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(57) A frequency divider 1 on the transmitting side divides the frequency of a clock signal of period T by &, generates a
pulse signal P2 of pulse width 4T and duty ratio 50%, and outputs the result to a shift register 2. The shift register 2
generates pulse signals P3-1, P3-2, P3-3, and P3-4 by giving delays O, T, 27T, and 3T to the pulse signal P2, and sends
them to transmission lines 101, 102, 103, and 104, respectively. Edge detectors 3-1, 3-2, 3-3, and 3-4 on the receiving
side detect respectively the leading edges and the trailing edges of the pulse signals P3-1, P3-2, P3-3, and P3-4, and
output edge detection signals P4-1, P4-2, P4-3, and P4-4. An OR gate 4 combines these edge detection signals. A clock
regenerator 5 generates a regenerated signal P6 having the frequency equal to that of the clock signal P1 based on the

combined edge detection signal P5.
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ABSTRACT OF THE DISCLOSURE

A frequency divider 1 on the transmitting side
divides the frequency of a clock signal of period T by 8,
generates a pulse signal P2 of pulse width 4T and duty
ratio 50%, and outputs the result to a shift register 2.
The shift register 2 generates pulse signals P3-1, P3-2,
p3-3, and P3-4 by giving delays 0, T, 2T, and 3T to the
pulse signal P2, and sends them to transmission lines
101, 102, 103, and 104, respectively. Edge detectors
3-1, 3-2, 3-3, and 3-4 on the receiving side detect
respectively the leading edges and the trailing edges
of the pulse signals P3-1, pP3-2, P3-3, and P3-4, and
outpﬁt edge detection signals P4-1, p4-2, P4-3, and P4-4.
An OR gate 4 combines these edge detection signals.

A clock regenerator 5 generates a regenerated signal P6
having the frequency equal to that of the clock signal Pl

based on the combined edge detection signal P5.
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METHOD OF TRANSMITTING CLOCK SIGNAL AND
DEVICE EMPLOYING THE SAME

The present invention relates to a clock signal
transmission technique, and more particularly to a high
ftrequency clock signal transmission technique.

In recent years, 1in order to increase the data
transfer rate, a tendency of increasing the frequency of
the clock signal, which indicates the timing of the
transfer data and 1s transmitted along with the data, is
recognizable. However, as the frequency of the transmitted
clock signal goes up, the clock signal on the transmission
line undergoes a waveform distortion which gives rise to
variations 1n the pulse width or the duty ratio. The
varlations in the pulse width or the duty ratio are
responsible for the data transfer errors.

A technique for resolving such a problem is
disclosed 1n Japanese Lald-Open Patent Publication No. H4-
10011. According to the technique disclosed in the
publication, the transmitting side sends two signals,
namely, a clock signal and 1ts inverted signal, to the
recelving side via respective transmission lines. On the
receliving side, the two received signals are respectively
frequency divided by 2, and the clock signal on the
recelving side 1s obtained by subjecting these signals
frequency divided by 2 to the exclusive OR operation.

However, according to this prior art, as the

frequency of the clock signal becomes higher, waveform
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distortions occur in the clock signal as well as in the
inverted signal, which makes it difficult to know precisely
the reception timings of data which are sent along with the
clock signal.

The main object of the present invention is to
provide a clock signal transmission method, and a device
adopting the same, which can mitigate the effect of the
waveform distortion on the transmission lines even when the
frequency of the transmitted clock signal becomes high.

The present invention consists of a clock signal
transmission equipment for transmitting a clock signal of
period T from a transmitting side to a receiving side,
wherein, sailid transmitting side comprises: frequency
dividing means which generates a first pulse signal of duty
ratio 50% and pulse width nT (n being a nonzero positive
integer) obtained by dividing the frequency of said clock
signal of period T by 2n; and transmission pulse generating
means which generates n second pulse signals by giving
delays of 0, T, 2T, ..., and (n-1)T to said first pulse
signal, and sald receiving side comprises: pulse detecting
means which receives respective ones of said n second pulse
signals, detects the leading edge and the trailing edge of
these n second pulse signals, and generates a third pulse
signal which shows the leading edges and the trailing edges

of all of these n second pulse signals; and clock
regenerating means which regenerates said clock signal of

period T based on said third pulse signal.
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In accordance with this invention, on the
transmitting side, a transmitting side clock signal of
period T is frequency divided by 2n (n is a nonzero
lnteger) to convert it to a first pulse signal of period
2nT, and n second pulse signals are generated by giving
delays of 0, T, 2T, ..., and (n-1)T to the first pulse
signal and these n second pulse signals are transmitted via
a plurality of transmission lines.

On the receiving side, these n second pulse signals
are recelved to detect the leading edges and trailing edges
of these pulse signals, and the receiving side clock signal
1s generated based on timing signals that show the leading
and trailing edges of these n second pulse signals.

In this i1nvention, the waveform distortion is made
less likely to occur on the transmission lines since the
frequencies of the n pulse signals transmitted wvia the
transmission lines are 1/2n of the frequency of the
transmitting side clock signal. Consequently, this
invention 1s capable of generating the receiving side clock
signal with more precise timings than in the prior art.

The 1nvention, as exemplified by a preferred
embodiment, 1s described with reference to the drawings in
which:

Figure 1 is a block diagram showing an embodiment
of the invention; and

Figure 2 1s a timing chart showing an example of

each of the signals shown in Figure 1.
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Referring to Figure 1, the equipment on the
transmitting side includes a frequency divider 1 which
divides the frequency of a transmitting side clock signal
Pl by 2n and outputs a first pulse signal P2; and a shift
register 2 which receives the first pulse signal P2,
generates n second pulse signals P3-1, P3-2, ., and P3-n
by giving delays 0, T, 2T, ..., and (n-1)T to the first
pulse signal P2, based on the clock signal Pl on the
transmitting side, and outputs them to transmission lines
101, 102, ..., and 10n, respectively.

On the transmitting side, the frequency divider 1
divides the frequency of the clock signal Pl with period T
by 2n to generate a first pulse signal P2 of pulse width nT
and duty ratio 50%, and outputs it to the shift register 2.
The shift register 2 having n output terminals generates n
second pulse signals P3-1, P3-2, ..., and P3-n by giving
delays 0, T, 2T, ..., and (n-1)T to the first pulse signal
P2, and outputs them from n output terminals to the
transmission lines 101, 102, ..., and 10n.

Figure 2 shows the timings of respective signals
for the case of n=4. 1In this case, the frequency of the
clock signal P1 with period T is divided by 2 x 4 by the
frequency divider 1 to convert it to a first pulse signal
Pl of pulse width 4T and duty ratio 50%. 1In response to
the input clock signal Pl, the shift register 2

sequentially shifts the first pulse signal P2 to generate n

second pulse signals P3-1, P3-2, P3-3, and P3-4 by delaying
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the first pulse signal P1 by 0, T, 2T, and 3T,
respectively, and outputs them to 4 transmission lines 101,
102, 103, and 104, respectively.

On the other hand, referring to Figure 1, the
receilving side equipment includes n edge detectors 3-1, 3-
2, ..., and 3-n which detect the leading edges and the
trailing edges of the reception signals P3-1, P3-2, ...,
and P3-n supplied by the transmission lines 101, 102,
and 10n, and output edge detection signals P4-1, P4-2,
and P4-n; a logic circuit 4 which generates a third pulse
signal PS5 by combining the edge detection signals P4-1, P4-
2, ..., and P4-n; and a clock regenerator 6 which generates
a regenerated clock signal P6 based on the third pulse
signal P5.

The clock regenerator 5 has a built-in phase locked
loop (PLL), controls the oscillation frequency of a voltage
controlled oscillator (VCO) within the PLL based on the
third pulse signal P5, and generates a regenerated clock
signal P6 which has the same frequency as that of the clock
signal P1l.

Referring again to Figure 2, the edge detectors 3-
1, 3-2, 3-3, and 3-4 receive the second pulse signals P3-1,
P3-2, P3-3, and P3-4, transmitted through the transmission
lines 101, 102, 103, and 104, respectively, and output edge
detection signals P4-1, P4-2, P4-3, and P4-4 by detecting

respective leading edges and trailing edges of the second

pulse signals. These edge detection signals are combined
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by an OR circuit 4 and the result is output as the third
pulse signal P5. The frequency of this timing signal PS5
agrees with the frequency of the transmitting side clock
signal P1. This timing signal P5 is supplied to the clock
regenerator 5 having the built-in PLL which generates the
receiving side clock signal Pé6 of duty ratio 50%.

As described in the above, according to this
invention a clock signal having a frequency 1/T is
frequency-divided by 2n to generate a pulse signal of
frequency 1/2nT and duty ratio of 50%. The pulse signal of
frequency 1/2nT is delayed by 0, T, 2T, ..., and (n-1)T and
the resulting signals are transmitted via n transmission

lines. In this way, it is possible to transmit a clock

signal by alleviating the influence of waveform distortion
which 1s generated on the transmission lines.
Modifications of the invention herein disclosed

will occur to a person skilled in the art and all such

modlfications are deemed to be within the scope of the

invention as defined by the appended claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A clock signal transmission equipment for

transmitting a clock signal of period T from a transmitting
side to a receiving side, wherein,

sald transmitting side comprises:

frequency dividing means which generates a first
pulse signal of duty ratio 50% and pulse width nT (n being
a nonzero positive integer) obtained by dividing the
frequency of said clock signal of period T by 2n; and

transmission pulse generating means which generates
n pieces of second pulse signals by giving delays of 0, T,
2T, ..., and (n-1)T to said first pulse signal,

and sald receiving side comprises:

pulse detecting means which receives respective
members of said n pieces of second pulse signals, detects
the leading edge and the trailing edge of these n pieces of
second pulse signals, and generates a third pulse signal
which shows the leading edges and the trailing edges of all
of these n pieces of second pulse signals; and

clock regenerating means which regenerates said

clock signal of period T based on said third pulse signal.

2. The clock signal transmission eguipment as

claimed 1n claim 1, wherein said transmission pulse

generating means comprises a shift register which receives
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sald first pulse signal at its data input terminal and
receives said clock signal of period T to its clock input

terminal.

3. The clock signal transmission equipment as
claimed in claim 1, wherein said pulse detecting means
comprises n pieces of edge detection circuits which receive
respective members of said n pieces of second pulse signals
and generate detection signals by detecting the leading
edges and the trailing edges of the received second pulse
signals, and a logic circuit which generates said third
pulse signal by combining the detection signals received

from said n pieces of edge detection circuits.

4. A method of transmitting a clock signal of
period T from a transmitting side to a receiving side,

whereilin

sald transmitting side generates a first pulse
signal of duty ratio 50% and pulse width nT by dividing the
frequency of said clock signal of period T by 2n (n being a
nonzero positive integer); and generates n pieces of second
pulse signals by giving delays of 0, T, 2T, ..., and (n-1)T
to said first pulse signal, and

sald recelving side receives said n pieces of
second pulse signals; generates a third pulse signal
showing the leading edges and the training edges of said n

plieces of the second pulse signals by detecting the leading

P g e o WL 4 1 et T ST LTI LML At ik £ AR ML N AT 0 DN APIEE: L34 LA TRt Lo AT P LT AT 13 vt M 4 o M Al AT St IS vE { e b LA 1 e 4 60 1 0 1 1 L b SRt €It AT At bk et P B i oL 117 4N | A P = P a3t QUTRE 240 42 I L T T P e o



CA 02203725 2000-06-08

...9_
edges and the trailing edges of these n pieces of second

pulse signals; and regenerates sgsaid clock signal of period

T based on said third pulse signal.
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