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CLOCK CONTROL CIRCUIT AND CLOCK 
CONTROL METHOD 

FIELD OF THE INVENTION 

0001. This invention relates to clock control technology 
and, more particularly, to a clock control circuit and method 
using an interpolator for frequency multiplication. 

BACKGROUND OF THE INVENTION 

0002. In order to deal with an increase in the scale of 
circuitry that can be integrated on a single chip and in order 
to handle higher operating frequencies, Semiconductor inte 
grated circuits which include a Synchronizing circuit that 
operates upon being Supplied with a clock are provided with 
a clock control circuit for controlling phase and frequency of 
clocks externally and internally of the chip. 
0003) A PLL (Phase-Locked Loop) or a DLL (Delay 
Locked Loop) is used conventionally as Such a clock control 
circuit. In Semiconductor circuits having System-Scale cir 
cuitry on a single chip Such as an LSI chip (referred to also 
as a “system on Silicon'), it is now necessary to provide a 
clock control circuit for phase and frequency control for 
each macroblock within the chip, by way of example. 
0004. In addition to use of a PLL or DLL as the conven 
tional clock control circuit, as Set forth above, it is also 
known to use a combination of a PLL or DLL and an 
interpolator. 

0005 FIG.25 is a block diagram illustrating the structure 
of a clock control circuit, which comprises a combination of 
a PLL and an interpolator, described in Reference 1 (ISSC 
1993 pp. 160-161, Mark Horowitz et al., “PLL. Design for a 
500 MB/s Interface”). As shown in FIG. 25, a PLL 50 
outputs multiphase clock signals P0 to Pn synchronized to 
an input clock 1. The multiphase clock signals P0 to Pn are 
input to a switch (selector) 20A. Two mutually adjacent 
signals (of even and odd phases) selected by the Switch 20A 
enter an interpolator (a phase interpolator) 30A, which 
delivers an output signal OUT obtained by internally divid 
ing the phase difference between these two input signals. 
The Switch 20A that selects the pair of signals input to the 
interpolator 30A comprises an even-phase Selector, a shift 
register for Supplying a Selection control Signal to the 
even-phase Selector, an odd-phase Selector and a shift reg 
ister for Supplying a Selection control Signal to the odd-phase 
Selector. 

0006. In the arrangement described in Reference 1, the 
interpolator 30A has an analog structure comprising a dif 
ferential circuit that receives two inputs. A control circuit 
40A has an FSM (Finite State Machine) circuit for moni 
toring phase to check which of the two signals is earlier in 
phase and for outputting a count Signal to an up/down 
counter (not shown), and a DA converter (not shown) for 
converting the output of the up/down counter to an analog 
signal. The DA circuit supplies the interpolator 30A with a 
current corresponding to the even/odd phase. The PLL 50 
comprises a phase comparator circuit, a loop filter, a Voltage 
controlled oscillator to which the voltage of the loop filter is 
input as the control Voltage, and a frequency divider for 
frequency dividing the output of the Voltage-controlled 
oscillator and feeding the resultant Signal back to an input of 
the phase comparator circuit. 
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0007 FIG. 26 is a block diagram illustrating an example 
of a clock control circuit, which comprises a combination of 
a DLL and an interpolator, described in Reference 2 (ISSCC 
1997 pp. 332-333, S. Sidiropoulos and Mark Horowitz et al., 
“A Semi-digital delay locked loop with unlimited phase shift 
capability and 0.08-400 MHz operating range”). As shown 
in FIG. 26, a PLL 60 outputs multiphase clock signals P0 to 
Pn synchronized to the input clock 1. The multiphase clock 
signals P0 to Pn are input to a switch 20B. Two mutually 
adjacent Signals enter an interpolator 30B, which delivers an 
output signal OUT obtained by internally dividing the phase 
difference between these two signals. On the basis of the 
result of detecting a phase difference between the output 
OUT and a reference clock, a control circuit 40B exercises 
control to vary the internal-division ratio of the interpolator 
30B and controls the Switching of the Switch 20B. The 
interpolator 30B also is implemented by analog circuits. 

0008 FIG. 27 is a block diagram showing an arrange 
ment described in Reference 3 (ISSCC 1997 pp. 238-239, 
Alan Fiedler, “A 1.0625 Gb/s Transceiver with 2x-Over 
sampling and Transmit Signal Pre-Emphasis”). This 
arrangement includes a voltage-controlled oscillator (VCO) 
70 to which a clock is input for adjusting the phase of 
multiphase clock Signals, and a control circuit 40C. Mul 
tiphase clock signals Q0 to Qn are delivered from the output 
Side of the VCO70. 

SUMMARY OF THE DISCLOSURE 

0009. The clock control circuits according to the prior art 
described above have a number of problems described 
below. 

0010. In the implementation shown in FIG. 25 using the 
PLL, phase adjustment requires an extended period of time 
and jitter is produced by the feedback loop. The jitter causes 
a large shift in phase, which also occurs when the PLL is 
unlocked. In the implementations of FIGS.25 and 27, phase 
error occurs owing to a fluctuation in the center frequency of 
the VCO). 

0011. In the implementation shown in FIG. 26 using the 
DLL, there are occasions where the clock signal of the final 
phase of the multiphase clock signals develops a large shift. 
Loop jitter also occurs. 

0012. As shown in (b) of FIG. 13, with a DLL or the like, 
input-clock jitter (jitter-dt, which causes the clock period to 
become T-dt) appears in the last clock signal of the output 
clock (the cycle of the fourth clock pulse of a clock whose 
frequency has been multiplied by four is T/4-d). As a 
consequence, the influence of jitter is great. 

0013. Accordingly, an object of the present invention, in 
one aspect, is to provide a clock control circuit and method 
as well as a Semiconductor integrated circuit device in which 
center-frequency fluctuation caused when a PLL is used and 
jitter due to a feedback loop are eliminated to thereby reduce 
phase error to a major degree. 

0014) Another object of the present invention is to pro 
vide a clock control circuit and method whereby multphase 
clock signals can be generated in an instant. 

0015 According to a first aspect of the present invention, 
there is provided a clock control circuit comprising: 
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0016 a frequency multiplying interpolator, which 
includes a plurality of circuits each of which is for outputting 
a signal obtained by internally dividing a phase difference 
between two signals, for generating a plurality of frequency 
multiplied clocks, which have phases that differ from one 
another, from an input clock, and 
0017 at least one phase adjusting interpolator, to which 
are input two clocks from among the plurality of frequency 
multiplied clocks of different phases output from the fre 
quency multiplying interpolator, for outputting a signal 
obtained by internally dividing a phase difference between 
these two clockS. 

0.018. According to a second aspect of the invent ion, 
there is provided a clock control circuit comprising: 
0019 (a) a frequency multiplying interpolator, which 
includes a plurality of circuits each of which is for outputting 
a signal obtained by internally dividing a phase difference 
between two signals, for generating multiphase clockS 
obtained by frequency multiplying an input clock, 
0020 (b) a Switch, to which the multiphase clocks output 
from the frequency multiplying interpolator are input, for 
Selectively outputting at least a pair of clocks from among 
the multiphase clocks, 
0021 (c) at least one phase adjusting interpolator, to 
which the pair of clocks output from the Switch is input, for 
outputting a Signal obtained by internally dividing a phase 
difference between the pair of clocks, and 
0022 (d) a control circuit for controlling a setting of an 
internal-division ratio of the phase adjusting interpolator and 
Switching of a clock output by the Switch. 
0023. According to a third aspect of the present inven 
tion, there is provided a clock control circuit comprising: 
0024 (a) a frequency multiplying interpolator, which 
includes a plurality of circuits each of which is for outputting 
a signal obtained by internally dividing a phase difference 
between two signals, for generating multiphase clockS 
obtained by frequency multiplying an input clock, 
0025 (b) one or a plurality of Switches, to which the 
multiphase clocks output from the frequency multiplying 
interpolator are input, for outputting pairs of clocks of 
combinations Selected from among the multiphase clocks, 
0026 (c) a plurality of phase adjusting interpolators, to 
respective ones of which the plurality of pairs of clockS 
Selectively output from the Switch are input, for outputting 
Signals obtained by internally dividing a phase difference 
between each pair of clocks, and 
0027 (d) a control circuit for controlling a setting of an 
internal-division ratio of each of the phase adjusting inter 
polators and Switching of a clock output by the Switch. 
0028. According to a fourth aspect of the invention, there 
is provided an interpolator comprising: 
0029 a logic circuit, to which first and second input 
Signals are applied, for outputting result of a predetermined 
logical operation between the first and Second input signals, 
0030 a first Switch element connected between a first 
power Supply and an internal node and having an output 
Signal of the logic circuit input to a control terminal thereof; 
and 
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0031 a buffer circuit having an input terminal connected 
to the internal node for inverting an output logic value if a 
Size relationship between potential of the internal node and 
a threshold value reverses, 

0032) a plurality of series circuits being connected in 
parallel between the internal node and a Second power 
Supply, each of the Series circuits comprising a first constant 
current Source, a Second Switch element turned on and off by 
the first input Signal and a third Switch element turned on and 
off by a control signal applied to a control terminal thereof; 

0033 a plurality of series circuits being connected in 
parallel between the internal node and the Second power 
Supply, each of the Series circuits comprising a Second 
constant-current Source, a fourth Switch element turned on 
and off by the Second input Signal and a fifth Switch element 
turned on and off by a control Signal applied to a control 
terminal thereof; 

0034) a plurality of series circuits being connected in 
parallel between the internal node and the Second power 
Supply, each of the Series circuits comprising a sixth Switch 
element and a capacitor; 

0035 capacitance applied to the internal node being 
decided by turning on and off the sixth Switch element by a 
cycle control Signal applied to a control terminal thereof; 

0036) an output signal corresponding to a phase obtained 
by internally dividing a phase difference between the first 
input signal and the Second input signal being delivered 
from the buffer circuit in dependence upon a combination of 
values of the control Signals applied to the control terminals 
of the third Switch elements and to the control terminals of 
the fifth Switch elements. 

0037 According to a 5th aspect of the present invention, 
there is provided a clock control method comprising the 
Steps of 

0038 reducing jitter of a frequency-multiplied clock by 
generating multiphase clocks, which are obtained by fre 
quency multiplying an input clock, using a frequency mul 
tiplying interpolator which includes a plurality of circuits 
each of which is for Outputting a signal obtained by inter 
nally dividing a phase difference between two Signals, 

0039) selecting two of the multiphase clocks, which are 
output from the frequency multiplying interpolator, by a 
Switch and Supplying the two clocks to a phase adjusting 
interpolator; 

0040 outputting from the phase adjusting interpolator a 
clock obtained by internally dividing a phase difference 
between the two clocks, and 

0041 performing control to vary an internal-division 
ratio of the phase adjusting interpolator based upon result of 
a phase comparison between a predetermined reference 
clock and an output clock of the phase adjusting interpolator. 

0042. According to a 6th aspect of the present invention, 
there is provided a clock control method using first, Second 
and third interpolators each of which outputs a signal 
obtained by internally dividing a phase difference between 
two signals input thereto, the method comprising the Steps 
of: 
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0.043 inputting a common data signal, which is trans 
ferred in Sync with a clock signal, to the first interpolator for 
delaying the data Signal and then outputting the same; 
0044) inputting the clock signal to the second interpolator 
for Outputting a clock signal obtained by internally dividing 
a timing difference between a leading edge and a trailing 
edge of a clock pulse, 
0.045 inputting the clock signal to the third interpolator 
for Outputting a clock signal obtained by internally dividing 
a timing difference between a trailing edge of the clock pulse 
and a leading edge of an ensuing clock pulse, and 

0046) latching data that is output from the first interpo 
lator using a clock, which is obtained by multiplexing output 
Signals from the Second and third interpolators, as a latch 
timing pulse, and automatically adjusting latch timing to an 
optimum position with respect to the data independently of 
a fluctuation in duty of the clock signal. 
0047 According to a 7th aspect of the present invention, 
there provided a clock control circuit comprising: 
0.048 a multi phase clock generating circuit for generat 
ing and outputting multiphase clocks from an input clock or 
generating and outputting multiphase clocks by frequency 
multiplying the input clock; 

0049 a plurality of Switches, to which the multiphase 
clocks output from the frequency multiplying interpolator 
are input, for Selecting and outputting pairs of clocks, 
0050 a plurality of interpolators, to respective ones of 
which the pairs of clocks output from the Switch are input, 
for outputting Signals obtained by internally dividing a phase 
difference between respective ones of the pairs of clocks, 
and 

0051 a control circuit for controlling a setting of an 
internal-division ratio of each of the interpolators and 
Switching of a clock output by each of the Switches, 
0.052 a clock output from one of the interpolators being 
adjusted in phase So as to have a predetermined phase 
difference with respect to the input clock, and clocks output 
from the other of the interpolators being adjusted in phase So 
as to have a predetermined phase difference with respect to 
the input clock or with respect to an output clock of Yet 
another interpolator. 

0.053 According to a 8th aspect of the present invention, 
there is provided a clock control circuit comprising: 
0.054 a multiphase clock generating circuit for generat 
ing and outputting multiphase clocks from an input clock or 
generating and outputting multiphase clocks by frequency 
multiplying the input clock; 

0.055 first and second Switches, to which the multiphase 
clocks output from the frequency multiplying interpolator 
are input, for Selecting and outputting pairs of clocks, 

0056 a first interpolator, to which the pair of clocks 
output from the first Switch is input, for outputting a clock 
Signal obtained by internally dividing a phase difference 
between the pair of clocks and applying a phase adjustment; 

0057 a second interpolator, to which the pair of clocks 
output from the Second Switch is input, for Outputting a clock 
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Signal obtained by internally dividing a phase difference 
between the pair of clocks and applying a phase adjustment; 
0058 a phase comparator circuit for detecting a phase 
difference between an output of the first interpolator and the 
input clock, 
0059 a filter for smoothing a signal representing the 
result of the phase comparison output from the phase 
comparator circuit ; 
0060 a first counter for counting up and counting down 
based upon the Signal representing the result of the phase 
comparison output from the filter, and 
0061 a second counter, which is set to an offset value, for 
counting up and counting down based upon the Signal 
representing the result of the phase comparison output from 
the filter; 
0062 setting of an internal-division ratio of the first 
interpolator and Switching of a clock output by the first 
Switch being performed based upon an output from the first 
counter; and 
0063 setting of an internal-division ratio of the second 
interpolator and Switching of a clock output by the Second 
Switch being performed based upon an output from the 
Second counter. 

0064. According to a 9th aspect of a clock control circuit 
comprising: 
0065 a multiphase clock generating circuit for generat 
ing and outputting multiphase clocks from an input clock or 
generating and outputting multiphase clocks by frequency 
multiplying the input clock; 
0066 first and second Switches, to which the multiphase 
clocks output from the frequency multiplying interpolator 
are input, for Selecting and outputting pairs of clocks, 
0067 a first interpolator, to which the pair of clocks 
output from the first Switch is input, for outputting a clock 
Signal obtained by internally dividing a phase difference 
between the pair of clocks and applying a phase adjustment; 
0068 a second and interpolator, to which the pair of 
clocks output from the Second Switch is input, for outputting 
a clock Signal obtained by internally dividing a phase 
difference between the pair of clockS and applying a phase 
adjustment; 

0069 the second interpolator having an output to 
which is connected a clock transmission path Sup 
plied with a clock; 

0070 the first interpolator having an output to which 
is connected a dummy circuit having a delay time 
equivalent to that of the clock transmission path; 

0071 a phase comparator circuit for detecting a phase 
difference between an output of the dummy circuit and the 
input clock, 
0072 a filter for smoothing a signal representing the 
result of the phase comparison output from the phase 
comparator circuit; 
0073 a first counter for counting up and counting down 
based upon the Signal representing the result of the phase 
comparison output from the filter; 
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0.074 a first decoder for decoding an output count from 
the first counter; 
0075 an adder circuit for adding the output count from 
the first counter and an input offset value; and 
0.076 a second decoder for decoding an output from the 
adder circuit; 

0.077 setting of an internal-division ratio of the first 
interpolator and Switching of a clock output by the first 
Switch being performed based upon an output from the first 
decoder; and 

0078 setting of an internal-division ratio of the second 
interpolator and Switching of a clock output by the Second 
Switch being performed based upon an output from the 
Second decoder. 

0079 According to a 10th aspect of the present invention, 
there is a clock control circuit comprising: 
0080 a multiphase clock generating circuit for generat 
ing and outputting multiphase clocks from an input clock or 
generating and outputting multiphase clocks by frequency 
multiplying the input clock; 

0.081 first, second and third Switches, to which the mul 
tiphase clocks output from the frequency multiplying inter 
polator are input, for Selecting and outputting pairs of 
clocks, 
0082 first, second and third interpolators, to which the 
pairs of clocks output from the first, Second and third 
Switches, respectively, are input, for outputting clock signals 
obtained by internally dividing a phase difference between 
respective ones of the pairs of clocks and applying a phase 
adjustment; 

0.083 the third interpolator having an output to which is 
connected a clock transmission path Supplied with a clock; 
0084 a first phase comparator circuit for detecting a 
phase difference between an output of the first interpolator 
and the input clock; 
0085 a first filter for smoothing a signal representing the 
result of the phase comparison output from the first phase 
comparator circuit; 
0.086 a first counter for counting up and counting down 
based upon the Signal representing the result of the phase 
comparison output from the first filter; 
0.087 a first decoder for decoding an output count from 
the first counter; 
0088 an adder circuit for adding the output count from 
the first counter and an input offset value; 
0089 a second decoder for decoding an output from the 
adder circuit; 

0090 setting of an internal-division ratio of the first 
interpolator and Switching of a clock output by the 
first Switch being performed based upon a decoded 
output from the first decoder; 

0091 setting of an internal-division ratio of the 
Second interpolator and Switching of a clock output 
by the Second Switch being performed based upon a 
decoded output from the Second decoder; 
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0092) a second phase comparator circuit for detecting a 
phase difference between an output of the clock transmission 
path and the output of the Second interpolator; 
0093 a second filter for smoothing a signal representing 
the result of the phase comparison output from the Second 
phase comparator circuit; 
0094) a second counter for counting up and counting 
down based upon the Signal representing the result of the 
phase comparison output from the Second filter, and 
0095 a third decoder for decoding an output count from 
the Second counter; 
0096 setting of an internal-division ratio of the third 
interpolator and Switching of a clock output by the third 
Switch being performed based upon a decoded output from 
the third decoder. 

0097 According to a 11th aspect of the present invention, 
there is provided a clock control circuit comprising: 
0098 a multiphase clock generating circuit for generat 
ing and outputting multiphase clocks from an input clock or 
generating and outputting multiphase clocks by frequency 
multiplying the input clock; 
0099 first, second, third and fourth Switches, to which 
the multiphase clocks output from the frequency multiplying 
interpolator are input, for Selecting and outputting pairs of 
clocks, 
0100 first, second, third and fourth interpolators, to 
which the pairs of clocks output from the first, second, third 
and fourth Switches, respectively, are input, for outputting 
clock signals obtained by internally dividing a phase differ 
ence between respective ones of the pairs of clocks and 
applying a phase adjustment; 

0101 the fourth interpolator having an output to 
which is connected a clock transmission path Sup 
plied with a clock; 

0102) a first phase comparator circuit for detecting a 
phase difference between the rising edge of an output of the 
first interpolator and the rising edge of the input clock, 
0103) a first filter for smoothing a signal representing the 
result of the phase comparison output from the first phase 
comparator circuit; 
0104 a first counter for counting up and counting down 
based upon the Signal representing the result of the phase 
comparison output from the first filter; 
0105 a second phase comparator circuit for detecting a 
phase difference between an output of the clock transmission 
path and the falling edge of a signal obtained by inverting 
the input clock by an inverting circuit; 
0106 a second filter for Smoothing a signal representing 
the result of the phase comparison output from the Second 
phase comparator circuit; 
0107 a second counter for counting up and counting 
down based upon the Signal representing the result of the 
phase comparison output from the Second filter; 
0.108 an averaging circuit for averaging an output count 
from the first counter and an output count of the Second 
counter; a first decoder for decoding an output from the first 
counter, 



US 2001/0026179 A1 

0109 a second decoder for decoding an output from the 
Second counter; 

0110 a third decoder for decoding an output from the 
averaging circuit; 

0111 setting of an internal-division ratio of each of 
the first to third interpolators and Switching of a 
clock output by each of the first to third Switches 
being performed based upon a decoded output from 
each of the first to third decoders; 

0112 a third phase comparator circuit for detecting a 
phase difference between an output of the clock transmission 
path and the output of the third interpolator; 

0113 a third filter for smoothing a signal representing the 
result of the phase comparison output from the third phase 
comparator circuit; 

0114 a third counter for counting up and counting down 
based upon the Signal representing the result of the phase 
comparison output from the third filter, and 

0115 a fourth decoder for decoding an output count from 
the third counter; 

0116 setting of an internal-division ratio of the fourth 
interpolator and Switching of a clock output by the fourth 
Switch being performed based upon a decoded output from 
the fourth decoder. 

0117. According to a 12th aspect of the present invention, 
there is provided a clock control circuit comprising: 

0118 first, second and third interpolators each of which 
is for outputting a Signal obtained by internally dividing a 
phase difference between two Signals input thereto; 

0119) a common data signal being input to the first 
interpolator for being delayed and then output 
thereby; 

0120 a clock signal being input to the second inter 
polator, and the Second interpolator outputting a 
clock signal obtained by internally dividing a timing 
difference between a leading edge and a trailing edge 
of a clock pulse, 

0121 the third interpolator outputting a clock signal 
obtained by internally dividing a timing difference 
between a trailing edge of the clock pulse and a 
leading edge of an ensuing clock pulse of the clock 
Signal; and 

0122) a multiplexing circuit for multiplexing the output 
clocks from the Second and third interpolators and output 
ting a clock Signal; 

0123 the clock signal output from the multiplexing cir 
cuit being Supplied to a latch circuit as a latch timing clock 
for latching data that is output from the first interpolator. 

0.124. According to a 13th aspect of the present invention, 
there is provided a Semiconductor integrated circuit device 
having a clock control circuit according to any one of the 
preceding aspects. 
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0.125. According to a 14th aspect of the present invention, 
there is provided a Semiconductor integrated circuit device 
having a plurality of macroblocks, the device comprising: 
0.126 a frequency multiplying interpolator, which 
includes a plurality of circuits each of which is for outputting 
a signal obtained by internally dividing a phase difference 
between two signals, for generating and outputting mul 
tiphase clockS obtained by frequency multiplying an input 
clock; 

0127 each of the macroblocks having a Switch, to 
which the multiphase clocks output from the fre 
quency multiplying interpolator are input, for out 
putting at least two clocks from among the mul 
tiphase clocks, and a phase adjusting interpolator, to 
which an output from the Switch is input, for out 
putting a signal obtained by internally dividing the 
phase of the output; and 

0128 a control circuit for controlling Switching of the 
clock by the Switch and varying an internal-division ratio of 
the phase adjusting interpolator. 

SUMMARY OF PREFERRED EMBODIMENTS 

0129. According to an embodiment, a clock control cir 
cuit comprises: a frequency multiplying interpolator includ 
ing a plurality of circuits each for outputting a signal 
obtained by internally dividing the phase difference between 
two signals, the interpolator having an input clock applied 
thereto and outputting a plurality of clocks of different 
phases obtained by frequency multiplying the input clock, a 
Switch to which the plurality of clock outputs from the 
frequency multiplying interpolator are input for Switchingly 
(i.e., Selectively) outputting two of the clocks; a phase 
adjusting interpolator to which the two outputs of the Switch 
are input for outputting a Signal obtained by internally 
dividing the phase difference between these two outputs, and 
a control circuit for controlling Switching of the Switch and 
for varying an internal-division ratio of the phase adjusting 
interpolator. 
0.130. According to another embodiment a clock control 
circuit comprises: a frequency multiplying interpolator, 
which includes a plurality of circuits each for outputting a 
Signal obtained by internally dividing a phase difference 
between two signals, for generating and outputting mul 
tiphase clockS obtained by frequency multiplying an input 
clock, a Switch to which the multiphase clocks output from 
the frequency multiplying interpolator are input for output 
ting two of the multiphase clocks, a phase adjusting inter 
polator to which the two outputs of the Switch are input for 
outputting a signal obtained by internally dividing the phase 
difference between these two outputs, and a control circuit 
for controlling Switching of the Switch and for varying an 
internal-division ratio of the phase adjusting interpolator. 
0131 According to a third embodiment, a clock control 
method comprises: reducing jitter of a frequency-multiplied 
clock by generating multiphase clocks, which are obtained 
by frequency multiplying an input clock, by a frequency 
multiplying interpolator, Selecting two of the multiphase 
clocks, which are output from the frequency multiplying 
interpolator, by a Switch and Supplying the clocks to a phase 
adjusting interpolator; and varying an internal-division ratio 
of the phase adjusting interpolator based upon result of a 
phase comparison between a predetermined reference clock 
and output clocks of the phase adjusting interpolator. 
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0132). Other aspects, features and advantages of the 
present invention will be apparent from the following 
description taken in conjunction with the accompanying 
drawings, in which like reference characters designate the 
Same or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.133 FIG. 1 is a block diagram illustrating the structure 
of an embodiment of the present invention; 
0134 FIG. 2 is a block diagram illustrating the structure 
of a Second embodiment of the present invention; 
0135 FIG. 3 is a block diagram illustrating the structure 
of the Second embodiment of the present invention; 
0.136 FIG. 4 is a block diagram illustrating the structure 
of a frequency multiplying interpolator according to an 
embodiment of the present invention; 
0.137 FIG. 5 is a block diagram illustrating the structure 
of a frequency multiplying interpolator according to an 
embodiment of the present invention; 
0138 FIGS. 6(a), (b) and (c) are diagrams illustrating the 
Structure of a 4-phase-clock frequency multiplying circuit 
according to an embodiment of the present invention; 
0139 FIG. 7 is a diagram showing the timing waveforms 
of the 4-phase-clock frequency multiplying circuit accord 
ing to the embodiment of the present invention shown in 
FIG. 6; 
0140 FIGS. 8(a) and (b) diagrams showing the structures 
of timing-difference dividing circuits of the 4-phase-clock 
frequency multiplying circuit according to the embodiment 
of the present invention shown in FIG. 6; 
0141 FIG. 9 is a diagram illustrating timing waveforms 
of the timing-difference dividing circuit shown in FIG. 8; 
0142 FIG. 10 is a diagram showing another example of 
the Structure of the 4-phase-clock frequency multiplying 
circuit according to the embodiment of the present invention 
shown in FIG. 6; 
0143 FIG. 11 is a diagram showing an example of the 
Structure of a phase adjusting interpolator according to an 
embodiment of the present invention; 
014.4 FIG. 12 is a diagram showing an example of the 
Structure of a phase adjusting interpolator according to an 
embodiment of the present invention; 
014.5 FIGS. 13(a) and (b) which are diagrams useful in 
describing the actions and effects of the embodiments of the 
present invention, Schematically illustrate the appearance of 
jitter when a frequency multiplying interpolator is used and 
in an arrangement according to the prior art; 
0146 FIG. 14 is a diagram illustrating an example of the 
results of Simulating an output timing waveform of an 
interpolator according to an embodiment of the present 
invention; 
0147 FIG. 15 is a block diagram illustrating the structure 
of a third embodiment of the present invention; 
0148 FIG. 16 is a block diagram illustrating the struc 
tures of a Switch and interpolator according to the third 
embodiment of the present invention; 
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014.9 FIG. 17 is a diagram showing an example of the 
layout of a 16-step interpolator according to an embodiment 
of the present invention; 
0150 FIG. 18 is a block diagram illustrating a fourth 
embodiment of the present invention; 
0151 FIG. 19 is a block diagram illustrating a fifth 
embodiment of the present invention; 
0152 FIG. 20 is a block diagram illustrating a sixth 
embodiment of the present invention; 
0153 FIG. 21 is a diagram illustrating the timing opera 
tion of the sixth embodiment of the present invention; 
0154 FIG.22 is a diagram useful in describing a seventh 
embodiment of the present invention; 
O155 FIG. 23 is a diagram useful in describing an eighth 
embodiment of the present invention; 
0156 FIG. 24 is a block diagram illustrating the eighth 
embodiment of the present invention; 
O157 FIG. 25 is a block diagram illustrating an example 
of the Structure of a clock control circuit according to the 
prior art; 
0158 FIG. 26 is a block diagram illustrating another 
example of the Structure of a clock control circuit according 
to the prior art; and 
0159 FIG. 27 is a block diagram illustrating yet another 
example of the Structure of a clock control circuit according 
to the prior art. 

PREFERRED EMBODIMENTS 

0160 Modes for carrying out the present invention will 
be described below. 

0.161 According to a preferred mode for carrying out the 
present invention, as shown in FIG. 1, a clock control circuit 
comprises: a frequency multiplying interpolator (10), which 
includes a plurality of circuits each for outputing a signal 
obtained by internally dividing a phase difference between 
two signals, for generating and outputting multiphase clockS 
(P0 to Pn) obtained by frequency multiplying an input clock 
(1); a switch (20) to which the multiphase clocks (P0 to Pn) 
output from the frequency multiplying interpolator (10) are 
input for Outputting two mutually adjacent ones of the 
multiphase clocks; a phase adjusting interpolator (30, which 
is also referred to as a “fine adjusting interpolator') to which 
the two outputs of the Switch (20) are input for outputting a 
Signal, which is obtained by internally dividing the phase 
difference between these two inputs, from an output terminal 
(OUT); and a control circuit (40) for controlling Switching 
of the Switch (20) and for varying an internal-division ratio 
of the interpolator (30). 
0162. In another mode for carrying out the present inven 
tion, the clock control circuit may be constructed to use a 
plurality of interpolators to output multiphase clocks from 
the multiphase clocks (P0 to Pn) output by the frequency 
multiplying interpolator. More specifically, as shown in 
FIG. 2, the clock control circuit comprises: a frequency 
multiplying interpolator (10) for outputting multiphase 
clocks (P0 to Pn) obtained by frequency multiplying an 
input clock; a switch (20') to which the multiphase clocks 
output from the frequency multiplying interpolator (10) are 
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input for outputting combinations each of which consists of 
two of the multiphase clocks; fine adjusting (phase adjust 
ing) interpolators (30 to 30), to each of which two outputs 
from among the plurality of outputs of the Switch (20') are 
input, for producing output signals (Q0 to Qn), respectively, 
obtained by internally dividing the phase difference between 
the two outputs applied to each interpolator; and a control 
circuit (40') for controlling switching of the Switch (20') and 
for varying internal-division ratios of the interpolators (30 
to 30). 
0163. In a mode for carrying out the present invention, as 
shown in FIG. 4, the frequency multiplying interpolator 
includes: a frequency divider (2) for frequency dividing an 
input clock and generating multiphase clocks, a period 
Sensing circuit (6) for sensing the cycle of the input clock; 
and a multiphase-clock frequency multiplying circuit (5), to 
which the clock output of the frequency divider (2) is input, 
for generating multiphase clockS obtained by frequency 
multiplying the input clock, wherein the multiphase-clock 
frequency multiplying circuit has a plurality of timing 
difference dividing circuits (4a) each of which is for out 
putting a Signal obtained by dividing a timing difference 
between two inputs applied thereto, and a plurality of 
multiplexing circuits (4b) each of which is for multiplexing 
outputs from two timing-difference dividing circuits, and 
each of the plurality of timing-difference dividing circuits 
has a timing-difference dividing circuit to which two iden 
tical-phase clocks are applied as inputs and a timing-differ 
ence dividing circuit to which two clocks of mutually 
adjacent phases are applied as inputs. 

0164. In a mode for carrying out the present invention, as 
shown in FIG. 6, the multiphase-clock frequency divider 
circuit includes 2n-number of timing-difference dividing 
circuits, to which n-phase clocks (first to nth clocks) are 
input, for respectively outputting Signals obtained by divid 
ing a timing difference between two inputs applied thereto, 
wherein (2I-1) th (where 1s Isn holds) timing-difference 
dividing circuits (4a1, 4a3, 4a5, 4a7) have Ith identical 
clocks applied thereto as the above-mentioned two inputs, 
and 2Ith (where 1s Isn holds) timing-difference dividing 
circuits (4a2, 4a4, 4a6, 4a8) have an Ith clock and a (I+1 
mod n) th where I--1 mod n represents the remainder 
obtained when I--1 is divided by n (“mod n” represents the 
remainder calculation in which n is the modulus) clock 
applied thereto as the above-mentioned two inputs; 2n-num 
ber of pulse-width correction circuits (4c1 to 4c8) to which 
an output of a Jth (where 1s Js2n) timing-difference divid 
ing circuit and an output of a (J-2 mod n) th (where J-2 mod 
in represents the remainder obtained when J-2 is divided by 
n) timing-difference dividing circuit are input; and n-number 
of multiplexing circuits (4b1 to 4bn) to which an output of 
a Kth (where 1s Ks n) pulse-width correction circuit and an 
output of a (K--n) th pulse-width correction circuit are input. 
0.165. In a mode for carrying out the present invention, as 
shown in FIG. 8, a timing-difference dividing circuit 
includes a NOR gate (14) to which first and second input 
Signals are applied, and an inverter (15) for inverting and 
outputting the output of the NOR gate (the potential of an 
internal node); wherein a plurality of Serially connected 
Switch elements and capacitors are connected in parallel 
between the internal node and ground, a cycle control Signal 
(7) output from the period Sensing circuit (6) is connected to 
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a control terminal of each Switch element and capacitance 
applied to the internal node is decided by the logic value of 
the cycle control Signal (7). 
0166 In a mode for carrying out the present invention, as 
shown in FIG. 10, a timing-difference dividing circuit 
includes: a logic circuit to which first and Second input 
signals are applied; a first Switch element (MP01) compris 
ing a first-conductivity-type transistor connected between a 
first power Supply and an internal node (N1) and having an 
output Signal of the logic circuit input to a control terminal 
thereof; a buffer circuit (INV03) having an input terminal 
connected to the internal node for inverting an output logic 
value if a size relationship between Voltage of the internal 
node and a threshold-value Voltage reverses, a Second Switch 
element (MN02) comprising a second-conductivity-type 
transistor connected between the internal node and a Second 
power Supply, driven by a first constant-current Source and 
turned on and off by the first input signal (IN1); and a third 
switch element (MN01) comprising a second-conductivity 
type transistor connected between the internal node and the 
Second power Supply, driven by a Second constant-current 
Source and turned on and off by the Second input Signal 
(IN2); wherein a plurality of serially connected Switch 
elements and capacitors (switch elements MN11 to MN15, 
capacitors CAP11 to CAP15) are connected in parallel 
between the internal node and the Second power Supply, and 
capacitance applied to the internal node is decided by a cycle 
control Signal Supplied to a control terminal of each of these 
Switch elements. 

0167. In a mode for carrying out the present invention, as 
shown in FIGS. 11 or 12, the phase adjusting interpolator 
(30) includes: a logic circuit (NAND01 or OR01) to which 
first and Second input signals are applied; a first Switch 
element (MP01) connected between a first power supply and 
an internal node (N31) and having an output signal of the 
logic circuit connected to a control terminal thereof, a 
non-inverting-type or inverting-type buffer circuit (BUF or 
INV03) having an input terminal connected to the internal 
node for inverting an output logic value if the size relation 
ship between Voltage of the internal node and a threshold 
value voltage reverses; a plurality of series circuits (MN22 
and MN21, MN24 and MN23, MN26 and MN25), which 
comprise Second Switch elements turned on and off by the 
first input Signal and driven by constant-current Sources and 
third Switch elements turned on and off by a control Signal 
from the control circuit, connected in parallel between the 
internal node and a Second power Supply; a plurality of 
series circuits (MN28 and MN27, MN30 and MN29, MN32 
and MN31), which comprise fourth Switch elements turned 
on and off by the Second input Signal and driven by constant 
current Sources and fifth Switch elements turned on and off 
by the control Signal from the control circuit, connected in 
parallel between the internal node and the Second power 
Supply; and a plurality of Series circuits (sixth Switch ele 
ments MN11 to MN15, capacitors CAP11 to CAP15), which 
comprise Sixth Switch elements and capacitors, connected in 
parallel between the internal node the Second power Supply; 
wherein capacitance applied to the internal node is decided 
by turning on and off the sixth Switch elements by the cycle 
control Signal connected to a control terminal of each of the 
Sixth Switch elements. 

0168 In the phase adjusting interpolator (30), a prede 
termined number (N) of each of the second, third, fourth and 
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fifth switches elements is provided, K-number (where K=0 
to N) of the third switch elements are turned on by the 
control signal Supplied to the third Switch elements, (N-K)- 
number of the fifth switch elements are turned on by the 
control Signal Supplied to the fifth Switch elements, a signal 
corresponding to a phase obtained by internally dividing a 
timing difference T between the first and second input 
Signals based upon K in increments of 1/N of the timing 
difference is output, and the internal-division ratio is varied 
by varying the value of K. 

0169. In a mode for carrying out the present invention, 
the Switch (20) comprises a rotary Switch, an n-phase clock 
output from the frequency multiplying interpolator is input 
to the rotary Switch, an I-th clock is Supplied to a first input 
of the phase adjusting interpolator and an adjacent (I-1) th 
clock is Supplied to a Second input of the phase adjusting 
interpolator based upon the Switching control Signal from 
the control circuit. When the Signal is Switched in accor 
dance with a phase-lag or phase-lead State of the output in 
this case, Switching is controlled in Such a manner that the 
first input of the interpolator is made the (I+2) th clock and 
the Second input is kept as the (I-1) th clock, or the first input 
is kept at the Ith clock and the Second input is made the (I-1) 
th clock (where I-1, I-1, I--2 take on values of 1 to n and are 
decided by the remainder obtained by dividing by n). 
0170 FIG. 13 is an explanatory view showing a com 
parison of the effects of jitter in a case where the frequency 
multiplying interpolator of the present invention is used and 
a case where a DLL is used. In a case where a frequency 
multiplied clock is generated using the interpolator, as 
shown in (a) of FIG. 13, jitter of the input clock appears as 
an average over the entirety of the output frequency-multi 
plied clock. For example, assume that the clock cycle 
changes to T-dt owing to jitter-dt of the input clock. In the 
case of an output clock obtained by frequency multiplication 
by four, jitter is averaged and appears as -dt/4 every 
frequency-multiplied clock cycle. In other words, when the 
interpolator is used, jitter per clock obtained by frequency 
multiplication by four (i.e., every T/4) is -dt/4. By contrast, 
in the case where the DLL is used as in the prior art, jitter 
equivalent to dt appears in the final phase of the frequency 
multiplied clock, as shown in (b) of FIG. 13. 
0171 Thus, in accordance with the present invention, 

jitter per frequency-multiplied clock is greatly reduced by 
averaging jitter using the frequency multiplying interpolator. 
In particular, the invention makes it possible to maintain a 
uniform phase difference in multiphase clockS. 

0172 In a mode for carrying out the present invention, as 
shown in FIGS. 15 to 20, a clock control circuit according 
to the present invention comprises: a multiphase frequency 
multiplying circuit (110) constituting a multiphase-clock 
generating circuit for generating and outputting a multiphase 
clock or generating and outputting a frequency-multiplied 
multiphase clock from an input clock, a plurality of Switches 
(120, 121), to which the multiphase clock output from the 
multiphase frequency multiplying circuit (110) is input, for 
Selectively outputting combinations consisting of pairs of 
clock outputs, a plurality of phase adjusting interpolators 
(130, 131), to which the clock output pairs from the respec 
tive Switches are input, for outputting respective signals 
obtained by internally dividing the phase differences 
between the clock output pairs; and a control circuit (e.g., 
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counters 170, 171 in FIG. 15 or counter 170 and decoders 
191,192 in FIG. 18) for controlling switching of the clock 
outputs of each of the Switches and for varying the internal 
division ratio of each phase adjusting interpolator; wherein 
the clock output from one of the interpolators (130) is 
adjusted in phase So as to have a predetermined phase (e.g., 
0) with respect to the input clock (1), and the clock output 
from the other of the interpolators (131) is adjusted in phase 
So as to have a predetermined phase with respect to the input 
clock (1). Alternatively, in a mode for carrying out the 
present invention, as shown in FIG. 19, the clock output 
from the other of the interpolators (131) is adjusted in phase 
So as to have a predetermined phase with respect to the input 
clock (1), and the clock output from yet another interpolator 
(132) is adjusted in phase So as to have a predetermined 
phase with respect to the clock output from the other 
interpolator (131). 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0173 Embodiments of the present invention will now be 
described in greater detail with reference to the drawings. In 
the basic structure of the present invention, the PLL or DLL 
used in the clock control circuit described in the description 
of the prior art is constituted by a frequency multiplying 
interpolator. 

0.174 FIG. 1 is a block diagram illustrating the structure 
of a preferred embodiment of the present invention. In the 
embodiment shown in FIG. 1 a clock of an unchanging 
center frequency generated by a frequency multiplying 
interpolator 10 is adjusted to any phase by a rotary Switch 20 
and a fine adjusting interpolator 30. 
0.175. In a manner similar to that of the arrangement 
shown in FIG. 25, the rotary Switch 20 Supplies the fine 
adjusting interpolator 30 with a pair of mutually adjacent 
odd and even phase signals from among the multiphase 
clocks P0 to Pn and, based upon a control signal from a 
control circuit 40, the interpolator 30 outputs a signal having 
a phase obtained by internally dividing the phase difference 
(timing difference) between the two inputs thereof. 
0176). Upon receiving an output signal from a phase 
comparator which compares the phase of a reference clock 
(not shown) and the phase of the output clock from the 
interpolator 30, a control circuit 40 outputs a control signal 
C for varying a timing-difference division value (internal 
division ratio) in the interpolator 30 in accordance with 
lead/lag of the output of the interpolator 30 with respect to 
the reference clock in order to compensate for leading or 
lagging phase. 

0177. The control circuit 40 senses whether the setting of 
the internal-division ratio of the interpolator 30 has attained 
an upper or lower limit. If it is determined that lead/lag of 
the output of the interpolator 30 with respect to the reference 
clock requires further adjustment, the control circuit 40 
outputs a Selection control Signal S to the rotary Switch 20 
in dependence upon phase lead or lag. The rotary Switch 20 
responds to the Selection control Signal S by changing over 
the clock pair output to the interpolator 30. 
0.178 By way of example, assume that it is necessary to 
advance the phase of the output clock of interpolator 30 
based upon the phase difference between the output clock of 
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the interpolator 30 and the reference clock. In such case the 
rotary switch 20 responds to the selection control signal S 
from the control circuit 40 by changing over the clock output 
in such manner that the interpolator 30 will internally divide 
the phase difference (timing difference) between a phase 
Signal that is, e.g., one earlier than the currently Selected 
phase signal (i.e., that leads the currently Selected phase 
signal by one) where P-1=Pn, P-2=Pn-1, holds, with 
calculation being performed based upon mod n) and the 
original phase Signal, and Supplying this clock output to the 
interpolator 30. On the other hand, if it is necessary to delay 
the phase of the output of the interpolator 30, the rotary 
Switch 20 responds to the selection control signal S from the 
control circuit 40 by changing over the clock output in Such 
manner that the interpolator 30 will internally divide the 
phase difference (timing difference) between a phase signal 
that is one later than the currently Selected phase Signal 
where Pn+1=P0, Pn+2=P1, holds, with calculation being 
performed based upon mod n and the original phase signal, 
and Supplying this clock output to the interpolator 30. 
0179 Let the suffix n of the multiphase clocks P0 to Pn 
output from the frequency multiplying interpolator 10 be 
2m-1 (the number of phases of the multiphase clocks is 2m). 
The rotary Switch 20 includes a first selector which, in 
response to the control Signal from the control circuit 40, 
selects one of the odd-phase clocks P0, P2, P4, . . . , 2m-2, 
and a Second Selector which, in response to the control Signal 
from the control circuit 40, selects one of the even-phase 
clocks P1, P3, P5, 2m-1 (this will be described later with 
reference to FIG.3). The control circuit 40 performs control 
to change over the clock output in Such a manner that the 
combination of the odd-, even-phase clock output pair 
supplied to the interpolator 30, which internally divides the 
phase difference, will be a clock pair of mutually adjacent 
odd- and even-phase clocks, e.g., (P0, P1), (P2, P1), (P2, P3) 
and So on. AS long as this function can be performed, the 
control circuit 40 can be implemented by any circuit 
arrangement. 

0180. As one example, the control circuit is provided 
with a counter to which is applied an UP/DOWN signal from 
a phase comparator circuit (not shown) that compares the 
phase of the output of the interpolator 30 and the phase of 
a reference clock. A prescribed low-order bit output of the 
counter is output as the control Signal C that controls the 
internal-division ratio of the interpolator 30. If the setting of 
the internal-division ratio of interpolator 30 exceeds an 
upper limit or falls below a lower limit, the control Signal is 
output to the selectors of the rotary Switch 20 from a 
prescribed high-order bit output of the counter or from a 
decoder that decodes the counter output. The rotary Switch 
20 responds by changing over the clock that is Selected and 
output. 

0181. The details of the structure of a frequency multi 
plying interpolator according to the present invention will 
now be described. 

0182 FIG. 4 is a block diagram illustrating the basic 
Structure of the frequency multiplying interpolator 10 
according to an embodiment of the present invention. 
0183 As shown in FIG. 4, the frequency multiplying 
interpolator 10 includes: a frequency divider 2 for frequency 
dividing an input clock 1 and generating multiphase clockS 
3; a multiphase-clock frequency multiplying circuit 5 having 
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the output 3 of the frequency divider 2 applied thereto, and 
a period Sensing circuit 6, which comprises a ring oscillator 
of a fixed number of Stages and a counter, for Sensing the 
cycle period of the clock 1 by counting the oscillating 
frequency of the ring oscillator during one cycle of the clock 
1. The multiphase-clock frequency multiplying circuit 5 has 
a plurality of timing-difference dividing circuits 4a each for 
outputting a signal obtained by internally dividing a timing 
difference (phase difference) between two inputs applied 
thereto, and a plurality of multiplexing circuits 4b each for 
multiplexing outputs from two timing-difference dividing 
circuits. The plurality of multiplexing circuits 4b output the 
multiphase clocks P0 to Pn. 
0.184 Each of the plurality of timing-difference dividing 
circuits 4a has a timing-difference dividing circuit to which 
two identical-phase clocks are applied as inputs and a 
timing-difference dividing circuit to which two clocks of 
mutually adjacent phases are applied as inputs. The period 
Sensing circuit 6 outputs a control Signal 7 which, by 
adjusting the load capacitance of the timing-difference 
dividing circuit 4a in the multiphase-clock frequency mul 
tiplying circuit 5, controls the clock cycle. 
0185 FIG. 5 is a block diagram showing a concrete 
example of the Structure of a frequency multiplying inter 
polator for generating a 4-phase clock according to an 
embodiment of the present invention. 
0186. As shown in FIG. 5, the interpolator has a 4 
frequency divider 2 for frequency dividing the input clock 1 
by four and outputting 4-phase clocks Q1 to Q4, 4-phase 
clock frequency multiplying circuits 51 to 5n cascade 
connected in n Stages, and the period Sensing circuit 6. The 
4-phase-clock frequency multiplying circuit 5n of the final 
Stage outputs 4-phase clocks On 1 to Qn4 (which correspond 
to P0 to P3 in FIG. 1) the frequencies of which have been 
multiplied by 2n. The number n of the 4-phase-clock fre 
quency multiplying circuits is arbitrary. 
0187. The 4 frequency divider 2 frequency divides the 
input clock by four to generate the 4-phase clockS Q1, Q2, 
Q3 and Q4. The 4-phase-clock frequency multiplying circuit 
51 generates 4-phase clocks Q11, Q12, Q13 and Q14 by 
frequency multiplying the clockS Q1, Q2, Q3 and Q4. 
Similarly, the 4-phase-clock frequency multiplying circuit 
5n provides 4-phase clockS Qn1, Qn2, On3, Qn4 frequency 
multiplied by 2n. 
0188 The period sensing circuit 6, which comprises a 
ring oscillator of a fixed number of Stages and a counter, uses 
the counter to count the number of Oscillations of the ring 
oscillator during one cycle of the clock 1 and outputs the 
control Signal 7 in accordance with the count to thereby 
adjust the load within the 4-phase-clock frequency multi 
plying circuit 5. The period Sensing circuit 6 eliminates a 
variation in the operating range of the clock period and a 
variation in the device characteristics. 

0189 FIG. 6(a) is a block diagram illustrating an 
example of the Structure of the 4-phase-clock frequency 
multiplying circuit 5 shown in FIG. 5. The 4-phase-clock 
frequency multiplying circuits 51 to 5n shown in FIG. 5 all 
have the same Structure. 

0190. As shown in FIG. 6(a), the 4-phase-clock fre 
quency multiplying circuit 5 includes eight timing-differ 
ence dividing circuits 4a1 to 4a8, eight pulse-width correc 
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tion circuits 4c1 to 4c8 and four multiplexing circuits 4b1 to 
4bn. FIG. 6(b) is a diagram showing the construction of a 
pulse-width construction circuit 4c. The circuit includes a 
NAND circuit 16 the inputs to which are the first signal a 
Signal obtained by inverting the Second input by an inverter 
17. FIG. 16(c) is a diagram showing the construction of a 
multiplexing circuit 4b, which comprises a two-input 
NAND gate 18. 
0191 FIG. 7 is a signal waveform diagram showing the 
timing operation of the 4-phase-clock frequency multiplying 
circuit 5 depicted in FIG. 6. The rising edge of a clock T21 
is decided by a delay, which is equivalent to the internal 
delay of the timing-difference dividing circuit 4a1, from the 
rising edge of a clock Q (n-1) 1 and Similarly the rising 
edges T23, T25, T27 are each decided by a delay, which is 
equivalent to the internal delay of the timing-dividing circuit 
4a3, 4a5, 4a7, respectively, from the rising edge of clock 
Q(n-1) 2, Q(n-1) 3, Q(n-1) 4, respectively. The rising edge 
of a clock T22 is decided by the timing division and internal 
delay of the timing-difference dividing circuit 4a2 that 
operates on the timing of the rising edge of clock Q (n-1) 1 
and on the timing of the rising edge of clock Q (n-1) 2, and 
the rising edge of a clock T24 is decided by the timing 
division and internal delay of the timing-difference dividing 
circuit 4a4 that operates on the timing of the rising edge of 
clock Q(n-1) 2 and on the timing of the rising edge of clock 
Q(n-1)3. Similarly, the rising edge of a clock T26 is decided 
by the timing division and internal delay of the timing 
difference dividing circuit 4a6 that operates on the timing of 
the rising edge of clock Q (n-1)3 and on the timing of the 
rising edge of clock Q (n-1) 4; the rising edge a clock T27 
is decided by the internal delay of the timing-difference 
dividing circuit 4a7 that operates on timing of the rising edge 
of a clock Q (n-1) 4; and the rising edge of a clock T28 is 
decided by the timing division and internal delay of the 
timing-difference dividing circuit 4a8 that operates on the 
timing of the rising edge of clock Q(n-1) 4 and on the timing 
of the rising edge of clock Q(n-1) 1. The clocks T21 and 
T23 are input to the pulse-width correction circuit 4c1. The 
latter outputs a pulse P21 having a falling edge decided by 
clock T21 and a rising edge decided by clock T23. Pulses 
P22 to P28 are generated through a similar procedure. The 
clocks P21 to P28 form an 8-phase pulse group of duty 25% 
in which the phases are shifted 45 at a time. The clock P21 
and the clock P25, whose phase has been shifted 180 
relative to clock P21, are multiplexed and inverted by the 
multiplexing circuit 4b1 and output as clock On 1 of duty 
25%. Clocks On2 to Qn4 are generated in a similar manner. 
The clockS Qn1 to Qn4 form a 4-phase pulse group of duty 
50% in which the phases are shifted 90 at a time. In the 
process of generating the clockS Qn1 to Qn4 from the clockS 
Q (n-1) 1 to Q (n-1) 4, the frequency of the clocks Qn1 to 
On4 is doubled. 
0192 FIGS. 8(a), (b) are diagrams showing examples of 
the Structures of the timing-difference dividing circuits 4a1, 
4a2, respectively, illustrated in FIG. 7. These circuits are 
identically constructed and the two inputs thereto are the 
Same Signals or two mutually adjacent Signals that are 
different from each other. More specifically, identical inputs 
Q (n-1) 1 are applied to a 2-input NOR 14 of the timing 
difference dividing circuit 4a1, and inputs Q (n-1) 1 and Q 
(n-2) 2 are applied to a 2-input NOR gate 14 of the 
timing-difference dividing circuit 4a2. The two timing 
difference-dividing circuits are otherwise identical. AS is 
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well known, the 2-input NOR gate 14 comprises two 
P-channel MOS transistors, which have the input signals 
IN1, IN2 applied to the respective gates thereof, serially 
connected between a power Supply VDD and an output 
terminal, and two N-channel MOS transistors, which have 
the input signals IN1, IN2 applied to the respective gates 
thereof, parallel-connected between the output terminal and 
ground. 

0193 An internal node N51 (N61), which is the output 
node of the 2-input NOR gate 14, is connected to the input 
of an inverter 15. A circuit consisting of a Serially connected 
N-channel MOS transistor MN51 and a capacitor CAP51, a 
circuit consisting of a serially connected N-channel MOS 
transistor MN52 and a capacitor CAP52, and a circuit 
consisting of a serially connected N-channel MOS transistor 
MN53 and a capacitor CAP53 are connected in parallel 
between the internal node and ground. The control Signal 7 
from the period Sensing circuit 6 is connected to the gate of 
each of the N-channel MOS transistors MN51, MN52, 
MN53 to control the on/off operation of these transistors. 
The gate widths of the N-channel MOS transistors MN51, 
MN52, MN53 and the capacitances of the capacitors 
CAP51, CAP52 and CAP53 have a size ratio of, e.g., 1:2:4. 
On the basis of the control signal 7 output from the period 
Sensing circuit 6, the load connected to the common node is 
adjusted in eight Stages, whereby the clock cycle is Set. 
0194 FIG. 9 is a timing diagram useful in describing the 
operation of the timing-difference dividing circuits 4a1, 4a2 
depicted in FIG. 8. 
0.195 With regard to the timing-difference dividing cir 
cuit 4a1, the charge at the internal node N51 is extracted via 
the N-channel MOS transistor of the NOR gate 14 by the 
rising edge of the clock Q (n-1) 1. When the potential at the 
node N51 reaches the threshold value of the inverter 15, the 
clock T21 at the output of the inverter 15 rises. Let CV 
represent the charge at the node N51 that requires to be 
extracted by the time the threshold value of the inverter 15 
is reached (where C denotes a capacitance value and V 
represents Voltage), and let I represent the discharge current 
of the N-channel MOS transistors of the NOR gate 14. The 
amount of charge CV is discharged by a current value of 21 
from the rising edge of the clock Q (n-1) 1. As a result, a 
time CV/21 represents the timing difference (propagation 
delay time) from the rising edge of clock Q (n-1) 1 to the 
rising edge of clock T21. When the clock Q (n-1) 1 is at the 
low level, the node N51 on the output side of the 2-input 
NOR gate 14 is charged to the high level and the output 
clock T21 of inverter 15 assumes the low level. 

0196. With regard to the timing-difference dividing cir 
cuit 4a2, the charge at the internal node N61 is extracted via 
the NOR gate 14 in the period following time to Kn (where 
tCKn represents the clock period) from the rising edge of the 
clock Q (n-1) 1. When the potential at the node N61 reaches 
the threshold value of the inverter 15, the clock T22 rises 
from the rising edge of the clock Q (n-1)2. Let CV represent 
the charge at the node N61 and let I represent the discharge 
current of the N-channel MOS transistors of the NOR gate 
14. The amount of charge CV is discharged by a current 
value of I over the length of time to Kn from the rising edge 
of the clock Q (n-1) 1 and is extracted by current 2I over the 
remaining time. As a result, a time 
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0197) represents the timing difference between the rising 
edge of clock Q(n-1) 1 and the rising edge of clock T22. 
0198 In other words, the timing difference between the 
rising edges of clocks T22 and T21 is tOKn/2. 
0199 The clock T22 rises if both clocks Q (n-1) 1 and Q 
(n-1)2 assume the low level and the node N61 on the output 
side of the 2-input NOR gate 14 is charged to the high level 
from the power supply via the PMOS transistors of the NOR 
gate 14. 
0200. The above holds for clocks T22 to T28 as well so 
that the timing differences between the rising edges of the 
clocks T21 to T28 will each be tCKn/2. 

0201 The pulse-width correction circuits 4c1 to 4c8 
generate the 8-phase pulse group P21 to P28 of duty 25% in 
which the phases are shifted 45 at a time. 
0202) The multiplexing circuits 4b1 to 4b8 generate the 
4-phase pulse group On1 to Qn4 of duty 50% in which the 
phases are shifted 90 at a time. 
0203 The timing-difference dividing circuit 4a may have 
the Structure shown in FIG. 10. 

0204 As shown in FIG. 10, the timing-difference divid 
ing circuit 4a includes: a P-channel MOS transistor MP01 
connected between the power Supply and an internal node 
N1 and having a gate to which is input the output signal of 
a NAND gate NAND01 to which the first and second input 
signals IN1, IN2 are applied; an inverter INV03 for inverting 
and outputting the potential of the internal node N1, and 
N-channel MOS transistors MN01, MN02 having drains 
connected to the internal node N1, gates to which are input 
Signals obtained by inverting the first and Second input 
signals IN1, IN2 by the inverters INV01, INV02, respec 
tively, and Sources connected to constant-current Sources 10. 
Connected between the internal node N1 and ground are 
Switch elements MN11 to MN15 comprising N-channel 
MOS transistors and capacitors CAP11 to CAP15. The 
control Signal 7 output from the period Sensing circuit 6 is 
connected to the control terminals (gate terminals) of the 
Switch elements MN11 to MN15 comprising N-channel 
MOS transistors, whereby the value of capacitance applied 
to the internal node N1 is decided. When the first and second 
input signals IN1, IN2 are at the high level, the P-channel 
MOS transistor MP01 turns on (conducts), the internal node 
N1 is charged and the output of the inverter INV03 assumes 
the low level. When either or both of the first and second 
input signals IN1, IN2 is at the low level, the P-channel 
MOS transistor MP01 turns off and either or both of the 
N-channel MOS transistors NM01, NM02 turns on to dis 
charge the internal node N1. If the potential at the node N1 
falls below the threshold value of the inverter INV03, the 
output of the inverter rises at attains the high level. 
0205. In a case where the timing-difference dividing 
circuit is constructed by connecting the outputs of two 
CMOS inverters whose inputs are the inputs IN1, IN2, a 
through-current flows when one of the two inputs is high and 
the other is low. With the timing-difference dividing circuit 
constructed as shown in FIG. 10, on the other hand, the 
through-current is reduced. 
0206. The phase adjusting interpolator 30 will now be 
described. AS mentioned earlier, a phase comparator circuit 
Senses the phase difference between the output of the inter 
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polator 30 and a predetermined reference clock (e.g., the 
input clock 1 of FIG. 1 is used as the reference) and outputs 
an UP or DOWN signal in dependence upon whether the 
phase of the interpolator output lags or leads relative to the 
phase of the reference clock. The internal-division ratio of 
timing-difference division in the interpolator 30 is set by the 
control signal C produced by the control circuit 40, which 
includes a counter and a decoder. The output of the phase 
comparator circuit is Smoothed by a filter and is then input 
to the counter, which counts this signal up or down. The 
decoder decodes the counter output. 
0207 FIG. 11 is a diagram showing an example of the 
Structure of a phase adjusting interpolator according to an 
embodiment of the present invention. 
0208. As shown in FIG. 11, the interpolator 30 includes: 
a P-channel MOS transistor MP01 having a source con 
nected to the power Supply, a drain connected to an internal 
node N31 and a gate to which is input the output Signal of 
a NAND gate NAND01 having the first and second inputs 
IN1, IN2 applied thereto; a buffer circuit BUF (an inverting 
or a non-inverting circuit) for Switching the logic value of 
the output Signal when there is a change in the size rela 
tionship between the potential of the internal node and a 
threshold voltage; N-channel MOS transistors (switch ele 
ments) MN21, MN23, MN25 whose drains are connected in 
common with the internal node N31 and which are turned on 
and off by the control signal C from the control circuit 40; 
N-channel MOS transistors MN22, MN24, MN26 having 
drains connected to the Sources of the N-channel MOS 
transistors MN21, MN23, MN25, respectively, sources con 
nected to respective ones of constant-current Sources 10 and 
gates to which are input a Signal obtained by inverting the 
first input signal IN1 by an inverter INV01; N-channel MOS 
transistors (switch elements) MN27, MN29, MN31 whose 
drains are connected in common with the internal node N31 
and which are turned on and off by the control signal C from 
the control circuit 40; and N-channel MOS transistors 
MN28, MN30, MN32 having drains connected to the 
sources of the N-channel MOS transistors (switches) MN27, 
MN29, MN31, respectively, sources connected to respective 
ones of constant-current Sources 10 and gates to which are 
input a Signal obtained by inverting the Second input Signal 
IN2 by an inverter INV02. 
0209 Connected in parallel between the internal node 
and ground are a plurality of Series circuits each comprising 
a switch element (N-channel MOS transistor) and a capaci 
tor (switch elements MN11 to MN15, capacitors CAP11 to 
CAP15). Capacitance applied to the internal node is decided 
by the cycle control Signal 7 connected to the control 
terminals of respective ones of the Switch elements MN11 to 
MN15. The capacitances CAP11, CAP12, CAP13, CAP14 
and CAP15 have capacitance values C, 2C, 4C, 8C and 16C, 
respectively, and the cycle control Signal 7 applied to the 
switch elements MN11 to MN15 is provided by the period 
Sensing circuit 6 of the frequency multiplying interpolator 
10. It should be noted that the placement of the N-channel 
MOS transistors may be interchanged in Such a manner that 
the drains of the N-channel MOS transistors MN22, MN24, 
MN26, MN28, MN30 and MN32 are connected in common 
with the internal node N31, the Sources thereof are con 
nected to the drawings of the N-channel MOS transistors 
MN21, MN23, MN25, MN27, MN29 and MN31, and the 
Sources of the N-channel MOS transistors MN21, MN23, 
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MN25, MN27, MN29 and MN31 are connected to the 
constant-current sources 10. The interpolator 30 outputs a 
negative-going Signal corresponding to the phase obtained 
by internally dividing the timing difference (phase differ 
ence) between the falling edges of the two input signals IN1 
and IN2. 

0210 More specifically, let T1 represent delay time up to 
the falling edge of the signal output by the buffer BUF in a 
case where the same signal IN1 is applied to the two inputs 
of the interpolator 30, and let T2 represent delay time up to 
the falling edge of the signal output by the buffer BUF in a 
case where the same signal IN2 (which lags behind the 
signal IN1 by the time T) is applied to the two inputs of the 
interpolator 30. In a case where the two input signals IN1, 
IN2 are the inputs to the interpolator 30, delay time T3 up 
to the falling edge of the signal output by the buffer BUF is 
set to a value =(1-x):T1+x-T2; where X represents the 
internal-division ratio and 0sxs 1 holds) between T1 and 
T2. Depending upon the application, an inverting-type 
buffer (an inverter) may be substituted for the non-inverting 
type buffer BUF. Further, the PMOS and NMOS transistors 
may be interchanged. 

0211. In this embodiment of the present invention, the 
number of Switch elements that turn on among the Switch 
elements MN21, MN23, MN25, MN27, MN29, MN31 of 
the rotary switch 20 is varied by the control signal C from 
the control circuit 40, whereby the timing-difference 
between two input signals IN1 and IN2 is varied. That is, 
when the input signal IN1 undergoes a transition from the 
high to the low level, the value of the current that discharges 
the electric charge that has accumulated in the internal node 
N31 can be controlled by the number of Switch elements 
MN21, MN23, MN25 turned on. When the input signal IN2 
undergoes a transition from the high to the low level, the 
value of the current that discharges the electric charge that 
has accumulated in the internal node N31 can be controlled 
by the number of switch elements MN27, MN29, MN31 
turned on. As a result, the internal-division ratio of the 
timing difference between the input signal IN1 and IN2 can 
be control led and changed. 

0212. When all of the switch elements MN21, MN23, 
MN25, MN27, MN29, MN31 are turned on by the value of 
the control signal C, the time required to discharge the 
charge from the internal node N31 is minimized (discharge 
is by a current 310 when the first input signal IN1 is low and 
by a current 610 when the input signals IN1, IN2 are low) 
and the delay time of output clock from the buffer BUF is 
minimized (the internal-division ratio is minimized). When 
one of the Switch elements MN21, MN23, MN25 is turned 
on and one of the Switch elements MN27, MN29, MN31 is 
turned on, the time required to discharge the charge from the 
internal node N31 is maximized (the internal-division ratio 
is maximized) (discharge is by a current 10 when the input 
signal IN1 is low and by a current 210 when the input signals 
IN1, IN2 are low) and the delay time of output clock from 
the buffer BUF is maximized. In this case, there are at least 
Six combinations of ways to internally divide the timing 
difference depending upon the combination of bits consti 
tuting the control Signal C. 

0213 Values of the internal-division ratios of timing 
difference (phase difference) between the input signals IN1 
and IN2 can be set more finely by increasing the number of 
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switch elements MN21, MN23, MN25, MN27, MN29, 
MN31. That is, the number of Switch elements MN21, 
MN23, MN25, MN27, MN29, MN31 is arbitrary. Of course, 
the gate widths or ratio of gate length (W) to gate width (L) 
of the N-channel MOS transistors MN22, MN24, MN26 and 
gate widths of the N-channel MOS transistor MN28, MN30, 
MN32 can be changed to vary the current values of respec 
tive ones of the constant-current Sources 10. It should be 
noted that any method in addition to the above-described 
method may be used to control the internal division of the 
timing difference. 
0214) An example of the operation for internally dividing 
the timing difference in the interpolator 30 will be described 
in greater detail with reference to FIG. 11. In the description 
that follows, it is assumed that 16 parallel-connected 
N-channel MOS transistors MN22, MN24, MN26 (and 16 
N-channel MOS transistors MN21, MN23, MN25 also) are 
provided and have the Signal obtained by inverting the input 
Signal IN1 applied commonly to their gates, and that 16 
parallel-connected N-channel MOS transistors MN28, 
MN30, MN32 (and 16 N-channel MOS transistors MN27, 
MN29, MN31 also) are provided and have the signal 
obtained by inverting the input signal IN2 applied com 
monly to their gates. 
0215 Assume for example that complementary control 
signals are input to the gates of the N-channel MOS tran 
sistors MN21, MN27 (the control signal input to the gate of 
the N-channel MOS transistor MN27 is a signal obtained by 
inverting the control Signal input to the gate of the N-channel 
MOS transistor MN21), that complementary control signals 
are input to the gates of the N-channel MOS transistors 
MN23, MN29 and that complementary control signals are 
input to the gates of the N-channel MOS transistors MN25, 
MN31. 

0216 Operation for internally dividing the timing differ 
ence will be described for a case where N-number of 16 
parallel-connected N-channel MOS transistors are turned on 
(where N is 0 to 16, N=0 represents a case where no 
transistors are turned on, and N is decided by the control 
Signal C) by the input signal IN1 and then, after a period of 
time T, (16-N)-number of parallel-connected N-channel 
MOS transistors are turned on by the input signal IN2, 
whereby a total of N+(16-N)=16 N-channel MOS transis 
tors are turned on. 

0217 Let I represent the current that flows into one 
parallel-connected N-channel MOS transistor, let V repre 
Sent a threshold-value Voltage at which the output of the 
buffer BUF changes state, and let CV represent the amount 
of change in electric charge up to attainment of the thresh 
old-value voltage V. 
0218 Assume now that the input signals IN1, IN2 are 
both at the high level, so that the output of the NAND gate 
NANDO1 is the low level and the internal node N31 has 
been charged (bringing the output of the buffer BUF to the 
high level) from the power-supply side via the P-channel 
MOS transistor MP01. A case where the input signals IN1, 
IN2 fall to the low level will now be described. 

0219. First, if N=16 holds, 16 of the 16 parallel-con 
nected N-channel MOS transistors are turned on by the input 
signal IN1 and then, after a period of time T, all 16 of the 16 
parallel-connected N-channel MOS transistors are turned off 
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(16-N)=0). Accordingly, when N=16 holds, a time T (16) 
required for the output of the buffer BUF to change state 
after the input signal IN1 falls to the low level is as follows, 
where I represents the current of the constant-current Source: 

T(16)=CV/(16-I) (2) 

O220) 
0221) In a case where N=n (n-16) holds (N is set by the 
control signal C), n-number of N-channel MOS transistors 
to the gates of which the Signal obtained by inverting the 
input signal IN1 is applied turn on in the period of time T 
(where Trepresents the timing difference between the falling 
edges of the input signals IN1 and IN2) after the input signal 
IN1 falls to the low level, as a result of which electric charge 
equivalent to n' IT is discharged. Next, in response to the 
second input signal IN2 falling to the low level, (16-in)- 
number of N-channel MOS transistors to the gates of which 
the Signal obtained by inverting the input signal IN2 is 
applied turn on, so that a total of 16 N-channel MOS 
transistors are on. Accordingly, the output of the buffer BUF 
changes State (from the high to the low level) at the moment 
electric charge (CV-n-I-T) that remains on the internal node 
N31 is discharged by (16-I). A time T is given by (CV 
n-IT)/16-I). 
0222. Accordingly, the time T(n) it takes for the output 
of the buffer BUF to change state after the input signal IN1 
falls to the low level is as follows: 

T(n)=(CV-n-I-T)/(16-I)+T=CV/(16-I)-(n/16)T+T= 
T(16)+(16-in)/16T (3) 

0223 Output signals of phases that are the result of 
dividing the timing difference T between the input signals 
IN1 and IN2 into 16 equal parts by the value of n are 
obtained. That is, by varying n by the Setting of the control 
Signal, there can be obtained an output signal of any phase 
that is the result of dividing the timing difference between 
the input signals IN1 and IN2 at a resolution of /16. Such an 
interpolator is referred to also as a “16-step interpolator”. 

0224) The interpolator 30 shown in FIG. 11 is used in an 
application for outputting a signal obtained by internally 
dividing the timing difference between the falling edges of 
the first and second input signals IN1 and IN2, as described 
above. The circuit structure of the interpolator 30 adapted to 
a signal obtained by internally dividing the timing difference 
between the rising edges of the first and Second input signals 
IN1 and IN2 is as shown in FIG. 12, by way of example. 
0225. As shown in FIG. 12, the interpolator 30 includes: 
the P-channel MOS transistor MP01 having a source con 
nected to the power Supply, a drain connected to the internal 
node N31 and a gate to which is input the output Signal of 
an OR gate OR01 having the first and second inputs IN1, 
IN2 applied thereto; an inverter INV03 having an input 
terminal connected to the internal node N31 and an output 
terminal for producing an output Signal; the N-channel MOS 
transistors (switch elements) MN21, MN23, MN25 whose 
drains are connected in common with the internal node N31 
and which are turned on and off by the control signal C from 
the control circuit 40; the N-channel MOS transistors 
MN22, MN24, MN26 having drains connected to the 
Sources of the N-channel MOS transistors MN21, MN23, 
MN25, respectively, Sources connected to respective ones of 
the constant-current Sources 10 and gates to which the first 
input signal IN1 is applied; the N-channel MOS transistors 

Oct. 4, 2001 

(switch elements) MN27, MN29, MN31 whose drains are 
connected in common with the internal node N31 and which 
are turned on and off by the control signal C from the control 
circuit 40; and the N-channel MOS transistors MN28, 
MN30, MN32 having drains connected to the sources of the 
N-channel MOS transistors (switches) MN27, MN29, 
MN31, respectively, Sources connected to respective ones of 
constant-current Sources 10 and gates to which the Second 
input Signal IN2 is applied. Furthermore, connected in 
parallel between the internal node and ground are the Switch 
elements MN11 to MN15 comprising N-channel MOS tran 
sistors and the capacitors CAP11 to CAP15. Capacitance 
applied to the internal node is decided by the cycle control 
Signal 7 connected to the control terminals of respective 
ones of the Switch elements MN11 to MN15. The capaci 
tances CAP11, CAP12, CAP13, CAP14 and CAP15 have 
capacitance values C, 2C, 4C, 8C and 16C, respectively, and 
the cycle control Signal 7 applied to the Switch elements 
MN11 to MN15 is provided by the period sensing circuit 6 
of the frequency multiplying interpolator 10. 
0226. It is assumed also in the circuit shown in FIG. 12 
that 16 parallel-connected N-channel MOS transistors 
MN22, MN24, MN26 (and 16 N-channel MOS transistors 
MN21, MN23, MN25 also) are provided and have the input 
Signal IN1 applied commonly to their gates, and that 16 
parallel-connected N-channel MOS transistors MN28, 
MN30, MN32 (and 16 N-channel MOS transistors MN27, 
MN29, MN31 also) are provided and have the input signal 
IN2 applied commonly to their gates. Further, the arrange 
ment is such that N-number of 16 parallel-connected 
N-channel MOS transistors are turned on (where N is 0 to 
16, N=0 represents a case where no transistors are turned on, 
and N is decided by the control signal C) by the input signal 
IN1 and then, after a period of time T, (16-N)-number of 
parallel-connected N-channel MOS transistors are turned on 
by the input signal IN2, whereby a total of N+(16-N)=16 
N-channel MOS transistors are turned on. Through a prin 
ciple Similar to that described above in connection with 
Equation (3), the phase of the rising edge of the output signal 
can be adjusted by 16 steps of the timing difference T 
between the rising edges of the input signals IN1 and IN2. 
Depending upon the application, the arrangement of FIG. 12 
may be modified by replacing the inverter INV03 with a 
non-inverting buffer circuit (constructed by connecting two 
inverters together, by way of example). 
0227. If on the basis of the phase comparison by the 
phase comparator circuit (not shown) it is found that the 
phase of the output of interpolator 30 leads the phase of the 
reference clock, then, in order to delay the phase of the 
interpolator output, the control circuit 40 in FIGS. 1, 11 and 
12 reduces the number of ON Switches reduces n in 
Equation (3) among the group of Switch elements MN21, 
MN23, MN24 and among the group of Switch elements 
MN27, MN29, MN31. If as a result of comparing the phase 
of the output signal of the interpolator 30 under these 
conditions with the phase of the reference clock by the phase 
comparator circuit it is found that a further delay of phase is 
necessary, the control circuit 40 responds to the output of the 
phase comparator circuit by reducing the number of ON 
Switches. If, in a case where the control circuit 40 cannot 
reduce the number of ON Switches any further (i.e., a case 
where the upper limit of the setting of the internal division 
ratio has been reached, e.g., a case where only one Switch 
element MN21 among the switch elements MN21, MN23, 
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MN25 is ON and only one switch element MN27 among the 
switch elements MN27, MN29, MN31 is ON), the control 
circuit 40 receives a signal from the phase comparator 
circuit indicating that a further delay of phase is necessary, 
a count-up signal enters the counter within the control circuit 
40 and the decoder circuit responds by outputting the 
selection control signal S to the rotary Switch 20. 
0228. In FIG. 1, assume that the rotary switch 20 has 
selected the multiphase clocks P0, P1 (the phase of clock P1 
lags behind that of clock P0 by 360°/n) and that these are 
supplied to the interpolator 30 as the first and second inputs 
IN1, IN2, respectively. If the phase of the output of inter 
polator 30 has been delayed and the upper limit on the 
Setting of the internal division ratio of the timing difference 
in interpolator 30 has been reached, the control circuit 40 
changes over the first input IN1 of interpolator 30 from the 
output clock P0 to the output clock P2 obtained from the 
frequency multiplying interpolator 10. The output Signal 
produced by the interpolator 30 is that obtained by internally 
dividing the phase difference between the clocks P0 and P2. 
In this case, if the phase of the output of interpolator 30 is 
lagging behind the phase of the reference clock, the number 
of ON Switches among the Switch elements MN21, MN23, 
MN25 and among the switch elements MN27, MN29, 
MN31 is increased. 

0229) If the phase of the output of interpolator 30 still 
leads the phase of the reference clock and it is necessary to 
delay the phase of the output of interpolator 30, the control 
circuit 40 changes over the second input IN2 of interpolator 
30 from the output clock P1 to the output clock P3 obtained 
from the frequency multiplying interpolator 10. The output 
signal produced by the interpolator 30 is that obtained by 
internally dividing the phase difference between the clockS 
PO and P3. 

0230. In the control circuit 40, a decoder supplies the 
control Signal C to the control terminals of the Switch 
elements MN21, MN23, MN25 and MN27, MN29, MN31 
comprising the N-channel MOS transistors of the interpo 
lator 30. The circuitry constructing the decoder is decided by 
the number of Switch elements MN21, MN23, MN25 and 
MN27, MN29, MN31 and the order in which these switch 
elements are turned on and off in accordance with the result 
of the phase comparison performed by the phase comparator 
circuit. The decoder may be constructed in Such a manner 
that output signals of flip-flops constructing a shift register 
and Signals obtained by inverting these output signals are 
Supplied as the control Signal C. 
0231. A second embodiment of the present invention will 
now be described. 

0232 FIG. 2 is a block diagram illustrating the structure 
of a Second embodiment of the present invention. 
0233. As shown in FIG. 2, this embodiment differs from 
the first embodiment in that there are provided a plurality of 
interpolators 300 to 301 each of which outputs a signal 
obtained by internally dividing a phase difference between 
two signals output from a Switch 20', the outputs of the 
interpolators constituting frequency-multiplied clockS Q0 to 
On. In the second embodiment, the structures of the fre 
quency multiplying interpolator 10 and of the individual 
interpolators 300 to 301 are identical with those of the 
frequency multiplying interpolator 10 and interpolator 30 
described in connection with the first embodiment. 
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0234 FIG. 3 is a block diagram showing an example of 
the structure of the Switch 20' and of the arrangement of the 
plurality of interpolators 30 according to the second embodi 
ment of the invention. 

0235. As shown in FIG. 3, the switch 20' has a selector 
Switch 20'-1, to which odd-phase clocks among the mul 
tiphase clocks P0 to Pn are input, for selectively outputting 
odd-phase clocks to the interpolators 30, and a Selector 
Switch 20'-2, to which even-phase clocks among the mul 
tiphase clocks P0 to Pn are input, for selectively outputting 
even-phase clocks to the interpolators 30. 
0236 Phase comparator circuits (PD) 80 compare the 
phases of the outputs Q1 to Q8 of the interpolators 30 and 
the phase of a reference clock and output the results (UP/ 
DOWN signals) of the phase comparison. The UP/DOWN 
Signals control the Setting of the internal-division ratioS of 
the corresponding interpolators 30. For the Sake of Simplic 
ity, only one phase comparator circuit (PD) 80 for compar 
ing output Q7 and the reference clock is shown in FIG. 3. 
Further, a low-pass filter for smoothing the result of the 
phase comparison from the phase comparator circuit (PD) 
80 is not shown in FIG. 3. 

0237. In a manner similar to that of the control circuit 40 
described in conjunction with the first embodiment, the 
control circuit 40' comprises a counter and a decoder circuit 
and outputs the control signal C to each interpolator 30. If 
it is necessary to advance or delay phase further in a case 
where the internal-division ratio of an interpolator 30 has 
attained an upper or lower limit, the control circuit 40 
exercises control to change over the odd-phase clock, which 
is Supplied to the interpolator 30 as the first input signal, to 
the immediately adjacent odd-phase clock on either Side, 
and to change over the even-phase clock, which is Supplied 
to the interpolator 30 as the Second input signal, to the 
immediately adjacent even-phase clock on either Side. 
0238 FIG. 14 is a diagram showing results obtained by 
investigating the operation of a clock control circuit accord 
ing to an embodiment of the present invention. FIG. 14 
depicts the results obtained by using a circuit Simulator 
(SPICE 2) to simulate the voltage waveform of the internal 
node of an interpolator (e.g., see FIG. 11) to which a 
frequency-multiplied 8-phase clock (625 MHz) is input, and 
the output clock waveform (an 8-phase signal waveform that 
intersects the Voltage waveform of the internal node and is 
indicated by the rising Solid lines, dash lines and dot-and 
dash lines, etc.). FIG. 14 demonstrates that it is possible to 
obtain an output at a resolution of 12.5 p.S. 
0239). The functions set forth below are implemented in 
accordance with the embodiments of the present invention 
described above. 

0240 
0241 Because the present invention does not have a 
feedback loop such as in a PLL or DLL in order to generate 
multiphase clocks, there is no time lag involved in output 
ting a phase-synchronized Signal, as a result of which a 
frequency-multiplied clock can be produced in an instant. 

Instant frequency multiplying function: 

0242 Jitter reducing function: 
0243 The clock control circuit of the present invention is 
free of loop jitter. In addition, jitter in the interpolator is 
averaged to reduce jitter present between clock cycles. 
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0244) 
0245) Multiphase clocks are supplied by a plurality of 
interpolators in an instant. 

Instant multiphase-clock Supply function: 

0246 Multiphase-clock phase correction function: 
0247 The phases of frequency-multiplied and multiphase 
clocks are corrected in the frequency multiplying interpo 
lator, and phase is adjusted in the fine adjusting interpolator. 

0248 Because a PLL (VCO) is not used, broadband 
operation becomes possible and it is possible to reduce 
development and manufacturing cost and to Shorten devel 
opment time. 
0249 All circuitry inclusive of the interpolator 30 is 
digital. This makes possible low-voltage operation and a 
reduction in power consumption. 
0250) The clock control circuit according to the present 
invention that implements the above-described functions is 
ideal for use in circuitry for controlling the phase of a clock 
in a Semiconductor integrated circuit device and in a clock 
and-data recovery circuit. 
0251 A third embodiment of a clock control circuit 
according to the present invention will now be described 
with reference to the drawings. 
0252 FIG. 15 is a block diagram illustrating the structure 
of a clock control circuit according to a third embodiment of 
the present invention. 
0253) As shown in FIG. 15, the clock control circuit of 
the third embodiment uses shift-register-type counters 170, 
171 and has phase adjusting interpolators 130, 131 serving 
as the control circuit 40 of the first embodiment. The 
interpolator 130 is for finely adjusting the phase difference 
between input clocks to 0, and the fine adjusting interpo 
lator 131 outputs a clock signal obtained by shifting phase 
by an amount equivalent to any angle (offset). 
0254 More specifically, as shown in FIG. 15, a mul 
tiphase frequency multiplying circuit 110 to which the input 
clock 1 is input for generating multiphase frequency-divided 
clockS is constituted by, e.g., the frequency multiplying 
interpolator 10 described in the foregoing embodiments. The 
multiphase frequency multiplying circuit 110 (referred to 
also as a "16-phase generating multiphase frequency mul 
tiplying circuit”), which frequency multiplies the input clock 
and generates a 16-phase clock, is constituted by the fre 
quency multiplying interpolator 10 described earlier. More 
Specifically, the frequency multiplying interpolator 10 
shown in FIG. 5 is constituted by a /16 frequency divider 
and a 16-phase-clock frequency multiplying circuit. By 
using the frequency multiplying interpolator 10 as the mul 
tiphase frequency multiplying circuit 110, the jitter compo 
nent of the input clocks can be averaged and the jitter 
component of the multiphase frequency-multiplied clockS 
can be reduced see FIG. 13 (a)). 
0255 In the third embodiment of the present invention, 
there are provided first and second Switches 120, 121, to 
which the multiphase clock (16-phase clock) output from the 
multiphase frequency multiplying circuit 110 is input, for 
Selecting and outputting combinations of four clocks the 
phases whereof Satisfy a predetermined relationship. Also 
provided are a first interpolator 130 to which two pairs of 
clocks (four signals) output from the first Switch 120 are 

Oct. 4, 2001 

input, and a Second interpolator 131 to which two pairs of 
clocks (four signals) output from the Second Switch 121 are 
input. 

0256 The first and second Switches 120, 121 each com 
prise rotary Switches of the kind described above. Among 
the 16-phase clocks output by the multiphase frequency 
multiplying circuit 110, each of the Switches 120, 121 selects 
and outputs a clock pair comprising a first clock (e.g., an 
even-phase signal) the phase of which is, e.g., 0, and a 
Second clock (an odd-phase signal) the phase of which 
neighbors that of the first clock, and a clock pair comprising 
a third clock having a predetermined phase difference (e.g., 
180°) with respect to the first clock, and a fourth clock the 
phase of which neighbors that of the third clock. 
0257 FIG. 16 is a diagram illustrating the connections 
between the first Switch 120 and first interpolator 130 in the 
third embodiment of the present invent ion. The second 
Switch 121 and second interpolator 131 are similarly 
arranged. 

0258 As shown in FIG. 16, the first and second inter 
polators 130, 131 each have a first phase adjusting interpo 
lator 30-1 for outputting a first output signal 01, which is 
obtained by internally dividing the timing difference 
between the first input signal IN1 and Second input signal 
IN2 output from rotary Switches 120-1, 120-2 constructing 
the first Switch 120, and a Second phase adjusting interpo 
lator 30-2 for outputting a second output signal 02, which is 
obtained by internally dividing the timing difference 
between the third input signal IN3 and fourth input signal 
IN4 output from rotary Switches 120-1, 120-2. 
0259. The first phase adjusting interpolator 30-1 outputs 
the first output signal 01, which has a rising edge that 
corresponds to a phase obtained by internally dividing the 
timing difference between the rising edges of the input 
Signals IN1 and IN2, and the Second phase adjusting inter 
polator 30-2 outputs the second output signal 02, which has 
a rising edge that corresponds to a phase obtained by 
internally dividing the timing difference between the rising 
edges of the input signals IN3 and IN4. 
0260 The first output signal 01 and second output signal 
02 enter a multiplexing circuit 140 in FIG. 15. The multi 
plexing circuit 140 combines the first and Second output 
Signals 01, 02 into a pulse signal (a signal having a duty of, 
e.g., 50%) determined by the edges of these two signals, 
thereby multiplexing the Signals into a Single signal that is 
delivered as an output. 
0261 Structurally, the rotary Switches 120-1, 120-2 basi 
cally is the same as the rotary Switches 20-1, 20'-2 described 
above with reference to FIG. 3 A 16-phase multiphase clock 
is applied as an input, from which two clock pairs each 
having an odd-phase clock and an even-phase clock are 
selected and supplied to the interpolators 30-1, 30-2 for 
phase adjustment. 

0262) If the phase difference between the input clock 1 
and the output of the interpolator 130 is adjusted to 0, a first 
clock of 0 phase is Selected from the 16-phase clock output 
of the multiphase frequency multiplying circuit 110 as the 
first signal IN1 output by the rotary Switch 120-1, and a 
clock (a Second clock) neighboring the signal IN1 and 
differing in phase by 360/16 is selected as the second signal 
IN2 selectively output from the second rotary Switch 120-2. 
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The signals IN1, IN2 are supplied to the interpolator 130. 
Operation is similar with regard to the interpolator 131 as 
well. 

0263. If the clock duty is 50%, a signal of 180° phase (the 
ninth clock among the clocks of 16 phases) is selected from 
the 16-phase clock output of the multiphase frequency 
multiplying circuit 110 as the third signal IN3 selectively 
output by the rotary switch 120-1, and a clock (e.g. tenth 
clock) of a phase neighboring the signal IN3 is selected as 
the fourth signal IN4 selectively output from the second 
rotary Switch 120-2. The signals IN3, IN4 are supplied to the 
interpolator 130. Though the signals selected as the first and 
Second Signals IN1, IN2 are neighboring in phase and the 
signals selected as the third and fourth signals IN3, 1N4 are 
neighboring in phase, the first Signal IN1 and third signal 
IN3 are selected freely depending upon the phase (e.g., 0) 
set with respect to the input clock 1 and the value of the duty 
ratio (e.g., 180° in case of a duty ratio of 50%). Operation 
is similar with regard to the interpolator 131 as well. 
0264. The first and second phase adjusting interpolators 
301, 30-2 are similar to the interpolator 30 described above 
with reference to FIG. 12. In this embodiment, the interpo 
lator 30 is so adapted that the internal-division ratio of the 
timing difference T between the two input Signals is varied 
in 16 Steps by the control signal. 
0265. In this case, the Switches 120, 121 select pairs of 
clocks of neighboring phases (360/16) and the first and 
second interpolators 130, 131 internally divide the phase 
differences of the clock pairs in increments of 16. Thus, 
phase can be adjusted at a resolution of 360 (one cycle of 
the input clock)/256(=16x16)). 
0266. With reference again to FIG. 15, the clock control 
circuit includes the first multiplexing circuit 140 for multi 
plexing and outputting the first and Second Signals produced 
by the first and Second phase adjusting interpolators of the 
first interpolator 130, and the second multiplexing circuit 
141 for multiplexing and outputting the first and Second 
Signals produced by the first and Second phase adjusting 
interpolators of the second interpolator 131. 
0267 The clock control circuit further includes a phase 
comparator circuit 150 for detecting the phase difference 
between the output signal from the multiplexing circuit 140 
and the input clock; a digital filter 160 for smoothing UP and 
DOWN signals output from the phase comparator circuit 
150; a first counter 170 for counting up (up-shifting) and 
counting down (down-shifting) based upon the UP and 
DOWN signals output from the digital filter 160; and a 
second counter (with an offset) 171, in which an offset value 
is loaded, for counting up (up-shifting) and counting down 
(down-shifting) based upon the UP and DOWN signals 
output from the digital filter 160. Switching by the first 
Switch 120 and phase adjustment by the first interpolator 130 
are performed based upon the count output by the first 
counter 170, and setting of the internal-division ratio of the 
Second phase adjusting interpolator 131 and Switching of the 
clock output in the Second Switch 121 are performed based 
upon the clock output by the second counter 171. 
0268. The multiplexing circuit 141 outputs a clock the 
phase of which has been shifted from that of the input clock 
1 by an angle decided by the offset value. 
0269. The counters 170, 171, which output control sig 
nals to the Switches 120, 121 that Switch among the outputs 
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from the 16-phase frequency multiplying circuit 110 and to 
the 16-step interpolators 130, 131, comprise 8-bit shift 
register-type counters, by way of example. The four high 
order bits are used to control the Switching of the Switches 
(rotary Switches) 120, 121, and the four low-order bits are 
used for the control Signals that Set the internal-division 
ratios of the 16-step interpolators 130, 131. 

0270. In the third embodiment of the present invention, a 
frequency multiplying interpolator is ideal for use as the 
multiphase frequency multiplying circuit 110 that generates 
the multiphase clock from the input clock 1, as mentioned 
above. However, the invention is not limited to a frequency 
multiplying interpolator. For example, it goes without Say 
ing that the arrangement of the interpolators 130, 131, etc., 
can be applied even with respect to an implementation in 
which a multiphase clock from a PLL or DLL is supplied to 
the Switches 120, 121. 
0271 FIG. 17 is a diagram showing an example of a 
layout obtained by integrating the phase adjusting interpo 
lator used in the present invention. This illustrates an 
example of the layout pattern of an interpolator (a 16-step 
interpolator) (constructed as shown in FIG. 16) for adjust 
ments of 0° and 180° 

0272 A fourth embodiment of the present invention will 
now be described. FIG. 18 is a block diagram illustrating the 
structure of a fourth embodiment of the present invention. 
0273. In the fourth embodiment, a binary counter and 
decoders are provided as the control circuit, and a 0 fine 
adjusting interpolator and an interpolator that can be set 
freely to any angle are provided. The angle is set through 
calculation by an adder circuit whenever a phase adjustment 
is performed by the control circuit. In order to adjust for the 
delay of a clock transmission path (referred to as a “CTS”) 
laid out and wired by a clock tree sequence (a layout design 
method of placing a delay-averaging buffer along a tree 
shaped clock transmission path and reducing cross skew), a 
dummy circuit providing an amount of delay equal to that of 
the CTS is provided. 

0274) More specifically, as shown in FIG. 18, the clock 
control circuit includes: the multiphase frequency multiply 
ing circuit 110 for generating and outputting a multiphase 
clock obtained by frequency multiplying the input clock 1, 
the first and second Switches 120, 121, to which the mul 
tiphase clock output from the multiphase frequency multi 
plying circuit 110 is input, for Selecting and outputting a 
plurality of clocks from the multiphase clock; the first 
interpolator 130 to which the output (first to fourth signals) 
of the first Switch 120 is input; and the second interpolator 
131 to which the output (first to fourth signals) of the second 
Switch 121 is input. In the fourth embodiment of the present 
invention, the multiphase frequency multiplying circuit 110 
(referred to also as a "16-phase generating multiphase 
frequency multiplying circuit”), which generates the 
16-phase clock by frequency multiplying the input clock, 
comprises the frequency multiplying interpolator described 
in the foregoing embodiments. It is constructed by providing 
the frequency multiplying interpolator 10 shown in FIG. 5 
with a /16 frequency divider and 16-phase-clock frequency 
multiplying circuits. 

0275. The first and second switches 120, 121 and the first 
and second interpolators 130, 131 are constructed as shown 
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in FIG. 16. This embodiment includes the multiplexing 
circuit 140 for multiplexing the first and Second signals 
produced by the first and Second phase adjusting interpola 
tors 30-1, 30-2 of the first interpolator 130, and the multi 
plexing circuit 141 for multiplexing the first and Second 
Signals produced by the first and Second phase adjusting 
interpolators 30-1, 30-2 of the second interpolator 131. 

0276 A clock transmission path (CTS) 201 Supplied with 
the clock is connected to the output Side of the Second 
interpolator 131, namely to the output of the multiplexing 
circuit 141, and a CTS dummy circuit 200, which is a 
dummy circuit having a delay time equivalent to that of the 
clock transmission path 201, is connected to the output side 
of the first interpolator 130, namely to the output of the 
multiplexing circuit 140. 

0277. This embodiment further includes the phase com 
parator circuit 150 for detecting the phase difference 
between the output signal from the CTS dummy circuit 200 
and the input clock 1; the digital filter 160 for smoothing the 
UP and DOWN signals output from the phase comparator 
circuit 150; the first counter 170 for counting up and 
counting down based upon the UP and DOWN signals 
output from the digital filter 160; a first decoder 192 for 
decoding the count output by the counter 170; an adder 
circuit 180 for adding the count output by the counter 170 
and an input offset value; and a second decoder 191 for 
decoding the output of the adder circuit 180. 

0278. The first switch 120 is switched and a phase 
adjustment 10 (setting of the internal-division ratio of the 
timing difference) is performed by the first interpolator 130 
based upon the decoded output from the first decoder 192. 
A phase adjustment (Setting of the internal-division ratio of 
the timing difference) is performed by the Second interpo 
lator 131 and the second Switch 121 is Switched based upon 
the decoded output from the second decoder 191. 
0279 A latch circuit or the like (application) is supplied 
with the clock from the CTS 201. The fourth embodiment of 
the present invention is Such that a phase difference (angle 
difference) equivalent to the offset is set for the supplied 
clock, this phase difference being relative to the input clock 
1. Further, the second decoder 191 decodes a value obtained 
by adding the count output from the first counter 170 (the 
first counter 170 counts the phase difference between the 
output of the CTS dummy circuit 200 and the input clock 1) 
to the offset angle to thereby adjust the phase of the output 
clock of CTS 201. As a result, even if noise enters the 
System, a phase difference equivalent to the offset is assured 
in the output clock of the CTS 201. 

0280. In FIG. 18, it is assumed that the first and second 
phase adjusting interpolators 30-1,30-2 (see FIG.16) which 
construct each of the interpolators 130, 131 each comprise 
a 16-step interpolator, that the output of the counter 170 and 
the output of the adder circuit 180 are each eight-bit signals, 
and that a phase adjustment is performed in 256 Steps. It 
should be noted that the multiphase frequency multiplying 
circuit 110 of the present invention is not limited to the 
generation of 16 multiphase clocks and that the interpolator 
is not limited to a 16-step interpolator. 

0281. With regard to the relationship between the first 
counter 170 and the decoded output of the first decoder 192, 
the control signal C is output to the interpolator 130 in Such 
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a manner that whenever the counter output is counted up by 
one, a shift equivalent to a predetermined fraction of the 
cycle to K of the clock (e.g., tCK/256 in the arrangement 
having the multiphase frequency multiplying circuit 110 
which generates the 16-phase frequency-multiplied clock 
and the 16-step interpolator) is made in the delay direction. 
0282. In the arrangement having the multiphase fre 
quency multiplying circuit 110 and the 16-step interpolators 
130, 131 shown in FIG. 18, the counter 170 comprises, e.g., 
an 8-bit binary counter, the four high-order bits are used to 
control the Switching of the Switches (rotary switches) 120, 
121, and the four low-order bits are used for the control 
Signal that Sets the internal-division ratioS of the 16-step 
interpolators 130, 

0283) The switches (rotary switches) 120, 121 are 
switched when the control signal C (see FIG. 1) of the 
16-step interpolators 130, 131 is all “1's or all “0”s. 

0284. The lower-order bits of the first and second decod 
ers 192, 191 enter the 16-step interpolators 130, 131 as the 
control Signals thereof. By way of example, an arrangement 
may be adopted in which the direction of the shift is made 
up or down by a thermometer-type shift depending upon 
whether the high-order bits are odd or even (i.e., depending 
upon whether the least Significant bit of the four high-order 
bits is “0” or “1”). 
0285) The high-order bits of the first and second decoders 
192,191 are shifted two bits at a time as the selection control 
signal of the Switches (rotary Switches) 120, 121, whereby a 
clock pair of odd and even Signals among the multiphase 
clockS is Selected and output. 
0286 Noise such as at the time of signal Switching may 
be Suppressed by inserting a retiming circuit between the 
first and second decoders 192,191 and the Switches 120,121 
and 16-step interpolators 130, 131. 

0287. A fifth embodiment of the present invention will 
now be described. FIG. 19 is a block diagram illustrating the 
structure of a fifth embodiment of the present invention. The 
clock control circuit according to this embodiment further 
includes an interpolator for adjusting the phase of the clock 
transmission path (CTS) and a control circuit for controlling 
this interpolator. 

0288 More specifically, as shown in FIG. 19, this 
embodiment includes: the multiphase frequency multiplying 
circuit 110 for generating and outputting a multiphase clock 
obtained by frequency multiplying the input clock 1, first to 
third Switches 120 to 122, to which the multiphase clock 
output from the multiphase frequency multiplying circuit 
110 is input, for Selecting and outputting a plurality of clockS 
from the multiphase clock; the first interpolator 130 to which 
the output (first to fourth signals) of the first Switch 120 is 
input; the second interpolator 131 to which the output (first 
to fourth Signals) of the Second Switch 121 is input; and a 
third interpolator 132 to which the output of the third switch 
122 is input. In the fifth embodiment of the present invention 
also, the multiphase frequency multiplying circuit 110 
(referred to also as a "16-phase generating multiphase 
frequency multiplying circuit”), which generates the 
16-phase clock by frequency multiplying the input clock, 
comprises the frequency multiplying interpolator described 
in the foregoing embodiments. It is constructed by providing 
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the frequency multiplying interpolator 10 shown in FIG. 5 
with a /16 frequency divider and 16-phase-clock frequency 
multiplying circuits. 
0289. The first to third interpolators 130 to 132 are 
constructed as shown in FIG. 16. This embodiment includes 
the multiplexing circuits 140 to 142 for multiplexing the first 
and Second Signals produced by the first and Second phase 
adjusting interpolators 30-1, 30-2 in the first to third inter 
polators 130 to 132. 
0290 The clock transmission path (clock tree sequence 
wiring) 201 Supplied with the clock is connected to the 
multiplexing circuit 142, which is connected to the output of 
the third interpolator 132. 
0291. This embodiment further includes the phase com 
parator circuit 150 for detecting the phase difference 
between the output signal from the multiplexing circuit 140 
connected to the first interpolator 130 and the input clock 1, 
the digital filter 160 for smoothing the UP and DOWN 
Signals output from the phase comparator circuit 150; the 
first counter 170 for counting up and counting down based 
upon the UP and DOWN signals output from the digital filter 
160; the first decoder 192 for decoding the count output by 
the first counter 170; the adder circuit 180 for adding the 
count output by the counter 170 and an input offset value; 
and the second decoder 191 for decoding the output of the 
adder circuit 180. The first Switch 120 is Switched and a 
phase adjustment is performed by the first interpolator 130 
based upon the decoded output from the first decoder 192. 
A phase adjustment is performed by the Second interpolator 
131 and the second Switch 121 is switched based upon the 
decoded output from the second decoder 191. 
0292. The fifth embodiment further includes: a second 
phase comparator circuit 151 for detecting the phase differ 
ence between the output of the clock transmission path 
(CTS) 201 and the output of the second interpolator 131; a 
second digital filter 161 for smoothing UP and DOWN 
Signals output from the Second phase comparator circuit 
151; a Second counter 171 for counting up and counting 
down based upon the UP and DOWN signals output from 
the second digital filter 161; and a third decoder 193 for 
decoding the count output by the counter 170. A phase 
adjustment is performed by the third interpolator 132 and the 
third Switch 122 is switched based upon the decoded output 
from the third decoder 193. 

0293. In the fifth embodiment, the phase of the output of 
the clock transmission path (CTS) 201 is compared with the 
phase of a signal having a phase difference, which is 
equivalent to the offset, with respect to the input clock. AS 
a result, the output of the clock transmission path (CTS) 201 
is controlled So as to have a predetermined phase difference 
(angle difference) relative to the input clock. 
0294. A sixth embodiment of the present invention will 
now be described. FIG.20 is a block diagram illustrating the 
Structure of a sixth embodiment of the present invention. 
The Sixth embodiment is So adapted that a phase offset is 
applied based upon the average of the rising and falling 
edges of a signal. If the duty of the input signal pulse 
fluctuates, it is possible to latch data at a phase intermediate 
the rising edge the next rising and edge of the input clock. 
This makes it possible to latch data reliably pulse. 
0295). As shown in FIG. 20, this embodiment includes: 
the multiphase frequency multiplying circuit 110 for gener 
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ating and outputting a multiphase clock obtained by fre 
quency multiplying the input clock 1, first to fourth Switches 
120 to 123, to which the multiphase clock output from the 
multiphase frequency multiplying circuit 110 is input, for 
Selecting and outputting a plurality of clocks from the 
multiphase clock; first to fourth interpolators 130 to 133 to 
which the outputs of the first to fourth Switches 120 to 123, 
respectively, are input; and multiplexers 140 to 143 for 
multiplexing the first and Second signals produced by the 
first and Second phase adjusting interpolators of each of the 
first to fourth interpolators 130 to 133. In the sixth embodi 
ment of the present invention also, the multiphase frequency 
multiplying circuit 110 (referred to also as a “16-phase 
generating multiphase frequency multiplying circuit”), 
which generates the 16-phase clock by frequency multiply 
ing the input clock, comprises the frequency multiplying 
interpolator described in the foregoing embodiments. It is 
constructed by providing the frequency multiplying inter 
polator 10 shown in FIG. 5 with a /16 frequency divider and 
16-phase-clock frequency multiplying circuits. Further, the 
first to fourth interpolators 130 to 133 are constructed in a 
manner similar to that of the interpolator shown in FIG. 16. 

0296) The clock transmission path (CTS) 201 Supplied 
with the clock is connected to the multiplexing circuit 143, 
which is connected to the output of the third interpolator 
133. 

0297. This embodiment further includes the first phase 
comparator circuit 150 for detecting the phase difference 
between the rising edge of the output signal from the 
multiplexing circuit 140 connected to the first interpolator 
130 and the rising edge of the input clock 1; the first digital 
filter 160 for smoothing the UP and DOWN signals output 
from the first phase comparator circuit 150; the first counter 
170 for counting up and counting down based upon the UP 
and DOWN signals output from the first digital filter 160; 
the Second phase comparator circuit 151 for detecting the 
phase difference between the falling edge of the output of the 
Second interpolator 131 and the falling edge of output of the 
input clock 1; the second digital filter 161 for smoothing UP 
and DOWN signals output from the second phase compara 
tor circuit 151; the second counter 171 for counting up and 
counting down based upon the UP and DOWN signals 
output from the Second digital filter 161; an averaging circuit 
210 for averaging the value of the count output by the first 
counter 170 and the value of the count output by the second 
counter 171 and delivering the average value; the Second 
decoder 191 for decoding the output of the second counter 
171; and a third decoder 192 for decoding the output of the 
averaging circuit 210. 

0298. A phase adjustment is performed by the first inter 
polator 130 and the first Switch 120 is Switched based upon 
the decoded output from the first decoder 190; a phase 
adjustment is performed by the second interpolator 131 and 
the second Switch 121 is switched based upon the decoded 
output from the Second decoder 191; and a phase adjustment 
is performed by the third interpolator 132 and the third 
Switch 122 is Switched based upon the decoded output from 
the third decoder 192. 

0299. This embodiment further includes: a third phase 
comparator circuit 152 for detecting the phase difference 
between the output of the CTS 201 and the multiplexing 
circuit 142 connected to the output of the third interpolator 
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132; a third digital filter 162 for smoothing UP and DOWN 
Signals output from the third phase comparator circuit 152, 
a third counter 172 for counting up and counting down based 
upon the UP and DOWN signals output from the third digital 
filter 162; and a fourth decoder 193 for decoding the count 
output by the third counter 172. A phase adjustment is 
performed by the fourth interpolator 133 and the fourth 
Switch 123 is switched based upon the decoded output from 
the fourth decoder 193. 

0300 FIG. 21 is a diagram illustrating the timing opera 
tion of the sixth embodiment of the present invention. This 
embodiment is adapted to deal with a case where the cycle 
and duty, etc., of the input clock IN fluctuate and where there 
is a variation in the period of the data transmitted in Sync 
with this clock. Specifically, the multiplexing circuit 142 
outputs a signal (B) (pulse widths a+b and duty 50%) whose 
phase is adjusted by the third interpolator 132 based upon 
the average value of a phase difference between the input 
clock and a signal (AR) (pulse width a and duty 50%), which 
is Synchronized to the rising edge of the input clock based 
upon the multiphase clock obtained by frequency multiply 
ing the input clock, and a signal (AF) (pulse width b and 
duty 50%) synchronized to the falling edge of the input 
clock, and the arrangement is Such that the phase difference 
between the signal (B) and the output C of the CTS 201 will 
take on a predetermined value (e.g., will coincide with a 
predetermined value). As a result, even if duty fluctuates, 
Sampling can be performed exactly in the middle of one 
cycle period of data (DATA) in a latch circuit that latches the 
data (DATA) using the output clock C of the CTS 201 as a 
latch timing clock. 
0301 A seventh embodiment of the present invent ion 
will now be described. FIG. 22 is a diagram useful in 
describing the Seventh embodiment of the present invention. 
0302) In FIG. 22, (a) illustrates an example of an 
arrangement in which the influence of a fluctuation in duty 
is Suppressed and data is latched reliably in a latch circuit 
(not shown) by interpolators. 
0303 More specifically, as shown in (a) of FIG.22, there 
are provided a first interpolator 211 for Outputting a Signal A 
upon delaying the rising edge of data (DATA) , a second 
interpolator 212 for internally dividing the timing difference 
between the leading edge (the rising edge in FIG. 22) of a 
clock pulse in the input clock (IN) and the trailing edge (the 
falling edge in FIG. 22) of this clock pulse; a third inter 
polator 213 for internally dividing the timing difference 
between the trailing edge (the falling edge in FIG.22) of the 
input clock (IN) and the leading edge (the rising edge in 
FIG.22) of the next clock pulse; and a multiplexing circuit 
214 for multiplexing the outputs of the second and third 
interpolators 212, 213 into a single signal B, which is 
delivered as the output. 
0304. The second interpolator 212, which has the struc 
ture of the interpolator shown in FIG. 12, for example, 
outputs a signal having a rising edge that corresponds to the 
phase obtained by internally dividing the timing difference 
between the rising edge of the input Signal IN1 and the 
falling edge of the input signal IN2. The Second interpolator 
212 is constructed Such that a signal obtained by inverting 
the input signal IN2 is input to the input of the OR gate OR1 
and to the gates of the N-channel MOS transistors MN28, 
MN30, MN32. The third interpolator 213, which has the 
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structure of the interpolator shown in FIG. 11, outputs a 
Signal having a falling edge that corresponds to the phase 
obtained by internally dividing the timing difference 
between the falling edge of the input signal IN1 and the 
rising edge of the input signal IN2. The third interpolator 
213 is constructed Such that a signal obtained by inverting 
the input signal IN2 is input to the input of the NAND gate 
NAND1 and to the gates of the inverter INV02. 
0305 As shown in (b) of FIG.22, the data output A of the 

first interpolator 211 is sampled at the clock B output from 
the multiplexing circuit 214, whereby the influence of a 
fluctuation in duty is Suppressed and data is latched reliably 
in a latch circuit. More Specifically, the clock B rises and 
falls at the timing of, e.g., the center of the cycles of the data 
A. Even if the duty of the clock fluctuates, therefore, the data 
will not be latched at an improper timing. In the example of 
FIG. 22 (b), the data A is sampled using the rising and 
falling edges of the clock B. However, the invention is of 
course applicable to a System in which Sampling is per 
formed only at the rising edge of the clock B. 
0306 An eighth embodiment of the present invention 
will now be described. FIG. 23 is a schematic view of a 
layout useful in describing the eight embodiments, and FIG. 
24 is a block diagram of circuitry illustrating this layout. 
0307 As shown in FIGS. 23 and 24, the multiphase 
frequency multiplying interpolator 10 to which an external 
clock is input is provided in a chip 300. A circuit for 
Supplying the internal circuits with the clock has a Switch 
201, to which the multiphase clock from the multiphase 
frequency multiplying interpolator 10 is input, and an inter 
polator 301. Switches 202, 203, to which the multiphase 
(n-phase) clock from the multiphase frequency multiplying 
interpolator 10 is input, and interpolators 302, 303 are 
provided also in macros (macroblocks)301,302 disposed on 
and wired to the chip. In the eighth embodiment, the phase 
adjusting interpolator 30 is disposed in dispersed fashion 
within the macroS, the phase of the clock in each macroblock 
is controlled it is possible to adjust the phase of the clock 
acroSS a plurality of macroblockS. 
0308 The meritorious effects of the present invention are 
Summarized as follows. 

0309 The present invention constructed as set forth 
above provides a number of advantages, which will now be 
set forth. 

0310. A first advantage is that a clock that is free of loop 
jitter and center-frequency fluctuation, which are problems 
that arise in the prior art, can be produced by adopting an 
arrangement in which frequency-multiplied and multiphase 
clocks are produced using interpolators. 

0311 A Second advantage is that clock phase can be 
control led finely by adopting an arrangement in which an 
interpolator that receives two outputs from a Switch and 
internally divides the phases of the two Signals not only has 
its cycle Set but also is capable of having the internal 
division ratio varied by a control Signal from a control 
circuit. 

0312. A third advantage is that frequency-multiplied and 
multiphase clockS can be produced instantly without pro 
Viding a feedback loop Such as a PLL or DLL in regard to 
generation of the multiphase clockS. 
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0313 A fourth advantage is that jitter is averaged by an 
interpolator that internally divides a phase difference, 
thereby making it possible to greatly reduce jitter between 
clock cycles. 
0314. A fifth advantage is that it is possible to generate a 
clock Signal whose phase has been shifted by any offset with 
respect to an input clock. 
0315. A sixth advantage is that a clock output from a 
clock transmission path Such as a clock tree can be set to a 
phase that has been shifted by a prescribed offset with 
respect to an input clock. 
0316 A seventh advantage is that even if the duty of the 
clock fluctuates, data can be latched reliably. 
0317. As many apparently widely different embodiments 
of the present invention can be made without departing from 
the Spirit and Scope thereof, it is to be understood that the 
invention is not limited to the specific embodiments thereof 
except as defined in the appended claims. 
0318. It should be noted that other objects, aspects, 
features and aspects of the present invention will become 
apparent in the entire disclosure and that modifications may 
be done without departing the gist and Scope of the present 
invention as disclosed herein and claimed as appended 
herewith. 

03.19. Also it should be noted that any combination of the 
disclosed and/or claimed elements, matters and/or items 
may fall under the modifications aforementioned. 

What is claimed is: 
1. A clock control circuit comprising: 
a frequency multiplying interpolator, which includes a 

plurality of circuits each of which is for outputting a 
Signal obtained by internally dividing a phase differ 
ence between two signals, for generating a plurality of 
frequency-multiplied clocks, which have phases that 
differ from one another, from an input clock, and 

at least one phase adjusting interpolator, to which are 
input two clocks from among the plurality of fre 
quency-multiplied clocks of different phases output 
from Said frequency multiplying interpolator, for out 
putting a Signal obtained by internally dividing a phase 
difference between these two clocks. 

2. A clock control circuit comprising: 
(a) a frequency multiplying interpolator, which includes a 

plurality of circuits each of which is for outputting a 
Signal obtained by internally dividing a phase differ 
ence between two signals, for generating multiphase 
clockS obtained by frequency multiplying an input 
clock; 

(b) a Switch, to which the multiphase clocks output from 
Said frequency multiplying interpolator are input, for 
Selectively outputting at least a pair of clocks from 
among the multiphase clocks, 

(c) at least one phase adjusting interpolator, to which the 
pair of clocks output from Said Switch is input, for 
outputting a signal obtained by internally dividing a 
phase difference between the pair of clocks, and 
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(d) a control circuit for controlling a setting of an internal 
division ratio of Said phase adjusting interpolator and 
Switching of a clock output by Said Switch. 

3. A clock control circuit comprising: 
(a) a frequency multiplying interpolator, which includes a 

plurality of circuits each of which is for outputting a 
Signal obtained by internally dividing a phase differ 
ence between two signals, for generating multiphase 
clockS obtained by frequency multiplying an input 
clock; 

(b) one or a plurality of Switches, to which the multiphase 
clocks output from Said frequency multiplying interpo 
lator are input, for outputting pairs of clocks of com 
binations Selected from among the multiphase clocks, 

(c) a plurality of phase adjusting interpolators, to respec 
tive ones of which the plurality of pairs of clocks 
Selectively output from Said Switch are input, for out 
putting Signals obtained by internally dividing a phase 
difference between each pair of clocks, and 

(d) a control circuit for controlling a setting of an internal 
division ratio of each of Said phase adjusting interpo 
lators and Switching of a clock output by Said Switch. 

4. The clock control circuit according to any one of claims 
1 to 3, wherein Said frequency multiplying interpolator 
includes: 

a frequency divider for frequency dividing an input clock 
and generating multiphase clocks, 

a period Sensing circuit for Sensing the cycle of the input 
clock, and 

a multiphase-clock frequency multiplying circuit, to 
which the multiphase clocks output from Said fre 
quency divider are input, for generating multiphase 
clockS obtained by frequency multiplying the input 
clocks, 

Said multiphase-clock frequency multiplying circuit hav 
ing: 
a plurality of timing-difference dividing circuits each of 
which is for outputting a signal obtained by dividing 
a timing difference between two inputs applied 
thereto, and 

a plurality of multiplexing circuits each of which is for 
multiplexing outputs from two of Said timing-differ 
ence dividing circuits and outputting a multiplexed 
Signal; and 

each of Said plurality of timing-difference dividing cir 
cuits having: 
a timing-difference dividing circuit to which two iden 

tical-phase clocks are applied as inputs, and 
a timing-difference dividing circuit to which two clockS 

of mutually adjacent phases are applied as inputs. 
5. The clock control circuit according to claim 4, wherein 

Said multiphase-clock frequency multiplying circuit has 
n-phase clocks of first to nth clocks input thereto and 
includes: 

2n-number of timing-difference dividing circuits each of 
which is for outputting a Signal obtained by dividing a 
timing difference between two inputs applied thereto, 
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wherein a (21-1) th (where 1s Isn holds) timing 
difference dividing circuit has Ith identical clockS 
applied thereto as said two inputs, and a 2Ith (where 
1sIsn holds) timing-difference dividing circuit has an 
Ith clock and a (I+1 mod n) th (where mod represents 
residue calculation and I-1 mod n is the reminder 
obtained when I--1 is divided by n) clock applied 
thereto as Said two inputs; 

2n-number of pulse-width correction circuits to which an 
output of a Jth (where 1s Js 2n holds) timing-differ 
ence dividing circuit and an output of a (J-2 mod n) th 
(where J-2 mod n represents the remainder obtained 
when J+2 is divided by n) timing-difference dividing 
circuit are input; and 

n-number of multiplexing circuits to which an output of a 
Kth (where 1s Ksn holds) pulse-width correction cir 
cuit and an output of a (K--n) th pulse-width correction 
circuit are input. 

6. The clock control circuit according to claim 4, wherein 
each of Said timing-difference dividing circuits includes: 

a NOR gate to which first and Second input Signals are 
applied; and 

an inverter to which the potential of an internal node, 
which is an output of said NAND gate, is input; 

a plurality of Series circuits of Serially connected Switch 
elements and capacitors being connected in parallel 
between the internal node and ground; and 

capacitance applied to the internal node being decided by 
a cycle control Signal connected to a control terminal of 
each of Said Switch elements. 

7. The clock control circuit according to claim 4, wherein 
each of Said timing-difference dividing circuits includes: 

a logic circuit, to which first and Second input signals are 
applied, for Outputting result of a predetermined logical 
operation between the first and Second input Signals, 

a first Switch element connected between a first power 
Supply and an internal node and having an output Signal 
of Said logic circuit input to a control terminal thereof; 

a buffer circuit having an input terminal connected to the 
internal node for inverting an output logic value if a 
Size relationship between potential of the internal node 
and a threshold value reverses, 

a first constant-current Source and a Second Switch ele 
ment, which is turned on and off by the first input 
Signal, connected in Series between the internal node 
and a Second power Supply; and 

a Second constant-current Source and a third Switch ele 
ment, which is turned on and off by the Second input 
Signal, connected in Series between the internal node 
and the Second power Supply; 

a plurality of Series circuits of Serially connected fourth 
Switch elements and capacitors being connected in 
parallel between the internal node and the Second 
power Supply; 

capacitance applied to the internal node being decided by 
a cycle control Signal Supplied to a control terminal of 
each of said fourth Switch elements. 
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8. The clock control circuit according to claim 7, wherein 
Said first Switch element comprises a transistor of a first 
conductivity type, and each of Said Second to fourth Switch 
elements comprises a transistor of a Second conductivity 
type. 

9. The clock control circuit according to claim 4, wherein 
each of Said timing-difference dividing circuits includes: 

a logic circuit, to which first and Second input signals are 
applied, for outputting result of a predetermined logical 
operation between the first and Second input Signals, 

a P-channel MOS transistor connected between a first 
power Supply and an internal node and having an 
output signal of Said logic circuit applied thereto as a 
gate input; 

a buffer circuit having an input terminal connected to the 
internal node for inverting an output logic value if a 
Size relationship between potential of the internal node 
and a threshold value reverses, and 

N-channel MOS transistors connected between the inter 
nal node and ground and each having a signal obtained 
by inverting the first input signal applied thereto as a 
gate input and each being driven by a constant-current 
Source, and N-channel MOS transistors connected 
between the internal node and ground and each having 
a signal obtained by inverting the Second input Signal 
applied thereto as a gate input and each being driven by 
a constant-current Source, 

a plurality of Series circuits of Serially connected Switch 
elements and capacitors being connected in parallel 
between the internal node and ground; 

capacitance applied to the internal node being decided by 
a cycle control Signal Supplied to a control terminal of 
each of Said Switch elements. 

10. The clock control circuit according to claims 1 to 3, 
wherein Said phase adjusting interpolator includes: 

a logic circuit, to which first and Second input signals are 
applied, for outputting result of a predetermined logical 
operation between the first and Second input Signals, 

a first Switch element connected between a first power 
Supply and an internal node and having an output Signal 
of Said logic circuit input to a control terminal thereof; 
and 

a buffer circuit having an input terminal connected to the 
internal node for inverting an output logic value if a 
Size relationship between potential of the internal node 
and a threshold value reverses, 

a plurality of Series circuits being connected in parallel 
between the internal node and a Second power Supply, 
each of Said Series circuits comprising a first constant 
current Source, a Second Switch element turned on and 
off by the first input signal and a third switch element 
turned on and off by a control Signal from Said control 
circuit; 

a plurality of Series circuits being connected in parallel 
between the internal node and the Second power Supply, 
each of Said Series circuits comprising a Second con 
Stant-current Source, a fourth Switch element turned on 
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and off by the Second input signal and a fifth Switch 
element turned on and off by the control signal from the 
control circuit; 

a plurality of Series circuits being connected in parallel 
between the internal node and the Second power Supply, 
each of Said Series circuits comprising a sixth Switch 
element and a capacitor; 

capacitance applied to the internal node being decided by 
turning on and off the Sixth Switch element by a cycle 
control signal connected to a control terminal of Said 
sixth Switch element. 

11. The clock control circuit according to claim 10, 
wherein Said first Switch element comprises a transistor of a 
first conductivity type, and each of Said Second to fourth 
Switch elements comprises a transistor of a Second conduc 
tivity type. 

12. The clock control circuit according to claim 10, 
wherein at least a prescribed number (N) of each of said 
second, third, fourth and fifth switches is provided; 

K-number (where K is 0 to N) of said third Switch 
elements are turned on by the control Signal Supplied to 
Said third Switch elements, 

(N-K)-number of said fifth switch elements are turned on 
by the control Signal Supplied to Said fifth Switch 
elements, 

a signal corresponding to a phase obtained by internally 
dividing a timing difference between the first and 
Second input Signals based upon Kin increments of 1/N 
of the timing difference is output, and the internal 
division ratio is varied by varying the value of K. 

13. The clock control circuit according to any one of 
claims 1 to 3, wherein Said phase adjusting interpolator 
includes: 

an OR gate to which first and Second input Signals are 
applied; 

a P-channel MOS transistor connected between a power 
Supply and an internal node and having an output Signal 
of Said OR gate applied thereto as a gate input; 

a buffer circuit having an input terminal connected to the 
internal node for inverting an output logic value if a 
Size relationship between potential of the internal node 
and a threshold value reverses, and 

a plurality of Series circuits being connected in parallel 
between the internal node and ground, each of Said 
Series circuits comprising an N-channel MOS transistor 
that has the first input signal applied thereto as a gate 
input and that is driven by a constant-current Source, 
and a Switch element turned on and off by a control 
Signal from Said control circuit; 

a plurality of Series circuits being connected in parallel 
between the internal node and ground, each of Said 
Series circuits comprising an N-channel MOS transistor 
that has the Second input Signal applied thereto as a gate 
input and that is driven by a constant-current Source, 
and a Switch element turned on and off by the control 
Signal from Said control circuit; 

a plurality of Series circuits being connected in parallel 
between the internal node and ground, each of Said 
Series circuits comprising a Switch element and a 
capacitor, 
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capacitance applied to the internal node being decided by 
a cycle control Signal connected to a control terminal of 
Said Switch element. 

14. The clock control circuit according to any one of 
claims 1 to 3, wherein Said phase adjusting interpolator 
includes: 

a NOR gate to which first and Second input Signals are 
applied; 

a P-channel MOS transistor connected between a power 
Supply and an internal node and having an output Signal 
of Said NOR gate applied thereto as a gate input; 

a buffer circuit having an input terminal connected to the 
internal node for inverting an output logic value if a 
Size relationship between potential of the internal node 
and a threshold value reverses, and 

a plurality of Series circuits being connected in parallel 
between the internal node and ground, each of Said 
Series circuits comprising an N-channel MOS transistor 
having a signal obtained by inverting the first input 
Signal by a first inverting circuit applied thereto as a 
gate input and being driven by a constant-current 
Source, and a Switch element turned on and off by a 
control Signal from Said control circuit; 

a plurality of Series circuits being connected in parallel 
between the internal node and ground, each of Said 
Series circuits comprising an N-channel MOS transistor 
having a Signal obtained by inverting the Second input 
Signal by a second inverting circuit applied thereto as a 
gate input and being driven by a constant-current 
Source, and a Switch element turned on and off by the 
control Signal from Said control circuit; 

a plurality of Series circuits being connected in parallel 
between the internal node and ground, each of Said 
Series circuits comprising a Switch element and a 
capacitor; 

capacitance applied to the internal node being decided by 
a cycle control Signal connected to a control terminal of 
Said Switch element. 

15. The clock control circuit according to claims 6 to 9, 
wherein the cycle control Signal is Supplied by Said period 
Sensing circuit Set forth in claim 4. 

16. The clock control circuit according to claim 2 or 3, 
wherein if a Setting of the internal-division ratio of Said 
phase adjusting interpolator reaches an upper limit or lower 
limit and it is still necessary to perform an adjustment of 
output phase in Said phase adjusting interpolator, then Said 
control circuit changes over the clock output of Said Switch 
that Selectively outputs clockS Supplied to Said phase adjust 
ing interpolator. 

17. The clock control circuit according to claim 2 or 3, 
wherein Said control circuit controls Setting of the internal 
division ratio of Said phase adjusting interpolator and 
Switching of the clock output of Said Switch based upon 
result of a phase comparison between the input clock or a 
predetermined reference clock and the output of Said phase 
adjusting interpolator. 

18. The clock control circuit according to claim 2 or 3, 
wherein Said control circuit has a counter the value of which 
varies based upon result of a phase comparison between the 
input clock or a predetermined reference clock and the 
output of Said phase adjusting interpolator; 
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Setting of the internal-division ratio of Said phase adjust 
ing interpolator and Switching of the clock output of 
Said Switch being controlled based upon an output from 
Said counter. 

19. The clock control circuit according to claim 2 or 3, 
wherein Said control circuit includes: 

a counter the value of which varies based upon result of 
a phase comparison between the input clock or a 
predetermined reference clock and the output of Said 
phase adjusting interpolator, and 

a decoder for decoding an output from Said counter; 
Setting of the internal-division ratio of Said phase adjust 

ing interpolator and Switching of the clock output of 
Said Switch being control led based upon an output 
from Said decoder. 

20. The clock control circuit according to claim 2 or 3, 
wherein Said Switch comprises a rotary Switch in which, if 
an n-phase clock output from Said frequency multiplying 
interpolator is input thereto and, on the basis of a Switching 
control Signal from Said control circuit, an 1-th clock is being 
Supplied to a first input of Said phase adjusting interpolator 
and an adjacent (I-1) th clock is being Supplied to a second 
input of Said phase adjusting interpolator, then, when the 
clock output is Switched in accordance with a phase-lag or 
phase-lead State of the output, Said rotary circuit controls 
Switching in Such a manner that the first input of Said phase 
adjusting interpolator is made an (I+2) th clock and the 
Second input is kept as the (I-1th clock, or the first input is 
kept at the Ith clock and the Second input is made the (I-1) 
th clock (where I-1, I-1, I--2 take on values of 1 to n and are 
given by a remainder obtained by dividing by n). 

21. An interpolator comprising: 
a logic circuit, to which first and Second input signals are 

applied, for Outputting result of a predetermined logical 
operation between the first and Second input Signals, 

a first Switch element connected between a first power 
Supply and an internal node and having an output Signal 
of Said logic circuit input to a control terminal thereof; 
and 

a buffer circuit having an input terminal connected to the 
internal node for inverting an output logic value if a 
Size relationship between potential of the internal node 
and a threshold value reverses, 

a plurality of Series circuits being connected in parallel 
between the internal node and a Second power Supply, 
each of Said Series circuits comprising a first constant 
current Source, a Second Switch element turned on and 
off by the first input signal and a third switch element 
turned on and off by a control Signal applied to a control 
terminal thereof; 

a plurality of Series circuits being connected in parallel 
between the internal node and the Second power Supply, 
each of Said Series circuits comprising a Second con 
Stant-current Source, a fourth Switch element turned on 
and off by the Second input signal and a fifth Switch 
element turned on and off by a control Signal applied to 
a control terminal thereof; 

a plurality of Series circuits being connected in parallel 
between the internal node and the Second power Supply, 
each of Said Series circuits comprising a sixth Switch 
element and a capacitor; 
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capacitance applied to the internal node being decided by 
turning on and off the Sixth Switch element by a cycle 
control Signal applied to a control terminal thereof; 

an output signal corresponding to a phase obtained by 
internally dividing a phase difference between the first 
input Signal and the Second input signal being delivered 
from Said buffer circuit in dependence upon a combi 
nation of values of the control Signals applied to the 
control terminals of Said third Switch elements and to 
the control terminals of said fifth Switch elements. 

22. The interpolator according to claim 21, wherein at 
least a prescribed number (N) of each of Said second, third, 
fourth and fifth switches is provided; 

K-number (where K is 0 to N) of said third switch 
elements are turned on by the control Signal Supplied to 
Said third Switch elements, 

(N-K)-number of said fifth switch elements are turned on 
by the control Signal Supplied to Said fifth Switch 
elements, 

a signal corresponding to a phase obtained by internally 
dividing a timing difference between the first and 
Second input Signals based upon Kin increments of 1/N 
of the timing difference is output, and the internal 
division ratio is varied by varying the value of K. 

23. A clock control method comprising the Steps of 
reducing jitter of a frequency-multiplied clock by gener 

ating multiphase clocks, which are obtained by fre 
quency multiplying an input clock, using a frequency 
multiplying interpolator which includes a plurality of 
circuits each of which is for outputting a signal 
obtained by internally dividing a phase difference 
between two signals, 

Selecting two of the multiphase clocks, which are output 
from the frequency multiplying interpolator, by a 
Switch and Supplying the two clocks to a phase adjust 
ing interpolator; 

outputting from Said phase adjusting interpolator a clock 
obtained by internally dividing a phase difference 
between the two clocks, and 

performing control to vary an internal-division ratio of the 
phase adjusting interpolator based upon result of a 
phase comparison between a predetermined reference 
clock and an output clock of the phase adjusting 
interpolator. 

24. A clock control method using first, Second and third 
interpolators each of which outputs a Signal obtained by 
internally dividing a phase difference between two signals 
input thereto, Said method comprising the Steps of: 

inputting a common data Signal, which is transferred in 
Sync with a clock Signal, to Said first interpolator for 
delaying the data Signal and then outputting the Same; 

inputting the clock signal to Said Second interpolator for 
outputting a clock signal obtained by internally divid 
ing a timing difference between a leading edge and a 
trailing edge of a clock pulse, 

inputting the clock signal to Said third interpolator for 
outputting a clock signal obtained by internally divid 
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ing a timing difference between a trailing edge of the 
clock pulse and a leading edge of an ensuing clock 
pulse; and 

latching data that is output from Said first interpolator 
using a clock, which is obtained by multiplexing output 
Signals from Said Second and third interpolators, as a 
latch timing pulse, and automatically adjusting latch 
timing to an optimum position with respect to the data 
independently of a fluctuation in duty of the clock 
Signal. 

25. A clock control circuit comprising: 
a multiphase clock generating circuit for generating and 

outputting multiphase clocks from an input clock or 
generating and outputting multiphase clocks by fre 
quency multiplying the input clock; 

a plurality of Switches, to which the multiphase clockS 
output from Said frequency multiplying interpolator are 
input, for Selecting and outputting pairs of clocks, 

a plurality of interpolators, to respective ones of which the 
pairs of clocks output from Said Switch are input, for 
outputting Signals obtained by internally dividing a 
phase difference between respective ones of the pairs of 
clocks, and 

a control circuit for controlling a Setting of an internal 
division ratio of each of Said interpolators and Switch 
ing of a clock output by each of Said Switches, 

a clock output from one of said interpolators being 
adjusted in phase So as to have a predetermined phase 
difference with respect to the input clock, and clockS 
output from the other of Said interpolators being 
adjusted in phase So as to have a predetermined phase 
difference with respect to the input clock or with 
respect to an output clock of Yet another interpolator. 

26. A clock control circuit comprising: 
a multiphase clock generating circuit for generating and 

outputting multiphase clocks from an input clock or 
generating and outputting multiphase clocks by fre 
quency multiplying the input clock; 

first and Second Switches, to which the multiphase clockS 
output from Said frequency multiplying interpolator are 
input for Selecting and outputting pairs of clocks, 

a first interpolator, to which the pair of clocks output from 
Said first Switch is input, for outputting a clock signal 
obtained by internally dividing a phase difference 
between the pair of clockS and applying a phase adjust 
ment, 

a Second interpolator, to which the pair of clocks output 
from Said Second Switch is input, for outputting a clock 
Signal obtained by internally dividing a phase differ 
ence between the pair of clocks and applying a phase 
adjustment; 

a phase comparator circuit for detecting a phase difference 
between an output of Said first interpolator and the 
input clock, 

a filter for Smoothing a signal representing the result of the 
phase comparison output from Said phase comparator 
circuit; 
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a first counter for counting up and counting down based 
upon the Signal representing the result of the phase 
comparison output from Said filter; and 

a Second counter, which is Set to an offset value, for 
counting up and counting down based upon the Signal 
representing the result of the phase comparison output 
from said filter; 

Setting of an internal-division ratio of Said first interpo 
lator and Switching of a clock output by Said first Switch 
being performed based upon an output from Said first 
counter; and 

Setting of an internal-division ratio of Said Second inter 
polator and Switching of a clock output by Said Second 
Switch being performed based upon an output from Said 
Second counter. 

27. A clock control circuit comprising: 
a multiphase clock generating circuit for generating and 

outputting multiphase clocks from an input clock or 
generating and outputting multiphase clocks by fre 
quency multiplying the input clock; 

first and Second Switches, to which the multiphase clockS 
output from Said frequency multiplying interpolator are 
input, for Selecting and outputting pairs of clocks, 

a first interpolator, to which the pair of clocks output from 
Said first Switch is input, for outputting a clock signal 
obtained by internally dividing a phase difference 
between the pair of clockS and applying a phase adjust 
ment, 

a Second interpolator, to which the pair of clocks output 
from Said Second Switch is input, for outputting a clock 
Signal obtained by internally dividing a phase differ 
ence between the pair of clocks and applying a phase 
adjustment; 

Said Second interpolator having an output to which is 
connected a clock transmission path Supplied with a 
clock; 

Said first interpolator having an output to which is con 
nected a dummy circuit having a delay time equivalent 
to that of Said clock transmission path; 

a phase comparator circuit for detecting a phase difference 
between an output of Said dummy circuit and the input 
clock; 

a filter for Smoothing a signal representing the result of the 
phase comparison output from Said phase comparator 
circuit; 

a first counter for counting up and counting down based 
upon the Signal representing the result of the phase 
comparison output from Said filter; 

a first decoder for decoding an output count from Said first 
counter, 

an adder circuit for adding the output count from Said first 
counter and an input offset value, and 

a Second decoder for decoding an output from Said adder 
circuit; 
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Setting of an internal-division ratio of Said first interpo 
lator and Switching of a clock output by Said first Switch 
being performed based upon an output from Said first 
decoder; and 

Setting of an internal-division ratio of Said Second inter 
polator and Switching of a clock output by Said Second 
Switch being performed based upon an output from Said 
Second decoder. 

28. A clock control circuit comprising: 
a multiphase clock generating circuit for generating and 

outputting multiphase clocks from an input clock or 
generating and outputting multiphase clocks by fre 
quency multiplying the input clock; 

first, Second and third Switches, to which the multiphase 
clocks output from Said frequency multiplying interpo 
lator are input, for Selecting and outputting pairs of 
clocks, 

first, Second and third interpolators, to which the pairs of 
clocks output from Said first, Second and third Switches, 
respectively, are input, for outputting clock signals 
obtained by internally dividing a phase difference 
between respective ones of the pairs of clocks and 
applying a phase adjustment; 

Said third interpolator having an output to which is 
connected a clock transmission path Supplied with a 
clock; 

a first phase comparator circuit for detecting a phase 
difference between an output of Said first interpolator 
and the input clock; 

a first filter for Smoothing a Signal representing the result 
of the phase comparison output from Said first phase 
comparator circuit; 

a first counter for counting up and counting down based 
upon the Signal representing the result of the phase 
comparison output from Said first filter; 

a first decoder for decoding an output count from Said first 
counter, 

an adder circuit for adding the output count from Said first 
counter and an input offset value; 

a Second decoder for decoding an output from Said adder 
circuit; 

Setting of an internal-division ratio of Said first interpo 
lator and Switching of a clock output by Said first Switch 
being performed based upon a decoded output from 
Said first decoder; 

Setting of an internal-division ratio of Said Second inter 
polator and Switching of a clock output by Said Second 
Switch being performed based upon a decoded output 
from Said Second decoder; 

a Second phase comparator circuit for detecting a phase 
difference between an output of Said clock transmission 
path and the output of Said Second interpolator; 

a Second filter for Smoothing a Signal representing the 
result of the phase comparison output from Said Second 
phase comparator circuit; 

Oct. 4, 2001 

a Second counter for counting up and counting down 
based upon the Signal representing the result of the 
phase comparison output from Said Second filter; and 

a third decoder for decoding an output count from Said 
Second counter; 

Setting of an internal-division ratio of Said third interpo 
lator and Switching of a clock output by Said third 
Switch being performed based upon a decoded output 
from said third decoder. 

29. A clock control circuit comprising: 
a multiphase clock generating circuit for generating and 

outputting multiphase clocks from an input clock or 
generating and outputting multiphase clocks by fre 
quency multiplying the input clock; 

first, second, third and fourth Switches, to which the 
multiphase clocks output from Said frequency multi 
plying interpolator are input, for Selecting and output 
ting pairs of clocks, 

first, Second, third and fourth interpolators, to which the 
pairs of clocks output from Said first, Second, third and 
fourth Switches, respectively, are input, for outputting 
clock signals obtained by internally dividing a phase 
difference between respective ones of the pairs of 
clocks and applying a phase adjustment; 

Said fourth interpolator having an output to which is 
connected a clock transmission path Supplied with a 
clock, 

a first phase comparator circuit for detecting a phase 
difference between the rising edge of an output of Said 
first interpolator and the rising edge of the input clock, 

a first filter for Smoothing a Signal representing the result 
of the phase comparison output from Said first phase 
comparator circuit; 

a first counter for counting up and counting down based 
upon the Signal representing the result of the phase 
comparison output from Said first filter; 

a Second phase comparator circuit for detecting a phase 
difference between an output of Said clock transmission 
path and the falling edge of a signal obtained by 
inverting the input clock by an inverting circuit; 

a Second filter for Smoothing a Signal representing the 
result of the phase comparison output from Said Second 
phase comparator circuit; 

a Second counter for counting up and counting down 
based upon the Signal representing the result of the 
phase comparison output from Said Second filter; 

an averaging circuit for averaging an output count from 
Said first counter and an output count of Said Second 
counter, 

a first decoder for decoding an output from Said first 
counter, 

a Second decoder for decoding an output from Said Second 
counter, 

a third decoder for decoding an output from Said averag 
ing circuit; 
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Setting of an internal-division ratio of each of Said first to 
third interpolators and Switching of a clock output by 
each of said first to third Switches being performed 
based upon a decoded output from each of Said first to 
third decoders; 

a third phase comparator circuit for detecting a phase 
difference between an output of Said clock transmission 
path and the output of Said third interpolator; 

a third filter for Smoothing a signal representing the result 
of the phase comparison output from Said third phase 
comparator circuit; 

a third counter for counting up and counting down based 
upon the Signal representing the result of the phase 
comparison output from Said third filter; and 

a fourth decoder for decoding an output count from Said 
third counter; 

Setting of an internal-division ratio of Said fourth inter 
polator and Switching of a clock output by Said fourth 
Switch being performed based upon a decoded output 
from said fourth decoder. 

30. The clock control circuit according to claim 26 or 27, 
wherein each of Said first and Second Switches Selects and 
outputs, from among the multiphase clocks output from Said 
multiphase clock generating circuit, a first pair of Signals, 
which comprises a first signal and a Second Signal having a 
phase adjacent that of the first signal, and a Second pair of 
Signals, which comprises a third signal having a predeter 
mined phase difference with respect to the first signal and a 
fourth Signal having a phase adjacent that of the third signal; 

each of Said first and Second interpolators has: 

a first phase adjusting interpolator for producing a first 
output signal obtained by internally dividing a tim 
ing difference between the first pair of Signals, and 

a Second phase adjusting interpolator for producing a 
Second output Signal obtained by internally dividing 
a timing difference between the Second pair of Sig 
nals, 

Said clock control circuit further comprising: 

a first multiplexing circuit for multiplexing and outputting 
the first and Second output signals from Said first and 
Second phase adjusting interpolators, respectively, of 
Said first interpolator; and 

a Second multiplexing circuit for multiplexing and out 
putting the first and Second output Signals from Said 
first and Second phase adjusting interpolators, respec 
tively, of Said Second interpolator. 

31. The clock control circuit according to claim 28, 
wherein each of said first to third Switches selects and 
outputs, from among the multiphase clocks output from Said 
multiphase clock generating circuit, a first pair of Signals, 
which comprises a first signal and a Second Signal having a 
phase adjacent that of the first Signal, and a Second pair of 
Signals, which comprises a third signal having a predeter 
mined phase difference with respect to the first signal and a 
fourth Signal having a phase adjacent that of the third signal; 
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each of Said first and Second interpolators has: 
a first phase adjusting interpolator for producing a first 

output signal obtained by internally dividing a tim 
ing difference between the first pair of Signals, and 

a Second phase adjusting interpolator for producing a 
Second output Signal obtained by internally dividing 
a timing difference between the Second pair of Sig 
nals, 

Said clock control circuit further comprising: 
first to third multiplexing circuits for multiplexing and 

outputting the first and Second output signals output 
from Said first and Second phase adjusting interpolators 
of respective ones of Said first to third interpolators. 

32. The clock control circuit according to claim 29, 
wherein each of said first to fourth Switches selects and 
outputs, from among the multiphase clocks output from Said 
multiphase clock generating circuit, a first pair of Signals, 
which comprises a first signal and a Second Signal having a 
phase adjacent that of the first signal, and a Second pair of 
Signals, which comprises a third signal having a predeter 
mined phase difference with respect to the first signal and a 
fourth Signal having a phase adjacent that of the third signal; 

each of Said first and Second interpolators has: 
a first phase adjusting interpolator for producing a first 

output signal obtained by internally dividing a tim 
ing difference between the first pair of Signals, and 

a Second phase adjusting interpolator for producing a 
Second output Signal obtained by internally dividing 
a timing difference between the Second pair of Sig 
nals, 

Said clock control circuit further comprising: 

first to fourth multiplexing circuits for multiplexing and 
outputting the first and Second output signals output 
from Said first and Second phase adjusting interpolators 
of respective ones of Said first to fourth interpolators. 

33. The clock control circuit according to any one of 
claims 26 to 29, comprising a frequency multiplying inter 
polator constituted by a multiphase frequency multiplying 
circuit in which Said multiphase clock generating circuit has 
a plurality of timing-difference dividing circuits each of 
which is for outputting a signal obtained by internally 
dividing a phase difference between two signals from among 
the multiphase clockS generated from the input clock. 

34. The clock control circuit according to any one of 
claims 26 to 29, comprising a frequency multiplying inter 
polator constituted by a multiphase multiplying circuit 
wherein Said multiphase clock generating circuit includes: 

a frequency divider for generating multiphase clockS by 
frequency dividing an input clock, 

a period Sensing circuit for Sensing the cycle of the input 
clock, and 

a multiphase-clock frequency multiplying circuit, to 
which the multiphase clocks output from Said fre 
quency divider are input, for generating multiphase 
clockS obtained by frequency multiplying the input 
clocks, 
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a plurality of timing-difference dividing circuits each of 
which is for outputting a signal obtained by dividing 
a timing difference between two inputs applied 
thereto, and 

a plurality of multiplexing circuits each of which is for 
multiplexing outputs from two of Said timing-differ 
ence dividing circuits, and 

each of Said plurality of timing-difference dividing cir 
cuits has: 

a timing-difference dividing circuit to which two iden 
tical-phase clocks are applied as inputs, and 

a timing-difference dividing circuit to which two clockS 
of mutually adjacent phases are applied as inputs. 

35. The clock control circuit according to claim 34, 
wherein Said multi phase-clock frequency multiplying cir 
cuit has n-phase clocks (first to nth clocks) input thereto and 
includes: 

2n-number of timing-difference dividing circuits each of 
which is for outputting a Signal obtained by dividing a 
timing difference between two inputs applied thereto, 
wherein a (21-1) th (where 123 Isn holds) timing 
difference dividing circuit has Ith identical clockS 
applied thereto as said two inputs, and a 2Ith (where 
1sIsn holds) timing-difference dividing circuit has an 
Ith clock and a (I+1 mod n) th (where mod represents 
residue calculation and I-1 mod n is the residue 
obtained when I--1 is divided by n) clock applied 
thereto as said two inputs; 

2n-number of pulse-width correction circuits to which an 
output of a Jth (where 1s Js 2n holds) timing-differ 
ence dividing circuit and an output of a (J-2 mod n) th 
(where J-2 mod n represents the remainder obtained 
when J+2 is divided by n) timing-difference dividing 
circuit are input; and 

n-number of multiplexing circuits to which an output of a 
Kth (where 1s Ksn holds) pulse-width correction cir 
cuit and an output of a (K--n) th pulse-width correction 
circuit are input. 

36. The clock control circuit according to claim 34, 
wherein each of Said timing-difference dividing circuits 
includes: 

a NOR gate to which first and Second input Signals are 
applied; and 

an inverter to which the potential of an internal node, 
which is an output of said NAND gate, is input; 

a plurality of Series circuits of Serially connected Switch 
elements and capacitors being connected in parallel 
between the internal node and ground; and 

capacitance applied to the internal node being decided by 
a cycle control Signal connected to a control terminal of 
each of the Switch elements 

37. The clock control circuit according to claim 34, 
wherein each of Said timing-difference dividing circuits 
includes: 

a logic circuit, to which first and Second input signals are 
applied, for Outputting result of a predetermined logical 
operation between the first and Second input Signals, 
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a first Switch element connected between a first power 
Supply and an internal node and having an output Signal 
of Said logic circuit input to a control terminal thereof; 

a buffer circuit having an input terminal connected to the 
internal node for inverting an output logic value if a 
Size relationship between potential of the internal node 
and a threshold value reverses, 

a first constant-current Source and a Second Switch ele 
ment, which is turned on and off by the first input 
Signal, connected between the internal node and a 
Second power Supply; and 

a Second constant-current Source and a third Switch ele 
ment, which is turned on and off by the Second input 
Signal, connected between the internal node and the 
Second power Supply; 

a plurality of Series circuits being connected in parallel 
between the internal node and the Second power Supply, 
each of Said Series circuits comprising a fourth Switch 
element and a capacitor; 

capacitance applied to the internal node being decided by 
a cycle control Signal Supplied to a control terminal of 
said fourth Switch element. 

38. A clock control circuit according to any one of claims 
26 to 29, wherein Said phase adjusting interpolator includes: 

a logic circuit, to which first and Second input signals are 
applied, for outputting result of a predetermined logical 
operation between the first and Second input signals, 

a first Switch element connected between a first power 
Supply and an internal node and having an output Signal 
of Said logic circuit input to a control terminal thereof; 
and 

a buffer circuit having an input terminal connected to the 
internal node for inverting an output logic value if a 
Size relationship between potential of the internal node 
and a threshold value reverses, 

a plurality of Series circuits being connected in parallel 
between the internal node and a Second power Supply, 
each of Said Series circuits comprising a first constant 
current Source, a Second Switch element turned on and 
off by the first input signal and a third switch element 
turned on and off by a control Signal from Said control 
circuit; 

a plurality of Series circuits being connected in parallel 
between the internal node and the Second power Supply, 
each of Said Series circuits comprising a Second con 
Stant-current Source, a fourth Switch element turned on 
and off by the Second input signal and a fifth Switch 
element turned on and off by the control signal from the 
control circuit; 

a plurality of Series circuits being connected in parallel 
between the internal node and the Second power Supply, 
each of Said Series circuits comprising a sixth Switch 
element and a capacitor; 

capacitance applied to the internal node being decided by 
turning on and off the Sixth Switch element by a cycle 
control signal connected to a control terminal of Said 
sixth Switch element. 
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first, Second and third interpolators each of which is for 
outputting a signal obtained by internally dividing a 
phase difference between two Signals input thereto; 
a common data Signal being input to Said first interpo 

lator for being delayed and then output thereby; 
a clock signal being input to Said Second interpolator, 

and Said Second interpolator outputting a clock Signal 
obtained by internally dividing a timing difference 
between a leading edge and a trailing edge of a clock 
pulse, 

Said third interpolator outputting a clock signal 
obtained by internally dividing a timing difference 
between a trailing edge of the clock pulse and a 
leading edge of an ensuing clock pulse of the clock 
Signal; and 

a multiplexing circuit for multiplexing the output clockS 
from Said Second and third interpolators and outputting 
a clock Signal; 

the clock signal output from Said multiplexing circuit 
being Supplied to a latch circuit as a latch timing clock 
for latching data that is output from Said first interpo 
lator. 

40. A Semiconductor integrated circuit device having a 
clock control circuit defined in claims 1 to 19. 

41. A Semiconductor integrated circuit device having a 
plurality of macroblocks, Said device comprising: 

a frequency multiplying interpolator, which includes a 
plurality of circuits each of which is for outputting a 
Signal obtained by internally dividing a phase differ 
ence between two Signals, for generating and output 
ting multiphase clockS obtained by frequency multi 
plying an input clock; 
each of Said macroblocks having a Switch, to which the 

multiphase clocks output from Said frequency mul 
tiplying interpolator are input, for outputting at least 
two clocks from among the multiphase clocks, and a 
phase adjusting interpolator, to which an output from 
Said Switch is input, for outputting a signal obtained 
by internally dividing the phase of Said output; and 

a control circuit for controlling Switching of the clock by 
Said Switch and varying an internal-division ratio of 
Said phase adjusting interpolator. 

42. The clock control circuit according to claim 4, 
wherein each of Said timing-difference dividing circuits 
includes: 

a logic circuit, to which first and Second input signals are 
applied, for Outputting result of a predetermined logical 
operation between the first and Second input Signals, 

an N-channel MOS transistor connected between a first 
power Supply and an internal node and having an 
output signal of Said logic circuit applied thereto as a 
gate input; 

a buffer circuit having an input terminal connected to the 
internal node for inverting an output logic value if a 
Size relationship between potential of the internal node 
and a threshold value reverses, and 

P-channel MOS transistors connected between the inter 
nal node and ground and each having a signal obtained 
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by inverting the first input signal applied thereto as a 
gate input and each being driven by a constant-current 
Source, and P-channel MOS transistors connected 
between the internal node and ground and each having 
a signal obtained by inverting the Second input Signal 
applied thereto as a gate input and each being driven by 
a constant-current Source, 

a plurality of Series circuits of Serially connected Switch 
elements and capacitors being connected in parallel 
between the internal node and ground; 

capacitance applied to the internal node being decided by 
a cycle control Signal Supplied to a control terminal of 
each of Said Switch elements. 

43. The clock control circuit according to any one of 
claims 1 to 3, wherein Said phase adjusting interpolator 
includes: 

an OR gate to which first and Second input Signals are 
applied; 

a N-channel MOS transistor connected between a power 
Supply and an internal node and having an output Signal 
of Said OR gate applied thereto as a gate input; 

a buffer circuit having an input terminal connected to the 
internal node for inverting an output logic value if a 
Size relationship between potential of the internal node 
and a threshold value reverses, and 

a plurality of Series circuits being connected in parallel 
between the internal node and ground, each of Said 
Series circuits comprising an P-channel MOS transistor 
that has the first input signal applied thereto as a gate 
input and that is driven by a constant-current Source, 
and a Switch element turned on and off by a control 
Signal from Said control circuit; 

a plurality of Series circuits being connected in parallel 
between the internal node and ground, each of Said 
Series circuits comprising an P-channel MOS transistor 
that has the Second input Signal applied thereto as a gate 
input and that is driven by a constant-current Source, 
and a Switch element turned on and off by the control 
Signal from Said control circuit; 

a plurality of Series circuits being connected in parallel 
between the internal node and ground, each of Said 
Series circuits comprising a Switch element and a 
capacitor; 

capacitance applied to the internal node being decided by 
a cycle control Signal connected to a control terminal of 
Said Switch element. 

44. The clock control circuit according to any one of 
claims 1 to 3, wherein Said phase adjusting interpolator 
includes: 

a NOR gate to which first and Second input Signals are 
applied; 

a N-channel MOS transistor connected between a power 
Supply and an internal node and having an output Signal 
of Said NOR gate applied thereto as a gate input; 

a buffer circuit having an input terminal connected to the 
internal node for inverting an output logic value if a 
Size relationship between potential of the internal node 
and a threshold value reverses, and 
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a plurality of Series circuits being connected in parallel gate input and being driven by a constant-current 
between the internal node and ground, each of Said Source, and a Switch element turned on and off by the 
Series circuits comprising an P-channel MOS transistor control Signal from Said control circuit; 
having a signal obtained by inverting the first input 
Signal by a first inverting circuit applied thereto as a 
gate input and being driven by a constant-current 
Source, and a Switch element turned on and off by a 

a plurality of Series circuits being connected in parallel 
between the internal node and ground, each of Said 
Series circuits comprising a Switch element and a 

control Signal from Said control circuit; capacitor, 
a plurality of Series circuits being connected in parallel capacitance applied to the internal node being decided by 
between the internal node and ground, each of Said a cycle control Signal connected to a control terminal of 
Series circuits comprising an P-channel MOS transistor Said Switch element. 
having a Signal obtained by inverting the Second input 
Signal by a Second inverting circuit applied thereto as a k . . . . 


