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Abstract:

Disclosed in the present invention are a delay circuit, a pulse generation circuit, a chip and a server.
The delay circuit comprises a control unit and at least two delay sub-circuits. Input ends of the delay
sub-circuits are connected to each other, and output ends of the delay sub-circuits are connected to
each other. The output end of each delay sub-circuit is connected to the input end of the adjacent
delay sub-circuit by means of a switch unit, wherein each delay sub-circuit comprises a delay unit
configured to delay an input pulse signal and a switch unit configured to control whether the delay
sub-circuit is turned on, and the control unit is connected to all the switch units and is configured to
respectively control the plurality of switch units to be turned on or off, so as to perform
corresponding delay processing on the pulse signal. The present invention realize regulation and
control of the delay time of the delay circuit, and when the pulse signal is subjected to small delay
processing, the process fluctuation of delay chains is reduced by using the parallel connection
between the delay chains, such that the waste of resources is reduced.
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DELAY CIRCUIT, PULSE GENERATION CIRCUIT, CHIP, AND

SERVER

[0001] The present application claims priority to Chinese Patent Application No.
202110529236.4, filed with the China National Intellectual Property Administration on May 14,
2021 and entitled "DELAY CIRCUIT, PULSE GENERATION CIRCUIT, CHIP, AND

SERVER", which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present invention relates to the field of integrated circuit technologies, and in

particular, to a delay circuit, a pulse generation circuit, a chip, and a server.

BACKGROUND

[0003] A delay circuit is usually used in an integrated circuit design. The delay circuit may
be configured for delaying a signal, removing a jitter of a signal, generating a signal, and the
like.

[0004] An electronic apparatus, for example, a computer, a mobile phone, or a storage
apparatus, may include an integrated circuit having various components or circuits integrated
therein. Each integrated circuit may be coupled to one or more external circuits or apparatuses,
and includes assemblies configured to be connected to the external circuits or apparatuses
through interfaces. For example, a peripheral apparatus like the storage apparatus may be
coupled to a storage controller. Generally, the storage apparatus and the storage controller may
differ in operation speeds. Therefore, the integrated circuit needs a delay circuit configured to
adjust signal timing between the storage apparatus and the storage controller.

[0005] To implement different delay processing on a signal in different cases, a plurality of

signal output ports may be provided on a single delay chain, and distances between the output
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ports and an input port of the delay chain are inconsistent. Therefore, the signal may be
controlled to be output from different output ports, to control delays in delay processing on the

signal.

SUMMARY

[0006] A main objective of the present invention is to provide a delay circuit, a pulse
generation circuit, a chip, and a server.

[0007] According to a first aspect, an embodiment of the present invention provides a delay
circuit, including a control unit and at least two delay sub-circuits. Input ends of the delay sub-
circuits are connected to each other, and are configured to receive a pulse signal. Output ends
of the delay sub-circuits are connected to each other, and are configured to output a delayed
pulse signal. The output end of each delay sub-circuit is connected to an input end of an adjacent
delay sub-circuit through a switch unit. Each delay sub-circuit includes a delay unit and a switch
unit. The delay unit is configured to perform delay processing on the input pulse signal. The
switch unit is configured to control the delay sub-circuit to or not to be connected. The control
unit is connected to all the switch units, and is configured to separately control a plurality of
switch units to be turned on or off; so as to perform corresponding delay processing on the pulse
signal.

[0008] In some implementations, the delay sub-circuits include a first delay circuit and a
second delay circuit. The first delay circuit includes a first delay unit and a first switch unit.
The second delay circuit includes a second delay unit and a second switch unit. An output end
of the first delay unit is connected to a first end of the first switch unit. An input end of the first
delay unit is connected to a first end of the second switch unit. An input end of the second delay
unit is connected to a second end of the second switch unit. An output end of the second delay
unit is connected to a second end of the first switch unit. A first end of a third switch unit is
connected to the output end of the first delay unit. A second end of the third switch unit is
connected to the input end of the second delay unit. The control unit is connected to the first
switch unit, the second switch unit, and the third switch unit, and is configured to control the

first switch unit, the second switch unit, and the third switch unit to be turned on or off, so as
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to perform corresponding delay processing on the pulse signal.

[0009] In some implementations, controlling the first switch unit, the second switch unit,
and the third switch unit to be turned on or off, so as to perform corresponding delay processing
on the pulse signal includes: sending, by the control unit, a corresponding control signal to the
first switch unit, the second switch unit, and the third switch unit. When the control information
is for controlling the first switch unit and the second switch unit to be turned off and controlling
the third switch unit to be turned on, the first delay unit is connected to the second delay unit in
series, and the input pulse signal sequentially passes through the first delay unit and the second
delay unit, so that a pulse signal delayed for a first delay time is output; or when the control
information is for controlling the first switch unit and the second switch unit to be turned on
and controlling the third switch unit to be turned off, the first delay unit is connected to the
second delay unit in parallel, and the input pulse signal simultancously passes through the first
delay unit and the second delay unit, so that a pulse signal delayed for a second delay time is
output. The first delay time is greater than the second delay time.

[0010] In some implementations, the first delay unit and the second delay unit each include
a plurality of phase inverters connected in series. Numbers of phase inverters included in the
first delay unit and the second delay unit are equal and both even.

[0011] In some implementations, the phase inverter includes a PMOS transistor and an
NMOS transistor. A source of the PMOS transistor is connected to a power supply. A gate of
the PMOS transistor and a gate of the NMOS transistor are connected, to act as an input end. A
drain of the PMOS transistor and a drain of the NMOS transistor are connected, to act as an
output end. A source of the NMOS transistor is connected to a ground terminal.

[0012] In some implementations, the first switch unit, the second switch unit, and the third
switch unit each include a third end and a fourth end. Both the third end and the fourth end are
connected to the control unit, and are configured to receive a control signal transmitted by the
control unit, to control statuses of the first switch unit, the second switch unit, and the third
switch unit based on the control signal, so that the delay circuit outputs a pulse signal delayed
for a corresponding delay time.

[0013] According to a second aspect, an embodiment of the present invention provides a

pulse generation circuit, including a flip-flop and a delay circuit. An input end of the flip-flop
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is connected to a signal source, and an output end of the flip-flop is connected to an input end
of the delay circuit. The flip-flop is configured to output a corresponding pulse signal based on
a signal sent by the signal source. The delay circuit is as described in the foregoing
implementations.

[0014] In some implementations, the flip-flop is a D flip-flop. A signal input end of the D
flip-flop is connected to the signal source. A clock input end of the D flip-flop is configured to
receive a clock pulse. An output signal end and a clear signal end of the D flip-flop are
connected to the input end of the delay circuit.

[0015] According to a third aspect, an embodiment of the present invention provides a chip.
The chip is integrated with the pulse generation circuit as described in the foregoing
implementations.

[0016] According to a fourth aspect, an embodiment of the present invention provides a
server, including a plurality of chips as described in the foregoing implementations.

[0017] The input ends of the delay sub-circuits are connected to each other, and the output
ends are connected to each other. The output ends of the delay sub-circuits are connected to the
input ends of the adjacent delay sub-circuits through the switch units. Each delay sub-circuit is
provided with the switch unit. In this way, the control unit controls turning-on or turning-off of
the switch units to further control the delay sub-circuits to perform corresponding delay
processing on the input pulse signal. Therefore, a delay time of the delay circuit can be
controlled. In addition, when the pulse signal is processed based on a short delay, the delay sub-
circuits are set to be connected in parallel. In this way, when processing is performed based on
the short delay, a driving capability of the delay circuit is improved through parallel connection
between delay chains, so that a process fluctuation of the delay chains is reduced, and

appropriate resource utilization effect is achieved.

BRIEF DESCRIPTION OF DRAWINGS

[0018]  To describe the technical solutions in the embodiments of the present application
more clearly, the following briefly describes the accompanying drawings required for

describing the embodiments. Apparently, the accompanying drawings in the following
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description show some embodiments of the present application, and those of ordinary skill in
the art may derive other drawings from these accompanying drawings without creative efforts.
[0019] FIG. 1 is a schematic diagram of a structure of a delay circuit in an existing solution.
[0020] FIG. 2 is a schematic diagram of a structure of a pulse circuit according to an
embodiment of the present invention.

[0021] FIG. 3 is a schematic diagram of a structure of a delay circuit according to an
embodiment of the present invention.

[0022] FIG. 4 is a schematic diagram of a structure of a first delay unit in FIG. 3.

[0023] FIG. § is a schematic diagram of a structure of a delay circuit according to another
embodiment of the present invention.

[0024] FIG. 6 is a schematic diagram of a structure of a delay circuit according to still

another embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0025]  The technical solutions in the embodiments of the present invention will be clearly
and completely described below in conjunction with the accompanying drawings in the
embodiments of the present invention. Apparently, the embodiments described are some rather
than all of the embodiments of the present invention. On the basis of the embodiments of the
present invention, all other embodiments obtained by those of ordinary skill in the art without
involving any inventive effort fall within the scope of protection of the present invention.
[0026] The flowcharts shown in the accompanying drawings are merely examples for
description, but do not necessarily include all content or operations/steps, and the
operations/steps are not necessarily performed in the order described. For example, some
operations/steps may alternatively be split, combined, or partially combined, and therefore an
actual order of execution may change depending on an actual situation.

[0027] It should be understood that terms used in this specification of the present invention
are only for the purpose of describing specific embodiments, and are not intended to limit the
present invention.

[0028] Refer to FIG. 1. In the prior art, a delay chain 100 includes a plurality of phase
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inverters 11 connected in series. A selector 12 is connected to an output end of a phase inverter
chain. A pulse signal input from an input port In is delayed by using the disposed phase inverter
chain, and a corresponding pulse signal is output by using the selector 12. The phase inverter
chain is provided with a plurality of output ports, so as to make a delay adjustable.

[0029] For example, as shown in FIG. 1, the phase inverter chain includes eight phase
inverters 11 connected in series. A first output port Outl is disposed at a tail end of the phase
inverter chain. A second output port Out2 is disposed at a middle end of the phase inverter chain.
When the pulse signal is controlled to be output from the first output port Outl, the phase
inverter chain performs first delay processing on the pulse signal; or when the pulse signal is
controlled to be output from the second output port Out2, the phase inverter chain performs
second delay processing on the pulse signal. It is clear that the pulse signal output from the first
output port Outl passes through cight phase inverters, and the pulse signal output from the
second output port Out2 passes through four phase inverters. Therefore, a first delay is greater
than a second delay.

[0030] The output ports are provided at different positions on the phase inverter chain to
control the pulse signal to be output from different ports, so as to perform different delay
processing on the pulse signal. However, in the foregoing manner, although the delay is
adjustable, when a short delay is implemented, a subsequent redundant part of the phase inverter
chain is not correspondingly used, which causes resource waste.

[0031] Therefore, the present invention provides a delay circuit, a pulse generation circuit,
a chip, and a server, to solve the foregoing problem.

[0032] Some embodiments of the present invention will be described in detail below with
reference to the accompanying drawings. The following embodiments and features in the
embodiments may be mutually combined in case of no conflict.

[0033] Refer to FIG. 2. The present invention provides a pulse generation circuit 200,
including a flip-flop 22 and a delay circuit 20. The flip-flop 22 uses a clock pulse Clkin as a
control signal, and changes an output status based on the control signal. The delay circuit 20 is
configured to perform delay processing on a signal output by the flip-flop 22. The delay circuit
20 is connected to a control unit 21, and is configured to receive a control signal sent by the

control unit 21.
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[0034] Specifically, the flip-flop 22 is a D flip-flop. The D flip-flop includes a signal input
end D, a clock input end CIk, a signal output end Q, and a clear signal end CDN. The signal
input end D is connected to a signal source. The clock input end Clk is configured to receive
the clock pulse Clkin. The signal output end Q is connected to an input end of the delay circuit
20. The clear signal end CDN is connected to an output end of the delay circuit 20. When the
clock pulse Clkin received by the clock input end Clk is at a high level, the D flip-flop reads
data of the signal input end D, and transmits the data to the signal output end Q; or when the
clock pulse Clkin received by the clock input end Clk is at a low level, the D flip-flop shields
data of the signal input end D, and outputs current data to the signal output end Q only when a
next high level arrives.

[0035] The delay circuit 20 receives a pulse signal output by the flip-flop 22, and performs
corresponding delay processing based on the control signal sent by the control unit 21, so as to
output a pulse signal obtained after delay processing.

[0036] Refer to FIG. 2 and FIG. 3. In some implementations, an example in which the delay
circuit 20 includes two delay sub-circuits is used for description.

[0037] Specifically, the delay circuit 20 includes a first delay circuit 201a, a second delay
circuit 201b, and the control unit 21. The first delay circuit 201a is connected to the second
delay circuit 201b through a switch module. The switch module includes a first switch unit
2021, a second switch unit 2022, and a third switch unit 2023. The switch module is connected
to the control unit 21, so as to receive the control signal sent by the control unit 21, and
determine, based on the control signal, whether to be turned on to cause the first delay circuit
201a and the second delay circuit 201b to work in series or in parallel.

[0038] The first delay circuit 201a includes a first delay unit 211a and the first switch unit
2021. The second delay circuit 201b includes a second delay unit 211b and the second switch
unit 2022. An output end of the first delay unit 211a is connected to a first end of the first switch
unit 2021. An input end of the first delay unit 211a is connected to a first end of the second
switch unit 2022. An input end of the second delay unit 211b is connected to a second end of
the second switch unit 2022. An output end of the second delay unit 211b is connected to a
second end of the first switch unit 2021. A first end of the third switch unit 2023 is connected

to the output end of the first delay unit 211a. A second end of the third switch unit 2023 is
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connected to the input end of the second delay unit 211b. The first delay unit 211a and the
second delay unit 211b are configured to perform delay processing on the received pulse signal.
[0039] The input end of the first delay unit 211a and the first end of the second switch unit
2022 act as the signal input end of the entire circuit to receive the pulse signal. The output end
of the second delay unit 211b and the second end of the first switch unit 2021 act as the signal
output end to output the pulse signal obtained after delay processing.

[0040] As shown in FIG. 3, in some implementations, the first switch unit 2021, the second
switch unit 2022, and the third switch unit 2023 each include a third end and a fourth end. Both
the third end and the fourth end are connected to the control unit 21, and are configured to
receive the control signal transmitted by the control unit 21, control an on/off state of the first
switch unit 2021 based on control signals selbl and sell, control an on/off state of the second
switch unit 2022 based on control signal selb2 and sel2, and control an on/off state of the third
switch unit 2023 based on control signals selb3 and sel3.

[0041] The first switch unit 2021, the second switch unit 2022, and the third switch unit
2023 are of a same structure.

[0042] Exemplarily, the first switch unit 2021 includes a first NMOS transistor and a first
PMOS transistor. A source of the first NMOS transistor and a source of the first PMOS transistor
are connected to each other, to act as the input end of the first switch unit 2021. A drain of the
first NMOS transistor and a drain of the first PMOS transistor are connected to each other, to
act as the output end of the first switch unit 2021. Gates of the first NMOS transistor and the
first PMOS transistor are connected to the signal control unit 21 as the third end and the fourth
end. The second switch unit 2022 includes a second NMOS transistor and a second PMOS
transistor. A source of the second NMOS transistor and a source of the second PMOS transistor
are connected to each other, to act as the input end of the second switch unit 2022, A drain of
the second NMOS transistor and a drain of the second PMOS transistor are connected to cach
other, to act as the output end of the second switch unit 2022. Gates of the second NMOS
transistor and the second PMOS transistor are connected to the signal control unit 21 as the
third end and the fourth end. The third switch unit 2023 includes a third NMOS transistor and
a third PMOS transistor. A source of the third NMOS transistor and a source of the third PMOS

transistor are connected to each other, to act as the input end of the second switch unit 2022. A
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drain of the third NMOS transistor and a drain of the third PMOS transistor are connected to
each other, to act as the output end of the third switch unit 2023. Gates of the third NMOS
transistor and the third PMOS transistor are connected to the signal control unit 21 as the third
end and the fourth end.

[0043] The control signals sent by the control unit 21 to the first switch unit 2021, the
second switch unit 2022, and the third switch unit 2023 are voltage signals. Whether voltages
of the voltage signals reach threshold voltages of the switch units are determined, so as to
control the switch units to or not to be turned on.

[0044]  The first switch unit 2021 is used as an example for description. A voltage of a
voltage signal input to the first switch unit 2021 is set to change within a range of -aV to +aV.
When an input voltage of the gate of the first NMOS transistor is the low voltage -aV, that is,
sel1=-aV, an input voltage of the gate of the first PMOS transistor is the high voltage +aV, that
is, selbl=+aV. Therefore, both the first NMOS transistor and the first PMOS transistor are off,
that is, the first switch unit 2021 is off. When an input voltage of the gate of the first NMOS
transistor is the high voltage +aV, that is, sell=t+aV, an input voltage of the gate of the first
PMOS transistor is the low voltage -aV, that is, selb1=-aV. Therefore, the first NMOS transistor
and the first PMOS transistor are on, that is, the first switch unit 2021 is on.

[0045] In some implementations, the first delay unit 211a and the second delay unit 211b
each include a plurality of phase inverters 2111 connected in series. The plurality of phase
inverters 2111 connected in series form two delay chains. It may be understood that a length of
the delay chain may be set based on a specific application scenario, and this is not limited herein.
[0046] In some implementations, numbers of phase inverters included in the first delay unit
211a and the second delay unit 211b are both even and equal.

[0047] Refer to FIG. 4. Specifically, an example in which the delay chain of the first delay
unit 211a includes four phase inverters connected in series is used for description. The phase
inverter 2111 includes a PMOS transistor and an NMOS transistor. A source of the PMOS
transistor is connected to a power supply VDD. A gate of the PMOS transistor and a gate of the
NMOS transistor are connected, to act as an input end. A drain of the PMOS transistor and a
drain of the NMOS transistor are connected, to act as an output end. A source of the NMOS

transistor is connected to a ground terminal.
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[0048] Generally, the PMOS transistor is used as a load transistor, and the NMOS transistor
is used as an input transistor. Such a configuration can greatly reduce power consumption
because, in two logic states 0 and 1, one of the two transistors remains off. A threshold voltage
of the PMOS transistor is VGS(th)P < 0. A threshold voltage of the NMOS ftransistor is
VGS(th)N > 0. There is usually made such a requirement that VDD > |[VGS(th)P| + VGS(th)N,
to ensure normal operation. VDD is a power voltage. If an input is at a low level (for example,
0 V), the PMOS transistor is on, the NMOS transistor is off, and an output voltage approaches
VDD, or if an input is at a high level (for example, VDD), the NMOS transistor is on, the PMOS
transistor is off, and an output voltage approaches 0 V.

[0049] The phase inverters 2111 connected in series form two delay chains, so as to perform
delay processing on pulse signals into to the first delay unit 211a and the second delay unit 211b.
The numbers of phase inverters 2111 respectively included in the first delay unit 211a and the
second delay unit 211b are even, to ensure that the input pulse signal is the same as the output
pulse signal. In addition, when the pulse signal is processed based on a short delay, the two
delay chains including a same number of phase inverters 2111 are connected in parallel. In this
way, when processing is performed based on the short delay, a driving capability of the delay
circuit is improved through parallel connection between the delay chains, so that a process
fluctuation of the delay chains is reduced, and appropriate resource utilization effect is achieved.
[0050] The process fluctuation is a process deviation of the integrated circuit caused by the
fact that a process parameter of a device cannot be accurately controlled in a manufacturing
process of the circuit, which affects delay control accuracy of the delay circuit. Therefore,
according to the delay circuit provided in the present invention, the process fluctuation of the
delay circuit is reduced, and the delay control accuracy of the delay circuit is improved.

[0051] A working principle of the delay circuit will be described in detail below with
reference to the foregoing descriptions about the pulse generation circuit described in this
embodiment of the present invention and the delay circuit described in this embodiment. For
ease of description, an example in which the first delay unit 211a and the second delay unit
211b each include four phase inverters connected in series is used for description.

[0052] When the D flip-flop receives a high-level clock pulse, the data of the signal input

end is transmitted to the delay circuit as a pulse signal, so that the delay circuit subsequently
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receives the pulse signal.

[0053] When the delay circuit needs to perform first delay processing on the pulse signal,
the control unit 21 sends a turn-off signal to the first switch unit 2021 and the second switch
unit 2022 to turn off the first switch unit 2021 and the second switch unit 2022, and sends a
turn-on signal to the third switch unit 2023 to turn on the third switch unit 2023. In this case,
the first delay unit 211a and the second delay unit 211b are connected in series. Therefore, the
pulse signal input to the delay circuit is input from the input end of the first delay unit 211a,
and is output from the output end of the first delay unit 211a after the first delay unit 211a
performs delay processing on the pulse signal. Then, the pulse signal is input to the input end
of the second delay unit 211b through the third switch unit 2023, and is output from the output
end of the second delay unit 211b after the second delay unit 211b performs delay processing
on the pulse signal. In this way, delay processing of the pulse signal is completed. A delay time
of the pulse signal in each of the first delay unit 211a and the second delay unit 211b is a seconds.
Therefore, a total delay time of the pulse signal in the first delay processing performed by the
delay circuit is 2a seconds.

[0054] When the delay circuit needs to perform second delay processing on the pulse signal,
the control unit 21 sends a turn-on signal to the first switch unit 2021 and the second switch
unit 2022 to turn on the first switch unit 2021 and the second switch unit 2022, and sends a
turn-off signal to the third switch unit 2023 to turn off the third switch unit 2023. In this case,
the first delay unit 211a and the second delay unit 211b are connected in parallel. Therefore, the
pulse signal input to the delay circuit is input from the input end of the first delay unit 211a and
the first end of the second switch unit 2022, and is output from the second end of the first switch
unit 2021 and the output end of the second delay unit 211b after the first delay unit 211a and
the second delay unit 211b simultaneously perform delay processing on the pulse signal. A
delay time of the pulse signal in each of the first delay unit 211a and the second delay unit 211b
is a seconds. Therefore, a total delay time of the pulse signal in the second delay processing
performed by the delay circuit is a seconds.

[0055] The control unit 21 controls the on/off state of each switch unit to further control a
parallel connection or series connection relationship between the delay units, so as to make a

delay of the input pulse signal adjustable. In addition, when the input pulse signal is processed
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based on a short delay, parallel connection of the two delay chains enhances the driving
capability of the delay circuit, that is, reduces impact of the process fluctuation. Moreover,
appropriate utilization prevents resource waste when a short delay is required.

[0056]  Referto FIG. 2 and FIG. 5. In some implementations, an example in which the delay
circuit 20 includes three delay sub-circuits is used for description.

[0057] Specifically, the delay circuit 20 includes a first delay circuit 201a, a second delay
circuit 201b, a third delay circuit 201c, and the control unit 21. The first delay circuit 201a, the
second delay circuit 201b, and the third delay circuit 201c¢ are connected to each other through
a switch module. The switch module includes a first switch unit 2021, a second switch unit
2022, a third switch unit 2023, a fourth switch unit 2024, a fifth switch unit 2025, and a sixth
switch unit 2026. The switch module is connected to the control unit 21, so as to receive the
control signal sent by the control unit 21, and determine, based on the control signal, whether
to be turned on to cause the first delay circuit 201a, the second delay circuit 201b, and the third
delay circuit 201c to work in series or in parallel.

[0058] The first delay circuit 201a includes a first delay unit 211a and the first switch unit
2021. The second delay circuit 201b includes a second delay unit 211b and the second switch
unit 2022. The third delay circuit 201¢ includes a third delay unit 211c, the fifth switch unit
2025, and the sixth switch unit 2026. An output end of the first delay unit 211a is connected to
a first end of the first switch unit 2021. An input end of the first delay unit 211a is connected to
a first end of the fifth switch unit 2025 and a first end of the second switch unit 2022. An input
end of the third delay unit 211c¢ is connected to a second end of the fifth switch unit 2025. An
output end of the third delay unit 211c is connected to a first end of the sixth switch unit 2026.
A second end of the sixth switch unit 2026 and an output end of the second delay unit 211b are
connected to a second end of the first switch unit 2021. An input end of the second delay unit
211b is connected to a second end of the second switch unit 2022. A first end of the third switch
unit 2023 is connected to the output end of the first delay unit 211a. A second end of the third
switch unit 2023 is connected to the input end of the third delay unit 211c. A first end of the
fourth switch unit 2024 is connected to the output end of the third delay unit 211c. A second
end of the fourth switch unit 2024 is connected to the input end of the second delay unit 211b.
[0059] The input end of the first delay unit 211a, the first end of the fifth switch unit 2025,
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and the first end of the second switch unit 2022 act as the signal input end of the entire circuit
to receive the pulse signal. The output end of the second delay unit 211b, the second end of the
first switch unit 2021, and the second end of the sixth switch unit 2026 act as the signal output
end to output the pulse signal obtained after delay processing. The first delay unit 211a, the
third delay unit 211c, and the second delay unit 211b are configured to perform delay processing
on the received pulse signal.

[0060] A working principle of the delay circuit will be described in detail below with
reference to the foregoing descriptions about the pulse generation circuit described in this
embodiment of the present invention and the delay circuit 20 described in this embodiment. For
ease of description, an example in which the first delay unit 211a, the second delay unit 211b,
and the third delay unit 211¢ each include four phase inverters connected in series is used for
description.

[0061]  When the D flip-flop receives a high-level clock pulse, the data of the signal input
end is transmitted to the delay circuit 20 as a pulse signal, so that the delay circuit 20
subsequently receives the pulse signal.

[0062] When the delay circuit 20 needs to perform first delay processing on the pulse signal,
the control unit 21 sends a turn-off signal to the first switch unit 2021, the fifth switch unit 2025,
the sixth switch unit 2026, and the second switch unit 2022 to turn off the first switch unit 2021,
the fifth switch unit 2025, the sixth switch unit 2026, and the second switch unit 2022, and
sends a turn-on signal to the third switch unit 2023 and the fourth switch unit 2024 to turn on
the third switch unit 2023 and the fourth switch unit 2024. In this case, the first delay unit 211a,
the third delay unit 211c, and the second delay unit 211b are connected in series. Therefore, the
pulse signal input to the delay circuit is input from the input end of the first delay unit 211a,
and is output from the output end of the first delay unit 211a after the first delay unit 211a
performs delay processing on the pulse signal. Then, the pulse signal is input to the input end
of the third delay unit 211c¢ through the third switch unit 2023, and is further output from the
output end of the third delay unit 211c after the third delay unit 211c performs delay processing
on the pulse signal. Finally, the pulse signal is input to the input end of the second delay unit
211b through the fourth switch unit 2024, and is further output from the output end of the second

delay unit 211b after the second delay unit 211b performs delay processing on the pulse signal.
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In this way, delay processing of the pulse signal is completed. A delay time of the pulse signal
in each of the first delay unit 211a, the third delay unit 211c, and the second delay unit 211b is
a seconds. Therefore, a total delay time of the pulse signal in the first delay processing
performed by the delay circuit 20 is 3a seconds.

[0063] When the delay circuit 20 needs to perform second delay processing on the pulse
signal, the control unit 21 sends a turn-off signal to the first switch unit 2021, the fifth switch
unit 2025, the second switch unit 2022, and the fourth switch unit 2024 to turn off the first
switch unit 2021, the fifth switch unit 2025, the second switch unit 2022, and the fourth switch
unit 2024, and sends a turn-on signal to the sixth switch unit 2026 and the third switch unit
2023 to turn on the sixth switch unit 2026 and the third switch unit 2023. In this case, the first
delay unit 211a and the third delay unit 211c are connected in series, and the second delay unit
211b is off. Therefore, the pulse signal input to the delay circuit 20 is input from the input end
of the first delay unit 211a, and is output from the output end of the first delay unit 211a after
the first delay unit 211a performs delay processing on the pulse signal. Then, the pulse signal
is input to the input end of the third delay unit 211c through the third switch unit 2023, and is
further output from the output end of the second delay unit 211c after the third delay unit 211c
performs delay processing on the pulse signal. In this way, delay processing of the pulse signal
is completed. A delay time of the pulse signal in each of the first delay unit 211a and the third
delay unit 211c¢ is a seconds. Therefore, a total delay time of the pulse signal in the second delay
processing performed by the delay circuit 20 is 2a seconds.

[0064] Alternatively, the control unit 21 may control the first switch unit 2021, the second
switch unit 2022, the third switch unit 2023, and the sixth switch unit 2026 to be turned off, and
control the fifth switch unit 2025 and the fourth switch unit 2024 to be turned on, so that the
input pulse signal sequentially passes through the third delay unit 211c and the second delay
unit 211b. In this way, a total delay time of the pulse signal may also be 2a seconds. Therefore,
it may be understood that the control unit 21 controls a status of each switch unit to change a
transmission path of the pulse signal on the delay circuit, to make the delay of the pulse signal
adjustable.

[0065] When the delay circuit 20 needs to perform third delay processing on the pulse signal,

the control unit 21 sends a turn-on signal to the first switch unit 2021, the fifth switch unit 2025,

WSLEGAL\070171\00044\36582534v1 14



10

15

20

25

30

CA 03223771 2023-12-20

the sixth switch unit 2026, and the second switch unit 2022 to turn on the first switch unit 2021,
the fifth switch unit 2025, the sixth switch unit 2026, and the second switch unit 2022, and
sends a turn-off signal to the third switch unit 2023 and the fourth switch unit 2024 to turn off
the third switch unit 2023 and the fourth switch unit 2024. In this case, the first delay unit 211a,
the third delay unit 211c, and the second delay unit 211b are connected in parallel. Therefore,
the pulse signal input to the delay circuit is input from the input end of the first delay unit 211a,
the first end of the fifth switch unit 2025, and the first end of the second switch unit 2022, and
is output from the second end of the first switch unit 2021, the second end of the sixth switch
unit 2026, and the output end of the second delay unit 211b after the first delay unit 211a, the
third delay unit 211c, and the second delay unit 211b simultaneously perform delay processing
on the pulse signal. In this way, delay processing of the pulse signal is completed. A delay time
of the pulse signal in each of the first delay unit 211a, the third delay unit 211c, and the second
delay unit 211b is a seconds. Therefore, a total delay time of the pulse signal in the third delay
processing performed by the delay circuit 20 is a seconds.

[0066] The control unit 21 controls the on/off state of each switch unit to further control a
parallel connection or series connection relationship between the delay units, so as to make a
delay of the input pulse signal adjustable. In addition, when the input pulse signal is processed
based on a short delay, parallel connection of delay chains enhances the driving capability of
the delay circuit, that is, reduces impact of the process fluctuation. Moreover, appropriate
utilization prevents resource waste when a short delay is required.

[0067] Refer to FIG. 2 and FIG. 6. In some implementations, an example in which the delay
circuit 20 includes N delay sub-circuits is used for description. N is a positive integer greater
than or equal to 4.

[0068] Specifically, the delay circuit 20 includes the control unit 21 and N delay sub-circuits
201. The delay sub-circuit 201 is configured to perform delay processing on the input pulse
signal. The control unit 21 is configured to control a connection relationship between the delay
sub-circuits 201.

[0069] In some implementations, each delay sub-circuit 201 includes at least one delay unit
211 and at least one switch unit. The delay unit 211 is configured to perform delay processing

on the input pulse signal. The switch unit is configured to control the delay sub-circuit 201 to
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be connected or not.

[0070] Two adjacent delay sub-circuits 201 are connected through a switch module. The
switch module is connected to the control unit 21, so that the switch module is controlled by
the control unit 21 to be turned on or off, to cause the delay sub-circuits 201 to work in series
or in parallel.

[0071] Exemplarily, as shown in FIG. 6, the switch module includes N switch units 202.
Each delay sub-circuit 201 is provided with a delay unit 211. The delay unit 211 is connected
to at least one of the signal input end or the signal output end through the switch unit 202 of the
switch module. The delay units 211 of adjacent delay sub-circuits 201 are connected through
the switch unit 202. An input end of a first delay sub-circuit 201 is connected to the signal input
end. An output end of an N* delay sub-circuit 201 is connected to the signal output end.
[0072] When adjacent delay sub-circuits 201 need to work in parallel, the control unit 21
controls a switch unit between the adjacent delay sub-circuits 201 to be turned off, and controls
switch units between the corresponding delay sub-circuits 201 and the signal input end or the
signal output end to be turned on.

[0073] When adjacent delay sub-circuits 201 need to work in series, the control unit 21
controls a switch unit between the adjacent delay sub-circuits 201 to be turned on, and controls
switch units between the corresponding delay sub-circuits 201 and the signal input end or the
signal output end to be turned off.

[0074] The control unit 21 controls the on/off state of each switch unit to further control a
parallel connection or series connection relationship between the delay units, so as to make a
delay of the input pulse signal adjustable. In addition, when the input pulse signal is processed
based on a short delay, parallel connection of delay chains enhances the driving capability of
the delay circuit, that is, reduces impact of the process fluctuation. Moreover, appropriate
utilization prevents resource waste when a short delay is required.

[0075] The present invention further provides a chip. The chip includes the pulse generation
circuit described in any one of the foregoing embodiments of the present invention.

[0076] Therefore, a corresponding and specific implementation of the chip in this
embodiment of the present invention is similar to a specific implementation of the pulse

generation circuit in the embodiments of the present invention. For details, reference is made
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to descriptions of the pulse generation circuit. Details are not described herein again.

[0077] The present invention further provides a server. The server is configured to perform
data processing or computation, for example, perform computation for mining virtual digital
currency. The server includes a connection board, a control board, a heat sink, a power board,
and one or more hash boards. Each hash board includes one or more chips. The control board
is connected to the hash board through the connection board. The heat sink is disposed around
the hash board. The power board is configured to provide power for the connection board, the
control board, the heat sink, and the hash board.

[0078] It should be understood that the term "and/or" used in this specification and the
appended claims of the present invention indicates any combination and all possible
combinations of one or more items listed in association, and includes the combinations. It
should be noted that the term "comprise", "include", or any other variant thereof herein is
intended to encompass a non-exclusive inclusion, such that a process, method, article, or system
that includes a series of elements not only includes those elements, but also includes other
elements not explicitly listed, or elements that are inherent to such a process, method, article,
or system. In the absence of more restrictions, an element defined by "including a -**" does not
exclude another same element in a process, method, article, or system that includes the element.
[0079]  The serial numbers of the foregoing embodiments of the present invention are only
for description, and do not represent the superiority or inferiority of the embodiments. The
foregoing descriptions are merely specific embodiments of the present invention, but are not
intended to limit the protection scope of the present invention. Any equivalent modification or
replacement readily figured out by those skilled in the art within the technical scope disclosed
in the present invention shall fall within the protection scope of the present invention. Therefore,
the protection scope of the present invention shall be subject to the protection scope of the

claims.
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CLAIMS

1. A delay circuit, configured to perform delay processing on an input pulse signal and
comprising:

a control unit and at least two delay sub-circuits, wherein

input ends of the delay sub-circuits are connected to each other, and are configured to
receive the pulse signal; output ends of the delay sub-circuits are connected to each other, and
are configured to output a delayed pulse signal; the output end of each of the delay sub-circuits
is connected to an input end of an adjacent delay sub-circuit through a switch unit;

each delay sub-circuit comprises a delay unit and a switch unit, the delay unit is configured
to perform delay processing on the input pulse signal, and the switch unit is configured to
control the delay sub-circuit to or not to be connected; and

the control unit is connected to all the switch units, and is configured to separately control
a plurality of switch units to be turned on or off, so as to perform corresponding delay
processing on the pulse signal.

2. The delay circuit according to claim 1, wherein the delay sub-circuits comprise a first
delay circuit and a second delay circuit, the first delay circuit comprises a first delay unit and a
first switch unit, and the second delay circuit comprises a second delay unit and a second switch
unit;

an output end of the first delay unit is connected to a first end of the first switch unit, an
input end of the first delay unit is connected to a first end of the second switch unit, an input
end of the second delay unit is connected to a second end of the second switch unit, and an
output end of the second delay unit is connected to a second end of the first switch unit;

a first end of a third switch unit is connected to the output end of the first delay unit, and
a second end of the third switch unit is connected to the input end of the second delay unit; and

the control unit is connected to the first switch unit, the second switch unit, and the third
switch unit, and is configured to control the first switch unit, the second switch unit, and the
third switch unit to be turned on or off, so as to perform corresponding delay processing on the

pulse signal.
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3. The delay circuit according to claim 2, wherein controlling the first switch unit, the
second switch unit, and the third switch unit to be turned on or off, so as to perform
corresponding delay processing on the pulse signal comprises:

sending, by the control unit, a corresponding control signal to the first switch unit, the
second switch unit, and the third switch unit; and

when the control information is for controlling the first switch unit and the second switch
unit to be turned off and controlling the third switch unit to be turned on, the first delay unit is
connected to the second delay unit in series, and the input pulse signal sequentially passes
through the first delay unit and the second delay unit, so that a pulse signal delayed for a first
delay time is output; or

when the control information is for controlling the first switch unit and the second switch
unit to be turned on and controlling the third switch unit to be turned off, the first delay unit is
connected to the second delay unit in parallel, and the input pulse signal simultaneously passes
through the first delay unit and the second delay unit, so that a pulse signal delayed for a second
delay time is output, wherein

the first delay time is greater than the second delay time.

4. The delay circuit according to claim 2, wherein the first delay unit and the second delay
unit each comprise a plurality of phase inverters connected in series; and

numbers of phase inverters comprised in the first delay unit and the second delay unit are
equal and both even.

5. The delay circuit according to claim 4, wherein the phase inverter comprises a PMOS
transistor and an NMOS transistor; a source of the PMOS transistor is connected to a power
supply; a gate of the PMOS transistor and a gate of the NMOS transistor are connected, to act
as an input end; a drain of the PMOS transistor and a drain of the NMOS transistor are
connected, to act as an output end; and a source of the NMOS transistor is connected to a ground
terminal.

6. The delay circuit according to claim 2, wherein the first switch unit, the second switch
unit, and the third switch unit each comprise a third end and a fourth end; and both the third
end and the fourth end are connected to the control unit, and are configured to receive a control

signal transmitted by the control unit, to control statuses of the first switch unit, the second
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switch unit, and the third switch unit based on the control signal, so that the delay circuit outputs
a pulse signal delayed for a corresponding delay time.

7. A pulse generation circuit, comprising a flip-flop and a delay circuit, wherein

an input end of the flip-flop is connected to a signal source, an output end of the flip-flop
is connected to an input end of the delay circuit, and the flip-flop is configured to output a
corresponding pulse signal based on a signal sent by the signal source; and

the delay circuit is a delay circuit according to any one of claims 1 to 6.

8. The pulse generation circuit according to claim 7, wherein the flip-flop is a D flip-flop,
a signal input end of the D flip-flop is connected to the signal source, a clock input end of the
D flip-flop is configured to receive a clock pulse, and an output signal end and a clear signal
end of the D flip-flop are connected to the input end of the delay circuit.

9. A chip, wherein the chip is integrated with a pulse generation circuit according to claim
7 or 8.

10. A server, comprising a plurality of chips according to claim 9.
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