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(54) CIRCUIT AND ELECTRONIC DEVICE

(57) A circuit is disclosed, including a synchronizer
register and a level shifter. The synchronizer register is
electrically connected to the level shifter, the level shifter
is powered by a dual-rail power supply, and a high-volt-

age power supply in the dual-rail power supply supplies
power to the synchronizer register. A metastable state
elimination capability of the synchronizer register can be
improved by using the circuit.



EP 4 050 493 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

CIRCUIT AND ELECTRONIC DEVICE

[0001] This application claims priority to Chinese Pat-
ent Application No. 201911114439.6, filed with China Na-
tional Intellectual Property Administration on November
14, 2019, and entitled "CIRCUIT AND ELECTRONIC
DEVICE", which is incorporated herein by reference in
its entirety.

TECHNICAL FIELD

[0002] This application relates to the field of commu-
nication technologies, and in particular, to a circuit.

BACKGROUND

[0003] With an increase in a design scale of electronic
hardware and emergence of the system on chip (system
on chip, SOC), a quantity of clock domain crossing signal
circuits in a design of a field programmable gate array
(field programmable gate array, FPGA) and an applica-
tion-specific integrated circuit (application-specific inte-
grated circuit, ASIC) increases correspondingly. As a re-
sult, a probability of a metastable state caused by clock
domain crossing in the circuit also increases.
[0004] The probability of the metastable state may be
reduced through sampling performed by a synchronizer
register. Currently, a probability of a metastable state that
occurs after the synchronizer register performs process-
ing may be described according to a formula

 . MTBF represents mean time be-
tween failures (mean time between failures, MTBF). t in
the formula is a maximum valid metastable state resolv-
ing time period, and indicates time taken by the synchro-
nizer register to recover from the metastable state. f is a
sampling clock frequency, that is, a clock frequency of
the register. α is a frequency at which an asynchronous
event is triggered, that is, a quantity of asynchronous
input changes per second. C1 and C2 are parameters of
the register, which are determined by electrical charac-
teristics of the register and can represent a register flip
speed. The MTBF can be extended by increasing t or
decreasing C1, C2, α, and f, to extend an interval be-
tween two failures.
[0005] Currently, a common practice in the industry for
reduction of a probability of a metastable state is to in-
crease a value of t, that is, to increase a beat quantity of
an asynchronous sampling register. However, an in-
crease in the beat quantity of the asynchronous sampling
register significantly increases a system delay and great-
ly affects system performance. Therefore, it is significant
to improve a metastable state elimination capability of a
synchronizer register.

SUMMARY

[0006] Embodiments of this application provide a cir-
cuit, to improve a metastable state elimination capability
of a synchronizer register.
[0007] To achieve the foregoing objective, embodi-
ments of this application provide the following technical
solutions.
[0008] A first aspect of this application provides a cir-
cuit. The circuit may include a synchronizer register and
a level shifter. The synchronizer register is electrically
connected to the level shifter, the level shifter is powered
by a dual-rail power supply, and a high-voltage power
supply in the dual-rail power supply supplies power to
the synchronizer register. It can be learned from the first
aspect that a power supply voltage of the synchronizer
register can be separately increased, to further improve
a metastable state elimination capability of the synchro-
nizer register.
[0009] Optionally, with reference to the first aspect, in
a first possible implementation, the circuit may include
one synchronizer register and N level shifters. The syn-
chronizer register includes N ports, each of the N ports
is connected to one of the N level shifters, and level shift-
ers connected to any two of the N ports are different,
where N is a positive integer.
[0010] Optionally, with reference to the first aspect, in
a second possible implementation, the circuit includes M
synchronizer registers. The M synchronizer registers are
connected in a cascading manner, and the high-voltage
power supply in the dual-rail power supply supplies pow-
er to the M synchronizer registers.
[0011] Optionally, with reference to the second possi-
ble implementation of the first aspect, in a third possible
implementation, a value of M is 2.
[0012] A second aspect of this application provides an
electronic device. The electronic device includes a circuit.
The circuit may include a synchronizer register and a
level shifter. The synchronizer register is electrically con-
nected to the level shifter, the level shifter is powered by
a dual-rail power supply, and a high-voltage power supply
in the dual-rail power supply supplies power to the syn-
chronizer register.
[0013] Optionally, with reference to the second aspect,
in a first possible implementation, the circuit may include
one synchronizer register and N level shifters. The syn-
chronizer register includes N ports, each of the N ports
is connected to one of the N level shifters, and level shift-
ers connected to any two of the N ports are different,
where N is a positive integer.
[0014] Optionally, with reference to the second aspect,
in a second possible implementation, the circuit includes
M synchronizer registers. The M synchronizer registers
are connected in a cascading manner, and the high-volt-
age power supply in the dual-rail power supply supplies
power to the M synchronizer registers.
[0015] Optionally, with reference to the second possi-
ble implementation of the second aspect, in a third pos-
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sible implementation, a value of M is 2.
[0016] Optionally, with reference to the second aspect,
the first possible implementation of the second aspect,
or the second possible implementation of the second as-
pect, in a fourth possible implementation, the electronic
device may further include a peripheral logic circuit. A
low voltage in the dual-rail power supply supplies power
to the peripheral logic circuit. It can be learned from the
fourth possible implementation of the second aspect that,
when a voltage of the power supply for the peripheral
logic circuit is reduced for power consumption reduction,
the power supply voltage of the synchronizer register re-
mains unchanged, so that the metastable state elimina-
tion capability of the synchronizer register is not affected.
[0017] Optionally, with reference to the second aspect,
the first possible implementation of the second aspect,
or the second possible implementation of the second as-
pect, in a fifth possible implementation, a dual-rail mem-
ory is further included. The dual-rail power supply for the
level shifter is the dual-rail power supply for the memory.
[0018] In this application, the synchronizer register is
powered by a separate power supply, which is different
from the power supply for the peripheral logic circuit.
Compared with supplying power to a synchronizer reg-
ister and a peripheral logic circuit by using a same power
supply, the technical solution provided in this application
can further improve the metastable state elimination ca-
pability of the synchronizer register. In addition, when a
voltage of the power supply for the peripheral logic circuit
decreases, the power supply voltage of the synchronizer
register remains unchanged, that is, a voltage of a second
power supply remains unchanged, so that the metastable
state elimination capability of the synchronizer register
is not affected.

BRIEF DESCRIPTION OF DRAWINGS

[0019]

FIG. 1 is a schematic diagram of a structure of a
circuit according to this application;
FIG. 2 is a schematic diagram of a structure of an-
other circuit according to this application; and
FIG. 3 is a schematic diagram of a structure of an
electronic device according to this application.

DESCRIPTION OF EMBODIMENTS

[0020] Embodiments of this application provide a cir-
cuit, to improve a metastable state elimination capability
of a synchronizer register. Embodiments of this applica-
tion further provide a corresponding electronic device.
Detailed descriptions are provided separately below.
[0021] The following clearly and completely describes
the technical solutions in embodiments of this application
with reference to the accompanying drawings in embod-
iments of this application. It is clear that the described
embodiments are merely some but not all of embodi-

ments of this application. All other embodiments obtained
by a person skilled in the art based on embodiments of
this application without creative efforts shall fall within
the protection scope of this application.
[0022] With an increase in a design scale of electronic
hardware and emergence of a system on chip (system
on chip, SOC), a quantity of clock domain crossing signal
circuits in a design of a field programmable gate array
(field programmable gate array, FPGA) and an applica-
tion-specific integrated circuit (application-specific inte-
grated circuit, ASIC) increases correspondingly. As a re-
sult, a probability of a metastable state caused by clock
domain crossing in the circuit also increases. Clock do-
main crossing is sometimes referred to as clock domain
asynchronization in this application. When a signal is
transferred between clock domains, a probability of a
metastable state may be reduced by using synchronizer
register sampling. Currently, a probability of a metastable
state after synchronizer register processing may be de-
scribed with a following formula: 

[0023] MTBF represents mean time between failures
(mean time between failures, MTBF). t in the formula is
a maximum valid metastable state resolving time period,
and indicates time taken by the synchronizer register to
recover from the metastable state. f is a clock sampling
frequency, that is, a clock frequency of the register. α is
a frequency at which an asynchronous event is triggered,
that is, a quantity of asynchronous input changes per
second. C1 and C2 are parameters of the register, which
are determined by electrical characteristics of the register
and can represent a register flip speed. The MTBF can
be extended by increasing t or decreasing C1, C2, α, and
f, to extend an interval between two failures. Currently,
a common practice in the industry for reduction of a prob-
ability of a metastable state is to increase a value of t,
that is, to increase a beat quantity of an asynchronous
sampling register. However, an increase in the beat
quantity of the asynchronous sampling register signifi-
cantly increases a system delay and greatly affects sys-
tem performance. Therefore, it is significant to improve
a metastable state elimination capability of a synchroniz-
er register.
[0024] FIG. 1 is a schematic diagram of a structure of
a circuit according to this application. As shown in FIG.
1, the circuit includes one synchronizer register and N
level shifters (level shifter). The synchronizer register in-
cludes N ports, where N is a positive integer. Any one of
the N level shifters includes two ports, where one of the
two ports is connected to any one of the N ports of the
synchronizer register, and the other port is connected to
a first power supply. The synchronizer register is pow-
ered by a second power supply. In other words, each of
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the N ports of the synchronizer register is connected to
one level shifter, the second power supply supplies pow-
er to the synchronizer register, and the level shifter is
powered by a dual-rail power supply, that is, the level
shifter supports dual-rail power supply. The power supply
for the level shifter includes the first power supply and
the second power supply. The first power supply supplies
power to a peripheral logic circuit, and the peripheral logic
circuit is a circuit other than the foregoing circuit in a de-
vice including the foregoing circuit. The second power
supply supplies power to the synchronizer register. A
higher voltage indicates a smaller value of C1. Therefore,
in a specific implementation, the second power supply
has a high voltage, and the first power supply has a low
voltage. In the specification, claims, and accompanying
drawings of this application, the terms "first", "second",
and the like are intended to distinguish between similar
objects but do not represent a limitation on the solutions.
[0025] It should be noted that a quantity of ports includ-
ed in the synchronizer register is not limited in embodi-
ments of this application. As shown in FIG. 1, the syn-
chronizer register includes three ports: an input port D,
an output port Q, and a clock port CP. The three ports
are merely examples for description, and this does not
represent a limitation on the quantity of the ports included
in the synchronizer register.
[0026] It can be learned, from the structure of the circuit
shown in FIG. 1, that the synchronizer register is powered
by a separate power supply, which is different from the
power supply for the peripheral logic circuit. That a syn-
chronizer register and a peripheral logic circuit are pow-
ered by a same power supply may have the following
disadvantages: For example, in many designs, a voltage
is reduced for power consumption reduction. However,
reducing the voltage increases a value of C1 of the syn-
chronizer register. According to the foregoing descrip-
tion, an increase in the value of C1 weakens the metast-
able state elimination capability of the synchronizer reg-
ister. In addition, for another example, a quantity of phase
inverters on a feedback path in the synchronizer register
may usually be increased to improve the metastable state
elimination capability of the synchronizer register. How-
ever, when a voltage of the power supply for the synchro-
nizer register and the peripheral logic circuit is deter-
mined, only an increase in a quantity of phase inverters
on the feedback path of the synchronizer register grad-
ually decreases the impact on improvement of the
metastable state elimination capability of the synchroniz-
er register. The disadvantage that may exist when a syn-
chronizer register and a peripheral logic circuit are pow-
ered by the same power supply can be resolved by using
the circuit structure shown in FIG. 1. A supply voltage of
the synchronizer register can be increased separately,
that is, a voltage of the second power supply can be in-
creased by using the circuit structure shown in FIG. 1.
Compared with a solution in which the synchronizer reg-
ister and the peripheral logic circuit are powered by the
same power supply, this solution may further improve

the metastable state elimination capability of the synchro-
nizer register. In addition, when a voltage of the power
supply for the peripheral logic circuit decreases, that is,
when a voltage of the first power supply mentioned above
decreases, the power supply voltage of the synchronizer
register may remain unchanged, that is, the voltage of
the second power supply remains unchanged, so that
the metastable state elimination capability of the synchro-
nizer register is not affected.
[0027] The circuit shown in FIG. 1 includes only one
synchronizer register. In a specific implementation, the
circuit may include a plurality of synchronizer registers.
FIG. 2 is a schematic diagram of a structure of another
circuit according to this application. A quantity of syn-
chronizer registers in the circuit may be increased to fur-
ther reduce a probability of a metastable state. A quantity
of synchronizer registers that may be included in the cir-
cuit is not limited in this embodiment of this application.
As shown in FIG. 2, an example in which the circuit in-
cludes two synchronizer registers is used for description.
The two synchronizer registers are connected in a cas-
cading manner. Cascading means that an output of one
synchronizer register is used as an input for the other
synchronizer register. As shown in FIG. 2, a first synchro-
nizer register and a second synchronizer register are
connected in a cascading manner, and each of other
ports of the first synchronizer and the second synchro-
nizer is connected to one circuit shifter. The other ports
herein are ports of the synchronizer register other than
a port for cascading connection. Each circuit shifter in
the circuit supports dual-rail power supply. Cascaded
synchronizer registers are powered by a same power
supply. A power supply for a peripheral logic circuit is
different from the power supply for the synchronizer reg-
ister. Peripheral logic circuits are powered by a same
power supply.
[0028] In a specific implementation, this application
further provides an electronic device. The electronic de-
vice includes the circuit described above.
[0029] In a specific implementation, the electronic de-
vice further includes a dual-rail memory. A dual-rail mem-
ory is currently a typical design scheme of a memory.
When a device includes both a dual-rail memory and a
synchronizer register, a dual-rail power supply supported
by a level shifter is the dual-rail power supply for the dual-
rail memory. A high-voltage power supply in the dual-rail
memory may supply power to the synchronizer register.
When a voltage of the high-voltage power supply is in-
creased, the metastable state elimination capability of
the synchronizer register can be improved. As shown in
FIG. 3, an example in which a circuit includes one syn-
chronizer register is used for description. If a power sup-
ply for a memory cell array (array) is a high-voltage power
supply in a dual-rail memory, and a power supply for a
peripheral circuit (peripheral) of the memory is a low-
voltage power supply in the dual-rail memory, the power
supply for the array supplies power to the synchronizer
register, and the power supply for the peripheral supplies
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power to a peripheral logic circuit. The peripheral logic
circuit herein is a circuit in the electronic device other
than the synchronizer register and the dual-rail memory.
In addition to supplying power to the synchronizer regis-
ter by using the high-voltage power supply in the dual-
rail memory listed in this implementation, there are other
manners. For example, a high-voltage power supply is
needed only in the design to supply power to the syn-
chronizer register. Alternatively, the power supply is con-
nected to a high-voltage power supply for the synchro-
nizer register, to improve the metastable state elimination
capability of the synchronizer register.
[0030] The circuit and the electronic device provided
in embodiments of the present invention are described
in detail above. The principles and implementations of
the present invention are described herein by using spe-
cific examples. The description about the foregoing em-
bodiments is merely provided to help understand the
methods and core ideas of this application. In addition,
a person of ordinary skill in the art can make modifications
to the specific implementations and application scopes
according to the ideas of this application. In conclusion,
content of this specification shall not be construed as a
limitation on this application.

Claims

1. A circuit, comprising: a synchronizer register and a
level shifter, wherein the synchronizer register is
electrically connected to the level shifter, the level
shifter is powered by a dual-rail power supply, and
a high-voltage power supply in the dual-rail power
supply supplies power to the synchronizer register.

2. The circuit according to claim 1, wherein the circuit
comprises one synchronizer register and N level
shifters, the synchronizer register comprises N ports,
each of the N ports is connected to one of the N level
shifters, and level shifters connected to any two of
the N ports are different, wherein N is a positive in-
teger.

3. The circuit according to claim 1, wherein the circuit
comprises M synchronizer registers, the M synchro-
nizer registers are connected in a cascading manner,
and the high-voltage power supply in the dual-rail
power supply supplies power to the M synchronizer
registers, wherein M is a positive integer.

4. The circuit according to claim 3, wherein M is 2.

5. An electronic device, wherein the electronic device
comprises a circuit, the circuit comprises a synchro-
nizer register and a level shifter, the synchronizer
register is electrically connected to the level shifter,
the level shifter is powered by a dual-rail power sup-
ply, and a high-voltage power supply in the dual-rail

power supply supplies power to the synchronizer
register.

6. The electronic device according to claim 5, wherein
the circuit comprises one synchronizer register and
N level shifters, the synchronizer register comprises
N ports, each of the N ports is connected to one of
the N level shifters, and level shifters connected to
any two of the N ports are different, wherein N is a
positive integer.

7. The electronic device according to claim 5, wherein
the circuit comprises M synchronizer registers, the
M synchronizer registers are connected in a cascad-
ing manner, and the high-voltage power supply in
the dual-rail power supply supplies power to the M
synchronizer registers, wherein M is a positive inte-
ger.

8. The electronic device according to claim 7, wherein
M is 2.

9. The electronic device according to any one of claims
5 to 7, further comprising a peripheral logic circuit,
wherein a low voltage in the dual-rail power supply
supplies power to the peripheral logic circuit.

10. The electronic device according to any one of claims
5 to 7, further comprising a dual-rail memory, where-
in the dual-rail power supply for the level shifter is
the dual-rail power supply for the memory.
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