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CLOCK GENERATION CIRCUIT AND LATCH USING SAME, AND
COMPUTING DEVICE

TECHNICAL FIELD

This application relates to a storage device controlled by a clock, and in particular, to
a clock generation circuit, a latch using same, and a computing device applied to a large-scale

data computing device.

BACKGROUND

Latches are widely used to register digital signals. FIG. 1 is a block circuit diagram
and a sequence diagram of an existing latch. As shown in FIG. 1, the latch includes an input
end D, an output end Q, and a clock signal end CK. The operating principle of the latch is that
when the clock signal CK is at a low level “0,” data of the input end D is transmitted to the
output end Q and latched by the latch until a next clock period. In addition, it can be learned
from FIG. 1 that the data transmitted to the output end Q has delays relative to the clock signal
CK and the input end D. For example, the delay relative to the clock signal CK is CK2Q, and
the delay relative to the input end D is D2Q. When a plurality of latches are connected in series,
data collusion occurs.

FIG. 2 is a schematic diagram of a circuit structure and a sequence diagram of
cascaded latches. As shown in FIG. 2, when a plurality of latches latchl, latch2, latch3, ..., and
the like are connected in series, a clock signal end CK of each level of the latches is connected
to the same clock signal. Because when the clock signal is at a low level, data of an input end
D of a former-level latch is directly transmitted to an output end Q, and a latter-level latch
directly transmits new data to a next-level latch, causing data collusion. To resolve the data
collusion, phases of the clock signals are staggered, and pulse widths of the clock signals are
reduced.

FIG. 3 is a schematic diagram of a circuit structure and a sequence diagram of
cascaded latches using different clock signals in a first manner. As shown in FIG. 3, when a
plurality of latches latch1, latch2, latch3, ..., and the like are connected in series, a clock signal
end CK of each level of the latches is connected to different clock signals. For example, a clock
signal end CK of a latch latch1 is connected to a clock signal CK1, a clock signal end CK of a
latch latch2 is connected to a clock signal CK2, a clock signal end CK of a latch latch3 is

connected to a clock signal CK3, and so on. The first three-level latches latchl, latch2, and
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latch3 are used as an example. It can be learned from FIG. 3 that because phases of the clock
signals CK1, CK2, and CK3 are staggered, data inputted by the input end D is transmitted in a
direction of the latches latch1, latch2, and latch3, that is, the data arrives at the latch latch1 first
and arrives at latch3 at the latest. Because the clock signals CK1, CK2, and CK3 have different
delays, and a falling edge of the clock signal CK3 arrives at latch3 first, and a falling edge of
the clock signal CK1 arrives at latch1 at the latest, that is, the latch at which the data arrives
first is the latch at which the falling edge of the clock arrives the last. Therefore, the data
transmitted by the latches latchl, latch2, and latch3 is transmitted among a plurality of latches
latchl, latch2, latch3 in sequence, to effectively avoid data collusion. In this case, another
problem is caused.

FIG. 4 is a schematic diagram of a circuit structure and a sequence diagram of
cascaded latches using different clock signals in another manner. As shown in FIG. 4, when a
plurality of latches latchl, latch2, latch3, ..., and the like are connected in series, a clock signal
end CK of each of the latches is connected to different clock signals. For example, a clock
signal end CK of a latch latch1 is connected to a clock signal CK1, a clock signal end CK of a
latch latch2 is connected to a clock signal CK2, a clock signal end CK of a latch latch3 is
connected to a clock signal CK3, and so on. It can be learned from FIG. 4 that when the phases
of the clock signals CK1, CK2, and CK3 cannot be completely staggered, or when pulse widths
of the clock signals CK1, CK2, and CK3 are excessively wide, data between unstable states of
the latches colludes. A non-ideal pulse signal (glitch) directly colludes to a next level due to
data collusion, resulting in higher power consumption. Further, power consumption of a
computing chip using the latch exceeds expectation. This collusion of the pulse signal is also
referred to as holddown in conventional timing analysis. In addition, a large quantity of buffers
are required for completely staggering the phases between the clock signals.

Therefore, how to effectively reduce a quantity of buffers, avoid data collusion of
cascaded latches, improve the correctness and accuracy of data transmission and latching is a

problem to be resolved.

SUMMARY

To resolve the problem, this application provides a clock generation circuit, a latch
using same, and a computing device, which may effectively shape a clock pulse, reduce the use
of a clock buffer, and improve the correctness and accuracy of data transmission and latching.

To achieve the objective, this application provides a clock generation circuit, including:
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an input end, configured to input a pulse signal; a first output end, configured to output a first
clock signal; a second output end, configured to output a second clock signal; and an input
drive circuit, a latch circuit, an edge shaping circuit, a feedback delay unit, and an output drive
circuit, where the input drive circuit, the latch circuit, the edge shaping circuit, the feedback
delay unit, and the output drive circuit are sequentially connected between the input end and
the first output end as well as the second output end in series.

To better achieve the objective, this application further provides a latch, including: a
data input end, configured to input a data signal; a data output end, configured to output the
data signal; a clock signal input end, configured to input a first clock signal; a plurality of levels
of latch circuits, sequentially connected between the data input end and the data output end in
series according to a first sequence; and a plurality of levels of clock generation circuits,
sequentially connected in series according to a second sequence and electrically connected to
the plurality of levels of latch circuits, where a direction of the first sequence is opposite to a
direction of the second sequence, and the clock generation circuit is the clock generation circuit.

To better achieve the objective, this application further provides a computing device,
including one or more latches.

The following describes this application in detail with reference to the accompanying

drawings and specific embodiments, but should not be used as a limitation on this application.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block circuit diagram and a sequence diagram of an existing latch.

FIG. 2 is a schematic diagram of a circuit structure and a sequence diagram of existing
cascaded latches.

FIG. 3 is a schematic diagram of a circuit structure and a sequence diagram of existing
cascaded latches using different clock signals in a first manner.

FIG. 4 is a schematic diagram of a circuit structure and a sequence diagram of existing
cascaded latches using different clock signals in another manner.

FIG. 5 is a schematic diagram of a circuit structure of a clock generation circuit,
according to an embodiment of this application.

FIG. 6 is a schematic diagram of a circuit structure of an input drive circuit, according
to an embodiment of this application.

FIG. 7 is a schematic diagram of a circuit structure of a latch circuit, according to an

embodiment of this application.



10

15

20

25

30

FIG. 8 is a schematic diagram of a circuit structure of an edge shaping circuit, according
to an embodiment of this application.

FIG. 9 is a schematic diagram of a circuit structure of a feedback delay unit, according
to an embodiment of this application.

FIG. 10 is a schematic diagram of a circuit structure of an output drive circuit, according
to an embodiment of this application.

FIG. 11 is a schematic waveform diagram of a clock signal of a second output end of a
clock generation circuit.

FIG. 12 is a sequence diagram of a latch unit under the control of a clock generation
circuit, according to an embodiment of this application.

FIG. 13 is a schematic diagram of a circuit structure and a sequence diagram of a latch,
according to an embodiment of this application.

FIG. 14 is a schematic diagram of a circuit structure and a sequence diagram of a latch,
according to another embodiment of this application.

Reference numerals:

100. Clock generation circuit

101. Input drive circuit

102. Latch circuit

103. Edge shaping circuit

104. Feedback delay unit

105. Output drive circuit

200. Latch

INVI, INV2, INV3, INV4, and INVS5: Inverters

NANDI and NAND2: NAND gates

P1, P2, and P3: PMOS transistors

N1, N2, and N3: NMOS transistors

CKG, CKG1, CKG2, and CKG3: Clock generation circuits

CKI: Input end

CKO1: First output end

CKO2: Second output end

CKP1, CKP2, and CKP3: Clock signals

Latchl, latch2, and latch3: Latch circuits

D1, D2, and D3: Input ends

Q1, Q2, and Q3: Output ends
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DC: Delay circuit
VDD: Power supply
VSS: Ground

DETAILED DESCRIPTION

The structural principle and the working principle of this application are described
below in detail with reference to the accompanying drawings.

Some terms are used to refer to specific components in the specification and the
appended claims. Those of ordinary knowledge in the art should understand that manufacturers
may designate the same component with different names. In the specification and the appended
claims, a difference in function of components rather than a difference in name is used as a
standard for distinguishing between components.

The terms "include” and “comprise” mentioned in the whole specification and the
appended claims are open terms and therefore should be explained as “included but not limited
to.” In addition, the term “ being connected” includes any direct or indirect means of electrical
connection. The indirect means of electrically connection includes a connection through
another apparatus.

FIG. 5 is a schematic diagram of a circuit structure of a clock generation circuit,
according to an embodiment of this application. As shown in FIG. 5, a clock generation circuit
100 includes an input end CKI, a first output end CKOI1, and a second output end CKO2. An
input drive circuit 101, a latch circuit 102, an edge shaping circuit 103, a feedback delay unit
104, and an output drive circuit 105 are sequentially connected between the input end CKI and
the first output end CKOI1 as well as the second output end CKO2 in series.

Specifically, FIG. 6 is a schematic diagram of a circuit structure of an input drive circuit,
according to an embodiment of this application. As shown in FIG. 5 and FIG. 6, the input drive
circuit 101 is formed by two inverters INV1 and INV?2 that are connected in series. Each of the
inverters INV1 and INV2 includes an input end and an output end. The input end of the inverter
INV1 is electrically connected to the input end CKI of the clock generation circuit 100 and is
configured to provide an initial clock signal to the clock generation circuit 100. The output end
of the inverter INV1 is electrically connected to the input end of the inverter INV2 and is
electrically connected to the edge shaping circuit 103, and the output end of the inverter INV2
is electrically connected to the latch circuit 102. In this application, only the two inverters

connected with each other in series are used as an example. Certainly, the input drive circuit
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101 may alternatively be formed by a plurality of inverters connected in series, which is subject
to enable two output signals electrically connected to the edge shaping circuit 103 and
electrically connected to the latch circuit 102 to have inverted phases. This is not limited in this
application.

Specifically, FIG. 7 is a schematic diagram of a circuit structure of a latch circuit,
according to an embodiment of this application. As shown in FIG. 5 to FIG. 7, the latch circuit
102 is formed by two NAND gates NANDI and NAND?2 that are in cross-connection with
each other. Each of the NAND gates NAND1 and NAND?2 includes a first input end, a second
input end, and an output end. The first input end of the NAND gate NANDI is electrically
connected to the output end of the NAND gate NAND2, the second input end of the NAND
gate NANDI is electrically connected to the feedback delay unit 104, the output end of the
NAND gate NANDI is electrically connected to the edge shaping circuit 103 and the second
input end of the NAND gate NAND2, and the first input end of the NAND gate NAND?2 is
electrically connected to the output end of the inverter INV2.

Specifically, FIG. 8 is a schematic diagram of a circuit structure of an edge shaping
circuit, according to an embodiment of this application. As shown in FIG. 5 to FIG. 8, the edge
shaping circuit includes PMOS transistors P1, P2, and P3 and NMOS transistors N1, N2, and
N3. Each of the PMOS transistors or each of the NMOS transistors includes a first end, a second
end, and a control end. The first ends of the PMOS transistors P1 and P2 are electrically
connected to a power supply VDD, the second ends of the PMOS transistors P1 and P2 are
electrically connected to the first end of the PMOS transistor P3, the second end of the PMOS
transistor P3 is respectively electrically connected to the first ends of the NMOS transistors N1
and N2, the second end of the NMOS transistor N2 is electrically connected to the first end of
the NMOS transistor N3, the second ends of the NMOS transistors N1 and N3 are electrically
connected to a ground VSS, the control ends of the PMOS transistor P1 and the NMOS
transistor N2 are electrically connected to the output end of the inverter INV1, the control ends
of the PMOS transistor P3 and the NMOS transistor N1 are electrically connected to the output
end of the NAND gate NAND1, and the control ends of the PMOS transistor P2 and the NMOS
transistor N3 are electrically connected to the second end of the PMOS transistor P3 and are
electrically connected to the feedback delay unit 104 and the output drive circuit 105.

FIG. 9 is a schematic diagram of a circuit structure of a feedback delay unit, according
to an embodiment of this application. As shown in FIG. 5 to FIG. 9, the feedback delay circuit
104 is formed by a plurality of inverters connected in series. The feedback delay circuit 104

includes an input end and an output end. The input end of the feedback delay circuit 104 is
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electrically connected to the second end of the PMOS transistor P3 in the edge shaping circuit
103, and the output end of the feedback delay circuit 104 is electrically connected to the second
input end of the NAND gate NANDI. It should be noted that the odd-numbered inverters form
the feedback delay circuit 104, to output a signal inverted to that of the input end. A specific
quantity depends on a duration required by delaying an input signal. This is not limited in this
application.

FIG. 10 is a schematic diagram of a circuit structure of an output drive circuit, according
to an embodiment of this application. As shown in FIG. 5 to FIG. 10, the output drive circuit
105 includes inverters INV3, INV4, and INVS. Each of the inverters INV3, INV4, and INVS5
includes an input end and an output end. The input end of the inverter INV3 is electrically
connected to the second end of the PMOS transistor P3 in the edge shaping circuit 103, the
output end of the inverter INV3 is electrically connected to the first output end CKO1, the input
end of the inverter INV4 is electrically connected to the input end of the inverter INV3 and the
input ends of the inverters INV 3 and INV4 are jointly connected to the second end of the
PMOS transistor P3 in the edge shaping circuit 103, the output end of the inverter INV4 is
electrically connected to the input end of the inverter INV5, and the output end of the inverter
INVS5 is electrically connected to the second output end CKO2. In this application, a description
is made by using only one inverter INV3, one inverter INV4, and one inverter INVS5. Certainly,
the inverters INV3, INV4, and INV5 may alternatively be formed by connecting a plurality of
inverters in series, which is subject to inversion of output signals of the first output end CKO1
and the second output end CKO?2. This is not limited in this application.

Therefore, as shown in FIG. 5 to FIG. 10, an initial clock signal is inputted into the
clock generation circuit 100 from the input end CKI, and two phase-inverted clock signals are
generated by the clock generation circuit 100 and are respectively outputted by using the first
output end CKO1 and the second output end CKO?2. FIG. 11 is a schematic waveform diagram
of a clock signal of a second output end of a clock generation circuit. As shown in FIG. 1 and
FIG. 11, the clock signals outputted by the first output end CKOI1 and the second output end
CKO2 of the clock generation circuit 100 are related to only a rising edge of the initial clock
signal inputted by the input end CKI. Therefore, a pulse width of the clock signal outputted by
the second output end CKO2 of the clock generation circuit 100 does not change regardless of
whether a pulse width of the initial clock signal inputted by the input end CKI of the clock
generation circuit 100 is wide or narrow.

FIG. 12 is a sequence diagram of a latch unit under the control of a clock generation

circuit, according to an embodiment of this application. As shown in FIG. 12, for the latch unit
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latch, correct transmission of data depends on a data setup time and a data hold time. A data
hold require time, a data setup require time, a latch unit hold time, a latch unit setup time, a CK
gen delay time, and a clock pulse width need to satisfy the following relationships:

Hold Require Time=Latch Hold+(CK Gen Delay+Pulse Width) (formula 1); and

Setup Require Time=Latch Setup-(CK Gen Delay+Pulse Width) (formula 2). If Latch
Setup is less than Pulse Width, to ensure that data between unstable states of the cascaded latch
units does not collude, Setup Require Time=max(Latch setup, Pulse Width) is required, so that
the pulse width of the clock signal is limited. If Latch Setup is greater than Pulse Width, writing
cannot be performed. That is, the entire data writing stage of the latch unit cannot meet a data
setup requirement. Therefore, this application provides the following latch.

FIG. 13 is a schematic diagram of a circuit structure and a sequence diagram of a latch,
according to an embodiment of this application. As shown in FIG. 13, the latch 200 includes
cascaded latch circuits latchl, latch2, and latch3 and cascaded clock generation circuits CKGl1,
CKG?2, and CKG3. In this application, an example in which a quantity of levels is three is used
for description. In an actual application, there may be more levels. This is not limited in this
application. A cascading sequence of the latch circuits latchl, latch2, and latch3 is a data
transmission sequence, that is, from latch1 to latch2 to latch3, and a cascading sequence of the
clock generation circuits CKG1, CKG2, and CKG3 is a clock signal transmission sequence,
that is, from CKG1 to CKG2 to CKG3. It should be noted that the first-level clock generation
circuit CKGl is electrically connected to the third-level latch circuit latch3, the second-level
clock generation circuit CKG?2 is electrically connected to the second-level latch circuit latch2,
the third-level clock generation circuit CKG3 is electrically connected to the first-level latch
circuit latchl. That is, the cascading sequence of the latch circuits latchl, latch2, and latch3 is
opposite to the cascading sequence of the clock generation circuits.

For a detailed description, referring to FIG. 13 again, the second output ends CKO2 of
the clock generation circuits CKG1, CKG2, and CKG3 respectively provide clock signals
CKP1, CKP2, and CKP3 to the latch circuits latch3, latch2, and latchl. The first output end
CKOl1 of the clock generation circuit CKG1 is electrically connected to the input end CKI of
the clock generation circuit CKG2, and the first output end CKO1 of the clock generation
circuit CKG?2 is electrically connected to the input end CKI of the clock generation circuit
CKG3. The clock signal outputted by the first output end CKO1 and the clock signal outputted
by the second output end CKO?2 have inverted phases. Therefore, phases of the clock signals
CKP1, CKP2, and CKP3 are completely staggered, and no phases overlap, which achieves
higher efficiency compared with a case that the phases of the clock signals CKP1, CKP2, and
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CKP3 are staggered by connecting buffers, and more reliably ensures that the phases are
completely staggered, and the buffers reduced.

FIG. 14 is a schematic diagram of a circuit structure and a sequence diagram of a latch,
according to an embodiment of this application. As shown in FIG. 14, a difference from the
embodiment shown in FIG. 13 lies in that the first output end CKO1 of the clock generation
circuit CKG1 is electrically connected to the input end CKI of the clock generation circuit
CKGQG2 and the input end CKI of the clock generation circuit CKG3. Therefore, when there is a
relatively large logic delay between two levels of adjacent latch circuits such as latchl and
latch2, for example, when an output end Q1 of latchl and an input end D2 of latch2 are
electrically connected to a delay circuit DC, a problem of clock setup of a critical timing path
may be resolved, to improve the working efficiency of the latch.

Certainly, in an actual application, one level of latch circuit may correspond to one level
of clock generation circuit, that is, one level of clock generation circuit provides a clock signal
to one level of latch circuit. Alternatively, each level of latch circuit includes a plurality of latch
units connected in series, a plurality of latch units connected in parallel, or a plurality of latch
units in a combination of serial and parallel connections. That is, one level of clock generation
circuit provides a clock signal to a plurality of latch units. In addition, as required by a load
drive, each level of clock generation circuit may alternatively include a plurality of clock
generation circuits, and one clock generation circuit corresponds to one latch unit. Therefore,
the plurality of formed clock generation circuits are connected together to form a clock tree.
Because the cascading sequence of the latch circuits is opposite to the cascading sequence of
the clock generation circuits, a reverse clock tree is formed. In addition, functions of signal re-
establishment and enhancement are implemented by using the second output end CKO2 of the
clock generation circuit 100. When the clock tree has a large fanout, that is, loading of the clock
tree is large, the data transmission performance may be improved.

Based on the foregoing, the clock generation circuit provided by this application can
generate a clock signal with the same pulse width regardless of a waveform of an initial clock
signal of the clock generation circuit, and can effectively shape a pulse of the clock signal. In
addition, due to the use of a design structure of a reverse clock tree, the latch provided by this
application can effectively implement complete staggering of phases of clock signals, reduce a
quantity of used clock buffers, and improve the correctness and accuracy of data transmission
and latching.

This application further provides a computing device, including one or more latches,

configured to store and transmit data.
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In other words, this application may further have a plurality of other embodiments. A
person skilled in the art may make various corresponding changes and variations according to
this application without departing from the spirit and essence of this application. However,
such corresponding changes and variations shall fall within the protection scope of the claims
appended to this application.

Industrial applicability

The clock generation circuit, the latch using same, and the computing device provided
in this application have the following beneficial effects.

The clock generation circuit provided by this application may generate a clock signal
with the same pulse width regardless of a waveform of an initial clock signal of the clock
generation circuit, and may effectively shape a pulse of the clock signal. In addition, due to the
use of a design structure of a reverse clock tree, the latch may effectively implement complete
staggering of phases between clock signals, reduce a quantity of used clock buffers, and

improve the correctness and accuracy of data transmission and latching.
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CLAIMS

What is claimed is:

1. A clock generation circuit, comprising:

an input end, configured to input a pulse signal;

a first output end, configured to output a first clock signal;

a second output end, configured to output a second clock signal; and

an input drive circuit, a latch circuit, an edge shaping circuit, a feedback delay unit, and
an output drive circuit, wherein

the input drive circuit, the latch circuit, the edge shaping circuit, the feedback delay unit,
and the output drive circuit are sequentially connected between the input end and the first

output end as well as the second output end in series.

2. The clock generation circuit according to claim 1, wherein the input drive circuit
comprises a first inverter and a second inverter that are sequentially connected in series, each
of the first inverter and the second inverter comprises a first end and a second end, the first end
of the first inverter is electrically connected to the input end, the second end of the second
inverter is electrically connected to the latch circuit, and the second end of the first inverter is

electrically connected to the first end of the second inverter and the edge shaping circuit.

3. The clock generation circuit according to claim 2, wherein the latch circuit comprises a
first NAND gate and a second NAND gate that are in a cross-connection with each other, each
of the first NAND gate and the second NAND gate comprises a first end, a second end, and a
third end, the first end of the first NAND gate is electrically connected to the third end of the
second NAND gate, the second end of the first NAND gate is electrically connected to the
feedback delay unit, the third end of the first NAND gate is electrically connected to the second
end of the second NAND gate and the edge shaping circuit, the first end of the second NAND
gate is electrically connected to the second end of the second inverter, and the first end of the

second NAND gate is electrically connected to the second end of the second inverter.

4. The clock generation circuit according to claim 3, wherein the edge shaping circuit
comprises a first PMOS transistor, a second PMOS transistor, a third PMOS transistor, a first
NMOS transistor, a second NMOS transistor, and a third NMOS transistor, each of the first
PMOS transistor, the second PMOS transistor, the third PMOS transistor, the first NMOS



10

15

20

25

30

12

transistor, the second NMOS transistor, and the third NMOS transistor comprises a first end, a
second end, and a control end, the first end of the first PMOS transistor and the first end of the
second PMOS transistor are electrically connected to a power supply, the second end of the
first PMOS transistor and the second end of the second PMOS transistor are electrically
connected to the first end of the third PMOS transistor, the second end of the third PMOS
transistor is respectively electrically connected to the first end of the first NMOS transistor and
the first end of the second NMOS transistor, the second end of the second NMOS transistor is
electrically connected to the first end of the third NMOS transistor, the second end of the first
NMOS transistor and the second end of the third NMOS transistor are electrically connected
to a ground, the control end of the first PMOS transistor and the control end of the second
NMOS transistor are electrically connected to the second end of the first inverter, the control
end of the third PMOS transistor and the control end of the first NMOS transistor are
electrically connected to the third end of the first NAND gate, and the control end of the second
PMOS transistor and the control end of the second NMOS transistor are electrically connected
to the second end of the second PMOS transistor, the feedback delay unit, and the output drive

circuit.

5. The clock generation circuit according to claim 4, wherein the feedback delay circuit
comprises a first end, a second end, and a plurality of inverters connected between the first end
of the feedback delay circuit and the second end of the feedback delay circuit in series, the first
end of the feedback delay circuit is electrically connected to the second end of the third PMOS
transistor, and the second end of the feedback delay circuit is electrically connected to the

second end of the first NAND gate.

6. The clock generation circuit according to claim 5, wherein the output drive circuit
comprises a third inverter, a fourth inverter, and a fifth inverter, each of the third inverter, the
fourth inverter, and the fifth inverter comprises a first end and a second end, the first end of the
third inverter is electrically connected to the second end of the third PMOS transistor, the
second end of the third inverter is electrically connected to the first output end, the first end of
the fourth inverter is electrically connected to the second end of the third PMOS transistor, the
second end of the fourth inverter is electrically connected to the first end of the fifth inverter,

and the second end of the fifth inverter is electrically connected to the second output end.

7. A latch, comprising:
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a data input end, configured to input a data signal;

a data output end, configured to output the data signal;

a clock signal input end, configured to input a first clock signal;

a plurality of levels of latch circuits, sequentially connected between the data input end
and the data output end in series according to a first sequence; and

a plurality of levels of clock generation circuits, sequentially connected in series according
to a second sequence and electrically connected to the plurality of levels of latch circuits,
wherein

a direction of the first sequence is opposite to a direction of the second sequence, and the

clock generation circuit is the clock generation circuit according to claim 1.

8. The latch according to claim 7, wherein one level of the levels of latch circuits

corresponds to one level of the levels of clock generation circuits.

9. The latch according to claim 8, wherein each level of the levels of latch circuits further

comprises a plurality of latch units.

10. The latch according to claim 9, wherein each level of the levels of clock generation

circuits further comprises a plurality of clock generation circuits.

11. The latch according to claim 9, wherein the plurality of latch units are connected in

series.

12. The latch according to claim 9, wherein the plurality of latch units are connected in

parallel.

13. The latch according to claim 9, wherein the plurality of latch units are in a combination

of serial and parallel connections.

14. The latch according to claim 10, wherein each of the latch units corresponds to each

of the clock generation circuits.

15. A computing device, comprising one or more latches according to any one of claims

7 to 14.



