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SYSTEM INCLUDING PHASE LOCK LOOP 
CIRCUIT 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a system having a 
PLL (phase lock loop) circuit, and to techniques effectively 
applicable to a systme including a semiconductor integrated 
circuit device such as a CMOS gate array in Which a clock 
signal is generated by a PLL circuit and Which includes a 
logic circuit operating in accordance With the clock signal. 

[0002] There have been knoWn logic circuits each of 
Which operates in synchronism With a clock signal. A circuit 
for generating a clock signal is disclosed in “IEEE Journal 
of Solid-State Circuits”, Vol. SC-22, No. 2 (1987), pp. 
255-261. Besides, PLL circuits are disclosed in, for example, 
Japanese Patent Applications Laid-open No. 284014/1993 
and No. 315948/1993. 

SUMMARY OF THE INVENTION 

[0003] The inventor has found out that problems stated 
beloW are caused When a clock signal is generated using a 
PLL circuit built in a semiconductor integrated circuit 
device. 

[0004] The PLL circuit includes a phase comparator cir 
cuit, a voltage-controlled oscillator, and a control circuit by 
Which a control voltage for the voltage-controlled oscillator 
is produced in accordance With the output from the phase 
comparator circuit. The phase comparator circuit compares 
a reference clock signal and the clock signal outputted from 
the voltage-controlled oscillator. The inventor’s study has 
revealed that a feedback loop for supplying the clock signal 
from the voltage-controlled oscillator to the phase compara 
tor circuit is sometimes cut off electrically, and a desired 
clock signal cannot be derived from the PLL circuit on such 
an occasion. The situation of such electrical disconnection of 
the feedback loop Which has been revealed by the inventor’s 
study, Will be explained beloW. 

[0005] 1) When a semiconductor integrated circuit device 
having a built-in PLL circuit is supplied With a reference 
clock signal from outside, and a feedback clock signal 
outputted from the integrated circuit device is supplied to the 
integrated circuit device through the feedback loop laid 
outside this integrated circuit device, the voltage-controlled 
oscillator etc. included in the integrated circuit device tend 
to have a higher upper-limit frequency With the enhance 
ment of the performance of the circuit elements. On the 
other hand, the feedback loop of the PLL is an external 
signal path, and the upper-limit frequency Which can be 
transmitted in the feedback loop is suppressed to a loW 
frequency. 
[0006] In this regard, the voltage-controlled oscillator 
starts oscillating at a free-run frequency, for example, imme 
diately after the poWer-on of the integrated circuit device. 
Before the output of the voltage-controlled oscillator is 
inputted as the feedback signal to the phase comparator 
through the external signal path (in other Words, While the 
feedback loop is electrically disconnected), the phase com 
parator judges that the voltage-controlled oscillator is not 
oscillating and produces an output of the phase comparison 
result corresponding to such a state. The produced output 
charges up a ?lter capacitor through a charge pump circuit 
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Which constitutes the control circuit for producing the con 
trol voltage for the voltage-controlled oscillator. In conse 
quence, the voltage-controlled oscillator heightens its oscil 
lation frequency more and more. When the oscillation 
frequency has consequently exceeded the upper-limit fre 
quency of the signal of the signal transmission path in the 
feedback loop, the phase comparator is no longer fed back 
With the output of the voltage-controlled oscillator through 
the feedback loop though the voltage-controlled oscillator is 
oscillating at a high frequency near the upper-limit fre 
quency as stated above. Consequently, the phase comparator 
continues to deliver the phase comparison result Which 
raises the oscillation frequency, until the integrated circuit 
device ?nally becomes incapable of generating the clock 
signal. Therefore, a runaWay occurs in Which a circuit 
sequence operation conforming to such a clock signal cannot 
be executed. This problem is considered to be solvable by 
laying the feedback loop inside the integrated circuit device. 
HoWever, When the feedback loop is formed Within the 
integrated circuit device, this integrated circuit device 
becomes difficult to output the clock signal corresponding to 
the reference clock signal supplied thereto because the 
characteristics of circuit elements constituting the feedback 
loop vary in the manufacture of the integrated circuit device. 
Consequently, a circuit Which operates in accordance With 
the output clock signal of the LS1 might operate at a timing 
Which differs from the reference clock signal. 

[0007] 2) The electrical disconnection of the feedback 
loop takes place also When the PLL circuit is provided With 
a plurality of frequency divider circuits having frequency 
division ratios different from one another, and the frequency 
of the feedback clock signal to be supplied to the phase 
comparator circuit through the feedback loop is determined 
by selecting one of the frequency divider circuits. In this 
case, the feedback clock signal is not supplied to the phase 
comparator circuit through the feedback loop before the 
selection of a desired frequency divider circuit. Therefore, 
the phase comparator continues to output the phase com 
parison result Which raises the oscillation frequency, and a 
circuit Which operates in accordance With the output clock 
signal runs aWay. 

[0008] This problem can be solved by actuating the phase 
comparator circuit after the selection of the desired fre 
quency divider circuit. It is, hoWever, necessary to generate 
a control signal for controlling the actuation of the phase 
comparator circuit. 

[0009] 3) Further, the electrical disconnection of the feed 
back loop can take place When a plurality of kinds of 
operating voltage are supplied to the PLL circuit. By Way of 
example, a poWer supply voltage Which is required for the 
voltage-controlled oscillator circuit etc. constituting the PLL 
circuit is sometimes different from a poWer supply voltage 
Which is required for a bus interface for transferring the 
output clock signal of the PLL circuit to another semicon 
ductor integrated circuit device. In this case, in order that the 
clock output section of the PLL circuit is provided With a bus 
interface function, at least tWo kinds of poWer supply 
voltage must be fed to the PLL circuit. Here, if, for example, 
the supply of the poWer supply voltage Which is fed to the 
clock output portion lags behind that of the poWer supply 
voltage Which is fed to the voltage-controlled oscillator 
circuit etc., the feedback clock signal from the clock output 
section is fed late to the phase comparator circuit through the 



US 2001/0045849 A1 

feedback loop. Therefore, the state that the feedback loop is 
electrically disconnected takes place. This results in a run 
aWay of the integrated circuit device Which operates in 
accordance With the clock signal. 

[0010] This problem can be avoided by setting a limitation 
on the poWer-on sequence of the poWer supply voltages. 
Undesirably, hoWever, the usage of the integrated circuit 
device is restricted. 

[0011] An object of the present invention is to provide a 
semiconductor integrated circuit device including a PLL 
circuit Which can reliably and stably generate a clock signal 
synchroniZed With a clock signal supplied from outside. 

[0012] Another object of the present invention is to pro 
vide a system having a semiconductor integrated circuit 
device Which includes a PLL circuit, and capable of being 
easily used. 

[0013] Still another object of the present invention is to 
provide a system having a semiconductor integrated circuit 
device Which includes a PLL circuit, the system suppressing 
increase in the number of constituent elements and being 
easy of use. 

[0014] The above and other objects and novel features of 
the present invention Will become apparent from the descrip 
tion of this speci?cation When read in conjunction With the 
accompanying draWings. 
[0015] Typical aspects of the present invention Will be 
brie?y summarized beloW. 

[0016] A PLL circuit includes a phase comparator Which 
makes a comparison betWeen a reference clock signal and an 
internal clock signal, a charge pump circuit Which produces 
a charging-up or discharging current in accordance With the 
output of the phase comparator, so as to drive a ?lter 
capacitor, a voltage-controlled oscillator the oscillation fre 
quency of Which is controlled by the held voltage of the ?lter 
capacitor, and a frequency divider circuit Which geneates the 
internal clock signal on the basis of the oscillation output of 
the voltage-controlled oscillator; the PLL circuit comprising 
a voltage detector circuit Which detects that the held voltage 
of the ?lter capacitor has reached, at least, a predetermined 
voltage, and having the function of forcedly loWering the 
held voltage of the ?lter capacitor to a predetermined 
potential in accordance With the detection output of the 
voltage detector circuit. 

[0017] A system comprises a PLL circuit Which is oper 
ated by receiving, at least, a ?rst poWer supply voltage and 
a second poWer supply voltage, a semiconductor integrated 
circuit device Which includes a setting circuit for detecting 
the state of the PLL circuit and setting the PLL circuit When 
the PLL circuit is not in a predetermined state, a ?rst 
sWitching circuit Which serves to feed the ?rst poWer supply 
voltage to the integrated circuit device, and a second sWitch 
ing circuit Which serves to feed the second poWer supply 
voltage to the integrated circuit device. 

[0018] A system includes a semiconductor integrated cir 
cuit device Which includes a phase comparator circuit, a 
voltage-controlled oscillator, a control circuit for controlling 
the voltage-controlled oscillator in accordance With the 
output from the phase comparator circuit, a ?rst eXternal 
terminal for supplying a reference clock signal to the phase 
comparator circuit, a second eXternal terminal for supplying 
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a feedback clock signal to the phase comparator circuit, and 
a third eXternal terminal for outputting the feedback clock 
signal conforming to the output from the voltage-controlled 
oscillator; and a feedback signal line Which is laid outside 
the LSI and Which connects the second external terminal and 
the third eXternal terminal; a setting circuit being provided 
Which detects the state of a PLL circuit constructed of the 
phase comparator circuit, the control circuit, the voltage 
controlled oscillator and the feedback signal line and Which 
sets the PLL circuit When this PLL circuit is not in a 
predetermined state. 

[0019] A semiconductor integrated circuit device com 
prises a PLL circuit Which includes a phase comparator 
circuit for detecting the phase difference betWeen a reference 
clock signal and a feedback clock signal, a voltage-con 
trolled oscillator, a control circuit for controlling the volt 
age-controlled oscillator in accordance With the output from 
the phase comparator circuit, and a selector circuit for 
receiving the output from the voltage-controlled oscillator so 
as to supply a clock signal of one of a plurality of frequen 
cies different from one another, to the phase comparator 
circuit as the feedback clock signal; and a setting circuit 
Which detects the state of the PLL circuit and sets the PLL 
circuit When this PLL circuit is not in a predetermined state. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a block diagram shoWing an embodiment 
of a clock pulse generator circuit according to the present 
invention; 
[0021] FIG. 2 is a block diagram shoWing another 
embodiment of a clock pulse generator circuit according to 
the present invention; 

[0022] FIG. 3 is a block diagram shoWing still another 
embodiment of a clock pulse generator circuit according to 
the present invention; 

[0023] FIG. 4 is a vieW shoWing an embodiment of a semi 
conductor integrated circuit device according to the present 
invention; 

[0024] FIG. 5 is a block diagram of a system Which 
employs a semiconductor integrated circuit device including 
a clock pulse generator circuit; 

[0025] FIG. 6 is a Waveform diagram shoWing the opera 
tion of the system illustrated in FIG. 5; 

[0026] FIG. 7 is a block diagram of a system Which 
comprises semiconductor integrated circuit devices each 
including a clock pulse generator circuit, processor inte 
grated circuit devices, netWork integrated circuit devices, 
memory control integrated circuit devices and memories; 

[0027] FIG. 8 is an operating Waveform diagram corre 
sponding to FIG. 7; 

[0028] FIG. 9 is a circuit arrangement diagram of a 
voltage-controlled oscillator circuit; 

[0029] FIGS. 10(1) to 10(3) are operating Waveform dia 
grams corresponding to FIG. 9; 

[0030] FIGS. 11(A) and 11(B) are a block diagram and a 
Waveform diagram for explaining an eXample of a processor 
integrated circuit device, respectively; 
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[0031] FIG. 12 is an operating Waveform diagram corre 
sponding to FIG. 11(A); and 

[0032] FIG. 13 is a circuit arrangement diagram of a phase 
comparator circuit, and a table. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0033] FIG. 1 illustrates a block diagram of an embodi 
ment of a clock pulse generator circuit according to the 
present invention. Although not especially restricted, an 
external clock signal CKIN as reference is fed to a semi 
conductor integrated circuit device LSI1 through an external 
terminal P1. The clock signal fed through the external 
terminal P1 is fed to one input of a phase comparator 1 
through an input buffer B1. The output signal of the phase 
comparator 1 is outputted to a charge pump circuit 2, by 
Which a charging-up or discharging current is produced. The 
current produced by the charge pump circuit 2 is fed to a 
?lter capacitor 3, and is smoothed here. That is, it is 
converted into a DC. control voltage VF. The control 
voltage VF is inputted to the control terminal of a voltage 
controlled oscillator (VCO) 4. The output signal of the 
voltage-controlled oscillator 4 is fed to a clock distributor 5 
so as to distribute clock signals of frequency fv to the 
internal circuits. 

[0034] One of the output signals of the clock distributor 5 
has its frequency fv divided by a frequency divider circuit 6, 
and the resulting signal is outputtd from an external terminal 
P3 through an output buffer B3. The externally outputtd 
signal is fed to an external terminal P2 through an external 
Wiring line, and is fed back to the other input of the phase 
comparator 1 through an input buffer B2 similar to the 
foregoing input buffer B1. In this Way, the internal clock 
signal CK is set at the frequency fv Which is N times as high 
as the frequency of the clock signal CKIN supplied from 
outside. Although not especially restricted, the clock signal 
CKFB fed as the output from the external terminal P3 is used 
as the clock signal of another semiconductor integrated 
circuit device LSI2 not shoWn. 

[0035] A large-siZed computer or the like has circuit 
blocks divided according to its functions, and each of them 
is constructed of a single semiconductor integrated circuit 
device. Each of such integrated circuit devices executes 
corresponding signal processings, and the plurality of inte 
grated circuit devices operate in cooperation, Whereby a 
desired information processing operation is executed. In this 
case, the plurality of integrated circuit devices need to be 
operated in synchronism With one another in order to 
quickly transfer signals among them. In those tWo of the 
integrated circuit devices Which transfer the signals therebe 
tWeen in this manner, it is necessary, by Way of example, to 
build a clock pulse generator circuit in one of the integrated 
circuit devices and to supply the other integrated circuit 
device With a clock signal Which is synchroniZed With a 
clock signal generated by the clock pulse generator circuit. 
In the semiconductor integrated circuit device LSI1 Which 
includes the built-in clock pulse generator circuit, the phases 
of the clock signals are compared by the internal phase 
comparator 1 so as to establish the synchroniZation With the 
reference clock signal. To synchroniZe the clock signals in a 
more perfect state betWeen at least tWo integrated circuit 
devices, it is desirable that the clock signal generated by the 
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clock pulse generator circuit is outputted from the external 
terminal P3, and the output clock signal and the reference 
clock signal are inputted to the phase comparator 1 through 
the input buffers B1, B2 constructed of the same circuits. 
Thus, the reference clock signal CKIN and the output clock 
signal CKFB can be synchroniZed in the more perfect state. 

[0036] In this embodiment, circuits to be described beloW 
are added so as to detect the runaWay state of the integrated 
circuit device and eliminate the runaWay state to restore a 
normal operating state. As described before, the runaWay 
occurs When the oscillation frequency of the voltage-con 
trolled oscillator 4 has exceeded the upper-limit frequency 
of a signal transmission path comprising the clock distribu 
tor 5, frequency divider 6, external terminal P3 and external 
Wiring line. 

[0037] Regarding the held voltage VF of the ?lter capaci 
tor 3, an abnormal state is detected by voltage detection 
means 7. More speci?cally, the voltage detection means 7 is 
constructed of a voltage comparator 71 Which is supplied 
With the held voltage VF of the ?lter capacitor 3 at its 
non-inverting input node (+) and With a voltage to be 
detected at its inverting input node The voltage VR is set 
at a predetermined voltage Which is suf?ciently high as 
compared With the control voltage VF corresponding to the 
oscillation frequency to be generated in the voltage-con 
trolled oscillator 4. In other Words, it is set at a high voltage 
Which cannot exist in an ordinary PLL (phase lock loop). 

[0038] The output signal of the voltage detection means 7 
is transferred to discharge means 8 for the ?lter capacitor 3. 
The discharge means 8 is constructed of a ?ip-?op circuit 81, 
and a MOSFET Q1 Which is subjected to sWitching control 
by the output of the ?ip-?op circuit 81. Such a MOSFET Q1 
forms a path for discharging the ?lter capacitor 3. Although 
not especially restricted, the clock terminal CK of the 
?ip-?op circuit 81 is supplied With the reference clock signal 
Which is fed to one input of the phase comparator 1. 

[0039] When, immediately after the turn-on of a poWer 
source, the ?lter capacitor 3 has been excessively charged up 
to incur the abnormal state in Which the oscillation fre 
quency of the voltage-controlled oscillator 4 exceeds the 
upper-limit frequency of the feedback loop, such an abnor 
mality of the held voltage VF of the ?lter capacitor 3 is 
detected by the voltage detection means 7. The ?ip-?op 
circuit 81 is inverted in synchronism With the clock signal 
CKIN on the basis of the output of the voltage detection 
means 7, and the sWitching MOSFET O1 is turned on to 
forcedly discharge the ?lter capacitor 3. When the held 
voltage VF is still higher than the detection voltage VR in 
the next cycle of the clock signal CKIN, the ?ip-?op circuit 
81 maintains its set state to continue the discharging opera 
tion. In contrast, When the held voltage VF is loWer than the 
detection voltage VR in the next cycle of the clock signal 
CKIN, the ?ip-?op circuit 81 is reset to stop the discharging 
operation. Then, the ?lter capacitor 3 has the held voltage 
VF conforming to the output of the charge pump circuit 2, 
and the control operation of the PLL starts. 

[0040] That is, the detection means 7 and the discharge 
means 8 loWer the held voltage VF in the abnormal state of 
the PLL in response to the abnormal state having occurred 
as described above. Once the PLL has fallen into its normal 
state, the output of the voltage comparator 71 becomes a loW 
level, and the ?ip-?op circuit 81 is held in the reset state to 
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keep the switching MOSFET Q1 in its OFF state, so that the 
discharging operation described above is not performed. 

[0041] FIG. 2 illustrates a block diagram of another 
embodiment of a clock pulse generator circuit according to 
the present invention. In this embodiment, the construction 
of a voltage-controlled oscillator 40 Will be described beloW. 
The held voltage VF of the ?lter capacitor 3 is converted into 
a current signal by a voltage-to-current converter 41. In 
addition, the held voltage VF drives a ?lter capacitor 43 
through a voltage ampli?er circuit 42. The held voltage VA 
of the ?lter capacitor 43 is converted into a current signal by 
a voltage-to-current converter 44. The current signals gen 
erated by the tWo voltage-to-current converters 41 and 44 
are added up by an adder 45, and the sum is used as a control 
current for a current-controlled oscillator 46. 

[0042] In this embodiment, there are provided a fast path 
of high response in Which the held voltage VF of the ?lter 
capacitor 3 is directly converted into the current by the 
voltage-to-current converter 41, and a sloW path of loW 
response in Which the above voltage VF is ampli?ed by the 
voltage ampli?er 42 and the held voltage VA of the ?lter 
capacitor 43 driven by the output of the voltage ampli?er 42 
is converted into the current by the voltage-to-current con 
verter 44. The oscillation frequency of the current-controlled 
oscillator 46 is controlled by the combined output of the 
currents. In this case, the gain of the fast path having a high 
response is set to be loW, and that of the sloW path having 
a loW response is set to be high, Whereby stable PLL 
operation is performed in a Wide operating range. 

[0043] Also in this embodiment, the circuits for detecting 
and eliminating the abnormal operation as described before 
are additionally disposed. In this case, the sloW path Which 
controls the PLL predominantly is provided With the voltage 
detection means 7 and the discharge means 8. More spe 
ci?cally, the voltage comparator 71 compares the held 
voltage VA of the ?lter capacitor 43 With the voltage VR, and 
the sWitching MOSFET Q1 Which is controlled by the output 
of the ?ip-?op circuit 81 is connected so as to form a path 
for discharging the ?lter capacitor 43. 

[0044] FIG. 3 illustrates a block diagram of still another 
embodiment of a clock pulse generator circuit according to 
the present invention. In this embodiment, tWo voltage 
comparators 71 and 72 are employed for the voltage detec 
tion means 7. The voltage comparator 71 is supplied With a 
?rst voltage V1 for detecting an abnormal state as stated 
before. Applied to the voltage comparator 72 is a second 
voltage V2 for stopping the discharging operation of the 
discharge means 8. The ?ip-?op circuit 81 of the discharge 
means 8 is of set/reset type. To the voltage comparator 71, 
the held voltage VF to be detected is applied to its non 
inverting input node (+) in order to generate an output signal 
of high level When the held voltage VF of the ?lter capacitor 
3 has become higher than the voltage V1. On the other hand, 
to the voltage comparator 72, the second voltage V2 is 
applied to its non-inverting input node (+) and the held 
voltage VF to-be-detected is applied to its inverting input 
node (—) in order to reset the ?ip?op circuit 81 When the held 
voltage VF of the ?lter capacitor 3 has been detected to be 
loWer than the second voltage V2, in other Words, in order 
to generate an output signal of high level When VF<V2 has 
held as stated above. 

[0045] The voltage detection means 7 in this embodiment 
eXecutes a voltage comparing operation With hysteresis 
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characteristics based on the voltages V1 and V2, and it 
controls the set/reset state of the ?ip-?op circuit 81 so as to 
discharge the ?lter capacitor 3. OWing to such discharge 
control, even When the held voltage VF of the ?lter capacitor 
3 is abnormally high at the time of, e. g., the turn-on of the 
poWer source, recovery operation can be made is reponse to 
the abnormally high voltage VF so as to operate the PLL 
normally. The voltage detection means in this embodiment 
is applicable also to the circuit of the foregoing embodiment 
shoWn in FIG. 2. 

[0046] FIG. 4 illustrates a vieW of an embodiment of a 
semiconductor integrated circuit device according to the 
present invention. Individual circuit blocks in the ?gure are 
depicted in agreement With actual geometrical layout on a 
semiconductor substrate. The circuit blocks in the ?gure are 
formed on the semiconductor substrate of, e. g., single 
crystal silicon by knoWn techniques for manufacturing semi 
conductor integrated circuits. 

[0047] Referring to the ?gure, a semiconductor chip 9 
includes internal circuits 10, a clock pulse generator circuit 
CPG 11, on-chip RAMs 12 and 13, and other logic circuit 
portions. The clock pulse generator circuit 11 is constructed 
of one of the PLL circuits shoWn in FIGS. 1 to 3. The 
on-chip RAMs 12 and 13 are constructed of RAM macros. 
The area Where the internal circuits 10 are formed, is an 
allover gate area eXcept the RAM blocks, and respective 
functions are realiZed by the design of connections in the 
gate area. MOSFETs are formed all over the gate area as 
shoWn by the enlarged pattern 16 of this area. Bonding pads 
15 are disposed at the peripheral part of the semiconductor 
chip 9, and an input/output circuit portion 14 is interposed 
betWeen such bonding pads 15 and the internal circuits 10. 
In the logic circuit portion, circuits for realiZing the func 
tions corresponding to their uses. 

[0048] The clock pulse generator circuit 11 may be con 
structed of circuit elements Which are exclusively designed 
similarly to the RAM macro. In addition, such an integrated 
circuit device 9 and another integrated circuit device Which 
transmits/receives signals to/from the integrated circuit 
device 9 may be operated by a clock signal generated by the 
clock pulse generator circuit 11. In order to attain such 
functions, part of a feedback loop is constructed through the 
bonding pads 15 Which are connected to eXternal terminals. 

[0049] FIG. 5 illustrates a block diagram of a system to 
Which the present invention is applied. Referring to the 
?gure, a clock LSI is a semiconductor integrated circuit 
device Which is formed on a single semiconductor substrate 
by Well-known semiconductor manufacturing techniques. 

[0050] Reference clock signals CKIN-P, CKIN-N (here, 
symbols -P and -N denote signals Which are opposite in 
phase to each other, and the same Will hold in the folloWing 
description) are supplied through corresponding eXternal 
terminals to an input buffer BF1 Which is con?gured of 
P-channel MOSFETs P1 to P3 and N-channel MOSFETs N1 
to N2. The output of the input buffer BF1 is supplied as a 
clock signal CIN to one input terminal of a phase comparator 
PD through an input buffer BF2 Which is con?gured of a 
P-channel MOSFET P4 and an N-channel MOSFET N3. 
The other input terminal of the phase comparator PD is 
supplied With a feedback clock signal CFB through an input 
buffer BF3 having the same circuit arrangement as that of 
the input buffer BF1 and an input buffer BF4 having the 
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same circuit arrangement as that of the input buffer BF2. The 
feedback clock signal CFB is fed from the semiconductor 
integrated circuit device through an external terminal and 
feedback signal lines BL1 and BL2 laid outside the inte 
grated circuit device. In this manner, using the feedback 
signal lines laid outside, and employing the input buffers 
BF1 and BF3 With the same constructions and the input 
buffers BF2 and BF4 With the same constructions, it is 
possible to bring into agreement the clock signal at the 
external input terminal for the reference clock signal and the 
corresponding clock signal at the external input terminal for 
the feedback clock signal. 

[0051] The phase comparator PD compares the phases of 
one signal CIN and the other signal CFB. It produces an 
error signal UP When the phase of the signal CIN leads that 
of the signal CFB, and an error signal DWN When the phase 
of the signal CIN lags behind that of the signal CFB. A 
charge pump circuit CH receives the error signal UP or 
DWN and then charges or discharges a capacitor CF, thereby 
to control a ?lter voltage VF. 

[0052] A sensing and discharge circuit is connected to a 
node Where the capacitor CF is connected. The sensing and 
discharge circuit senses the voltage VF, and it forcedly 
discharges the node When the voltage VF has become higher 
than a certain voltage V1, Whereas it stops the discharging 
operation When the voltage VF has become loWer than a 
certain voltage V2. This sensing and discharge circuit is 
con?gured of a voltage divider circuit Which is constituted 
by resistor elements R1, R2 and R3, comparators CMP1 and 
CMP2 Which compare the ?lter voltage VF With the respec 
tive voltages V1 and V2 produced by the voltage divider 
circuit, a ?ip-?op circuit FF Which is set/reset by the outputs 
of the comparators CMP1 and CMP2, and a sWitching 
MOSFET N4 Whose on/off is controlled by the output of the 
?ip-?op circuit FF. 

[0053] In FIG. 5, symbol VCO denotes a voltage-con 
trolled oscillator circuit Which oscillates at a frequency 
corresponding to the ?lter voltage VF, and Which produces 
an oscillation signal CK. Signals CK8, CK4 and CK2, for 
example, at various frequencies are produced by passing the 
oscillation signal CK through frequency dividers DV1, DV2 
and DV3 of frequency division ratios different from one 
another, and they are supplied to the output buffers. As for 
the signal CK8 produced by the frequency divider DV1, this 
signal CK8 is supplied to output buffers BF6 to BF7 and 
BF9 to BF10, the outputs of Which are further supplied to 
output buffers BI1 to BI4. TWo sorts of output buffer are 
similarly disposed for each of the other frequency dividers. 

[0054] As understood from the illustration, the circuits 
other than the output buffers BI1 to BI4 are supplied With a 
voltage VDD as their poWer supply voltage through a sWitch 
SW1, While the output buffers BI1 to BI4 are supplied With 
a voltage VTT as their poWer supply voltage through a 
sWitch SW2. Although not especially restricted, the voltage 
VTT is set at a level loWer than the voltage VDD. In this 
Way, the amplitudes of the clock signals can be made smaller 
so as to transfer these clock signals at a higher speed. From 
a different vieWpoint, the output buffers BI1 to BI4 can be 
considered to be interface circuits for the loWer amplitudes. 

[0055] The clock signals generated in the semiconductor 
integrated circuit device are outputted outside the integrated 
circuit device through the output buffers fed With the poWer 
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supply voltage VTT. In this embodiment, the output buffers 
are disposed in a one-to-one correspondence With integrated 
circuit devices to Which the clock signals are supplied. 

[0056] Among the plurality of clock signals, one signal 
CK8-P, CKS-N passed through the 1/8 frequency divider 
DV1 turns into a feedback signal CKFB-P, CKFB-N, Which 
is brought back to the (signal CFB) phase comparator PD 
through the input buffers similarly to the reference clock 
signal CKIN-P, CKIN-N, so as to form the feedback loop of 
the PLL. 

[0057] Thus, the PLL controls the internal circuits so that 
the phases and frequencies of the signals CIN and CFB 
being the inputs of the phase comparator PD may come into 
agreement. Therefore, the VCO oscillates at a frequency 
Which is 8 times higher than the timing signal (reference 
clock signal), and the signal CK8 obtained by subjecting the 
oscillation signal CK of the VCO to the 1/8 frequency division 
comes to have the same frequency as that of the timing 
signal. The signal CK8 is pulled in so as to agree in phase 
With the timing signal, at the point at Which it has been fed 
back through the output buffers and the input buffers. 
Thenceforth, the state of the signal CK8 is held. 

[0058] In this system, the construction of the part from the 
reference clock signal CKIN-P, CKIN-N to the input signal 
CIN is the same as that of the part from the feedback clock 
signal CKFB-P, CKFB-N to the input signal CFB. There 
fore, the phases of the reference clock signals CKIN-P, 
CKIN-N and the feedback clock signals CKFB-P, CKFB-N 
(that is, the CKS-P, CKS-N) come into agreement. Further, 
the phases of all the output clock signals come into agree 
ment With the phases of the reference clock signals CKIN-P, 
CKIN-N by equaliZing the delays of the output clock signals 
Which are produced by passing the oscillation signal CK 
through the frequency dividers and the output buffers. 

[0059] ApoWer source VT feeds the poWer supply voltage 
VTT through the sWitch SW2 to the semiconductor inte 
grated circuit device shoWn in FIG. 5, While a poWer source 
VD feeds the poWer supply voltage VDD through the sWitch 
SW1 to the integrated circuit device shoWn in the ?gure. 
Besides, the poWer supply voltages VDD and VTT are fed 
to integrated circuit devices not shoWn in the ?gure, by 
turning on the sWitches SW1 and SW2. 

[0060] FIG. 6 illustrates the operating Waveforms of the 
various parts When, in the clock LSI shoWn in FIG. 5, the 
poWer supply voltages VDD and VTT are activated by 
turning on the sWitches SW1 and SW2. 

[0061] In the initial state of the clock LSI, only the 
external timing signals (reference clock signal) CKIN-P, 
CKIN-N are inputted, and the poWer supply voltages VDD 
and VTT are not activated yet. Therefore, both the poWer 
supply voltages VDD and VTT are at the ground level of the 
circuit, and all the internal signals are at the ground level. 

[0062] When the poWer supply voltage VDD is supplied 
by bringing the sWitch SW1 into the on state, the circuits of 
the clock LSI except the output buffers BI1 to BI4, for 
example, Which are fed With the poWer supply voltage VTT, 
start operating. More speci?cally, the input buffers BF1 and 
BF2 Which receive the timing signal CKIN-P, CKIN-N 
operate to feed the signal CIN to the phase comparator PD. 
Since only the signal CIN is inputted, the phase comparator 
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PD produces the error signal UP. Accordingly, the charge 
pump CH charges the capacitor CF to raise the ?lter voltage 
VF. 

[0063] Then, the VCO oscillates at an oscillation fre 
quency corresponding to the ?lter voltage VF. Therefore, the 
oscillation signal CK gradually increases in frequency, and 
the signal CK8 obtained by subjecting the signal CK to the 
Vs frequency division increases in frequency similarly. 

[0064] Since, hoWever, the output buffers BI1 and BI2 
Which transfer the clock signal CK8 to the LSI itself through 
the respective feedback signal lines BL1 and BL2 are not fed 
With the poWer supply voltage VTT yet, the clock signals 
CK8-P, CKS-N and the feedback clock signals CKFB-P, 
CKFB-N remain at the ground level, and the signal CFB 
inputted to the phase comparator PD does not change from 
the ground level. In this state, the feedback loop of the PLL 
is cut off to make the negative feedback control ineffective, 
and the control voltage VF continues to rise. 

[0065] On this occasion, ordinarily a steady state is estab 
lished at the abnormal operating point at Which the control 
voltage VF has reached the poWer supply voltage VDD. In 
contrast, the clock LSI of this embodiment is provided With 
the means for sensing the control voltage VF, and for 
forcedly discharging the ?lter capacitor CF When the voltage 
VF has become higher than the certain voltage V1 and for 
stopping the discharge When it has become loWer than the 
certain voltage V2. Therefore, at the point of time at Which 
the voltage VF has exceeded the voltage V1, the capacitor 
CF is discharged. Consequently, the voltage VF loWers, and 
the frequencies of the signals CK and CK8 become loWer. 

[0066] When the voltage VF has fallen beloW the voltage 
V2 in due course, the operation of discharging the capacitor 
CF is stopped, and the voltage VF comes to rise again. 
Accordingly, the clock LSI of this embodiment operates so 
as to repeat the rise and fall of the voltage VF until the poWer 
supply voltage VTT is activated. 

[0067] Subsequently, When the poWer supply voltage VTT 
is supplied by bringing the sWitch SW2 into the on state, the 
output buffers BI1 to BI4, for eXample, Which are fed With 
the poWer supply voltage VTT start operating. In this state, 
the output clock signals can be outputted from the LSI. 

[0068] In the eXample shoWn in FIG. 6, hoWever, the 
poWer supply voltage VTT is supplied When the control 
voltage VF is high. In this state, the VCO is oscillating at a 
high frequency, and the frequency of the signal CK8 
obtained by dividing the high frequency is higher than the 
operating frequency of the corresponding output buffers BI1 
and BI2. Therefore, the output buffers BI1 and BI2 become 
stuck, and the signals CK8-P, CKS-N do not change from the 
ground level. Thus, the clock LSI cannot escape from the 
state that the feedback loop of the PLL is disconnected to 
cause the negative feedback control to be ineffective, and the 
control voltage VF continues to rise. Incidentally, the 
expression “being stuck” signi?es the state that the potential 
change of a clock signal is too fast, so that the clock signal 
can be substantially regarded as no change. 

[0069] The sensing and discharge circuit provided in the 
integrated circuit device discharges the capacitor CF When 
the control voltage VF has risen above the voltage V1. Thus, 
the control voltage VF falls, and the oscillation frequency of 
the VCO loWers. After the frequency of the signal CK8 has 
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become loWer than the operating frequency of the output 
buffers BI1 and BI2, these output buffers operate normally. 
Then, the level change of the signals CK8-P, CKS-N takes 
place, and the feedback clock signal CFB comes to be 
inputted to the phase comparator PD accordingly. 

[0070] Thereafter, When the voltage VF has become loWer 
than the voltage V2, the discharging of the capacitor CF is 
stopped. Thenceforth, the PLL can perform the normal 
pull-in operation and a steady state is set up. 

[0071] In this manner, even When the supply of the poWer 
supply voltage VTT has lagged, the clock signal of desired 
frequency can be generated. That is, the clock signal of 
desired frequency can be generated Without considering the 
poWer-on sequence of the poWer supply voltages. Accord 
ingly, it is necessary only to consider the timings of feeding 
the poWer supply voltages to the other integrated circuit 
devices. 

[0072] FIG. 7 illustrates an eXample of a multiprocessor 
system in Which synchroniZed clock signals are distributed 
to a plurality of semiconductor integrated circuit devices by 
using the clock LSI as shoWn in FIG. 5. 

[0073] Aclock signal serving as the reference of the Whole 
system is generated by, for eXample, a crystal oscillator 
OSC. The clock signal from the crystal oscillator OSC is 
supplied to a clock LSI (semiconductor integrated circuit 
device) 1 Which feeds clock signals synchroniZed by 
employing a PLL. The output of the clock LSI 1 is supplied 
to clock LSIs (semiconductor integrated circuit devices) 10 
and 20 each of Which similarly generates clock signals 
synchroniZed by employing a PLL. Clock signals to be 
supplied to processor LSIs (an eXample of such processor 
LSIs Will be described later With reference to FIG. 11(A)), 
netWork LSIs and memory control LSIs are generated and 
distributed by the tWo-stage structure of the clock LSI 1 and 
the clock LSIs 10, 20 in this manner. 

[0074] Although clock lines inside each of the LSIs oper 
ating in accordance With the clock signals are not clearly 
draWn, each of the processor LSIs 11 to 13 and 21 to 23 for 
running programs and the netWork LSIs 14 and 24 for 
managing data among the LSIs operates and distributing 
clock signals Which are generated by multiplying the fre 
quency of the clock signal by means of PLLs. In the ?gure, 
the PLLs are denoted by PL1 or PL2. Each of the memory 
control LSIs 15 and 25 for controlling memories 16 and 26, 
respectively, operates and distributing the inputted clock 
signal. Though the structures of the clock systems inside the 
LSIs are different, the references of the operations of the 
LSIs are the distributed clock signals, and these signals are 
synchroniZed among the LSIs, thereby to realiZe the high 
speed data transfer among the LSIs. 

[0075] FIG. 8 illustrates the clock Waveforms of the LSIs 
shoWn in FIG. 7. 

[0076] The clock LSI 1 receives the reference clock signal 
of the Whole system at a terminal CKIN, and returns the 
output CK8 to a terminal CKFB of its oWn as the feedback 
signal of the PLL. Thus, clock signals CK8, CK81 and CK82 
each of Which has the same phase and same frequency as 
those of the reference clock signal CKIN are produced. The 
clock signals CK81 and CK82 are respectively supplied to 
the clock LSIs 10 and 20. 










