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INPUT CLOCK BUFFER AND CLOCK
SIGNAL BUFFEREING METHOD

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to an input clock buffer and
a clock signal buffering method, and particularly relates to
an input clock buffer and a clock signal buffering method
which can compensate a DC level of a differential input
signal.

2. Description of the Prior Art

A conventional input clock buffer is configured to provide
an output clock signal with a desired duty ratio However, if
one of the input terminals of the input clock buffer is coupled
to a predetermined voltage level such as a ground level, or
a DC level of the input signal received by the input terminal
has non desired variation, the duty ratio of the output clock
signal may become inaccurate.

SUMMARY OF THE INVENTION

Therefore, one objective of the present invention is to
provide an input clock buffer which can generates an output
clock signal with an accurate duty ratio.

Another objective of the present invention is to provide a
clock signal buffering method which can generates an output
clock signal with an accurate duty ratio.

One embodiment of the present invention discloses: an
input clock buffer, comprising: a first capacitor; a second
capacitor; a first amplifier, configured to generate a first
output signal, comprising a first input terminal coupled to
the first capacitor and comprising a second input terminal
coupled to the second capacitor, wherein the first capacitor
and the second capacitor receives a differential input signal
and form a first pair of signal paths for the differential input
signal; a second amplifier, configured to generate a second
output signal, comprising a first input terminal and a second
input terminal, wherein the first input terminal of the second
amplifier and the second input terminal of the second
amplifier form a second pair of signal paths for the differ-
ential input signal; a frequency detection circuit, configured
to generate a frequency detection signal according to a
frequency of the differential input signal; and a switch,
located between an output of the first amplifier and an output
of the second amplifier, configured to turn on and turn off
according to the frequency detection signal.

Another embodiment of the present invention discloses: a
clock signal buffering method, comprising: (a) filtering a DC
component of a differential input signal; (b) forming a first
pair of signal paths for the differential input signal by input
terminals of a first amplifier after filtering the DC compo-
nent; (c) generating a first output signal by the first amplifier;
(d) forming a second pair of signal paths for the differential
input signal by input terminals of a second amplifier; (e)
generating a second output signal by the second amplifier;
() generating a frequency detection signal according to a
frequency of the differential input signal; and (g) selectively
coupling an output of the first amplifier and an output of the
second amplifier according to the frequency detection sig-
nal.

In view of above-mentioned embodiments, the duty ratio
of the output clock signal can keep accurate even if the DC
level of the differential input signal varies.
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These and other objectives of the present invention will
no doubt become obvious to those of ordinary skill in the art
after reading the following detailed description of the pre-
ferred embodiment that is illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating an input clock buffer
according to one embodiment of the present invention.
FIG. 2 is a circuit diagram illustrating circuits for pro-
viding the differential input signal illustrated in FIG. 1,
according to one embodiment of the present invention.
FIG. 3 is a schematic diagram illustrating how to generate
the frequency detection signal illustrated in FIG. 1, accord-
ing to one embodiment of the present invention.
FIG. 4 is a block diagram illustrating an input clock buffer
according to another embodiment of the present invention.
FIG. 5 is a schematic diagram illustrating operations of
the input clock buffer in FIG. 4 when the switch turns off,
according to one embodiment of the present invention.
FIG. 6 is a schematic diagram illustrating operations of
the input clock buffer in FIG. 4 when the switch turns on,
according to one embodiment of the present invention.
FIG. 7 is a flow chart illustrating a clock signal buffering
method according to one embodiment of the present inven-
tion.

DETAILED DESCRIPTION

Several embodiments are provided in following descrip-
tions to explain the concept of the present invention. Also,
the method in following descriptions can be executed by
programs stored in a non-transitory computer readable
recording medium such as a hard disk, an optical disc or a
memory. Additionally, the term “first”, “second”, “third” in
following descriptions are only for the purpose of distin-
guishing different one elements, and do not mean the
sequence of the elements. For example, a first device and a
second device only mean these devices can have the same
structure but are different devices.

FIG. 1 is a block diagram illustrating an input clock buffer
according to one embodiment of the present invention. As
illustrated in FIG. 1, the input clock buffer 100 comprises a
first capacitor C1, a second capacitor C2, a first amplifier
AP1, a second amplifier AP2, a frequency detection circuit
103, and a switch SW. The first amplifier AP1 is configured
to generate a first output signal OS1, comprises a first input
terminal coupled to the first capacitor C1 and comprises a
second input terminal coupled to the second capacitor C2.
The first capacitor C1 and the second capacitor C2 receive
a differential input signal DIN and form a first pair of signal
paths for the differential input signal DIN. As illustrated in
FIG. 1, the differential input signal DIN is formed by a first
input signal IN1 and a second input signal IN2.

The second amplifier AP2 is configured to generate a
second output signal OS2, and also comprises a first input
terminal and a second input terminal. The first input terminal
of'the second amplifier AP2 and the second input terminal of
the second amplifier AP2 form a second pair of signal paths
for the differential input signal DIN. The frequency detec-
tion circuit 103 is configured to generate a frequency detec-
tion signal FD according to a frequency of the differential
input signal DIN. The switch SW is located between an
output of the first amplifier AP1 and an output of the second
amplifier AP2, configured to turn on (conducted) and turn off
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(non-conducted) according to the frequency detection signal
FD. Details of the frequency detection will be described
later.

In the embodiment illustrated in FIG. 1, the frequency
detection circuit 103 generates the frequency detection sig-
nal FD according to the reference clock signal RCLK. The
frequency of the reference clock signal RCLK corresponds
to a frequency of the first output signal OS1, and the
frequency of the first output signal OS1 corresponds to a
frequency of the differential input signal DIN. Therefore, the
frequency detection circuit 103 can generate the frequency
detection signal FD according to the frequency of the
differential input signal DIN by generating the frequency
detection signal FD according to the reference clock signal
RCLK. However, please note the frequency detection circuit
103 can generate the frequency detection signal FD accord-
ing to the frequency of the differential input signal DIN via
any other mechanism rather than the mechanism illustrated
in FIG. 1.

In one embodiment, the switch SW turns on if the
frequency of the first output signal OS1 is lower than a
frequency threshold and turns off if the frequency of the first
output signal OS1 is higher than the frequency threshold. In
other words, the switch SW turns on if the frequency of the
first output signal OS1 has a low frequency and turns off if
the frequency of the first output signal OS1 has a high
frequency. By this way, since the first output signal OS1 and
the second output signal OS2 are combined to generate the
reference clock signal RCLK, the second output signal OS2
can be combined to the reference clock signal RCLK if the
switch SW turns on when the first output signal OS1 has a
low frequency. Thereby the non-ideal factors, such as cur-
rent leakages, of the input terminal of the first amplifier AP1
can be improved.

In one embodiment, the first input signal IN1 is a clock
signal and the second input signal IN2 is an inverted signal
of the first input signal IN1. However, the first input signal
IN1 and the second input signal IN2 can be other kinds of
signals. FIG. 2 is a circuit diagram illustrating circuits for
providing the differential input signal DIN illustrated in FIG.
1, according to one embodiment of the present invention. In
the embodiment of FIG. 2, a circuit 200 for providing the
differential input signal DIN comprises a third capacitor C3,
a four capacitor C4, a third amplifier AP3 and a fourth
amplifier AP4. The third amplifier AP3 comprises a first
input terminal and a second input terminal, wherein the first
input terminal of the third amplifier AP3 and the second
input terminal of the third amplifier AP3 form a third pair of
signal paths for a differential clock signal DCLK. The
differential clock signal DCLK is formed by a clock signal
XCLK and a clock signal XCLKN which is an inverted
signal of the clock signal XCLK.

The fourth amplifier AP4 comprises a first input terminal
and a second input terminal, wherein the first input terminal
of the fourth amplifier AP4 and the second input terminal of
the fourth amplifier AP4 form a fourth pair of signal paths
for the differential clock signal DCLK. The differential input
signal DIN is generated according to outputs of the third
amplifier AP3 and an output of the fourth amplifier AP4.
Specifically, the first input signal IN1 which can be used to
generate the differential input signal DIN is generated
according to outputs of the third amplifier AP3 and the
fourth amplifier AP4.

In one embodiment, if the clock signal XCLK and the
clock signal XCLKN receive by the third amplifier AP3 both
have variations (i.e., have rising edges and falling edges),
the first input signal IN1 is generated according to the output
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of the third amplifier AP3 and the output of the fourth
amplifier AP4. However, if one of the clock signal XCLK
and the clock signal XCLKN does not vary (i.e., does not
have rising/falling edges), for example, the clock signal
XCLK is a predetermined voltage level such as a ground
level, the output of the third amplifier AP3 does not respond
the difference between the clock signal XCLK and the clock
signal XCLKN but the output of the fourth amplifier AP4
still responds the difference between the clock signal XCLK
and the clock signal XCLKN due to the capacitors C3, C4.
In such case, since the outputs of the third amplifier AP3 and
the fourth amplifier AP4 are connected together, the output
of the third amplifier AP3 affects the value of the first input
signal IN1. By this way, the duty ratio of the first input signal
IN1 is different from the duty ratio of the clock signal
XCLKN.

In the embodiment of FIG. 2, the circuit 200 comprises a
fifth capacitor C5, a sixth capacitor C6, a fifth amplifier AP5
and a sixth amplifier AP6, but not limited. The fifth capacitor
C5, the sixth capacitor C6, the fifth amplifier APS and the
sixth amplifier AP6 can be configured to generate the second
input signal IN2, and have arrangements and operations the
same as the circuit for generating the first input signal IN1.
Accordingly, repeated descriptions are omitted for brevity
here.

In one embodiment, the input signals for generating the
differential input signal DIN can be generated by only one
kind of amplifier. For example, the first input signal IN1 or
the second input signal IN2 can be generated only according
to an amplifier having the structure of the third amplifier
AP3. For another example, the first input signal IN1 or the
second input signal IN2 can be generated only according to
an amplifier having the structure of the fourth amplifier AP4.
Such variation should also fall in the scope of the present
invention.

The frequency detection circuit 103 illustrated in FIG. 1
can be implemented by various circuits. Please refer to FIG.
1 again, in one embodiment, the input clock buffer 100
further comprises a delay circuit X1, configured to generate
a delay signal of the first output signal OS1. If the switch SW
turns off, the delay signal is the reference clock signal
RCLK, and if the switch SW turns on, the reference clock
signal RCLK is a combination of the first output signal OS1
and the second output signal OS2. The frequency detection
circuit 103 generates the frequency detection signal FD
according to edges of the delay signal

FIG. 3 is a schematic diagram illustrating how to generate
the frequency detection signal FD illustrated in FIG. 1,
according to one embodiment of the present invention. In
such case, the frequency detection circuit 103 can comprise
a plurality of logic gates (such as NAND gates and NOR
gates) and a plurality of inverters to perform the operations
illustrated in FIG. 3. As shown in FIG. 3, the switch SW
turns on when the frequency detection signal FD has a high
logic level, and turns off when the frequency detection signal
FD has a low logic level. Also, the rising edges of the
frequency detection signal FD correspond to a delay phase
of the rising/falling edges of the reference clock signal
RCLK. In one embodiment, a time difference tdl exists
between a rising edge of the frequency detection signal FD
and a rising edge of the reference clock signal RCLK. Also,
time difference td2 exists between a next rising edge of the
frequency detection signal FD and a falling edge of the
reference clock signal RCLK.

Therefore, the time interval of the high logic level of the
frequency detection signal FD can be set via setting time
differences td1 and td2 in the embodiment of FIG. 3. Also,
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the frequency threshold can be set via setting the time
differences td1 and td2 in the embodiment of FIG. 3. If the
frequency of the reference clock signal RCLK is larger than
the frequency threshold, the signal period of the reference
clock signal RCLK decreases, thus a time interval that the
frequency detection signal FD has a high logic level also
decreases. If the time interval of the high logic level of the
frequency detection signal FD is smaller than td1, the
frequency detection signal FD keeps at a low logic, thus the
switch SW in FIG. 2 keeps turning off. In other words, if the
time difference td1 is a constant value and a frequency of the
reference clock signal RCLK is larger than the frequency
threshold, the switch SW in FIG. 1 keeps turns off. The
frequency threshold can be set corresponding to different
circuit requirements. In one embodiment, the frequency
threshold is 200 MHz.

FIG. 4 is a block diagram illustrating an input clock buffer
400 according to another embodiment of the present inven-
tion. Besides the components illustrated in FIG. 1, the input
clock buffer 400 further comprises a DC level providing
circuit, which is coupled to the first capacitor C1, the second
capacitor C2, the first input terminal of the first amplifier and
the second input terminal of the first amplifier AP1. The DC
level providing circuit is configured to provide a DC level to
the differential input signal DIN after the DC component
thereofis filtered. In the embodiment of FIG. 4, the DC level
providing circuit comprises resistors R1, R2, R3, R4, which
form a voltage divider. Also, in one embodiment, the resis-
tors R1, R2, R3, R4 provide a DC voltage level of VDD/2.

FIG. 5 is a schematic diagram illustrating operations of
the input clock buffer in FIG. 4 when the switch turns off,
according to one embodiment of the present invention. That
is, in the embodiment of FIG. 5, a frequency of the differ-
ential input signal DIN is higher than the frequency thresh-
old. Please note, in order to simplify the drawing, only the
first input signal IN1 is illustrated, and the second input
signal IN2 which is an inverted signal of the first input signal
INT1 is not illustrated. Also, the signal IN1' which is received
by the first terminal of the first amplifier AP1 means the DC
component of the first input signal IN1 is filtered by the first
capacitor C1 and then re-provided by the DC level providing
circuit.

As shown in FIG. 5, the frequency detection signal FD
keeps at a low logic level, thus the switch SW turns off.
Therefore, the output of the second amplifier AP2 is not
coupled to the output of the first amplifier AP1, and the
output clock signal of the input clock buffer 400 is only
affected by the output of the first amplifier AP1. Thus, the
duty ratio of the output clock signal RCLK (the reference
clock signal) can approach the desired value as the duty ratio
of IN1.

FIG. 6 is a schematic diagram illustrating operations of
the input clock buffer in FIG. 4 when the switch turns on,
according to one embodiment of the present invention. That
is, in the embodiment of FIG. 6, a frequency of the differ-
ential input signal DIN is lower than the frequency thresh-
old. Please note, in order to simplify the drawing, only the
first input signal IN1 is illustrated, and the second input
signal IN2 which is an inverted signal of the first input signal
INT1 is not illustrated. Also, the signal IN1' which is received
by the first terminal of the first amplifier AP1 means the DC
component of the first input signal IN1 is filtered by the first
capacitor C1 and then re-provided by the DC level providing
circuit.

In the embodiment of FIG. 6, since the frequency of the
differential input signal DIN is low, some leakage currents
may flow to the ground through the DC level providing
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circuit. Therefore, the DC level of the first input signal IN1
decreases, and the DC level of the signal IN1' correspond-
ingly decreases. In such case, the switch SW turns on
corresponding to the high logic level of the frequency
detection signal FD. By this way, the DC level of the signal
IN1' can be compensated since the output of the first
amplifier AP1 is coupled to the output of the second ampli-
fier AP2.

FIG. 7 is a flow chart illustrating a clock signal buffering
method according to one embodiment of the present inven-
tion, which comprises following steps:

Step 701

Filter a DC component of a differential input signal DIN.

Step 703

Form a first pair of signal paths for the differential input
signal DIN by input terminals of a first amplifier AP1 after
filtering the DC component.

Step 705

Generate a first output signal OS1 by the first amplifier
AP1.

Step 707

Form a second pair of signal paths for the differential
input signal DIN by input terminals of a second amplifier
AP2.

Step 709

Generate a second output signal OS2 by the second
amplifier AP2.

Step 711

Generate a frequency detection signal FD according to a
frequency of the differential input signal DIN.

Step 713

Selectively couple an output of the first amplifier AP1 and
an output of the second amplifier AP2 according to the
frequency detection signal FD.

Other detail steps can be acquired based on above-
mentioned embodiments, thus are omitted for brevity here.
Please note, the clock signal buffering method is not limited
to be performed by the input clock buffer shown in FIG. 1
and FIG. 4.

In view of above-mentioned embodiments, the duty ratio
of the output clock signal can keep accurate even if the DC
level of the differential input signal varies.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.

What is claimed is:

1. An input clock buffer, comprising:

a first capacitor;

a second capacitor;

a first amplifier, configured to generate a first output
signal, comprising a first input terminal coupled to the
first capacitor and comprising a second input terminal
coupled to the second capacitor, wherein the first
capacitor and the second capacitor receives a differen-
tial input signal and form a first pair of signal paths for
the differential input signal;

a second amplifier, configured to generate a second output
signal, comprising a first input terminal and a second
input terminal, wherein the first input terminal of the
second amplifier and the second input terminal of the
second amplifier form a second pair of signal paths for
the differential input signal;
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a frequency detection circuit, configured to generate a
frequency detection signal according to a frequency of
the differential input signal; and

a switch, located between an output of the first amplifier
and an output of the second amplifier, configured to
turn on and turn off according to the frequency detec-
tion signal.

2. The input clock buffer of claim 1, further comprising:

a DC level providing circuit, coupled to the first capacitor,
the second capacitor, the first input terminal of the first
amplifier and the second input terminal of the first
amplifier, configured to provide a DC level to the
differential input signal.

3. The input clock buffer of claim 1, further comprising:

a third amplifier, comprising a first input terminal and a
second input terminal, wherein the first input terminal
of the third amplifier and the second input terminal of
the third amplifier form a third pair of signal paths for
a differential clock signal;

wherein the differential input signal is generated accord-
ing to an output of the third amplifier.

4. The input clock buffer of claim 1, further comprising:

a third capacitor;

a four capacitor;

a fourth amplifier, comprising a first input terminal and a
second input terminal, wherein the first input terminal
of the fourth amplifier and the second input terminal of
the fourth amplifier form a fourth pair of signal paths
for a differential clock signal;

wherein the differential input signal is generated accord-
ing to an output of the fourth amplifier.

5. The input buffer of claim 1, further comprising:

a third amplifier, comprising a first input terminal and a
second input terminal, wherein the first input terminal
of the third amplifier and the second input terminal of
the third amplifier form a third pair of signal paths for
a differential clock signal;

a third capacitor;

a four capacitor;

a fourth amplifier, comprising a first input terminal and a
second input terminal, wherein the first input terminal
of the fourth amplifier and the second input terminal of
the fourth amplifier form a fourth pair of signal paths
for a differential clock signal;

wherein the differential input signal is selectively gener-
ated according to an output of the third amplifier or a
fourth amplifier.

6. The input clock buffer of claim 1, further comprising:

a delay circuit, configured to generate a delay signal of the
first input signal;

wherein the frequency detection circuit generates the
frequency detection signal according to edges of the
delay signal.

7. The input clock buffer of claim 1, wherein the switch
turns on if the frequency of the differential input signal is
lower than a frequency threshold and turns off if the fre-
quency of the differential input signal is higher than the
frequency threshold.

8. The input clock buffer of claim 7, wherein a DC level
of the second output signal compensates a DC level of the
first output signal when the switch turns on.

9. A clock signal buffering method, comprising:

(a) filtering a DC component of a differential input signal;

(b) forming a first pair of signal paths for the differential
input signal by input terminals of a first amplifier after
filtering the DC component;

(c) generating a first output signal by the first amplifier;

8

(d) forming a second pair of signal paths for the differ-
ential input signal by input terminals of a second
amplifier;

(e) generating a second output signal by the second

5 amplifier;
(1) generating a frequency detection signal according to a
frequency of the differential input signal; and
(g) selectively coupling an output of the first amplifier and
an output of the second amplifier according to the
frequency detection signal.
10. The clock signal buffering method of claim 9, further
comprising:
providing a DC level to the differential input signal after
filtering the DC component of the differential input
signal.
11. The clock signal buffering method of claim 9, further
comprising:
forming a third pair of signal paths for a differential clock
signal by input terminals of a third amplifier; and
generating the differential input signal according to an
output of the third amplifier.
12. The clock signal buffering method of claim 9, further
comprising:
filtering a DC component of a differential clock signal;
forming a fourth pair of signal paths for the differential
input signal by input terminals of a fourth amplifier
after filtering the DC component of the differential
clock signal; and
generating the differential input signal according to an
output of the fourth amplifier.
13. The clock signal buffering method of claim 9, further
comprising:
forming a third pair of signal paths for a differential clock
signal by input terminals of a third amplifier;
filtering a DC component of the differential clock signal;
forming a fourth pair of signal paths for the differential
input signal by input terminals of a fourth amplifier
after filtering the DC component of the differential
clock signal;
selectively generating the differential input signal accord-
ing to an output of the third amplifier or a fourth
amplifier.
14. The clock signal buffering method of claim 9, further
comprising:
generating a delay signal of the first input signal; and
generating the frequency detection signal according to
edges of the first delay signal.
15. The clock signal buffering method of claim 9,
wherein the steps (g) couples the output of the first
amplifier and the output of the second amplifier if the
frequency of the differential input signal is lower than
a frequency threshold;
wherein the steps (g) does not couple the output of the first
amplifier with the output of the second amplifier if the
frequency of the differential input signal is higher than
the frequency threshold.
16. The clock signal buffering method of claim 15, further
comprising:
compensating a DC level of the first output signal by a DC

level of the second output signal when the steps (e)

couples the output of the first amplifier and the output

of the second amplifier.
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