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FREQUENCY DETERMINATION CIRCUIT FOR A DATA
o PROCESSING UNIT

BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to a frequency dete-minztion circuit
that determines whether a clock signal frequency is higher or lower than a

predetermined reference frequency, and a data processing urit for resricting

the operation of a data processing circuit according to t== result of the
frequency determination circuit. The present application is based 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 dﬁte; processing 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 processicg circuit before

the clock signal frequency deviates from an acceptzble 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 Japanese 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. 1, the frequency determination 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 comprises 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 continuously charges
and discharges with the power supply voltage according to a predetermined

time constant. Based on a predetermined threéshold voltage Vithl, 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 Vihl.

The frequency determination circuit 100 determines whether the
frequency of an externally input clock signél is higher or lower than a
predetermined referenge frequency. More specifically, the capacitor element =~
106 is charged with the power supply voltage when the switching fransistor
104 is turned ON by the clock sighal 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 potentiak 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 Jower or higher than the predetermined reference frequency by
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monitoring the binary output of the frequency determination circuit 100 with a

predetermined circuit (not shown).

The frequency determination circuit 100 described above

compares the potential stored in the capacitor element 106, which

continuously 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 signal
frequency is lower or higher than the reference freqqency.

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 inverter gate 107 to vary as well, thereby reducing
the precision of the determinatign whether. the clock signal has a low
frequency or a hlgh ﬁ:equency,

Mo're_over, 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 red'_ucing the determination precision. Variations -
of the time constant.dll;xe to manufacturing errors of the resistance element 104
and the capacitor element 106 also _reduce the determination precision.

The present invention has been made in view of ‘;he problems as
described above, and:providés at least one frequency defermination 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 processing 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, a frequency =

determination circuit comprises a band gap regulator circuit, a capacitor
element, a switching transistor, a comparator circuit and a high/low
determination circuit. A power supply voltage and a clock signal are input
thereto. ' E
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
determination circuit determines whether the clock signal freiluency is higher
or lower than a’predetermiged referenpe frequency bésed 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 varies due to variations of the power supply voltage

and/or the ambient temperature.



In another embodiment of the frequency determination circuit of
the present invention, the current éupplied 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.referenc.e voltage supplied from the band gap
regulator circuit to the constant current circuit to 4 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
adjusting circuit adjusts the current amount of the constant current circuit.
Therefore, any output errors of the constant current circuit due to

manufacfuring 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 voltagﬁ 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

-6-




7

frequency determination 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 internally, 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 embodiment of the data processing unit of the present
invention, two Eequéncy determination 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 hm1t 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 frequency. 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 & high time. The
operation control means restricts the operation of the data processing circuit

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

based on the 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, or 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 cohjunction with the accompanying drawings, in which:

FIG. 1 is a circuit diagrgm 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; i

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

frequency determination circuit according to one embodiment of the present
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invention;

FIG. 4 is a block diagram illustrating an intemnal 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 intemnal structure of a

frequency detection circuit; .

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

high/low determination circuit; and

FIGS. 10A to 10F 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 saﬁe 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 generz: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 cizcuit 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
termina{. The clock generation circuit'202 comprises a quartz oscillatof (not
shown) that generates a clock signal CLK whose frequency is defined within a
predetermined range. The clock generation circuit 202 supplies the clock
signal CLK to the data processing circuif- 203 and the frequency determination
circuit 264. |
The dafa processing circuit 203 comprises a microcomputer
implemented with a predetermined processing program. The voltage VDD
and the clock signal CLK are extem'ally input thereto. The data processing

circuit 203 performs a predetermined data processing operation when -

_ processing data is externally inplit thereto, and externally outputs processed-

data resulting from the processing operation.

- The frequency detenﬁination circuit 204 determiﬁes whether the
frequency of the clock signal CLK is higher or lower than the reference
frequenc&. The operation control circuit 205 receives the output of the
frequency determination circuit 204, When the frequency determination

circuit 204 determines that the frequeney 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.

Referring 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 elements 221 to 225, first and sec;ond resistanéé
elementé 226 and 227, and a diode 228. The band gap regulator circuit 211
produces a constant reference voltage BGR_OUT from the power supply
voltage VDD.

More specifically, the band gap regulatﬁr circuit 211 comprises a
current minor_circuif. The temperature characteristics of the second resistance
element 227 and the diode 228, which are connected to the oufput terminal,
are cancelled out, and the dependency on the power supply voltage VDD is_

low. Since the temperature dependency and the power supply dependency o.f
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 EGR_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

predetermined 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_OUT, about 1.3V, to a second reference voltage HALF of one half of

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

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

differexgtial 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 VDD; -while keeping constant the current

amm_int thereof at I according to the second reference voltage HALF that is

supplied from the voltage reducing circuit 212.

Mo.re épeciﬁcal_ly, the current amount I; of the power supply
voltage VDD which is conducted through the second transistor element 243 to
the variable resistor 245 is equal to il = HALF/RS (i.e., the second reference
voltage HALF and the resistance value RS of the variable resistor 245). The -
cutrent amount I, of fhe power supply voltage VDD that conducted by the
third transistor element 244 to the frequency detection circuit 215 is constant.
The current amount I, is comtaﬁt according to the current amount I; 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 Programmable 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 thereoﬁ so as to adjust the power supply voltage
VDD output by the constant current circuit 213 fo a predetermined 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 voltage 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
clock 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. 10A, 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 and a state where the

stored potential is higher than the reference voltage BGR_OUT. This is
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illustrated in FIG. 10B. If the frequency of the clock signal CLK is higher
than the reference frequency, howéver, 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
capacitor element 251 is switched between a statg 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 signal CLK being high or low. Therefore, the
binary output COMPOA of the comparator circuit 253 changes in FIG. 10C.

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. 10D to 10F, 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 voitage VDD and

the clock signal CLK, and the data "prédeé.éing circuit 203 performs ‘a
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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 204 always determines whether the frequency

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

operation contro] circuit 205 stops the data processing circuit 203 when the
clock signal frequency is higher than the reference frequency.

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 0.65V.

Theﬁ, the constant current circuit 213 supplies the power supply
voltage VDD to the frequency detection circuit 215, vs.rhile keeping constant
the current amount thereof according to the second reference voltage HALF.
Therefore, in the frequency detection circuit 215, while ;che 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 I.)y fhe 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. 10A), the potential |

stored in the capacitor element 251 changes between a state where it is lower
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than the reference voltage BGR_OUT of the band gap regulator circuit 211
and a state where it is higher than: the reference voltage BGR_OUT, as
illustrated in FIG. 10B. 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 refezence voltage BGR_OUT of the band gap regulator circuit 211 by the
comparator circuit 253. As illustrated in FIG. 10C, the binary output
COMROA of the comparator circuit 253 is supplied to the high/low
determination circuit 216.

As illustrated in FIGS. 10D to 10F, the high/low determination
circuit 216 deteﬁnil;es 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 circx-lit 205 resumes the operatk.m of the data

prqcessing 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, the 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 thé
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 thé ambient temperature vary.

Moreover, the amount of current from the pov\./er 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 cir_cuit 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 regulatc->r
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 limifed to the above-described
embodiment, anci méy be variously modified to an extent not departing from
the spirit of the invention thereof. For example, ﬁe data processing unit 200
determines, with the single ﬁ'equency- 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. | |

Altematively; it is possible to determine a decréase of thé
frequency of the clock signal CLK below the lower limit frequency by the
frequency determination circuit 204 as described above, S0 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 frequency. The operation control
circuit 205 témporarily stops the data processing circuit 203 based on both of
the detern}inations.- |

While an example where an increase of the frequency of the
clock signal CLK over the reference frequenc;y 1is determined based on the low
time has been described in the above embodiment, alternatively, it is possibie
to-make the determination based on the high time, for example. Moreover, the
clock.signal frequency exceeding the reference 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 vol.tage is provided in the data
processing unit- 200 as the voltage generation means. Altematively, for
example, a voltage input tex_minal 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 generatin_g 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 terminal 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 volfage ‘stored in the capacitor elemént. The high/low detennifxation
circuit determines, from the output signal from the comparator circuit, whether
the clock.signal frequency is higher or lower than the predeterr;xined 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 constant 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 imiproves the precision of the determination
' whether_thc clock signal has a low frequéncy or a high frequency.

In the first data processing unit of the present invention, the
voltage generatipn ﬁems generates the power supply voltage and the clock
generation means generates the clock signal. The data processing circuit to
which the power supply volta;tge and the clbck, signal are input performs a data
processing operati'on.'. 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 signai frequency
becomes abnormal.

In the. éecond'data processing unit of the present invention, the
voltage generation means ge-n'erates 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 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 it is possible to, for example, stop the data processing
circuit when the clock signal fequency becomes abnormal.

In another embociment of the data processing unit of the present
invention, two frequency determination circuits are provided. One frequency
deteﬁnipation circuit determires if there is an increase of the clock signai
frequency over a predetermined upper limit frequency, and fhe 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 the data processing circuit both when

 the clock signal frequency- increases above the upper limit frequenty and when

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

makes it is possible to, for example, st.op 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 fréquency based on the low time,
and the frequency determinatior circuit rakes tﬁé'&feteﬁninla'tio'n'baséd" on'the
high time. 'I"hé operatiox_l control ‘means restricts the operation of the data
processing-circuit when either _pﬂe of the frequencies of the clock signals is*
determined to exceed the reference frequency, basegl on the low time and the

high time. This makes it ié'ﬁdééiﬁle ib; fbf "exarhpl_é, stop the data processing

-22-



"<

‘circuit when the duty ratio of the clock signal deviates from the normal range.
The present invention is not limited to the above embodiments,
and it is coriemplated that numerous modifications may be made without

departing from the spirit and scope of the invention. The frequency

dezermination circuit, as described above with reference to the figures, is a -

merely an exemplary embodiment of the invention, and the scope of the
invention is not limited to these particular embodiments. Accordingly, other
structura] 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 determination 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

.Q high/loﬁr determination circuit that. determirres whether the frequency
of said clock s1gnal is higher or lower than a predetermined reference

ﬁ'equency, based on an output signal of sa1d comparator circuit, and outputtmc

a deterrmnatron result.

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

further comprising a swrtchmg transistor connected parallel to said capacitor
between an input terminal of sard comparator and a source voltage,

effectuating said char'ging and discharging of said capacitor in response to said

clock signal. BEESCETETS

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

further comprising a constant current circuit supplying said power supplv

voltage to said capac1tor while mamtammg a substantlally 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 determined 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. - Adata processing unit comprising: -

a voltage generator supplying a power supply voltage;

a clock generator supplying a clock signal;

a first frequency d¢tént.1in*a£fon" circuit, ‘said frequency determination

circuit comprising:

a band gap regulator circuit producing a constant reference .-

voltage from said power supply voltage;

a capacitor charging with §éi&"'po\§ef 'su;.).p.ly voltage and
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discharging in response to said clock signal;

a comparator circuif' comparing a voltage stored in said
capacitor with said constant reference voltage of said band gap regulator
circuit;

a high/low determination cir.cuit 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 co
supply yoltage are input, that perfonns a data processing operation; and |
an operation controller restricting said dat; processing circuit, in

response to said determination result.

8. The data processing unit as claimed in claim 7, wherein said
first frequency determination circuit Mer 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 response to said clock signal.

9.  The data processing unit as claimed in claim 7, wherein said
first frequepcy determination circuit further comprises a constant current -

circuit supplying said power supply voltage to said capacitor while

maiﬂtaining 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 proc'essing unif as claimed in claim 11, wherein 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 increaee of the
frequency of said clock signal overa predetermined upper limit frequency;

said data processing - umt further comprises a second " frequency

determination cifcuit that 'de’eenhines a decreése 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 sig.na-l.i.nef.eésee .aﬁove the upper limit frequency or

-27-



Y-

—_—

A i

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 sign_al is higher or lower than said predetermined
reference frequency based on a low time;

§aid data processing unit further comprises a second frequency—
determination circuit that determines whether the frequency of said clock
signal is higher or lower than said predetenﬁined reference frequency based on
éhigh time; and

sai.d operation contollér restricts said data processing circuit when it is

determined that the ﬁ'equency of said clock signal exceeds said predetermined

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

15. A frequency determination circuit comprising:

band gap regulation means for producing a constant reference voltage
from a power supply voltage;

capacitance means for 'chz;i"ging with said power suppiy voltage and -
discharging in response to a clock s:ignal;.

cofnparisbn. means for"c.:Omlparing a voltage stored in said capacitance
means with said constant refqenée.w:/olt_a_ge of band gap regulation means; and

high/low determination means for detérmining whether the frequency
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of said clock signal is higher or lower than a predetermined reference
frequency, based on an output signal of said comparisén means, and

ourputting a determination result.

16. . The frequency determination circuit as claimed in claim 15, -
further comprising a switching ﬁems connected parallel to said capacitance
means between an input terminal -of said comparison means and a source
voitage, effectuating said charging and discharging of éaid capacitance means )
in response to said clock signal.

17.  The frequency determination circuit as claimed in claim 15,
further comprising cohs‘tant current means for supplying said power supply

voltage to said capacitance means while maintaining 2 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 'freqilency 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 current means, to a predetermined voltage.
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20.  The frequency deiermi-atior circuit as claimed in claim 19,

further comprising a curreni adjusting means for adjusting said substantially

constant current of said consiant currern: mezns.

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

a voltage generation means for suppling z power supply voltage;

a clock generation means suppi-ing & clocx signal;

a first frequency deicrminatioz means, said frequency determination

means comprising:

band gap regulation mezns for producing a constant reference

voltage from said power sulpply voltage;
capacitance means for czarging with said power supply voltage
and discharging in responsé to said clock signal;
comparison means comparing a voltage stored in sa_id
capacitance means with said constant reference voltage of said constant
voitage means;
high/low determination means for determining whether the
frequency of said clock signal is higher or lower than a .predetermined
reference frequency, based .on an oufpu: signal of said comparison means, and
outputting a determination result;

a data processing means, to wxich said clock signal and said power

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

in response to said determination result.

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

first frequency determination means further comprises switching means .

connected parallel to said capacitance means between an 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.

,23.  The data processing unit as claimed in claim 21, wherein said
first frequency determination 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 means.

25.  The data processing unit as-claimed: in claim 24, wherein said-- -+ oo e |

first frequency determination means further comprises a voltage reducing
means for reducing said constant reference voltage, supplied from said band
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-
- - s
frequency of said clock signal over a predetermined upper limit frequency;

.said 'data processing unit ﬁnther. comprises a second frequency
determination means that determines a decrease of the frequency of said clock
signal below a prede'fermined lower limit frequency; and

said operationf cor;t'rol 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.  Thedata précessing unit claimed in claim 21, wherein:

said ﬁrst. frequency detbﬁniﬁation'- mearis ""déterminéé 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
predetermined reference f;equ_ency from either one of the. low time and the ™

high time.
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