CLOCK CIRCUIT AND MEMORY

CROSS-REFERENCE TO RELATED APPLICATION

[ 0001] This application claims priority to Chinese patent application No.
202010969644.7 filed on September 15, 2020 and entitled "CLOCK CIRCUIT AND

MEMORY™, the disclosure of which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[ 0002] Embodiments of the present disclosure relate to the field of semiconductor

technologies, and in particular to a clock circuit and a memory.

BACKGROUND

[ 0003] The Dynamic Random Access Memory (DRAM) is a semiconductor memory
device commonly used in computers, and is composed of many repeated memory cells.
Each memory cell generally includes a capacitor and a transistor. The gate of the
transistor is connected to a word line, the drain of the transistor is connected to a bit line,
and the source of the transistor is connected to the capacitor. A voltage signal on the
word line can control turn-on or turn-off of the transistor, such that data information
stored in the capacitor can be read through the bit line or data information can be written

into the capacitor through the bit line for storage.

[ 0004] The DRAM may include the Double Data Rate (DDR) synchronous DRAM,
the Graphics Double Data Rate (GDDR) DRAM, and the Low Power Double Data Rate
(LPDDR) synchronous DRAM. As the DRAM has been used in more and more fields,
for example, the DRAM has more and more been used in the mobile field, users have

higher and higher requirements for DRAM power consumption indicators.

[ 0005] However, at present, improvement in the performance of the DRAM is still
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required.

SUMMARY

[ 0006] The technical problem solved by embodiments of the present disclosure is to
provide a clock circuit and a memory, so as to solve the problem that a system clock

signal does not match a data strobe clock signal.

[ 0007] In order to solve the above problem, the embodiments of the present disclosure
provide a clock circuit. The clock circuit includes a data strobe clock module and a
system clock module.

[ 0008] The data strobe clock module is configured to receive a data strobe clock
signal and transmit the data strobe clock signal, herein, the data strobe clock signal is

used for controlling at least one of receiving or sending of a data signal.

[ 0009] The system clock module is configured to receive a system clock signal and
transmit the system clock signal, herein, the system clock signal is used for controlling

receiving of a command signal.

[ 0010] The system clock module includes at least two first signal transmission paths,
and is configured to transmit the system clock signal via different first signal
transmission paths among the at least two first signal transmission paths based on at least

one of: different receiving rates, or different sending rates of the data signal.

[ 0011] In some embodiments, the data strobe clock module includes at least two
second signal transmission paths, the data strobe clock signal is transmitted via different
second signal transmission paths among the at least two second signal transmission paths
at different transmission rates, each of the transmission rates corresponds to a respective
one of the at least one of: the receiving rates, or the sending rates, and each of the second
signal transmission paths corresponds to a respective one of the first signal transmission
paths. The system clock module is configured to transmit, when the data strobe clock
signal is transmitted via a second signal transmission path in the second signal
transmission paths, the system clock signal via the first signal transmission path

corresponding to the second signal transmission path.
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[ 0012] In some embodiments, the data strobe clock module includes a first data strobe
clock transmission circuit and a second data strobe clock transmission circuit, and the
first data strobe clock transmission circuit and the second data strobe clock transmission
circuit define the different second signal transmission paths; and the data strobe clock
module is configured to transmit, when a transmission rate in the transmission rates is
greater than or equal to a preset value, the data strobe clock signal through the first data
strobe clock transmission circuit, and transmit, when the transmission rate is less than the
preset value, the data strobe clock signal through the second data strobe clock

transmission circuit.

[ 0013] In some embodiments, the first data strobe clock transmission circuit includes
a first frequency divider unit; the second data strobe clock transmission circuit includes a
second frequency divider unit; and the first frequency divider unit is configured to divide
a frequency of the data strobe clock signal and output at least two frequency-divided data
strobe clock signals having different phases, and the second frequency divider unit is
configured to divide a frequency of the data strobe clock signal and output at least two

frequency-divided data strobe clock signals having different phases.

[ 0014] In some embodiments, the first frequency divider unit has a first correlation
between power consumption and the frequency of the data strobe clock signal, the second
frequency divider unit has a second correlation between power consumption and the
frequency of the data strobe clock signal, and the first correlation is weaker than the
second correlation. Or, the first frequency divider unit has a first anti-interference
capability, the second frequency divider unit has a second anti-interference capability,
and the first anti-interference capability is stronger than the second anti-interference

capability.

[ 0015] In some embodiments, the first frequency divider unit includes a current-mode
logic frequency divider circuit, and the second frequency divider unit includes a

complementary metal oxide semiconductor (CMOS) frequency divider circuit.

[ 0016] In some embodiments, the first data strobe clock transmission circuit further
includes a current-mode logic to CMOS unit, configured to be connected to the current-
mode logic frequency divider circuit and output the frequency-divided data strobe clock

signals.



[ 0017] In some embodiments, the second data strobe clock transmission circuit further
includes a current-mode logic to CMOS unit, configured to output the data strobe clock

signal to the CMOS frequency divider circuit.

[ 0018] In some embodiments, each of the first data strobe clock transmission circuit
and second data strobe clock transmission circuit includes a buffer, configured to buffer

and receive the data strobe clock signal.
[ 0019] In some embodiments, the buffer is a current-mode logic buffer.

[ 0020] In some embodiments, the system clock module includes a first system clock
transmission circuit and a second system clock transmission circuit, and the first system
clock transmission circuit and the second system clock transmission circuit define the
different first signal transmission paths. The system clock module is configured to
transmit, when the data strobe clock signal is transmitted through the first data strobe
clock transmission circuit, the system clock signal through the first system clock
transmission circuit, and transmit, when the data strobe clock signal is transmitted
through the second data strobe clock transmission circuit, the system clock signal through

the second system clock transmission circuit.

[ 0021] In some embodiments, the first system clock transmission circuit includes a
first frequency divider unit model, and the second system clock transmission circuit
includes a second frequency divider unit model; and the first frequency divider unit
model is configured to match a clock delay of the first data strobe clock transmission
circuit, and the second frequency divider unit model is configured to match a clock delay

of the second data strobe clock transmission circuit.

[ 0022] In some embodiments, the first frequency divider unit model includes a
current-mode logic frequency divider circuit model, and the second frequency divider
unit model includes a complementary metal oxide semiconductor (CMQOS) frequency

divider circuit model.

[ 0023] In some embodiments, the first system clock transmission circuit further
includes a current-mode logic to CMOS unit, configured to be connected to the current-

mode logic frequency divider circuit model and output the system clock signal.



[ 0024] In some embodiments, the second system clock transmission circuit further
includes a current-mode logic to CMOS unit, configured to output the system clock

signal to the CMOS frequency divider circuit model.

[ 0025] In some embodiments, each of the first system clock transmission circuit and
the second system clock transmission circuit includes a buffer, configured to buffer and

receive the system clock signal.
[ 0026] In some embodiments, the buffer is a current-mode logic buffer.

[ 0027] In some embodiments, the data strobe clock module further includes a first
selector circuit, and the first selector circuit is configured to select an output signal of one
of the first data strobe clock transmission circuit and the second data strobe clock
transmission circuit for output; and the system clock module further includes a second
selector circuit, and the second selector circuit is configured to select an output signal of
one of the first system clock transmission circuit and the second system clock

transmission circuit for output.

[ 0028] In some embodiments, the clock circuit may further include a handshake
module, and the handshake module is connected to outputs of the first selector circuit and
the second selector circuit and configured to determine a phase relationship between the

system clock signal and the data strobe clock signal.

[ 0029] Accordingly, the embodiments of the present disclosure further provide a

memory, including the aforementioned clock circuit.

[ 0030] Compared with the prior art, the technical solutions provided by the

embodiments of the present disclosure have the following advantages.

[ 0031] In the embodiments of the present disclosure, the system clock module
includes at least two first signal transmission paths, and transmits the system clock signal
via different first signal transmission paths among the at least two first signal
transmission paths based on at least one of: different receiving rates, or different sending
rates of the data signal. When the data strobe clock signal is transmitted at different
transmission rates, correspondingly, the system clock signal is transmitted via the

different first signal transmission paths, so that the data strobe clock signal transmitted at
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the different transmission rates can all be matched with the system clock signal
correspondingly. Therefore, although the transmission rate of the data strobe clock signal
may change, the clock difference between the data strobe clock signal and the system
clock signal changes little, or the clock difference between the data strobe clock signal
and the system clock signal can even remain unchanged. Therefore, the handshake
module can well align the data strobe clock signal and the system clock signal, thereby

making synchronization and handshake functions easier to implement.

BRIEF DESCRIPTION OF THE DRAWINGS

[ 0032] One or more embodiments are exemplified by the figures in the corresponding
accompany drawings. These exemplary illustrations do not constitute any limitation to
the embodiments. The elements with the same reference numerals in the accompany
drawings are denoted as similar elements. Unless otherwise stated, the figures in the

accompany drawings do not constitute any scale limitation.

[ 0033] FIG. 1 illustrates a functional block diagram of a clock circuit provided by an

embodiment of the present disclosure.

[ 0034] FIG. 2 illustrates another functional block diagram of a clock circuit provided

by an embodiment of the present disclosure.

[ 0035] FIG. 3 illustrates a diagram of the working principle of a data strobe clock
module in FIG. 2.
[ 0036] FIG. 4 illustrates yet another functional block diagram of a clock circuit

provided by an embodiment of the present disclosure.

[ 0037] FIG. 5 illustrates a structural diagram of a clock circuit provided by an

embodiment of the present disclosure.

[ 0038] FIG. 6 illustrates another structural diagram of a clock circuit provided by an

embodiment of the present disclosure.



DETAILED DESCRIPTION

[ 0039] In order to alleviate timing constraints on read and write for a memory, a WCK
clock signal, i.e., a data strobe clock signal, is introduced into the memory. In order to
adapt to different performance requirements, a data transmission rate of the same
memory may be fast or slow, and accordingly, a transmission rate of the WCK clock
signal may exceed a preset value or may be lower than the preset value. For example, if
the data transmission rate exceeds 3200 Mbps, a Current Mode Logic (CML) frequency
divider can be introduced to reduce interference on the WCK clock signal; if the data
transmission rate is lower than 3200 Mbps, a CMOS frequency divider can be used to

save power consumption to the greatest extent.

[ 0040] That is to say, when the transmission rates of the WCK clock signal in the
memory are different, the WCK clock signal is transmitted via different transmission
paths. In the memory, there is also a CK clock signal (i.e., a system clock signal) for
controlling a command/address signal. Moreover, the alignment of a clock domain of the
WCK clock signal and a clock domain of the CK clock signal needs to be considered,
and the WCK2CK synchronization and handshake functions between the two clock
domains should also be considered. If the CK clock signal is transmitted via the same
transmission path, it is difficult to ensure that the CK clock signal has excellent
synchronization performance with both the high-speed WCK clock signal and the low-

speed WCK clock signal.

[ 0041] In order to solve the above problem, the embodiments of the present disclosure
provide a clock circuit, so as to ensure that the CK clock signal has excellent
synchronization performance with both the high-speed and low-speed WCK clock

signals.

[ 0042] To make the objective, the technical solutions, and the advantages of the
embodiments of the present disclosure clearer, the embodiments of the present disclosure
are described in details below with reference to the accompanying drawings. Moreover,
persons of ordinary skill in the art can understand that in the embodiments of the present
disclosure, many technical details are provided for readers to better understand the

present disclosure. However, the technical solutions of the present disclosure can be



implemented even without these technical details and based on various variations and

modifications of the following embodiments.

[ 0043] FIG. 1 illustrates a functional block diagram of a clock circuit provided by an
embodiment of the present disclosure. FIG. 2 illustrates another functional block diagram
of a clock circuit. FIG. 3 illustrates a diagram of the working principle of a data strobe
clock module in FIG. 2. FIG. 4 illustrates yet another functional block diagram of a clock
circuit. FIG. 5 illustrates a structural diagram of a clock circuit provided by an
embodiment of the present disclosure. FIG. 6 illustrates another structural diagram of a
clock circuit provided by an embodiment of the present disclosure.

[ 0044] With reference to FIG. 1, in this embodiment, the clock circuit includes: a data
strobe clock module 101 and a system clock module 102. The data strobe clock module
101 is configured to receive a data strobe clock signal WCK and transmit the data strobe
clock signal WCK, herein, the data strobe clock signal WCK is used for controlling at
least one of receiving or sending of a data signal. The system clock module 102 is
configured to receive a system clock signal CK and transmit the system clock signal CK,
herein, the system clock signal CK is used for controlling receiving of a command signal.
The system clock module 102 includes at least two first signal transmission paths, and is
configured to transmit the system clock signal CK via different first signal transmission
paths among the at least two first signal transmission paths based on at least one of:

different receiving rates, or different sending rates of the data signal.

[ 0045] The clock circuit provided by this embodiment is described in details below

with reference to the accompanying drawings.

[ 0046] In this embodiment, the at least one of: the receiving rates, or the sending rates
of the data signals may include a high transmission rate and a low transmission rate, and
correspondingly, the data strobe clock signal WCK has a high-speed signal transmission
path and a low-speed signal transmission path. That is, the data strobe clock module 101
has different second signal transmission paths, including the low-speed signal
transmission path and the high-speed signal transmission path, so that when the data
strobe clock signal WCK is a high-speed clock signal, the corresponding signal
transmission path has a strong anti-interference capability, and when the data strobe

clock signal WCK is a low-speed clock signal, the corresponding signal transmission
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path has low power consumption, thereby satisfying the requirement for the strong anti-
interference capability in the case of the high-speed clock signal and the requirement for
low power consumption in the case of the low-speed clock signal. It can be understood
that the high speed and the low speed are two relative expressions and thus are clearly
defined.

[ 0047] Correspondingly, the system clock module 102 has different first signal
transmission paths, and each first signal transmission path corresponds to a respective
signal transmission path in the data strobe clock module 101, so that each first signal
transmission path matches the respective one of the second signal transmission paths.
Specifically, the matching can be understood as: the influence of each first signal
transmission path on the system clock signal CK and the influence of the second signal
transmission path corresponding to the first signal transmission path on the data strobe
clock signal WCK are synchronous. The influence includes clock signal delay, clock

signal loss, clock signal disturbance, and/or the like.

[ 0048] In this embodiment, for example, the matching of the clock signal delay is
performed between each first signal transmission path and the second signal transmission
path corresponding to the first signal transmission path, so that the data strobe clock
signal WCK having different transmission rates can well implement synchronous

handshake with the system clock signal CK.

[ 0049] In this embodiment, the clock circuit further includes a handshake module 103
connected to the data strobe clock module 101 and the system clock module 102, and
configured to determine a phase relationship between the system clock signal CK and the
data strobe clock signal WCK.

[ 0050] As stated above, the data strobe clock module 101 includes at least two second
signal transmission paths, the data strobe clock signal WCK is transmitted via different
second signal transmission paths among the at least two second signal transmission paths
at different transmission rates, each of the transmission rates corresponds to a respective
one of the at least one of: the receiving rates, or the sending rates, and each of the second
signal transmission paths corresponds to a respective one of the first signal transmission

paths.



[ 0051] The system clock module 102 is configured to transmit, when the data strobe
clock signal WCK is transmitted via a second signal transmission path in the second
signal transmission paths, the system clock signal CK via the first signal transmission
path corresponding to the second signal transmission path. That is to say, when the data
strobe clock module 101 uses a specific second signal transmission path to transmit the
data strobe clock signal WCK, the system clock module 102 also uses a specific

corresponding first signal transmission path to transmit the system clock signal CK.

[ 0052] Specifically, as illustrated in FIG. 2, the data strobe clock module 101 includes
a first data strobe clock transmission circuit 121 and a second data strobe clock
transmission circuit 131. The first data strobe clock transmission circuit 121 and the
second data strobe clock transmission circuit 131 define the different second signal
transmission paths. The data strobe clock module 101 is configured to transmit, if a
transmission rate in the transmission rates is greater than or equal to a preset value, the
data strobe clock signal WCK through the first data strobe clock transmission circuit 121;
and transmit, if the transmission rate is less than the preset value, the data strobe clock

signal WCK through the second data strobe clock transmission circuit 131.

[ 0053] The preset value can be reasonably set according to performance requirements
of a memory; the first data strobe clock transmission circuit 121 is configured to define
the high-speed transmission path; and the second data strobe clock transmission circuit
131 is configured to define the low-speed transmission path. It should be noted that in
other embodiments, the data strobe clock module may also include three or more second
signal transmission paths, that is, the data strobe clock module has three or more data

strobe clock transmission circuits.

[ 0054] The data strobe clock module 101 further includes: a first selector circuit 141
and a data clock pad 111. The first selector circuit 141 is configured to select an output
signal of one of the first data strobe clock transmission circuit 121 and the second data
strobe clock transmission circuit 131 for output. The data clock pad 111 is configured to
receive the data strobe clock signal WCK and transmit the data strobe clock signal WCK
to the first data strobe clock transmission circuit 121 and the second data strobe clock

transmission circuit 131.
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[ 0055] In one example, the data strobe clock signal WCK is transmitted to the first
data strobe clock transmission circuit 121 and the second data strobe clock transmission
circuit 131 through the data clock pad 111, and after transmission via two second signal
transmission paths, two data strobe clock signals WCK reach the first selector circuit
141; and the first selector circuit 141 selects, based on a receiving rate or a sending rate
of the data signal among the at least one of: the receiving rates, or the sending rates of the
data signal, the output signal of the first data strobe clock transmission circuit 121 or the
second data strobe clock transmission circuit 131 for output. More specifically, if the
receiving rate or the sending rate of the data signal is less than a preset value, the first
selector circuit 141 selects the output signal of the second data strobe clock transmission
circuit 131 for output; if the receiving rate or the sending rate of the data signal is greater
than or equal to the preset value, the first selector circuit 141 selects the output signal of
the first data strobe clock transmission circuit 121 for output.

[ 0056] In another example, the data strobe clock signal WCK is transmitted to the first
data strobe clock transmission circuit 121 and the second data strobe clock transmission
circuit 131 through the data clock pad 111; and the first selector circuit 141 selects one of
the first data strobe clock transmission circuit 121 and the second data strobe clock
transmission circuit 131 for clock signal transmission, and the other of the first data
strobe clock transmission circuit 121 and the second data strobe clock transmission
circuit 131 does not operate. In this case, only one of the first data strobe clock
transmission circuit 121 and the second data strobe clock transmission circuit 131

operates, so that the power consumption of the clock circuit can be further reduced.

[ 0057] As illustrated in FIG. 3, the data strobe clock signal WCK output by the first
selector circuit 141 can be used for implement "read", "write", "handshake" and other
functions. For the implementation of the "write" function, the data strobe clock signal
WCK is transmitted to multiple corresponding data receivers. In addition, when the
output of the data strobe clock module 101 is provided by the second data strobe clock
transmission circuit 131, in order to avoid the problems such as transmission loss caused
by the first selector circuit 141 to the data strobe clock signal WCK, the output of the
second data strobe clock transmission circuit 131 can also be directly output to the
handshake module 103 to implement the "handshake™ function, without passing through

the first selector circuit 141.
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[ 0058] The system clock module 102 includes a system clock pad 112 and a system
clock transmission circuit 152. The system clock pad 112 is configured to receive the
system clock signal CK and transmit the system clock signal to the system clock
transmission circuit 152, and the system clock transmission circuit 152 has the at least

two first signal transmission paths.

[ 0059] As illustrated in FIG. 4, the system clock module 102 includes a first system
clock transmission circuit 122 and a second system clock transmission circuit 132. The
first system clock transmission circuit 122 and the second system clock transmission
circuit 132 define the different first signal transmission paths. The system clock module
102 is configured to transmit, if the data strobe clock signal WCK is transmitted through
the first data strobe clock transmission circuit 121, the system clock signal CK through
the first system clock transmission circuit 122, and transmit, if the data strobe clock
signal WCK is transmitted through the second data strobe clock transmission circuit 131,

the system clock signal CK through the second system clock transmission circuit 132.

[ 0060] Specifically, the first system clock transmission circuit 122 is configured to
match the first data strobe clock transmission circuit 121, and the second system clock
transmission circuit 132 is configured to match the second data strobe clock transmission
circuit 131. In one example, a clock delay of the first system clock transmission circuit
122 with respect to the system clock signal CK matches a clock delay of the first data
strobe clock transmission circuit 121 with respect to the data strobe clock signal WCK,
and a clock delay of the second system clock transmission circuit 132 with respect to the
system clock signal CK matches a clock delay of the second data strobe clock
transmission circuit 131 with respect to the data strobe clock signal WCK. It should be
noted that in other embodiments, the data strobe clock module has three or more second
signal transmission paths, and the system clock module also has three or more first signal
transmission paths, that is, the system clock module also has three or more system clock

transmission circuits.

[ 0061] The system clock module further includes a second selector circuit 142. The
second selector circuit 142 is configured to select an output signal of one of the first
system clock transmission circuit 122 and the second system clock transmission circuit
132 for output.
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[ 0062] In one example, the system clock signal CK is transmitted to the first system
clock transmission circuit 122 and the second system clock transmission circuit 132
through the system clock pad 112, and after transmission via two first signal transmission
paths, two system clock signals CK reach the second selector circuit 142; and the second
selector circuit 142 selects, based on the receiving rate or the sending rate of the data
signal, the output signal of the first system clock transmission circuit 122 or the second
system clock transmission circuit 132 for output. More specifically, if the receiving rate
or the sending rate of the data signal is less than the preset value, the second selector
circuit 142 selects the output signal of the second system clock transmission circuit 132
for output; if the receiving rate or the sending rate of the data signal is greater than or
equal to the preset value, the second selector circuit 142 selects the output signal of the

first system clock transmission circuit 122 for output.

[ 0063] In another example, the data system signal CK is transmitted to the first system
clock transmission circuit 122 and the second system clock transmission circuit 132
through the system clock pad 112; and the second selector circuit 142 selects one of the
first system clock transmission circuit 122 and the second system clock transmission
circuit 132 for clock signal transmission, and the other of the first system clock
transmission circuit 122 and the second system clock transmission circuit 132 does not
operate. In this case, only one of the first system clock transmission circuit 122 and the
second system clock transmission circuit 132 operates, so that the power consumption of
the clock circuit can be further reduced.

[ 0064] Since the system clock module 102 has multiple first signal transmission paths,
better clock matching can be achieved for the data strobe clock signal WCK having
different transmission rates. For example, the system clock signal CK and the data strobe
clock signal WCK match in clock delay, clock jitter and/or the like. Therefore, even if
the receiving rate or the sending rate of the data signal changes, the handshake module
103 can still implement synchronous handshake between the system clock signal CK and
the data strobe clock signal WCK.

[ 0065] Specifically, the handshake module 103 is connected to outputs of the first
selector circuit 141 and the second selector circuit 142 and configured to determine a

phase relationship between the system clock signal and the data strobe clock signal.
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[ 0066] In addition, the data strobe clock signal WCK may be a differential clock
signal. Accordingly, as illustrated in FIG. 5, the data clock pad 111 includes a first data
clock pad 30 and a second data clock pad 31 configured to respectively receive the
differential data strobe clock signals WCK, which can be called as a WCK _t clock signal
and a WCK_c clock signal. Similarly, the system clock signal CK may be a differential
clock signal. Accordingly, as illustrated in FIG. 5, the system clock pad 112 includes a
first system clock pad 10 and a second system clock pad 11 configured to respectively
receive the differential system clock signals CK, which may be a CK_t clock signal and a
CK_c clock signal.

[ 0067] As illustrated in FIG. 5, the first data strobe clock transmission circuit 121
includes a first frequency divider unit 14; the second data strobe clock transmission
circuit 131 includes a second frequency divider unit 24; and the first frequency divider
unit 14 is configured to divide a frequency of the data strobe clock signal WCK and
output at least two frequency-divided data strobe clock signals having different phases,
and the second frequency divider unit 24 is configured to divide a frequency of the data
strobe clock signal WCK and output at least two frequency-divided data strobe clock

signals having different phases.

[ 0068] The first frequency divider unit 14 has a first correlation between power
consumption and the frequency of the data strobe clock signal WCK, the second
frequency divider unit 24 has a second correlation between power consumption and the
frequency of the data strobe clock signal WCK, and the first correlation is weaker than
the second correlation; and/or, the first frequency divider unit 14 has a first anti-
interference capability, the second frequency divider unit 24 has a second anti-
interference capability, and the first anti-interference capability is stronger than the
second anti-interference capability.

[ 0069] The first frequency divider unit 14 is configured to divide the frequency of the
data strobe clock signal WCK having a high transmission rate, and the second frequency
divider unit 24 is configured to divide the frequency of the data strobe clock signal WCK
having a low transmission rate. That is, the first frequency divider unit 14 divides the
frequency of the data strobe clock signal WCK having the high frequency, and the
second frequency divider unit 24 divides the frequency of the data strobe clock signal

WCK having the low frequency. Since the first correlation is weaker than the second
14



correlation and a static power consumption of the first frequency divider unit 14 is higher
than a static power consumption of the second frequency divider unit 24, the second
frequency divider unit 24 can maintain relatively low power consumption, thereby
avoiding the problem of excessive power consumption of a low-speed transmission path.
Since the first anti-interference capability is stronger than the second anti-interference
capability, the problem that a high-speed transmission path causes interference on the
data strobe clock signal WCK is avoided, so that the data strobe clock signal WCK
transmitted via the high-speed transmission path has high accuracy.

[ 0070] In this embodiment, as illustrated in FIG. 6, the first frequency divider unit 14
includes a current-mode logic (CML) frequency divider circuit, and in FIG. 6, the CML
frequency divider circuit is denoted as CML DIV; and the second frequency divider unit
24 includes a Complementary Metal Oxide Semiconductor (CMOS) frequency divider
circuit, and in FIG. 6, the CMOS frequency divider circuit is denoted as CMOS DIV.

[ 0071] For the CML frequency divider circuit, the static power consumption is
relatively high, the correlation between the power consumption and the frequency is
weak, the anti-interference capability is strong, and the anti-interference capability for
power supply jitter/toggle is strong; and for the CMOS frequency divider circuit, the
power consumption is low, the correlation between the power consumption and the
frequency is strong, the lower the frequency, the lower the power consumption, the
influence of power supply noise on clock jitter is large, and the capability of resisting
against power supply interference is weak. The high-speed transmission path uses the
CML frequency divider circuit to ensure the strong anti-interference capability of the
data strobe clock signal, and the low-speed transmission path uses the CMOS frequency
divider circuit with the low power consumption to achieve the objective of power saving

in the case of a low speed.

[ 0072] The first data strobe clock transmission circuit 121 further includes a CML to
CMOS unit, configured to be connected to the CML frequency divider circuit and output
the frequency-divided data strobe clock signals. The CML to CMOS unit is defined as a
first CML to CMOS unit 15. As illustrated in FIG. 6, in FIG. 6, the first CML to CMOS
unit 15 is denoted as C2CL1.
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[ 0073] The second data strobe clock transmission circuit 131 further includes a CML
to CMOS unit 25, configured to output the data strobe clock signal to the CMOS
frequency divider circuit. The CML to CMOS unit is defined as a second CML to CMOS
unit 25. As illustrated in FIG. 6, in FIG. 6, the second CML to CMOS unit 25 is denoted
as C2C2.

[ 0074] In addition, each of the first data strobe clock transmission circuit 121 and the
second data strobe clock transmission circuit 131 includes a buffer, configured to buffer
and receive the data strobe clock signal. Specifically, the buffer in the first data strobe
clock transmission circuit 121 is defined as a first buffer 12, and the buffer in the second

data strobe clock transmission circuit 131 is defined as a second buffer 22.

[ 0075] In this embodiment, the buffer is a CML buffer. As illustrated in FIG. 6, in
FIG. 6, the first buffer 12 is denoted as CML bufferl, and the second buffer 22 is denoted
as CML buffer2.

[ 0076] As illustrated in FIG. 5, the first system clock transmission circuit 122 includes
a first frequency divider unit model 34, and the second system clock transmission circuit
132 includes a second frequency divider unit model 44; and the first frequency divider
unit model 34 is configured to match a clock delay of the first data strobe clock
transmission circuit 121, and the second frequency divider unit model 44 is configured to

match a clock delay of the second data strobe clock transmission circuit 131.

[ 0077] It can be understood that the first frequency divider unit model 34 does not
actually perform frequency division processing on the system clock signal, and the
second frequency divider unit model 44 does not actually perform frequency division

processing on the system clock signal.

[ 0078] Specifically, as illustrated in FIG. 6, the first frequency divider unit model 34
includes a CML frequency divider circuit model, and the second frequency divider unit
model 44 includes a CMOS frequency divider circuit model. In FIG. 6, the CML
frequency divider circuit model is denoted as CML DIV Model, and the CMOS
frequency divider circuit model is denoted as CMOS DIV Model.

[ 0079] The first system clock transmission circuit 122 further includes a CML to
CMOS unit, configured to be connected to the CML frequency divider circuit model and
16



output the system clock signal. The CML to CMOS unit is defined as a third CML to
CMOS unit 35. In FIG. 6, the third CML to CMOS unit 35 is denoted as C2C3.

[ 0080] The second system clock transmission circuit 132 further includes a CML to
CMOS unit, configured to output the system clock signal to the CMOS frequency divider
circuit model. The CML to CMOS unit is defined as a fourth CML to CMOS unit 45. In
FIG. 6, the fourth CML to CMOS unit 45 is denoted as C2CA4.

[ 0081] Each of the first system clock transmission circuit 122 and the second system
clock transmission circuit 132 includes a buffer, configured to buffer and receive the
system clock signal. Specifically, the buffer in the first system clock transmission circuit
122 is defined as a third buffer 32, and the buffer in the second system clock transmission
circuit 132 is defined as a fourth buffer 42.

[ 0082] In this embodiment, the buffer is a CML buffer. As illustrated in FIG. 6, in
FIG. 6, the third buffer 32 is denoted as CML buffer3, and the fourth buffer 42 is denoted
as CML buffer4.

[ 0083] It should be noted that in this embodiment, the buffer is the CML buffer. In
other embodiments, the above buffer may also be a CMOS buffer, and accordingly, there
is no need to provide the CML to CMOS unit between the buffer and another structure
(such as the CMOS frequency divider unit).

[ 0084] In addition, the first data strobe clock transmission circuit 121, the second data
strobe clock transmission circuit 131, the first system clock transmission circuit 122, and
the second system clock transmission circuit 132 each include a Duty Cycle Adjuster
(DCA) unit, configured to adjust a duty cycle of the data strobe clock signal or a duty
cycle of the system clock signal. The DCA unit in the first data strobe clock transmission
circuit 121 is defined as a first DCA unit 13, the DCA unit in the second data strobe
clock transmission circuit 131 is defined as a second DCA unit 23, the DCA unit in the
first system clock transmission circuit 122 is defined as a third DCA unit 33, and the
DCA unit in the second system clock transmission circuit 132 is defined as a fourth DCA
unit 43. In FIG. 6, the first DCA unit 13, the second DCA unit 23, the third DCA unit 33,
and the fourth DCA unit 43 are respectively denoted as DCA1, DCA2, DCAS3, and
DCA4.
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[ 0085] According to the clock circuit provided by this embodiment, the system clock
module 102 includes at least two first signal transmission paths, and transmits the system
clock signal via different paths among the at least two first signal transmission paths
based on at least one of: different receiving rates, or different sending rates of the data
signal. When the data strobe clock signal is transmitted at different transmission rates,
correspondingly, the system clock signal is transmitted via the different first signal
transmission paths, so that the data strobe clock signal transmitted at the different
transmission rates can all be matched with the system clock signal accordingly.
Therefore, although the transmission rate of the data strobe clock signal changes, the
clock difference between the data strobe clock signal and the system clock signal changes
little, or the clock difference between the data strobe clock signal and the system clock
signal can even remain unchanged. Therefore, the handshake module 103 can well align
the data strobe clock signal and the system clock signal, thereby making synchronization

and handshake functions easier to implement.

[ 0086] In addition, the first data strobe clock transmission circuit 121 that defines the
high-speed transmission path includes the CML frequency divider circuit, and the CML
frequency divider circuit has the advantage of the strong anti-interference capability, so
that there is little interference on the data strobe clock signal transmitted at a high speed,
thereby ensuring the accuracy of the data strobe clock signal. The second data strobe
clock transmission circuit 131 that defines the low-speed transmission path includes the
CMOS frequency divider circuit, and the CMOS frequency divider circuit has the
advantage of the low power consumption, thereby facilitating reducing power
consumption of the clock circuit. Therefore, this embodiment has the advantages of the
strong anti-interference capability in the case of the high speed and the low power

consumption in the case of the low speed.

[ 0087] Accordingly, the embodiments of the present disclosure further provide a

memory, including the aforementioned clock circuit.
[ 0088] The memory may be a DDR memory, such as a DDR5 memory.

[ 0089] Persons of ordinary skill in the art can understand that the above embodiments
are specific embodiments for implementing the present disclosure, and in actual

applications, various variations can be made in form and detail, without departing from
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the spirit and scope of the present disclosure. Any persons skilled in the art can make
variations and modifications, without departing from the spirit and scope of the present
disclosure. Therefore, the scope of protection of the present disclosure shall fall within
the scope defined by the claims.

INDUSTRIAL APPLICABILITY

[ 0090] In the embodiments of the present disclosure, the system clock module
includes at least two first signal transmission paths, and transmits the system clock signal
via different paths among the at least two first signal transmission paths based on at least
one of: different receiving rates, or different sending rates of the data signal. When the
data strobe clock signal is transmitted at different transmission rates, correspondingly, the
system clock signal is transmitted via the different first signal transmission paths, so that
the data strobe clock signal transmitted at the different transmission rates can be matched
with the system clock signal accordingly. Therefore, although the transmission rate of the
data strobe clock signal changes, the clock difference between the data strobe clock
signal and the system clock signal changes little, or the clock difference between the data
strobe clock signal and the system clock signal can even remain unchanged. Therefore,
the handshake module can well align the data strobe clock signal and the system clock

signal, thereby making synchronization and handshake functions easier to implement.
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CLAIMS

1. A clock circuit, comprising:

a data strobe clock module, configured to receive a data strobe clock signal and
transmit the data strobe clock signal, wherein the data strobe clock signal is used for controlling

at least one of receiving or sending of a data signal; and

a system clock module, configured to receive a system clock signal and transmit the
system clock signal, wherein the system clock signal is used for controlling receiving of a

command signal;

characterized in that the system clock module comprises at least two first signal
transmission paths, and is configured to transmit the system clock signal via different first
signal transmission paths among the at least two first signal transmission paths based on at

least one of: different receiving rates, or sending rates of the data signal;

the data strobe clock module comprises at least two second signal transmission paths,
the data strobe clock signal is transmitted via different second signal transmission paths among
the at least two second signal transmission paths at different transmission rates, each of the
transmission rates corresponds to a respective one of the at least one of: the receiving rates, or
the sending rates, and each of the second signal transmission paths is matched with a respective

one of the first signal transmission paths; and

wherein the system clock module is configured to transmit, when the data strobe clock
signal is transmitted via a second signal transmission path in the second signal transmission
paths, the system clock signal via the first signal transmission path matching with the second

signal transmission path,

wherein the data strobe clock module further comprises a first data strobe clock

transmission circuit and a second data strobe clock transmission circuit, and the first data strobe
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clock transmission circuit and the second data strobe clock transmission circuit define the

different second signal transmission paths;

wherein the system clock module further comprises a first system clock transmission
circuit and a second system clock transmission circuit, and the first system clock transmission
circuit and the second system clock transmission circuit define the different first signal

transmission paths, and

wherein the first system clock transmission circuit is configured to match the first data
strobe clock transmission circuit, and the second system clock transmission circuit is

configured to match the second data strobe clock transmission circuit.

2. The clock circuit of claim 1, wherein the data strobe clock module is configured to transmit,
when a transmission rate in the transmission rates is greater than or equal to a preset value, the
data strobe clock signal through the first data strobe clock transmission circuit, and transmit,
when the transmission rate is less than the preset value, the data strobe clock signal through the

second data strobe clock transmission circuit.

3. The clock circuit of claim 2, wherein the first data strobe clock transmission circuit
comprises a first frequency divider unit; the second data strobe clock transmission circuit
comprises a second frequency divider unit; and the first frequency divider unit is configured to
divide a frequency of the data strobe clock signal and output at least two frequency-divided
data strobe clock signals having different phases, and the second frequency divider unit is
configured to divide a frequency of the data strobe clock signal and output at least two

frequency-divided data strobe clock signals having different phases.

4. The clock circuit of claim 3, wherein the first frequency divider unit has a first correlation
between power consumption and the frequency of the data strobe clock signal, the second
frequency divider unit has a second correlation between power consumption and the frequency

of the data strobe clock signal, and the first correlation is weaker than the second correlation;
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or, the first frequency divider unit has a first anti-interference capability, the second frequency
divider unit has a second anti-interference capability, and the first anti-interference capability

IS stronger than the second anti-interference capability.

5. The clock circuit of claim 3 or 4, wherein the first frequency divider unit comprises a
current-mode logic frequency divider circuit, and the second frequency divider unit comprises

a complementary metal oxide semiconductor (CMOS) frequency divider circuit.

6. The clock circuit of claim 5, wherein the first data strobe clock transmission circuit further
comprises a current-mode logic to CMOS unit, configured to be connected to the current-mode

logic frequency divider circuit and output the frequency-divided data strobe clock signals.

7. The clock circuit of claim 5, wherein the second data strobe clock transmission circuit
further comprises a current-mode logic to CMOS unit, configured to output the data strobe

clock signal to the CMOS frequency divider circuit.

8. The clock circuit of claim 2, wherein each of the first data strobe clock transmission circuit
and the second data strobe clock transmission circuit comprises a buffer, configured to buffer

and receive the data strobe clock signal.

9. The clock circuit of claim 8, wherein the buffer is a current-mode logic buffer.

10. The clock circuit of claim 2, wherein the system clock module is configured to transmit,
when the data strobe clock signal is transmitted through the first data strobe clock transmission

circuit, the system clock signal through the first system clock transmission circuit, and
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transmit, when the data strobe clock signal is transmitted through the second data strobe clock
transmission circuit, the system clock signal through the second system clock transmission

circuit.

11. The clock circuit of claim 10, wherein the first system clock transmission circuit comprises
a first frequency divider unit model, and the second system clock transmission circuit
comprises a second frequency divider unit model; and the first frequency divider unit model is
configured to match a clock delay of the first data strobe clock transmission circuit, and the
second frequency divider unit model is configured to match a clock delay of the second data

strobe clock transmission circuit.

12. The clock circuit of claim 11, wherein the first frequency divider unit model comprises a
current-mode logic frequency divider circuit model, and the second frequency divider unit
model comprises a complementary metal oxide semiconductor (CMOS) frequency divider

circuit model.

13. The clock circuit of claim 12, wherein the first system clock transmission circuit further
comprises a current-mode logic to CMOS unit, configured to be connected to the current-mode

logic frequency divider circuit model and output the system clock signal.

14. The clock circuit of claim 13, wherein the second system clock transmission circuit further
comprises a current-mode logic to CMOS unit, configured to output the system clock signal to

the CMOS frequency divider circuit model.
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15. The clock circuit of claim 14, wherein each of the first system clock transmission circuit
and the second system clock transmission circuit comprises a buffer, configured to buffer and

receive the system clock signal.

16. The clock circuit of claim 15, wherein the buffer is a current-mode logic buffer.

17. The clock circuit of claim 10, wherein the data strobe clock module further comprises a first
selector circuit, and the first selector circuit is configured to select an output signal of one of the
first data strobe clock transmission circuit and the second data strobe clock transmission circuit
for output; and the system clock module further comprises a second selector circuit, and the
second selector circuit is configured to select an output signal of one of the first system clock

transmission circuit and the second system clock transmission circuit for output.

18. The clock circuit of claim 17, further comprising a handshake module, connected to outputs
of the first selector circuit and the second selector circuit and configured to determine a phase

relationship between the system clock signal and the data strobe clock signal.

19. A memory, comprising:

the clock circuit of any one of claims 1 to 18.
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