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SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE

Field of the Invention

The present invention relates to an oscillation circuit,
and a semiconductor integrated circuit device which includes a
clock distribution system of low jitter and low skew employing

the oscillation circuit.

Background of the Invention

A clock generation method which uses a conventional PLL
(Phase-locked loop) is disclosed in, for example, IEEE JOURNAL
OF SOLID-STATE CIRCUITS, VOL 27, NO 11, November 1992
(hereinbelow, referred to as the "prior art example A").

Fig. 2 illustrates the construction of a clock generation
unit which employs the conventional PLL. A reference clock
signal fext input to the PLL from outside the circuit. The
PLL includes the following: "PFD", a phase/frequency
comparator; "CP", a charge pump; "LPF", a low-pass filter;
"VOCO", a voltage-controlled oscillator; "DIVN", a 1/N
frequency divider; "DIV2", a 1/2 frequency divider; and "NO",
a clock distribution network. The details of each of these
circuit elements is omitted.

The difference between the phases or frequencies of the
reference clock signal fext and an internal clock signal fint
is compared by the phase/frequency comparator PFD, from which
an error signal UP or DN is output. The error signal is
converted into an analog signal by the charge pump CP, and the
high frequency components of the signal are removed by the
low-pass filter LPF. The resulting signal is input to the
voltage-controlled oscillator VCOQ as an oscillation-frequency
control signal VC. The oscillation output of the voltage-
controlled oscillator VCOO is divided by the frequency divider
DIV2 into an oscillation output fint0 whose frequéncy is half
the frequency of the former oscillation output and whose duty
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Flg. 2 illustrates the construction of a clock generation unit which

enpl oys the conventional PLL. A reference clock signal fext input to the

PLL fromoutside the circuit. The PLL includes the follow ng: "PFD', a
phase/ frequency conparator; "CP", a charge punp; "LPF', a |low pass filter;

"VOCO',
"Dl v2",

a voltage-controlled oscillator; "D VN', a 1/N frequenc d|V|der
a 1/2 frequency divider; and "NO', a clock dIStrlb%delP

The details of each of these circuit elenments is onitted.?
di fference between the phases or frequencies of the reference cl ock signal

f ext and

network NO.

The return signal fint from the clock distribution system
has its'frequency divided by the 1/N frequency divider DIVN.
The resulting signal is input to the phase/frequency
comparator PFD. The phases of the reference clock fext and
internal clock fint are locked by such a phase-locked loop
PLLO, and the frequency of the signal fint becomes N times
that of the signal fext.

Summary of the Invention

The frequency of the internal clock fint has increased
year by vear, and the area of the clock distribution network
N0 has been enlarged in accordance with increases in chip
area. Problems occur in a clock distribution system when the
clock is to be stably fed at high speed over a wide area.
Such problems, as mentioned below, occur with the prior art
Example A.

(1) The delay time of the clock distribution network,
that is, the delays in the signals fint0 and fint, become(s)
relatively long in comparison with 1/fint. Thus, the skew of
the clock distribution network influences the performance of
the whole clock distribution system into which the clock
distribution network and the phase-locked loop PLLO are
combined. Also, there is a method wherein a clock feed range
within a chip is split in a large number, and wherein
independent PLLs are provided for the respective clock feed
subranges. In the case of this method, however, problems as
mentioned below are involved.

(2) In general, a PLL is less immune to noise such as
power source noise and substrate noise, and such noise
increases the "jitter" of the o6scillation frequency and phase

of the signal f£int0. The provision of the large number of
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an error signal UP or DN is output. The error signal is converted into an
anal og signal by the charge punp CP, and the high frequency conponents of
the signal are renoved by the |lowpass filter LPF. The resulting signal is
i nput to the voltage-controlled oscillator VCOO as an oscill ation-frequency
control signal VC. The oscillation output of the voltage- controlled
oscillator VOOO is divided by the frequency divider DIV2 into arfi-702
oscillation output fintO whose frequency is half the freqtiehts2H0YHe
former oscillation putput and whose duty

PLLs within the chip leads to the necessity of considering
noise reduction for each of the PLLs.

(3) The total area of the large number of PLLs affects
the area of the entire chip. 1In consideration of the problem
(2), the area of each of the PLLs increases even more.

(4) The clock skew between the independent clock feed
subranges becomes as very large as TskewG + 2*Tskewl +
2*Tjitter, where TskewLl denotes a skew within the respective
clock feed subranges, Tjitter denotes the jitter of the PLLs,
and TskewG denotes the skew of the reference clock having
occurred up to each PLL.

(5) Since the PLLs are provided in such a large number,
dissipation power increases.

The objects of the invention are to solve the
aforementioned problems by providing an oscillaticn circuit
and a semiconductor integrated circuit device which includes a
clock distribution system using the oscillation circuit.

In particular, it is an object of the invention to
provide a semiconductor integrated circuit device having a
plurality of oscillators each having an oscillation node,
wherein the oscillation nodes of each of the oscillators are
connected together. Preferably, the oscillators are connected
together by conductive wiring line that may be a closed loop.

It is a further object of the invention that the
oscillators are synchronized to oscillate at substantially the
same frequency and further to oscillate at substantially the
same phase.

It is another object of the invention that the
oscillators are connected to a wiring at connecting points
having substantially the same interval of wiring lengths
between the connection points, which leads to synchronizing
the oscillators to oscillate at a substantially identical

frequency and phase.
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In a preferred embodiment of the invention, the
semiconductor integrated circuit device has a plurality of
oscillators that are connected to a conductive wiring line
that is formed in the shape of a mesh, at the intersection
points of the mesh, wherein the interval of length of the
conductive wiring line between the connection points is
substantially the same among all of the connection points.
Preferably, the interval length is at least 50 um.

In a further object of the present invention, the
oscillators are ring oscillation circuits having inverters
connected in a ring shape wherein an output of at least one
inverter of each ring oscillation circuit is connected to the
conductive wiring. Alternatively, the oscillators may be
delay lines having multistage connected inverters with at
least one inverter connected to the conductive wiring line.

According to another object of the invention, a
semiconductor integrated circuit device is provided with a
plurality of circuit blocks having a clock distribution
circuit and a plurality of oscillators that output a clock
signal to the clock distribution circuit in which a conductive
wiring is provided for connecting oscillation nodes of each of
the oscillators together. In such an arrangement, the circuit
blocks may comprise a logic circuit or a memory circuit and
the plurality of oscillators may be provided in one-to-one
correspondence with the plurality of circuit blocks.

In still another object of the invention, a semiconductor
integrated circuit device has a plurality of oscillation
circuits with a wiring connecting the output of oscillation
circuits together, a plurality of clock distribution circuits
that are connected to the oscillation circuits and a phase
frequency converter that compares the clock signal of the
clock diétribution circuits with a reference clock signal

wherein the oscillation circuits change in oscillation

-’
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The return signal fint fromthe clock distribution systemhas its frequency
di.vided by the 1/ N frequency divider DIVN. The resulting signal is input to
t e phase/frequency conparator PFD. The phases of the reference clock fext
and internal clock fint are |ocked by such a phase-Ilocked | oop PLLO and
the frequency of the signal fint beconmes N tinmes that of the signal fext.
Summary of the Invention The frequency of the internal clo&k7Pnt has
i ncreased year by year, and the area of the clock distri Bdfi’8@3R80®ér k

frequency in response to a signal output from a phase
frequency comparator.

According to the present invention, a semiconductor
integrated circuit device is provided having a plurality of
oscillators having substantially the same natural oscillation
frequency and a conductive wiring that connects the outputs of
each of the oscillators together. As a result, the
oscillators oscillate at substantially the same frequency
independently of fluctuations in the supply of voltage to each
of the oscillators. Further, since the oscillators are
synchronized to provide substantially the same output
frequency which is independent of fluctuations in the supply
voltages, the oscillators are suitable for providing a clock
signal to a plurality of clock distribution circuits that
distribute clock signals to circuit blocks on the
semiconductor integrated circuit device. As a result, a clock
signal is provided that is distributed according to the
preferred embodiments of the invention that is not subject to
variations due to noise and therefore has low jitter and skew.

Brief Description of the Drawings

Fig. 1 is a diagram showing the basic embodiment of the
present invention.

Fig. 2 is a diagram showing a clock generation unit which
employs a conventional PLL.

Fig. 3 shows graphs illustrating the circuit simulation
waveforms of the oscillation circuits according to the present
invention.

Fig. 4 is a diagram of an embodiment in which ring
oscillators are connected to separate power sources in an

oscillation circuit of the present invention.
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NO has been enl arged in accordance with increases in chip area. Problens
occur in a clock distribution systemwhen the clock is to be stably fed at
hi'gh speed over a w de area. Such problens, as nentioned bel ow, occur with
the prior art Exanple A (1) The delay tine of the clock distribution
network, that is, the delays in the signals fintO and fint, becone(s)
relatively long in conparison with 1/fint. Thus, the skew of thé-d08ck

di stribution network influences the performance of the widi% 03380KSL

di stribution systeminto which the clock distribution network and the

hase-1 ocked | Qqop PLLQ are conbi ned.. Also,. there is net ho r.ein a
Elock feed ran éﬁ%. S(gs a diagram of an embodf%ent pf an osé%f¥y%10n

circuit according to the invention in which differential
inverters are employed in the ring oscillators.

Fig. 6 is a diagram of an embodiment of the invention
showing a different connection than that shown for the
embodiment of Fig. 1.

Fig. 7 is a diagram of an embodiment of the invention
showing a different connection than that shown for the
embodiment of Fig. 1.

Fig. 8 is a diagram of an oscillation circuit embodiment
of the invention in which ring oscillators are connected to a
mesh in the shape of an array.

Fig. 9 is a diagram of an embodiment in which clocks are
fed to a plurality of logic circuits by the use of the
oscillator of the present invention.

Fig. 10 is a diagram of an embodiment according to which,
in the invention of Fig. 9, the phases of the clocks for the
respective logic circuits are made to be adjustable.

Fig. 11 is a diagram of an embodiment in which the -
oscillator of the present invention are used as voltage-
controlled oscillators (variable-frequency oscillators) in a
phase locked loop PLL circuit.

Fig. 12A is a diagram showing a basic embodiment of a
voltage-controlled oscillator.

Fig. 12B is a diagram showing another basic embodiment of
a voltage-controlled oscillator.

Fig. 13 is a diagram of a basic embodiment of a clock
distribution network according to the present invention.

Fig. 14 is a diagram of a microprocessor according to the
present invention.

Fig. 15 is a diagram of an embodiment in which the

present invention is applied to delay lines.
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within a chipis split in a large nunber, and wherein independent PLLs are
provided for the respective clock feed subranges. In the case of this

met hod, however, problens as nentioned bel ow are invol ved. (2) In
general, a PLL is less imune to noise such as power source noi se and
substrate noi se, and such noise increases the "jitter" of the oscillation

. . S ~-702
L;equency and phase of the signal fintO The provision 0%15@%25%5@é1n“”ber

Fig. 16 is a diagram of an embodiment in which a delayed
lock loop (DLL) is constructed using voltage-controlled delay
lines (variable delay lines) as the delay lines in Fig. 15.

Fig. 17A is diagram of the embodiment of the invention
shown in Fig. 8 with switches interposed between the
connection points of the mesh.

Fig. 17B is a diagram of a switch used in the embodiment
of Fig. 17B.

Fig. 18 is a diagram of an embodiment similar to that of
Fig. 8 with PLLs used in place of the ring oscillator shown in

Fig. 8.
Fig. 19 is a diagram of an embodiment of the PLLs used in
Fig. 18.

Detailed Description of the Preferred Embodiments

Fig. 1 is a diagram showing a basic embodiment of the
oscillation circuit of the present invention, which includes
‘ring oscillators 0OSCl - 0SCn, which are respectively
configured of inverters 110 - 1lm, 120 - 12m, and 1n0 - 1nm.
One of the oscillation nodes of each of the ring oscillators
is connected to the corresponding one of nodes 101 - 10n, and
the adjacent nodes 101 - 10n are connected together by the
wiring, which is preferably in a closed loop shape. Also,
preferably, the interval of wiring length or distance between
the adjacent nodes (for example, the distance between the
nodes 101 and 102) are egual distances 1. The inverters 110 -
1lm, 120 - 12m, and 1n0 - 1lnm may be CMOS inverters, although
not limited thereof. For the sake of brevity, inverters of
the CMOS type are described as employed in the description of
Fig. 1 below.

Since the oscillation nodes of the respective ring
oscillators 0OSCl - 0OSCn are connected with one another, these
ring oscillators OSC1 thru OSCn oscillate at a substantially

identical phase/frequency.

s e e
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- 3- PLLs within the chip |l eads to the necessity of con5|der|ng noi se
reduction for each of the PLLs. (3) The total area of the |arge nunber
of* PLLs affects
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Fig. 3(A) illustrates circuit simulation waveforms in the
case where the number of ring oscillators is four. The axis
of abscissa represents the time, while the axis of ordinate
represents the voltages of the respective nodes. In the
figure, V(x), i.e. V(101), V(102), etc. denotes the potential
of the node x. Transistors used in the simulation were CMOS
transistors each of which had a gate length Lg of 0.25 um.

The inverters 110 - 1lm, 120 - 12m, and 1n0 - 1nm were all the
same type of inverters (in which the gate width Wp of each
PMOS transistor was 10 um, and the gate width Wn of each NMOS
transistor was 5 um). A supply voltage was 1.8 V, and the
distance 1 between the nodes was 3 mm. It was assumed that in
an initial state, the respective nodes 101 - 104 had different
potentials as their initial values (at the point of time of 0
ng). It is seen that, although there were in different phases
at the time point 0 ns, the ring oscillators 0OSCl thru 0S8C4
oscillated in and at an identical phase/frequency in a steady
state established after a while subsequent to time point 0 ns.

In this manner, as a result of the configuratiocn of the
present invention, the ring oscillators, the adjacent ones of
which are spaced apart from one another by the distance 1, can
be caused to oscillate in and at an identical phase/frequency.
The distance 1 may range from 1 pym to 10 mm. There is the
advantage that the frequency of the oscillations do not depend
upon the respective distances.

Although, in the foregoing, the distances between the
respectively adjacent nodes in Fig. 1 are all set to be equal
distances 1, they need not always be equal distances. In such
a case, in the steady state, the oscillations of the
respective ring oscillators will have a substantially
identical frequency, but they will not have an identical
phase. The respective ring oscillators oscillate in

synchronism while keeping phases 861 - 6n (if the distances

P ——————————
e
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the area of the entire chip. In consideration of the problem(2), the area
of each of the PLLs increases even nore. (4) The cl ock skew bet ween

t ie i ndependent cl ock feed subranges becones as very |large as TskewG +

2* TskewL + 2*Tjitter, where TskewL denotes a skew within the respective
clock feed subranges, Tjitter denotes the jitter of the PLLs, and TskewG
denotes the skew of the reference clock having occurred up to edcHOBLL.

(5) Since the PLLs are provided in such a large nunber, 993808 Fpowner

I ncreases. The objects of the invention are to solve the

f or nt i on r obl r.ovidi ng.an il i on ci.,r.cui
atoreme tllo%t%%e% %%ee@ses%%cglge 9 a jgceggcno east a?re Ca].l‘:'ueqtual

distances 1, then 81 = 62 = ... = 6n holds).

Further, although the inverters 110 - 11m, 120 - 12m, and
1n0 - 1lnm constituting the respective ring oscillators are all
shown in Fig. 3 to be of the same type, they need not always
be of the same type. If they are not the same, the respective
ring oscillators oscillate with substantially identical
frequency, but not in identical phase in the steady state as
in the foregoing. The respective ring oscillators oscillate

in synchronism while having the phases 81 - én. To the
contrary, the phases 81 - 6n can be changed by adjusting the
sorts (load driving capabilities, etc.) of the inverters of
the respective ring oscillators. The phases 81 - dn of the

respective ring oscillators can be brought into substantially
identical phase by adjusting the sorts of the inverters of the
respective ring oscillators through the utilization of such a
property, even when all the distances between the respectively
adjacent nodes are not set at the equal distances 1.

In general, since the inverters 1lm - 1lnm need to drive
the nodes 101 - 10n and the wiring line connecting them, each
of them requires a load driving capability being comparatively
high (for which the gate widths are enlarged in the case of
the CMOS transistors). For lowering power dissipation,
accordingly, it is effective to make the load driving
capabilities higher in the order of, for example, the
inverters 110, 111, ... and 1l1lm.

Further, the numbers of stages of the inverters need not
be the same in the ring oscillators. If the natural
oscillation frequencies of the ring oscillators are equal to
some extent, the construction of the present invention can
cause the respective ring osci;lators to oscillate at an

identical frequency in synchronism with the phases 81 - dn

kept, in the steady state.
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and a sem conductor integrated circuit device which includes a clock

di stribution systemusing the oscillation circuit. In particular, it

i S an object of the invention to provide a sem conductor integrated circuit
device having a plurality of oscillators each having an oscillation node,
wherein the oscillation nodes of each of the oscillators are connected
together. Preferably, the oscillators are connected together by HdWuctive
wiring line that may be a closed | oop. It is a furtRErPP53EAU3f the

i nvention that the oscillators are synchronized to oscillate at

heiane Bhoge NS A TS USR0S che SRR A RN Y
case in which noise such as a supply voltage fluctuation or a
substrate voltage fluctuation has acted on the oscillators of
the present invention.

Fig. 3(B) illustrates circuit simulation waveforms in the
case where only the ring oscillator OSCl has a supply voltage
different from that of the other ring oscillators. The supply
voltage of the ring oscillator 0SCl was 2.0 V, and the other
conditions were the same as those for the simulation of Fig.
3(A). It is seen that the ring oscillators 0SCl thru 0SC4
oscillate in and at substantially the identical
phase/frequency in a steady state established after a while
subsequent to the point of time 0 ns.

_ The oscillation circuit of the present invention is
configured of a large number of ring oscillators with the
feature that, even when the supply voltages of the several
constituent ring oscillators have fluctuated, the
phase/frequency of the whole oscillation circuit hardly
changes (in the case where the ring oscillators have the

phases 81 - 6n in the steady state involving neither the supply

voltage fluctuation nor the substrate voltage fluctuation,
they function to keep the phases against the supply voltage
fluctuation and the substrate voltage fluctuation).

This effect becomes greater with an arrangement in which
the supply voltage fluctuation having acted on the ring
oscillator does not influence the supply voltages of the other
ring oscillators. In general, the supply voltage fluctuation
in an integrated circuit arises in a local place. Therefore,
in a case where a power source is shared by a plurality of
ring oscillators, the longer distance 1 is better. Further,
it is preferable that the respective ring oscillators do not
share the power source, as much as practical. By way of
example, separate supply voltage generators or supply voltage

.
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It is another object of the invention that the oscillators are connected to
a wring at connecting points having substantially the sanme interval of
wi'ring | engths between the connection points, which | eads to synchroni zi ng
the oscillators to oscillate at a substantially identical frequency and

phase. .
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stabilizers may well be employed for the respective ring
oscillators.

Although the effect of the present invention concerning
the supply voltage fluctuation has been mentioned in the
foregoing, the same holds true of the substrate voltage
fluctuation.

Fig. 4 illustrates an embodiment of the present invention
which takes advantage of the above discussed noise immunity
considerations, according to the present invention. As
compared with the embodiment of Fig. 1, the embodiment in Fig.
4 differs in the point that the respective ring oscillators
0OSCl1 - 0OSCn are configured of pairs of ring oscillators
(0OsSC1a, 0SCib) - (0OSCna, 0OSCnb). Further, the ring oscillator
pairs are connected to different supply voltages VDDla - VDDna
as well as VSSla - VSSna and VDDlb - VDDnb as well as VSSlb -
VSSnb.

The probabilities at which the noise such as the supply
voltage fluctuations are simultaneocusly involved in the supply
voltages VDDla - VDDna as well as VSSla - VSSna and the supply
voltages VDD1lb - VDDnb as well as VSSlb - VS8Snb, are low owing
to the localities of the noise. It is therefore possible to
suppress the fluctuations of oscillation frequencies and
phases at nodes 401 - 40n as are attributed to the supply
voltage fluctuations, the substrate voltage fluctuations, etc.

The effect of the present invention as stated above
resembles the effect of a so-called bypass capacitor
(decoupling capacitor) which is interposed between supply
voltages in order to suppress supply voltage fluctuations.

The pass capacitor functions to hold a predetermined potential
in a case where noise exists in a signal having a
predeterminea potential (the potential termed the supply
voltage) in the state in which the noise does not exist. On
the other hand, the oscillator of the present invention
functions to hold the predetermined oscillation

P
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-4- In a preferred enbodi nrent of the invention, the sem conductor
integrated circuit device has a plurality of oscillators that are connected
to a conductive wiring line that is formed in the shape of a nesh, at the

i ntersection points of the nesh, wherein the interval of length of the
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frequency/phase in the case where noise exists in the si ignal
having the predetermined frequency/phase in the steady state
in which the noise does not exist.

Although inverters of the single-end input/output type
are employed in the embodiments of Figs. 1 thru 4,
differential inverters each having a differential
input/output, 0SCld - 0SCnd may well be employed as
illustrated in Fig. 5 (the detailed circuit example of the
differential inverter is depicted in Fig. 11 of the prior-art
example A, and shall be omitted from illustration). In this
case, the differential inverter has the oscillation outputs of
a positive logic output and a negative logic output, so that
equivalents to the nodes 101 - 10n in Fig. 1 become nodes
(501a, 501b) - (50na, 50nb), which form dual rails.

Besides, although the ring oscillators are interconnected
by using a particular one of the oscillation in the
embodiments of Figs. 1 thru 5, they may well be interconnected
using a plurality of oscillation nodes (having different
phases) of each of the oscillators as illustrated in Fig. 6.
In Fig. 6, two nodes of each ring oscillator are used for the
interconnections as shown at 60la - 60na and 601b - 60nb.
Since the degrees of coupling among the ring oscillators are
intensified more than in the case of the connection aspect of
Fig. 1, the noise immunity is enhanced.

Figs. 7 and 8 illustrate embodiments of the invention
which differ from the former embodiments with respect to the
connection of the oscillators. As compared with the
embodiment of Fig. 1, the embodiment of Fig. 7 features the
nonexistence of a wiring line part which directly connects the
ring oscillators 0SCl and OSCn. On this occasion, even in the
case where all of - the distances between the respectively
adjacent ones of the nodes 101 - 10n are the equal distances 1
and where all of the ring oscillators 0SC1l - 0SCn have the
same characteristics, the ring oscillators OSCl - 0OSCn do not

v
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conductive wiring |ine between the connection points is substantially the
sane anong all of the connection points. Preferably, the interval length is
at least 50 [err]m In a further object of the present invention, the
oscillators are ring oscillation circuits having inverters connected in a
ring shape wherein an output of at |east one inverter of each rjn
oscillation circuit is connected to the conductive mﬁring ﬁtgggﬁggﬁvely,
the-oscillators may be delay |lines having nultistage con &2 rnverters
with at | east one inverter connected to the conductive wiring |ine.

Accordi ng_to.another_object of.t L,aventj.on, .a ) t k at ed
circuit d8§F&ZTF €niByR eaéﬁP%hc%f pEREM g £ 1EY 9839#9 BkchiNt g0k
at an identical frequency. Herein, the ring oscillators OSCl

- 0SCn oscillate in synchronism while keeping phases 81 - on.

The phases 81 - 8n can be made identical, not only by adjusting

the distances between the respectively adjacent nodes, but
also by adjusting the sorts (load driving capabilities, etc.)
of the ring oscillators 0SCl thru 0SCn. By way of example,
the load driving capability of each of the ring oscillators
0SC1 and OSCn at opposite ends of the oscillation circuit may
be set to half the capability of the other ring oscillators.

Fig. 8 illustrates an embodiment in which the ring
oscillators are connected together by a conductive wiring in
the shape of an xq mesh. The mesh connection is useful for
the practical application of the invention, however various
connection aspects are considered to be part of the invention,
and any connection aspect may be employed as long as the ring
oscillators oscillate in synchronism as a result of the
connection configuration. According to the invention, a
plurality of oscillators which have a natural oscillation
frequency that are substantially the same, are connected
through nodes of the ring oscillators so that the oscillators
oscillate at a substantially identical frequency. As a
result, by the arrangement of Fig. 8, an effect which is
similar to that of each of the embodiments illustrated in
Figs. 1 thru 4 is attained. In the ensuing description,
embodiments employing the oscillator or oscillation circuit of
the present invention shall be discussed using the embodiment
of Fig. 1 for the sake of brevity.

Fig. 9 illustrates an embodiment of the invention in
which clocks are fed to a plurality of logic circuits by the
use of the oscillator of the present invention. LOGl - LOGn
denote the logic circuits, while 711 - 71n denote buffers. 1In

comparison with the embodiment of Fig. 1, the buffers 711 -

13
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plurality of circuit blocks having a clock distribution circuit and a
plurality of oscillators that output a clock signal to the clock
di'stribution circuit in which a conductive wiring is provided for
connecting oscillation nodes of each of the oscillators together. In such

an arrangenent, the circuit blocks may conprise a logic circuit nenDry
circuit and the plurality of oscillators may be prOV|ded3hg %gsd%g §
correspondence with the plurality of circuit bl ocks. o not her

obj ect of the invention, a semn conductor integrated cirCU|t device has a

pLUTALL Y oA, 98] |08 ) EBULE R 51y Y46 T SO B e QLR of
nodes 101 - 10n in Fig. 1, and the outputs 721 - 72n of these
buffers are respectively fed to the logic circuits LOGl -
LOGn. As stated before, the ring oscillators oscillate at a
substantially identical frequency and at a substantially
identical phase at the nodes 701 - 70n (although the ring
oscillators can oscillate with phases 81 - dn as stated before,

they are assumed to be connected to provide for oscillations
of identical phase, for the sake of brevity). Thus, clock
signals having no skew can be fed to the logic circuits LOGl -
LOGn. Further, clock signal in which little jitter occurs can
be fed owing to the noise immunity as stated before. Of
course, the buffers 711 - 71n may well be omitted. When the
buffers 711 - 71n are existent, the propagation of noise from
the logic circuits LOGl1 - LOGn to the oscillator can be
suppressed.

As seen from Fig. 3(B), skew at the nodes 701 - 70n in
the presence of noise is less after some time period has
lapsed subsequent to changes in the potentials of the nodes.
Accordingly, the buffers 711 - 71n that are connected to the
nodes 701 - 70n should preferably be Schmitt inputs. Thus,
the skew of the outputs of the buffers 711 - 71n can be -
decreased. |

In the embodiment of Fig. 9, the phases of the clock
signals 721 - 72n input to the respective logic circuits LOG1
- LOGn can be adjusted in the direction of delaying them
individually, by adjusting the delay times of the
corresponding buffers 711 - 71n.

Fig. 10 illustrates an embodiment in which the phases of
the clocks 721 - 72n to be fed to the respective logic
‘circuits can be further adjusted in the direction of advancing
them. Oscillation nodes (831la,. 831b, 831lc, ...) - (83na,
83nb, 83nc, ...) which differ from oscillation nodes 801 - 80n
interconnecting the ring oscillators are selected, and the

14
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that are connected to the oscillation circuits and a phase frequency
converter that conpares the clock signal of the clock distribution circuits
wi‘th a reference clock signal wherein the oscillation circuits change in
oscillation . REPLACEMENT SHEET
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selected oscillation nodes are connected to the buffers 711 -
71n. By way of example, the oscillation node 831la oscillates
in a phase which is earlier than that of the oscillation node
801 for one inverter stage (the phase is earlier by 360/p
degrees under the assumption that the ring oscillator is
configured of p stages of inverters of the same sort).
Accordingly, when a clock is fed from the oscillation node
831la to the logic circuit LOG1 by the use of buffer 711, a
phase thereof is earlier than that of the clock of a logic
circuit as generated through the buffer from the oscillation
node 801.

Fig. 11 illustrates an embodiment in which the
oscillation circuit of the present invention is applied to the
voltage-controlled oscillators (VCOs) of a PLL. VCOl - VCOn
denote the voltage-controlled oscillators, and fintl - fintn
indicate the output signals thereof. 901 - 90n indicate
buffers, while N1 - Nn indicate clock distribution networks.
In comparison with the embodiment of Fig. 7, the voltage-
controlled oscillators VCOl1l - VCOn correspond to the ring
oscillators 0SCl - 0SCn, and an oscillation-frequency control
signal VC therefor is controlled by a PLL structure, thereby
to construct a phase-locked loop PLL1. In addition, global
clocks 911 - 91n being the outputs of the buffers %01 - 90n
are connected to the clock distribution networks N1 - Nn.

Although for the sake of brevity, the connection of the

- voltage-controlled oscillators VCOl1 - VCOn is the same as that
shown in Fig. 1, any of the connection types shown in Figs. 4
thru 8 can be employed. Further, as compared with the prior-
art example in Fig. 2, the embodiment in Fig. 11 does not show
any circuit elements corresponding to the 1/2 frequency
divider DIV2, but such elements may be connected at stages
preceding or succeeding the buffers 901 - 90n if necessary.

Circuit examples of each of the oscillators VCOl1 - VCOn
are illustrated in Figs. 12{(A} and 12(B). Fig. 12(A) shows an

.
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frequency in response to a signal output froma phase frequency conparator.
According to the present invention, a sem conductor integrated circuit '
device is provided having a plurality of oscillators having substantially

t he sane natural oscillation '

H-702
319702300US1

oscillator configured of inverters 1000 - 100m each having a
single-end input/output. The delay time of each inverter
changes depending upon the value of the oscillation-frequency
control signal VC, whereby the oscillation frequency of the
oscillation output fintl changes depending upon the value of
the oscillation-frequency control signal VC (a detailed
circuit example of the inverter is depicted in Fig. 4 of the
prior-art example A, and therefore its detail is omitted from
illustration).

On the other hand, Fig. 12(B) shows an oscillator which
is configured of differential inverters 1010 - 10lm each
having a differential input/output. In the same manner as in
Fig. 12(Aa), the delay time of each differential inverter
changes depending upon the value of the oscillation-frequency
control signal VC, whereby the oscillation frequencies of the
oscillation outputs fintl and /fintl change depending upon the
value of the oscillation-frequency control signal VC (a
detailed circuit example of the differential inverter is
depicted in Fig. 11 of the prior-art example A, and therefore
its detail is omitted from illustration).

Fig. 13 is a detailed diagram of the clock distribution
network N1 shown in Fig. 11. 1100 - 110k indicate clock
distribution lines, while 1110 - 111k indicate local buffers.
The lengths of the respective clock distribution lines 1100 -
110k are set on a chip layout so that lengths from the global
clock 911 to the respective local buffers 1110 - 111k may
become equal. Accordingly, the characteristics of the local
buffers 1110 - 111k are substantially identical (hereinbelow,
termed "matched"). Furthermore, in the absence of noise, the
skews of local clock outputs outl - outk become zero.

Since the voltage-controlled oscillators VCOl - VCOn are
fed with an identical oscillation-frequency control signal VC,
the oscillation outputs fintl thru fintn thereof oscillate

with a substantially identical frequency/identical phase as

.
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frequency and a conductive wiring that connects the outputs of each of the
oscillators together. As a result, the oscillators oscillate at
substantially the same frequency independently of fluctuations in the
supply of voltage to each of the oscillators. Further, since the
oscillators are synchronized to provide substantially the sanme qu t
frequency which is i ndependent of fluctuations in the suggb Oégﬁggggs, t he
oscillators are suitable for providing a clock signal to él 30 y of
clock distribution circuits that distribute clock signals to circuit bl ocks

on the seBepRtdHedore@IELALEGN LAELLLLEEYE (ontib 1A duPBdcti1 18k ack ST gnal
Is provided that 1s distributed according 1o the
VCO1 - VCOn can oscillate with phases 81 - dn as stated in

conjunction with the embodiments shown in the figures up to
Fig. 8, they are assumed to be connected to provide for
oscillations of substantially identical phase, for the sake of
brevity here). Accordingly, the local clock outputs outl -
outk oscillate at the substantially identical frequency and
phase. Furthermore, since noise immunity similar to that
achieved in the embodiments illustrated in the figures before
Fig. 10 is attained, there is substantially no increase in the
skew/jitter of the outputs due to supply voltage fluctuations
or substrate wvoltage fluctuation.

Fig. 14 illustrates an embodiment in which the PLL of
Fig. 11 is applied to a microprocessor that requires high
performance from the PLL, even among the semiconductor
integrated circuit devices. Numeral 1200 designates the
microprocessor, numerals 1201 - 1203 designate logic circuit
blocks, and constituents 1211 - 1213 correspond to the clock
distribution networks in Fig. 11. The functions of the logic
circuit blocks are not especially restricted. The logic
circuit block may be either a data path with an arithmetic
unit etc. built therein, or a memory such as cache or a
controller therefor.

Global clocks 1231 - 1233 are output from the phase-
locked loop PLL1. The global clocks 1231 - 1233 are
distributed into local clocks 1241 within the respective logic
circuit blocks by the clock distribuﬁion networks 1211 - 1213.
Lastly, the local clocks 1241 are fed to the clock input units
of circuits such as latches 1220.

As in the embodiment of Fig. 11, there is substantially
no increase in the skew/jitter of the local clocks 1241 due to
supply voltage fluctuations or .substrate voltage fluctuation.
Further, the voltage-controlled oscillators VCOl - VCOn within
the phase-locked loop PLL1 are sporadically situated in the

-
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preferred enbodi nents of the invention that is not subject to variations
due to noise and therefore has lowjitter and skew. Brief Description of
the Draw ngs Fig. 1 is a diagram show ng the basic enbodi nent of the
present invention. Fig. 2 is a diagramshowi ng a clock generation unit
whi ch enpl oys a conventional PLL. Fig. 3 shows graphs iIIuagga I ng the
circuit sinulation waveforns of the oscillation circuits3§§98§gb8gs o the
present invention.

chip and are arranged near the logic circuit blocks to which
they are allotted, whereby paths from the clock outputs of the
voltage-controlled oscillators VCO1l - VCOn to the circuits,
such as latches to use the corresponding clock outputs, can be
shortened (the path includes, e. g., the global clock 1231,
clock distribution network 1211 and local clock 1241 in Fig.
14) . When the path is shortened, a delay time which is
involved therein can be shortened. It is therefore possible
to mitigate the influence which skew or jitter having occurred
in the path exerts on the performance of the whole clock
distribution system.

In an arrangement (hereinbelow, called the "multiple PLL
scheme") wherein a clock feed range within a chip is split in
a large number and wherein independent PLLs are respectively
disposed for the resulting clock feed subranges, the clock
skew between the independent clock feed subranges becomes
TskewG + 2*TskewlL + 2*Tjitter, where TskewLl denotes the skew
within each clock feed subrange, Tjitter denotes the jitter of
the PLL, and TskewG denotes the skew of the reference clock
having occurred up to each PLL. With the arrangement of the
present invention, the clock skew becomes 2*¥TskewlLN + TjitterN
where TjitterN denotes the jitter of the global clock output
from the phase-locked loop PLL1l, and TskewLN denotes the skew
of the corresponding one of the clock distribution networks
1211 - 1213. Even when TskewL = TskewLN is assumed, by the
present invention the clock skew can be decreased. 1In
actuality, TjitterN < Tjitter holds for the PLL of the present
invention as stated before, so that the arrangement of the
present invention can sharply reduce the clock skew.

Furthermore, a chip area can be made smaller by the
scheme of the present invention in which a larger number of
VCOs than in the multiple PLL scheme are sporadically situated

in the chip and are synchronized.
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Fig. 4 is a diagramof an enbodinment in which ring oscillators are
connected to separate power sources in an oscillation circuit of the
present invention. - 6-

H-702
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Although the embodiments in each of which the external
clock and the internal clock are synchronized using the PLL
scheme have been mentioned in the foregoing, a delayed locked
loop (DLL) scheme may weli be employed. By way of example,
the present invention is readily applied to a DLL in such a
way that the DLL is constructed by replacing the ring
oscillators in Fig. 1 with delay lines.

Fig. 15 illustrates such an embodiment. Further, Fig. 16
illustrates an embodiment in which a DLL is constructed by
laying the delay lines in Fig. 15 as variable delay lines. As
compared with the embodiment of Fig. 11, the embodiment of
Fig. 16 differs in the point that the reference clock fext is
input to the variable delay lines VDLl - VDLn. Otherwise, it
is obvious that the embodiment of Fig. 15 is applicable to
each of the embodiments of the present invention illustrated
in Figs. 2 thru 14.

Each of the foregoing embodiments corresponds to the case
where the present invention is applied within a single chip,
but obviously it can be expanded to embodiments of
semiconductor integrated circuit devices each of which
includes a plurality of chips. By way of example, the present
invention is readily applied to a case where, as in Fig. 14,
the logic circuit blocks and the voltage-controlled
oscillators VCOs allotted thereto are constructed using
respectively separate chips, or a case where, as in Fig. 1,
the ring oscillators are constructed using respectively
separate chips.

In addition, none of the foregoing embodiments includes a
method for lowering power dissipation, such as so-called gated
clock. The present invention, however, is readily applied to
a case, for example, where the buffers 711 - 71n in Fig. 10
are altered into and constructed as gate circuits. Although
there are various different methods, the present invention is
not especially restricted to such methods, and one such method

e
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Fig. 5 is a diagramof an enbodi ment pf an oscillation circuit according to
the invention in which differential inverters are enployed in the ring

oscillators. Fig. 6 is a diagram of an enbodi nent of the invention
showi ng a different connection than that shown for the enbodi mrent of Fig.
1. Fig. 7 is a diagramof an enbodi nent of the invention sgoy6gg a

di fferent connecti
on than that shown for the 319702300US1

for lowering power dissipation is provided by an arrangement
shown in Fig. 17(a).

In Fig. 17(A), an arrangement is shown using switches in
which only part of the many oscillators used in the present
invention need be operated at any one time ‘in order to
selectively lower power dissipation. Fig. 17(B) shows a
preferred embodiment of one of the switches shown in Fig.
17(A).

As shown in Fig. 17(A), the switches are connected to the
wiring lines interconnecting the ring oscillators in the
embodiment where the ring oscillators are connected in a mesh

of nxg, according to the embodiment of Fig. 8. The switches

may be, for example, CMOS switches as shown in Fig. 17 (B),
although not limited thereto.

When all of the ring oscillators are to be operated, all
of the switches are turned on. Meanwhile when, for example,
it is desired that only the ring oscillators 0SCll, 0SCl2,
0SC21, 0SC22 are operated and the other oscillators are not
operated, switches SW1213, SW2223, SW2232, SW2131 are turned
off. By turning off the switches SW1213, SW2223, DE2232,
SW2131, the not-operating ring oscillators do not influence
the ring oscillators 0SCi1l, 0SCl12, 0OSC21, 0SC22. In order to
reduce the power consumption by supplying clock signals to
only part of the circuits, for example, the structure and
control method of the invention can be used.

In the foregoing examples, although it is premised that
the frequency of the ring oscillators is controlled by the
oscillation-frequency control signal, the ring oscillators may
be the ones whose frequency is determined by a clock inputted
from outside. This can be realized by, e.g. adopting a PLL
structure. Fig. 18 shows a structure wherein instead of the
to the oscillators 0SC11-0SCqn used in the embodiment of Fig.
8, there are provided phase lock loop circuits PLL1l to PLLgn
that receive a clock from outside (not shown).

s ——
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enbodi nent of Fig. 1. Fig. 8 is a diagramof an oscillation circuit
enbodi nent of the invention in which ring oscillators are connected to a
mesh in the shape of an array. Fig. 9 is a diagram of an enbodi ment in
whi ch clocks are fed to a plurality of logic circuits by the use of the

oscillator of the present invention. Fig. 10 is a diagram of
enbodi nent according to which, in the invention of Fig. ? ; iﬁgﬁggs. of
o b bl e.

the clocks for the respective logic circuits are nmade t
Fig. 11 is a diagram of an enbodinent in which the oscillator of the

present inventipn gre U5, ASs VALAYSn Fig. 18 have an input and an
output resgpectively connected to separate first and second
conductive wirings, each in the shape of a mesh. The phase
and frequency of the outputs is synchronized for each of the
outputs of the PLL circuits that is connected to the first
conductive wiring. On the other hand, a reference clock
signal is input to each of the PLL circuits connected to the
second conductive wiring. The second conductive wiring of
Fig. 18 is used to distribute the reference clock signal as an
input to each of the PLLs with the same frequency and phase,
so the shape of the wiring is not limited to the mesh shape
shown in the figure, but may take another form so long as this
function is performed. 1If there is a slight variation in the
frequency of the reference clock signal input through the
first conductive wiring to each of the PLL circuits, there is
substantially no variation in the output clock signal from
each of the PLL circuits because of the effect achieved by the
present invention wherein each of the oscillators of the PLL
circuits are connected together by the second wiring.

As compared with the previous embodiments (Figs. 8 and

11, for example) in which the frequency control signal for the
oscillators is distributed over the entire chip, the present
embodiment uses the reference clock signal as an output to the
PLL circuits so that distribution of a frequency control
signal is not required. Accordingly, the present embodiment
enables the distribution of the input reference clock signal
according to the known technology of distributing a clock
signal. Further, according to this embodiment, a stable
output clock signal is distributed that does not vary between
each PLL circuit even when there are variations in the phase
of the reference clock signal input to each of the PLL
circuits. Accordingly, the clock signal provided that is
distributed according to this embodiment is not subject to

variations due to noise.
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controlled oscillators (variable-frequency oscillators) in a phase | ocked

| oop PLL circuit. Fig. 12A is a diagram showi ng a basi c enbodi nent of
a. voltage-controlled oscillator. Fig. 12B is. a di agram show ng

anot her. basi ¢ enbodi nent of a voltage-controlled oscillator. Fig. 13
Is a diagram of a basic enbodi nent of a clock distribution net

according to the present invention. Fig. 14 is a dlgggqg%§§0§81

m croprocessor according to the present invention.

di agram of an enbodi ment in which the present invention is applied to del ay

l'ines. Fig. 19 illustrates an example of each of the PLLs, PLL1l
to PLLgn, used in Fig. 18. The symbols used in Fig. 19 are
identical with those of Fig. 2, and therefore further
description thereof will be omitted.

Although some of the foregoing embodiments employ ring
oscillation circuits in which a plurality of inverters are
connected in a ring shape in multistage fashion, the present
invention is not restricted to such a construction.
Alternatives to the ring oscillation circuit may be employed
in the present invention. It suffices that the oscillation
frequency and phase of the oscillation circuit can be adjusted
using the oscillation output thereof as input/output lines,
and that a plurality of such oscillation circuits connected as
described can oscillate in synchronism.

Further, in each of the foregoing embodiments, the
semiconductor process, the transistor structure, etc. used in
the present invention is not particularly described. A CMOS
process may be employed, and an SOI transistor made from an
SOI wafer may be employed. No specific limitations are placed
on the type of the supply voltages or the sorts thereof.

As set forth herein, according to the present invention,
it is possible to provide clock signals and a clock
distribution circuit or system of circuits having low skew and
low jitter to logic circuits and memory circuits of a
microprocessor or the like. Further, a semiconductor
integrated circuit device of high speed can be provided as a
result of the stable clock signal that is able to be generated
and distributed in accordance with the present invention.

While preferred embodiments have been set forth with
specific details, further embodiments, modifications and
variétions are contemplated according to the broader aspects
of the present invention, all as determined by the spirit and

scope of the following claims.
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WE CLATIM:

1. A semiconductor integrated circuit device comprising
a plurality of oscillators each having an oscillation node,

wherein said oscillation nodes of each-of said
oscillators are connected together.

2. A semiconductor integrated circuit device according
to claim 1, wherein said oscillators are synchronized to
oscillate with a substantially identical frequency at each of
said oscillation nodes.

3. A semiconductor integrated circuit device according
to claim 2, wherein said oscillators are synchronized to
oscillate with a substantially identical phase at each of said
oscillation nodes.

4. A semiconductor integrated circuit device according
to claim 1, further comprising a conductive wiring line,
wherein said oscillation nodes of each of said oscillators are
connected together by said conductive wiring line.

5. A semiconductor integrated circuit device according
to claim 4, wherein said conductive wiring line is formed in a
shape of a closed loop.

6. A semiconductor integrated circuit device according
to claim 4, wherein said conductive wiring line is formed in a
shape of a mesh, and said oscillation nodes of said
oscillators are connected at intersection points of said mesh.

7. A semiconductor integrated circuit device according
to claim 4, wherein said oscillation nodes are connected to
said conductive wiring line at connection points with an
interval of length of said conductive wiring line between said
connection points, wherein said interval lengths are
substantially equal.

8. A semiconductor integrated circuit device according
to claim 4, wherein said oscillation nodes are connected to
said conductive wiring line at connection points with an
interval of length of said conductive wiring line between said

.
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Fig. 16 is a diagramof an enbodi nent in which a delayed |ock |loop (DLL) is
constructed using voltage-controlled delay |ines (variable delay |lines) as
the delay lines in Fig. 157 Fig. 1/A is diagramof the enbodi nent of

t he invention shown in Fig. nt er posed between the
connection points of the rres mm “mliuﬂ H“Il s a diagram of a §Wt§h used

I n the enbodi nent of Fig s18*is a dlagran1 gﬁg I ment
To7ds

simlar to that of Fig. 8 mnth PLLs used in place of t he 3 at or
connection points, wherein said interval of length is at least

shown in Fig. 8.

50 um.

9. A semiconductor integrated circuit device according
to claim 1, wherein said oscillators are ring oscillation
circuits.

10. A semiconductor integrated circuit device according
to claim 1, wherein said oscillators are delay lines having
multistage connected inverters.

11. A semiconductor integrated circuit device,
comprising:

a plurality of ring oscillation circuits having inverters
connected in a ring shape; and

a conductive wiring line,

wherein an output of at least one inverter of each said
ring oscillation circuit is connected to said conductive
wiring line.

12. A semiconductor integrated circuit device according
to claim 11, wherein said ring oscillation circuits are
synchronized to oscillate with said output of each of said
ring oscillation circuits being of a substantially identical
frequency.

13. A semiconductor integrated circuit device according
to claim 12, wherein said ring oscillation circuits are
synchronized to oscillate with said output of each of said
ring oscillation circuits being of a substantially identical
phase.

14. A semiconductor integrated circuit device according
to claim 11, wherein said conductive wiring line is formed in
a shape of a closed loop.

15. A semiconductor integrated circuit device according
to claim 11, wherein said conductive wiring line is formed in
a shape of a mesh, and said outputs of at least one inverter
of said ring oscillation circuits are connected at
intersection points of said mesh.

P
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Fig. 19 is a diagramof an enbodinment of the PLLs used in Fig. 18. Detailed
Description of the Preferred Enbodiments——— __ Fig. 1 is a diagramshow ng a
basi c embodi ment of the oscilafion circuit of the present invention, which
i ncludes ring oscillators OS ' efenwmjméa are respectively configured of
inverters 110 - 11m 120 - 133”’# , nm One of the oscillation nodes
of each of the ring oscillat e Hi Fd to the correspondiﬁ8788e of

nodes 101 - 1On, and the adjacent node - 1 On are corRédPedOCH§ét her by
the wiring, which is preferably in a closed | oop shape. Al so, preferably,

the interval OESW‘rhﬂ%eﬁ?@QkBuSEoglfﬁ€g5¥%é§§W%¥¥éuit device according
to claim 11, wherein said outputs of at least one inverter of

said ring oscillation circuits are connected to said
conductive wiring line at connection points with an interval
of length of said conductive wiring line between said
connection points, wherein said interval lengths are
substantially equal.

17. A semiconductor integrated circuit device according
to claim 11, wherein said outputs of at least one inverter of
said ring oscillation circuits are connected to said
conductive wiring line at connection points with an interval
of length of said conductive wiring line between said

connection points, wherein said interval of length is 50 L m

or more.

18. A semiconductor integrated circuit device,
comprising:

a plurality of delay lines having multistage connected
inverters; and

a conductive wiring line,

wherein an output of at least one inverter of each of
said delay lines is connected to said conductive wiring line.

19. A semiconductor integrated circuit device according
to claim 18, wherein said delay lines are synchronized to
oscillate with the output of each of said inverters being of a
substantially identical frequency.

20. A semiconductor integrated circuit device according
to claim 19, wherein said delay lines are synchronized to
oscillate with the output of each of said inverters being of a
substantially identical phase.

21. A semiconductor integrated circuit device according
to claim 18, wherein said conductive wiring line is formed in
a shape of a closed loop.

22. A semiconductor integrated circuit devicé according
to claim 18, wherein said conductive wiring line is formed in

P
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t he adj acent nodes (for exanple, the distance between the nodes 101 and
102) are equal distances_|. The inverters 110 - 11m 120 - 12m and 1nO -
1hm may be CMOS inverters, although mot—ftimted thereof. For the sake of
brevity, inverters of thg tgge are described as enployed in the

description of Fig. 1 be ®e@eedt he oscill ati on nodes of the
respective ring oscill atoim},ﬂm '
these ring oscillators

#h are connected wi th one ahoi%er
oscillate at a substi@GZq4yst
i denti cal phase/frequency.
a shape of a mesh, and said outputs of said at least one

inverter of said ring oscillation circuits are connected at
intersection points of said mesh.

23. A semiconductor integrated circuit device according
to claim 18, wherein said outputs of said at least one
inverter of said ring oscillation circuits are connected to
said conductive wiring line at connection points with an
interval of length of said conductive wiring line between said
connection points, wherein said interval lengths are
substantially equal.

24. A semiconductor integrated circuit device according
to claim 18, wherein said outputs of said at least one
inverter of said ring oscillation circuits are connected to
said conductive wiring line at connection points with an
interval of length of said conductive wiring line between said

connection points, wherein said interval of length is 50 p m

Oor more.

25. A semiconductor integrated circuit device,
comprising:

a plurality of circuit blocks having a clock distribution
circuit;

a plurality of oscillators, each having an oscillation
node and outputting a clock signal from said oscillation node
to said clock distribution circuit; and

a conductive wiring connecting said oscillation nodes of
each of said oscillators together.

26. A semiconductor integrated circuit device according
to claim 25, wherein said oscillators are synchronized to
oscillate with a substantially identical frequency at each of
said oscillation nodes.

27. A semiconductor integrated circuit device according
to claim 26, wherein said oscillators are synchronized to
oscillate with a substantially identical phase at each of said
oscillation nodes.
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Fig. 3(A) illustrates circuit simulation waveforns in the
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28. A semiconductor integrated circuit device according
to claim 25, wherein said conductive wiring is formed in a
shape of a closed loop.

29. A semiconductor integrated circuit device according
to claim 25, wherein said conductive wiring is forméd in a
shape of a mesh, and said oscillation nodes of said
oscillators are connected at intersection points of said mesh.

30. A semiconductor integrated circuit device according
to claim 25, wherein said oscillation nodes are connected to
said conductive wiring at connection points with an interval
of length of said conductive wiring between said connection
points, wherein said interval lengths are substantially equal.

31. A semiconductor integrated circuit device according
to claim 25, wherein said oscillators are ring oscillation
circuits.

32. A semiconductor integrated circuit device according
to claim 25, wherein said oscillators are delay lines having
multistage connected inverters.

33. A semiconductor integrated circuit device according
to claim 25, wherein said circuit blocks comprise a logic
circuit or a memory circuit.

34. A semiconductor integrated circuit device,
comprising:

a plurality of oscillation circuits;

a wiring connecting each output of said oscillation
circuits together; -

a plurality of clock distribution circuits that are
connected to said oscillation circuits; and

a phase frequency comparator comparing a clock signal of
at least one of said clock distribution circuits with a
reference clock signal,

wherein said oscillation circuits change oscillation

frequency in response to a signal output from said phase

e e e e e
e
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case where the nunber of ring oscillators is four. The axis of abscissa
represents the tinme, while the axis of ordinate represents the voltages of
the respective nodes. In the figure, V(x), i.e. V(101), V(102), etc.
denotes the potential of the node x. Transistors used in the sinulation
were CMOS transistors each of which had a gate |l ength Lg of 0.25 [err]m
The inverters 110 - 11m 120 - 12m and 1nO - 1nmwere al] §®§'%§2type of
inverters (in which the gate width W of each PMOS t r ansi>$t g g
[err]m and the gate width Wh of each NMOS transistor was 5 [err]m. A

vee adsumed that it n reeriarcEPy st ERER 4 SEANGE TR BT R eay
di fferent to claim 34, wherein said oscillation circuits are
synchronized to oscillate with said output of each of said
oscillation circuits being of a substantially identical.
frequency.

36. A semiconductor integrated circuit device according
to claim 35, wherein said oscillators are synchronized to
oscillate with said output of each of said oscillation
circuits being of a substantially identical phase.

37. A semiconductor integrated circuit device according
to claim 34, wherein said conductive wiring line is formed in
a shape of a closed loop.

38. A semiconductor integrated circuit device according
to claim 34, wherein said outputs of said oscillation circuits
are connected to said wiring at connection points with an
interval of length of said wiring between said connection
points, wherein said interval lengths are substantially equal.

39. A semiconductor integrated circuit device according
to claim 34, wherein said oscillators are ring oscillation
circuits.

40. A semiconductor integrated circuit device according
to claim 34, wherein said oscillators are delay lines having
multistage connected inverters.

41. A semiconductor integrated circuit device,
comprising:

a plurality of oscillators having substantially the same
natural oscillation frequency; and

a conductive wiring connecting outputs of each of said
oscillators,

whereby all of said oscillators oscillate at
substantially said identical frequency independent of

fluctuations of a supply of voltage supply to said

R O R

oscillators.
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potentials as their initial values (at the point of time of Ons). It is
seen that, although there were in different phases at the tinme point 0 ns,
the ring oscillators OSClL thru OSC4 oscillated in and at an identi cal

phase/ frequency in a steady state established after a while subsequent to
time point O ns. In this manner, as a result of the configuration of
the present invention, the ring oscillators, the adjacent ones & "Wich are
spaced apart from one another by the distance 1, can be Gdd@&38USdcil | ate
in and at an identical phase/frequency. The distance 1 may range from1

Lo Soh B o e, AR AL Lok, L Lrsignan.of e

comprising:

clock distribution means for distributing clock signals
to a plurality of circuit blocks;

a plurality of oscillator means for outputting a clock
signal to said clock distribution means; and

means for synchronizing each of an output frequency of
said plurality of oscillator means that is independent of
fluctuations of supply voltages supplied to said plurality of

oscillator means.

U
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Al t hough, in the foregoing, the distances between the respectively adjacent
nodes in Fig. 1 are all set to be equal distances 1, they need not al ways
be equal distances. In such a case, in the steady state, the oscillations
of the respective ring oscillators will have a substantially identical
frequency, but they will not have an identical phase. The respective ring
oscillators oscillate in synchronismwhile keeping phases [err - OEerr]n
(if the distances 319702300US1

Abgtract of the Disclosure

An oscillation circuit provides clock signals and a clock
distribution circuit or system of circuits having low skew and
low jitter to logic circuits and memory circuits of a
microprocessor or the like. Further, a semiconductor
integrated circuit device of high speed is provided as a
result of the stable clock signal that is generated and
distributed. The oscillation circuit is in a semiconductor
integrated circuit device having a plurality of oscillators
each having an oscillation node, wherein the oscillation nodes
of each of the oscillators are connected together by a
conductive wiring line that may be a closed loop. The
oscillators are synchronized to oscillate at substantially the
same frequency. The oscillators are connected to the
conductive wiring line at connecting points having
substantially the same interval of conductive wiring lengths
between the connection points, which leads to synchronizing
the oscillators to oscillate with a substantially identical
phase. The conductive wiring line can also be formed in the
shape of a mesh with the interval of length of the conductive
wiring line between the connection points being at least
50 um. The oscillators are ring oscillation circuits having
inverters connected in a ring shape wherein an output of at
least one inverter of each ring oscillation circuit is
connected to the conductive wiring. Alternatively, the
oscillators may be delay lines having multistage connected
inverters with at least one inverter connected to the

conductive wiring line.
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bet ween the{regpectively adjacent nodes are all equal di st 4Rce® 21574 -(
then 8[err] )
inverters 110 - 11m 120 - 12m and 1nO - 1nm const REEE
ri‘ng oscil'lators are al

= [err] =7.. =Jerr]n holds).
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‘SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE

Field of the Invention

The présent invention relates to an oscillation circuit,
and a semicénductor integrated circuit device which includes a
clock distribution system of low jitter and low skew employing
the oscillation circuit.

Background &f the Invention

A clock generation method which uses a conventional PLL
(Phas‘é-’lockéd loop) is disclosed in, for example, IEEE JOURNAL
OF SOLID-STATE CIRCUITS, VOL 27, NO 11, November 1992
(hereinbelow, referred to as the "prior art example A").

Fig. 2 illustrates the construction of a clock generation
A reference clock
The

unit which émploys the conventional PLL.
signal fext input to the PLL from outside the circuit.
"PFD", a phase/frequency
comparator; "CP", a charge pump; "LPF", a low-pass filter;
"VOCO", a voltage-controlled oscillator; "DIVN", a 1/N '
frequency divider; "DIV2", a 1/2 frequency divider; and "NO",
a clock distribution network. . The details of each of these
circuit elewients is omitted. '

The difference between the phases or frequencies of the
reference clock signal fext and an internal clock signal fint

PLL includes the following:

is compared by the phase/frequency comparator PFD, from which
an error signal UP or DN is output. The error signal is
converted irto an analog signal by the charge pump CP, and the
high frequerncy components of the signal are removed by the
low-pass filter LPF. The resulting signal is input to the
voltage-céﬁffolled oscillator VCOO as an oscillation-frequency
control signal VC. The oscillation output of the voltage-
controlled -gscillator VCOO is divided by the frequency divider

DIV2 into &n oscillation output fint0 whose frequency is half

the frequency of the former oscillation @&%PLA SRR SG
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shown in Fig. 3 to be of the sane type, they need not always be of the sane
type. If they are not the sanme, the respective ring oscillators OSCI||ate

wi.th substantlally i dentical frequency, but not in |de,..r{l“‘ 3 ﬁpe
steady state as in the foregoing. The respective ring g (w1 }at e
in synchroni smwhile having the phases [erg] - [err]n.

the phases [err] - Sn can be changed by & ting the rt34(fﬂ@\éd9?ﬁ| | hg
capabilities, etc.) of the inverters of the respectivel rfing oscillatolfs

The phases S1 - [err]n of the respective ring oscillatjprS can be brought
into substantially identical phase by adjusting the sorts of the ipverters

of the ratio is 50%, and which is input to the clock distribution

network NO.
The return signal fint from the clock distribution system

has its frequency divided by the 1/N frequency divider DIVN.
The resulting signal is input to the phase/frequency
comparatoxr PFD. The phases of the reference clock fext and
internal clock fint are locked by such a phase-locked loop
PLLO, and the frequency of the signal fint becomes N times
that of the signal fext.

Summary of the Invention

The frequency of the internal clock fint has increased
year by year, and the area of the clock distribution network
NO has been enlarged in accordance with increases in chip
area. Problems occur in a clock distribution system when the
clock is to be stably fed at high speed over a wide area.
Such problems, as mentioned below, occur with the prior art
Example A.

(1) The delay time of the clock distribution network,
that is, the delays in the signals fint0 and fint, become(s)
relatively long in comparison with 1/fint. Thus, the skew of
the clock distribution network influences the performance of
‘the whole clock distribution system into which the clock
distribution network and the phase-locked loop PLLO are
combined. Also, there is a method wherein a clock feed range
within a chip is split in a large number, and wherein
independent PLLs are provided for the respective clock feed
subranges. 1In the case of this method, however, problems as
mentioned below are involved.

(2) In general, a PLL is less immune to noise such as
power source noise and substrate noise, and such noise
increases the "jitter" of the oscillation frequency and phase
of the signal fint0. The provision of the large number of



respective ring oscillators through the utilization of such a property,
even when all the distances between the respectively adjacent nodes are not

set at the equal distances 1. In general, since the inverters 11m -
Inm need’to drive the nodes 101 - 10n and the wiring |ine connecting them
each of themrequires a load driving capability being conparatively high

(for which the gate widths are enl argedih-the case of the CMOS

transi stors). For |owering power dissipation, accordingly, it is effective
to make the load driving capabilities higher in the order of, for exanple,
the inverters 110, 111, ... and 11m Further, the nunbers of stages of

the invertﬁﬁﬁsngfghfgtthe chip leads to the necessity of considering
noise reduction for each of the PLLs.

(3) The total area of the large number of PLLs affects
the area of the entire chip. In consideration of the problem
(2), the area of each of the PLLs increases even more.

(4) The clock skew between the independent clock feed
subranges becomes as very large as TskewG + 2*TskewL +
2*Tjitter, where TskewlL denotes a skew within the respective.
clock feed subranges, Tjitter denotes the jitter of the PLLs,
and TskewG denotes the skew of the reference clock having.
occurred up to each PLL.

(5) Since the PLLs are provided in such a large number,
dissipation power increases.

The objects of the invention are to solve the
aforementioned problems by providing an oscillation circuit
and a semiconductor integrated circuit device which includes a
clock distribution system using the oscillation circuit.

In particular, it is an object of the invention to
provide a semiconductor integrated circuit device having a
plurality of oscillators each having an oscillation node,
wherein the oscillation riodes of each of the oscillators are
connected together. Preferably, the oscillators are connected
together by conductive . wiring line that may be a closed loop.

It is a further object of the invention that the

" oscillators are synchronized to oscillate at substantially the
same frequency and further to oscillate at substantially the
gsame phase. _

It is another object of the invention that the
oscillators are connected to a wiring at connecting points
having substantially the same interval of wiring lengths
between the connection points, which leads to synchronizing
the oscillators to oscillate at a substantially identical

frequency and phase.
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be the sane in the ring oscillators. If the natural oscillation frequencies
of the ring oscillators are equal to sonme extent, the construction of the
present invention can cause the respective ring oscillators to oscillate at
an identical frequency in synchronismwth the phases [err][err]n kept, in
t he steady state. -4-

—_———

In a preferred embodiment of the invention, the
semiconductor integrated circuit device has a plurality of
ogcillators that are connected to a conductive wiring line
that is formed in the shape of a mesh, at the intersection
points of the mesh, wherein the interval of length of the
conductive wiring line between the connection points is
substantially the same among all of the connection points.
Preferably, the interval length is at least 50 pm.

In a further object of the present invention, the
oscillators are ring oscillation circuits having inverters
connected in a ring shape wherein an output of at least one
inverter of each ring oscillation circuit is connected to the
conductive wiring. Alternatively, the oscillators may be
delay lines having multistage connected invertérs with at
least one inverter connected to the conductive wiring line.

According to another object of the invention, a _
semiconductor integrated circuit device is provided with a
plurality of circuit blocks having a clock distribution
circuit and a plurality of oscillators that output a clock
signal to the clock distribution circuit in which a conductive
wiring is provided for connecting oscillation nodes of each of
the oscillators together. In such an arrangement, the circéuit
blocks may.comprise a logic circuit or a memory.circuit and
the plurality of oscillators may be provided in one-to-one
correspondence with the plurality of circuit blocks.

In still another object of the invention, a semiconductor
integrated circuit device has a plurality of oscillation
circuits with a wiring connecting the output of oscillation
circuits together, a plurality of clock distribution circuits
that are connected to the oscillation circuits and a phase
frequency converter that compares the clock signal of the
clock distribution circuits with a reference clock signal
wherein the oscillation circuits change in oscillation

REPLACEMENT SHEET
2 4 NOV 1998




-10 - Next, there will be explained the characteristics for the
case in which noise such as a supply voltage fluctuation or a substrate
vol tage fluctuation has acted on the oscillators of the present invention.
Fi'g. 3(B) “illustrates circuit sinulation wavefornms in the

-5-

—_—

frequency in response to a signal output from a phase
frequency comparator.

According to the present invention, a semiconductor
integrated circuit device is provided having a plurality of
oscillators having substantially the same natural oscillation
frequency and a conductive wiring that connects the outputs of
each of the oscillators together. As a result, the
oscillators oscillate at substantially the same frequency
independently of fluctuations in the supply of voltage to each
of the oscillators. Further, since the oscillators are ’
gsynchronized to provide substantially the same output
frequency which is independent of fluctuations in the supply
voltages, the oscillators are suitable for providing a clock
signal to a plurality of clock distribution circuits that
distribute clock signals to circuit blocks on the
semiconductor integrated circuit device. As a result, a clock
signal is provided that is distributed according to' the
preferred embodiments of the invention that is not subject to
variations due to noise and therefore has low jitter and skew.

Brief Description of the Drawinas

Fig. 1 is a diagram showing the basic embodiment of the
présent invention. .

Fig. 2 is a diagram showing a clock generation unit which
employs a conventional PLL. .

Fig. 3 shows graphs illustrating the circuit simulation
waveforms of the oscillation circuits according to the present
invention.

Fig. 4 is a diagram of an embodiment in which ring
oscillators are connected to separate power sources in an

oscillation circuit of the present invention.
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case where only the ring oscillator OSCL has a supply voltage different
fromthat of the other ring oscillators. ,The supply voltage of the ring
oscillator OSClL was 2.0 V, and the other conditions were the same as those
for the si‘nulation of. Fig. 3(A). It is seen that the ring oscillators OSCl
thru OSC4 oscillate in and at substantiallé the identical phase/frequency
In a steady state established after a whi “subsequent to the point of tine
0 ns. The oscillation circuit of the present invention is configured
of a large nunber of ring oscillators with the feature that, even when the
supply voltages of the several constituent ring oscillators have

fluctuated, the _. , ) . .
Fig. 5 is a diagram of an embodiment pf an oscillation

circuit according to the invention in which differential
inverters are employed in the ring oscillators.

Fig. 6 is a diagram of an embodiment of the invention
showing a different connection than that shown for the
embodiment of Fig. 1.

Fig:\7 is a diagram of an embodiment of the invention
showing a different connection than that shown for the
embodiment of Fig. 1.

Fig. 8 is a diagram of an oscillation circuit embodiment
of the invention in which ring oscillators are connected to a
mesh in the shape of an array.

Fig. 9 is a diagram of an embodiment in which clocks are
fed to a plurality of logic ¢ircuits by the use of the
oscillator of the present invention. ' .

Fig. 10 is a diagram of an embodiment according to which,
in the invention of Fig. 9, the phases. of the clocks for the
respective logic circuits are made to be adjustable.

Fig. 11 is a diagram of an embodiment in which the
oscillator of the present invention are used as voltage-
controlled oscillators (variable-frequency oscillators) in a
phase locked loop PLL circuit. .

Fig. 12A is a diagram showing a basic embodiment of a -
voltage-controlled oscillator.

Fig. 12B is a diagram showing another basic embodiment of
a voltage-controlled oscillator.

Fig. 13 is a diagram of a basic embodiment of a clock
distribution network according to the present invention.

Fig. 14 is a diagram of a microprocessor according to the
present invention.

Fig. 15 is a diagram of an embodiment in which the

present invention is applied to delay lines.
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phase/ frequency of the whole oscillation circuit hardly changes (in the
case where the ring oscillators have the phases [err][err]n the steady
state involving neither the supply voltage fluctuation nor the substrate
vdl tage fluctuation, they function to keep the phases against the supply
vol tage fluctuation and the substrate voltage fluctuation). Thi s

ef fect beconmes greater with an arrangenert— n which the supply voltage
fluctuation having acted on the ring oscillator does not influence the
supply voltages of the other ring oscillators. In general, the supply
voltage fluctuation in an integrated circuit arises in a |local place.

Therefore, in g £ase Whare N8N BRULGChBoALALEE DY dnPli 2ddYayda

lock loop (DLL) is constructed using voltage-controlled delay
lines (variable delay lines) as the delay lines in Fig. 15.

Fig. 17A is diagram of the embodiment of the invention
shown in Fig. 8 with switches interposed between the
connection points of the mesh.

Fig. 17B is a diagram of a switch used in the embodiment
of Fig. 17B.

Fig. 18 is a diagram of an embodiment similar to that of
Fig. 8 with PLLs used in place of the ring oscillator shown in

Fig. 8.
Fig. 19 is a diagram of an embodiment of the PLLs used in
Fig. 18. '

Detailed Description of the Preferred Embodiments

Fig. 1 is a diagram showing a basic embodiment of the
oscillation circuit of the present invention, which includes
ringioscillators 0OSCl - 0OSCn, which are respectively
configured of inverters 110 - 11lm, 120 - 12m, and 1n0 - 1lnm.
One of the oscillation nodes of each of the ring oscillators
is connected to the correspondihg one of nodes 101 - 10n, and
the adjacent nodes 101 - 10n are connected together by the
wiring, which is preferably in a closed loop shape. Also,
preferably, the interval of wiring length or distance between
the adjacent nodes (for example, the distance between the
nodes 101 and 102) are equal distances 1. The inverters 110 -
1llm, 120 - 12m, and 1n0 - 1nm may be CMOS inverters, although
not limited thereof. For the sake of brevity, inverters of
the CMOS type are described as employed in the description of
Fig. 1 below. .

Since the oscillation nodes of the respective ring
oscillators 0OSCl - OSCn are connected with one another, these
ring oscillators 0SCl1l thru 0OSCn oscillate at a substantially
identical phase/frequency.
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ring oscillators, the longer distance 1 is better; Further, it is
preferable that the respective ring oscillators do not share the power
source, as much as practical. By way of exanple, separate supply voltage
generator:s or supply voltage

-8-

Fig. 3(A) illustrates circuit simulation waveforms in the
case where the number of ring oscillators is four. The axis
of abscissa represents the time, while the axis of ordinate
represents the voltages of the respective nodes. In the
figure, V(x), i.e. V(101), V(102), etc. denotes the potential
of the node x. Transistors used in the simulation were CMOS
transistors each of which had a gate length Lg of 0.25 um.

The inverters 110 - 1lm, 120 - 12m, and 1n0 - 1lnm were all the
same type of inverters (in which the gate width Wp of each
PMOS transistor was 10 um, and the gate width Wn of each NMOS
transistor was 5 um). A supply voltage was 1.8 V, and the
distance 1 between the nodes was 3 mm. It was assumed that in
an initial state, the respective nodes 101 - 104 had different
potentials as their initial values (at the point of time of 0
ns). It is seen that, although there were in different phases
at the time point 0 ns, the ring oscillators OSCl thru 0OSC4
oscillated in and at an identical phase/frequency in a steady
state established after a while subsequent to time point 0 ns.

In this manner, as a result of the configuration of the
present inventién, the ring oscillators, the adjacent ones of
which are spaced apart from one another by the distance 1, can
be caused to oscillate in and at an identical phase/frequency.
The distance 1 may range from 1 pum to 1.0 mm. There is the
advantage that the frequency of the oscillations do not depend
upon the respective distances.

Although, in the foregoing, the distances between the
respectively adjacent nodes in Fig. 1 are all set to be equal’
distances 1, they need not always be equal distances. In such
a case, in the steady state, the oscillations of the
respective ring oscillators will have a substantially
identical frequency, but they will not have an identical
phase. The respective ring oscillators oscillate in

gsynchronism while keeping phases 81 - dn (if the distances

REPLACEMENT SHEET|
2 4 NOV 1998




st.abilizers may well be enployed for the respective ring oscillators.

Al t hough the effect of the present invention concerning the supply voltage
fluctuation has been nentioned in the foregoing, the same holds true of the
substrate-vol tage fluctuation. Fig. 4 illustrates an enbodi nent of

the present invention

-9.

between the respectively adjacent nodes are all equal
distances 1, then 81 = 82 = ... = én holds).

Further, although the inverters 110 - 11lm, 120 - 12m, and
1n0 - 1nm constituting the respective ring oscillators are all
shown in Fig. 3 to be of the same type, they need not always
be of the same type. If they are not the same, the respective
ring oscillators oscillate with substantially identical
frequency, but not in identical phase in the steady state as
in the foregoing. The respective ring oscillators oscillate

in synchronism while having the phases 81 - 8n. To the

contrary, the phases 81 - Sp can be changed by adjusting the
sorts. (load driving capabilities, etc.) of the inverters of
the respective ring oscillators. The phases 81 - 8n of the
respective ring oscillators can be brought into substantially
_identical phase by adjusting the sorts of the inverters of the
respective ring oscillators through the utilization of such a
Property, even when all the distances Betﬁeen the respecbively
adjacent nodes are not set at the equal distances 1.

In generai; since the inverters 1lm - 1lnm need to drive
the nodes 101 - 10n and the wiring line connecting them, each
of them requires a load driving capability being comparatively
high (for which the gate widths are enlarged in the case of
the CMOS transistors) . For lowering power dissipation,
accordingly, it is effective to make the load driving
capabilities higher in the order of, for example, the
inverters 110, 111, ... and 11lm.

Further, the numbers of stagés of the inverters need not
be the same in the ring oscillators. If the natural
oscillation frequencies of the ring oscillators are equal to
some extent, the construction of the present invention can
cause the respective ring oscillators to oscillate at an

identical frequency in synchronism with the phases §1 - &n
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whi ch takes advantage of the above di scussed noise imunity considerations,
according to the present invention. As conpared with the enbodi nent of Fig.
1, the enbodinent in Fig. 4 differs in the point that the respective ring
oscillators OSCL - OSCn are configured of pairs of ring oscillators (OSCla,
OSClb) - (OSCna, OSCnb). Further, the riqgupgcillator pairs are connected
to different supply voltages VDDla - VDDra—as well as VSSla - VSSna and
VDD1b - VDDnb as well as VSS1b - VSSnb. The probabilities at which the
noi se such as the supply voltage fluctuations are simultaneously involved
in the supply voltages VDDla - VDDna as well as VSSla - VSSna and the

supply Next, there will be explained the characteristics for the
case in which noise such as a supply voltage fluctuation or a
substrate voltage fluctuation has acted on the oscillators of
the present invention.

Fig. 3(B) illustrates circuit simulation waveforms in the
case where only the ring oscillator 0SCl has a supply voltage
different from that of the other ring oscillators. , The supply
voltage of the ring oscillator 0SCl was 2.0 V, and the other
conditions were the same as those for the simulation of Fig.
3(A). It is seen that the ring oscillators OSCl thru OSC4
oscillate in and at substantially the identical
phase/frequency in a steady state established after a while
subsequent to the point of time 0 ns.

The oscillation circuit of the present invention is

‘ configured of a large number of ring oscillators with the
feature that, even when the supply voltages of the several
constituent_ring oscillators have fluctuated, the
phase/frequency of the whole oscillation circuit hardly
changes (in the case where the ring oscillators have the
phases 51 - 8n in the steady state involving neither the supply

voltage fluctuation nor the substrate voltage fluctuation,
they function to keep the phases against the supply voltage
fluctuation and the substrate voltage fluctuation).

This effect becomes greater with an arrangement in which
the supply voltage fluctuation having acted on the ring
oscillator does not influence the supply voltages of the other
ring oscillators. 1In general, the supply voltage fluctuation
in an integrated circuit arises in a local place. Therefore,
in a case where a power source is shared by a plurality of
ring oscillators, the longer distance 1 is better. Further,
it is preferable that the respective ring oscillators do not
share the power source, as much as practical. By way of
example, separate supply voltage generators or supply voltage
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voltages VDDl b - VDDnb as well as VSSlb - VSSnb,-are | ow owng to the

| ocalities of the noise. It is therefore possible to suppress the
fluctuations of oscillation frequencies and phases at nodes 401 - 40n as
ar'e attributed to the supply voltage fluctuations, the substrate voltage
fluctuations, etc. The effect of the Hresent I nvention as stated above
resenbles the effect of a so-called bypaéé;dhpacitor (decoupl ing capacitor)
which is interposed between supply voltages in order to suppress supply

vol tage fluctuations. The pass capacitor functions to hold a predeterm ned
potential in a case where noise exists in a signal having a predeterm ned

potential (5PgppPigots dhay S4B bteheemi:li%?rle)é for the respective ring
oscillators.
Although the effect of the present invention éoncerning

the supply voltage fluctuation has been mentioned in the
foregoing, the same holds true of the substrate voltage
fluctuation.

Fig. 4 illustrates an embodiment of the present invention
which takes advantage of the above discussed noise immunity
considerations, according to the present invention. 'As
compared with the embodiment of Fig. 1, the embodiment in Fig.
4 differs in the point that the respective ring oscillators
OSCl - OSCn are configured of pairs of ring oscillators
(OsCla, 0OSCib) - (0SCna, 0OSCnb). Further, the ring oscillator
pairs are connected to different supply voltages VDDla - VDDna
as well as VSSla - VSSna and VDD1b - VDDnb as well as VSSib -
VSSnb.

The probabilities at which the noise such as the supply
voltage fluctuations are simultaneously involved in the supply
voltages VDDla - VDDna as well as VSSla - VSSna and the. supply
voltages VDD1b - VDDnb as well as VSSlb - VSSnb, -are low owing
to the localities of the noise. It is therefore possible to
suppress the fluctuations of oscillation frequencies and
phases at nodes 401 - 40n as are attributed to the supply
voltage fluctuations, thehsubstrate voltage fluctuations, etc.

The effect of the present invention as stated above
resembles the effect of a so-called bypass capacitor
(decoupling capacitor) which is interposed between éupply
vdltages in order to suppress supply voltage fluctuations.

The pass capacitor functions to hold a predetermined potential
in a case where noise exists in a signal having a
predetermined potential (the potential termed the supply
voltage) in the state in which the noise does not exist. On
the other hand, the oscillator of the present invention

functions to hold the predetermined oscillation




voltage) in the state in which the noise does not exist. On the other hand,
the oscillator of the present invention functions to hold the predeterm ned
oscil kation -12 -

»

-12 -

—_—

frequency/phase in the case where noise exists in the signal
having the predetermined frequency/phase in the steady state
in which the noise does not exist.

Although inverters of the single-end input/output type
are employed in the embodiments of Figs. 1 thru 4,
differential inverters each having a differential
input/output,.OSCId - 0SCnd may well be employed as
illustrated in Fig. 5 (the detailed circuit example of the
differential inverter is depicted in Fig. 11 of the prior-art
example A, and shall be omitted from illustration). 1In this
case, the differential inverter has the oscillation outputs of
a positive logic output and a negative logic output, so that
equivalents to the nodes 101 - 10n in Fig. 1' become nodes
(501a, 501b) - (50na, 50nb), which form dual rails.

Besides, although the ring oscillators are interconnected
by using a particular one of the oscillation in the
embodiments of Figs. 1 thru 5, they may well be interconnected
using a plurality of oscillation nodes (having different
phases) of each of the oscillators as illustrated in Fig. 6.
In Fig. 6, two ﬁodes of each ring oscillator are used for the
interconnections as shown at 60la - 60na and 601b - 60nb.
Since the degrees of coupling among the ring oscillators are
intensified more than in the case of the connection aspect of
Fig. 1, the noise immunity is enhanced.

Figs. 7 and 8 illustrate embodiments of the invention
which differ from the former embodiments with respect to the
connection of the oscillators. As compared with the
embodiment of Fig. 1, the embodiment of Fig. 7 features the
nonexistence of a wiring line part which directly connects the
ring oscillators OSCl and OSCn. On this occasion, even in the
case where all of the distances between the respectively
adjacent ones of the nodes 101 - 10n are the equal distances 1
and where all of the ring oscillators 0OSC1l - OSCn have the
same characteristics, the ring oscillators 08CL_ - _0SCn do not
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f requency/ phase in the case where noi se exists in the signal having the
predeterm ned frequency/phase in the steady state in which the noise does
not exi st. Al t hough inverters of the single-end input/output type are
enpl oyed-in the enbodi nents of Figs. 1 thru 4, differential inverters each
having a differential input/output, OSC d,s OSCnd may wel |l be enployed as
illustrated in Fig. 5 (the detailed ciréhl%—exanple of the

oscillate in an identical phase though they really oscillate
at an identical frequency. Herein, the ring oscillators 0SCl

- 0OSCn oscillate in synchronism while keeping phases 81 - &n.

The phases 81 - 8n can be made identical, not only by adjusting
the distances between the respectively adjacent nodes, but
also by adjusting the sorts (load driving capabilities, etc.)
of the ring oscillators 0SCl thru 0SCn. By way of example,
the load driving capability of each of the ring oscillators
0SCl and 0OSCn at opposite ends of the oscillation circuit may
be set to half the capability of the other ring oscillators.

Fig; 8 illustrates an embodiment in which the ring
oscillators are connected together by a conductive wiring in
the shape of an xg mesh. The mesh connection is useful for
the practical application of the invenﬁion, however various
connection aspects are considered to be part of the invention,
and any connection éspect may bg employed as long as the ring
oscillators oscillate in synchronism as a result of the
connection configuration. According to the invention, a
plurality of oscillators which have a natural oscillation
frequency that are substantially the same, are connected
through nodes of the ring oscillators so that the oscillators
oscillate at a substantially identical frequency. As a
result, by .the arrangement of Fig. 8, an effect which is
similar to that of each of the embodiments illustrated in
Figs. 1 thru 4 is attained. In the ensuing description,
embodiments employing the oscillator or oscillation circuit of
the present invention shall be discussed using the embodiment
of Fig. 1 for the sake of brevity.

Fig. 9 illustrates an embodiment of the invention in
which clocks are fed to a plurality of logic circuits by the
use of the oscillator of the present invention. LOGl - LOGn
denote the logic circuits, while 711 - 71n denote buffers. 1In

comparison with the embodiment of Fig. 1, the buf 711 -
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differential inverter is depicted in Fig. 11 of the prior-a el
and shall be omtted fromillustration). In this case, t g'§ af' '”;
i nverter has the oscillation outputs of "a positive logic o AC
negative 1 ogi ¢ out put, so that equivalents to the nodes 1
beconme nodes (501a, 501b) - (50na, 50nb), i ch formdualjrhi
Besi des, although the ring oscillators aié—ihterconnected b

particul ar one of the oscillation in the enbodinents of Figs. 1 thru.5,
they may well be interconnected using a plurality of oscikMH-atrom nodes
(having different phases) of each of the oscillators as illustrated in Fig.

6. In Fig. 6int¥Penoditeefadd dddad 924! | 3bAr wRLEh USSFrdHordd &0 the
nodes 101 - 10n in Fig. 1, and the outputs 721 - 72n of these
buffers are respectively fed to the logic circuits LOGl -
LOGn. As stated before, the ring oscillators oscillate at a
substantially identical frequency and at a substantially
identical phase at the nodes 701 - 70n (although the ring

oscillators can oscillate with phases 81 - 6n as stated before,

they are assumed to be cbnnected to provide for oscillations
of identical phase, for the sake of brevity). Thus, clock
gignals having no skew can be fed to the logic circuits LOGl -
LOGn. Further, clock signal in which little jitter occurs can
be fed owing to the noise immunity as stated before. Of‘
course, the buffers 711 - 71in may well be omitted. When the
buffers 711 - 71n are existent, the propagation of noise from
the logic circuits LOGl1 - LOGn to the oscillator can be
suppressed.

' As seen from Fig. 3(B), skew at the nodes 701 - 70n in
the presence of noise is less after some time period has
lapsed subsequent to changes in the potentials of the nodes.
Accordingly, the buffers 711 - 71n that are connected to the
nodes 701 - 70n should preferably be Schmitt inputs. Thus,
the skew of the outputs of the buffers 711 - 71n can be
decreased. _ .

In the embodiment of Fig. 9, the phases of the clock
signals 721 - 72n input to the respective logic circuits LOG1l
- LOGn can be adjusted in the direction of delaying them
individually, by adjusting the delay times of the
corresponding buffers 711 - 71n.

Fig. 10 illustrates an embodiment in which the phases of
the clocks 721 - 72n to be fed to the respective logic
circuits can be further adjusted in the direction of advancing
them. Oscillation nodes (831a, 831b, 831c, ...) - (83na,
83nb, 83nc, ...) which differ from oscillation nodes 801 - 80n
interconnecting the ring oscillators are selected, and the



i nterconnections as shown at 60la - 60na and 601b - 60nb.
of coupling anong the ring oscillators are intensified no REPL
case of the connection aspect of Fig. 1, the noise immuni}ypH {»r D
Ftgs. 7 and 8 illustrate enbodi ments of the invention whigchf differ fromth
former enbodiments with respect to the conpnection of the josci PQNQN§9%%S
conpared with the enbodi nent of Fig. 1, + enbodi nent off Hig. 7 feature

oscillators OSC1l and OSCn. On this occasion, even in the
t he di stances between the respectively adjacent ones of the nodes 101 -

are the equghedt8haBEEt11ation nodes are connected to the buffers 711 -
7ln. By way of example, the oscillation node 831la oscillates
in a phase which is earlier than that of the oscillation node
801 for one inverter stage (the phase is earlier by 360/p .
degrees under the assumption that the ring oscillator is
configured of p stages of inverters of the same sort).
Accordingly, when a clock is fed from the oscillation node
831a to the logic circuit LOGl by the use of buffer 711, a
phase thereof is earlier than that of the clock of a logic
circuit as generated through the buffer from the oscillation
node 801.

Fig. 11 illustrates an embodiment in which the
oscillation circuit of the present invention is applied to the
voltage-controlled oscillators (VCOs) of a PLL. VCOl - VCOn
denote the voltage-controlled oscillators, and fintl - fintn
indicate the output signals thereof. 901 - 90n indicate
buffers, while N1 - Nn indicate clock distribution networks.
In comparison with the embodiment of Fig. 7, the voltage-
controlled oscillators VCOl - VCOn correspond to the ring
oscillators OSCi - 0SCn, and an oscillation-frequency control
signal VC therefor is controlled by a PLL structure, thereby
to construct a phase-locked loop PLL1. In addition, global
clocks 911 - 91n being the outputs of the buffers 901 - 90n
are connected to the clock distribution networks N1 - Nn.

Although for the sake of brevity, the connection of the
voltage-controlled oscillators VCOl - VCOn is the same as that
shown in Fig. 1, any of the connection types shown in Figs. 4
thru 8 can be employed. Further, as compared with the prior-
art example in Fig. 2, the embodiment in Fig. 11 does not show
any circuit elements corresponding to the 1/2 frequency
divider DIV2, but such elements may be connected at stages
preceding or succeeding the buffers 901 - 90n if necessary.

Circuit examples of each of the oscillators VCOl - VCOn
are illustrated in Figs. 12(A) and 12(B). Fig. 12(A) shows an



and where all of the ring oscillators OSC1L - OSCn have the sane

characteristics, the ring oscillators OSCl - OSCn do not
-13 -.
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ogcillator configured of inverters 1000 - 100m each having a
gingle-end input/output. The delay time of each inverter
changes depending upon the value of the oscillation-frequency
control signal VC, whereby the oscillation frequency of the
oscillation output fintl éhanges depending upon the wvalue of
the oscillation-frequency control signal VC (a detailed
circuit example of the inverter is depicted in Fig. 4 of the
prior-art example A, and therefore its detail is omitted from
illustration).

On the other hand, Fig. 12(B) shows an oscillator which
is configured of differential inverters 1010 - 10lm each
having a differential input/output. In the same manner as in
Fig. 12(Aa), the delay time of each differential inverter
changes depending upon the value of the oscillation-frequency
control signal VC, whereby the oscillation frequencies of the
oscillation outputs fintl and /fintl change depending upon the
value of the oscillation-frequency control signal VC (a
detailed circuit example of the differential inverter is
depicted in Fig. 11 of the prior-art example A, and therefore
its detail is omitted from illustration). .

Fig. 13 is a detailed diagram of the clock distribution
network N1 shown in Fig. 11. 1100 - 110k indicate clock
distribution lines, while 1110 - 111k indicate local buffers.
The lengthé of the respective clock distribution lines 1100 -
110k are set on a chip layout so that lengths from the global
clock 911 to the respective local buffers 1110 - 111k may
become equal. Accordingly, the characteristics of the local
buffers 1110 - 111k are substantially identical (hereinbelow,
termed "matched"). Furthermore, in the absence of noise, the
skews of local clock outputs outl - outk become zero.

Since the voltage-controlled oscillators VCOl - VCOn are
fed with an identical oscillation-frequency control signal VC,
the oscillation outputs fintl thru fintn thereof oscillate
with a substantially identical frequency/identical phase as




oscillate in an identical phase though they really oscillépe at_an... ...
i.dentical frequency. Herein, the ring oscillators OSClL - - INENTE &L
synchroni sm whi | e keepi ng phases [err][err]n The phases [e€} -Aiﬁﬁﬁﬁﬁgggﬁgmg
i denticals, not only by adjusting the distances between the raspecthvekg
adj acent nodes, but al so by adjusting thg_gggts (load drivinp Vi $e3
etc.) of the ring oscillators OSCl thru - By way of ex@nple, t.he |oad
driving capability of each of the ring oscillators OSCl ang Cn at
opposite ends of the oscillation circuit may

stated before (although the voltage-controlled oscillators
VCO1 - VCOn can oscillate with phases 81 - 8n as stated in
conjunction with the embodiments shown in the figures up to
Fig. 8, they are assumed to be connected to provide for
oscillations of substantially identical phase, for the sake of
brevity here). BAccordingly, the local clock outputs outl -
outk .oscillate at the substantially identical frequency and
phase. Furthermore, since noise immunity similar to that
achieved in the embodiments illustrated in the figures before
Fig. 10 is attained, there is substantially no increase in the
skew/jitter of the outputs due to supply voltage fluctuations
or substrate voltage fluctuation.

Fig. 14 illustrates an embodiment in which the PLL of
.Fig. 11 is applied to a microprocessor that requires high
performance from the PLL, even among the semiconductor
integrated circuit devices. Numeral 1200 designates the
microprocessor, numerals 1201 - 1203 designate logic circuit
blocks, and constituents 1211 - 1213 correspond to the clock
distribution networks in Fig; 11. The functions of the logic
circuit blocks are not especially restricted. The logic
circuit block may be either a data path with an arithmetic
unit etc. built therein, or a memory such as cache or a
controller therefor. _

Global clocks 1231 - 1233 are output from the phase-
locked loop PLL1. The global clocks 1231 - 1233 are
distributed into local clocks 1241 within the respective logic
circuit blocks by the clock distribution networks 1211 - 1213.
Lastly, the local clocks 1241 are fed to ;he clock input units
of circuits such as latches 1220.

As in the embodiment of Fig. 11, there is substantially
no increase in the skew/jitter of the local clocks 1241 due to
supply voltage fluctuations or substrate voltage fluctuation.
Further, the voltage-controlled oscillators VCOl - VCOn within
the phase-locked loop PLL1 are sporadically situated in the




be set to half the capability of the other ring oscillators. Fig. 8
iTlustrates an enbodinent in which the ring oscillators are connected

together by a conductive wiring in the shape of an xq
connection is useful for the practical application of tHhREPIACEMENT, SHEET
however various connection aspects are cqQ sidered to be|pgrt—of-the

i nvention, and any connection aspect may-Be enpl oyed as ngzgﬂdvhmi
oscillators oscillate in synchronismas a result of thejcgnnection

configuration. According to the invention, a plurality qf
have a natural oscillation frequency that are substantidlly the sane, are

connected £hEgUGHaNRPESaPLat b did W 'BhY 213Qu1RabIERRSOEE IATERTS
' they are allotted, whereby paths from the clock outputs of the

voltage-controlled oscillators VCO1l - VCOn to the circuits,
such as latches Eo use the corresponding clock outputs, can be
shortened (the path includes, e. g., the global clock 1231,
clock distribution network 1211 and local clock 1241 in Fig.
14). When the path is shortened, a delay time which is
involved therein can be shortened. It is therefore possible
to mitigate the influence which skew or jitter having occurred
in the path exerts on the performance of the whole clock

distribution system.

In an arrangement (hereinbelow, called the "multiple PLL
scheme”) wherein a clock feed range within a chip is split in
a large number and wherein independent PLLs are respectively
disposed for the resulting clock feed subranges, the clock
skew between the independent clock feed subranges becomes
TskewG + 2*TskewlL + 2*Tjitter, where TskewL denotes the skew

" within each clock feed subrange, Tjitter denotes the jitter of
the PLL, and TskewG denotes the skew of the reference clock
having_occurred'up to each PLL. With the arrangement of the
present invention, the clock skew becomes 2*TskewLN + TjitterN
where TjitterN denotes the jitter of the global clock output
from the phase-locked loop PLL1l, and TskewLN denotes the skew
of the corfesponding one of the clock distribution networks
1211 - 1213. Even when TskewlL = TskewLN is assumed, by the
present invention the clock skew can be decréased. In
actuality, TjitterN < Tjitter holds for the PLL of the present
invention as stated before, so that the arrangement of the
present invention can sharply reduce the clock skew.

Furthermore, a chip area can be made smaller by the
scheme of the present invention in which a larger number of
VCOs than in the multiple PLL scheme are sporadically situated
in the chip and are synchronized.



oscillate at a substantially identical frequency. As a tesult by

thearrangenent of Fig. 8, an effect which is simlar thEPBACEME&QCS‘H@ET
enbodinments illustrated in Figs. 1 thru 4 is attained. |l Uy

description, enbodi nents enploying the oscillator or ogci LL%%IW Iﬁ—éd cuj t] of
t he present invention shall be discussed_ggLng t he enbqdi é. 1 ff or
the sake of brevity. Fig. 9 illustr an enbodi rfe | Nty on
in which clocks are fed to a plurality of logic circuitjs by the use of tjhe

oscillator of the present invention. LOGL - LOGh denot e~+he—togre—etretit s,
while 711 - 71n denote buffers. In conparison with the enbodi nent of Fig.

1, the buffers 7although the embodiments in each of which the external
clock and the internal clock are synchronized using the PLL
scheme have been mentioned in the foregoing, a delayed locked
loop (DLL) scheme may weli be employed. By way of example,
the present invention is readily applied to a DLL in such a
way that the DLL is cohstructed by replacing the ring
oscillators in Fig. 1 with delay lines.

Fig. 15 illustrates such an embodiment. Further, Fig. 16
illustrates an embodiment in which a DLL is constructed by
laying the delay lines in Fig. 15 as variable delay lines. As
compared with the embodiment of Fig. 11, the embodiment of
Fig. 16 differs in the point that the reference clock fext is
input to the variable delay lines VDLl - VDLn. Otherwise, it
is obvious that the embodiment of Fig. 15 is applicable to
each of the embodiments of the present invention illustrated
in Figs. 2 thru 14.

Each of the foregoing embodiments corresponds to the case

—

he

where the present invention is applied within a single chip,
but obviously it can be expanded to embodiments of
semiconductor.iﬁteérated circuit devices each of which
includes a plurality of chips. By way of example, the present
invention is readily applied to a case where, as in Fig. 14,
the logic circuit blocks and the voltage-controlled
oscillators VCOs allotted thereto are constructed using
respectively separate chips, or a case where, as in Fig. 1,
the ring oscillators are constructed using respectively
separate chips.

In addition, none of the foregoing embodiments includes a
method for lowering power dissipation, such as so-called gated
clock. The present invention, however, is readily applied to
a case, for example, where the buffers 711 - 71n in Fig. 10
are altered into and constructed as gate circuits. Although
there are various different methods, the present invention is
not especially restricted to such methods, and one such method
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for lowering power dissipation is provided by an arrangement
shown in Fig. 17(a).

In Fig. 17(d), an arrangement is shown using switches in
which only part of the many oscillators used in the present
invention need be operated at any one time in order to
selectively lower power dissipation. Fig. 17(B) shows a
preferred embodiment of one of the switches shown in Fig.
17(a).

As shown in Fig. 17(A), the switches are connected to the
wiring lines interconnecting the ring oscillators in the
embodiment where the ring oscillators are connected in a mesh
of nxg, according to the embodiment of Fig. 8. The switches

may be, for example, CMOS switches as shown in Fig. 17(B),
although not limited thereto. '

When all of the ring oscillators are to be operated, all
of the switches are turned on. Meanwhile when, for example,
it is desired that only the ring oscillators 0SCll, 0SC12,
0SC21, 0SC22 are operated and the other oscillators are not
operated, switches SW1213, SW2223, SW2232, SW2131 are turned
off. By turning off the switches SW1213, SW2223, DE2232,
SW2131, the not-operating ring oscillators do not influence
the ring oscillators 0SC11l, 0SCl12, 0SC21, 0SC22. In order to
reduce the.power consumption by supplying clock signals to
only part of the circuits, for example, the structure and
control method of the invention can be used.

In the foregoing examples, although it is premised that
the frequency of the ring oscillators is controlled by the
oscillation-frequency control signal, the ring oscillators may
be the ones whose frequency is determined by a clock inputted
from outside. This can be realized by, e.g. adopting a PLL
structure. Fig. 18 shows a structure wherein instead of the
to the oscillators OSCll-OSCqﬁ used in the embodiment of Fig.
8, there are provided phase lock loop circuits PLL1ll to PLLgn
that receive a clock from outside (not shown).




71n"are connected to nodes 701 - 70n which correspond to the nodes 101 -

10n in Fig. 1, and the outputs 721 - 72n of these buffers.are respectively

fed to the

oscillators oscillate at a substantially identical frequpen
substantially identical phase at the nodeg,701 - 70n (al
oscillators can oscillate with phases | Ferr]nstated

assuned to

t he sake of brevity). Thus, clock signals having no skew can be Ted toth

logic circuits LOGL - LOGh. As stated before, REPLK

h the ring
% NOY &99&r

be connected to provide for oscillations of ijd nt i cal phase,

logic circuits LOGL - LOG1. Further, clock signal in whiteh—itile jitter

occurs can

The PLL circuits shown in Fig. 18 have an input and an
output respectively connected to separate first and second
conductive wirings, each in the shape of a mesh. The phase
and frequency of the outputs.is synchronized for each of the
outputs of the PLL circuits that is connected to the first
conductive wiring. On the other hand, a reference clock
signal is input to each of the PLL circuits connected to the
second conductive wiring. The second conductive wiring of
Fig. 18 is used to distribute the reference clock signal as an
input to each of the PLLs with the same frequency and phase,
so the shape of the wiring is not limited to the mesh shape
shown in the figure, but may take another form so long as this
function is performed. If there is a slight variation in the
frequency of the reference clock signal input through the
first conductive wiring to each of the PLL circuits, there is
substantially no variation in the output clock signal from
each of the PLL circuits be;ause.of the effect achieved by the
present - invention wherein each of the oscillators of the PLL
circuits are connected together by the second wiring.

As compafed with the previous embodiments (Figs. 8 and
11, for example) in which the frequency control signal for the
oscillators is distributed over the entire chip, the present
embodiment uses the reference clock signal as an output to the
PLL circuits so that distribution of a freguency control
signal is not required. Accordingly, the present embodiment
enables the distribution of the input reference clock signal
according to the known technology of distributing a clock
signal. Further, according to this embodiment, a stable
output clock signal is distributed that does not vary between
each PLL circuit even when there are variations in the phase
of the reference clock signal input to each of the PLL
circuits. Accordingly, the clock signal provided that is
distributed according to this embodiment is not subject to

variations due to noise.

o



be fed owing to the noise imunity as stated before. OF course, the buffers
711 - 71n may well be omtted. Wien the buffers 711 - 71n are existent, the
propagation of noise fromthe logic circuits LOGL - LOGh to the oscillator

can be suppressed. As seen fromFig. 3(B), skew at the nodes 701 - 70n
in the presence of noise is less after se4e tinme period has | apsed
subsequent to changes in the potentials he nodes. Accordingly, the

buffers 711 - 71n that are connected to the nodes 701 - 70n shoul d
preferably be Schmitt inputs. Thus, the skew of the outputs of the buffers

711 - 71n can be decreased.
Fig. 19 illustrates an example of each of the PLLs, PLL1ll

to PLLgn, used in Fig. 18. The symbols used in Fig. 19 are
identical with those of Fig. 2, and therefore further
description thereof will be omitted.

Although some of the foregoing embodiments employ ring
osgcillation circuits in which a plurality of inverters are
connected in a ring shape in multistage fashion, the present
invention is not restricted to such a construction.
Alternatives to the ring oscillation circuit may be employed
in the present invention. It suffices that the oscillation
frequency and phase of the oscillation circuit can be adjusted
using the oscillation output thereof as input/output lines,
and that a plurality of such oscillation circuits connected as

described can oscillate in synchronism. _ '

Further, in each of the foregoing embodiments, the
semiconductor process, the transistor structure, etc. used in
the présent invention is not particularly described. A CMOS
process may be employed, and an SOI transistor made from an
SOI wafer may be employed. No specific limitations are placed
on the type of the supply voltages or the sorts thereof.

As set forth herein, according to the present invention,
it is possible to provide clock signals and a clock
distributign circuit or system of circuits having low skew and
low jitter to logic circuits and memory circuits of a
microprocessor or the like. Further, a semiconductor
integrated'circuit device of high speed can be provided as a
result of the stable clock signal that is able to be generated
and distributed in accordance with the present invention.

While preferred embodiments have been set forth with
specific details, further embodiments, modifications and
variations are contemplated according to the broader aspects
of the present invention, all as determined by the spirit'and

scope of the following claims. S
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In. the enbodlnent of Fi tgses of the clock signals 721 - 72n

i nput to the respeqREWe IogrhTéﬂﬂﬁlnts LOGL - LOGn can be adjusted in the
di rection of del aylng them indrvrdudlly, by adj usting the—detay—tinmes—of—
t he correspondi ng bu fer;é&}g499871n. Fig. 10 illustrates an enbodi nent

I n which the phases
|l ogic circuits canib
Cscill ation nodes (1831a, 831b, 831c,}{...) - (83na, 83nb, -
from osci | | dti-er—rodes—80T—80n i nterconnecting the ring

differ

clocks {721 - 723 to be fed tdhtBieettzsh
. Eted i direction o '

oscillators are selected, and the

WE CLAIM:

1. A semiconductor integrated circuit device comprising
a plurality of oscillators each having an oscillation node,

wherein said oscillation nodes of each of said
oscillators are connected together.

2. A semiconductor integrated circuit device according
to claim 1, wherein said oscillators are synchronized to
oscillate with a substantially identical frequency at each of
said oscillation nodes.

3. A semiconductor integrated circuit device according
to claim 2, wherein said oscillators are synchronized to
oscillate with a substantially identical phase at each of said
oscillation nodes.

4. A semiconductor integrated circuit device according
to claim 1, further comprising a conductive wiring line,
wherein said oscillation nodes of each of said oscillators are
connected together by said conductive wiring line.

5. A semiconductor integrated circuit device according
to claim 4, wherein said conductive wiring line is formed in a
shape of a closed loop.

6. A semiconductor integrated circuit device according
to claim 4, wherein said conductive wiring line is formed in a
shape of a.mesh, and said oscillation nodes of said
oscillatbrs are connected at intersection points of said mesh.

7. A semiconductor integrated circuit device according

to claim 4, wherein said oscillation nodes are connected to

said conductive wiring line at connection points with an
interval of length of said conductive wiring line between said
connection points, wherein said interval lengths are
substantially equal.

8. A semiconductor integrated circuit device according
to claim 4, wherein said oscillation nodes are connected to
said conductive wiring line at connection points with an
interval of length of said conductive wiring line between said
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connection points, wherein said interval of length is at least

50 pm.

9. A semiconductor integrated circuit device according
to claim 1, wherein said oscillators are ring oscillation
circuits.

10. A semiconductor integrated circuit device according
to claim 1, wherein said oscillators are delay lines having
multistage connected inverters.

11. A semiconductor integrated circuit device,
comprising:

a plurality of'ring oscillation circuits having inverters
connected in a ring shape; and

a conductive wiring line,

wherein an output of at least one inverter of each said
' ring oscillation circuit is connected to said conductive
wiring line.

12. A semiconductor integrated circuit device according
to claim 11, wherein said ring oscillation circuits are
- synchronized to oscillate with said output of each of said
ring oscillation circuits being of a substantially identical
frequency.

13. A semiconductor integrated circuit device according
to claim 12, wherein said ring oscillation circuits are
synchronized to oscillate with said output of each of said
ring oscillation circuits being of a substantially identical
phase.

1l4. A semiconductor integrated circuit device according
to claim 11, wherein said conductive wiring line is formed in
a shape of a closed loop.

15. A semiconductor integrated circuit device according
to claim 11, wherein said conductive wiring line is formed in
a shape of a mesh, and said outputs of at least one inverter

of said ring oscillation circuits are connected at

intersection points of said mesh.
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sel'ected oscillation nodes are connected to the buffers 711 - 71n. By way
of exanple, the oscillation node 831a oscillates in a phase which s
earlier than that of the oscillation node 801 for one inverter stage (the
phase is.earlier by 360/ p degrees under the assunpti onpgidiRbet EilBedniRapjaced

oscillator is configured of p stages of. 4qwerters of th {IiE
Accordingly, when a clock is fed fromthteoscillation n@lﬂl\g‘@ﬂ e
logic circuit LOGL by the use of-buffer 711, a phase them™ er

than that of the clock of a logic circuit as generated through the buffer

fromthe oscillation node 801, Fig. 11 illustrates an enbodi nent in
whi ch t he 16. A semiconductor integrated circuit device according

to claim 11, wherein said outputs of at least one inverter of
said ring oscillation circuits are connected to said
conductive wiring line at connection points with an interval
of length of said conductive wiring line between said
connection points, wherein said interval lengths are
substantially equal.

17. A semiconductor integrated circuit device according
to claim 11, wherein said outputs of at least one inverter of
said ring oscillation circuits are connected to said
conductive wiring line at connection points with an interval
of length of said conductive wiring line between said
connection points, wherein said interval of length is 50 p m

or more.

18. A semiconductor integrated circuit device,
comprising:

a plurality of delay lines having multistage connected
inverters; and

a conductive wiring line,

wherein an output of at least one inverter of each of
said delay lines is connected to said conductive wiring line.

19. A semiconductor integrated circuit device according
to claim 18, wherein said delay lines are synchronized to
oscillate with the output of each of said inverters being of a
substantially identical frequency.

20. A semiconductor integrated circuit device according
to claim 19, wherein said delay lines are synchronized to
oscillate with the output of each of said inverters being of a
substantially identical phase.

21. A semiconductor integrated circuit device according
to claim 18, wherein said conductive wiring line is formed in
a shape of a closed loop.

22. A semiconductor integrated circuit device according
to claim 18, wherein said conductive wiring line is formed in

L




oscillation circuit of the present invention is applied to the :

vol tage-control l ed oscillators (VCGOs) of a PLL. VCQ01_-_ _VCOn denote-the—
vol tage-controlled oscillators, and fintl - fintn indicate the out put
si-gnal s thereof. 901 - 90n indicate buffers, while N 14i]NSedt BENBead I pladedCK
di stribution networks. In conparison w4h the enbodi nent OBt he
vol tage- controlled oscillators VCOL — correspond E“m&mm Bﬂl “l\/
oscillators OSC1 - OSCn, and an oscillation-frequency c [ C
therefor is controlled by a PLL structure, thereby to construct a
phase-| ocked | oop PLL1. In addition, global clocks 911 - 91n being the
outputs o fhareutf ez medH, -ardrsaird cmpuest ed seitthetcles&tddseri buti on

net works NverNor of said ring oscillation circuits are connected at

intersection points of said mesh. _

23. A semiconductor integrated circuit device according
to claim 18, wherein said outputs of said at least one
inverter of said ring oscillation circuits are connected to .
said conductive wiring line at connection points with an
interval of length of said conductive wiring line between said
connection points, wherein said interval lengths are
substantially equal.

& 24. A semiconductor integrated circuit device according
to claim 18, wherein said outputs of said at least one
inverter of said ring oscillation circuits are connected to
said conductive wiring line at connection points with an
interval of length of said conductive wiring line between said

connection points, wherein said interval of length is 50 u m

or more.

25. A semiconductor integrated circuit device,
comprising:

a plurality of circuit blocks having a clock distribution
circuit;

a plurality of oscillators, each having an oscillation
node and outputting a clock signal from said oscillation node
to said clock distribution circuit; and

a conductive wiring connecting said oscillation nodes of
each of said oscillators together.

26. A semiconductor integrated circuit device according
to claim 25, wherein said oscillators are synchronized to
oscillate with a substantially identical frequency at each of
said oscillation nodes.

27. A semiconductor integrated circuit device according
to claim 26, wherein said oscillators are synchronized to
oscillate with a substantially identical phase at each of said

oscillation hodes.
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Although for the sake of brevity, the connection of the voltage-controlled
oscillatots VCEH - VCOn is _the sane as that shown in Fig. 1, any of t he
connect i on t§H 4$. 4 thru 8 can be enpl oyed._ _Eurther;as
conpar ed wi t{# xanmple in Fig. 2, the énmbodiment in Fig., 11

does not shoj rny circuit eltefgents corresponding to tQﬂﬁgk&Hu il 76
di vi der DI'V2} puiz 4NOH BP8ngnfs may be gpnnect ed at sta or
succeedi ng the buffers 901 - 90n if neeessary. am of
each of the C ' VCOL VCOn are illustrated in (A and

12(B). Fig. L2(A shous an_

28. A semiconductor integrated circuit device according
to claim. 25, wherein said conductive wiring is formed in a
shape of a closed loop.

29. A semiconductor integrated circuit device according
to claim 25, wherein said conductive wiring is formed in a
shape of a mesh, and said oscillation nodes of said
oscillators are connected at intersection points of said mesh.

30. A semiconductor integrated circuit device according
to claim 25, wherein said oscillation nodes are connected to
said conductive wiring at connection points with an interval
of length of said conductive wiring betweern said connection
points, wherein said interval lengths are substantially equal.

31. A semiconductor integrated circuit device according
to claim 25, wherein said oscillators are ring oscillation
circuits.

32. A semiconductor integrated circuit device accordin
to claim 25, wherein said oscillators afe delay lines having
multistage connected inverters.

33. A semiconductor integrated circuit device according
to claim 25, wherein said circuit blocks comprise a logic
circuit or a memory circuit.

34. A semiconductor integrated circuit device,
comprising:

a plurality of oscillation circuits;

a wiring connecting each output of said oscillation
circuits together; "

d plurality of clock distribution circuits that are
connected to said oscillation circuits; and

a phase frequency comparator comparing a clock signal of
at least one of said clock distribution circuits with a
reference clock signal,

wherein said oscillation circuits change oscillation
frequency in response to a signal output from said phase

frequency comparator.
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35. A semiconductor integrated circuit device according

to claim 34, wherein said oscillation circuits are
synchronized to oscillate with said output of each of said
oscillation circuits being of a substantially identical-
frequency.

36. A semiconductor integrated circuit device according
to claim 35, wherein said oscillators are synchronized to
oscillate with said output of each of said oscillation
circuits being of a substantially identical phase.

37. A semiconductor integrated circuit device according
to claim 34, wherein said conductive wiring line -is formed in
a shape of a closed loop.

38. A semiconductor integrated circuit device according
to claim 34, wherein said outputs of said oscillation circuits
are connected to said wiring at connection points with an
interval of length of said wiring between said connection
points, wherein said interval lengths are substantially equal.

39. A semiconductor integrated circuit device according
to claim 34, wherein said oscillators are ring oscillation
circuits. '

40. A semiconductor integrated circuit device according
to claim 34, wherein said oscillators are delay lines having
multistage connected inverters.

41. A semiconductor integrated circuit device,
comprising:

a plurality of oscillators having substantially the same
natural oscillation frequency; and

a conductive wiring connecting outputs of each of said
oscillators,

whereby all of said oscillators oscillate at
substantially said identical frequency independent of
fluctuations of a supply of voltage supply to said
oscillators. -
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changes dependi ng upon the value of the oscillation-frequency control

signal VC, whereby the oscillation frequency of the oscillation output
fintl, changes dependi ng upon the value of the oscillation-frequency control
signal VC (a detailed circuit exanple of the inverter is depicted in Fig. 4
of the prior-art exanple A and thereforg,its detail is omtted from

il lustration). On the other hand, = 12(B) shows an oscillator which
is configured of differential inverters 1010 - 10 m each having a
differential input/output. In the sane manner as in Fig. 12(A), the delay
time of each differential inverter changes depending upon the value of the
osci |l ati on-fre&@ency semiconductor integrated circuit device,

comprising:

clock distribution means for distributing clock signals
to a plurality of circuit blocks;

a plurality of oscillator means for outputting a clock
signal to said clock distribution means; and

means for synchronizing each of an output frequency of
said plurality of oscillator means that is independent of
fluctuations of supply voltages supplied to said plurality of
oscillator means.

Hllllll R A
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control signal VC, whereby the oscillation frequencies of the oscillation
utputs fintl and /fintl change dependi ng upon the val ue of the
osciltation-frequency control signal VC (a detailed circuit exanple of the
di-fferential inverter is depicted in Fi3@ .11 of the prior-art example A
and therefore its detail is omtted fromillustration). Fig. 13 is a
detail ed diagram of the clock distribution network N1 shown in Fig. 11.
1100 - 110k indicate clock distribution Iines, while 1110 - 111k indicate
| ocal buffers. The |engths Qf tiye clock distribution |ines 1100
- 110k are set on a chip | R Jg%tr%&p%% © t he gl obal clock 911
to the res&s&tive | ocal buffers 1110 - 111kn%¥

ICONDUCTOR _INTEGRATED CIRCUIT DEVIC

An oscillation circuit provides clock signals and a clock
distribution circuit or system of circuits having low skew and

low jitter to logic circuits and memory circuits of a
microprocessor or the like. Further, a semiconductor
integrated circuit device of high speed is provided as a
result of the stable clock signal that is generated and
distributed. The oscillation circuit is in a semiconductor
integrated circuit device having a plurality of oscillators
each having an oscillation node, wherein the oscillation nodes
of each of the oscillators are connected together by a
conductive wiring line that may be a closed loop. The
oscillators are synchronized to oscillate at substantially the
same frequency. The oscillators are connected to the '
cenductive wiring line at connecting points having
substantially the same interval of conductive wiring lengths

between

o

the connection points, which leads to synchronizing
the oscillators to oscillate with a substantially identical
phase. The conductive wiring line can also be formed in the
shape cf a mesh with the interval of length of the conductive
wiring line between the connection points being at least
50 pm. The oscillators are ring oscillation circuits having
inverters connected in a ring shape wherein an output of at
least one inverter of each ring oscillation circuit is
connected to the conductive wiring. Alternatively, the
oscillators may be delay lines having multistage connected
inverters with at least one inverter connected to the

conductive wiring line.
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beconme equal. Accordingly, the characteristics of the |local buffers 1110 -
111k are substantially identical (hereinbelow terned "matched").
Furthernore, in the absence of noise, the skews of | ocgl—etock—aatpy ut 1
- outk becone zero. Since the voltage-control |l ed OSR:EEILM?W; W&:ﬁ*ﬂﬁ
VCOn are fed with an identical oscillation-frequency cpnf{tol signhal VG ith
|1

oscillation outputs fint1l thru fintn thereof oscillate vmttQ@waqgggnt;ai
i dentical frequency/identical phase as
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-17 - stated before (although the voltage-controlled oscillators VCOL -
VCOn can oscillate with phases [err][err]nstated in conjunction wth the
enbodi‘ments shown in the figures up to Fig. 8, they are assuned to be

connected-to provide for
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oscillations of substantially identical phase, for tl ’ by
here). Accordingly, the local clock outputs outl - ou Eé@ﬁﬁwt eng” he
substantially identical frequency and phase. Furthernorje, since noisg
inmunity simlar to that achireved in the enbodi nents.ji [{l uUB#NOVRAIN | he
figures before Fig. 10 is attained, there is substantfiglly no increage
the skew jitter of the outputs due to stipply vol tage |f I'octoatTons™or
substrate voltage fluctuation. Fig. 14 illustratjes an enbodi nent |n
which the PLL of Fig. 11 is applied to a m croprocessor that requires high

in

performance fromt| - rcuit
devi ces. Nuneral 1P00 designates the .
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m croprocessor, nunerals 1201 - 1203 designate logic citcuit blocks, and

constituents 1211 - 1213 correspond to the cl ock distrlquyi

ACEVENT SHEET

Aoonnr\l Q

7220 W ol

tDut fromth

Fig. 11. The functions of the logic circuit bl ocks ar g ne
restricted. The logic circuit block nmay be either a datja
arithnmetic unit etc. built therein, or a nmenory such as
control l er therefor. d obal clocksii231 - 1233 are

U

phase- | ocked | oop PLL1. The global clocks 1231 - 1233 jare distri buted |1to

| ocal clocks 1241 within the respective logic circuit esks—by-the-clock

di stribution networks 1211 - 1213. Lastly, the | ocal clogks 1241 are fed to

the clock input units
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of .circuits such as | atches 1220. As in the enbodi nent of Fig. 11,
there is substantially no increase in the skew jitter of the local clocks
1241 due to supply voltage fluctuations or substrate voltage fluctuation.
Further, t'he voltage-controlled oscillators VCOL - VCOn within the

phase- I ocked [ 00p PLLL are sporadical | ygs] tuated i n thdReply oy sy
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18 - chip and are arranged near the logic circuit blocks to which they

are allotted, whereby paths fromthe clock outputs of the
vol tage-controlled oscillators VCOL - VCOn to the circuits,

—steh—as—tatehesm
to-use the corresponding clock outputs, can be shortened ({REPLACEMENT SHEET!

I ncludes, e. g., the global clock 1231,

24 NOV 1998
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clock distribution network 1211 and | ocal clock 1241 in Fig. 14). Wen the
path is shortened, a delay tinme which is involved therein can be shortened.
It istherefore possible to mtigate the influence which skew or jitter
havi ng occurred in the path exerts on the performance of the whole clock

di stribution system In an arrang%pent (herei nbel ow, called the

"mul tiple PLL schene") wherein a clockR t®2ed range within a chip is split in
a |l arge nunber and wherein i ndependent PLLs are respectively disposed for
the resulting clock feed subranges, the clock skew between the i ndependent
cl ock feed subranges becones TskewG + 2*TskewL + 2*Tjitter, where TskewL
denotes the skew

10n
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wi thin each clock feed subrange, Tjitter denotes the jitter of the PLL, and
TskewG denotes the skew of the reference clock having occurred up to each
PLL. Wth the arrangenent of the present invention, the clock skew becomes
2*TskewLN + TjitterN where TjitterN denotes the jitter of the global clock
out put fromthe phase-locked | oop PLL1, and TskewLN denotes the skew of the
correspondi ng one of the clock distrim§1(n|netmorks 1211 - 1213. Even when
TskewlL = TskewlLN i s assuned, by the present invention the clock skew can be
decreased. In actuality, TjitterN < Tjitter holds for the PLL of the
present invention as stated before, so that the arrangenment of the present

i nvention can sharply reduce the cl ock skew.
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Furthernore, a chip area can be nmade smaller by the schene of the present
I nvention in which a | arger nunber of VCOs than in the multiple PLL schene
are sporadically situated in the chip and are synchroni zed.

-9-

[

r._____._.___.____.___._.._._._

OSCn

k_\

—
|
[
|
I
} 110
[
|
| 111
1
‘ [ ]
| .
[
: 11m
!
|
S
701
711 712
721 722
LOG1 LOG2

FIG. 9

71n

72n

LOGn

REPLACEMENT SHEET
24 NOV 1998




19 .- Al t hough the enbodi nents in each of which the external clock
and the internal clock are synchroni zed using the PLL schene have been
mentioned in the foregoing, a delayed | ocked |oop (DLL) scheme may well be
enpl oyed. By way of exanple, the present invention is readily applied to a
DLL in such a way that. the DLL is constiHcted by replacing the ring
oscillators in Fig. 1 wwth delay linesT 22"~ Fig. 15 illustrates such an
enbodi ment. Further, Fig. 16

711 71n
721 72n

LOGH1 oo LOGn
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Il lustrates an enbodi ment in which a DLL is constructed by |aying the del ay
lirnes in Fig. 15 as variable delay lines. As conpared with the enbodi nent
of Fig. 11, the enbodinment of Fig. 16 differs in the point that the
reference clock fext is input to the variable delay lines VDL1 - VDLn.

O herwise, it is obvious that the enbodi nent of Fig. 15 is applicable to
each of the enbodi nents of the presenrlﬂnvention Illustrated in Figs. 2
thru 14. Each of the foregoing enbodi nents corresponds to the case
where the present invention is applied within a single chip, but obviously
It can be expanded to enbodi ments of sem conductor integrated circuit

devi ces each of which
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includes a plurality of chips. By way of exanple, the present invention is
readily applied to a case where, as in Fig. 14, the logic circuit blocks
and the voltage-controlled oscillators VCOs allotted thereto are
constructed using respectively separate chips, or a case where, as in Fig.
1, the ring oscillators are constructeglusing respectively separate chips.
In addition, none of the foregoing e ents includes a nethod for

| owering power dissipation, such as so-called gated cl ock. The present

i nvention, however, is readily applied to a case, for exanple, where the
buffers 711 - 71n in Fig. 10 are altered into and constructed as gate
circuits. Al though

1000
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vC 100m
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theré are various different nmethods, the present invention is not
especially restricted to such nethods, and one such net hod
-20-
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for lowering power dissipation is provided by an arrangenment shown in Fig.
L7(A). In Fig. 17(A), an arrangenent is shown using switches in which
only.part of the many oscillators used in the present invention need be
operated.at any one tine in order to selectively | ower power dissipation.
Fig. 17(B) shows a preferred enbodi nent of one of the switches shown in
Fig. 17(A). As shown in Fig. 17(-Al4 ~the switches are connected to the
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wiring lines interconnecting the ring oscillators in the enbodi ment where
the ring oscillators are connected in a nmesh of nxq, according to the
enbodi nent of Fig. 8. The switches may be, for exanple, CMOS switches as

shown in Fig. 17(B), although not limted thereto. When all of the
ring oscillators are to be operated, all of the switches are turned on.
Meanwhi | e when, for exanple, it is des: that only the ring oscillators

0OSCl1, OsC12, 0OsC2l1, 0OsSC22 are operated and the other oscillators are not
operated, sw tches SWL213, SW2223, SW2232, SW2131 are turned off. By
turning off the switches SW213, SW2223, DE2232, SW2131, the not-operating
ring oscillators do not influence
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the ring oscillators OSCl1, OSCl2, OSC21, OSC22. In order to reduce

t he. power consunption by supplying clock signals to only part of the
circuits, for exanple, the structure and control nethod of the invention
can be used. In the foregoing exanples, although it is prem sed that
the frequency of the ring oscillator ig controlled by the

oscill ation-frequency control signal,= ring oscillators may be the ones
whose frequency is determined by a clock inputted fromoutside. This can be
realized by, e.g. adopting a PLL structure. Fig. 18 shows a structure
wherein instead of the to the oscillators OSCl1- OSCgn used in the

enbodi nent of Fig. 8, there are provided phase lock |loop circuits PLL11 to

PLLgnN
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The PLL circuits shown in Fig. 18 have an i nput and an output respectively
connected to separate first and second conductive wirings, each in the
shaper*of a mesh. The phase and frequency of the outputs is synchronized for
each of the outputs of the PLL circuits that is connected to the first
conductive wiring. On the other hand, a_reference clock signal is input to
each of the PLL circuits connected tadBe second conductive W ring. The
second conductive wiring of Fig. 18 is used to distribute the reference
clock signal as an input to each of the PLLs with the same frequency and
phase,

—o—{>0—,

FIG. 17(B)
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so the shape of the wiring is not

figure,

limted to the nmesh shape shown in the
but may take another formso long as this function is perforned. |f

there*is a slight variation in the frequency of the reference clock signal
i nput through the first conductive wiring to each of the PLL circuits,

there is substantially no variation
the PLL circuits because of the effe

inléhe out put cl ock signal

chi eved by the present

from each of
i nvention

wherein each of the oscillators of the PLL circuits are connected together
by the second wiring.

8 and 11,

As conpared with the previous enbodi nents (Figs.

for exanple) in which the frequency control signal for the
oscillators is distributed over the entire chip, the present
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enbodi nent uses the reference clock signal as an output to the PLL circuits
so that- distribution of a frequency control signal is not required.
Accordiagly, the present enbodi nent enables the distribution of the input
reference~—cl ock signal according to the known technol ogy of distributing a
clock signal. Further, according to this enbodi nent, a stable output clock
signal is distributed that does not vafr@0between each PLL circuit even when
there are variations in the phase of the reference clock signal input to
each of the PLL circuits. Accordingly, the clock signal provided that is

di stri but efl' accor ding to- thts erbedi-rert —i-s net— subj-eet—to—var at+ ens -dale

t o noi se. l PLL?

[
| |
[ !
I I
! : : |
| _ R E I
L PFD )] cP » LPF ;|
| fnt[ / [ Ve |

: : |
. :
I pN  UP 5 :
| : : |
f : : I
l : oo
| ' : I
| DIVN veoo i
| E o
| : l
! : ' |
! : !
[ e AR l
i |
| |
: fext fout {
| !
| |
| |
| |
| |
| |
| |
| |
I Ay '
| ! o l
l ’ |
I |
| |
] |
| ]
| |
I I
] |

s e e et mn m— — e — — — — — — — —— — — — — — S— —— — — —— —— — — — — o — — ot

REPLACEMENT SHEET)-
! 24 NOV 198

- ———trit o

R s

=z



N 9% e 0 e D———

UREPLACEMENT SHEET

06 0CT 2000 3.

* [+ L M S *

1. A semiconductor integrated circuit device
comprising
a plurality of circuit blocks:;

a plurality of oscillators each having an oscillation
node and generating an oscillating signal; and

a_conductive wiring line having a plurality of output

nodes,
wherein said oscillation nodes are connected to said

conductive wiring line at connection points with intervals of

length of said conductive wiring line between said connection
points; and
wherein said oscillator supplies said oscillating signal

as a clock signal through each of said output nodes to each

of said circuit blocks.

2. A semiconductor integrated circuit device according
to claim 1, wherein said oscillators are synchronized to
oscillate with a substantially identical frequency at each of
said oscillation nodes.

3. A semiconductor integrated circuit device according
to claim 2, wherein said oscillators are synchronized to
oscillate with a substantially identical phase at each of
said oscillation nodes.

4. A semiconductor integrated circuit device according
to claim 1, wherein said conductive wiring line is formed in
a shape of a closed loop.

5. A semiconductor integrated circuit device according
to claim 1, wherein said conductive wiring line is formed in
a shape of a mesh, and said oscillation nodes of said
oscillators are connected at intersection points of said
mesh.

6. A semiconductor integrated circuit device according
to claim 1, wherein said interval length are substantially

equal.
7. A semiconductor integrated circuit device according

to claim 1, wherein said oscillation nodes are connected to

said conductive wiring line at connection points with an
interval of length of said conductive wiring line between
REPLACEMENT SHEETS SG
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Fig. 19 illustrates an exanple of each of the PLLs, PLL11 to PLLqn,
Fig. 18. The synbols used in Fig. 19 are identical w tht§has8rfs,

and therefare further description thereof will be omtte ul!” ”M,Eﬁﬁ,ﬁm
i ch

some of the foregoing enbodi ments enploy ring oscillatio
restricted to such a constructlon

a plurality of inverters are connected t24-a ring shape i

fashion, the present invention is not

Alternatives to the ring oscillatio B circuit, my be e Hﬁy ! present
i nvention. 331 AEFINGES HMaPLRE SosUPPFELT 02+ etftietict? 3

oscill ationledstclidturcan be adjusted using the oscillatlon out put thereof as
inpyt/output 1ings, A semiconductor integrated circuit device according
wherein said oscillators are ring oscillation

P
(3

used i n

to claim 1,

circuits.
9. A semiconductor integrated circuit device according

to claim 1, wherein said oscillators are delay lines having

multistage connected inverters.

10. A semiconductor integrated circuit device,
comprising:
23 a plurality of.ring oscillation circuits having inverters

connected in a ring shape; and
a conductive wiring line,
wherein an output of at least one inverter of each said
. ring oscillation circuit is connected to said conductive
wiring line.
11.

to claim 10, wherein said ring oscillation circuits are

A semiconductor integrated circuit device according

- synchronized to oscillate
ring oscillation circuits
frequency.

12.
to claim 11, wherein said

A semiconductor

synchronized to oscillate
ring oscillation circuits
phase.
13.
to claim 10, wherein said

A semiconductor

a shape of a closed loop.
14.
to claim 10, wherein said

A semiconductor

a shape of a mesh,

and said outputs of at least one

with said output of each of said
being of a substantially identical

integrated circuit device according
ring oscillation circuits are

with said output of each of said
being of a substantially identical
integrated circuit device according
conductive wiring line is formed in
integrated circuit device according
conductive wiring line is formed in

inverter

of said ring oscillation circuits are connected at

intersection p01nts of sald me.e;.h.._---I
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and that a plurality of such oscillation circuits connected as described
can oscillatge in synchronism Further, in each of The Tore90|ng
‘enbodi nents, the seni conductor process, the transistor )

in the present invention is not particularly descrlbed.ﬂ

be enpl oyed, and an SO transistor made2fr-om an SO waf
No specific Iimtations are placed on the type of the sup
the sorts thereof. As set forth herein, according to the present
invention, it is possible to provide clock signals and a clock distribution
circuit or systemof circuits having | ow skew and low jitter to logic
CIrCUItS and ryAcgp@appgdgptgr integrated circuit device according

to claim 10, wherein said outputs of at least one inverter of

said ring oscillation circuits are connected to said

conductive wiring line at connection points with an interval
of length of said conductive wiring line between said
connection points, wherein said interval lengths are
substantially equal.

16. A semiconductor integrated circuit device according
to claim 10, wherein said outputs of at least one inverter of
said ring oscillation circuits are connected to said
conductive wiring line at connection points with an interval
of length of said conductive wiring line between said
connection points, wherein said interval of length is 50 u m
Or more.

17. A semiconductor integrated circuit device,
comprising:

a plurality of delay lines having multistage connected
inverters; and

a conductive wiring line,

. wherein an output of at least one inverter of each of
said delay lines is connected to said conductive wiring line.

18. A semiconductor integrated circuit device according
~  to claim 17, wherein said delay lines are synchronized to
| oscillate with the output of each of said inverters being of a

substantially identical frequency.

19. A semiconductor integrated circuit device according
to claim 18, wherein said delay lines are synchronized to
oscillate with the output of each of said inverters being of a
substantially identical phase.

20. A semiconductor integrated circuit device according
to claim 17, wherein said conductive wiring line is formed in’
a shape of a closed loop. '

21. A semiconductor integrated circuit device according
to claim 17, wherein said.conductive wiring line is formed in
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m croprocessor or the like. Further, a sem conductor integrated circuit
.device of high speed can be provrded as a result of the stable-cleek-signal
‘that is able to be generated and distributed in accordance mnth the present

i nventi on. Wi |l e preferred enbodi nents have beenTée
specific details, further enmbodi ments, ogundifications an
cont enpl at ed according to the broader aspects of the pr

as determned by the spirit and scope of the follow ng cIalns

a shape of a mesh, and said outputs of said at least one
inverter of said ring oscillation circuits are connected at
intersection points of said mesh. ,

22. A semiconductor integrated circuit device according
to claim 17, wherein said outputs of said at least one
inverter of said ring oscillation circuits are connected to .
said conductive wiring line at connection points with an
interval of length of said conductive wiring line between said

, connection points, wherein said interval lengths are
_'&}f substantially equal.

23. A semiconductor integrated circuit device according
to claim 17, wherein said outputs of said at least one
inverter of said ring oscillation circuits are connected to
said conductive wiring line at connection points with an
interval of length of said conductive wiring line between said
connection points, wherein said interval of length is 50 um

or more.

24. A semiconductor integrated circuit device,
comprising: )

a plurality of circuit blocks having a clock distribution
circuit; )

a plurality of oscillators, each having an oscillation
node and outputting a clock signal from said oscillation node
to said clock distribution circuit; and

a conductive wiring connecting said oscillation nodes of
each of said oscillators together.

25. A semiconductor integrated circuit device according
to claim 24, wherein said oscillators are synchronized to
oscillate with a substantially identical frequency at each of
said oscillation nodes.

26. A semiconductor integrated circuit device according
to claim 25, wherein said oscillators are synchronized to
oscillate with a substantially identical phase at each of said

e ——————
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W claim 1. A sem conductor integrated circuit device
.conprising - a plurality of circuit blocks;

heet Has Been Replaced

ao T

27. A semiconductor integrated circuit device according
to claim. 24, wherein said conductive wiring is formed in a
shape of a closed loop.

28. A semiconductor integrated circuit device according
to claim 24, wherein said conductive wiring is formed in a
shape of a mesh, and said oscillation nodes of said
oscillators are connected at intersection points of said mesh.

29, A semiconductor integrated circuit device according
to claim 24, wherein said oscillation nodes are connected to
said conductive wiring at connection points with an interval
of length of said conductive wiring between said connection
points, wherein said interval lengths are substantially equal.

30. A semiconductor integrated circuit device according
to claim 24, wherein said oscillators are ring oscillation

\l.. . ' .'_:'

circuits,

31. A semiconductor integrated circuit device according
to claim 24, wherein said oscillators are delay lines having
multistage connected inverters.

32. A semiconductor integrated circuit device according
to claim 24, wherein said circuit blocks comprise a logic
circuit or a memory circuit.

e 33. A semiconductor integrated circuit device,
' comprising:

a plurality of oscillation circuits;

a wiring connecting each output of said oscillation
circuits together; -

a plurality of clock distribution circuits that are
connected to said oscillation circuits; and

a phase frequency comparator comparing a clock signal of
at least one of said clock distribution circuits with a
reference clock signal,

wherein said oscillation circuits change oscillation

frequency in response to a signal output from said phase

frequency comparator.

I
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a plurality of oscillators each having an oscillation node and generating
.an oscillating signal;_and a conductive wiring line having a plurality
‘of output nodes, wherein said oscillation nodes are connected to said
conductive wiring line at connection points with intervals of |ength of
said conductive wiring |line between saidgannection points; and

wherein said oscillator supplies said oscillating signal as a clock signa

t hrough each of said output nodes to each of said circuit bl ocks. 2.

A sem conductor integrated circuit device according

34. A semiconductor integrated circuit device according
to claim 33, wherein said oscillation circuits are
synchronized to oscillate with said output of each of said
oscillation circuits being of a substantially identical.
frequency.

35. A semiconductor integrated circuit device according
to claim 34, wherein said oscillators are synchronized to
oscillate with said output of each of said oscillation
circuits being of a substantially identical phase.

; 36. A semiconductor integrated circuit device according
to claim 33, wherein said conductive wiring line -is formed in
a shape of a closed loop.

37. A semiconductor integrated circuit device according
to claim 33, wherein said outputs of said oscillation circuits
are connected to said wiring at connection points with an
interval of length of said wiring between said connection
points, wherein said interval lengths are substantially equal.

38, A semiconductcr integrated circuit device according
to claim 33, wherein said oscillators are ring oscillation
circuits. '

39. A semiconductor integrated circuit device according
to claim 33, wherein said oscillators are delay lines having

va ‘multistage connected inverters.

AQ; A semiconductor integrated circuit device,
comprising:

a plurality of oscillators having substantially the same
natural oscillation fréquency; and

a conductive wiring connecting outputs of each of said
oscillators, .

whereby all of said oscillators oscillate at
substantially said identical freguency independent of
fluctuations of a supply of voltage supply to said

oscillators. |
R
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to claim1, wherein said oscillators are synchronized to oscillate with a

. substantially identical frequency at each of said oscillation nodes.

3. A semiconductor integrated circuit device according to claim2, wherein
said oscillators are synchronized to oscillate with a substantially

i dentical phase at each of said oscill3pion nodes. 4. A sem conduct or
Integrated circuit device according to"Claim 1, wherein said conductive
wiring line is formed in a shape of a closed | oop. 5. A sem conduct or

integrated circuit device according to claim1, wherein said conductive
wiring line is fornmed in ,
- 41 A semiconductor integrated circuit device,

comprising:

clock distribution means for distributing clock signals
to a plurality of circuit blocks;

a plurélity of oscillator means for outputting a clock
signal to said clock distribution means; and

means for synchronizing each of an output frequency of
said plurality of oscillator means that is independent of
fluctuations of supply voltages supplied to said plurality of
oscillator means.

This Sheet Has Been Replaced
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a ishape of a nesh, and said osci I | ati on nodes of said ostEP&MmLSHEm

cqnnect ed at i'ntersection points of said nesh. , 6. A slem conduct or
integrated circuit device according to claim1, wherein spild i4#éAY 3041
| ength are substantially equal. 724- A semiconductor |ntegrated circdift

device according to claim1, wherein said oscilldtion nodes
to said conductive wiring |line at connection points with pgn interval of
| engt h of sazad dcounsleict dwepwint fg whareietssdeh interval length Is at
least 50um.
8. A semiconductor integrated circuit device according

to claim 1, wherein said oscillators are ring oscillation

circuits.
9. A semiconductor integrated circuit device according
to claim 1, wherein said oscillators are delay lines having

multistage conneéected inverters.
10. A semiconductor integrated circuit device,
comprising:

a plurality of circuit blocks;
S a plurality of ring oscillation circuits each hav1ng

inverters connected in a ring shape and generating an

oscillating signal; and
a conductive wiring line having a plurality of nodes,

wherein an output of at least one inverter of each said
ring oscillation circuit is connected to said
conductive wiring line at connection points with intervals of

length of said conductive w1r1nq line between said connection

points; and
wherein said ring oscillation circuits_supply said
oscillating signal as _a_clock signal through each of the said

nodes to each of said circuit blocks,

11. A semiconductor J':ntegrated circuit device according
to claim 10, wherein said ring oscillation circuits are
synchronized to oscillate with said output of each of saiii
ring oscillation circuits being of a substantially identical
frequency. . |

12. A semiconductor integrated circuit device according
to claim 11, wherein said ring oscillation circuits are
synchronized to oscillate with said output of each of said
ring cscillation circuits being of 'a substantially identical
phase. ’

13. A semiconductor integrated circuit device according
to claim 10, wherein said conductive wiring line is formed in

a shape of a closed loop. REPLACEMENT SERETS 56
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- 24- sai d connection points, wherein sald i nt erval Iehgth is at’ Ieasf
5Q[err]n1 * 8. A sem conductor |ntegrated circuit deV|cp accordizng: \ l
cfaim1, wherein said oscillators are ring oscillation cirCU|ts “*‘l
- 25 - i b |

L

14, 2 semiconduétor integrated circuit device according
to claim 10, wherein said conductive wiring line is formed in
a shape of a mesh, and said outputs of at least one inverter
of said ring oscillation circuits are connected at

intersection points of said mesh.

15. .A semiconductor integrated circuit device according
to claim 10,wherein said interval lengths‘are substantia;ly'
equal. ' '

16. A semiconductor integrated circuit device according
to claim 10, wherein said interval length is 50 p m or more.

17. A semiconductor integratéd circuit device,
comprising:

a plurality of circuit blocks;

a plurality of delay iinés\eachﬂhaving multistage
connected inverters and a clock signal being inputted; and

a conductive wiring line having a plurality of nodes,

. wherein an output of at least one inverter of each of
said delay ;ines is connected to said conductive wiring line
at connection points with intervals of iengthwgﬁwggig

conductive wiring line between said connection points; and

wherein said clock signal delayed by said delay line is
supplied through each of the said nodes to each of said

=~ circuit blocks.

18. A semiconductor integrated circuit device according-
to claim 17, wherein said delay lines are synchronized to
oscillate with the output of each of said inverters being of a
substantially identical fregquency. '

19. A semiconductor integrated circuit device according
to claim 18, wherein said delay lines are synchronized to
oscillate with the output of each of said inverters being of a
substantially identical phase.

20. A semiconductor integrated circuit device according
to claim 17, wherein said conductive wiring line is formed in
a shape of a closed loop.
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9. A semi conductor integrated circuit device accordi
wherein said oscillators are delay lines having nult
i nverters. 10. A semiconductor integrated circ
conpri si ng: a plurality of circui26bl ocks:

oscillation circuits each having inverters connected
generating an oscillating signal; and

having a pluraity of 004e3nductor inteégrated circult

P!mméii'ﬂwsuﬁm

devi ce

i : l
a PBWAYIA00) o iring
inarin and
a conduct}i VE W ri ng Iige

evice accoxd

to claim 17, wherein said conductive wiring line 1s formed 1n

a shape of a mesh, and said outputs of said at least one
inverter of said ring oscillation circuits are connected at

intersection points of said mesh.

2 semiconductor integrated circuit device according

22,
to claim 17, wherein said interval 1¢ngths are substantially
equal.

23. A semiconductor intégrated circuit device accoxding

_ to claim 17, wherein said interval length is 50 p m or more.

.24,
- comprising:
a pluralit& of circuit blocks having a clock distribution

A semiconductor integrated circuit device,

circuit;

a plurality of oscillators,
node and outputting a clock signal from said oscillation node
and

each having an oscillation

to said clock distribution circuit;
a conductive wiring connecting said oscillation nodes of

each of said oscillators together
a;_ggnngc;ignmpginzgwwithhintervals of length of said
conductive wiring between said connection points.

25. A semiéonductor integrated circuit device according
to claim 24, wherein said oscillators are synchronized to
oscillate with a substantially identical frequency at each of

said oscillation nodes.
26. A semiconductor integrated circuit device according

to claim 25, wherein said oscillators are synéhronized to
oscillate with a substantially identical phase at each of said
oscillation nodes.

27.
to claim. 24, wherein said

integrated circuit device according

conductive wiring is formed in a

A semiconducter

shape of a closed loop.
28.

to claim 24,

A semiconductor integrated circuit device according
conductive wiring is formed in a
oscillation nodes of said

at intersecticn points of sazid mesh.

wherein said
shape of a mesh, and said

oscillators are connected

e et e e
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wher ei n an out put of at |east one inverter of each said ring OSCI||atI0n
circuit is connected to said conductive wiring line , L:;q
i‘nterval s of length of sai.d conductive wiring |inefy Féi

poi nts; and.. wherein said ring oscillation c

oscillating- signal through each of the_gaid nodes it fdﬁald cfrCU|t
bl ocks. 11. A sem conductor integrated circyit d |ce accgwpl‘g to
claim 10, wherein said ring oscillation circuits arfe e e 9657 {

29. A semiconductor integrated circuit device according to

claim 24, wherein said interval lendths are substantially

equal.

3. A semiconductor integrated circuit device according
‘to claim 24, wherein szid oscillators are ring oscillaticn
circuits.

31. A semiconductor integrated circuit device according
to claim 24, wherein said cscillators are delay lines having
multistage connected inverters.

R 32. A semiconductor integrated circuit device according
to claim 24, wherein said circuit blocks comprise logic
gircuits or memory circuits,

33. A semiconductor integrated circuit device,
comprising:

a plurality of oscillation circuits;

a wiring connecting each output of said oscillation )
circuits together at connection points with intervals of

length of said wiring between said connection points;

a plurality of clock distribution circuits that are
connected to said oscillatidn circuits; and

a phase frequency comparator comparing a clock signal of
at least one of said clock distribution circuits with a

s reference clock signal,

wherein said oscillation circuits change oscillation
frequency in response to a signal output from said phase
freguency comparator.

34. A semiconductor integrateé circuit device according
to claim 33, wherein said oscillation circuits are
synchronized to .oscillate with said output of each of said
oscillation circuits being of a substantially identical.
frequency.

35. A semiconductor integrated circuit device according
to claim 34, wherein said oscillators are synchronized to
oscillate with said output of ¢ach of said oscillation
circuits being of a substantially identical phase.

R A



synchronlzed to oscillate with said output of each off; %ﬁlgﬁ{J,QTOQ ‘thtion
ckrcuits being of a substantially i denti cal frequency|2 ALV 2 “”’*4

sen1conductor integrated circuit device according to: c.a|n111 mhere n: sai d
ring oscillation circuits are synchroni zed28o OSC|IIate Wi Bh1 880 ou pUt of
each of said ring oscillation circuits being of a substiantially iden |tal
phase. 13. A sem conductor integrated circuit qu|ce accordi ng~ to

cl aim 10, mherelg sald conductive wiring line js formed in a shape..

cl osed | oop. A semicohductor integrated circuit—deviEe “@ccording

to claim 33, wherein said conductive wiring line -is formed in

a shape of a closed loop.
37. A semiconductor integrated circuit device according

to claim 33, wherein said interval lengths are sgh§§§§tial%z
equal,

38. A semiconductor integrated circuit device according

to claim 33, wherein said oscillators are ring oscillation

circuits.
39, A semiconductor integrated circuit device according

to claim 33, wherein said oscillators are delay lines having

S/ ‘multistage connected inverters.
40. A semiconductor integrated circuit device,

comprising:

a plurality of circuit blocks;

a plurality of oscillators having substantially the same
natural oscillation frequency _and
supplying oscillating signals to said circuit blocks as_clock

signals; and
a conductive wiring connecting outputs of each of said

escillators at connection points with a substantlally same

interval of length of said conductive wiring between said

CQQPQEE&QHWEQAHE§L
whereby all of said oscillators oscillate at

=’ substantially said identical frequency independent of

fluctuations of a supply of voltage supply of voltage supply

to said oscillators,
41. A semlconduétor integrated circuit device,

comprising:
clock distribution means for distributing clock 51gnals

to a plurality of circuit blocks;

a plurélity of oscillator means for outputting a clock
signal to said clock distribution means; and

means for synchronizing each of an output fregquency of
said plurality of oscillator means that is independent of
fluctuations of supply voltages supplied to said plurality of

oscillator means.
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25 14. A sem conductor integrated circuit device according to claim
10, wherein said conductive wiring line is fornmed in a shape of a nesh, and
said outputs of at |east one inverter
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of said ring oscillation circuits are connected at intersection points of

sai d nesh. 15. A sem conductor integrated circuit device according to
claim 10nherein said interval |engths are substantially equal. 16. A

sem conductor integrated circuit device according to claim 10, wherein said
interval length is 50 [err]mor nore. 17. A sem conductor integrated

circuit device, conprising:
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a pluralityof circuit bl ocks; a plurality of delay |lines each

havi ng mul ti stage connected inverters and a clock signal being
i-nput t ed; and a conductive wiring line having a plurality of
nodes, wherein an output of at |east one inverter of each of
said delay lines is connected to said conductive wiring |line at
connection points with intervals oflength of said conductivewring |line
bet ween sai d connection points; and . Wwherein said clock signal by
said delay line is supplied through each of the said nodes to each of
sai d AR A A
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circuit bl ocks. 18. A sem conductor integrated circuit device
according to claim17, wherein said delay |ines are synchronized to
oscillate with the output of each of said inverters being of a
substantially identical frequency. 19. A sem conductor integrated
circuit device according to claim18, wherein said delay lines are
synchronized to oscillate with the output of each of said inverters being
of a substantially identical phase. 20. A sem conductor integrated
circuit device according to claim17, wherein said condugfive wiring |line
is forned in S
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a shape of a closed | oop. 26 -
21. A sem conductor integrated circuit device according to claim17,
wherein said conductive wiring line is forned in
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a shape of a nesh, and said outputs of said at |east one inverter of said
ring oscillation circuits are connected at intersection points of said
mesh. 22. A sem conductor integrated circuit device according to
claim17, wherein said interval |engths are substantially equal.

23. A sem conductor integrated circuit device according to claim17,
wherein said interval length is 50 [err]mor nore. .24, A

sem conductor integrated circuit device, .conprising: a plurality of
circuit blocks having a clock distribution
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circuit; a plurality of oscillators, each having an oscillation node
and outputting a clock signal fromsaid oscillation node to said clock
distribution circuit; and a conductive w ring connecting said
oscillation nodes of each of said oscillators together at conntection
points wth intervals of Iength of said conductive wiring between said
connection points. 25. A sem conductor integrated circuit device
according to claim 24, wherein said oscillators are synchroni zed to
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oscillate with a substantially identical frequency at each of said

oscill ation nodes. 26. A sem conductor integrated circuit device
according to claim25, wherein said oscillators are synchronized to
oscillate with a substantially identical phase at each of said oscillation

nodes. 27. A sem conductor integrated circuit device according to
claim24, wherein said conductive wiring is forned in a shape of a cl osed
| oop. 28. A sem conductor integrated circuit device according to claim

24, wherein said conductive wiring is formed in a shape of a nesh, and said
oscillation nodes of said
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Oscillators are connected at intersection points of said nmesh.
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29. A sem conductor integrated circuit device according to cl aim 24,
Wherein said interval lengths are substantially equal . 30. A
sem conductor integrated circuit device according to claim24., wherein
said oscillators are ring oscillation circuits. 31. A sem conductor
integrated circuit device according to claim 24, wherein said oscillators
are delay lines having nultistage connected inverters. 32. A

sem conductor integrated circuit device according

721 72n
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to claim24, wherein said circuit blocks conprise logic circuits or menory

circuits. 33. A sem conductor integrated circuit device, conprising:
asplurality of oscillation circuits; a W ring connecting each out put
of said oscillation circuits together at connection points with
intervals of length of said wiring between said connection points, a
plurality of clock distribution circuits that are connected to said
oscillation circuits; and a phase frequency conparator conparing a
cl ock signal of at |east one of said clock distribution circuits with a
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reference cl ock signal, wherein said oscillation circuits change
oscillation frequency in response to a signal output fromsaid phase
f.requency conparator. 34. A sem conductor integrated circuit device
according to claim 33, wherein said oscillation circuits are synchronized
to oscillate with said output of each of said oscillation circuits being of
a substantially identical. frequency. 35. A sem conductor integrated
circuit device according to claim 34, wherein said oscillators are
synchroni zed to oscillate wth said output of each of said oscillation
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circuits being of a substantially identical phase.

- 28 - 36. A sem conductor integrated circuit device according
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to claim33, wherein said conductive wiring line is forned in a shape of a
cl osed | oop. 37. A sem conductor integrated circuit device according
to claim 33, wherein said interval |engths are substantially equal.

38. A sem conductor integrated circuit device according to claim 33,
wherein said oscillators are ring oscillation circuits. 39. A

sem conductor integrated circuit device according to claim 33, wherein said
oscillators are delay lines having nultistage connected inverters.

40. A semiconductor integrated circuit device,
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conpri si ng: a plurality of circuit blocks, a plurality of
oscillators having substantially the sanme natural oscillation frequency and
supplying oscillating signals to said circuit blocks as clock signals, and
a conductive wiring connecting outputs of each of said oscillators at
connection points with a substantially sanme interval of length of said
conductive wiring between said connection points, whereby all of said
oscillators oscillate at

150n

H: .

DLY2

121
12m
FIG. 15

™~ .

| |
| | Y
1 ! 3
L § \
__________________ .
: |
| |
| |
_JI Vi 5 |
o |
—0 00
\\Q |
| ! -
[ | Q
L | 2
—————————— r——_—._—J A



substantially said identical frequency independent of flictuations of a
supply of voltage supply of voltage supply to said oscillators 41. A
sem conductor integrated circuit device, conprising: cl ock

di stribution neans for distributing clock signals to a plurality of circuit
bl ocks; a plurality of oscillator nmeans for outputting a clock signal
to said clock distribution neans; and means for synchroni zi ng each of
an out put frequency of said plurality of oscillator neans that is

i ndependent of fluctuations of supply voltages supplied to said plurality
of
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oscill ator neans.
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