycle T = TlA) of the count.er 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 

lat.ch circuit 18 and outputs the result of calculation, wherein the result is inputt.ed 

into one input t.erminals Bl to Bn of the coincidence circuit 28. 

AB the third cycle t3 starts, RS-FF 6 is set by arrival ofSET-A.((9) in FIG.6) 

(point "d" in FIG.6). The set Q output ((11) in FIG.6) of RS-FF 6 is inputt.ed int.o 

AND gate 31 and is added t.o the "A" side delay line oscillator 11 through OR gat.e 7 

to cause the oscillat.or 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 oscillation t.o commence. 

The output of the count.er 17 is inputted int.o the other input t.erminals Al t.o 

An of the coincidence circuit 28, and the count value of the counter 17 :ls 

progressively increased, wherein at the moment C'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 generat.ed, the 

set Q output ((11) in FIG.6) of RS-FF 6 is fallen and becomes an input of AND_gat.e 

31 in a form of pulse P 1. 

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 Pl and 

coincidence outp~t SA are used as two inputs, and becomes a clock input of D-FF 5c 

through OR gat.e 33. 

If the above-mentioned short pulse AND-A-OUT ((16) in FIG.6) is added t.o 

D-FF 5c as a clock input since D-FF 5c is preset by SET-AB every time, the Q output 

of D-FF 5c is risen up at that time and is caused to appear in the output terminal 

OUT as pulse Pl'. As a matter of course, this output pulse Pl' 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 is 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 SAl ((15) in FIG.6) generat.ed 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 5c is not changed over. 

Therefore, the influence of the coincidence pulse SAl 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 SAl does not appear at the 

output OUT side. 

Subsequently, as the fourth cycle starts, SET-A ((9) in FIG.6) arrives again 

~·r• 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 t.o cause the 

oscillator 11 to oscillate and is added t.o the count.er 17 t.o clear it, causing the 

counting of the number of cycles of o.scillation 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 f'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 generat.ed at the 

front edge of coincidence output SA from AND gate 31 where this pulse P2 and 

coincidence output SA are used as two inputs and becomes a clock input ofD-FF 5c 

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 ofD-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 11B11 side with two cycles delayed. That is, the QN output ((8) in 

FIQ.6) of JK-FF is in H level at the moment when SET-AB of the third cycle t3 is 

generated, whereby the 118 11 side duty det.ermination circuit 4 is select.ad and 

instructed so that measurement operation is performed. 

Therefore, the timing signal WC-B ((18) in FIG.6) is risen up f'h" point in 

FIG.6) and is added to the 11B11 side delay line oscillator 11 through OR gat.e 9, 

wherein the oscillation thereof is commenced, 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 11B11 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 11B11 side delay line oscillat.or 11 is terminated by a fall 

ofWC-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 ('1j 11 point in FIG.6). In the meantime, due to the target measurement 

period TlB of 1/2CKA having a length equivalent t.o one cycle T of the input clock 

CK arriving at the ~nd thereof (''i" point in FIG.6) and a fall of 112 CKB inputted int.o 

the clock input terminal CK of the latch circuit 18, the latch circuit 18 latches the 

count value (length T of one cycle = TlB) of the counter 17. 

Herein, the 11B11 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 int.o one input terminals B 1 t.o Bn of the coincidence 

circuit 28. 

As the fifth cycle t5 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 t.o the "B" side delay line oscillat.or 11 through OR 

gate 9, wherein the oscillator 11 is caused to oscillate, and the set Q output is added 

t.o a clear CL of the "B" side counter 17, wherein the counting is started. 

The output of the "B" side counter 17 is inputted int.o the other input 

terminals Al t.o An of the coincidenr.e 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 coincidenr.e output SB is 

generated from the coincidenr.e circuit ~8. 

This coincidence output SB is inputted int.o the reset input t.erminal QN of 

RS-FF 8, thereby causing the flip flop t.o 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 the 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 5c through OR 

gate 38. 

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 every time, and the 

Q output of D-FF 5c is fallen at that time, and is caused to appear at the output 

terminal OUT as pulse PS'. 

As a matter of course, this output pulse PS' is a pulse which is risen up at 

the front edge of the external input clock, that i.S, the input clock signal EXT-CK of 

one cycle T and is thereafter fallen at the position of the half (duty 50%) oflength T 

of one cycle. It is noted that, since a coincidence pulse SBl ((22) in FIG.6) which is 

generat.ed 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 ~ppear at AND gat.e S2, whereby D-FF 5c is not 

changed over. 

Therefore, since influences of the coincidence pulse SBl generat.ed when the 

11B11 side is in the measurement period (the QN terminal of JK-FF is in H level) is 

eliminated by the AND gate 31, 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 r" in FIG.6), RS-FF 8 is set. The set Q output ((19) in 

FIG.6) of RS-FF 8 is added t.o the 11B11 side delay line oscillat.or 11 through OR gat.e 9 

to cause the oscillat.or 11 t.o oscillate and is added t.o the count.er 17 to clear it, 

causing the counting of the number of cycles of oscillation t.o commence, while the 

set Q output becomes an input of AND gate 82. 

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 f'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 gat.e 32 in a form of 

pulse P4. 

Therefore, a short pulse AND-B-OUT ((23) in FIG.6) is generated at the 
~ i 

front edge of the coincidence output S.B from the AND gat.e 32 where this pulse P4 

and coincidence output SA are used as two inputs, and becomes a clock input of D-

FF 5c throtJgh OR gat.e 33. 

If the above·mentioned short pulse AND-B-OUT ((23) in FIG.6) is added t.o 

D-FF 5c as a clock input si~ce D-FF 5c is pre~t 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 P~' is a pulse which is risen up at the front edge 

of the external input clock, th~t is, the input clock signal EXT-CK and is fallen at the 

position of duty 50%. 

Thus, it is possible t.o obtain output clocks Pl', P2', P3', P4', ... of duty 50% in 

synchronization with the input clocks CK from the Q output ofD-FF 5c. The above· 

mentioned actions and effects can be obtained even in a case where the input clock 

CK tl.uctuat.es in the vicinity of duty 50 or more, and this is every effective for 

shaping digital wave forms. Therefore, it is possible to extend the operatable area of 

semiconductor active elements to a very high frequency. 

[Frequency multiplying circuit] 

A frequency multiplying circuit 201 illustrat.ed in FIG.7 is provided with 

two sets of duty determination circuits 3,4 of the same construction so that both the 

circuits are operat.ed with two cycles of input clock signal EXT-CK shifted from each 

other. as shown as operation cycles Cl, C2 in FIG.8. It is noted that, as necessary, 
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the first duty determination circuit 3 is called 11A11 side, and the second duty 

determination circuit 4 is called 11B11 side, wherein they are respectively given "A", 

and "B" as reference symbol for distinguishing them. 

That is, the ~requency 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, l/2CKB for instructing the target measurement periods 

TIA, TlB to be m~asured as length of one cycle T with an interval equivalent to 
I 

int.egral 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, T3B for 

sustaining a measurement operation a slightly longer than· the target measurement 

periods. Furthermore, they have duty det.ermination circuits 3,4 for determining 

and instructing the timing. position of duty 50% of clock signals to be outputt.ed, 

upon receiving the above-mentioned timing signals which operat.e with at least one 

cycle overlapped with each other and with two cycles shifted from each other. 

(1) Duty determination circuits 3,4 

Both the duty det.ermination 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 cont.ant of the counter 17, a first operation circuit 

219, second operation circuit 220 and third operation circuit 221 for respectively 

calculating a 114 value, 2/4 value and 814 value of the count.ad value, and a first 

coincidence circuit 222, second coincidence circuit 223, and third coincidence circuit 

224 each provided in the respective operation circuits 219, 220, 221. 

(a) Delay line oscillator 11 

Delay line oscillator 11 is oomposed of an NAND gate 12 in which one input 

t.erminal is used as input terminal of the oscillat.or, an odd ·tier C-MO~ invert.er 13 

connected t.o the output terminal of the corresponding NAND gat.e 12 as delay 

element, a simple reversing inverter 15 which is inserted int.o a feedback loop 14 
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from the output t.erminal of the corresponding inverter 18 to the other input 

t.erminal of the above-mentioned NAND gat.e. 

As an invert.er 13 used as a delay element, ECL inverter, IIL invert.er, et.c. 

may be used in addition to C-MOS invert.er. 

The delay line oscillat.or 11 begins oscillating for measurement when timing 

signals WC-A. WQ~B (actual measurement periods T3A. T3B) 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 gat.e 12 is in such 

a stat.e where the logic level of one input t.erminal is L and the output thereof is H 

while the output of the invert.er 13 is L and the output (the other input t.erminal of 

NAND gat.e 12) of the inve_J;1;er 15 is H. Therefore, the oscillation of the delay line 

oscillator 11 remains stopped. However, usually, if one input t.erminal of the NAND 

gat.e 12 is changed t.o logic level H, the status is changed so that the output of the 

NAND gat.e 12 becomes L, tlie output of the invert.er 18 becomes H, the output·ofthe 

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 de~ay line 

oscillator llis commenced. Accordingly, the oscillation is stopped when WC-A and 

WC-B (actual measurement periods TBA. T3B) are fallen. 

The WC-A and WC-B (actual measurement periods TSA, TSB) are risen up 

simultaneously with a rise-up of the above-mentioned timing signal 1/2CK (target 

measurement periods TlA. TlB) while they are fallen with a slight delay from the 

fall of the timing signal 1/2CK. In summary, this delay line oscillat.or 11 begins 

oscillating by a rise-up (commencement of the target measurement periods TlA. 

TlB) of the timing signal 1/2CK obtained by dividing the above-mentioned input 

clock signal EXT-CK t.o one half and stops oscillating. after the l/2CK is fallen (that 

is, after termination of the target measurement periods TIA, TlB). 

Thereby, the oscillation is continued during one cycle (target measurement 
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period TIA or TIB) of odd numbers of the timing signal I/2CK. 

(b) Counter I 7 

The counter 17 counts a change of output DL-OSC-A of the above­

mentioned delay line oscillator Il, that is, an output change generated once on 

every cycle of oscillation since the clock input terminal CK thereof is connected to 

the output terminal of the above-mentioned delay line oscillator I 1. Furthermore, 
Ii 

input signals which are identical to that in a case of the above-mentioned delay line 

oscillator l I, that is, timing signals WC-A. WC-B (actual measurement periods T3A, 

TSB), etc. are inputted into the clear terminal CL of the counter I 7. 

Therefore, as well as operations of oscillation and stop of the delay line 

oscillator 11, the counter 17 begins counting when the above-mentioned timing 

signal 1/2CK (target measurement periods TIA. TIB) is risen up, and stops 

counting after the timing signal l/2CK (target measurement periods TlA, TlB) are 

fallen. Thereby, the counting of the number of cycles of oscillation is· continued for 

one cycle period of the timing signal l/2CK (target measurement periods TIA, TIB). 

(c) Lat.ch circuit 18 

A figure output of the above-mentioned counter 17 is inputted into the lat.ch 

circuit I8, and a timing signal I/2CK (target measurement period Tl) produced by 

the above-mentioned timing generation circuit 2 is inputt.ed into the clock input 

terminal CK. 

Therefore, the lat.ch circuit 18 latches the count value (the number of cycles 

of oscillation) of the count.er 17 when the timing signal l/2CK (target measurement 

periods TIA, TIB) is fallen, that is, when the target measurement period TIA, TlB 

ends. Therefore, the count value of the number of cycles of oscillation corresponding 

to the length (one cycle T of the input clock signal EXT-CK) of one cycle period of the 

timing signal I/2CK (target measurement.period TlA, TlB) is latched by the lat.ch 

circuit 18. 
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(d) Operation ci~it 219, 220 221 

The first operation circuit 219, second operation circuit 220 and third 

operation circuit 221 respectively calculat.e 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 abov~-mentioned latch circuit 18. Of them, the duty value of 25% ,. 

becomes one input of the first coincidence circuit 222, the duty value of 50% becomes 

one input of the coincidence circuit 223, and the duty value of 75% becomes one 

input of the third coincidence circuit 224. 

(e) Coincidence circuit 222, 223, 224 

The first coinciden~ circuit 222, second coincidence circuit 223 and third 

coincidence circuit 224 respectively uses one of the parallel outputs (results of the 

calculation; a 114 value, 2/8 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 coincidence circuits 222, 223, 224 output coincidence outputs 

SAl, SA2, SAS or SBl, SB2, SB3 whenever the counted value of the above­

mentioned counter 17 is increased t.o the value which is coincident with the above-

mentioned three calculated values. 

(2) Pre-positioned FF and pre-positioned OR gate 

SR flip flops (hereinafter merely called FF) 6,8 are placed before the first 

duty determination circuit 3 and the second duty determination circuit 4 and are set 

every time in synchronization with the front edge of one cycle T of the input clock 

signal EXT-CK in the oscillation reference periods T6A. T6B between the above-

mentioned target measurement period and the next target measurement period, 

wherein they are reset by the final SAS, SB3 of the above-mentioned coincidence 

outputs. 
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Furthermore, OR gates 7,9 are pre-positioned in each of the first duty 

determination circuit 3 and the second duty determinatio~ 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 5c is provided which is reset every time in synchronization with 
~ ; 

the front edge of one cycle T of input clock signal EXT-CK, and the status of which is 

changed over by the coincidence outputs SAl, SA2, SAS, or SBI, SB2. SB3 obtained 

by the first duty determination circuit 3 and the second duty det.ermination circuit 4. 

Concretely, ~-FF 6 is pre-positioned in the first duty determination circuit 

3, and the Q output thereof is inputted into the delay line oscillat.or 11 of duty 

determination circuit 3 through OR gat.e 7 (OR-A), and simultaneously is inputted 

into one input t.erminal of AND gate 31. Accordingly. the output of the above­

mentioned coincidence circuit 224, that is,· coincidence output of duty 75% is 

inputt.ed into the reset terminal R of RS-FF 6 positioned before the circuit 3. This 

RS-FF 6 constitutes part of width forming circuit 5 along with output D-FF 5c. 

This RS-FF 6 is set by a short pulse SET-A ((9) 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 

tinting generation circuit 2 is H, that is, when the "A" side is in the oscillation 

reference period, and is reset by the final SAS ((16) in FIG.8) of the above-mentioned 

coincidence output (See (11) in FIG.S). 

Therefore, pulses Pl, P2 generat.ed at the output terminal Q ofRS-;FF 6 at 

the third cycle t3 and fourth cycle t4 are added t.o one t.erminal of AND gate 31, and 

while the pulses Pl, P2 are being outputt.ed, the coincidence outputs SAI, SA2, SAS 

are added t.o the clock input t.erminal CK of a presettable D-FF 5c 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 he identical to the first duty determination circuit a having 

such construction, and the Q output is inputted to the delay line oscillator 11 of the 

duty determination circuit 4 through OR gate 9 (OR-B), while it is inputted into one 

input terminal of AND gate 31. Accordingly, the output of above-mentioned 

coincide~ce circuit 28, that is, output of the duty determination circuit 4 is inputted 

into the reset terminal R of RS-FF 8 pre-positioned here. This RS-FF 8 also 
d 

constitutes a width forming circuit 5 along with D-FF 5c. 

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 SAS of (16) in FIG.8) of the above-mentioned coincidence output SB ((23) 

in FIG.8) (See (18) in FIG.8). 

Therefore, pulses PS. 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 SBl, 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. 

(3) Width forming circuit 5 

The width forming circuit 5 has a presettable D-FF 5c, in which the QN 

terminal thereof is directly connected t.o D terminal thereof. Furthermore, SET-A 

and SET-B signals (that is, SET-AB) are inputted t.o the preset input terminal PR 

thrQugh OR gate 5d, and simultaneously coincidence outputs SAl. SA2, SA3 or SBl, 

SB2, SBS are inputted int.o the clock input terminal CK of D-FF 5c through OR gate 

.33. 

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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SAl, SA2, SA3 of the coincidence circuits 222, 223, 224 to OR gat.e 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 t.erm 

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

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. 

(4) Timing generation circuit 2 

A timing generation circuit 2 internally generates timing signals SET-AB, 

l/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, l/2CKA, l/2CKB. 

WC-A, and WC-B. 

SET-AB ((3) in FIG.8) is a timing signal consisting of short pulses generat.ed 

at the front edge of input clock signal EXT-CK. 

l/2CK ((4) in FIG.8) is a timing signal for specifying a period Tl (target 

measurement period) to be measured as a length of one cycle T of the input clock 

signal EXT-CK. Concret.ely, 1/2CK iS a signal obtained by dividing the input clock 

signal EXT-CK int.o one half. 

WC ((6) in FIG.8) is a timing signaI for specifying periods (actual 

measurement periods) TBA, T3B to sustain a measurement operation over the 

above-mentioned target measurement period Tl. 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 longer width 

than one cycle Tof the input clock signal EXT-CK. This WC is obtained by producing 

a signal l/2CK-DL ((5) in FIG.8), which is obtained by slightly delaying the 1/2CK in 

the width of 112 cycle thereof and securing a logic sum of this signal and l/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 indicat.es that the "A" side 
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is in the measurement period (while the 11B11 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 ((8) in FIG.8) of 
I 

JK-FF in the timing generation circuit 2 is H, that is, when the 11A" side is in the 

oscillation reference period. and becomes a set input of the "A" side RS-FF 6. 

SET-B ((I8) 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 11B" side is 

in the oscillation reference period, and becomes a set input of the "B" side RS-FF 8. 

112CKA ((14) in FIG.8) is a signal for establishing a target measurement 

period TIA 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 

petiod TIB at the "B" side and is a signal which has picked up from l/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 11A" side is in the oscillation reference 

period). 

Commonly, they are generated so as to instruct target measurement 

periods TIA, TlB to be measured as length of the cycle T wjth intervals T6A, T6B, 

which are equal t.o int.egral 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 TSA, 
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T3B, and have a longer pulse width than Tl. 

(5) Operations 

As shown in FIG.8, the first duty determination circuit 3 handles every four 

cycles ( 4'1') of input clock signals EXT-CK as a single repeating cycle (operation cycle 

Cl), measures the length TlA (the 11A11 side target measurement period) of one cycle 

of the input clock signal EXT-CK at the front half first cycle (tl) thereof, and 

calculates values of 1/4, 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 8 me~sures 

the length from the front edge of the input clock signal EXT-CK t.o the position of 

coincidence with the calculated value, that is, the length 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 SAl, SA2, SAS 

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 8. That is, the second 

duty determination circuit 4 handles every four cycles of the input clock signal 

EXT-CK shown with t3 t.o t6 in FIG.8 as a single repeating cycle (operation cycle C2), 

measures the length TlB (the 11B11 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 114, 2/4 and 3/4 (timing positions of duty 25%, 50%, and 

75%) 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 thf!' front edge of the input clock 

signal EXT-CK to the position of coincidence with the calculated value, that is, the 

length up t.o the timing positions of duty 25%, 50% or 75% (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 SBl, 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. 

(i) "A 11 side first cycle tl 
' 

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 count.er 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 I I is continued at least until the 

rise-up of the clock of the second cycle t2 is complet.ed. 

The oscillation of the delay line oscillator 11 is caused to end when WC-A is 

fallen, that is, the actual measurement period T3A ends C'c" point in FIG.8). In the 

meantime, the lat.ch circuit I8 lat.ches a count value (length T of one cycle = TIA) of 

the counter 17 due to the target measurement period TIA of 1/2CKA arriving at the 

end C'b" point in FIG.8) and a fall of 1/2CKA. 

Herein, the operation circuit 219, 220, or 221 calculate values of 1/4, 214 

and 3/4 (timing position of duty 25%, 50% and 75%) of the cou~t value oflength T of 

one cycle upon receiving an output of the latch circuit 18, outputs the result of 

calculation, and inputs the result of calculation into one input t.enninals Bl t.o Bn of 

the coincidence circuits 222, 223 and 224. 

(ii) "A" side 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 ((I 1) in FIG.8) is inputted into 

AND gate 31, and simultaneously is added t.o 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 gate 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 t.o An 

of coincidence circuits 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 8/4 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, SAS are generated from the coincidence 

circuits 222, 223, 224 every time. 

The maximum SAS. among these coincidence outputs SAl, SA2, SAS is 

inputted into the reset input t.erminal R of RS-FF 6 and resets the flip flop. When 

this coincidence output SAS is generated, the Q output ((11) in FIG.8) of RS-FF 6 is 

fallen, and becomes an input of AND gat.e 31 in a form of pulse Pl. 

On the other hand, this coincidence outputs SAl, SA2 are generated before 

SAS. Therefore, coincidence outputs SAl, SA2, SAS are generated, as output AND· 

A-OUT ((17) in FIG.8), in only the width of pulse Pl from AND gate 31 which uses 

th~ pulse Pl and coincidence outputs SAl, SA2,SA3 as two inputs, and they become 

clock inputs ofD-FF 5c through OR gat.e 33. 

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

coincidence output SAS. 

Since D-FF 5c 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.8) corresponding t.o the above-mentioned coincidence outputs SAl, 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 xl, x2. As a matter of course, theses 
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pulses xl, 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, l/2T), that is the 

position of l/4T of the cycle of the input wave form. 
I 

It is noted that, since coincidenr.e outputs SAl. SA2, SAS ((15) in FIG.8) 

generated in the first cycle tl are generated while the Q output of RS-FF 6 is fallen 

down to L, no output appear· at AND gat.e 31, and D-FF 5c is not changed over. 

Therefore, intluenr.es of the coincidence pulse SAl, which is generat.ed when 

the "A" side is in the measurement period (that is, when the Q t.erminal of JK-FF is 

in H level) are eliminated by AND ga:t.e 31. and they do not appear at the output 

OUT side. 

(iii) 11 A" side fourth cycle t4 

Subsequently, as the fourth cycle t4 starts, RS-FF 6 is set since 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 caµse the 

oscillator to oscillat.e and is added to the counter 17 to clear it, causing counting the 

nu,mber of cycles of oscillation to commenr.e, while the set Q output is inputted into 

AND gate 31. 

As the count value of the count.er 17 becomes coincident with the output 

value (114. 2/4 and 3/4 value of length T of one cycle) of the above-mentioned 

operation circuits 219, 220, 221 f'gl"."g2","g3" points in FIG.8), coincidenr.e outputs 

SAl. SA2. SAS are generated again from the coincidence circuits 222, 223, 224. 

The Q output ((11) in FIG.8) of R8-FF 6 is fallen when this coincidence 

output SAS is generat.ed and beeomes an input of AND gate 31 in a form of pulse P2. 

On the other hand, coincidence outputs SAl and SA2 are generated before this SAS. 
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Therefore, coincidence outputs SAl, SA2, SAS are generated as output 

AND-A-OUT ((17) in FIG.8), in only the width of pulse Pl, from AND gate 31 where 

this pulse Pl and coincidence output SA are used as two inputs, and become a clock 

input of D-FF 5c through OR gate 33. 

If a short pulse AND-A-OUT ((17) in FIG.8) corresponding to the above­

mentioned coincid~nce 01¢put SAl, SA2, SAS is added to D-FF 5c as clock input 

since D-FF 5c is present by SET-AB every time, the Q output of D-FF 5c 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 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. The output wave form is that of a pulse which is fallen at the 

position of just the half (duty 50%) oflength of one cycle, that is, the position of 114T 

of the cycle of the original input wave form. 

(iv) 118 11 side third cycle t3 

With respect to the operation at the 11A11 side, the same operation is carried 

out at the 118 11 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 11B11 

side duty det.ermination circuit 4 is selected and instructed t.o 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 t.o the 11B11 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 

counter 17, the rise-up of which causes the counter 17 to start counting the number 

of cycles of oscillation. 

(v) 118 11 side fourth cycle t4 

The oscillation of the ·11B11 side delay line oscillat.or 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 ofWC-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.8) ends. In the meantime, the target measurement period TlB 

of 1/2CKA having a length equivalent to one cycle T of the input clock CK comes to 
\ 

the end C'i" point in FIG.8), and 112CKRinputted into the clock input terminal CK of 

the lat.ch circuit 18 is fallen. Therefore, the latch circuit 18 latches the count value 

(length of one cycle T = TlB) of the latch circuit 18. 

Here, the 118 11 side operation circuits 219, 220, 221calculates1/4 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 lat.ch circuit 18, outputs the 

result of calculation, and input it into Qne input terminals Bl to Bn of the 

ooincidence circuits 222, 223, 224. 

(vi) "B" side fifth cycle t5 

AB the fifth cycle t5 starts, RS-FF 8 is set by arrival ofSET-B ((18) in FIG.8) 

C'k" point in FIG.8). The Q output ((20) in FIG.8) of RS-FF 8 is added to the 11B11 side 

delay line oscillator through OR gate 9 to cause the oscillat.or 11 t.o oscillate. and is 

added to a clear CL of the "B" side counter 17 t.o cause the counting operation t.o be 

commenced, while the Q output is inputted int.o AND gate 32. 

The output of the "B" side count.er 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 be progressively increased. At the moment when the 

output becomes coincident with the value (114, 2/4, 3/4 values of length T of one 

cycle) outputt.ed by the above-mentioned operation circuit 219, 220, 221 (points of 

"ql", "q2", "q3" in FIG.8), coincidence outputs SBl, SB2, SB3 are generat.edfrom the 

coincidence circuit 28. 
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The maximum SB3 of these coincidence outputs SBl, SB2, SB3 is inputted 

int.o the reset input terminal R of RS-FF 8 t.o cause the flip flop t.o reset. Therefore, 

when this coincidence output SBS 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 SBl, SB2 are generated before this 

SBS. Therefore, coi:i:icidence outputs SBl, SB2, SB3 are generated as output AND­

B-OUT ((24) in FIG.8) from AND gate 32 in which this pulse P3 and coincidence 

outputs SBl, SB2, SB3 are used as two inputs, and become a clock input of D-FF 5c 

through OR gate 83. 

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

coincidence output SB3. 

If a shol1! pulse AND-B-OUT ((24) in FIG.8) corresponding t.o the above­

mentioned coincidence outputs SBi, SB2, SBS is added t.o D-FF 5c as a clock input 

since D-FF 5c is preset by SET-AB every time, the Q output ofD-FF 5c is fallen at 

that time and appears at the output terminal OUT as pulses yl, y2. As a matter of 

course, these output pulses yl, y2 become a digital signal which is risen up in 

synchronization with the front edge of the ext.erilal 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%) oflength (half l/2T of the original cycle) of one cycle, that is, 

the position of 114 T of the original input wave form. 

It is noted that, since coincidence pulses SBl, 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 t.o L, no output appears in AND gate 32, wherein D-FF 5c is not changed over. 

Therefore, influences of coincidence pulse SBl generated when the 118 11 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 OUT side. 
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(vii) 11B11 side sixth cycle t6 

Subsequently, as the sixth cycle t6 starts, SET-B ((18) in FIG.8) arrives 

again C'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 11B11 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 n~ber of cycles of oscillation to commence, while the Q output 

becomes an input of AND gate 32. When the count value of the counter 17 becomes 

coincident with the output value (114, 2/4, 3/4 values of length T of one cycle) of the 

above-mentioned operation circuit 219, 220, 221 (points "sl", "s2't, 11s3" in FIG.8), 

coincidence outputs SBl, SB2, SB3 are generated again from the coincidence 

circuits 222, 223. 224. 

Since RS-FF 8 is reset by the coincidence outputs SBl, SB2, SB3, 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 P4. On the other hand, coincidence outputs SBl, SB2 are generated · 

before this SB3. 

Accordingly, coincidence outputs SBl, SB2, SB3 are generated· as output 

AND-B-OUT ((24) in FIG.8), only in the width of pulse P4, from AND gate 32 where 

this pulse P4 and coincidence outputs SBl, SB2, SB3 are used as two inputs, and 

be~me a clock input of D·FF 5c through OR gate 83. 

If a short pulse AND-B-OUT ((24) in FIG.8) corresponding t.o the above­

mentioned coincidence outputs SBl. SB2. SBS is added to D·FF 5c as a clock input 

since D-FF 5c is preset by SET-AB every time. the Q output of D-FF 5c is 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 tallen at the position of just the half (duty 50%) 
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of length of one cycle, that is, the position of l/4T of cycle of the original input wave 

form. 

Thus, it is possible to obtain, from the Q output ofD-FF 5c, output clocks xl, 

x2, x3, x4, yl, 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 cl<>4 CK. The actions and effects 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. 

[Extemal synchronizing method and external synchronizing circuit] 

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

synchronizing circuit, respectively. This external synchronizing circuit comprises of 

timing generation circuits 301, 302, 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 

frQ;m the timing generation circuit 301, prepares a reference internal trigger signal 

INT-TRIG at the phase position corresponding t.o the phase position wherein EXT­

TRIG arrives with respect t.o each of subsequent one cycle T, and shares the 

reference internal trigger signal INT-TRIG t.o 11A11 period and adjacent 11B11 period 

alternately, which are sectioned by every arrival of the external trigger signal 

EXT-TRIG to output as int.emal 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 siW:tals prepared by the timing generation 
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circuit 302. 

(1) Timing generation circuit 301 

The first timing generation circuit 301 generates and outputs a reference 

external trigger signal TRIG-AB ((8) in FIG.4) which is obtained by converting the 

extemal 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 (3) in FIG.4) in order to distinguish one period r1A11 period) from adjacent 

period C'B" period) being sectioned by arrival of the external trigger signal EXT­

TRIG. 

(2) Internal trigger signal forming circuit 310 

The internal trigger signal forming circuit 310 is a circuit which forms 

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

which are rep~aced whenever the external trigger signal EXT-TRIG i$ inputted, and 

comprises of a second timing signal generation circuit 311, first and second phase 

position giving circuits 312. 313. an OR gate (FSAl) 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 312. 313, 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 11B11 period 

whenever the external trigger signal EXT-TRIG arrives. 

(a) Timing generation circuit 301 

The timing generation circuit 301 produoos timing ·signals CKFA. CKFB 

(phase position measurement period signals) ((10). (11) in FIG.4) to instruct the 

phase position 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 CKF A. 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 ~XT-CK. In the preferred embodiment. a signal of as wide duty as 

possible (more than duty 50%) is used for CKF A. CKFB so as to cover the entire 

period in one cycle T with the fewest systems, two systems of CKF A. 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 sign~ls CKF A. CKFB are in H level even though the external 

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

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

highly accurate measurement can be obtained. 

Concretely, the above-mentioned phase position measurement period 

signals CKFA. CKFB are, as shown in FIG.19 (a), constructed so that the phase 

position of the input clock signal EXT-CK is shifted gradually to make DLl, DL2, 

DL3, and CKF A is generated by OR operation of those signals and CKFB by AND 

op~ration of them. As shown in FIG.19(b), 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. 

(b) First and second phase position giving circuits 312, 313 

The first and second phase position giving circuits 312, 318 are constructed 

to be identical to each other, and each of them comprises of a delay line oscillator 

314, a counter 820 for counting the number of cycles of the oscillation, a latch circuit 

821 for latching the content of the counter 820 at the timing positions ("G l 11, 
11G211

, 
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"G3", "G4" points in FIG.12) where the reference extemal trigger signal TRIG-AB is 

generat.ed, a. coincidence circuit 322 for generating output when the output value of 

the counter 320 becomes coincident with the latched value (xl, x2, .. yl, y2, .. ), an OR 

gate (OR-ADO) 323 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 inadequate, that is, when the result oflatching 

is all [O], and an_AND gate 324 in which the output of the corresponding.OR gate 

323 and output of the coincidence circuit 322 are used as two inputs. 

Accordingly, a phase position measurement period signal CKF A coming 

from the timing generation circuit 301 is inputted into-the delay line oscillator 314 of 

the first phase position giving circuit 312, and a phase position measurement period 

signal CK.FB coming from the timing generation circuit 301 is inputt.ed into the 

delay line oscillator 314 of the second phase position giving circuit 313. 

(i) Delay line oscillator 314 

The delay line Qscillator 314 comprises of an NAND gate 315 in which one 

input terminal is used as an input terminal of the oscillator 314, an odd tier C-MOS 

inverter 316 connected to the output terminal of the corresponding NAND gate 315 

as a delay element, and ·a simple reversing inverter 318 inserted into a feedback loop 

317 from the output terminal of the corresponding inverter 316 to the other input 

terminal of the above-mentioned NANO gate 315. ECL inverter, IIL inverter, etc. 

may be used as an inverter 316 of a delay element in addition to the C-MOS 

inverter. 

The delay line oscillator 314 starts oscillation for measurement, upon 

receiving a phase position measurement period signals CKFA. CKFB ((10), (11) in 

FIG.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 invert.er 316 is L, the output (the other input t.erminal ofNAND 

gat.e 315) of the invert.er 318 is H, wherein the oscillation remains stopped. However, 

usually, if the other input terminal ofNAND gat.e 315 is changed to logic level H, the 

status is changed so that the output of the NAND gat.e 315 is L, the output of the 

invert.er 316 is H, the output of invert.er 318 is L, the other input of the NAND gat.e 

315 is H, and the output of NAND gat.e 315 is H, whereby the oscillation is 

commenced. The oscillation is stopped when the phase position measurement period 

signal CKF A, CKFB is fallen. 

(ii) Count.er 320 

The clock input t.erminal CK of the count.er 320 is connected to the output 

terminal of the above-mentioned delay line oscillator 314 and the counter 320 

counts a change of the output DL-OSCl, 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 CKF A, CKFB are inputted to the clear terminal 

CL of the counter 320. 

Therefore, similar to the oscillation and stop operation of the delay line 

oscillator 314, the counter 320 begins counting when the above~mentioned timing 

sign.al CKF A, CKFB is risen up and st.ops counting when the timing sign.al CKF A. 

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 inputt.ed 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 (xl,x2, ... , yl,y2, ... in FIG.12) of the counter 320 

when the reference extemal trigger signal TRIG-AB is risen up, that is, when the 
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external trigger signal arrives C'Gl", 11G2", 11G311
, 

11G411 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-CKto 

the arrival of the external trigger signal TRIG-AB. 

(iv) Coincidence circuit 

Coincidence circuit 322 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 322 outputs a coincidence output SA 

when the oount value of the above-mentioned counter 320 is increased to the output 

value (phase position x or y where the external trigger ~ignal arrives) of the above­

mentioned latch circuit 321. 

While the output ((17) in FIG.4) of OR gat.e 323 is H, the coincidence output . 

SA is taken out from AND gate 324, becomes a signal FSAl (pulses xl,x2,x3, .. of 

(20) in FIG.13) or FSBl (pulses yl,y2,y3, .. of (21) in FIG.13), 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, 

TRJ:G-B by passing through the logic gate portion 326 ((25), (26) in FIG.5). 

It is noted that, the output of OR gate 323 being H means that CKFAwas H 

when it was latched by the lat.ch circuit 321, 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 323 becomes H. 

Thus, a plurality of int.ernaJ trigger signals TRIG-A, TRIG-B ((25), (26) in 

FIG.5) which are generated in synchronization with the ext.e~al trigger signal 

EXT-TRIG were obtained in the 11A11 period and "B" period shown by the ext.ernal 

trigger period signals D-FF-Q, D-FF-QN. 
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(3) 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-Al/Bl, 

1/2CK-A2/B2, WC-Al/Bl, WC-A2/B2 which are common to the 11A11 system and "B" 

system and gives them to the duty determination circuit.s 3A, 4A, 3B, 4B. 

Furthermore, since each of the 11N 1 system and 11B11 system consist.s of two duty 
' 

determination circuits 3,4, 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 11A11 system and 11B11 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-Al/Bl ((9) in FIG.15) and l/2CK-A2/B2 ((6) in FIG.15) are timing 

signals for establishing a period Tl (target measurement 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 t.o one half 

WC-Al/Bl ((11) in FIG.15) and WC~A21B2 ((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 Tl. The WC-Al/Bl 

and WC-A2/B2 are signals, the fall of which· is slightly delayed from the above­

menti~ned 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 input 

clock signal EXT-CK. 

This WC can be obtained by producing signals DL-ABl ((10) in FIG.15) and 

DL-AB2 ((7) in FIG.15) by causing l/2CK to be slightly delayed in the width of 112 

cycle thereof, and taking a logic sum of the signals DL-ABl and DL-AB2 and 

1/2CK-Al/Bl, l/2CK-A21B2. 

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 det.ermination circuits 8,4 for use. The 

actuating circuit change signal BLOCK-SEL indicat.es that. when the Q output is H, 

the duty determination circuit 3 side (Al/Bl side) is the measurement period (while 

the duty det.ermination 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 

measurement period (while the duty det.ermination circuit 3 side (Al/Bl side) is the 

oscillation reference period). 

(4) Mode change signal forming circuit 330 

The actuating circuit change signal BLOCK-SEL of the above-mentioned 

timing generation circuit 302 is inputted into the data input terminal D ofD-FF 331, 

332 (D-FF-RA, D-FF-RB) which constitutes a mode change signal generation circuit 

380, and internal trigger signals TRIG-A, TRIG-Bare inputted int.o the clock input 

terminal CK of the corresponding n,.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 

in~ both AND gates 333 and 334. 

Similarly, AND gate 336 is connected t.o the Q output te~inal of D-FF 332 

while AND gate 335 is connected t.o the QN output terminal of D-FF 332, wherein 

internal trigger signal TRIG-B and ext.emal trigger period signal TRIG-STOPB are 

respectively inputted into both AND gates 335 and 336. 

SET-Al, SET-A2 ((17), (15) in FIG.15) taken out Crom the above-mentioned 

AND gates 333. 334. and SET-Bl, SET-B2 ((21), (20) in FIG.15) are taken out from 

the AND gates 335, 336. 

SET-Al ((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 802 is L, that is, when the actuating circuit 

change signal BLOCK-SEL ((12) in FIG.15) is L (in a case where the Al/Bl side is 

the oscillation reference period T6), and becomes a set input of RS-FF 6 of the Al 

side (duty determination circuit SA side). 

SET-A2 ((15) 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 802 ·is H (in a case where A2/B2 side is the oscillation 

referenr.e period T6) and becomes a set input of RS-FF 8 at the A2 side (duty 

determination circuit 4A side). 

SET-Bl ((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 802 is L (Al/B 1 side is the oscillation referenr.e perio.d T6) 

and becomes a set input of RS-FF 6 at the Bl side (duty determination circuit SB 

side). 

SET-B2 ((20) in FIG.15) is a timing signal consisting of a short pulse 

generated at the front edge of the internal trigger signal TRIG-8 when the 

actuating circuit change signal BLOCK-SEL ((12) in FIG.15) coming from the 

timing generation circuit 802 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 det.ermination circuit 4B 

side). 

(5) Duty determination circuit 3,4 

AB shown in FIG.10, the duty determination circuit.a 3,4 are made a pair. 

Two pairs of duty determination circuits 3.A. 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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count.er 4 7 for counting the number of cycles of the oscillation, a latch circuit 48 for 

latching the content of the counter 4 7, 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-MOS 

inverter 43 connected to the output terminal of the corresponding NAND gate 42 as 

a delay element, and a simple reversing inverter 45 which is inserted into a 

feedback loop 44 from the output terininal of the corresponding invert.er 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 

invert.er. 

The delay line oscillator 41 starts oscillation for measurement, upon 

receiving timing·signals WC-Al/Bl, WC-A2/B2 (actual measurement ·period TS) 

coming from the above-mentioned timing generation circuit 302, when they are . . 

risen up, and stops oscillation when they fall are fallen. That is, usually, with 

respect to the NAND gat.e 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 t.erminal of the NAND gat.e 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-Al/Bl, WC­

A2/B2 (practical measurement period TS). 

WC-Al/Bl, WC-A2/B2 (actual measurement period TS) are risen up in 
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synchronization with a rise-up of the above-mentioned timing signals 1/2CK-Al/Bl, 

1/2CK-A2/B2 (target measurement period Tl) while a fall thereof is slightly delayed 

from a fall of the timing signal l/2CK-Al/Bl, 1/2CK-A2/B2. In summary, the delay 

line oscillator 41 begins oscillating at a rise-up of the timing signals l/2CK-Al/Bl, 

1/2CK-A2/B2 (that is, commencement of the target measurement period Tl) which 

is obtained by frequency-dividing the above-mentioned input clock signal EXT-CK 
' 

into one half, and stops oscillating after the fall of timing signals 1/2CK-Al/Bl. 

l/2CK-A21B2 (that is, aft.er the termination of the target measurement period Tl). 

(b) Count.er 4 7 

The counter 4 7 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-Al/Bl, WC-A2/B2 

(actual measurement period 'r3) are inputted into the clear t.erminal CL of the 

count.er 4 7 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 l/2CK-Al/Bl, 112CK-A2/B2 (target measurement 

period Tl) are risen up and stops counting after timing signals l/2CK-Al/Bl, 

l/2CK".A2/B2 (target measurement period Tl) are fallen. 

Therefore, the counting of the number of cycles of oscillation is sustained 

during the term of one cycle of timing signals l/2CK-Al/Bl, 1/2CK-A21B2 (Target 

measurement period Tl). 

(c) Latch circuit 48 

The latch circuit 48 uses figure outputs of the above counter 4 7 as input, 

wherein the timing signals 1/2CK-Al/Bl, 1/2CK-A21B2 (target measurement period 
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Tl) generated in the above-mentioned timing generation circuit 302 are inputted 

into the clock input terminal CK of the counter 4 7. 

Therefore, this lat.ch circuit 48 latches the count value (the number of cycles 

of oscillation) of the counter 47 when the timing signals 1/2CK-Al/Bl, 1/2CK-A2/B2 

(target measurement period Tl) are fallen, that is, when the target measurement 

period Tl ends. TlJ.erefore, 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 l/2CK-Al/Bl, l/2CK-A2/B2 (target measurement period 

Tl) is lat.ched by the latch circuit 48. 

(d) Operation circuit 49 

The operation circuit 49 receives a parallel output of the above-mentioned 

lat.ch circuit 48 and calculates 1/2 values of the count value of the number of cycles of 

oscillation lat.ched 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 4 7 as 

the other input. Accordingly, the coincidence circuit 50 outputs coincidence outputs 

SA.SB when the count value of the above-mentioned counter 4 7 is increased to a 

value which is coincident with the result of the above-mentioned calculation. 

Accurately, the duty determination circuit 3A outputs a coincidence output SAi, 

duty determination circuit 4A outputs a coincidence output SA2, duty determination 

circuit SB outputs a coincidence output SBl, 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 11A11 and 11B11 sets of duty det.ermination 

circuits 8,4, wherein the corresponding RS-FF 6,8 are set every time in 
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synchronization with signals SET-Al, SET-A2, SET-Bl, SET-B2 in the oscillation 

reference period T6 between the above-mentioned target measurement period and a 

subsequent target measurement period and are reset by the above-mentioned 

coincidence outputs SAl, SA2, SBl, SB2. 

That is, RS-FF 6,6 of the Al side and Bl side (duty det.ermfoation circuit 3A 

and 3B sides) are ;set every time in synchronization with the above-mentioned 

signals SET-Al, SET-Bl, and are reset by the above-mentioned coincidence outputs 

SAl, SBI. 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-mentioned 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 gat.ea 

7,9, the output of the above-mentioned RS-FF 6,8 and signals WC-Al/Bl, WC-A2/B2 

indicating the above-mentioned actual measurement period T3 are inputt.ed into the 

duty determination circuits 3 and 4 attached thereto. 

And the width forming circuit 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-Bl, SET-B2, and the status of which is changed by ooincidence outputs SAl, 

SA.2, SB l, SB2 obtained by duty determination circuits 3,4 of each of A and B pairs. 

(a) Construction of A syst.em 

Concretely speaking, RS-FF 6 is pre-positioned in the first duty 

· determination circuit BA of the A syst.em f'A" side) duty determination circuits 3,4, 

(SA, 4A), and the Q output of which is inputted into the delay line oscillat.or 41 of the 

duty determination circuit 3 through OR gate 7 (OR-Al) and is inputted mto 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 inputt.ed 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 RB-FF 6 constitute a part of the width forming circuit 5 alt.ogether. 

The RS-FF 6 (RS-FF-Al-Q; (10) in FIG.17) is set by a short pulse SET-Al 

((6) in FIG.17) generat.ed in synchronization with the internal trigger signal TRIG­

A when Q of the JK-FF in the tim~ng generation circuit 302 is L, that is, in a case 

where the 11Al11 sicJ.e is the oscillation reference period, and is reset by the above­

mentioned coincidence output SAl ((13) in FIG.17) (See (10) in FIG.17). 

Therefore, the coincidence output SAl passes through AND gate 51 (AND­

Al; (14) in FIG.17) by pulses PS. P4 generated at the output terminal Q of RS-FF 6 

(RS-FF-Al-Q; (10) in FIG.17) at the fourth cycle t4 and fifth cycle t5 in FIG.17 and 

becomes a clock input of D-FF 54 for output through the OR gate 58, whereby pulses 

PS', P4' which are risen up by SET-Al produced at points "k" and "r" in FIG.17 and 

are fallen by coincidence output SAi (AND-Al: (14) in FIG.17) produced at points 

"q" and "si• appear at the output terminal (OUT) ofD-FF 54 for output. 

In the second duty determination circuit 4A which is constructed so as to be 

identical t.o the first duty determination circuit SA 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 det.ermination circuit 4A through OR gate 9 (OR-A2), and is 

inputted int.o 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 int.o the reset terminal R of RS-FF 8 pre-positioned therein, and is inputted 

int.o 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 gat.e 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) generat.ed 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 Pl, P2 

generated at the output terminal Q of RS-FF 8 (RS-A2-Q; (17) in FIG.17) at the 

second cycle t2 an4 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 Pl' 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 (15) 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 C'B" side) duty determination circuits 3,4 

(3B,4B), the pre-positioned FF and pre-positioned OR gate are constructed to be 

si1~.ilar to the above-mentioned construction. That is, RS-FF 6 is pre-positioned in 

the first duty determination circuit 3B, the Q output of which is inputted into the 

delay line oscillator 41 of the duty determination circuit SB through OR gate 7 

(OR-Bl), 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 SBl 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-Bl-Q; (22) in FIG.18) is set by a short pulse SET-BI 

((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 11Bl11 side is the oscillation. reference period and is reset by the 

above-mentioned coincidence output SBl ((24) in FIG.18) (See (22) in FIG.18). 

Therefore, the coincidence output SB I passes through AND gate 51 (AND­

Bl; (25) in FIG.18) by pulses P7,P8 generated at the output terminal Q of RS-FF 6 

(RS-FF-Bl-Q; (22) in FIG.18) at the eighth cycle t8 and ninth cycle t9 in FIG.18 and 

becomes a clock input of D-FF 54 for output through OR gate 53. 

Therefore, pulses P7',P8' which are risen up by SET-Bl generated at points 

11k211
,

11r211 in FIG.18 and are fallen by a coincidence output SBl (accurately, AND-Bl; 

(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 determination 

circuit 4B, completely in the same way as in the first duty determination circuit SB 

of such construction. The Q output of OR gate 9 is inputted into the del~y line 

oscillator 41 of the duty determination circuit 4B through OR gat.e 9 (OR-B2). and is 

inputted into one input terminal of the AND gate 52. 

Ar.cordingly, 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 inputt.ed into the clock input terminal CK of D-FF 54 through the above­

mentioned AND gat.e 52 and OR gate 53. The RS-FF 8 constitut.es the width forming 

circuit 5 along with the OR gat.e 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) generat.ed 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 11B211 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 (accurat.ely, AND-B2; (30) in 

FIG.18) are generat.ed by pulses P5, P6 generat.ed at the output t.erminal 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 ofD-FF 54 for output through 

OR gat.e 58, whereby pulses P5', PG' which are risen up by SET-B2 generated at 

points 11d211
, 

11!211 in FIG.18 and are fallen by the coincidence output SB2 (accurat.ely, 

output AND-B2; (30) in FIG.18) generated at points "e2", "g2" in FIG.18 appear at 

the output t.erminal (OUT) ofD-FF 54 for output. 

However,· pulse P5' which is continued from the preceding pulse Pl' is 

accordingly made longer in FIG.18. 

(7) Width forming circuit 5 

The width forming circuit 5 has a presettable D-FF 54, wherein the QN 

terminal of it is directly connected t.o the n t.enninal of it. Furthermore, signals 

SET-Al, SET-A2, SET-Bl, SET-B2 are inputted into the preset input terminal PR 

through OR gat.e 55, and simultaneously coincidence outputs SAl, SA2, SBl, SB2 

are inputted int.o the clock t.erminal CK of D-FF 54 through OR gat.e 53. 

AND gate 51 or 62 is provided in a line from coincidence output t.erminals 

SAl, SA2, SBl, SB2 of the ooincidence circuit 50 of the respective duty 

det.ermination circuits 3A, 4A, 3B, 4B t.o OR gate 53 in order to prohibit coincidence 

outputs ul, u2, u3, .. (FIG.17 and FIG.18) during the measurement cycle, and 

operates AND of the Q outputs ooming from RB-FF 6,8. 

Furthermore, in a case where an ext.emal trigger signal EXT-TRIG (trigger 

G3 in FIG.18) arrives immediat.ely after the Q output of RS-FF 6 or RB-FF 8 is risen 
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up, that is, where an external trigger signal EXT-TRIG arrives before coincidence 

outputs SAl; SA2, SBl, SBl which reset RS-FF 6 or RS-FF 8, are generated, the 

older coincidence output (point 11w11 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 generat.ed, causing the Q output of D-FF 54 to be fallen. In order to 

avoid this inconvenience, an ext.emal trigger period signal TRIG-STOPA is added to 

the input of the A system AND gates 51, 52, and another ext.emal trigger period 

signal TRIG-STOPB is added t.o the B syst.em AND gates 51, 52. 

(8) Operation 

(a) Outline 

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

determination circuit Sand 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 shifted. And when a process is not carried out in time 

with respect t.o ·the arrival timing of external trigger signal EXT-TRIG when the 

process is performed by one set, for example, the "A" side, the process is 

automatically shifted to the other aet •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 11A11 side second duty determination 

circuit 4A handles every four cycles (4T) of input clock signals EXT-CK as one 

repeating unit (operation cycle Cl), and measures the length Tl of one cycle (A.2 side 

target measurement period) of input clock signal EXT-CK in the front half one cycle 

(tl) of them. 

Accordingly, using the result of measurement, the value (timing position of 

duty 50%) of 112 of the length of one cycle T is calculated beforehand. In the 

subsequent latter half third cycle (t8) and fourth cycle (t4), the delay line oscillat.or 
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41 is caused to oscillate from the point of time (points 11d11
, 

11f 1 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 11e11
, 

11g'1 in FIG.17) indicating the timing position of duty 50% is outputted. 

The "A" side fll'St duty de~rmination circuit SA has an operation cycle C2 

with two cycles shifted from the first duty determination circuit 3. That is, the first 

duty determination circuit 4 handles every four cycles of input clock signai EXT-CK 

shown with t3 to t6 in FIG.10-as one repeating unit (operation cycle C2), measures 

the length (target measurement period) Tl of one cycle of input clock signal EXT-CK 

in the front half first cycle (t8) of them, and calculates the value (timing position of 

duty 50%) of 112 of length T of one cycle by using the result of measurement. The 

delay line oscillator 41 is caused to oscillate frOm the point of time (points "k11
, 

11r11 in 

FIG.17) when a signal SET-Al synchronized with the respective internal trigger 

signal TRIG-A in the subsequent latter half fourth cycle (t4) and fifth cycle (t5). 

By counting the number of cycles of oscillation, the first duty determination 

circuit SA measures the length T5 secured until the result of measu~ment becomes 

coincident with the above-mentioned calculated value, that is, till it reaches the 

timing position of duty 50% and outputs a coincidence output SAl (points "q", "s" in 

FIG.17) which indicates the timing position of duty 50% when the coincidence is 

secured. 

(b) "A" side operation (after trigger Gl) 

(i) 4A side first cycle t1 

With the example shown in FIG.17. the first external trigger signal Gl 

comes in the first cycle t1 of the input clock signal EXT-CK. 
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Prior to this. a timing signal WC-A2JB2 ((16) in FIG.17) is inputted into the 

delay line oscillator 4 lof the duty determination circuits 4A, 4B through OR gate 9 

at point 11a" 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 4 7 to begin counting the number of cycles of oscillation . 

The oscillation of t~e delay line oscillator 41 is continued at least until a rise-up of 

the clock of the second cycle t2 is completed. 

The oscillation of the 4A side delay line oscillator 41 C'A" system second 

duty determination circuit 4A side) is terminated when WC-A2/B2 is fallen, that is. 

the actual measurement period TS ends (that is, point "c" in FIG.17). In the 

meantime, by the target measurement period Tl of l/2CK-A2/B2 arriving at the end 

thereof (point 11b11 in FIG.17) and 112 CK-A2/B2 being fallen, the latch circuit 48 

latches the count value (length of one cycle T =Tl) of the counter 4 7. 

Herein, the operation circuit 49 calculates the value of' 112 of the count 

value of length of one. cycle . T (that is, the timing position of duty 50%) upon 

receiving the output of the lat.ch circuit 48, outputs the result of calculation, and 

inputs the result into one input t.erminals Bl to Bn of the coincidence circuit 50. 

(ii) A4 side second cycle t2 

As the second cycle t2 starts, RS-FF 8 is set by arrival of SET-A2 ((7) in 

FIG.17) (point "d" in FIG.17). The Q output ((17) in FIG.17) of RS-FF 8.is inputt.ed 

into AND gat.e 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 oscillat.e. Furthermore, the Q output of RS-FF 8 is added t.o ~e clear terminal CL 

of the 4A side counter 4 7 through OR gate 9 t.o cause the clear t.erminal t.o be cleared. 

Therefore, the counting of the number of cycles of oscillation is commenced. 

The output of the counter 4 7 is inputted int.o the other input terminals Al 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

mentioited 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 

RB-FF 8 to cause the flip flop to reset. When this coincidence output SA2 is 

generated, the Q o~tput ((17) in FIG.17) of RS-FF 8 is fallen and becomes an input 

of AND gate 52 in a form of pulse Pl. A coincidence output SA2 is generated as pulse 

AND-A2 ((20) in FIG.17) having narrow width, only in the width of pulse Pl, from 

AND gate 52 which uses this pulse Pl, 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 the D-FF 54 which is the output side flip flop is preset every time by 

SET-Al, SET-A2, or SET-Bl, SET-B2, when a short pulse AND-A2 ((20) in FIG.17) 

corresponding t.o the above-mentioned coincidence output SA2 is added tQ 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 Pl'. 

(iii) 4A side third cycle t3 

Continuously, as the third cycle tS starts, since SET-A2 arrives again ((7) in 

FIG.17) (point "f'' in FIG.17), RB-FF 8 is set. The Q output ((17) in FIG.17) of RB-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 count.er 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 112 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. 



-82-

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 Pl, from AND gate 52 which uses this pulse Pl, coincidence 

·output SA2 and external trigger period signal TRIG-STOPA as three inputs, and 

becomes a clock input ofD-FF 54 through OR gat.e 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 t.o 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 Pl', P2' are risen up in synchronization 

with the ext.emal 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 Pl', P2' compose a signal which is the input clock 

signal EXT-CK completely synchronized with the external trigger signal EXT-TRIG. 

Furthermore, the wave form is of duty 50%. 

(iv) SA side third cycle ta 
With respect to the operation at the above-mentioned A4 side, the same 

operation is carried out at SA side f'A" system first duty determination circuit SA 

side) with two cycles delayed. That is, as the third cycle ts starts, a signal WC-Al/Bl 

((9) in FIG.17) for indicating the actual measurement period frS) is risen up (point 

"h" in FIG.17). The signal WC-Al/Bl is added t.o the delay line oscillat.or 41 of the 

duty determination circuit SA through OR gate 7 t.o cause the oscillation of the delay 

line oscillat.or 41 t.o commence the oscillation, and is added t.o the clear t.erminal CL 

of the counter 47, the rise-up of which causes the counter 47 to begin counting the 

number of cycles of oscillation. 

(v) 3A side fourth cycle t4 
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The oscillation of the SA 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 t.erminat.ed by a fall 

of WC-Al/Bl produced before a clock of the fifth cycle t5 is risen up, that is, the 

actual measurement period TB slightly elapsed from one cycle T of the input clock 

CK ends (point "j" i~ FIG.17). 

In the meantime, by the target measurement period Tl of l/2CK-Al/Bl 

having a _length just equivalent to one cycle T of the input clock CK arriving at its 

end and l/2CK-Al/Bl inputt.ed int.o the clock input t.erminal CK of the latch circuit 

48 being fallen, the latch circuit 48 latches the count value (length of one cycle T = 
Tl) of the counter 4 7. 

Herein, the Al side operation circuit 49 calculates the value (timing 

position of duty 50%) of 112 of the count value of the length of ·one cycle T upon 
. . . 

receiving the output of the latch circuit 48, outputs the result of calculation and 

input it into one input t.erminals Bl 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 

oscillat.e and is added to the clear t.erminal CL of the SA side counter 47 to cause the 

counter 47 to commence counting, while Q output is inputted int.a AND gate 51. 

The output of 3A side counter 4 7 is inputted into the other input terminals 

Al t.o An of the coincidence circuit. 50, and the count value of the counter 4 7 is 

progressively increased. The moment the count value becomes coincident with the 

value (112 value of length of one cycle T) outputted by the above-mentioned 

operation circuit 49 (point "q" in FIG.17), a coincidence output SAl is generated 

from the coincidenr.e circuit 50. 

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



-84-

RS-FF 6 and causes the flip fl.op to be reset. Therefore, at the point of time when this 

coincidence output SAl is generat.ed, the Q output ((10) in FIG.17) of RS-FF 6 is 

fallen, and becomes an input of AND gat.e 51 in a form of pulse P3. 

Therefore, a coincidence output SAl is generated as output AND-Al ((14) in 

FIG.17) from AND gate 51 which uses this pulse P3, coincidence output SAl and 

TRIG-STOPA as three inputs and becomes a clock input of D-FF 54 through OR 

gate 53. Accurately, the output AND-Al is a short pulse generated at the front edge 

of the coincidence oµtput SAl. 

Since D-FF 54 is preset by SET-Al every time, when a short pulse AND-Al 

((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 ofD-FF 54 is fallen, and appears at 

the output terminal OUT as pulse P3'. 

It is noted that~ since the coincidence pulse SAl e•ut" in FIG.17) generated 

at the third cycle t3 is generat.ed while the Q output of RS-FF 6 is fallen down to L, 

no output appears in the AND gate 51, and D-FF 54 is not changed. Therefore, the 

~fl.uence of the coincidence pulse ul generated when the 3A side is in the 

measurement period is eliminated 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 t5 starts~ since SET-Al ((6) in FIG.17) 

arrives again (point "r" in FIG.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 count.er 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 count.er 4 7 becomes coincident with the output 

value (1/2 value oflength of one cycle T) of the above-mentioned operation circuit 49 
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(point "s" in FIG.17), a coincidence output SAl is generated from the coincidence 

circuit 50 again. 
.-. 

Since RS-FF 6 is reset by this coincidence output SAl, 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-Al ((14) in 

FIG.17) in the width of pulse P4 from AND gate 51 which uses this pulse P4, 

coincidence output SAl and TRIG-STOPA as three inputs and becomes a clock input 

ofD-FF 54 through OR gate 53. 

Since D-FF 54 is preset by SET-Al every time, a short pulse AND-Al ((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 ·Pl'. P2', P3', P4', ... which are in synchronization 

with the external trigger signal EXT-TRIG and have the cycle T as that of the 

ext.emal input clock, that is, the input clock signal EXT-CK can be obtained from th~ 

Q output ofD-FF 54. 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 tluctuat.es 

in the vicinity of duty .. 50% or more. Therefore, this circuit is remarkably effective as 

an ext.emal synchronizing circuit accompanying a shaping of digital wave forms and 

it is possible to ext.end the operatable area of semiconductor active elements to a 

remarkably high frequency. 

(c) "B" side operation (after trigger G2) 

(i) 4B side sixth cycle t6 to 4B side seventh cycle t7 

In the example shown in FIG.17, the second ext.emal trigger signal G2 

comes out in the sixth cycle t6 of the input clock signal EXT-CK. Furthermore, this 

is a case where the ext.emal trigger signal G2 arrives during measurement of the 
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50% duty position commenced by SET-A2. 

As the extemal trigger signal G2 comes, D-FF in the timing generation 

circuit 301 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 SSS. 3S4 (SET-Al, SET-A2) belonging to the 11~1 system D-FF SSl are 

prohibited, and instead thereof, AND gates S35, 336 (SET-Bl, SET-B2) belonging to 
' 

the 11B11 system D-FF 332 are made active. 

At this moment, any one of SET-Bl and SET-B2 is generate_d in response to 

whether the actuating circuit change signal BLOCK-SEL is Hor L. In this example. 

as shown at· (20) and (21) in FIG.15, SET-B2 C'd211
, 

11f211 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 "B11 system) is set (point 11d211 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 det.ermination circuit 4B side 

through OR gate 9 to cause the oscillator 41 to oscillat.e. 

The Q output of RS-FF 8 is added to the clear terminal CL of the 4B side 

count.er 4 7 through OR gat.e 9 to clear the clear t.erminal. Therefore, the counting of 

th~ 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 result of calculation 

equivalent to 50% duty in the operation circuit 49 is already inputt.ed into the 

coincidence circuit 50. 

The count value of the counter 4 7 is progressively increased, and at the 

moment when the count value becomes coincident with the value (112 value of 

length T of cycle) outputted by the above-mentioned operation circuit 49 (point 110211 

in FIG.18), a coincidence output SB2 is generat.ed from the coincidence circuit 50. 

RS-FF 8 is reset by this coin~dence output SB2. and the Q output ((27) in 
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FIG.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 

ext.ernal trigger 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 t.o 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 OUT as pulse P5'. It 

is noted that, in the example shown in FIG.8, in the sixth cycle t6, 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. 

(ii) 4B side seventh cycle t7 t.o 4B side eighth cycle t8 

As SET-B2 ((26) in FIG.18) arrives aga~ (point 11m11 in FIG.17), RS-FF 8 is 

set. The Q output ((27) in FIG.18) of RS-FF 8 is added t.o the 4B side delay line 

oscillator 41 through OR gate 9 to cause the oscillat.or 41 t.o oscillat.e and causes the 

count.er 4 7 to be cleared to commence counting the number of cycles of oscillation, 

while Q output is inputted int.o AND gat.e 52. 

When the count value of the counter 4 7 becomes coincident with the output 

vaJ.ue (112 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 generat.ed, 

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 PG. Therefore, a coincidence output SB2 (AND-B2; (30) in 

FIG.18) is outputted from AND gate 52 which uses this pulse P6, coincidence output 

SB2 and ext.ernal 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 t.o the above-mentioned coincidence out;put SB2 is 

added t.o D-FF 54 as a clock input, the Q output ofD-FF 54 is reverse at that time 

and appears in the output terminal OUT as pulse 61
• 

In summary, the· output pulse P5' of the above-mentioned pulses P5' and 

P6' is a signal which is risen up in synchronization with the last SET-A2 (point 11dl11 

in FIG.17) in the sixth cycle t6, and is fallen by the coincidence output SB2 (point 

11e211 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 input 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 duty 50%. 

(iii) 3B side eighth cycle t8 t.o 3B side ninth cycle t9 

With respect t.o the operation of the above-mentioned 4B side, the same 

operation is carried out at the 3B side· C'B" syst.em first duty det.ermination circuit 

3A side) with two cycles delayed. That is, measurement of one cycle is carried out 

by oscillation, counting, calculation and coincidence operation, and, when as SET-Bl 

((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 gat.e 51 and 

is added to the 3B side (duty det.erm.ination circuit 3B side) delay line oscillator 41 

through OR gat.e 7 t.o cause the oscillat.or 41 t.o oscillate, and is added to the clear 

·. 
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terminal of the 3B side counter 4 7 to cause the counting to be commenced. 

At the moment (point 11q2" in FIG.18) when the count value of the counter 

4 7 is progressively increased and ·becomes coincident with the value (112 value of 

length of one cycle T) outputted by the above-mentioned operation circuit 49, a 

coincidence output SBl is generated by the coincidence circuit 50. 

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

RS-FF 6 and resets the flip flop. Therefore, at the point of time when this 

coincidence output SBl 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 SBl is generated as output AND-Bl ((25) in 

FIG.18) from AND gate 51 which uses this pulse P7, coincidence output SBl and 

TRIG-STOPB as three inputs and beoomes. a clock input of D-FF 54 through OR 

gate 53. 

Accurately, the output AND-Bl iS composed of a short pulse generated at 

·the front edge of the coincidence output SBl. 

Since D-FF 54 is preset by SET-Bl every time, if a short pulse AND-Bl 

((25) in FIG.18) corresponding to the above-mentioned coincidence output SBl 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 SBl (u3 in FIG.18) generated in the third cycle tS and the seventh 

cycle t7 is gm)erated 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 u3 generat.ed when the SB 

side is in the measurement period is eliminated by AND gate 51 and does not appear 

in the output OUT side. 

(iv) SB side ninth cycle t9 to SB side tenth cycle tlO 

Continuously, since SET-Bl ((21) in FIG.18) arrives again in the ninth cycle 
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t9 (point 11r211 in FIG.18), RS-FF 6 is set. The Q output ((22) in FIG.18) ofRS~FF 6 is 

added to the 3B side delay line oscillat.or 41 through OR gate 7 to cause the oscillator 

41 t.o oscillat.e and is added t.o the count.er 4 7 to clear it, causing the counting of the 

number of cycles of oscillation t.o commence, while Q output becomes an input of 

AND gat.e 51. 

When the ~unt value of the oount.er 4 7 becomes coincident with the output 

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

(point 11s211 in FIG.18), a coincidence output signal SBl is generat.ed from the 

coincidence circuit SBl. Since RS-FF 6 is reset by the coincidence output SBl, the Q 

output ((22) in FIG.18) of RS-FF 6 is fallen, and becomes an input qf AND gat.e 51 in 

a form of pulse PS. 

Therefore, a coincidence output SBl is generat.ed as the output AND-Bl 

((25) in FI.G.18) from AND gat.e 51 which uses the pulse PS, coincidence output SBl 

and 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-Bl every time, if a short pulse AND-Bl 

((25) in FIG.18) corresponding t.o the above-mentioned coincidence output SBl is 

added t.o D-FF 54 as a clock input. the Q output ofD-FF 54 is reversed at that time. 

and appears in the output terminal OUT as pulse P8'. 

Thus. digital clock signals P5', P6', P7', P81
, ... which are synchronized with 

the ext.emal trigger signal EXT-TRIG and have the same cycle T as that of the 

extemal input clock, that is, the input clock signal EXT-CK can be obtained from the 

Q output ofD-FF 54. Furthermore, the wave forms thereof are modified so as t.o be 

shaped duty 50% without fail. 

The actions and etl'~t.s 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. 

(d) "A" side operation (after trigger G3) 

(i) 4A side tenth cycle tlO t.o 4A side eleventh cycle tl 1 

In the example shown in FIG.17, the third external trigger signal G2 comes 

in the tenth cycle tlO of input clock signal EXT-CK. Furthermore, this is a case 

where the extemaJ trigger signal G2 comes during a measurement of 50% duty 

position, which is commenced by SET-Bl. 

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, 886 

(SET-Bl, SET-B2) belonging to the "B" system D-FF 332 are prohibited, and instead 

thereof, AND gates 838, 834 (SET-Al, SET-A2) belonging to the "N' system D-FF 

331 are made active. 

At this moment, any one of SET-Al and SET-A2 is generated in response to 

whether the actuating circuit 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 C'd3", "ffi" in 

FIG.15). 

RS-FF 8 is set (point "d3" in FIG.17) 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 t.o cause 

the oscillator 41 t.o oscillate. while it is inputt.ed int.o AND gat.e 52. Furthermore, the 

Q output of RS-FF 8 is added to the clear t.erminal CL of the 4A side count.er 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 Tis always carried out, 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 11e311 in FIG.17) when the count value of the counter 

4 7 is progressively increased and becomes coincident with the value (112 value of 

length of one cycle T) outputted by the above-mentioned operation circuit 49, a 

coincidence output SA2 is generat.ed 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 (Q.llen 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 generat.ed from AND gat.e 52 which uses this pulse P5, coincidence output 

SA2 and external trigger period signal TRIG-STOPA as three inputs, and becomes a 

clock input ofD-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 t.o the above-mentioned output SA2 is added t.o D-FF 

54 a8 a clock input, the Q output of ~-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 ("d211 in FIG.18) in the tenth cycle tlO 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 reset. 

Accordingly, without any device, a coincidence output SB2 (point "w" in 

FIG.18) appears at the 50% duty position counted from S~T-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 GS, and but with the last 

trigger G2. 

Therefore, TRIG-STOPA is added to AND gate 52, whereby the 

corresponding AND gat.e is prolubit.ed 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 ext.ernal trigger period signal TRIG-STOPA is 

added t.o the 11A11 side AND gat.e 51, and the external trigger period signal TRIG­

STOPB is added t.o the "B" side AND gates 51, 52. It is not.ed 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 eliminat.ed by the 11A211 side AND gat.e 

52, and does not influence the output. 

(ii) 4A side eleventh cycle tll t.o 4A side twelfth cycle t12 

IfSET-A2 ((7) in FIG.17) arrives again (point 11f'311 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 gat.e 9 to cause the oscillator 41 to oscillat.e, and is added t.o the 

count.er 4 7 to clear it, causing the counting of the number of cycles of oscillation t.o 

commence, while Q output is inputted into AND gat.e 52. 

As the count value of the count.er 4 7 becomes coincident with the output 

value (1/2 value oflength of one cycle 'I') of the above-mentioned operation circuit 49 

(point "g3" in FIG.17), and a coincidence output SA2 is generat.ed again from the 

· coincidence ou~ut 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 generat.ed and becomes an input of AND gat.e 52 in a 

form of pulse PIO. Therefore. a coincidence output SA2 (AND-A2; (20) in FIG.17) is 

outputt.ed from AND gate 62 which uses this pulse PIO. ooincidence output SA2 and 

ext.emal 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 t.o the above-mentioned coincidence output SA2 is 

added t.o D-FF 54 as a clock input, the Q output ofD-FF 54 is reversed at that time 

and appears in the output terminal OUT as pulse PIO'. 
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In summary, the output pulse P9' of the above-mentioned output pulses P9', 

PlO' is a signal which is risen up in synchronization with the last SET-B2 (point "d2" 

in FIG.17) in the t.enth cycle tlO 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 extemlll trigger signal EXT-TRIG arrives. 

Furthermore, the above-mentioned output pulse PIO' 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 Pl01 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) BA side twelfth cycle t12 to SA 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 circuit 3A side of the 11A11 

system) with two cycles delayed. That is, measurement of one cycle is carried out by 

oscillation, counting, calculation and coincidence operation, and, when SET-Al ((6) 

in FIG.17) is generated at the twelfth cycle tl2, RS-FF 6 is set (point 11k811 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 t.o oscillate, and is added to 

the clear t.erminal CL of the SA side counter 4 7 to cause the counting to be 

commenced, while the Q output inputted into AND gate 51. 

At the moment (point "q811 in FIG.17) when the count value of the count.er 

4 7 is progressively increased and becomes· coincident with the value (1/2 value of 

length of one cycle T) outputt.ed by the above-mentioned operation circuit 49, a 
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coincidence output SAl is generat.ed from the coincidence circuit 50. 

This coincidence output SAl 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 output SAl is generated, 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 PU. 

Therefore, 
1
a coincidence output SAl is generated as output AND-Al ((14) in 

\ 

FIG.17) from AND gate 51 which uses this pulse PU, coincidence output.SA-I and 

TRIG-STOPA as three inputs and becomes a clock input of D-FF 54 through OR 

gate 53. However, accurately, the output AND-Al is a short pulse generat.ed at the 

front edge of the coincidence output SAl. 

Since the D-FF 54 ~preset by SET-Al every time, if a short pulse AND-Al 

((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 fallen at that time and 

appears in the output terminal OUT as pulse Pl 1 '. 

It is not.ed that coincidence pulses SAi and SA2 (ul, u2 in FIG.17) 

generated in the ninth cycle t9, eleventh cycle t11, et.c. are generated while the Q 

output of RS-FF 6, 8 are fallen down to L. Therefore, no output appears in AND 

gates 51, 52 and then the D-FF 54 is not changed over. Accordingly, the influences of 

coincidence pulees ul, u2 generated while the Al side or A2 side is in the 

measurement period are eliminat.ed by AND gat.e 51, 52, and the influences do not 

appear in the output OUT side. 

(iv) 3A side thirteenth cycle tl3 to 3A side fourt.eenth cycle t14 

Continuously. since SET-Al ((6) in FIG.17) arrives again in the thirteenth 

cycle tl3 (point "r3" in FIG.17), RS-FF 6 is set. And when the count value of the 

count.er 4 7 becomes coincident with the output value (112 value of length of one 

cycle) of the operation circuit 49 (point "s3" in FIG.17), a coincidence output SAl is 

generat.ed again from the coincidence circuit 50. 
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Therefore. Digital clock signals P9', PlO', PU'. P12'... which are 

s~chronous with the ext.ernal trigger signal EXT-TRIG and have the same cycle T 

as that of the ext.emal input clock, that is, the input clock signal EXT-CK can be 

obtained. Furthermore, the wave forms thereof are modified so as t.o be shaped to 

duty 50% without fail. 

The action~ 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 ext.emal 

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 04 is 

inputt.ed the moment the coincidence output SAl is generat.ed, P12' will be of a 

length oontinued 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 every input of the external trigger signal EXT-TRIG whenever the signal is 

inputted, and is fallen a~ 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 ext.emal trigger signal EXT-TRIG. 

(9) Other preferred embodiments 

Although a presettable D-FF 54 is used for a width 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 det.ermination circuits SA. 4A, 

3B, 4B by this OR gat.e 56 with an output OR gat.e 56 employed inst.ead of D-FF 54. 

--
1 
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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-Al-Q (PS, P4. Pll. P12). RS-FF-A2-Q (Pl, P2, P9, PlO). RS-FF­

Bl-Q (P7. P8), RS-FF-B2-Q (P5. PG) 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 output;s as they are. An advantage of such a construction is in that the 
!' 

circuit configuration is further simplified than that shown in FIG.10. 

Furthermore, although in the above preferred embodiments wave forms 

CKF A. 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 object 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 outputt.ed, upon receiving a timing signal formed by a timing 

generation circuit_ 2, wherein the duty determination circuit is composed of a cycle 

measurement circuit 10 for measuring the length of one cycle in the first cycle which 

coines with eveey interval of integral number time~ 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 det.ermination circuit 8 (See FIG.I). 

(B) In . order to achieve another object to provide an actual ext.ernal 
•' 

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 which 

.are synchronized with the ext.emal trigger signals EXT-TRIG are produced at a 

cycle T of input clock signals until the next ext.ernal trigger signal EXT-TRIG comes, 

these internal trigger signals are shared t.o the first duty det.ermination circuit 3 and 

the second duty determination circuit 4 with the timing thereof shifted (SET-Al, 

SET-A2), the timing positions ~rresponding t.o duty 50% of cycles of the input clock 

signals are altemat.ely measured from the position of the int.emal trigger signals, 

output pulses are risen up at the positions of the internal trigger signals SET-Al, 

SET-A2 and output pulses are fallen at the timing positions SAl, SA2 corresponding 

to the above-mentioned measured duty 50% (See FIG. 7). 

(C) In order t.o achieve an object to provid~ an actual frequency 

multiplying circuit, having a simple construction, which is able to .output signals 

after they are shaped to duty 50%, a duty det.ermination circuit for det.ermining 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 802, is provided, 

wherein the length of one cycle is measured in the first cycle arriving at every 

interval of integral number times of one cycle T of an input clock signal EXT-CK, 

values corresponding to the positions of duty 25%, 50%, 75% are calculat.ed on the 

basis thereof. measurement of the length is execut.ed in each of the second cycles in 
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the above-mentioned intervals, coincidence outputs SAl, SA2, SA3, or SBl, SB2, 

SB3 are outputted whenever the corresponding 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 outpu~ 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; . 
;t 

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 int.egral 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 

coincid~nce 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 instruct.ad 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 

111111111111111111111111111111 
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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 count.er for 

counting the numb~r of cycles of oscillation of the corresponding delay line oscillator, 

and a latch circuit for lat.ching the value of the correspqnding counter when said 

target measurement period ends; 

an operation circuit for calculating the half value of the count value lat.ched 

in said cycle measurement circuit by using the count value; 

an actual measure:g:ient 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 t.o said duty 50% on the basis of the timing position 

instructed by the coincidence output.of said coincidence circuit. 

a. 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 det.ermination circuits for det.ermining and 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
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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 

oscillat.or, a counter for counting the number of cycles of oscillation, an operation 

circuit for calculatiy;ig 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, 

said first duty determination circuit measures the length of one cycle by 

causing the delay line oscillat.or to oscillate and counting the number of cycles of 

oscillation by the counter ~n the first cycle arriving at every interval of integral 

number times of one cycle of the input clock signal, execut.es measurement of the 

length from the front edge of each cycle by causing the delay line oscillat.or 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 calculat.ed 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. 

4. The digital wave shaping circuit according t.o claim 3, 

wherein said width forming circuit includes a flip flop positioned before each of said 

111111111111111111111111111111 
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first duty determination circuit and said second duty determination circuit, sets the 

correeponding flip fl.op in synchronization with the front edge of one cycle of input 

clock signals, resets the flip fl.op by said ~incidence 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 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 int.egral number times one cycle of the input clock signal, and a 

signal for instructing an 11_ctual 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 count.er for counting the number of cycles of the oscillation, an operation 

circuit for calculating the half value of the counted value and a coinci~nce 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 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 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 

' '"'"' 1\11\l llH 1\1111\\111 * C L M S * 
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between said target measurement period and the next target measurement period; 

a first OR gat.e for inputting an output of said first flip fl.op and a signal for 

instructing said actual measurement period into said first duty determination 

circuit; 

a second OR gat.e for inputting an output of said second flip flop and a signal 

for instructing said, actual measurement period into said second duty det.ermination 
! 

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 generatipn 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 

int.erval which is int.egral 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 det.ermination circuits for det.ermining and 

instructing a timing position of duty 50% of a clock signal to be outputt.ed, 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 count.ad value and a coincidence circuit 

which uses output of the corresponding operation circuit as orie input and uses 

output of said count.er as the other input. and which operat.e with at least one cycle 

overlapped with and with two cycles shifted form each other; 

a first flip flop positioned before said first duty det.ermination 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 

I 11111111111111111111111111111-
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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 coincidenoo output in the oscillation referenoo period 

between said target measurement period and the next target measurement period; 

a first OR gate for inputting an output of said first flip fl.op and a signal for 
:r 

instructing said actual measurement period int.o said first duty determination 

circuit; 

a second OR gate for inputting an output of said second flip flop and a sign~ 

for instructing said actual measurement period int.o said second duty determination 

circuit; and 

a third flip fl.op which is reset every time in synchronization, with the front 

edge of one cycle of said input c~ signal and the status of which is changed over by 

coincidence outputs of said first duty determination mrcuit and said second duty 

determination circuit. 

7. The digital wave shaping circuit according t.o claim 6, 

wherein an AND gate which prohibits the coincidenoo output generated iri 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, 3, 4, 

5, 6 or 7, wherein said delay line oscillator is composed of an NAND gate, one input 

t.erminal of which is used as an input terminal of the oscillat.or, an odd tier inverter 

connected t.o 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 st.ep of the corresponding inverter to the other input terminal of 

•" 
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said NAND gat.e. 

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 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 count.er for counting the number of cycles of the oscillation, an operation 

circuit for calculating 114 value, 2/4 value, and 3/4 value of the counted value, and a 

coincidence circuit which uses said three results of the calculation of ~e 

corresponding operation circuit as one iriput thereof, uses the output of said counter 

as the other input thereof and outputs a coinci~nce output whenever the value of 

said counter becomes coincident with said three results of calculation; 

a first flip flop positioned before said first duty det.ermination 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 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 
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input clock signal and is reset by the final one of said coincidence output.s in the 

oscillation reference period between said target measurement period and the next 

target measurement period. 

a first OR gat.e for inputting the 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 the output of said second flip flop and a 

signal for instructing said actual measurement period into said second duty 

det.ermination 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 output.s obtained by said first duty det.ermination 

circuit and said second duty det.ermination circuit. 

10. The frequency multiplying circuit according to claim 9, 

wherein an AND gat.e which prohibit.s coincidence output.s generat.ed in the actual 

measurement period is provided in each of the paths for inputting a coincidence 

output coming from each of said duty determination circuit.s 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 termmal of the corresponding NAND gate as a delay 

element. and an invert.er inserted into a feedback loop from the final st.ep output 

terminal of the corresponding invert.er 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 int.emal trigger signals synchronized with an 

external trigger signal according to a cycle of input clock signals until the next 

ext.ernal trigger signal arrives; 

sharing t~~m. with timing shifted from each other, to the first duty 
II . 

determination circuit and the second duty determination circuit; 

measuring alt.ernately the timing position corresponding to duty 50% of a 

cycle of input clock signal from the position of the int.ernal 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 position corresponding to said 

measured duty 50%. 

13. The ext.emal synchronizing method according to· claim 12, 

wherein two sets A and B of said first duty detenD:ination circuit and the second 

duty determination circuit are prepared, while one set of them is used for processing 

one period between external trigger signals and ~he other set of them is used for 

processing a period adjacent to said period. 

14, An ext.ernal synchronizing circuit comprising: 

an int.ernal trigger generating circuit which, upon receiving a timing signal 

from timing generation circuit ao1; measures· a phase position from an external 

trigger signal at one cycle T of input clock signal, generates and output.a an inte~al 

trigger signal at a phase position corresponding t.o the phase position, at which the 

ext.ernal trigger signal arrives, at each of the next one cycle T; 

a mode change signal generation circuit for outputting int.ernal trigger 

.·. 
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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 

signal; 

a first flip fl.op operating upon receiving said first group signals and a 

second flip fl.op operating upon receiving said second group signals; 

a first du~ determination circuit which executes oscillation upon receiving 
,1 

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 fl.op; 

a second duty determination circuit which executes oscillation upon 

receiving the output of said second flip fl.op, 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 fl.op 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 gat.e is positioned before each of said duty determination circuit.a, a 

signal for instructing a· slightly longer actual measurement period than one cycle T 
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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 oscillation to cause the latch circuit to latch the value of the 
,• 

counter. 

16. The extemal 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 the corresponding NAND gate as a delay element, and an 

inverter inserted into a feedback loop returning from the final step output terminal 

of the corresponding inverter to the other input terminal of said NAND gate. 

17. The extemal synchronizing circuit according to claim 14, 

·wherein an AND gat.e which prohibits a coincidence output generated in 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 to claim 17, 

wherein an external trigger period signal which instructs a period of external trigger 

signal is inputt.ed into said AND gate which prohibits the coincidence output. 

19. The ext.emal synchronizing circuit according t.o claim 14, 

15, 16, 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 fl.op operating upon receiving said second group signals is provided 

inst.ead of said flip flop for output. 

20. An ext.emal synchronizing circuit comprising: 

an int.emal trigger generation circuit which, upon receiving a timing signal 

from a timing generation circuit, measures a phase position from an ext.emal trigger 
, 

. I 

signal in one cycle (T) of input clock signal, prepares the reference int.emal trigger 

signal at the phase position corresponding t.o the phase position, at which the 

extemal trigger signal arrives, in every next one cycle (r), altemat.ely shares the 

signal t.o "A"· period of external trigger signal and 11B11 period of it adjacent to said 

period, and outputs it as an internal trigger signal; 

an 11A11 side mode change signal generation circuit which, upon receiving one 

of said int.emal trigger signals, outputs the internal trigger signals in said 11A" period 

sharing the them to the first group signals and second group signals; 

a first flip fl.op operating upon receiving said 11A11 side first group signal 

(SET-Al) and a second flip flop operating upon receiving said second group signal 

(SET-A2); 

a first duty det.ermination circuit which executes oscillation upon receiving 

the output of said 11 A" side first flip flop, determines a timing position of a duty 50% 

of a clock signal to be outputt.ed by oounting the number of cycles of the oscillation, 

outputs a ooincidence output indicating the timing position, and resets said "N' side 

first flip flop; 

a seoond duty det.ermination circuit which executes oscillation upon 

receiving the output of said "A 11 side second flip flop, det.ermines a timing position of 

a duty 50%of a clock signal to be outputt.ed by counting the number of cycles of the 

oscillation, outputs a ooincidence output indicating the timing position, and resets 

said 11A11 side seoond flip fl.op; 
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a 11B11 mode change signal generation circuit which, upon receiving another 

of said internal trigger signals, outputs the internal trigger signals in said 11B11 period 

sharing them to the first group signals and second group signals; 

a first flip flop operating upon receiving said 11B11 side first group signal 

(SET-Bl) and a second flip flop operating upon receiving said second group signal 

(SET-B2); 
' ; 

a first duty det.ermination circuit which executes oscillation upon receiving 

the output of said "B" side first flip flQp. determines a timing position of a duty 50% 

of a clock signal t.o be outputt.ed 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 t.o 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 ext.emal synchronizing circuit ar.cording to claim 20, 

wherein each of sa~d duty determination circuits is composed of a delay line 

oscillat.or, a counter for counting the number of cycles of the oscillation, a lat.ch 

circuit, an operation circuit fur calculating a 1/2 value of the counted value thereof. 

and a coincidence circuit fur outputting a coincidence output when the value of said 

counter becomes coincident with the corresponding result of calculation, and 

an OR gate is positioned before each of said duty determination ci~ts, 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 int.ernal 

trigger signal does not existt through the corresponding OR get.et whereby the delay 

line oscillator is caused to oscillate only in the actual measurement periodt 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 t.o said latch circuit 
,~ 

during the oscillation to cause the latch circuit t.o latch a value of the count.er. 

22. The ext.ernal synchronizing circuit according t.o claim 21t 

wherein said delay line oscillat.or is composed of an NAND gat.e, one input t.erminal 

of which is used as an input terminal of the oscillat.or, an odd tier inverter connected 

to the output t.erminal of the corresponding NAND gate as a delay elementt and an 

inverter inserted into a feedback loop returning from the final step output terminal 

of the corresponding inverter t.o the other input terminal of said NAND gat.e. 

28. The external synchronizing circuit according to claim 20t 

wherein an AND gat.e which prohibits a coincidence output generat.ed in an actual 

measurement period is provided in each channel for inputting a coincidence output 

coming Crom each of said duty det.ermination circuit int.o the flip flop for output. 

24. The external synchronizing circuit according to claim 28t 

wherein an external trigger signal instructing a period of external trigger signal is 

inputted int.o said AND gat.e which prohibits said coincidence output. 

25. The external synchronizing circuit according to claim 20t 

21t 22, 23 or 24, wherein an OR gate for output which uses, as an input t~ereoC. an 

output of the first Oip 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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