ELECTRONIC DEVICE

[0001] The present application claims priority to Chinese Patent Application No.
202211021806X, filed to the China National Intellectual Property Administration on
August 24, 2022 and entitled "Electronic Device", which is incorporated herein by

reference in its entirety.

[0002] The present application claims priority to Chinese Patent Application No.
2022222499479, filed to the China National Intellectual Property Administration on
August 24, 2022 and entitled "Electronic Device", which is incorporated herein by

reference in its entirety.

TECHNICAL FIELD

[0003] The present disclosure relates to the technical field of heat dissipation, and

in particular, to an electronic device.

BACKGROUND

[0004] With the development of artificial intelligence and big data technologies,
the requirements for computing power of electronic devices become higher and higher.
In order to meet the requirements for computing power, a plurality of working chips are
generally arranged on a circuit board of an electronic device for parallel computing. In
the related technologies, an electronic device includes a plurality of circuit boards, and
in a case where one of the circuit boards needs to be maintained, all the plurality of
circuit boards need to be removed at the same time, causing complex assembly and
disassembly, and high maintenance cost. In addition, working chips generate a large
amount of heat in a working process, and a radiator needs to be provided to dissipate
heat for the circuit board. Therefore, how to improve the heat dissipation performance

of the radiator for the circuit board becomes a technical problem to be solved urgently.

SUMMARY
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[0005] Embodiments of the present disclosure provide an electronic device to
solve or alleviate one or more technical problems in the existing technologies. The

electronic device includes:
a housing;

working assemblies mounted in the housing, wherein each working assembly
includes a circuit board and a radiator, the circuit board including a substrate
and a plurality of working chips provided on the substrate; and the working

assemblies are detachably mounted within the housing;

a control board connected to the circuit board; and

a power source configured to supply power to the circuit board.
[0006] In an embodiment, the electronic device further includes:

a plurality of thermal conductive elements, wherein each thermal conductive
element covers at least two adjacent working chips and a region between the

adjacent working chips; and

the radiator includes a heat dissipation main body and heat dissipation fins,
wherein the heat dissipation main body includes a first surface and a second
surface opposite to each other, the first surface is connected to the heat
dissipation fins, and the second surface is provided with a plurality of bosses,
wherein the bosses are in contact with at least one of the thermal conductive
elements, and an extension direction of the bosses is the same as an extension

direction of the thermal conductive elements.

[0007] In an embodiment, the plurality of working chips are distributed in rows
and columns, an average spacing between the plurality of working chips in a row
direction is greater than an average spacing between the plurality of working chips in a

column direction, and the thermal conductive elements extend in the column direction.

[0008] In an embodiment, the plurality of working chips form a plurality of
working chip columns, voltage regulation circuits are further provided on the substrate,
and components of at least some of the voltage regulation circuits are distributed among

the working chip columns.



[0009] In an embodiment, the plurality of working chips are distributed in rows
and columns, an average spacing between the plurality of working chips in a row
direction is less than an average spacing between the plurality of working chips in a

column direction, and the thermal conductive elements extend in the row direction.

[0010] In an embodiment, the plurality of working chips form a plurality of
working chip rows, voltage regulation circuits are further provided on the substrate, and
components of at least some of the voltage regulation circuits are distributed among the

working chip rows.

[0011] In an embodiment, the thermal conductive elements extend in a direction

perpendicular to a heat dissipation direction.

[0012] In an embodiment, in the heat dissipation direction, spacing between at

least some of adjacent working chips is gradually increased.

[0013] In an embodiment, the housing encloses a heat dissipation air duct, the
circuit board and the radiator are both provided in the heat dissipation air duct, and the

heat dissipation direction is an air direction of the heat dissipation air duct.

[0014] In an embodiment, the spacing between at least some of adjacent working
chips is positively correlated with a distance from the adjacent working chips to an air

inlet of the heat dissipation air duct.

[0015] In an embodiment, an inner cavity of the radiator accommodates a heat
dissipation medium, and the heat dissipation direction is a flowing direction of the heat

dissipation medium.

[0016] Inanembodiment, the respective working chips have the same size, and/or

the respective working chips have the same heating area.

[0017] In an embodiment, at least one metal piece is provided between the
adjacent working chips connected in series, and a thermal conductive element between

the adjacent working chips covers the metal piece.

[0018] In an embodiment, a projection of a boss on the substrate corresponds to

the metal piece.

[0019] In an embodiment, a projection of the thermal conductive element on the

substrate corresponds to the metal piece between the adjacent working chips.



[0020] In an embodiment, a thickness of the metal piece is less than or equal to a
thickness of a working chip, and a thickness direction of the metal piece and a thickness

direction of the working chip are perpendicular to the substrate.

[0021] In an embodiment, the housing encloses a heat dissipation air duct, and
the circuit board and the radiator are both provided in the heat dissipation air duct; the
electronic device further includes a seal provided at end portions of the radiator and the
circuit board close to the air inlet of the heat dissipation air duct, wherein the seal

extends in the direction perpendicular to the air direction of the heat dissipation air duct.
[0022] In an embodiment, the seal includes:

a seal body abutting against the end portions of the circuit board and the radiator

close to the air inlet; and

a seal protruding portion protruding from the seal body and located at a gap

between the radiator and the circuit board.

[0023] In an embodiment, the seal protruding portion is an integrated member
extending in a length direction of the seal body, and the length direction of the seal body

is perpendicular to the air direction.

[0024] In an embodiment, the seal protruding portion includes a plurality of sub-
protruding portions arranged in a length direction of the seal body, and the length

direction of the seal body is perpendicular to the air direction.

[0025] In an embodiment, protrusion members are formed on the seal protruding
portion, and a protruding direction of the protrusion members is perpendicular to the

circuit board.

[0026] In an embodiment, protrusion members are formed on the seal protruding
portion, and a protruding direction of the protrusion members is perpendicular to the

circuit board.

[0027] In an embodiment, a protrusion member is an integrated member
extending in a length direction of the seal protruding portion, and the length direction

of the seal protruding portion is perpendicular to the air direction.



[0028] In an embodiment, a protrusion member includes a plurality of sub-
protrusion members arranged in a length direction of the seal protruding portion, and

the length direction of the seal protruding portion is perpendicular to the air direction.

[0029] In an embodiment, an air guide portion is formed on a surface of the seal

body facing away from the seal protruding portion.

[0030] Inanembodiment, a cross section of the air guide portion is in a triangular
or semicircular shape, and the cross section of the air guide portion is perpendicular to

the circuit board.

[0031] In an embodiment, a seal protruding towards the circuit board is formed
at an end portion of the radiator close to the air inlet, and the seal is in contact with the

end portion of the circuit board close to the air inlet.

[0032] In an embodiment, the plurality of working chips form a plurality of
working chip rows, an extension direction of the working chip rows is perpendicular to
the air direction, and an extension length of the seal is greater than a length of the

working chip rows.

[0033] In an embodiment, an extension length of the seal is less than a length of

the circuit board in the direction perpendicular to the air direction.

[0034] In an embodiment, the circuit board is a single-layer circuit board, and the

circuit board further includes:

at least one bridging element provided at an intersection of circuit connection lines,
wherein the bridging element includes a zero-ohm resistor and/or a zero-ohm metal

patch.

[0035] In an embodiment, the zero-ohm resistor is provided opposite to a recess

portion on the radiator.

[0036] In an embodiment, the electronic device further includes a control board,
and a signal transmission circuit provided on the substrate, wherein the signal

transmission circuit includes:

N stages of working circuits connected in series, wherein each working circuit
respectively includes at least one working chip, where N is an integer greater

than 1, a first-stage working circuit is connected to a first system voltage, and



an Nth-stage working circuit is connected to a second system voltage, the

second system voltage being higher than the first system voltage; and

a signal voltage conversion circuit, wherein a first input/output end of the signal
voltage conversion circuit is connected to the Nth-stage working circuit, and a
second input/output end of the signal voltage conversion circuit is connected to

the control board;

wherein the signal voltage conversion circuit is configured to perform voltage
conversion on a control board signal sent by the control board and then send
the converted control board signal to the N stages of working circuits;
alternatively, the signal voltage conversion circuit is configured to perform
voltage conversion on working circuit signals sent by the N stages of working

circuits and then send the converted working circuit signals to the control board.

[0037] In an embodiment, the first-stage working circuit is configured to receive
the control board signal, and the signal voltage conversion circuit is configured to send

a working circuit signal of the Nth-stage working circuit to the control board.
[0038] In an embodiment, the signal transmission circuit further includes:

a plurality of voltage regulation circuits connected to at least some stages of
working circuits in one-to-one correspondence, wherein each voltage
regulation circuit respectively includes at least one power source chip, and is
configured to provide at least one regulation voltage for the connected working

circuit.

[0039] In an embodiment, the signal voltage conversion circuit includes a first
power supply end and a first grounding end, which are respectively connected to a
regulation voltage power supply end of the Nth-stage working circuit and a grounding

end of the Nth-stage working circuit.

[0040] In an embodiment, the signal voltage conversion circuit further includes a
second power supply end and a second grounding end, which are respectively
connected to a power supply end of the control board and a grounding end of the control

board.

[0041] In an embodiment, the signal voltage conversion circuit further includes a

second power supply end and a second grounding end, which are respectively
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connected to a regulation voltage power supply end of the first-stage working circuit

and a grounding end of the first-stage working circuit.

[0042] The technical solutions of the embodiments of the present disclosure can
improve the heat dissipation performance and power supply performance of a circuit

board.

[0043] The foregoing summary is for the purpose of illustration only and is not
intended to be limiting in any way. In addition to the illustrative aspects, embodiments,
and features described above, further aspects, embodiments, and features of the present
disclosure will become readily apparent by reference to the drawings and the following

detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] In the drawings, like reference signs designate identical or similar parts or
elements throughout the multiple figures unless otherwise specified. The figures are not
necessarily drawn to scale. It should be understood that these figures depict only some
embodiments in accordance with the present disclosure and should not be taken as

limiting the scope of the present disclosure.

[0045] FIG. 1 shows a schematic diagram of an electronic device according to an

embodiment of the present disclosure;

[0046] FIGS.2,3,4,5 and 6 show schematic diagrams of circuit boards according

to embodiments of the present disclosure, respectively;

[0047] FIGS. 7, 8,9, 10 and 11 show schematic diagrams of electronic devices

according to embodiments of the present disclosure, respectively;

[0048] FIG. 12 shows a schematic diagram of a circuit board according to an

embodiment of the present disclosure;

[0049] FIGS. 13A, 13B and 13C, and FIGS. 14A, 14B and 14C show schematic

diagrams of seals according to embodiments of the present disclosure, respectively;

[0050] FIGS. 15, 16 and 17 show circuit diagrams of signal transmission circuits

according to embodiments of the present disclosure;



[0051] FIG. 18 shows a diagram illustrating a working principle of a signal

voltage conversion circuit according to an embodiment of the present disclosure;

[0052] FIGS. 19,20 and 21 show circuit diagrams of signal transmission circuits

according to embodiments of the present disclosure; and

[0053] FIG. 22 shows a schematic diagram of a circuit board according to an

embodiment of the present disclosure.

DETAILED DESCRIPTION

[0054] Hereinafter, only certain exemplary embodiments are briefly described.
As recognizable to those skilled in the art, embodiments as described may be modified
in various different ways without departing from the spirit or scope of the present
disclosure. Accordingly, the drawings and description are to be regarded as illustrative

in nature and not as restrictive.

[0055] Embodiments of the present application provide an electronic device. As
shown in FIG. 1, the electronic device includes a housing (not shown in the figure),
working assemblies, a control board and a power source (not shown in the figure). The
number of working assemblies is at least two, each working assembly is detachably
mounted in the housing, and the control board is connected to the circuit board.
Exemplarily, the control board is in signal connection with the circuit board, for
example, the connection between the control board and the circuit board is implemented
via a signal line, and the signal line may be a flexible flat cable. The working assemblies
are mounted within the housing, where each working assembly includes a circuit board
70 and a radiator. The circuit board 70 includes a substrate 30 and a plurality of working
chips 110 provided on the substrate 30. The power source is configured to supply power

to the circuit board 70.

[0056] The radiator is located on the side of the circuit board where the working
chips 110 are provided, and is configured to dissipate heat for the circuit board 70, such
as the radiator 80. The radiator may also be located on the side of the circuit board
where the working chips 110 are not provided, such as the radiator 89. The structures

of the radiator 80 and the radiator 89 may be the same or different. Alternatively, both



sides of the circuit board 70 are provided with working chips 110, and both sides of the

circuit board 70 are provided with radiators, respectively.

[0057] Slideways 891 are provided at two opposite ends of the radiator, opposite
sliding rails are provided on the housing, and the slideways 891 of the radiator fit the
sliding rails on the housing to implement assembly and disassembly of working

assemblies.

[0058] The radiator in this embodiment may be an air-cooled radiator, and may

also be a liquid-cooled radiator, which is not limited in this embodiment.

[0059] Exemplarily, the respective working chips 110 have the same size, and the
respective working chips 110 have the same length, width and thickness. In turns, the

respective working chips 110 have the same heating area.

[0060] The circuit board in this embodiment may be a computing circuit board,
so0 as to meet the requirements for computing power in the fields of artificial intelligence
and big data. The electronic device in this embodiment may be a computing device, and
is applied to scenarios with high computing burden in the fields of artificial intelligence

and big data.

[0061] Inan embodiment, the electronic device may include a plurality of thermal
conductive elements, wherein a thermal conductive element covers at least two adjacent
working chips 110 and a region between the adjacent working chips 110. In this way,
heat can be dissipated not only for the working chips 110 but also for the substrate 30,

thereby increasing the heat dissipation efficiency of the circuit board.

[0062] In an example, as shown in FIG. 2, one thermal conductive element 501
covers several working chips 110A, 110B and 110C, and regions between the working
chips 110A, 110B and 110C. It should be noted that, in this embodiment, the number
and size of the thermal conductive elements 501, and the number of working chips 110
covered thereby are not limited, which may be differently configured as actually

needed.

[0063] In an embodiment, the plurality of working chips 110 are distributed in
rows and columns, and the spacing between adjacent working chips 110 may be

different, i.e. the sparse states based on the distribution of the working chips 110 may



be different. The thermal conductive elements are adapted to extend in a distribution

direction with small spacing.

[0064] In an example, as shown in FIG. 3, the plurality of working chips 110 are
distributed in rows and columns, the average spacing between the plurality of working
chips 110 in a row direction X is greater than the average spacing between the plurality
of working chips 110 in a column direction Y, and the thermal conductive elements 502
extend in the column direction Y. Thus, the area of the thermal conductive elements can

be reduced, thereby saving the material for forming the thermal conductive elements.

[0065] In another example, as shown in FIG. 4, the average spacing between the
plurality of working chips 110 in a row direction X is less than the average spacing
between the plurality of working chips 110 in a column direction Y, and the thermal
conductive elements 503 extend in the row direction X. Thus, the area of the thermal
conductive elements can be reduced, thereby saving the material for forming the

thermal conductive elements.

[0066] It should be noted that, in this embodiment, the number and size of the
thermal conductive elements 502 and 503, and the number of working chips 110
covered thereby are not limited, which may be differently configured as actually

needed.

[0067] Exemplarily, in this embodiment, the material of the thermal conductive
elements may be silicone grease, silicone rubber, or a silicone rubber strip, that is, the
thermal conductive elements may be a silicone grease layer or a silicone rubber layer,
and coated on or attached to the surfaces of the plurality of working chips 110 and

regions between the plurality of working chips 110.

[0068] In an embodiment, the plurality of working chips are distributed in rows
and columns, the spacing between at least some of adjacent working chips is gradually
increased in the heat dissipation direction of the radiator, and the thermal conductive

elements extend in the direction perpendicular to the heat dissipation direction.

[0069] Inanexample, as shown in FIG. 5, the heat dissipation direction is parallel
to the row direction X, the spacing between adjacent working chips 110 is gradually
increased in the heat dissipation direction, and the thermal conductive elements 504

extend in the column direction Y.
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[0070] In another example, as shown in FIG. 6, the heat dissipation direction is
parallel to the column direction Y, the spacing between adjacent working chips 110 is
gradually increased in the heat dissipation direction, and the thermal conductive

elements 505 extend in the row direction X.

[0071] Thus, the area of the thermal conductive elements can be reduced, thereby

saving the material for forming the thermal conductive elements.

[0072] It should be noted that, in this embodiment, "gradually increased" should
be understood as a variation trend of the spacing, that is, the spacing between adjacent
working chips does not increase one by one, and the spacing between several adjacent
working chips is allowed to decrease in the heat dissipation direction, as long as the
spacing between adjacent working chips generally has an increase trend in the heat
dissipation direction. For example, in order to provide avoidance for other components
or provide other components, the spacing between several adjacent working chips may

be decreased in the heat dissipation direction.

[0073] Exemplarily, the radiator may be an air-cooled radiator, for example, the
housing is configured to enclose a heat dissipation air duct, and the circuit board and
the radiator are both provided in the heat dissipation air duct, wherein the heat
dissipation direction is an air direction of the heat dissipation air duct. For example, the
heat dissipation air duct has an air inlet, and the spacing between adjacent working
chips is positively correlated with the distance from the adjacent working chips to the
air inlet, such that the spacing between adjacent working chips 110 is gradually

increased in the heat dissipation direction.

[0074] Exemplarily, the radiator may also be a liquid-cooled radiator, and the
inner cavity of the radiator accommodates a heat dissipation medium, wherein the heat
dissipation direction is a flowing direction of the heat dissipation medium. Thus, the
spacing between adjacent working chips 110 is gradually increased in the heat

dissipation direction.

[0075] The heat dissipation efficiency of the heat dissipation channel is gradually
decreased in the heat dissipation direction, and therefore the spacing between adjacent
working chips 110 is gradually increased in the heat dissipation direction, such that the
circuit board can be evenly heat-dissipated. When the radiator is an air-cooled radiator,

the heat dissipation channel is a heat dissipation air duct; and when the radiator is a
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liquid-cooled radiator, the heat dissipation channel is an accommodation space formed

by the radiator and used for accommodating the working chips.

[0076] In an embodiment, the radiator includes a heat dissipation main body 81
and heat dissipation fins 82, wherein the heat dissipation main body 81 includes a first
surface and a second surface opposite to each other, wherein the first surface is
connected to the heat dissipation fins 82, and the second surface is provided with
bosses. The bosses are in contact with at least one of the thermal conductive elements,
and the extension direction of the bosses is the same as the extension direction of the

thermal conductive elements.

[0077] In an example, as shown in FIG. 7, a thermal conductive element 501
covers several working chips 110A, 110B and 110C, and regions between the working
chips 110A, 110B and 110C, and the extension direction of bosses 801 is the same as

the extension direction of the thermal conductive elements 501.

[0078] In another example, as shown in FIG. 8, the average spacing between the
plurality of working chips 110 in a row direction X is greater than the average spacing
between the plurality of working chips 110 in a column direction Y, and the thermal

conductive elements 502 and the bosses 802 both extend in the column direction Y.

[0079] In still another example, as shown in FIG. 9, the average spacing between
the plurality of working chips 110 in a row direction X is less than the average spacing
between the plurality of working chips 110 in a column direction Y, and the thermal

conductive elements 503 and the bosses 803 both extend in the row direction X.

[0080] In yet another example, as shown in FIG. 10, the heat dissipation direction
is parallel to the row direction X, the spacing between adjacent working chips 110 is
gradually increased in the heat dissipation direction, and the thermal conductive

elements 504 and the bosses 804 both extend in the column direction Y.

[0081] In the next example, as shown in FIG. 11, the heat dissipation direction is
parallel to the column direction Y, the spacing between adjacent working chips 110 is
gradually increased in the heat dissipation direction, and the thermal conductive

elements 505 and the bosses 805 both extend in the row direction X.

[0082] When the bosses are in contact with a certain thermal conductive element,

the thermal conductive element may dissipate heat of the working chip 110 or a metal
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piece (described in detail below) covered by the thermal conductive element, thereby
improving the heat dissipation characteristic of the circuit board. The extension
direction of the bosses is the same as the extension direction of the thermal conductive
elements, such that the bosses can be maximally in contact with the thermal conductive

elements, thereby increasing the heat dissipation efficiency for the circuit board.

[0083] It should be noted that, in this embodiment, the number and size of the

bosses are not limited, which may be differently configured as actually needed.

[0084] In an example, the plurality of working chips 110 are distributed in rows
and columns, so as to form a plurality of working chip columns, and a thermal
conductive element may cover one column of the working chips. Voltage regulation
circuits (e.g., auxiliary power source circuits, which will be described in detail below)
are further provided on the substrate 30, and components (e.g., auxiliary power source
chips) of at least some of the voltage regulation circuits are distributed among the
working chip columns. That is, the auxiliary power source chips may be distributed on
the row spacing of the working chips. Further, a plurality of bosses are arranged
corresponding to a plurality of working chip columns, such that grooves formed
between adjacent bosses correspond to components of the voltage regulation circuits.
Because the accommodation space formed by the groove can accommodate
components with a certain height, when the components of the auxiliary power source

circuits are selected, the limitation on the size of the components is reduced.

[0085] In another example, the plurality of working chips 110 are distributed in
rows and columns, so as to form a plurality of working chip rows, and a thermal
conductive element may cover one row of the working chips. Voltage regulation circuits
(e.g., auxiliary power source circuits, which will be described in detail below) are
further provided on the substrate 30, and components (e.g., auxiliary power source
chips) of at least some of the voltage regulation circuits are distributed among the
working chip rows. That is, the auxiliary power source chips may be distributed on the
column spacing of the working chips. Further, a plurality of bosses are arranged
corresponding to a plurality of working chip rows, such that grooves formed between
adjacent bosses correspond to components of the voltage regulation circuits. Because
the accommodation space formed by the groove can accommodate components with a
certain height, when the components of the auxiliary power source circuits are selected,

the limitation on the size of the components is reduced. In an embodiment, at least one
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metal piece is provided between the adjacent working chips connected in series, and a
thermal conductive element between the adjacent working chips covers the metal piece
between the adjacent working chips. The metal piece may be a copper piece or an
aluminum piece welded on the substrate 30, and configured to dissipate heat for two
adjacent working chips connected thereto, and reduce a voltage drop between the two
adjacent working chips connected thereto. Thus, the working stability and reliability of

the working chips are improved.

[0086] Connecting in series means that power supply for core voltages required
by adjacent chips is provided in a series manner. For example, a plurality of chips are
connected in series between a power source and the ground to supply the core voltages

of the plurality of chips.

[0087] In an embodiment, the projection of a thermal conductive element on the
substrate 30 corresponds to a metal piece between the adjacent working chips. Further,

the projection of a boss on the substrate 30 corresponds to the metal piece.

[0088] In an example, as shown in FIG. 7, a metal piece 61 is provided between
adjacent working chips 110A and 110B and between adjacent working chips 110B and
110C covered by a thermal conductive element 501, and the extension direction of the
thermal conductive element 501 is the same as the extension direction of two metal
pieces 61, such that the projection of the thermal conductive element 501 on the
substrate 30 can cover the two metal pieces 61, and the projection of the boss 801 on
the substrate 30 corresponds to the two metal pieces 61, thereby facilitating heat

dissipation of the metal pieces 61.

[0089] In another example, as shown in FIG. 8, a metal piece 62 is provided
between every two adjacent working chips 110, and the extension direction of the
thermal conductive element 502 and the extension direction of metal pieces 62 are both
column direction Y, such that the projection of the thermal conductive element 502 on
the substrate 30 can cover the respective metal pieces 62, and the projection of the boss
802 on the substrate 30 can cover the respective metal pieces 62, thereby facilitating

heat dissipation of the respective metal pieces 62.

[0090] In yet another example, as shown in FIG. 10, the heat dissipation direction
is parallel to the row direction X, the spacing between adjacent working chips 110 is

gradually increased in the row direction X, and the thermal conductive element 504 and
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metal pieces 64 both extend in the column direction Y, such that the projection of the
thermal conductive element 504 on the substrate 30 can cover the respective metal
pieces 64, and the projection of the boss 804 on the substrate 30 can cover the respective

metal pieces 64, thereby facilitating heat dissipation of the respective metal pieces 64.

[0091] Exemplarily, the thickness of the metal piece is less than or equal to the
thickness of each working chip. The thickness direction of the metal piece and the

thickness direction of each working chip are the direction perpendicular to the substrate.

[0092] In the technical solution of this embodiment, by means of mutual
cooperation of the bosses, the working chips and the metal pieces, a gap between the
bosses and the substrate of the circuit board is reduced or eliminated, such that air
perpendicular to the extension direction of the bosses cannot enter between the radiator
and the circuit board, effectively avoiding dust accumulation between the radiator and
the circuit board caused by long-term blowing, thereby effectively avoiding the effect

of dust accumulation on the heat dissipation performance.

[0093] In an embodiment, as shown in FIG. 12, thermal conductive elements 506
and the working chips 110 are arranged in one-to-one correspondence, so as to dissipate
heat for respective working chips 110. Each thermal conductive element 506 may cover

some or all of the surface of corresponding working chip 110.

[0094] Exemplarily, the material of the thermal conductive elements may be
silicone grease or silicone rubber, that is, the thermal conductive elements may be a
silicone grease layer or a silicone rubber layer, and coated on or attached to the surfaces

of the working chips 110.

[0095] In an embodiment, as shown in FIG. 1, the radiator is specifically an air-
cooled radiator, and the radiator may be a radiator 80 and/or a radiator 89. The housing
encloses a heat dissipation air duct, and the circuit board 70 and the radiator are both
provided in the heat dissipation air duct; and the electronic device further includes a
seal 90. The seal 90 is provided at end portions of the radiator and the circuit board
close to an air inlet of the heat dissipation air duct, wherein the seal 90 extends in the

direction perpendicular to the air direction of the heat dissipation air duct.

[0096] Exemplarily, the seal 90 is adhered to the end portions of the radiator and

the circuit board close to the air inlet of the heat dissipation air duct.
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[0097] Exemplarily, the seal 90 is provided between the radiator 80 and the circuit
board 70, and is arranged close to the air inlet of the heat dissipation air duct, and the
seal 90 extends in the direction S2 perpendicular to the heat dissipation direction. S1
represents the direction of the heat dissipation air duct, that is, the heat dissipation
direction, and S2 represents the direction perpendicular to the heat dissipation direction.
That is, the seal 90 is provided between the radiator 80 and the side of the circuit board
70 where the working chips 110 are provided.

[0098] It should be noted that, the structural details of the radiator 80 and the
layout of the working chips 110 on the circuit board 70 are only intended to explain the

structure of the seal 90 in this embodiment, and are not limited in this embodiment.

[0099] By providing the seal, the sealing performance of the radiator and the
circuit board 70 at the air inlet can be improved, and moisture can be prevented from
entering from a gap between the radiator 80 and the circuit board 70, so as to protect
the working chips near the air inlet, and at the same time, air leakage can be avoided,
thereby ensuring the amount of air passing through the radiator 80 and/or the radiator

89, so as to improve the heat dissipation performance of the circuit board 70.

[0100] In an embodiment, the plurality of working chips 110 are distributed in
rows and columns, so as to form a plurality of working chip rows, and the extension
direction (row direction) of the working chip rows is perpendicular to the air direction,

that is, the extension direction of the working chip rows is S2.

[0101] Further, the extension length of the seal 90 is greater than the length of the
working chip rows, that is, in the S2 direction, the length of the seal 90 is greater than
the length of the working chip rows. The extension length of the seal 90 is less than the
length of the circuit board 70 in the direction perpendicular to the air direction, that is,
in the S2 direction, the length of the seal 90 is less than the length of the circuit board
70.

[0102] On this basis, the seal not only can prevent moisture from affecting the
working chips, but also can provide avoidance for other structural parts at two ends of

the circuit board.

[0103] In an example, as shown in FIGS. 13A, 13B and 13C, and FIGS. 14A,
14B and 14C, the seal 90 includes a seal body 91 and a seal protruding portion 92. The

seal body 91 abuts against the end portions of the circuit board 70 and the radiator 80
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close to the air inlet; and the seal protruding portion 92 protrudes from the seal body 91
in the direction facing away from the air inlet, and is located at a gap between the
radiator 80 and the circuit board 70. The thickness of the seal body 91 ranges from 0.8
mm to 1.2 mm, for example, the thickness of the seal body 91 may be 1 mm; and the
height of the seal body 91 ranges from 7 mm to 9 mm, for example, the height of the
seal body 91 may be 8 mm. The height direction of the seal 91 is perpendicular to the
air direction, and the thickness direction of the seal 91 is parallel to the air direction.
The thickness of the seal protruding portion 92 ranges from 0.5 mm to 1.5 mm, for
example, the thickness of the seal protruding portion 92 may be 1 mm. The width of
the seal protruding portion 92 ranges from 2.5 mm to 3.5 mm, for example, the width
of the seal protruding portion 92 may be 3 mm. The thickness direction of the seal
protruding portion 92 is perpendicular to the air direction, and the width direction of

the seal protruding portion 92 is parallel to the air direction.

[0104] Exemplarily, the seal protruding portion 92 is an integrated member
extending in the length direction of the seal body 91, or the seal protruding portion 92
includes a plurality of sub-protruding portions 922 arranged in the length direction of
the seal body 91, and the length direction of the seal body 91 is perpendicular to the air

direction.

[0105] Exemplarily, there are two sub-protruding portions 922 distributed at two
ends of the seal body 91. Alternatively, there are three sub-protruding portions 922, two
of which are distributed at two ends of the seal body 91, and the other of which is
distributed at the middle portion of the seal body 91.

[0106] Inan embodiment, as shown in FIGS. 13A, 13B and 13C, and FIGS. 14A,
14B and 14C, protrusion members 921 are formed on the seal protruding portion 92,
and the protruding direction of the protrusion members 921 is perpendicular to the
circuit board 70. There may be two protrusion members 921, which protrude towards
the radiator 80 and the circuit board 70, respectively. On this basis, the entire seal 90
can be mounted and fixed by extending the seal protruding portion 92 into the gap for
fastening without an additional mounting and fixing structure. The protruding height of
the protrusion members 921 ranges from 0.2 mm to 0.3 mm. Exemplarily, the

protruding height of the protrusion members 921 may be 0.25 mm.
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[0107] Exemplarily, a protrusion member 921 is an integrated member extending
in the length direction of the seal protruding portion 92, or a protrusion member 921
includes a plurality of sub-protrusion members 9211 arranged in the length direction of
the seal protruding portion 92, and the length direction of the seal protruding portion
92 is perpendicular to the air direction. Exemplarily, the sub-protrusion members 9211
may be in a long strip shape or a hemispherical shape, which is not limited in the present

application.

[0108] Exemplarily, the thickness of the seal protruding portion 92 is less than
the height of the gap between the radiator 80 and the circuit board 70; the sum of the
thickness of the seal protruding portion 92 and the height of the protrusion members
921 (or the height of the sub-protrusion members 9211) is greater than the height of the
gap between the radiator 80 and the circuit board 70; and the minimum thickness of the
seal protruding portion 92 and protrusion members 921 after compression is less than
the height of the gap between the radiator 80 and the circuit board 70. For example, the
sum of the minimum compressed height of the protrusion members 921 and the
thickness of the seal protruding portion 92 is less than the height of the gap between
the radiator 80 and the circuit board 70. Here, the thickness direction of the seal
protruding portion 92 is perpendicular to the air direction, and the height direction of

the protrusion members 921 is perpendicular to the air direction.

[0109] In an embodiment, an air guide portion 93 is formed on the surface of the
seal body 91 _facing away from the seal protruding portion 92, the cross section of the
air guide portion 93 is in a protruding shape, and the protruding direction of the
protruding shape is opposite to the protruding direction of the seal protruding portion
92. For example, the cross section of the air guide portion 93 is in a triangular or
semicircular shape. The cross section is perpendicular to the circuit board. The surface
of the air guide portion 93 are inclined towards the radiator 80 and the radiator 89
respectively, so as to guide air at the air inlet to the radiator 80 and the radiator 89,
thereby increasing the amount of air entering the radiator and improving the heat

dissipation performance.

[0110] In an embodiment, the radiator 89 is provided on the side of the circuit
board 70 where the working chips are not provided, and the seal body 91 is in contact
with the end portion of the radiator 80 close to the air inlet, and in contact with the end

portion of the radiator 89 close to the air inlet.
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[0111] Exemplarily, the seal may be an elastic member, such as a rubber member,

so as to facilitate installation of the seal.

[0112] In another example, a seal protruding towards the circuit board 70 is
formed at the end portion of the radiator 80 close to the air inlet, and the seal is in
contact with the end portion of the circuit board 70 close to the air inlet. That is, the

seal may be integrally formed with the radiator 80.

[0113] In an embodiment, a signal transmission circuit is provided on the
substrate 30, and the circuit board is a single-layer circuit board. The circuit board
further includes at least one bridging element provided at an intersection of circuit
connection lines, wherein the bridging element includes a zero-ohm resistor and/or a
zero-ohm metal patch, thereby facilitating wiring of the signal transmission circuit on
the substrate 30. In a case where the radiator is assembled with the circuit board, the
zero-ohm resistor on the circuit board is provided opposite to a recess portion on the
radiator. Because the zero-ohm resistor has a low cost, the zero-ohm resistor may be
provided if the assembly space permits, thereby reducing the cost. Exemplarily, the

recess portion may be a groove between adjacent bosses of the radiator.

[0114] In an embodiment, a signal transmission circuit is provided on the
substrate 30. The electronic device in this embodiment may further include a control

board 300.

[0115] As shown in FIG. 15, the signal transmission circuit includes N stages of
working circuits 100 and a signal voltage conversion circuit 200. For ease of
illustration, as shown in FIG. 15, the N stages of working circuits 100 are numbered as

A1, Az, Az, ..., AN and A, respectively, where N is an integer greater than 1.

[0116] Each stage of working circuit includes a working chip, and the working
chip may be various computing chips or control chips, so as to implement core
functions such as a corresponding computing function or a control function. There may
be one or more working chips in the same stage of working circuit 100. Exemplarily, a
plurality of working chips in the same stage of working circuit 100 may be connected

in parallel.

[0117] Further, the number of working chips in the stages of working circuits 100
may be equal or not equal, which may be configured as actually needed, and is not

limited in this embodiment.
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[0118] Exemplarily, each working chip in the current stage of working circuit
performs computing according to an input signal of the current stage of working circuit,
and generates an output signal of the current stage of working circuit according to a
computing result. The input signal of the current stage of working circuit comes from
the output signal of the previous stage of working circuit, and the output signal of the

current stage of working circuit is output to the next stage of working circuit.

[0119] Further, the N stages of working circuits 100 are connected in series
between a first system voltage 410 and a second system voltage 420, the second system
voltage 420 is higher than the first system voltage 410, and a voltage difference between
the first system voltage 410 and the second system voltage 420 provides a series voltage
for the N stages of working circuits 100 connected in series, thereby providing a core
working voltage for the core function of each stage of working circuit 100. As shown
in FIG. 15, a first-stage working circuit A is connected to the first system voltage 410,

and an Nth-stage working circuit An is connected to the second system voltage 420.

[0120] Exemplarily, the first system voltage 410 may be a system grounding
voltage, and the second system voltage 420 may be a system power source voltage. For
example, when the N stages of working circuits 100 are applied to an electronic device,
the first system voltage 410 is provided by a grounding end of the electronic device,
and the second system voltage 420 is provided by the electronic device connecting to a

power source.

[0121] It should be noted that, a signal transmission direction of the N stages of
working circuits 100 is not limited in this embodiment, for example, transmission may
be performed in the direction from A1 to A, and may also be performed in the direction

from An to Aj.

[0122] The control board 300 is connected to the first-stage working circuit A
and the signal voltage conversion circuit, respectively. Specifically, a first input/output
(I/O) end 101 of the signal voltage conversion circuit 200 is connected to the Nth-stage
working circuit An, and a second input/output end 102 of the signal voltage conversion

circuit is connected to the control board 300.

[0123] In the first embodiment, as shown in FIG. 16, the signal voltage

conversion circuit 200 is configured to perform voltage conversion on working circuit
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signals sent by the N stages of working circuits 100 and then send same to the control

board 300.

[0124] Specifically, the control board 300 sends its own control board signal to
the N stages of working circuits 100; the N stages of working circuits work according
to the control board signal, generate a working circuit signal according to a final
working result, and then send the working circuit signal to the signal voltage conversion
circuit 200; and the signal voltage conversion circuit 200 performs voltage conversion

on the working circuit signal and sends same to the control board 300.

[0125] The working circuit signal may be a data signal such as a computing result,
and the control board signal may be a data signal such as a data source. For example,
the N stages of working circuits perform computing or operation on the data source in

the control board signal to obtain a computing result.

[0126] Exemplarily, in the embodiment shown in FIG. 16, the first-stage working
circuit A1 is configured to receive a control board signal of the control board 300, and
the signal voltage conversion circuit 200 is configured to send a working circuit signal
of the Nth-stage working circuit Ax to the control board 300. That is, the signal
transmission direction of the N stages of working circuits 100 is transmission in the

direction from A1 to An.

[0127] In the second embodiment, as shown in FIG. 17, the signal voltage
conversion circuit 200 is configured to perform voltage conversion on a control board
signal sent by the control board 300 and then send same to the N stages of working

circuits 100.

[0128] Specifically, the control board 300 sends its own control board signal to
the signal voltage conversion circuit 200; the signal voltage conversion circuit 200
performs voltage conversion on the control board signal and then sends same to the N
stages of working circuits 100; and the N stages of working circuits work according to
the voltage-converted control board signal, generate a working circuit signal according
to a final working result (for example, a computing result), and send the working circuit

signal to the control board 300.

[0129] Exemplarily, in the embodiment shown in FIG. 17, the control board 300
sends a control board signal to the signal voltage conversion circuit 200, the signal

voltage conversion circuit 200 is configured to send a voltage-converted control board
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signal to the Nth-stage working circuit An, and the first-stage working circuit A; is
configured to send a working circuit signal to the control board 300. That is, the signal
transmission direction of the N stages of working circuits 100 is transmission in the

direction from An to Aj.

[0130] In this embodiment, the signal voltage conversion circuit 200 may
implement parallel transmission of a control board signal and a working circuit signal
between the N stages of working circuits 100 and the control board 300, thereby

increasing the working efficiency.

[0131] It should be noted that the signal voltage conversion circuit 200 may
transmit one or more signals. That is, the signal voltage conversion circuit 200 may
implement parallel transmission of multiple paths of control board signals and working
circuit signals of different waveforms, and correspondingly, the first input/output end

101 and the second input/output end 102 may be in one group or multiple groups.

[0132] Inan example shown in FIG. 18, the signal voltage conversion circuit 200
may implement signal transmission of two paths, and correspondingly, there are two
groups of the first input/output ends 101 and the second input/output ends 102, that is,
101, and 1024, and IO1; and 102;. For ease of illustration, in this example, the signal
transmission direction of the N stages of working circuits 100 is the direction from the
first system voltage 410 to the second system voltage 420, that is, in the signal voltage
conversion circuit 200, the first input/output end 101, and 101> is configured to perform
voltage conversion on the working circuit signal in the Nth-stage working circuit, and
then a voltage-converted working circuit signal is output from the second input/output

end 1021 and 102,, and is sent to the control board 300.

[0133] Inthe example shown in FIG. 18, L1; represents a waveform of a working
circuit signal input to the first input/output end [O11, and L2; represents a waveform of
a voltage-converted working circuit signal output by the second input/output end 102;.
Exemplarily, the voltage conversion function of the signal voltage conversion circuit
200 is to implement a voltage drop with voltage difference V0. Furthermore, in L11, a
low level is V1, and a high level is V2; and in L21, a low level is V1-VO0, and a high
level is V2-VO0.

[0134] Further, L1> represents a waveform of a control board signal input to the

first input/output end 1012, and L2> represents a waveform of a voltage-converted
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control board signal output by the second input/output end 102;. In L11, a low level is

V1, and a high level is V2; and in L2, a low level is V1-VO0, and a high level is V2-VO.

[0135] Exemplarily, VO may be 14V, and V1 and V2 are related to the
transmission demand of working circuit signals, for example, may be 1.2V, 1.8V, 2.5V,
or the like, which is not limited in this embodiment. In addition, the waveform in FIG.

18 is merely an example, and is not limited thereto.

[0136] Further, the signal transmission circuit in this embodiment may further
include a plurality of voltage regulation circuits 430. The plurality of voltage regulation
circuits 430 are connected to at least some stages of working circuits 100 in one-to-one
correspondence, that is, the number of the voltage regulation circuits 430 is less than or
equal to N. Each voltage regulation circuit 430 is configured to provide at least one

regulation voltage for the connected working circuit 200.

[0137] Exemplarily, the regulation voltage may provide an auxiliary function
voltage for a specific function other than a core function of the working circuit 200, for

example, as an input/output voltage or a clock signal voltage of the working circuit 200.

[0138] Exemplarily, as shown in FIG. 19, the number of the voltage regulation
circuits 430 is equal to N. For ease of illustration, the N voltage regulation circuits 430
are Bi, B2, B3, ..., Bna1 and By, respectively. Bi is connected to A1 so as to provide at
least one regulation voltage for Ai; B is connected to A» so as to provide at least one
regulation voltage for Az; ... Bn is connected to An so as to provide at least one

regulation voltage for An.

[0139] Based on the description above, for each stage of working circuit 100, the
power supply end thereof may include a series circuit power supply end P1, and may
also include a regulation voltage power supply end P2, and there may be multiple
regulation voltage power supply ends P2; the grounding end thereof is a serial port P3

close to the connection end of the first system voltage 410.

[0140] Further, each voltage regulation circuit 430 includes at least one power
source chip. It should be noted that FIG. 19 shows an example with two power source
chips and two regulation voltage power supply ends P2, but the present invention is not

limited thereto.
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[0141] When each voltage regulation circuit 430 include one power source chip,
one regulation voltage may be provided for the connected working circuit 200, that is,
the number of the regulation voltage power supply ends P2 of the connected working
circuit 200 is 1. When each voltage regulation circuit 430 includes M power source
chips, M or more regulation voltages may be provided for the connected working circuit
200, that is, the number of the regulation voltage power supply ends P2 of the connected
working circuit 200 is greater than or equal to M. For example, M or more regulation
voltages may be output in combination by using a series-parallel connection
relationship among a plurality of power source chips. That is, the number of the
regulation voltages is positively correlated with the number of the power source chips.
Furthermore, the M regulation voltages may be equal or not equal, which is not limited

in this embodiment.

[0142] In an embodiment, the signal voltage conversion circuit 200 includes a
first power supply end P4 and a first grounding end P5. The first power supply end P4
is connected to any regulation voltage power supply end P2 of the Nth-stage working
circuit An, and the first grounding end P5 is connected to the grounding end P3 of the

Nth-stage working circuit An, as shown in FIGS. 20 and 21.

[0143] Further, the signal voltage conversion circuit 200 further includes a second
power supply end P6 and a second grounding end P7. In an example, as shown in FIG.
20, the second power supply end P6 and the second grounding end P7 are connected to
any regulation voltage power supply end P2 of the first-stage working circuit A; and
the grounding end P3 of the first-stage working circuit Aj, respectively. In another
example, as shown in FIG. 21, the second power supply end P6 and the second
grounding end P7 are connected to a power supply end VCC and a grounding end GND
of the control board 300, respectively.

[0144] That is, the power supply of the signal voltage conversion circuit 200 may

be configured as actually needed, so as to adapt to circuits of different line layouts.

[0145] According to the technical solution of this embodiment, bidirectional
parallel signal transmission between the working circuits and the control board can be

implemented, thereby increasing the signal transmission efficiency.

[0146] Further, the substrate 70 is provided with a first system voltage interface

10 and a second system voltage interface 20. The first system voltage interface 10 and
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the second system voltage interface 20 are respectively connected to a power source
and a system grounding end, so as to provide a first system voltage 410 and a second

system voltage 420, respectively.

[0147] Exemplarily, as shown in FIG. 22, N stages of working circuits 100 are
arranged in the length direction X of the circuit board. In an example, each stage of
working circuit 100 includes three parallel working chips 110. That is to say, in the
positive direction of X, the first-stage working circuit to the (N/2)th-stage working
circuit are connected in series sequentially, and in the negative direction of X, the
(N/2+1)th-stage working circuit to the Nth-stage working circuit are connected in series
sequentially, and the (N/2)th-stage working circuit is connected in series to the
(N/2+1)th-stage working circuit. In this way, the first-stage working circuit to Nth-stage
working circuit are connected in series sequentially between the first system voltage

interface 10 and the second system voltage interface 20.

[0148] Other configurations of the circuit board or the electronic device in the
foregoing embodiments may adopt various technical solutions that are known by
persons of ordinary skill in the art now and in the future, and are not described in detail

herein again.

[0149] In the illustration of the present disclosure, it should be understood that,
orientation or position relationships indicated by terms such as "center", "longitudinal”,
"lateral", "length", "width", "thickness", "up", "down", "front", "rear", "left", "right",
"vertical", "horizontal", "top", "bottom", "inner", "outer", "clockwise",
"counterclockwise", "axial", "radial" and "circumferential" are orientation or position
relationships based on those illustrated in the drawings, which are only used to facilitate
illustration of the present disclosure and simplify the illustration, and do not indicate or
imply that the device or element referred to must have a specific orientation, or be

configured or operated in a specific orientation, and therefore cannot be construed as

limitations to the present disclosure.

[0150] In addition, terms such as "first" and "second" are used herein only for
purposes of illustration and are not intended to indicate or imply relative importance or
to implicitly state the number of indicated technical features. Thus, the features defined

by "first" and "second" may explicitly or implicitly include one or more of the features.
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In the illustration of the present disclosure, "a plurality of" means two or more than two,

unless specified otherwise.

[0151] Inthe present disclosure, unless specified or defined otherwise, terms such
as "mount", "link", "connect", and "fix" should be understood in a broad sense, and may
be, for example, fixed connections, detachable connections, or integral forms, may be
mechanical connections, electrical connections, or communication connections, may be
direct connections, or indirect connections via intermediaries, and may be
communications between the interior of two elements, or interactive relationships of
two elements. The specific meanings of the above terms in the present disclosure can

be understood by those skilled in the art according to specific situations.

[0152] In the present disclosure, unless specified or defined otherwise, a first
feature being "above" or "below" a second feature may include an embodiment in which
the first feature is in direct contact with the second feature, and may also include an
embodiment in which the first feature and the second feature are not in direct contact
with each other, but are contacted via an additional feature therebetween. Furthermore,
a first feature being "over", "above", or "on" a second feature may include an
embodiment in which the first feature is right above or diagonally above the second
feature, or just means that the first feature is at a level higher than the second feature.
A first feature being "underneath", "below" or "under" a second feature may include an
embodiment in which the first feature is right below or diagonally below the second

feature, or just means that the first feature is at a level lower than the second feature.

[0153] The above disclosure provides many different embodiments or examples
for implementing different structures of the present disclosure. In order to simplify the
present disclosure, the components and configurations of specific examples are
described above. Of course, they are merely examples and are not intended to limit the
present disclosure. In addition, reference numerals and/or letters may be repeated in
various examples in the present disclosure for the purpose of simplicity and clarity,
which do not in itself indicate relationships between the various embodiments and/or

arrangements discussed.

[0154] The content above merely relates to specific embodiments of the present
disclosure, but are not intended to limit the scope of protection of the present disclosure.

Any person skilled in the art can easily figure out various modifications or replacements
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within the technical scope disclosed in the present disclosure, and all these
modifications or replacements shall fall within the scope of protection of the present
disclosure. Therefore, the scope of protection of the present disclosure shall be subject

to the scope of protection of the claims.
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CLAIMS

What is claimed is:
1. An electronic device, comprising:
a housing;

working assemblies mounted in the housing, wherein each working assembly
comprises a circuit board and a radiator, the circuit board comprising a substrate and a
plurality of working chips provided on the substrate; and the working assemblies are

detachably mounted within the housing;
a control board connected to the circuit board; and

a power source configured to supply power to the circuit board.

2. The electronic device according to claim 1, further comprising:

a plurality of thermal conductive elements, wherein each thermal conductive
element covers at least two adjacent working chips and a region between the adjacent

working chips; and

the radiator comprises a heat dissipation main body and heat dissipation fins,
wherein the heat dissipation main body comprises a first surface and a second surface
opposite to each other, the first surface is connected to the heat dissipation fins, the
second surface is provided with a plurality of bosses, the bosses are in contact with at
least one of the thermal conductive elements, and an extension direction of the bosses

1s the same as an extension direction of the thermal conductive elements.

3. The electronic device according to claim 2, wherein the plurality of working
chips are distributed in rows and columns, an average spacing between the plurality of
working chips in a row direction is greater than an average spacing between the
plurality of working chips in a column direction, and the thermal conductive elements

extend in the column direction.
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4. The electronic device according to claim 3, wherein the plurality of working
chips form a plurality of working chip columns, voltage regulation circuits are further
provided on the substrate, and components of at least some of the voltage regulation

circuits are distributed among the working chip columns.

5. The electronic device according to claim 2, wherein the plurality of working
chips are distributed in rows and columns, an average spacing between the plurality of
working chips in a row direction is less than an average spacing between the plurality
of working chips in a column direction, and the thermal conductive elements extend in

the row direction.

6. The electronic device according to claim 5, wherein the plurality of working
chips form a plurality of working chip rows, voltage regulation circuits are further
provided on the substrate, and components of at least some of the voltage regulation

circuits are distributed among the working chip rows.

7. The electronic device according to claim 2, wherein the thermal conductive

elements extend in a direction perpendicular to a heat dissipation direction.

8. The electronic device according to claim 7, wherein in the heat dissipation
direction, spacing between at least some of adjacent working chips is gradually

increased.

9. The electronic device according to claim 8, wherein the housing encloses a
heat dissipation air duct, the circuit board and the radiator are both provided in the heat
dissipation air duct, and the heat dissipation direction is an air direction of the heat

dissipation air duct.

10. The electronic device according to claim 9, wherein the spacing between at
least some of adjacent working chips is positively correlated with a distance from the
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at least some of adjacent working chips to an air inlet of the heat dissipation air duct.

11. The electronic device according to claim 8, wherein an inner cavity of the
radiator accommodates a heat dissipation medium, and the heat dissipation direction is

a flowing direction of the heat dissipation medium.

12. The electronic device according to any one of claims 2 to 11, wherein the
respective working chips have the same size, and/or the respective working chips have

the same heating area.

13. The electronic device according to claim 12, wherein at least one metal piece
is provided between the adjacent working chips connected in series, and a thermal

conductive element between the adjacent working chips covers the metal piece.

14. The electronic device according to claim 13, wherein a projection of a boss

on the substrate corresponds to the metal piece.

15. The electronic device according to claim 14, wherein a projection of the
thermal conductive element on the substrate corresponds to the metal piece between the

adjacent working chips.

16. The electronic device according to claim 15, wherein a thickness of the
metal piece is less than or equal to a thickness of a working chip, and a thickness
direction of the metal piece and a thickness direction of the working chip are

perpendicular to the substrate.

17. The electronic device according to claim 1, wherein the housing encloses a
heat dissipation air duct, and the circuit board and the radiator are both provided in the

heat dissipation air duct;
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the electronic device further comprises a seal provided at end portions of the
radiator and the circuit board close to an air inlet of the heat dissipation air duct, wherein
the seal extends in a direction perpendicular to an air direction of the heat dissipation

air duct.

18. The electronic device according to claim 17, wherein the seal comprises:

a seal body abutting against the end portions of the circuit board and the radiator

close to the air inlet; and

a seal protruding portion protruding from the seal body and located at a gap

between the radiator and the circuit board.

19. The electronic device according to claim 18, wherein the seal protruding
portion is an integrated member extending in a length direction of the seal body, and

the length direction of the seal body is perpendicular to the air direction.

20. The electronic device according to claim 18, wherein the seal protruding
portion comprises a plurality of sub-protruding portions arranged in a length direction
of the seal body, and the length direction of the seal body is perpendicular to the air

direction.

21. The electronic device according to claim 18, wherein protrusion members
are formed on the seal protruding portion, and a protruding direction of the protrusion

members is perpendicular to the circuit board.

22. The electronic device according to claim 21, wherein a protrusion member
is an integrated member extending in a length direction of the seal protruding portion,
and the length direction of the seal protruding portion is perpendicular to the air

direction.
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23. The electronic device according to claim 21, wherein a protrusion member
comprises a plurality of sub-protrusion members arranged in a length direction of the
seal protruding portion, and the length direction of the seal protruding portion is

perpendicular to the air direction.

24. The electronic device according to claim 18, wherein an air guide portion is

formed on a surface of the seal body facing away from the seal protruding portion.

25. The electronic device according to claim 24, wherein a cross section of the
air guide portion is in a triangular or semicircular shape, and the cross section of the air

guide portion is perpendicular to the circuit board.

26. The electronic device according to claim 17, wherein a seal protruding
towards the circuit board is formed at an end portion of the radiator close to the air inlet,

and the seal is in contact with the end portion of the circuit board close to the air inlet.

27. The electronic device according to claim 17, wherein the plurality of
working chips form a plurality of working chip rows, an extension direction of the
working chip rows is perpendicular to the air direction, and an extension length of the

seal is greater than a length of the working chip rows.

28. The electronic device according to claim 17, wherein an extension length of
the seal is less than a length of the circuit board in the direction perpendicular to the air

direction.

29. The electronic device according to claim 1, wherein the circuit board is a

single-layer circuit board, and the circuit board further comprises:

at least one bridging element provided at an intersection of circuit connection
lines, wherein the bridging element comprises a zero-ohm resistor and/or a zero-ohm

metal patch.
32



30. The electronic device according to claim 29, wherein the zero-ohm resistor

is provided opposite to a recess portion on the radiator.

31. The electronic device according to claim 1, further comprising a control
board, and a signal transmission circuit provided on the substrate, wherein the signal

transmission circuit comprises:

N stages of working circuits connected in series, wherein each working circuit
respectively comprises at least one working chip, where N is an integer greater than 1,
a first-stage working circuit is connected to a first system voltage, and an Nth-stage
working circuit is connected to a second system voltage, the second system voltage

being higher than the first system voltage; and

a signal voltage conversion circuit, wherein a first input/output end of the signal
voltage conversion circuit is connected to the Nth-stage working circuit, and a second
input/output end of the signal voltage conversion circuit is connected to the control

board;

wherein the signal voltage conversion circuit is configured to perform voltage
conversion on a control board signal sent by the control board and then send the
converted control board signal to the N stages of working circuits; alternatively, the
signal voltage conversion circuit is configured to perform voltage conversion on
working circuit signals sent by the N stages of working circuits and then send the

converted working circuit signals to the control board.

32. The electronic device according to claim 31, wherein the first-stage working
circuit is configured to receive the control board signal, and the signal voltage
conversion circuit is configured to send a working circuit signal of the Nth-stage

working circuit to the control board.

33. The electronic device according to claim 31, wherein the signal transmission

circuit further comprises:
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a plurality of voltage regulation circuits connected to at least some stages of
working circuits in one-to-one correspondence, wherein each voltage regulation circuit
respectively comprises at least one power source chip, and is configured to provide at

least one regulation voltage for the connected working circuit.

34. The electronic device according to claim 33, wherein the signal voltage
conversion circuit comprises a first power supply end and a first grounding end, which
are respectively connected to a regulation voltage power supply end of the Nth-stage

working circuit and a grounding end of the Nth-stage working circuit.

35. The electronic device according to claim 33, wherein the signal voltage
conversion circuit further comprises a second power supply end and a second grounding
end, which are respectively connected to a power supply end of the control board and

a grounding end of the control board.

36. The electronic device according to claim 33, wherein the signal voltage
conversion circuit further comprises a second power supply end and a second grounding
end, which are respectively connected to a regulation voltage power supply end of the

first-stage working circuit and a grounding end of the first-stage working circuit.
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