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(57) ABSTRACT 

Clock Supply circuitry comprises a phase-locked loop or 
PLL frequency multiplier for generating a frequency-mul 
tiplied clock signal having a frequency that is an integral 
multiple of the frequency of an input clock Signal. The clock 
supply circuitry further includes a PLL output stability 
detecting circuit. When the clock Supply circuitry is made to 
return from a clock Supply Stopping State in which the PLL 
frequency multiplier is stopping the generation of the fre 
quency-multiplied clock signal to a clock Supply State in 
which the PLL frequency multiplier is generating and Sup 
plying the frequency-multiplied clock signal to an internal 
circuit, the PLL output Stability detecting circuit determines 
whether the frequency-multiplied clock signal from the PLL 
frequency multiplier becomes stable. After the PLL output 
Stability detecting circuit determines that the frequency 
multiplied clock signal becomes Stable, it Supplies the fre 
quency-multiplied clock signal from the PLL frequency 
multiplier as a System clock signal to the internal circuit. 
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METHOD AND CIRCUITRY FOR SUPPLYING 
CLOCK TO INTERNAL CIRCUIT 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a method and 
circuitry for Supplying a System clock signal to an integrated 
circuit (or internal circuit) of a Semiconductor device, Such 
as a microcomputer, including a built-in phase-locked loop 
(i.e., PLL) frequency multiplier. 
0003 2. Description of the Prior Art 
0004 Referring now to FIG. 9, there is illustrated a 
Schematic circuit diagram Showing the Structure of prior art 
clock Supply circuitry including a PLL frequency multiplier, 
the clock Supply circuitry being built in a Semiconductor 
device. In the figure, reference numeral 10 denotes the 
Semiconductor device including the prior art clock Supply 
circuitry, numeral 20 denotes the PLL frequency multiplier 
for generating a frequency-multiplied clock signal from an 
input clock Signal, the frequency-multiplied clock signal 
having a frequency that is an integral multiple of the 
frequency of the input clock signal, numeral 30 denotes an 
oscillator driving circuit for driving an external oscillator 
connected between an input terminal Xin and an output 
terminal Xout, numeral 40 denotes a PLL output supply 
circuit for delivering the frequency-multiplied clock signal 
from the PLL frequency multiplier 20 as a system clock 
Signal to an integrated circuit 50 after counting a pulse of the 
input clock signal applied to the PLL frequency multiplier 
20 a predetermined number of times, when returning the 
clock Supply circuitry from a stop State in which it is 
Stopping the Supply of the System clock to the integrated 
circuit 50 to its original State or clock Supply State in which 
it is Supplying the System clock signal to the integrated 
circuit 50, numeral 401 denotes a counter for reloading a 
maximum count value thereinto and resetting its output So as 
to put its output at a “Low' level every time a control Signal 
or Stop instruction signal applied thereto becomes a "High' 
level, and for Starting counting down pulses of the input 
clock signal applied to the PLL frequency multiplier 20 and 
for furnishing an output at a “High' level when it under 
flows, numeral 402 denotes an SR flip-flop having an S 
terminal connected to an output terminal of the counter 401 
and an R terminal for receiving the Stop instruction signal, 
numeral 403 denotes a Switch having a control terminal 
connected to a Q terminal of the SR flip-flop 402, numeral 
60 denotes an SR flip-flop having an Sterminal for receiving 
a recovery instruction signal and an R terminal for receiving 
the Stop instruction signal, and numeral 70 denotes a Switch 
having a control terminal connected to a Q terminal of the 
SR flip-flop 60. The system clock signal that is the output (or 
PLL output) of the PLL frequency multiplier 20 can be 
applied, by way of the Switch 403, to the integrated circuit 
50. 

0005. In operation, the counter 401 reloads the maximum 
count Value thereinto and resets its output So as to put its 
output at a “Low' level every time the Stop instruction signal 
applied to a control terminal thereof becomes a “High' level. 
When the Q output of the SR flip-flop 402 becomes a “High” 
level, the Switch 403 is brought into conduction or placed to 
the ON position. In contrast, when the Q output of the SR 
flip-flop 402 becomes a “Low' level, the Switch 403 is 
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brought out of conduction or placed to the OFF position. 
Similarly, when the Q output of the SR flip-flop 60 becomes 
a “High' level, the Switch 70 is brought into conduction or 
placed to the ON position. In contrast, when the Q output of 
the SR flip-flop 60 becomes a “Low” level, the switch 70 is 
brought out of conduction or placed to the OFF position. A 
signal passing through each of the two switches 403 and 70 
has either a “High' level or a “Low' level according to 
whether a corresponding input Signal has a Voltage greater 
than or equal to or less than a threshold value. 
0006. A clock generating device 11 as shown in FIG. 10 
can be connected to the input terminal Xin of FIG. 9. As an 
alternative, an external oscillator 12 as shown in FIG. 11 can 
be connected between the input terminal Xin and the output 
terminal Xout. 

0007 First, a description will be made as to the operation 
of the clock Supply circuitry when a clock generating device 
11 is connected to the input terminal Xin, as shown in FIG. 
10. While the clock supply circuitry is placed in a clock 
Supply stopping State, i.e., Stop State in which it is stopping 
the Supply of the System clock signal to the integrated circuit 
50, both the PLL frequency multiplier 20 and the oscillator 
driving circuit 30 are at a standstill. When the clock supply 
circuitry is brought to the Stop State, the Stop instruction 
Signal becomes a "High' level and the recovery instruction 
signal becomes a “Low' level. As a result, the SR flip-flop 
60 is reset and its Q output becomes a “Low' level, and 
therefore the Switch 70 is brought out of condition. When the 
Stop instruction signal becomes a "High' level, the counter 
401 reloads the maximum count value thereinto and resets 
its output So as to put its output at a “Low' level, and then 
Starts counting down pulses of the input clock signal applied 
to the PLL frequency multiplier 20. In this case, since no 
clock pulse is applied to the counter 401, the counter 401 
keeps its count Value at the maximum count value. Further 
more, the SR flip-flop 402 is also reset and its Q output 
becomes a “Low' level, and therefore the Switch 403 is 
brought out of condition. As a result, the output terminal of 
the PLL frequency multiplier 20 is disconnected from the 
integrated circuit 50. 
0008. When the recovery instruction signal becomes a 
“High' level while the clock supply circuitry is placed in the 
Stop State, the Semiconductor device 10 Starts a recovery 
process of canceling the Stopping of the Supply of the System 
clock signal to the integrated circuit. First, the PLL fre 
quency multiplier 20 and the oscillator driving circuit 30 
Start working. Since the Stop instruction Signal Simulta 
neously becomes a “Low' level, the SR flip-flop 60 is set 
and its Q output becomes a “High' level, and therefore the 
Switch 70 is brought into condition. Although the PLL 
frequency multiplier 20 receives a Stable clock signal from 
the clock generating device 11, as shown in FIG. 12, the 
PLL output supply circuit 40 cannot supply the PLL output 
to the integrated circuit 50 immediately after it receives the 
frequency-multiplied clock signal because Some interval of 
time is required for the frequency-multiplied clock signal (or 
PLL output) from the PLL frequency multiplier 20 to 
become stable. In order to keep the Switch 403 being in the 
OFF position until the PLL output becomes stable, the 
counter 401 of the PLL output supply circuit 40 counts down 
pulses of the input clock Signal from the maximum count 
value. When the counter 401 underflows, it furnishes an 
output at a “High' level. As a result, the SR flip-flop 402 is 
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set and the Switch 403 is brought into conduction or placed 
to the ON position, and therefore the frequency-multiplied 
clock signal from the PLL frequency multiplier 20 is Sup 
plied as the System clock signal to the integrated circuit 50. 
The recovery process is thus completed. The length of time 
that elapses until the counter 401 underflows after the 
recovery proceSS is started and the input clock signal is then 
applied to the counter 401 corresponds to the maximum 
count value set to the counter 401. The maximum count 
value is predetermined based on the Simulated or measured 
longest time required for the PLL output to become stable So 
that the maximum count value allows for a margin. The 
longest time can be determined by estimating the time 
required for the output of the PLL frequency multiplier to 
become Stable, and either performing circuit Simulations in 
consideration of variations in ambient temperature and 
power Supply Voltage or performing experiments under a 
variety of operating conditions. As shown in FIG. 12, the 
PLL output Supply circuit 40 brings the Switch 403 into 
conduction at the expiration of about the margin after the 
PLL output becomes stable. 
0009 Next, a description will be made as to the operation 
of the clock Supply circuitry when an external oscillator 12 
is connected between the input terminal Xin and the output 
terminal Xout, as shown in FIG. 11. AS in the case that the 
clock generating device 11 is connected to the input terminal 
Xin, as shown in FIG. 10, the PLL output supply circuit 40 
measures the time that elapses before the frequency-multi 
plied clock signal from the PLL frequency multiplier 20 
becomes stable using the counter 401 without Supplying the 
PLL output to the integrated circuit 50 immediately after 
receiving the frequency-multiplied clock Signal because 
Some interval of time is required for the frequency-multi 
plied clock signal to become stable. When the counter 401 
counts down pulses of the input clock signal from the 
maximum count value and then underflows, it furnishes an 
output at a “High' level to set the SR flip-flop 402 and hence 
bring the Switch 403 into conduction. As a result, the 
frequency-multiplied clock signal from the PLL frequency 
multiplier 20 is Supplied as the System clock Signal to the 
integrated circuit 50. The recovery process is thus com 
pleted. 

0.010 Unlike the case where the clock generating device 
11 is connected to the input terminal Xin, as previously 
explained, the oscillation of the external oscillator 12 and 
hence the waveform of the input clock signal are unstable 
immediately after the recovery process is started, as shown 
in FIG. 13. Nevertheless, the input clock signal (or PLL 
input) having an unstable waveform is furnished to the PLL 
frequency multiplier 20. Therefore, in order to make the 
frequency-multiplied clock Signal that is the output of the 
PLL frequency multiplier 20 become stable, the oscillation 
of the external oscillator 12 needs to become stable first. In 
other words, the input clock signal applied to the input 
terminal Xin needs to become stable first. 

0011. In this case, the maximum count value set to the 
counter 401 is predetermined based on the simulated or 
measured longest time required for the PLL Output to 
become Stable So that the maximum count value allows for 
a margin. The longest time can be determined by estimating 
the time required for the external oscillator 12 to become 
stable and the time required for the output of the PLL 
frequency multiplier 20 to become Stable, and either per 
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forming circuit Simulations in consideration of variations in 
ambient temperature and power Supply Voltage or perform 
ing experiments under a variety of operating conditions. AS 
shown in FIG. 13, the PLL output supply circuit 40 brings 
the Switch 403 into conduction at the expiration of about the 
margin after the input clock signal becomes Stable and, after 
that, the PLL output becomes stable. 
0012 A problem with prior art clock supply circuitry 
constructed as above is that the maximum count value Set to 
the counter 401 has to be predetermined so that the maxi 
mum count value allows for a margin, by estimating the time 
required for the output of the PLL frequency multiplier to 
become Stable, further estimating the time required for the 
external oscillator to become Stable when needed, and 
evaluating the longest time required for the PLL output to 
become stable by Simulation or experiment in consideration 
of variations in ambient temperature and power Supply 
Voltage, and therefore additional time and effort must be 
expended on the determination of the maximum count value. 
0013 Another problem is that since no mechanism for 
determining whether the output of the PLL frequency mul 
tiplier becomes Stable is provided, the maximum count value 
Set to the counter corresponds to a length of time longer than 
necessary and therefore it takes much time for the System 
clock to be delivered to the internal circuit, Such as an 
integrated circuit, after the recovery proceSS is started, So 
that the Semiconductor device cannot perform processes at 
expected times, and, even though the PLL frequency mul 
tiplier does not become stable, the PLL frequency multiplier 
can furnish its output to the internal circuit and hence the 
internal circuit may run away. 

SUMMARY OF THE INVENTION 

0014. The present invention is proposed to solve the 
above problems. It is therefore an object of the present 
invention to provide a clock Supply method and circuitry 
capable of Supplying a System clock signal to an internal 
circuit as Soon as possible after a recovery process of 
canceling the Stopping of the Supply of the System clock 
Signal to the internal circuit is started So as to make the 
internal circuit work, thus preventing the internal circuit 
from running away. 
0015. In accordance with one aspect of the present inven 
tion, there is provided a method of Supplying a System clock 
Signal to an internal circuit, comprising the Steps of when 
returning to a clock Supply State in which a phase-locked 
loop or PLL frequency multiplier is generating a frequency 
multiplied clock Signal from an input clock Signal and 
Supplying the frequency-multiplied clock Signal to the inter 
nal circuit, the frequency-multiplied clock signal having a 
frequency that is an integral multiple of the frequency of the 
input clock signal, from a clock Supply stopping State in 
which the PLL frequency multiplier is stopping the genera 
tion of the frequency-multiplied clock signal, determining 
whether the frequency-multiplied clock signal from the PLL 
frequency multiplier becomes Stable; and Supplying the 
frequency-multiplied clock signal as the System clock signal 
to the internal circuit after it is determined that the fre 
quency-multiplied clock signal becomes Stable. 
0016 Preferably, the determining step is the step of 
determining whether Signals generated by the PLL fre 
quency multiplier for controlling the frequency of the fre 
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quency-multiplied clock Signal indicate that the frequency of 
the frequency-multiplied clock Signal becomes Stable, and, 
when the Signals indicate that the frequency of the fre 
quency-multiplied clock Signal becomes Stable, the fre 
quency-multiplied clock signal is Supplied as the System 
clock signal to the internal circuit. 
0.017. In accordance with another aspect of the present 
invention, there is provided clock Supply circuitry for Sup 
plying a System clock signal to an internal circuit, the 
circuitry comprising: a phase-locked loop or PLL frequency 
multiplier for generating a frequency-multiplied clock signal 
having a frequency that is an integral multiple of the 
frequency of an input clock signal; and a PLL output 
Stability detecting circuit for determining whether the fre 
quency-multiplied clock signal from the PLL frequency 
multiplier becomes Stable when the clock Supply circuitry is 
made to return from a clock Supply Stopping State in which 
the PLL frequency multiplier is stopping the generation of 
the frequency-multiplied clock signal to a clock Supply State 
in which the PLL frequency multiplier is generating and 
Supplying the frequency-multiplied clock Signal to the inter 
nal circuit, and for Supplying the frequency-multiplied clock 
Signal from the PLL frequency multiplier as the System 
clock Signal to the internal circuit after the PLL output 
Stability detecting circuit determines that the frequency 
multiplied clock signal becomes Stable. 
0.018 Preferably, the PLL output stability detecting cir 
cuit includes a Switch disposed between an output terminal 
of the PLL frequency multiplier and the internal circuit, the 
Switch being placed to ON position when the PLL output 
Stability detecting circuit Supplies the frequency-multiplied 
clock signal as the System clock Signal to the internal circuit, 
and a control unit for placing the Switch to the ON position 
when signals generated by the PLL frequency multiplier for 
controlling the frequency of the frequency-multiplied clock 
Signal indicate that the frequency of the frequency-multi 
plied clock signal becomes Stable when returning the clock 
Supply circuitry from the clock Supply stopping State to the 
clock Supply State. 
0019. The PLL frequency multiplier can include a phase 
comparator for comparing a phase of the input clock signal 
with that of a frequency-divided clock signal, and for 
furnishing an XINFAST Signal including a pulse having a 
duration corresponding to a phase difference between the 
phases of the input clock Signal and the frequency-divided 
clock signal and a PLLFAST signal fixed at a certain level 
opposite to the level of the pulse of the XINFAST signal 
when the phase of the input clock signal leads that of the 
frequency-divided clock signal, for furnishing a PLLFAST 
Signal including a pulse having a duration corresponding to 
a phase difference between the phases of the input clock 
Signal and the frequency-divided clock signal and an XIN 
FAST signal fixed at a certain level opposite to the level of 
the pulse of the PLLFAST signal when the phase of the input 
clock signal lags behind that of the frequency-divided clock 
signal, and for furnishing XINFAST and PLLFAST signals 
fixed at the certain level when the input clock signal is in 
phase with the frequency-divided clock signal. The PLL 
frequency multiplier can further include a charge pump for 
furnishing a pulse at a "High' level having a duration 
corresponding to the pulse of the XINFAST signal when the 
phase of the input clock signal leads that of the frequency 
divided clock signal, and for furnishing a pulse at a “Low' 
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level having a duration corresponding to the pulse of the 
PLLFAST signal when the phase of the input clock signal 
lags behind that of the frequency-divided clock signal, a 
low-pass filter for converting the pulse from the charge 
pump into a DC voltage, a Voltage-controlled oscillator for 
generating and furnishing the frequency-multiplied clock 
Signal having a frequency corresponding to the DC voltage, 
and a frequency divider for dividing the frequency of the 
frequency-multiplied clock Signal So as to generate the 
frequency-divided clock Signal having a frequency that is an 
integral Submultiple of that of the frequency-multiplied 
clock signal. 
0020 Preferably, the control unit includes a logical cir 
cuit for receiving the XINFAST and PLLFAST signals from 
the PLL frequency multiplier and for generating a control 
signal asserted when the XINFAST and PLLFAST signals 
are at different or opposite levels, a counter, responsive to 
the control Signal from the logical circuit, for reloading a 
maximum count value thereinto, resetting its output to a 
“Low' level, and Starting counting down the input clock 
Signal from the maximum count value, and for furnishing a 
signal at a “High' level when it underflows, and an SR 
flip-flop having an Sterminal for receiving an output of the 
counter, an R terminal for receiving a stop instruction Signal 
that becomes a “High' level when the clock supply circuitry 
Stops the Supply of the System clock signal to the internal 
circuit, and a Q terminal via which the SR flip-flop furnishes 
a Switching signal for Switching the Switch between ON and 
OFF positions. 
0021 Further objects and advantages of the present 
invention will be apparent from the following description of 
the preferred embodiments of the invention as illustrated in 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1 is a schematic circuit diagram showing the 
Structure of clock Supply circuitry according to an embodi 
ment of the present invention; 
0023 FIG. 2 is a schematic circuit diagram showing the 
structure of a PLL frequency multiplier included in the clock 
Supply circuitry, as shown in FIG. 1, according to the 
embodiment of the present invention; 
0024 FIG. 3 is a timing chart showing the operation of 
the PLL frequency multiplier as shown in FIG. 2 when the 
phase of an input clock signal leads that of a frequency 
divided clock signal; 
0025 FIG. 4 is a timing chart showing the operation of 
the PLL frequency multiplier as shown in FIG. 2 when the 
phase of the input clock signal lags behind that of the 
frequency-divided clock signal; 
0026 FIG. 5 is a timing chart showing the operation of 
the PLL frequency multiplier as shown in FIG. 2 when the 
input clock signal is in phase with the frequency-divided 
clock signal; 
0027 FIG. 6 is a timing chart showing a recovery 
process of canceling the Stopping of the Supply of a clock 
Signal which is performed by the clock Supply circuitry 
according to the embodiment of the present invention when 
a clock generating device is connected to the clock Supply 
circuitry; 
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0028 FIG. 7 is a timing chart showing a recovery 
process of canceling the Stopping of the Supply of a clock 
Signal which is performed by the clock Supply circuitry 
according to the embodiment of the present invention when 
an external oscillator is connected to the clock Supply 
circuitry; 

0029 FIG. 8 is a schematic circuit diagram showing the 
Structure of clock Supply circuitry according to a variant of 
the embodiment of the present invention; 
0030 FIG. 9 is a schematic circuit diagram showing the 
Structure of prior art clock Supply circuitry; 

0.031 FIG. 10 is a block diagram showing a semicon 
ductor device including clock Supply circuitry, a clock 
generating circuit being connected to the Semiconductor 
device; 

0.032 FIG. 11 is a block diagram showing a semicon 
ductor device including clock Supply circuitry, an external 
oscillator being connected to the Semiconductor device; 
0.033 FIG. 12 is a timing chart showing a recovery 
process of canceling the Stopping of the Supply of a clock 
Signal which is performed by the prior art clock Supply 
circuitry of FIG. 9 when a clock generating device is 
connected to the prior art clock Supply circuitry; and 

0034 FIG. 13 is a timing chart showing a recovery 
process of canceling the Stopping of the Supply of a clock 
Signal which is performed by the prior art clock Supply 
circuitry of FIG. 9 when an external oscillator is connected 
to the prior art clock Supply circuitry. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0035) Referring next to FIG. 1, there is illustrated a block 
diagram showing the Structure of clock Supply circuitry 
according to an embodiment of the present invention, the 
clock Supply circuitry including a built-in PLL frequency 
multiplier. In the figure, reference numeral 1 denotes a 
Semiconductor device in which the clock Supply circuitry 
according to the embodiment of the present invention is 
built, numeral 2 denotes the PLL frequency multiplier built 
in the Semiconductor device 1, for generating a frequency 
multiplied clock Signal from an input clock signal applied 
thereto Via an input terminal Xin, the frequency-multiplied 
clock signal having a frequency that is an integral multiple 
of the frequency of the input clock Signal, numeral 3 denotes 
an oscillator driving circuit for driving an external oscillator 
connected between the input terminal Xin and an output 
terminal Xout, numeral 4 denotes a PLL output stability 
detecting circuit for determining whether the output of the 
PLL frequency multiplier 2 becomes Stable when returning 
the clock Supply circuitry from a clock Supply Stopping State 
or stop state in which the PLL frequency multiplier 2 is 
Stopping the Supply of the frequency-multiplied clock signal 
to an integrated circuit (or internal circuit) 5 to its original 
State or clock Supply State in which the PLL frequency 
multiplier 2 is Supplying the frequency-multiplied clock 
Signal to the integrated circuit, and for Supplying the fre 
quency-multiplied clock signal as a System clock signal to 
the integrated circuit 5 immediately after the PLL output 
Stability detecting circuit 4 determines that the frequency 
multiplied clock signal becomes Stable. 
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0036 Reference numeral 41 denotes a counter for reload 
ing a maximum count value thereinto and resetting its output 
every time a control Signal applied thereto becomes a 
"High' level, for Starting counting down pulses of the input 
clock signal applied to the PLL frequency multiplier 2, and 
for furnishing an output at a “High' level when it under 
flows, numeral 42 denotes an SR flip-flop having an S 
terminal connected to an output terminal of the counter 41 
and an R terminal for receiving a stop instruction signal, 
numeral 43 denotes a Switch having a control terminal 
connected to a Q terminal of the SR flip-flop 42, numeral 44 
denotes a NAND gate for implementing the logical NAND 
operation on an XINSTART signal and a PLLFAST signal 
output from the PLL frequency multiplier 2 and for furnish 
ing the logical NAND operation result, numeral 45 denotes 
an OR gate for implementing the logical OR operation on 
the output of the NAND gate 44 and the stop instruction 
Signal and for furnishing the logical OR operation result as 
the control Signal to the counter 41, numeral 6 denotes an SR 
flip-flop having an S terminal for receiving a recovery 
instruction signal and an R terminal for receiving the Stop 
instruction Signal, and numeral 7 denotes a Switch having a 
control terminal connected to a Q terminal of the SR flip-flop 
6. The system clock signal that is the output (or PLL output) 
of the PLL frequency multiplier 2 can be applied, by way of 
the Switch 43, to the integrated circuit 5. The maximum 
count value Set to the counter 41 is greater than or equal to 
2 in heX. 

0037 Referring next to FIG. 2, there is illustrated a 
Schematic circuit diagram showing the Structure of the PLL 
frequency multiplier 2 included in the clock Supply circuitry 
according to the embodiment of the present invention. In the 
figure, reference numeral 21 denotes a phase comparator for 
comparing the phase of the input clock signal applied thereto 
via the Switch 7 with that of a frequency-divided clock signal 
from a frequency divider 24, and for controlling the XIN 
FAST and PLLFAST signals to be furnished to the PLL 
output Stability detecting circuit 4 So that the input clock 
Signal is in phase with the frequency-divided clock signal, 
numeral 22 denotes a charge pump, numeral 23 denotes a 
Voltage-controlled Oscillator or VCO for generating the 
frequency-multiplied clock Signal having a frequency cor 
responding to a DC voltage VCONT applied thereto, and 
numeral 25 denotes a low-pass filter that consists of a 
resistor 251 and a capacitor 252. The frequency divider 24 
divides the frequency of the frequency-multiplied clock 
signal output from the VCO 23 with a predetermined fre 
quency dividing ratio to generate the frequency-divided 
clock signal having a frequency that is an integral Submul 
tiple of that of the frequency-multiplied clock signal. 
0038. In operation, when the input clock signal applied to 
the input terminal Xin is furnished to the PLL frequency 
multiplier 2 via the Switch 7, the VCO 23 starts oscillating 
at a certain frequency. The frequency divider 24 divides the 
frequency of the frequency-multiplied clock signal output 
from the VCO 23 and then furnishes the frequency-divided 
clock signal to the phase comparator 21. The phase com 
parator 21 then compares the frequency of the input clock 
Signal applied thereto Via the input terminal Xin with that of 
the frequency-divided clock Signal by determining the dif 
ference between the phases of the rising edges of those 
Signals. When the rising edges of the input clock signal 
applied thereto via the input terminal Xin lead those of the 
frequency-divided clock signal, i.e., when the phase of the 
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input clock signal leads that of the frequency-divided clock 
Signal, the phase comparator 21 determines that the fre 
quency of the frequency-divided clock Signal is lower than 
that of the input clock signal and then causes the XINFAST 
signal to make a “High” to “Low” transition upon the next 
rising edge of the input clock signal applied thereto Via the 
input terminal Xin, as shown in FIG. 3. After that, the phase 
comparator 21 causes the XINFAST signal to make a “Low” 
to “High’ transition upon the next rising edge of the fre 
quency-divided clock signal So as to generate a “Low' level 
pulse of the XINFAST signal having a duration correspond 
ing to the difference between the phases of the input clock 
Signal and the frequency-divided clock signal. In the mean 
time, the PLLFAST signal is held at a “High” level. When 
the charge pump 22 receives the “Low' level pulse of the 
XINFAST signal, it generates a pulse held at a “High' level 
only during the interval that the input pulse is at a “Low' 
level. The “High' level pulse from the charge pump 22 
charges the capacitor 252 and the VCONT voltage therefore 
increases by the charge on the capacitor 252. As a result, the 
frequency of the frequency-multiplied clock from the VCO 
23 increases with the amount of increase in the VCONT 
Voltage. 
0039. In contrast, when the rising edges of the frequency 
divided clock signal lead those of the input clock signal 
applied thereto Via the input terminal Xin, i.e., when the 
phase of the input clock signal lags behind that of the 
frequency-divided clock signal, the phase comparator 21 
determines that the frequency of the frequency-divided 
clock signal is higher than that of the input clock signal and 
then causes the PLLFAST signal to make a “High” to “Low” 
transition upon the next rising edge of the frequency-divided 
clock signal from the frequency divider 24, as shown in 
FIG. 4. After that, the phase comparator 21 causes the 
PLLFAST signal to make a “Low” to “High’ transition upon 
the next rising edge of the input clock Signal So as to 
generate a “Low' level pulse of the PLLFAST signal having 
a duration corresponding to the difference between the 
phases of the frequency-divided clock signal and the input 
clock signal applied thereto Via the input terminal Xin. In the 
meantime, the XINFAST signal is held at a “High' level. 
When the charge pump 22 receives the “Low' level pulse of 
the PLLFAST signal, it generates a pulse held at a “Low” 
level only during the interval that the input pulse is at a 
“Low” level. The “Low' level pulse from the charge pump 
22 discharges the capacitor 252 and the VCONT voltage 
therefore increases by the amount of discharge from the 
capacitor 252. As a result, the frequency of the frequency 
multiplied clock from the VCO 23 decreases with the 
amount of decrease in the VCONT voltage. 
0040. The PLL frequency multiplier 2 repeats the two 
control operations mentioned above until the rising edges of 
the input clock Signal applied via the input terminal Xin to 
the PLL frequency multiplier 2 are in phase with those of the 
frequency-divided clock signal, as shown in FIG. 5, and the 
frequency of the input clock signal is therefore equal to that 
of the frequency-divided clock signal. In this way, the PLL 
frequency multiplier 2 adjusts the frequency and phase of its 
output or PLL output using the XINFAST and PLLFAST 
Signals. 

0041. The counter 41 reloads the maximum count value 
thereinto and resets its output So as to put its output at a 
“Low” level every time the control signal applied to the 
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control terminal thereof becomes a “High' level. The 
counter 41 then Starts counting down pulses of the clock 
Signal applied to the PLL frequency multiplier 2 from the 
maximum count value. Each of the two Switches 7 and 43 is 
brought into conduction or placed to the ON position when 
a Switching Signal applied to the control terminal thereof 
becomes a “High' level. In contrast, each of the two 
Switches 7 and 43 is brought out of conduction or placed to 
the OFF position when the Switching signal applied to the 
control terminal thereof becomes a “Low' level. A signal 
passing through each of the two switches 7 and 43 has either 
a “High' level or a “Low' level according to whether a 
corresponding input signal has a voltage greater than or 
equal to or less than a threshold value. 
0042. While the clock supply circuitry is placed in the 
clock Supply stopping State or Stop State in which it is 
Stopping the Supply of the System clock signal to the 
integrated circuit 5, both the PLL frequency multiplier 2 and 
the oscillator driving circuit 3 are at a standstill. When 
bringing the clock Supply circuitry to the Stop State, the Stop 
instruction Signal is made to become a "High' level and the 
recovery instruction Signal is made to become a “Low' 
level. As a result, the SR flip-flop 6 is reset and its Q output 
becomes a “Low' level, and therefore the Switch 7 is 
brought out of conduction or placed to the OFF position. The 
input terminal Xin is therefore disconnected from the input 
terminal of the PLL frequency multiplier 2. The stop instruc 
tion signal at a “High' level is also delivered, by way of the 
OR gate 45, to the control terminal of the counter 41 as the 
control signal at a "High' level. As a result, the counter 41 
reloads the maximum count Value thereinto and resets its 
output So as to put its output at a "Low level, and Starts 
counting down pulses of the input clock Signal applied to the 
PLL frequency multiplier 2. In this case, Since no clock 
pulse is applied to the counter 41, the counter 41 keeps its 
count value at the maximum count Value. Furthermore, the 
SR flip-flop 42 is reset and its Q output becomes a “Low” 
level, and therefore the Switch 43 is brought out of condition 
or placed to the OFF position. As a result, the output 
terminal of the PLL frequency multiplier 2 is disconnected 
from the integrated circuit 5. 
0043. Next, a description will be made as to a recovery 
process of returning the clock Supply circuitry from the 
clock Supply Stopping State or Stop State in which the PLL 
frequency multiplier 2 is Stopping the Supply of the System 
clock signal to its original State or clock Supply State in 
which the PLL frequency multiplier 2 is Supplying the 
System clock signal to the integrated circuit 5, i.e., canceling 
the Stopping of the Supply of the System clock signal to the 
integrated circuit 5. When the recovery instruction Signal 
becomes a “High' level while the clock Supply circuitry is 
placed in the clock Supply Stopping State, the Semiconductor 
device 1 starts the recovery process. Simultaneously, the 
Stop instruction signal becomes a “Low' level. After the 
recovery process is Started, the PLL frequency multiplier 2 
and the oscillator driving circuit 3 start working first. The SR 
flip-flop 6 is then Set and its Q output or Switching Signal 
becomes a “High' level, and therefore the Switch 7 is 
brought into condition or placed to the ON position. 
0044) Immediately after the PLL frequency multiplier 2 
Starts working, the output of the PLL frequency multiplier 2 
is unstable. The PLL frequency multiplier 2 therefore makes 
either one of the XINFAST and PLLFAST signals become 
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a “Low' level frequently in order to adjust the frequency and 
phase of the PLL output, i.e., frequency-multiplied clock 
signal, as shown in FIGS. 3 and 4. The NAND gate 44 
furnishes a Signal at a "High' level frequently, and hence the 
OR gate 45 furnishes a signal at a “High' level frequently. 
AS a result, the counter 41 reloads the maximum count value 
thereinto and resets its output to a “Low' level frequently. In 
other words, although the counter 41 starts counting down 
pulses of the input clock signal from the maximum count 
value every time the counter 41 reloads the maximum count 
value thereinto, either one of the XINFAST and PLLFAST 
signals becomes a “Low' level and therefore the counter 41 
is reset again before the counter 41 overflows while the PLL 
frequency multiplier 2 is unstable. Thus the SR flip-flop 42 
is not set and the Switch 43 is therefore held in the OFF 
position while the PLL frequency multiplier 2 is unstable. As 
a result, no system clock signal is Supplied to the integrated 
circuit 5 while the PLL frequency multiplier 2 is unstable. 
0.045. After that, when the counter 41 underflows and 
then furnishes a signal at a “High' level to the S terminal of 
the SR flip-flop 42 while the PLL frequency multiplier 2 
keeps both the XINFAST and PLLFAST signals at a “High” 
level, the SR flip-flop 42 is set and its Q output becomes a 
“High' level. As a result, the Switch 43 is brought into 
conduction or placed to the ON position. The frequency 
multiplied clock Signal output from the PLL frequency 
multiplier 2 is thus Supplied to the integrated circuit 5 as the 
System clock signal, and the recovery process is completed. 
Referring next to FIGS. 6 and 7, there are illustrated timing 
charts showing the waveforms of the input clock signal, the 
PLL output or frequency-multiplied clock signal, the output 
of the SR flip-flop 42, and the System clock signal Supplied 
to the integrated circuit 5 that vary during the conduction of 
the recovery process. FIG. 6 shows a case where a clock 
generating device 11 is connected to the Semiconductor 
device 1, as shown in FIG. 10. FIG. 7 shows a case where 
an external oscillator 12 is connected to the Semiconductor 
device 1, as shown in FIG. 11. As shown in FIGS. 6 and 7, 
the PLL output stability detecting circuit 4 supplies the 
frequency-multiplied clock signal output from the PLL 
frequency multiplier 2 to the integrated circuit 5 immedi 
ately after it determines that the output of the PLL frequency 
multiplier 2 becomes Stable. Therefore, the clock Supply 
circuitry according to the present invention makes it possible 
to reduce the length of time that elapses until the Supply of 
the frequency-multiplied clock Signal to the integrated cir 
cuit 5 is started after the recovery instruction Signal is 
asserted by an extent corresponding to the margin which the 
maximum count Value Set in the prior art allows for. 
0046) The PLL output stability detecting circuit 4 is not 
limited to the specific embodied one as shown in FIG. 1. 
The PLL output stability detecting circuit 4 can have an 
alternative structure as shown in FIG. 8. In the figure, 
reference numeral 46 denotes a three-input NAND gate for 
implementing the logical NAND operation on the XINFAST 
and PLLFAST signals from the PLL frequency multiplier 2 
and the inversion of the Stop instruction signal from an 
inverter 47, and for furnishing the logical NAND operation 
result to the counter 41. 

0047. In the variant of FIG. 8, when the stop instruction 
signal becomes a “High' level, it is delivered, by way of the 
inverter 47, to the three-input NAND gate 46 as a signal at 
a “Low' level. As a result, the three-input NAND gate 46 
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furnishes a signal at a “High' level to the control terminal of 
the counter 41 and the counter 41 reloads the maximum 
count Value thereinto and resets its output So as to put its 
output at a “Low' level, and Starts counting down pulses of 
the input clock signal applied to the PLL frequency multi 
plier 2. In this case, Since no clock pulse is applied to the 
counter 41, the counter 41 keeps its count value at the 
maximum count value. When the recovery instruction Signal 
becomes a “High' level while the clock Supply circuitry is 
placed in the clock Supply Stopping State, the Semiconductor 
device 1 starts the recovery process. Simultaneously, the 
Stop instruction signal becomes a “Low' level and is deliv 
ered, by way of the inverter 47, to the three-input NAND 
gate 46 as a signal at a "High' level. AS previously men 
tioned, immediately after the PLL frequency multiplier 2 
Starts working, the output of the PLL frequency multiplier 2 
is unstable. The PLL frequency multiplier 2 therefore makes 
either one of the XINFAST and PLLFAST signals become 
a “Low' level frequently in order to adjust the frequency and 
phase of the PLL output, i.e., frequency-multiplied clock 
signal. The NAND gate 46 thus furnishes a signal at a 
“High' level frequently, and hence the counter 41 reloads 
the maximum count Value thereinto and resets its output to 
a “Low' level frequently. Although the counter 41 starts 
counting down pulses of the input clock signal from the 
maximum count value every time the counter 41 reloads the 
maximum count value thereinto, either one of the XINFAST 
and PLLFAST signals becomes a “Low' level and the 
counter 41 is therefore reset again before the counter 41 
underflows while the PLL frequency multiplier 2 is unstable. 
0048 AS previously mentioned, in accordance with the 
present invention, the clock Supply circuitry can Supply the 
frequency-multiplied clock signal output from the PLL 
frequency multiplier 2 to the integrated circuit 5 immedi 
ately after the PLL output stability circuit determines that the 
output of the PLL frequency multiplier 2 becomes stable. 
Therefore, the clock Supply circuitry according to the 
present invention makes it possible to reduce the length of 
time that elapses until the Supply of the frequency-multiplied 
clock signal to the integrated circuit 5 is Started after the 
recovery process is Started, as compared with the prior art. 
Accordingly, the present invention can overcome the draw 
back of needing much time to complete the recovery proceSS 
and hence causing a delay in Starting the integrated circuit 5. 
Since the clock Supply circuitry does not Supply the fre 
quency-multiplied clock signal output from the PLL fre 
quency multiplier 2 to the integrated circuit 5 before the PLL 
output stability circuit determines that the output of the PLL 
frequency multiplier 2 becomes Stable, the clock Supply 
circuitry can prevent the integrated circuit 5 from running 
away. 

0049 Many widely different embodiments of the present 
invention may be constructed without departing from the 
Spirit and Scope of the present invention. It should be 
understood that the present invention is not limited to the 
Specific embodiments described in the Specification, except 
as defined in the appended claims. 

What is claimed is: 
1. A method of Supplying a System clock signal to an 

internal circuit, comprising the Steps of: 
when returning to a clock Supply State in which a phase 

locked loop or PLL frequency multiplier is generating 
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a frequency-multiplied clock signal from an input clock 
Signal and Supplying the frequency-multiplied clock 
Signal to Said internal circuit, the frequency-multiplied 
clock Signal having a frequency that is an integral 
multiple of the frequency of the input clock Signal, 
from a clock Supply Stopping State in which Said PLL 
frequency multiplier is stopping the generation of the 
frequency-multiplied clock Signal, determining 
whether the frequency-multiplied clock Signal from 
Said PLL frequency multiplier becomes Stable; and 

Supplying the frequency-multiplied clock signal as the 
System clock signal to Said internal circuit after it is 
determined that the frequency-multiplied clock signal 
becomes Stable. 

2. The method according to claim 1, wherein Said deter 
mining Step is the Step of determining whether signals 
generated by Said PLL frequency multiplier for controlling 
the frequency of the frequency-multiplied clock signal indi 
cate that the frequency of the frequency-multiplied clock 
Signal becomes Stable, and, when the Signals indicate that 
the frequency of the frequency-multiplied clock signal 
becomes Stable, the frequency-multiplied clock signal is 
Supplied as the System clock Signal to Said internal circuit. 

3. Clock Supply circuitry for Supplying a System clock 
Signal to an internal circuit, Said circuitry comprising: 

a phase-locked loop or PLL frequency multiplier for 
generating a frequency-multiplied clock signal having 
a frequency that is an integral multiple of the frequency 
of an input clock signal; and 

a PLL output Stability detecting circuit for determining 
whether the frequency-multiplied clock Signal from 
said PLL frequency multiplier becomes stable when 
Said clock Supply circuitry is made to return from a 
clock Supply stopping State in which Said PLL fre 
quency multiplier is stopping the generation of the 
frequency-multiplied clock signal to a clock Supply 
State in which Said PLL frequency multiplier is gener 
ating and Supplying the frequency-multiplied clock 
Signal to Said internal circuit, and for Supplying the 
frequency-multiplied clock Signal from Said PLL fre 
quency multiplier as the System clock Signal to Said 
internal circuit after Said PLL output Stability detecting 
circuit determines that the frequency-multiplied clock 
Signal becomes Stable. 

4. The circuitry according to claim 3, wherein said PLL 
output Stability detecting circuit includes a Switch disposed 
between an output terminal of Said PLL frequency multiplier 
and Said internal circuit, Said Switch being placed to ON 
position when Said PLL output Stability detecting circuit 
Supplies the frequency-multiplied clock Signal as the System 
clock signal to Said internal circuit, and a control means for 
placing Said Switch to the ON position when signals gener 
ated by said PLL frequency multiplier for controlling the 
frequency of the frequency-multiplied clock signal indicate 
that the frequency of the frequency-multiplied clock signal 
becomes Stable when returning Said clock Supply circuitry 
from the clock Supply stopping State to the clock Supply 
State. 
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5. The circuitry according to claim 4, wherein said PLL 
frequency multiplier includes: a phase comparator for com 
paring a phase of the input clock signal with that of a 
frequency-divided clock signal, and for furnishing an XIN 
FASTSignal including a pulse having a duration correspond 
ing to a phase difference between the phases of the input 
clock signal and the frequency-divided clock signal and a 
PLLFAST signal fixed at a certain level opposite to the level 
of the pulse of the XINFAST signal when the phase of the 
input clock signal leads that of the frequency-divided clock 
Signal, for furnishing a PLLFAST Signal including a pulse 
having a duration corresponding to a phase difference 
between the phases of the input clock signal and the fre 
quency-divided clock signal and an XINFAST signal fixed 
at a certain level opposite to the level of the pulse of the 
PLLFAST signal when the phase of the input clock signal 
lags behind that of the frequency-divided clock signal, and 
for furnishing XINFAST and PLLFAST signals fixed at the 
certain level when the input clock signal is in phase with the 
frequency-divided clock signal; a charge pump for furnish 
ing a pulse at a "High' level having a duration correspond 
ing to the pulse of the XINFAST signal when the phase of 
the input clock Signal leads that of the frequency-divided 
clock signal, and for furnishing a pulse at a “Low' level 
having a duration corresponding to the pulse of the PLL 
FAST signal when the phase of the input clock Signal lags 
behind that of the frequency-divided clock signal; a low 
pass filter for converting the pulse from Said charge pump 
into a DC voltage, a Voltage-controlled oscillator for gen 
erating and furnishing the frequency-multiplied clock signal 
having a frequency corresponding to the DC voltage, and a 
frequency divider for dividing the frequency of the fre 
quency-multiplied clock signal So as to generate the fre 
quency-divided clock signal having a frequency that is an 
integral Submultiple of that of the frequency-multiplied 
clock signal. 

6. The circuitry according to claim 5, wherein Said control 
means includes: a logical circuit for receiving the XINFAST 
and PLLFAST signals from said PLL frequency multiplier 
and for generating a control Signal asserted when the XIN 
FAST and PLLFAST signals are at different or opposite 
levels, a counter, responsive to the control Signal from Said 
logical circuit, for reloading a maximum count Value there 
into, resetting its output to a “Low' level, and Starting 
counting down the input clock Signal from the maximum 
count Value, and for furnishing a signal at a "High' level 
when it underflows; and an SR flip-flop having an S terminal 
for receiving an output of Said counter, an R terminal for 
receiving a stop instruction Signal that becomes a "High' 
level when Said clock Supply circuitry Stops the Supply of the 
System clock signal to Said internal circuit, and a Q terminal 
via which said SR flip-flop furnishes a Switching signal for 
Switching said Switch between ON and OFF positions. 


