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FREQUE::'\CY DETERMINATION CIRCUIT FOR A DATA 
PROCESSING U1'1T 

BACKGROUND OF THE Il\'"VENTION 

Field of the Invention 

The present invention relates to a frequency dete:mination circuit 

that determines whether a clock signal frequency is higher -::>r lower than a 

predetermined reference frequency, and a data processing ur..it for res~cting 

the operation of a data processing circuit according to f:.e result of the. 

frequency determination circuit. The present application is bc.sed on Japanese 

Patent Application No. 245837/2000, which is incorporated herein by 

reference. 

Description of the Related Art 

Currently, various types of data processing units are used in 

various types of applications, and such a data processing unit performs various 

types of data processing operations with a data processing circuit provided 

therein. Typically, the data proces~ing unit performs data processing 

operations according to a clock signal. A processing malfunction, or a similar 

error, may occur when the clock signal frequency deviates from an acceptable 

range. 

In view of this problem, some data processing units have a 

frequency determination circuit for stopping the data processir:.g circuit before 

the clock signal frequency deviates from an acceptable range. The frequency 
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determination circuit determines whether the clock signal frequency is higher 

or lower than a predetermined reference frequency. 

For example, such a frequency determination circuit is disclosed 

in Jap~nese Laid-Open Patent Publication Heisei 10-288635 or Japanese Laid-

Open Patent Publication Heisei 11-134605. The frequency determination · · 

circuit described in Japanese Laid-Open Patent Publication Heisei 10-288635 

will now be described with reference to FIG. 1 and FIGS. 2A to 2C. 

Referring to FIG. I, the frequency detennination circuit 100 

comprises a power supply terminal 101. to which a power supply voltage is 

externally input, a clock terminal 102 to· which a clock signal is externally 

input, and a ground terminal 103 which is kept at a ground potential. The 

frequency determination circuit 100 also compri~es a switching transistor· 104. 

More specifically, the clock terminal 102 is connected to the gate 

electrode of the switching transistor 104, and the power supply terminal 101 is 

connected to the source electrode thereof. A resistance element 105, a 

capacitor element 106 and an inverter gate 107 are connected to the drain 

electrode of the switching transistor 104. The other end of the resistance 

element 105 and the other end of the capacitor element 106 are connected to 

the ground terminal 103. 

The resistance element 105 and the capacitor element 106 

together form a delay circuit. The capacitor element 106 contiriuously charges 

and discharges with the power supply voltage according to a predetermined 

time constant. Based on a predetermined threshold voltage Vthl, the inverter 
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gate 107 generates a binary output is switched based on whether the input 

voltage is higher or lower than the threshold voltage Vthl. 

The freq~ency determination circuit 100 determines whether the 

frequency of an externally input clock signal is higher or lower than a 

predetennii:ied referen~e frequency. More specifically, the capacitor element 

106 is charged with the power supply voltage when the switching transistor 

104 is turned ON by the clock signal and is discharged when it is turned OFF. 

Since the potential stored in the capacitor element 106 is the 

input voltage to the inverter gate 107, the binary output is switched based on 

whether the potential stored· in the capacitor element 106 is higher or lower 

than the threshold voltage Vthl of the inverter gate 107. As illustrated in· 

__ FIGS.·2A to 2C, if the clock signal frequency is lower than the predetermined 

reference frequency, the potential stored in the capacitor element 106 passes 

through the threshold voltage of the inverter gate 107. If the clock signal 

frequency is higher than the predetermined reference frequency, the potential 

stored in the capacitor element 106 is kept higher than the threshold voltage of 

the inverter gate 107. 

Therefore, the binary output of the inverter gate 107 is 

periodically switched if the clock signal frequency is lower than the 

predetermined reference frequency. In addition, the output stabilizes (i.e., 

non-transitioning) if the clock signal frequency is higher than the reference 

frequency. Thus, it is possible to determine whether the clock signal 

frequency is lower or higher than the predetermined reference frequency by 
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monitoring the binary output of the frequency determination circuit l 00 with a 

predetermined circuit (not shown). 

The frequency determination circuit l 00 described above 

compares the potential stored in the capacitor element l 06, which 

continuou~ly charges and discharges according to a predetermined time · 

constant in synchronism with the clock signal, with the threshold voltage of 

the inverter gate 107. Thus, it is possible to determine if the clock signa~ 

frequen~y is lower or higher than the reference frequency. 

However, the power supply voltage can vary in the frequency 

determination circuit 100. Such variations of the power supply voltage cause 

the threshold voltage of the inv~rter gate 107 to vary as well, thereby reducing 

the precision of the determinatiqn whether. the clock signal has a low 

frequency or a high frequency. 

Moreover, variations in the ambient temperature can also cause 

the threshold voltage of the inverter gate 107 of the frequency determination . 

circuit 100 to vary~ thereby reducing the determination precision. Variations · 

of the time. constant due to manufacturing errors of the resistance element 104 

and the capacitor eleinent 106 also reduce the determination precisi<;>n. 

The present invention has been made in view of the problems as 

described above, and provides at least one frequency determination circuit in 

which the clock signal determination precision is not reduced even when the· 

power supply voltage and/or the ambient temperature vary. The present 

invention further provides a data proces·sing unit for restricting the operation 
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of a data processing circuit according to the determination result of the 

frequency determination circuit. 

SUMMARY OF THE INVENTION 

In one embodiment of the present invention, ~ frequency · 

determination circuit comprises a band gap regulator circuit, a capacitor 

element, a switching transistor, a comparator circuit and a high/lo~ . 

determination circuit. A power supply voltage and a clock signal are input 

thereto. 

In one embodiment of the frequency determination circuit of the 

present invention, the power supply voltage supplied to the capacitor element 

is turned ON/OFF by the switching transistor according to the clock signal. 

The capacitor element is charged with the power supply voltage and 

discharged according to the clock signal. The band gap regulator circuit 

produces a constant reference voltage from a power supply voltage, and the 

comparator circuit compares the reference voltage of the band· gap regulator 

circuit with the voltage stored in the capacitor element. The high/low 

~etennination circuit determines whether the clock signal frequency is higher 

or lower than a predetermined reference frequency based on the output signal . . 

of the comparator circuit. Therefore, whether the clock signal has a low 

frequency or a high frequency is determined without using an inverter element 

whose threshold voltage vari~s due to variations of the power supply voltage 

and/or the ambient temperature. 
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In another embodiment of the .frequency determination circuit of 

the present invention, the current supplied to the capacitor element is kept 

constant by a constant current circuit according to the reference voltage of the 

band gap regulator circuit. This maintains the rate at which the capacitor 

element is _charged with the power supply voltage. 

In still another embodiment of the present invention, a voltage 

reducing circuit reduces the. reference voltage supplied from the band gap 

regulat~r circuit to the constant current circuit to a predetermined voltage. 

This expands the range of lowest operating voltage of the constant current 

circuit-. 

In still another embodiment of the present invention, a current 

a~justing circuit adjusts the current amount of the constant current circuit. 

Therefore, any output errors of the constant current circuit due to 

manufacturing errors are adjusted by the current adjusting circuit. 

A data processing unit of the present invention comprises voltage .. 

generation means, clock generation means, a data processing circuit, operation 

control means, and a .frequency determination circuit of the present invention. 

In the first data processing unit of the present invention, the voltage generation 

means generates a power supply voltage and the clock generation means 

generates a clock signal. The data processing circuit to which the power 

supply voltage and the clock signal are input performs a data processing 

operation. Note that since the power supply voltage and the clock signal are 

also input to the frequency determination circuit of the present invention, the 
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frequency determinati~n circuit can determine whether the clock signal 

frequency is higher or lower than the predetermined reference frequency. The 

operation control means restricts the operation of the data processing circuit 

according to the determination result. For example, the data processing circuit 

is stopped. when, for example, the clock signal frequency exceeds the · 

reference frequency. 

In the second data . processing unit of the present invention, a 

clock signal is not generated interri.ally, but is externally input through a clock 

input terminal. The reference frequency as described above is set as, for 

example, a limit predetermined frequency with which the data processing 

circuit does not malfunction. 

In another etl}bodiment of the data processi~g unit of the present 

invention, two frequency ~etermination circuits are provided. One frequency 

determination circuit determines an increase of the clock signal frequency over 

a predetermined upper limit :frequency, and the other determines a decrease_ 

below a predetermined lower limit frequency. The operation control means 

restricts the operation of the data processing circuit when the clock signal 

frequency increases above the . upper limit frequency or when it decreases 

belOw the lower limit freq~ency. Thus, the operation of the data processing 

circuit is restricted when the clock signal frequency deviates from the normal 

range. 

In another embodiment of the .data processing unit of the present 

invention, one of the two frequency determination circuits determines an 
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increase of the clock signal frequency over the reference frequency based on a 

low time, and the other makes the determination based on a high time. The 

operation control means restricts the operation of the data processing circuit 

when either one of the signal frequencies bf the clock signals determined 

based on tpe low time and the high time, respectively, exceeds the reference· 

frequency. Thus, the operation of the data processing circuit is restricted when 

the duty ratio of the clock signal deviates from the normal range. 

The various types of means as used in the present invention may 

each be any means as long as it is provided so as to realize the function 

thereof, and may be, for example, dedicated hardware, a computer provided 

with an appropriate function by a program, a function implemented in a 

· computer by an appropriate program, o-,: any combination thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, advantages and features of the. 

present invention will be more apparent" from the following description taken 

in conjunction with the accompanying drawings, in which: 

FIG. 1 is a circuit diagram illustrating an internal structure of a 

conventional frequency determination circuit; 

FIGS. 2A to 2C are time charts illustrating signal waveforms for 

various parts of a conventional frequency determination circuit; 

FIG. 3 is a block diagram illustrating an internal structure of a 

frequency determination circuit according to. o~e embodiment of the present 
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invention; 

FIG. 4 is a block diagram illustrati_ng an internal structure of a data 

processing unit; 

FIG. 5 is a circuit diagram illustrating an internal structure of a band 

gap regulator circuit; 

FIG. 6 is a circuit diagram illustrating an internal structure of a voltage 

reducing circuit; - .. · 

FIG. 7 is a circuit , diagram illustrating an· internal structure of a 

constant current circuit; 

• FIG. 8 is a circuit _;.diagram illustrating an internal structure of a 

frequency detection circuit; 

FIG. 9 is a circuit diagram illustrating an internal structure of a 

high/low determination circuit; and 

FIGS. IOA to IOF are time charts illustrating signal waveforms for 

various parts of a frequency determination circuit. 

BRIEF DESCRIPTION OF THE INVENTION 

An embodiment of the present invention will now be described 

with reference to FIGS. 3-10. Note that each component of the present 

embodiment that is the same as that of the conventional example described 

above and will be denoted by using the same nomenclature. Therefore, a. 

detailed description thereof will not be provided below. 

As illustrated in FIG. 4, according-to the present invention, a data 
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processing unit 200 comprises a power supply circuit 201 as the voltage 

generation means, a clock genera:ion circuit 202 as the clock generation 

means, a data processing circuit 203, a frequency determination circuit 204, an 

operation control circuit 205 and a predetermined data processing operation is 

performed by the data processing circuit 203. 

The power supply circuit 201 generates a power supply voltage 

VDD and supplies the voltage to the various circuits 202 to 205 via a feeder 

terminal. The clock generation circuit'202 comprises a quartz oscillator (not 

shown) that generates a clock signal C:LI.<.. whose frequency is defined within a 

predetermined range. The clock generation circuit 202 supplies the clock 

signal CLK to the data processing circuit 203 and the frequency determination 

circuit 204. 

The data processing circuit 203 compnses a microcomputer 

implemented with a predetermined processing program. The voltage VDD 

and the clock signal CLK are externally input thereto. The data processing 

circuit 203 performs a predetemlln.ed data processing operation when · 

proc~ssing data is externally input thereto, and externally outputs processed"! 

data resulting from the processing operation. 

· The frequency detennination circuit 204 determines whether the 

frequency of the clock signal CLK is higher or lower than the reference 

frequency. The operation control circuit 205 receives the output of the 

frequency determination circuit 204. When the frequ~ncy determination 

circuit 204 determines that the frequency of the clock signal CLK is higher 
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than the reference frequency, the operation of the data processing circuit 203 

is temporarily stopped. 

Refening to FIG. 3~ the frequency determination circuit 204 

comprises a band gap regulator circuit 211, a voltage reducing circuit 212, a 

constant current circuit 213, a current adjusting circuit 214, a frequency·· 

detection circuit 215, and a high/low determination circuit 216. 

Referring to FIG. 5, the band gap regulator circuit 211 comprises 

first to fifth transistor element~ 221 to 225, first and second resistance 

elements 226 and 227, and a diode 228. The band gap regulator circuit 211 

produc~s a constant reference ':'Oltage BGR_ OUT from the power supply 

voltage VDD. 

More specifically, the band gap regulator circuit 211 comprises a 

current mirror_circuit. The temperature characteristics of the second resistance 

element 227 and the diode 228, which are connected to the output terminal, 

are cancelled out, and the dependency on the power supply voltage VDD is 

low. Since the temperature dependency and the power supply dependency of 

the band gap regulator circuit 211 are typically minimized when the output 

voltage is about 1.3V, the band gap regulator circuit 211 is configured to 

produce the reference voltage BGR_ OUT of about 1.3V in the present 

embodiment. 

Referring to FIG. 6, the voltage reducing circuit 212 comprises a 

differential amplifier 231, a transistor element 232, and a pair of resistance 

elements 223 and 234. The voltage reducing circuit reduces the reference 
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voltage BGR_OUT supplied from the band gap regulator circuit 211 to a 

predetennined voltage. More specifically, the resistance values R3 and R4 of 

the resistance elements 233 and 234 are set to be substantially equal to each 

other. The voltage reducing circuit 212 reduces the reference voltage 

BGR_OlJ'.f, about l.3V, to a second reference voltage HALF of one half of" 

the value, i.e., about 0.65V. 

Referring to FIG. 7, the constant current circuit 213 comprises a 

differential amplifier 241, first, second and third transistor elements 242 to 

244, and a variable resistor 245. The constant current circuit 213 externally 

outputs the power supply voltage VD]); while keeping constant the current 

amount thereof at 12 according to the second reference voltage HALF that is 

supplied from the voltage reducing circuit 212 .. 

More specifically, the current amount 11 of ~e power supply 

voltage VDD which is condµcted through the second transistor element 243 to 

the variable resistor 245 is equal to 11 = HALF/R.5 (i.e., the second reference 

voltage HALF and the resistance value R5 of .the variable resistor 245). The · 

current amount h of the power supply voltage VDD that conducted by the 

third transistor element 244 to the frequency detection circuit 215 is constant. 

The current amount I2 is constant according to the current amount 11 at the 

ratio of the current mirror circuit that is comprised of the second/third 

transistor elements 243 and 244. 

The current adjusting circuit 214 comprises, for example, an 

EEPROM (Electrically Erasable Progranin:iable Read Only Memory) · (not 
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shown). The resistance value RS of the variable resistor 245 is variable 

according to the setting data thereof, so as to adjust the power supply voltage 

VDD output by the constant current circuit 213 to a predetennined current 

amount. 

. Referring to FIG. 8, the frequency detection circuit 215 · 

comprises a capacitor element 251, a switching transistor 252 and a 

comparator circuit 253. The capacitor element 251 is charged with the power 

supply _yoltage VDD whose current amount is kept constant by the constant 

current circuit 213. · 

Note that the switching transistor 252 turns switches the power 

supply voltage VDD supplied to the capacitor element 251 according to the 

clqck signal CLK. The capacitor element 251 discharges the charged voltage 

when the supply of the power supply voltage VDD is turned ON by the 

switching transistor 252. 

The charging and discharging of the capacitor element 251, 

which is synchronously performed with the clock signal as described above, is 

performed according to the predetermined time constant. Therefore, as 

illustrated in FIG. lOA, if the frequency of the clock signal CLK is lower than 

the reference frequency, the potential stored in the capacitor element 251 

changes. Specifically, the potential stored in the capacitor element 251 

changes between a state where the stored potential is lower than the reference 

voltage BGR_OUT of the band gap regulator circuit 211 !fild a state where the 

stored potential is higher than the reference voltage BGR_OUT. This is 
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illustrated in FIG. lOB. If the frequency of the clock signal CLK is higher 

than the reference frequency, however, the potential stored in the capacitor 

element 251 is kept in a state where it is lower than the reference voltage 

BGR_OUT of the band gap regulator circuit 211. 

. The comparator circuit 253 compares the reference voltage· 

BGR_OUT of the band gap regulator circuit 211 with the voltage stored in the 

capacitor element 251. As described above, the potential stored in the 

capacit~r element 251 is switched between a state where it changes to be 

higher and lower than the reference voltage BGR_ OUT of the band gap 

regulator circuit 211 and another state where it is kept to be low, according to 

the frequency of the clock si&D:al CLK being high or low. Therefore, the 

binary output CO:MPOA of the comparator circuit 253 changes in FIG. 1 OC. 

Referring to FIG. 9, the high/low determination circuit 216 

comprises an inverter gate 261 and ·binary counters 262 and 263. The 

high/low determination circuit 216 determines whether the :frequency of the 

clock signal CLK is higher or lower than the reference frequency. As 

illustrated in FIGS. lOD to lOF, the high/low determination circuit 216 outputs 

the determination result OUT to the operation control circuit 205. 

Referring to FIG. 3, in the data processing unit 200 of the present · 

invention, the power supply circuit 201 generates the power supply voltage 

VDD and the clock generation circuit 202 generates the clock signal CLK.~ 

The data processing circuit 203 receives the power supply voltage VDD and 

the clock signal CLK, and the data ·-processing circuit 203 performs ·a 

- 14..; 



predetermined data processing operation. 

The power supply voltage VDD and the clock signal CLK are 

also input to the frequency determination circuit 204. Therefore, the 

frequency determination circuit 2q4 always determines whether the frequency 

of the clock signal CLK is higher or lower than the reference frequency. The · · 

operation control circuit 205 stops the data processing circuit 203 when the 

clock signal frequency is higher than the reference frequency. 

Specifically, jn the frequency determination circuit 204, the 

reference voltage BGR_ OUT of about 1.3V is produced by the band gap 

regulator circuit 211 from the power supply voltage VDD. The reference 

voltage BGR_OUT is reduced by the voltage reducing circuit 212 to the 

second reference voltage HALF of about 0.6SV. 

Then, the constant current circuit 213 supplies the power supply 

voltage VDD to the frequency detection circuit 215, while keeping constant 

the current amount thereof according to the second reference voltage HALF .. 

Therefore, in the frequency detection circuit 215, while the capacitor element 

251 is charged with the power supply voltage VDD whose current amount is 

kept constant, the power supply voltage VDD supplied to the capacitor 

element 251 is turned ON/OFF by the switching transistor 252. The switching 

transistor 252 is turned ON/OFF by the clock signal CLK. 

Thus, if the frequency of the clock signal CLK is lower than the 

predetermined reference frequency (illustrated in FIG. 1 OA), the potential 

stored in the capacitor element 251 changes between a state where it is lower 
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than the 1:"eference voltage BGR_Ol.JT of the band gap regulator circuit 211 

and a state where it is higher than; the reference voltage BGR_ OUT, as 

illustrated in FIG. 1 OB. However, if the frequency of the clock signal CLK is 

higher than the reference frequency; the potential stored in the capacitor 

·element 251 is kept in a state where it is lower than the reference voltage · · 

BGR _OUT of the band gap regulator circuit 211. 

The voltage stored in the capacitor element 251 is compared with 

the refe:ence voltage BGR _OUT of the band gap regulator circuit 211 by the 

comparator circuit 253. As illustrated in FIG. IOC, the binary output 

COMP.QA of the comparator circuit 253 is supplied to the high/low 

determination circuit 216. 

As illustrated in FIGS. IOD to IOF, the high/low determination 

circuit 216 determines whether the frequency of the clock signal CLK is 

higher or lower than the reference frequency and outputs the determination · 

result OUT to the operation control circuit 205. Then, the operation control_ 

circuit 205 stops the data processing circuit 203 when detecting that the 

frequency of the clock signal CLK is higher than the reference frequency 

based on the determination result" OUT of the high/low determination circuit 

216. The operation control circuit 205 resumes the operation of the data 

processing circuit 203 when, for example, the frequency of the clock signal 

CLK returns to a value lower than the reference frequency. 

In the data processing unit 200, th~ frequency determination 

circuit 204 determines whether the frequency of the clock signal CLK is 
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·,; 

higher than the reference frequency .. The operation of the data processing 

circuit 203 is temporarily stopped according to the determination result. Thus, 

it is possible to prevent the data processing circuit 203 from malfunctioning 

due the clock signal having an abnormally high frequency. 

Moreover, in the frequency determination circuit 204, the band · 

gap regulator circuit 211 produces the constant reference voltage BGR_OUT 

from the power supply voltage VDD. The comparator circuit 253 compares 

the constant reference voltage BGR_OUT with the voltage stored in the 

capacitor element 251. As described above, the capacitor element 251 is 

charged with the power supply voltage and discharged in synchronism with 

the clock signal CLK. Therefore, it is possible to determine whether the 

frequency of the clock signal CLK is higher or lower than the reference 

frequency. 

Thus, whether the clock signal CLK has a low frequency or a 

high frequency can be determined without using an inverter element whose 

threshold voltage varies due to variations of the power supply voltage VDD 

and/or the ambient temperature. Thus, whether the frequency of the clock 

signal CLK is high or low can be determined with a high precision, even when 

the power supply voltage and/or the ambient temperature vary. 

Moreover, the amount of current from the power supply voltage 

VDD supplied to the capacitor element 251 is kept constant by the constant 

current circuit 213, according to the reference voltage BGR_OUT of the band 

gap regulator circuit 211. This makes it possible to keep constant the rate at 
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which the capacitor element 251 is charged with the power supply voltage 

VDD, thereby further improving the. determination precision. 

Moreover, the current adjusting circuit 214 adjusts the current 

amount of the constant current circuit 213. Any output errors of the constant 

current circuit 213 that result from manufacturing errors, or the like, can also·· 

be adjusted by the current adjusting circuit 214, thereby further improving the 

determination precision. Furthermore, the voltage reducing circuit 212 

reduces the reference voltage BGR_ OUT supplied from the band gap regulator 

circuit 211 to the constant current circuit 213 to a predetermined voltage. This 

makes it possible to expand the range ·of lowest operating voltage of the 

constant current circuit 213. 

The present invention is not limited to the above-described 

embodiment, and may be variously modified to an extent not departing from 

the spirit of the invention th~reof. For example, the data processing unit 200 

determines, with the single frequency determination circuit 204, if there is an 

increase of the frequency of the clock signal CLK over the predetermined . 

upper· limit frequency. If an increase is detected, the operation control circuit 

205 temporarily stops the data processing circuit 203, based on that 

determination. 

Alternatively, it is possible to determine a decrease of the 

frequency of the clock signal CLK below the lower limit frequency by tlre 

frequency determination circuit 204 as described above, so as to temporarily 

stop the data processing circuit 203 by the· ·operation control circuit 205. 
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Moreover, it is possible to determine, with two frequency determination 

circuits, an increase of the clock signal CLK ,over the upper limit frequency 

and a decrease thereof below the lower limit fr~quency. The operation control 

circuit 205 temporarily stops the data processing circuit 203 based on both of 

the determinations. 

While an example where an increase of the frequency of the 

clock signal CLK over the reference frequency js determined based on the low 

time has been described in the above embodiment, alternatively, it is possible 

to make the determination based on the high time, for example. Moreover, the 

clock.signal frequency exceeding the refere~ce :frequency can be determined 

independently with two :frequency determination circuits based on the low 

time and the high time, respectively. The operation control circuit 205 stops 

the data processing circuit 203 when the duty ratio of the clock signal deviates 

from the normal range. 

As described in the above embodiment, the power supply circuit 

201 for internally generating the power supply voltage is provided in the data 

processing unit 200 as the voltage generation means. Alternatively, for 

example, a voltage input terminal to which a power supply voltage is 

externally input may be provided as the voltage generation means in the data 

processing unit 200. 

Similarly, as described in the above embodiment, the clock 

generation circuit 202 for internally generating the clock signal is provided in 

the data processing unit 200 as the clock generation means. Alternatively, for 
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example, a clock input tenninal to which a clock signal is externally input may 

be provided as the clock generation means in the data processing unit 200. 

In the frequency determination circuit of the present invention, 

the power supply voltage supplied to the capacitor element is turned ON/OFF 

by the switching transistor according to the clock signal. The capacitor 

element is charged with the power supply voltage and discharged according to 

the clock signal. The band gap regulator circuit produces a constant reference 

voltage from an externally input power supply voltage. The comparator 

circuit compares the reference voltage of the band gap regulator circuit with 

the voltage · stored in the capacitor element. The high/low determination 

circuit determines, from the output signal from the comparator circuit, whether 

the clock signal frequency is higher or lower than the predetermined reference 

frequency. This makes it possible to determine whether the clock signal has a 

low frequency or a high frequency with a high precision, even when the power 

supply voltage and/or the ambient temperature vary. 

Moreover, the constant current circuit keeps the current amount 

of the power supply voltage supplied to the capacitor element constant, 

according to the reference voltage of the band gap regulator circuit. It is 

possible to keep constant the rate at which the capacitor element is charged 

with· the power supply voltage, thereby improving the precision of the 

determination whether the clock signal has a low frequency or a high ~ 

frequency. 

Moreover, the voltage reducing Circuit reduces the reference 
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voltage supplied from the band gap regulator circuit to the constant current 

circuit to a predetermined voltage, making it is possible to expand the range of 

lowest operating voltage of the constant current circuit; 

Moreover, the current adjusting circuit adjusts the current amount 

of the cons~ant current circuit, making it possible to adjust output errors of the · 

constant current circuit due to manufacturing errors, or the like, by the current 

adjusting circuit. This further improves the precision of the determination 

whether the clock signal has a low frequency or a high frequency. 

In the first data processing unit of the present invention, the 

voltag& generation means generates the power supply voltage and the clock 

generation means generates the clock signal. The data processing circuit to 

which the power supply voltage and the cfock signal are input performs a data 
. . I 

I 
processing operation. The frequency determination circuit determines whether 

the clock signal :frequency is higher or lower than the reference frequency. 

The operation control means restricts the operation of the data processing . 

circuit according to the determination result. This makes if possible to, for 

example, to stop the data processing circuit when the clock signal frequency 

becomes abnormal. 

In the second data processing unit of the present invention, the 

voltage generation means generates the power supply voltage and the clock 

signal is externally input through the clock input terminal. The data~ 

processing circuit, to which the power supply voltage and the clock signal are 

externally input, performs a data processing operation. The frequency 
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determination circuit determir:es whether the clock signal frequency is higher 

or lower than the reference frequc::ncy. The operation control means restricts 

the operation of the data prc::essing ;circuit according to the determination 

result. This makes it is poss:ble to, for example, stop the data processing 

circuit when the clock signal frequency becomes abnormal. 

In another embocEment of the data processing unit of the present 

invention, two :frequency determination circuits are provided. One frequency 

determination circuit determines if there is an increase of the clock signal 

frequency over a predetermined upper limit :frequency, and the other 

frequency determination circuit determines if there is a decrease of the clock 

signal frequency over a predetermined upper limit frequency. The operation 

control means restricts the operation of ~e data processing circuit both when 

the clock signal frequency- inereases· above the upper limit frequency-and when · · 

the clock signal frequency decreases below the lower limit frequency. This 

makes it is possible to, for example, stop the data processing circuit when the 

clock signal :frequency deviates from the normal.range. 

One of the two frequency determination circuits determines if the 

clock signal frequency exceeds the reference :frequency based on the low time, 

and the frequency detennination·circuit makes tlie-creterininatlon-based ofrthe 

high time. The operation control ·means restricts the operation of the data 

processing circuit when either one of the frequencies of the clock signals is A 

determined to exceed the reference freq~ency> bas~ on the low time an,d the 

high time. This makes.it is-possi~le t~, for.example, stop the data processing 
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circuit \vhen the duty ratio of the clock signal deviates from the normal range. 

The present invention is not limited to the above embo~iments, 

and it is cor:temp!ated that numerous modifications may be made without 

departi~g from the spirit and scope of the invention. The frequency 

determinatio:: circuit, as described above with reference to the figures, is a 

merely an exemplary embodiment of the invention, and the scope of the 

inventio? is not limited to these particular embodiments. Accordingly, other 

structural configurations may be used, without departing from the spirit and 

scope of the invention as defined in the following claims. 

._ 
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CLAIMS 

What is claimed is: 

1. A frequency detennination circuit comprising: 

a band gap regulator· circuit producing a constant reference voltage 

from a power supply voltage; 

a capacitor charging with said power supply voltage and discharging in 

response to a clock signal; 

a comparator circuit comparing a voltage stored in said capacitor with 

said constant reference voltage of said band gap regulator circuit; and 

• a high/low determination circuit that determines whether the .frequency 

of said clock signal is higher or lower · than a predetermined reference 

frequency, based on an output signal of said comparator circuit, and outputting . I . 

a determination result. 

2. The frequency determination circuit as claimed in claim 1, 

:further comprising a switching transistor conne.cted parallel to said capacitor 

between an input terminal of said· comparator and a source voltage, 

effectuating said charging and discharging ofsaid capacitor in response to said 

clock signal . 

3. . The frequency determination circuit as claimed in claim l,· 

further comprising a constant current circuit supplying said power supply 

voltage to said capacitor while maintaining a ·substantially constant current to 
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said capacitor. 

4. The :frequency determination circuit as claimed in claim 3, 

wherein said substantially constant current is detennined in response to said 

constant reference voltage of said band gap regulator circuit. 

5. ·The :frequency determination circuit as claimed in claim 4, 

further comprising a voltage reducing circuit reducing said constant reference 

voltage, supplied from said band gap regulator circuit to said constant current 

circuit,,to a predetermined voltage. 

6. . The :frequency determination circuit as claimed in .claim 5, 

' 
further comprising a current adjusting circuit adjusting said substantially 

constant current of said constant current circuit. 

7. · A data processing unit comprising: 

a voltage generator supplying a power supply voltage; 

a clock generator supplying a clock signal; 

a first :frequency determinatfon- circuit, 'said frequency deiermii:iation 

circuit comprising: 

,a band gap regulator circuit .producing a constant reference. 6 

voltage from said power supply voltage; 

a capacitor charging with said· power supply voltage and 
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discharging in response to said clock signal; 

a comparator circuit· comparing a voltage stored in said 

capacitor with said constant reference voltage of said band gap regulator 

circuit; 

a high/low determination circuit that determines whether the 

· :frequency of said clock signal is higher or lower than a predetermined 

reference :frequency, based on an output signal of said comparator circuit, and 

outputting a determination result; 

a data processing circuit, to which said clock signal and said power 

supply voltage are input~ that performs a data processing operation; and 

an operation controller restricting said data processing circuit, m 

response to said determination result. 

8. The data processing unit as claimed in claim 7, wherein said 

first frequency determination circuit further comprises a switching transistor 

connected parallel to said capacitor between an input terminal of said 

comparator and a source voltage, effectuating said charging and discharging of 

said capacitor in respons~ to said clock si~al. 

9. The data processing unit as claimed in claim 7, wherein said 

first frequep.cy . determination circuit further . comprises a constant current · 

circuit" supplying said power supply voltage to said capacitor while 

maintaining a substantially constant current to said capacitor. 
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10. The data processing Unit as claimed in claim 9, wherein said 

substantially constant current is determined in response to said constant 

' 
reference voltage of said band gap regulator circuit. 

11. The data processing unit as claimed in claim 10, wherein said 

first frequency determination circuit further comprises a voltage reducing 

circuit reducing said constant reference voltage, supplied from said band gap 

regulator circuit to said constant current circuit, to a predetermined voltage. 

12. The data processing unit as claimed in claim 11, \vherein said 

first frequency determination circuit further comprises a current adjusting 

circuit adjusting said substantially constant current of said constant current 

circuit. 

13. The data processing unit claimed in claim 7, wherein 

said first frequency determination circuit determines ·an increase of the 

frequency of said clock signal over a predetermined upper limit frequency; 

said data processing -uhif further comprises a -second . frequency 

determination circuit that determines a decrease of the frequency of said clock 

signal below a predetermined lower limit frequency; and 

said operation controller restricts said data processing circuit when the 
. - . . '• . -

frequency of said clock signal increases. above the upper limit frequency or 
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when the frequency of said clock signal decreases below the lower limit 

frequency. 

· 14. The data processing unit claimed in claim 7, wherein: 

said first frequency determination circuit determines whether the · · 

frequency of said clock signal is higher or lower than said predetermined 

reference frequency based on a low time; 

said data processing unit further comprises a second frequency 

determination circuit that determines whether the frequency of said clock 

signal 4s higher or lower than said predetermined reference frequency based on 

a high time; and 

said operation controller restricts said da~a processing circuit when it is 

determined that the frequency of said clock signal exceeds said predetermined 

reference frequency from either one of the low time and the high time. 

15. A frequency detennination circuit comprising: 

band gap regulation means for producing a constant reference voltage 

from a power supply voltage; 

capacitance means for charging with said power supply voltage and 

discharging in response to a clock signal; 

comparison. means for comparing a voltage stored in said capacitance 

means with said constant refe!encevoltage of band gap regulation means; and 

high/low determination means for determining whether the frequency 
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of said clock signal is higher or lower than a predetermined reference 

frequen;::y, based on an output . signal of said comparison means, and 

outputting a detennination result. 

16. The frequency determination circuit as claimed in claim 15, 

fi.m.her comprising a switching means connected parallel to said capacitance 

means between a.11 input terminal ·of said comparison means and a source 

voltage, effectuating said charging.and discharging of said capacitance means 

in response to said clock signal. 

17. The :frequency determination circuit as claimed in claim 15, 

fur..her comprising constant current means for supplying said power supply 

voltage to said capacitance means while maintaining a substantially constant 

current to said capacitance means. 

18. The frequency determination circuit as claimed in claim 17, 

wherein said substantially constant current is determined in response to said 

constant reference voltage of said band gap regulation means. 

19. The frequency determination circuit as claimed in claim 18, 

further comprising a voltage reducing means for reducing said constant~ 

reference voltage, supplied from said band gap regulation means to said 

constant c·urrent ·means, to a predetermine~ voltage. 
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20. The frequency de'lenni::-.atio:: circuit as claimed in claim 19, 

further comprising a current adjusting mea."1s fo::- adjusting said substantially 

constant current of said cons:ant curre::: mea."1s. 

21. A data processing unit c.:--mpr:sing: 

a voltage generation means for S'lpplying a po\ver supply voltage; 

a clock generation means suppl:.ing a cloc;;: signal; 

a first frequency determinatio:-. mems, said frequency determination 

means ,compnsmg: 

band gap regulation means for producing a constant reference 

voltage from said power supply voltage; 
! 

capacitance means for c::.arging with said power supply voltage 

and discharging in response to said clock signal; 

comparison means comparing a voltage stored m said 

capacitance means with said constant reference voltage of said constant 

voltage means; 

high/low detennination means for determining whether the 

frequency of said clock signal is higher or lower than a predetermined 

reference frequency, based on an outpu! signal of said comparison means, and 

outputting a determination result; 

a data processing means, to w::ich said clock signal and said pO\ver 

supply voltage are input, that performs ~ data processing operation; and 
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an operation control means for restricting said data processing means, 

in response to said detennination result. 

22. The data processing unit as claimed in claim 21, wherein said 

first frequency detennination means further comprises switching means 

connected parallel ~o said capacitance means bet\veen an input tenninal of said 

comparison means and a source voltage, effectuating said charging and 

discharging of said capacitance means in response to said clock signal. 

23. The data processing unit as claimed in claim 21, wherein said 

first frequency detennination means further comprises ·a constant current 

means supplying said power supply voltage to said capacitor while 

maintaining a substantially constant current to said capacitance means. 

24. · The data processing unit as claimed in claim 23, wherein said 

substantially constant current is determined in response to said constant 

reference voltage of said band gap regulation m.eans. 

25. The data processing unit as· claimed· in claim 24, ·wherein said···· · · 

first frequency detennination means further comprises a voltage reducing 

means for reducing said constant reference voltage, supplied from said banq 

gap regulation means to said constant current circuit, to a predetermined 

voltage. 
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26. The data processing_ unit as claimed in claim 25, wherein said 

first frequency determination means further comprises a current adjusting 

means for adjusting said substantially constant current of said constant current 

means. 

27. The data processing unit claimed in claim 21, wherein: 

said first frequency determination means determines an increase of the 

:frequency of said clock signal over a predetermined upper limit :frequency; 

,said data processing unit further comprises a second frequency 

deteµnination means that determines a decrease of the frequency of said clock 

signal below a predetermined lower limit frequ~cy; and 

said operation. control means restricts said data processing means when 

the frequency of said clock signal increases above the upper limit .frequency or · 

when the frequency of said clock signal decreases below the lower limit 

frequency. 

28. The data processing unit claimed in claim 21, wherein: 

said first frequency "determination means '"determines whether the · 

frequency of said clock signal is higher or lower than said predetermined 

reference frequency based on a low time; 

said data processing unit further comprises a second .frequency 
. _,. .. .. . . 

. determination means that determines whether· the frequency of said clock 
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signal is higher or lower than said predetermined reference frequency based on 

a high time; and 

said operation control means restricts said data processing means when 

it is determined that the frequency of said clock signal exceeds said 

predeterm~ned reference frequency from either one of the low time and the·· 

high time. 

,1 
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