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PERIOD AND FREQUENCY MEASURING 
INSTRUMENT 

Matter enclosed in heavy brackets [ ] appears in the 5 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION It) 

This invention relates to a period and frequency mea 
suring instrument which measures period and frequency 
of a relatively low frequency input signal with high 
accuracy. 

In measuring frequency or period of an input signal of 15 
relatively low frequency by a period and frequency 
measuring instrument, the input signal is used as a gate 
signal for gating internal clock signals to a counter 
which counts the number of clock pulses to determine 
the period and thus the frequency of the input signal. 
FIG. 1 shows one of the conventional period and 

frequency measuring instruments of this kind. A divi 
sion factor M of a divider 102 which divides the number 
of pulses in an input signal into l/M pulses is selected 
corresponding to the frequency of the input signal. 
FIG. 2A shows that an input signal 201 that is to be 
measured is supplied at an input terminal 101 and pro 
vided to the divider 102 whose output generates the 
divided output 203 shown in FIG. 2C. The divided 
output 203 is transmitted to a gate signal generator 103 
comprising, for example, a toggle-type ?ip-?op. The 
gate signal generator 103 generates the gate signal 204 
shown in FIG. 2D which has the length of one period of 
the divided input signal 203 derived from the divider 
102. The gate signal 204 thus generated is supplied to an 35 
AND gate 104 to open the AND gate 104 with its high 
level. 
The other input terminal of the AND gate 104 is 

provided with a clock signal 205 having a constant 
period To from a clock signal generator 105 as shown in 
FIG. 2E. When the gate signal 204 is at high level, the 
clock signal 205 is supplied via the AND gate 104 to a 
counter 106. FIG. 2F shows the gated clock signal 205 
derived from the AND gate 104. The total number of 
the gated clock pulses N is counted by the counter 106. 
The counted result is provided to a calculator 107 

wherein the frequency F and the period P of the input 
signal 201 are calculated. Namely, in the case that the 
number of the clock signals 205 counted by the counter 
106 is N, the input frequency and period are obtained by 
calculating, F=M/NT0 and P=NTu/M, respectively. 
The calculated frequency or period is displayed by a 
display 108. The operation described above starts after 
a reset signal 202 provided from a terminal 221 as 
shown in FIG. 2B. 55 

In this conventional period and frequency measuring 
instrument, there arise fractional times AT,“ and AT‘; 
corresponding to the time differences between the rise 
of the gate signal 204 and the first gated clock signal and 
between the fall of the gate signal 204 and the irnmedi 
ately following clock signal as illustrated in FIG. 2F. In 
order to make the fractional times AT“, A'I‘xz small so 
as to improve measurement accuracy, it is necessary to 
use clock signals of higher frequency. However, utiliza 
tion of the higher frequency clock signals requires both 
the AND gate and the counter 106 to operate at high 
speed, which makes the instrument expensive. Al 
though the fractional times ATX1, ATxz represent infor 
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2 
mation effecting the accuracy of the calculated period 
or frequency of the input signal, conventional instru 
ments are not able to take these fractional times into 
account. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
measuring instrument which is capable of measuring 
period and frequency of an input signal with high accu 
racy without using high frequency clock signals. 
According to this invention, the ?rst and second 

fractional times ATM, ATx; that are caused by the dif 
ferences between the rise and fall of the divided input 
signal and the respective clock signals, are expanded by 
an expansion circuit of simple construction, so that the 
expanded fractional times can be measured even by a 
relatively low frequency clock signal with high resolu 
tion. Therefore, an accurate input signal period or fre 
quency can be obtained by using both the number of the 
clock pulses gated by a gate signal, which is derived 
from the divided input signal and synchronized with the 
clock signal, and as well the number of clock pulses 
counted during the expanded fractional times. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a circuit diagram of a conventional 
period and frequency measuring instrument. 
FIGS. 2A to 2F are timing charts for explaining the 

operation of the conventional instrument of FIG. 1. 
FIG. 3 is a circuit diagram showing an embodiment 

of a period and frequency measuring instrument of the 
present invention. 
FIGS. 4A to 4N are timing charts for explaining the 

operation of the embodiment of FIG. 3. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 3 shows one of the embodiments in accordance 
with the present invention and FIGS. 4A to 4N are 
timing charts for explaining the operation of the em 
bodiment of FIG. 3. In FIG. 3 the components that are 
identical to those in FIG. 1 are denoted by the same 
reference characters. 
An expansion circuit 301 is provided for expanding 

the fractional times ATM, AT‘; by predetermined 
amounts. The main components comprising the expan 
sion circuit 301 are D~type ?ip-?ops 302 and 305, a 
divider 304, integrators 306 and 308, a voltage compara 
tor 309 and a hold switch 307. The embodiment of FIG. 
3 also employs a control circuit 313 for generating a 
start signal, an up-down counter 321 for counting the 
difference between the two fractional times ATxl, AT,,; 
and AND gates 319 and 322 for supplying the clock 
signals to the up-down counter 321. 
The input signal 201 that is to be measured is pro 

vided from a terminal 101 to the divider 102 which 
divides the input signal by a division factor M. The 
divided input signal from the divider 102 is supplied to 
the T terminal of a D-type ?ip-flop 302 whose Q output 
is connected to an AND gate 303 and also to the inte 
grator 306 through an inverter 314 to control the time 
for starting the integrator 306. The AND gate 303 pro 
vides the clock signal 205 from the clock signal genera 
tor 105 to the divider 304 when the Q output of the 
?ip-?op 302 is at high level. The divider 304 divides the 
clock signal by a predetermined factor B and provides 
the divided clock signal to the D-type ?ip-flop 305. The 
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integrator 306 integrates a constant voltage V; from a 
voltage source 311 with an integration time constant 
R|C1. The integrator 308 integrates a constant voltage 
V; from a voltage source 312 with an integration time 
constant R1Cz. The Q output of the ?ip-?op 305 is 
connected to the integrator 308 via an inverter 318 to 
control the time for starting the integration. The Q 
output of the flip-flop 305 is also provided via a buffer 
316 to the hold switch 307 to control the hold timing of 
the integrator 306. 
Both outputs of the integrators 306 and 308 are sup 

plied to a voltage comparator 309 whereby coincidence 
in the voltages of both outputs is detected. The output 
of the voltage comparator 309 is provided to the reset 
terminal of the flip-?ops 302 and 305 and the divider 304 
through an OR gate 324. The control circuit 313 is 
comprised, for example, of a D-type ?ip-?op with the D 
terminal provided with a high level signal and the T 
terminal connected through an inverter to a Q terminal 
of the gate signal generator 103. The 6 output of the 
control circuit 313 is provided to the D terminal of the 
flip-flop 302. The reset signal 202 from the terminal 221 
is provided to the gate signal generator 103 and the 
control circuit 313 and through the OR gate 324 to the 
?ip-flops 302, 305 and the divider 304. 
At the beginning of the operation, by the reset signal 

202 from the terminal 221, the control circuit 313 is 
changed to high level to yield a start signal 401 shown 
in FIG. 41 which is provided to the terminal of the 
?ip-?op 302. Thus the flip-flop 302 is turned to high 
level by the ?rst divided input signal 203a provided 
from the divider 102 so as to open the AND gate 303 
and to provide the clock signal 205 from the clock 
signal generator 105 to the divider 304 as in FIGS. 4C 
and 4D. At the same time a FET switch 315 is opened 
by the low level signal of the inverter 314 so that the 
integrator 306 starts integrating the constant voltage V1 
supplied through the hold switch 307. The hold switch 
307 is closed at this time since the ?ip-flop 305 is reset. 
Further, the integrator 308 is not in operation at this 
time since the FET switch 317 is closed by the high 
level output of the inverter 318 derived from the low 
level signal of the Q output of the flip-?op 305. The 
integrated output of the integrator 306 gradually goes 
down in accordance with the integrating time constant 
R1C1 until the hold switch 307 is opened as shown in 
FIG. 4L. 
The divider 304 divides the clock signal 205 provided 

through the AND gate 303 into 3, for example, that is, 
the division factor B of the divider 304 is selected to be 
3 in this case. Thus by the third clock pulse after the 
first divided input 203a the divider 304 yields the ?rst 
divided clock pulse 402a at its output. By the first di 
vided clock pulse 402a supplied from the divider 304 at 
time t1, the state of the flip-?op 305 is changed to high 
level, thus making the hold switch 307 open so that the 
integrator 306 stops the integration and holds the inte 
grated voltage El as in FIG. 4L. Therefore, the time 
interval Ta during which the integrator 306 integrates 
the constant voltage V] becomes ATx1+2Tq, where To 
is the period of the clock signal 205. The reason for 
integrating the constant voltage V1 longer than the ?rst 
fractional time AT,“ by 2T0, in this embodiment, is to 
obtain a suf?ciently large value of the integrated volt 
age at the output of the integrator 306 without using a 
high speed operation ampli?er in the integrator 306, in 
other words that the integrator 306 can be low in cost. 
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4 
At time t1, by the Q output of the flip-?op 305 sup 

plied via the inverter 318, the FET switch 317 is opened 
so that the integrator 308 starts integrating the constant 
voltage V; from the voltage source 312 with an integra 
tion time constant of R102. The time constant R2C1 and 
the constant voltage V; are selected to generate an 
integrated output with a smaller slope than that gener 
ated by the integrator 306 for expanding the fractional 
times. Also at time t1, by the high level signal from the 
?ip-flop 305, the gate signal generator 103 is turned to 
high level as in FIG. 4F so as to open the AND gate 
104. Thus the clock signal from the clock signal genera 
tor 105 is supplied to the counter 106 whereby the num 
ber of clock pulses is counted in accordance with FIG. 
4G. At the same time, by the high level signals from 
both the ?ip-?op 305 and the gate signal generator 103, 
the AND gate 319 is opened and provides the clock 
signal to an up-count terminal 321a of the up-down 
counter 321. Therefore the up-down counter 321 up 
counts the clock pulses until the AND gate 319 is 
closed. 
When the integrated output of the integrator 308 

coincides with the hold voltage E1 of the integrator 306, 
the voltage comparator 309 generates a coincidence 
signal 403a at time t; as in FIG. 4N. The ?ip-?ops 302, 
305 and the divider 304 are reset by the coincidence 
signal 403a provided through a buffer 323 and the OR 
gate 324. Because of the changing state of the ?ip-?op 
305, the AND gate 319 is closed and thus the up-down 
counter 321 stops up-couuting the clock pulses. Thus 
the number of the clock pulses counted in the up-down 
counter 321 is n1 as in FIG. 46 in this example. 
The time period T1 during which the AND gate 319 

is open, in other words during which the number of the 
clock pulses is counted by the up-down counter 321, is 
equal to the product of (ATM +2Tg) and 
R1CzV1/R|C|Vz. In other words, the time period Ta 
produced by the integrator 306 corresponding to the 
fractional time AT," is expanded by the integrator 308 
by an expansion factor A=RzCzV|/R1C|V1, so that 
even a low frequency clock signal can be used to mea 
sure the fractional time with high resolution. 
For measuring the second fractional time ATxg the 

embodiment of FIG. 3 works as follows. Since the ?ip 
?ops 302 and 305 are reset by the coincidence signal 
403a, the integrators 306 and 308 are set to their initial 
conditions, that is, the hold switch 307 and the FET 
switches 315 and 317 are closed. Then the divider 102 
provides the second divided input signal 203b at time t3 
as shown in FIG. 40 to the ?ip-?op 302. The division 
factor M of the divider 102 is selected according to the 
frequency of the input signal 201 for generating a di 
vided signal having a longer period than the time re 
quired for measuring the expanded fractional time. In 
other words, the division factor M is selected to gener 
ate the second divided input signal 203b shown in FIG. 
4C after the time t; as in FIG. 4. The ?ip-flop 302 goes 
to high level in response to the second divided input 
signal 203b, so that the AND gate 303 is opened and the 
integrator 306 starts integrating with the time constant 
R1C|. 
The divider 304 again divides the clock signal 205 

and generates the divided signal 402b shown in FIG. 4B 
in synchronism with the third clock pulse of the clock 
signal 205 supplied via the AND gate 303. By the di 
vided signal 402b the output Q of the flip-flop 305 is 
changed to high level as in FIG. 4H so that the hold 
switch 307 opens and thus the integrator 306 holds the 
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integrated output E; at time t4. Therefore, the time 
interval Tb between t; and t4 during which the integra 
tor 306 integrates the constant voltage V] is ATxz-l- 2T0. 
Thus the hold voltage E1 is dependent on the second 
fractional time ATxz. 
At the same time the gate signal generator 103 is 

turned to low by the rise of the output signal of the 
?ip-?op 305 so as to close the AND gate 104. Accord 
ingly, the counter 106 stops counting the number of 
clock signal 205 supplied through the AND gate 104. 
The counted data in the counter 106 becomes N in 
accordance with FIG. 4G. As has been mentioned 
above, the gate signal 204 that is generated by the gate 
signal generator 103 is synchronized with the clock 
signal 205. The reason for synchronizing the gate signal 
204 with the clock signal 205 is to separate the period 
Tx shown in FIG. 4C from the fractional times since the 
fractional times are measured by the up-down counter 
321. 
At time t4 the integrator 308 starts integrating the 

constant voltage V; with the time constant RZCZ. Also 
at time t4, the other output of the gate signal generator 
103 opens the AND gate 322 whose output is connected 
to a down-count terminal 321b of the up-down counter 
321. Thus the up-down counter 321 down-counts the 
number of the clock pulses, that is, subtracts the number 
of clock pulses from the data already counted during 
the time period T]. The low level signal from the gate 
signal generator 103 is also supplied to the control cir 
cuit 313 so that the start signal 401 shown in FIG. 4] is 
changed and remains at low level until the next reset 
signal 202 is applied. 
When the integrated output of the integrator 308 

reaches the hold voltage E1 the voltage comparator 309 
generates a coincidence signal 403b shown in FIG. 4N 
at time t5. By the coincidence signal 403b the ?ip-?ops 
302, 305 and the divider 304 are reset, and thusly the 
AND gates 303, 322 are closed and both the integrators 
306 and 308 are set to their initial conditions. Therefore 
the AND gate 322 provides the clock signal to the 
up-down counter 321 during the time interval T; which 
starts at the beginning of the integration of the integra 
tor 308 and ends at the occurrence of the coincidence 
signal 403b. 

Similarly as in regard to the period T], the time per 
iod T2 is equal to the product of (AT,2+2T0) and 
RzC2V1/R1C1V2. That is, the number of clock pulses 
n2 applied to the up-down counter 321 during the period 
T; is dependent on to the expanded value of the second 
fractional time AT?. 
As has been mentioned above, since the clock signal 

is up-counted during the period T1 and down-counted 
during the period T2, the counted data n1 —n; which is 
obtained by the up-down counter 321 corresponds to 
the difference between the ?rst and the second frac 
tional times ATM-AT‘; 

In regard to the ?rst fractional time ATM, the follow 
ing expression is obtained: 

n1T0=A[ATxl+(B— l)Tol) (I) 

wherein A=RzC2v1/RtC1Vz, n1 is the number Of 
pulses upscounted by the up-down counter 321, Tgis the 
time period of the clock signal 205, B is the division 
factor of the divider 304 and A is the expansion factor of 
the expansion circuit 313. 

Similarly, as to the second fractional time AL; the 
following expression is obtained: 
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n2To=A[ATx2+(B— D70] (2) 

wherein n; represents the number of clock pulses down 
counted by the up-down counter 321. 
The time interval T; between the divided input sig 

nals 203a and 203b is obtained by the following expres 
sion: 

Tx=NT0+(ATxl—ATx2) (3) 

wherein N is the number of clock pulses counted by the 
counter 106. Therefore, by using equations (1) and (2), 
equation (3) becomes, 

(4) 

Since the values of To and V1R1C1/ViR2Cz are al 
ready known, and since the counted data N and 
(n|—ng) are provided, from the counter 106 and the 
up-down counter 321, respectively, the time period Tx 
can be calculated by the calculator 107. 
Assuming that the division factor of the divider 102 is 

represented by M, the time period of the input signal 
201 to be measured is calculated as follows: 

P = TXIM (5) 

= (To/MIN + (VzRICi/V1RzC2KII1 — rlzll 

Also, the frequency F of the input signal 201 is 

(6) 

The period P or frequency F of the input signal 201 
thusly obtained is displayed by the display 108. 

In the above description, the same clock signal is 
supplied to both the counter 106 and the up-down 
counter 321, but it is possible to use different clock 
signals. In the case that the time period of the clock 
signal that is provided to the counter 106 is Tm, and the 
time period of the clock signal provided to the up-down 
counter 321 is Tog, the period P and the frequency F of 
the input signal to be measured are obtained by the 
following expressions: 

(7) 

(B) 

P = (Tot/MIN + (T02 V2R1C1/ T01 ViRzczXni - "all 

What is claimed is: 
1. An instrument for determining the period and fre 

quency of an input signal, comprising 
clock means for providing ?rst and second clock 

signals, 
first divider means for dividing said input signal by a 

predetermined division factor to output a divided 
signal having a minimum period, wherein a ?rst 
fractional time is de?ned between a first output of 
said first divider means and the ?rst clock pulse of 
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said ?rst clock signal thereafter, and a second frac 
tional time is de?ned between the following output 
of said ?rst divider means and the ?rst clock pulse 
of said ?rst clock [means] signal thereafter, 

gate signal generating means for generating a gate 
signal synchronized with said ?rst clock signal, 

counter means for counting the clock pulses of said 
?rst clock signal during said gate signal, 

expansion means for expanding each said fractional 
time, at least the expanded ?rst fractional time 
being shorter than the minimum period of said 
divided signal, less said ?rst fractional time, 

up-down counter means for counting said second clock 
pulses during the expanded ?rst fractional time, and 
for counting in the opposite sense said second clock 
pulses during the expanded second fracttbnal time, 
for providing a count [of the clock pulses of said 
second clock signal] corresponding to the differ 
enoe between the ?rst and second expanded frac 
tional times, and 

calculator means for calculating the period and fre 
quency of said input signal by adding the count 
from said counter means to a value corresponding 
to the count from the up-down counter means. 

2. The instrument of claim 1, comprising 
said expansion means including a ?rst integrator for 

integrating a ?rst voltage level with a ?rst time 
constant during a period of time equal to each said 
fractional time plus a predetermined integral num 
ber of clock pulses of the ?rst clock signal, and a 
second integrator for integrating a second voltage 
level with a second time constant for each respec 
tive expanded fractional time to obtain an inte 
grated value that is the same as each respective 
?nal integrated value of the ?rst voltage level, 

wherein the ?rst and second voltage levels and time 
constants are selected to provide, for each said 
fractional time, smaller slope in time for the abso 
lute value of the integrated value of the second 
voltage level than for the slope of the absolute 
value of the integrated value of the ?rst voltage 
level. 

3. The instrument of claim 1, said up-down means 
counter up-counting the clock pulses of said second 
clock signal during the expanded ?rst fractional time 
and down-counting the clock pulses of said second 
clock signal during the expanded second fractional 
time. 

4. The instrument of claim 2, comprising said ?rst and 
seccind clock signals having periods Tm and T02, respec 
tive y, 

said ?rst and second voltage levels being V1 and V1, 
respectively, 

said ?rst and second time constants being R|C1 and 
RIC; corresponding to respective resistance and 
capacitive elements of said ?rst and second integra 
tors, respectively, 

said division factor of said divider means being l/M, 
wherein M is an integer larger than one, 

said counter means counting N of said clock pulses of 
said ?rst clock signal during said gate signal, and 

said up-down counter means up-counting n1 of said 
second clock pulses during the expanded ?rst frac 
tional time and down-counting n; of said second 
clock pulses during the expanded second fractional 
time, 

wherein the period P and frequency F of said input 
signal are calculated by said calculator means as: 
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and its inverse, respectively. 
5. The instrument of claim 4, said second clock signal 

being the same as said ?rst clock signal. 
6. The instrument of claim 1, 2, 3, 4 or 5 said minimum 

period of the output of the ?rst divider means being 
equal to or longer than each respective sum of any one 
of said fractional times, plus said predetermined number 
of clock pulses of the ?rst clock signal, plus the respec 
tive expanded fractional time. 

7. A device for determining a number corresponding to 
the period between ?rst and second input pulses. compris 
ing 

clock means for providing at least a ?rst clock signal of 
?rst clock pulses with which said number correspond 
ing to the period is to be determined, whereby a ?rst 
fractional time is de?ned by the time between said 
?rst input pulse and the nth of said ?rst clock pulses 
after said ?rst input pulse, where n is a predetermined 
integer greater than zero, and a second fractional time 
is de?ned by the time between said second pulse and 
the nth of said ?rst clock pulses after said second input 
pulse. 

a gate signal generator for generating a gate signal syn 
chronized with respective ones of said ?rst clock 
pulses, said gate signal having a period equal to a 
predetermined number of periods of said ?rst clock 
signal, 

?rst counter means fbr counting said ?rst clock signal 
during said gate signal, 

?rst integrator means including a first capacitor for 
integrating a respective reference signal with a respec 
tive time constant during said first fractional time. 
and subsequently during said second fractional time, 
and for providing a respective output after each of the 
integration-t. 

second integrator means including a second capacitor for 
integrating a respective reference voltage with a re 
spective time constant after each said integration of 
the ?rst integrator means and for providing a respec 
tive output value is equal to the respective integrated 
value of said ?rst integrator means. 

comprising comparator means for comparing said output 
of said ?rst and second integrator means, for provid 
ing a corresponding output when they become equal, 

up-down counter means for being counted up by clock 
signal corresponding to said ?rst clock signal during 
the integration by said second integrator means corre 
sponding to said ?rst fractional time, and for being 
counted down by said clock signal during the integra 
tion by said second integrator means corresponding to 
said second ?'actt'onal time, and 

calculation means for determining a number corre 
sponding to said period between said ?rst and second 
input pulses from counts of said ?rst and up-down 
counter means, 

wherein each of said up and down counting by said 
up-down counter means is terminated by a signal 
corresponding to the output of said comparator 
means. 

8. The device of claim 7, comprising a ?rst divider for 
dividing a repetitive external signal by a predetermined 
integer for providing us a respective output said ?rst and 
second input pulses. 

9. The device of claim 8, comprising 
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a ?rst ?ip-?op to which the output of said divider is 
provided, said ?rst ?ip-?op having an output Q which 
initiates the integration by said ?rst integration means 
during said ?rst fractional time. 

a second divider having as an input said ?rst clock signal 
gated by said output Q of said ?rst ?ip-?op, wherein 
said second divider determines said predetermined 
integer number n for said ?rst and second fractional 
time, and having a corresponding output, 

a second ?ip-?op having as an input said output of said 
further divider and providing a respective Q output for 
ending such said integration of said ?rst integrator 

32,845 

5 

10 
means and initiating the respective integration of said 
second integrator means, 

a third ?ip-?op. included in said gate signal generator 
and controlled by said Q output of said second ?ip 
?op ?ar providing as a respective Q output said syn 
chronized gate signal, and 

the output of said comparator determines the end of each 
integration of said second integrator means. 

10. The device of claim 9. wherein the ?rst gate signal 
10 plus said fractional time less said second fractional time 
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determines the period between said ?rst and second input 
pulses. 
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