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(54) Title: COOLING STRUCTURE OF POWER SEMICONDUCTOR ELEMENT AND INVERTER

(54)

130

(57) Abstract: A cooling structure of a power semiconductor element is provided with a cooling water channel (26) and a plurality 
of fins (22). In the cooling water channel (26), cooling water for cooling the power semiconductor element flows. The fins (22) are 
arranged on the cooling water channel (26) at intervals in a direction orthogonally intersecting with the flow direction of the cooling 
water. The fins (22) promote heat exchange between the power semiconductor element and the cooling water. The fins (22) have 
ends (41) facing the upstream of the cooling water flow. The end (41) of at least one fin (22) among the fins (22) is arranged by 
being shifted to the upstream of the cooling water flow from the end (41) of the adjacent fins (22) on the both sides of the fin (22). 
Thus, the cooling structure of the power semiconductor element having excellent cooling efficiency and an inverter are provided.
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DESCRIPTION

Cooling Structure of Power Semiconductor Device and Inverter

5 Technical Field

The present invention generally relates to a cooling structure of a power 

semiconductor device and an inverter, and more particularly to a water-cooled cooling 

structure of a power semiconductor device and an inverter to which the cooling 

structure is applied.

10

Background Art

With reference to a conventional cooling structure of a power semiconductor 

device, for example, Japanese Patent Laying-Open No. 2004-349324 (Patent Document 

1) discloses a direct water-cooled power semiconductor module structure which is

15 aimed at achieving a high heat transfer coefficient and improving the cooling efficiency. 

According to Patent Document 1, stripe-shaped cooling fins are formed on a surface 

opposite to a surface where a power semiconductor device is mounted.

Japanese Patent Laying-Open No. 2002-368470 (Patent Document 2) discloses a 

cooling apparatus of a heat generating body which is aimed at cooling the heat

20 generating body sufficiently and to an approximately uniform temperature.

Furthermore, Japanese Patent Laying-Open No. 2003-23281 (Patent Document 3) 

discloses a cooling apparatus which is aimed at increasing the discharged air volume by 

an electric fan to cool a heat generating body such as a semiconductor package 

efficiently and effectively. The cooling apparatuses disclosed in Patent Documents 2

25 and 3 are air-cooled type.

Japanese Patent Laying-Open No. 2002-46482 (Patent Document 4) discloses a 

heat sink-type cooling apparatus which is aimed at enhancing the heat radiating effect of 

fins without upsizing them. The heat sink-type cooling apparatus disclosed in Patent
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Document 4 has a passage through which a coolant flows. Within the passage, a fin 

group is placed having a plurality of fins arranged in parallel to a flow direction of the 

coolant and aligned in a direction of the thickness of the fins. The fins of fin groups 

adjacent to each other in the flow direction of the coolant are arranged so as to be 

displaced from each other in the direction of the thickness of the fins.

In the cooling structures disclosed in the above-described Patent Documents, a 

plurality of fins are set up with a spacing therebetween in order to improve the cooling 

efficiency. The fins are, however, arranged on a path along which a cooling medium 

flows. Therefore, in a case where the cooling water is used as the cooling medium, the 

fins and the cooling water flowing through the cooling water passage collide with each 

other. In this case, when all of the fins collide with the cooling water at the same 

position in the flow direction of the cooling water, a collision reaction force increases 

and a vortex flow is generated in the cooling water flow. As a result, a pressure loss of 

the cooling water flow may significantly increase and the power semiconductor device 

may not be able to be efficiently cooled.

Disclosure of the Invention

In order to solve the above-described problems, an object of the present 

invention is to provide a cooling structure of a power semiconductor device and an 

inverter with excellent cooling efficiency.

A cooling structure of a power semiconductor device according to the present 

invention includes a cooling water passage and a plurality of fins. The cooling water 

passage is formed opposite to a mounting surface where the power semiconductor 

device is mounted. A cooling water for cooling the power semiconductor device flows 

through the cooling water passage. The plurality of fins are provided on a path of the 

cooling water passage and set up with a spacing therebetween in a direction orthogonal 

to a flow direction of the cooling water. The plurality of fins promote heat exchange 

between the power semiconductor device and the cooling water. The plurality of fins
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have ends facing an upstream side of a cooling water flow. The end of at least one fin 

among the plurality of fins is arranged so as to be displaced to a more upstream side of 

the cooling water flow than the ends of the fins adjacent to both sides of the at least one 

fin.

5 According to the cooling structure of the power semiconductor device

configured in the above-described manner, respective positions where the cooling water 

flowing through the cooling water passage collides with the ends of the fins can be 

displaced between the fin having the end arranged on the upstream side and the fins 

adjacent to both sides of the fin in the flow direction of the cooling water. Furthermore,

10 when the cooling water collides with the ends of the fins and the cooling water flow in 

the direction different from the flow direction along the cooling water passage is 

generated, the generated cooling water flow can be divided by the fin having the end 

arranged on the upstream side Therefore, the formation of a vortex flow in the 

cooling water flow can be suppressed. As a result, the increase in a pressure loss of the

15 cooling water flow can be reduced and the cooling efficiency of the power 

semiconductor device can be improved.

Preferably, the ends are arranged such that respective positions where the 

cooling water flowing through the cooling water passage and the ends collide with each 

other are displaced between the plurality of fins in the flow direction of the cooling

20 water. A pressure loss of the cooling water flow generated due to the collision

between the cooling water and the ends is reduced. According to the cooling structure 

of the power semiconductor device configured in the above-described manner, positions 

where the pressure loss is generated are distributed in the flow direction of the cooling 

water. As a result, the pressure loss of the cooling water flow can be reduced and the

25 smooth cooling water flow can be realized.

The cooling water passage is provided with a blocking member that blocks the

cooling water flow in a part of a cross section of the cooling water passage. Preferably, 

the ends are arranged adjacently to the blocking member on a more downstream side of
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the cooling water flow than the blocking member. According to the cooling structure 

of the power semiconductor device configured in the above-described manner, the 

cooling water flow stagnates on the downstream side of the blocking member.

Therefore, when the cooling water collides with the ends of the fins and the cooling 

water flow in the direction different from the flow direction along the cooling water 

passage is generated, a vortex flow is likely to be generated. Thus, by displacing the 

end of each fin arranged at that position in the flow direction of the cooling water, the 

increase in a pressure loss of the cooling water flow can be effectively suppressed.

The cooling water passage is formed at a position between a pair of inner walls 

that are arranged on both sides of the plurality of fins and face each other. Preferably, 

the ends are arranged so as to be displaced from a downstream side to the upstream side 

of the cooling water flow as a distance from each of the pair of inner walls increases. 

According to the cooling structure of the power semiconductor device configured in the 

above-described manner, when the cooling water collides with the ends of the fins and 

the cooling water flow in the direction different from the flow direction along the 

cooling water passage is generated, the generated cooling water flow can be divided into 

one side and the other side of the pair of inner walls by the fin having the end arranged 

on the most upstream side. As a result, the generation of a vortex flow can be 

suppressed and the increase in a pressure loss of the cooling water flow can be 

effectively reduced.

Preferably, the ends are arranged so as to be alternately displaced to the 

upstream side and a downstream side of the cooling water flow in the direction in which 

the plurality of fins are lined up. According to the cooling structure of the power 

semiconductor device configured in the above-described manner, when the cooling 

water collides with the ends of the fins and the cooling water flow in the direction 

different from the flow direction along the cooling water passage is generated, the 

generated cooling water flow can be divided by each fin having the end arranged on the 

upstream side. As a result, the generation of a vortex flow can be suppressed and the
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increase in a pressure loss of the cooling water flow can be effectively reduced.

Preferably, the ends that are arranged so as to be displaced to the upstream side

of the cooling water flow are displaced in the flow direction of the cooling water, and 

the ends that are arranged so as to be displaced to the downstream side of the cooling

5 water flow are displaced in the flow direction of the cooling water. According to the 

cooling structure of the power semiconductor device configured in the above-described 

manner, respective positions where the ends and the cooling water collide with each 

other can be displaced between the ends that are arranged so as to be displaced to the 

upstream side of the cooling water flow and between the ends that are arranged so as to

10 be displaced to the downstream side of the cooling water flow, respectively. As a

result, the increase in a pressure loss of the cooling water flow can further effectively be 

suppressed.

The cooling water passage is formed at a position between a pair of inner walls 

that are arranged on both sides of the plurality of fins and face each other. The cooling

15 water passage meanders on the mounting surface. Preferably, at a straight portion of 

the cooling water passage extending straight, the ends are arranged so as to be displaced 

from a downstream side to the upstream side of the cooling water flow as a distance 

from each of the pair of inner walls increases.

The cooling water passage meanders on the mounting surface. Preferably, at a

20 curved portion of the cooling water passage extending in a curve, the ends are arranged 

so as to be displaced from the upstream side to a downstream side of the cooling water 

flow toward the direction from an inner circumferential side to an outer circumferential 

side of the curved portion.

The cooling water passage is formed at a position between a pair of inner walls

25 that are arranged on both sides of the plurality of fins and face each other. The cooling 

water passage meanders on the mounting surface. Preferably, at a straight portion of 

the cooling water passage extending straight, the ends are arranged so as to be displaced 

from a downstream side to the upstream side of the cooling water flow as a distance
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from each of the pair of inner walls increases. At a curved portion of the cooling water 

passage extending in a curve, the ends are arranged so as to be displaced from the 

upstream side to a downstream side of the cooling water flow toward the direction from 

an inner circumferential side to an outer circumferential side of the curved portion.

An inverter according to the present invention has the cooling structure of the 

above-described power semiconductor device applied thereto, and is mounted on a 

vehicle. According to the inverter configured in the above-described manner, the 

inverter can be downsized as a result of improving the cooling efficiency of the inverter. 

Furthermore, the electric power consumed for cooling the inverter can be reduced and 

the fuel efficiency of the vehicle can be improved.

As described above, according to the present invention, there can be provided a 

cooling structure of a power semiconductor device and an inverter with excellent 

cooling efficiency.

Brief Description of the Drawings

Fig. 1 is a perspective view of a cooling system of an HV system.

Fig. 2 is an electrical circuit diagram of a main portion of an HV system.

Fig. 3 is a plan view of a cooling structure of the inverter shown in Fig. 1.

Fig. 4 is a cross sectional view of the inverter taken along the line IV-IV in Fig. 

3.

Fig. 5 is a plan view of a cooling water passage in which the portion surrounded 

by a two-dot chain line V in Fig. 3 is shown.

Fig. 6 is a plan view of a cooling water passage in which the portion surrounded 

by a two-dot chain line VI in Fig. 3 is enlarged.

Fig. 7 is a cross sectional view of the cooling water passage taken along the line 

VII-VII in Fig. 6.

Fig. 8 is a plan view of a cooling water passage showing a modification of the 

shape of fins in Fig. 5.
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Fig. 9 is a plan view of a cooling water passage showing another modification of 

the shape of fins in Fig. 5.

Best Modes for Carrying Out the Invention

The embodiments of the present invention will be described with reference to the 

drawings. The same or corresponding components are represented by the same 

reference numbers in the drawings referenced below.

Fig. 1 is a perspective view of a cooling system of an HV (Hybrid Vehicle) 

system. The cooling system of the HV system shown in Fig. 1 is mounted on a hybrid 

vehicle powered by a motor and an internal combustion engine such as a gasoline engine 

or a diesel engine.

Referring to Fig. 1, the hybrid vehicle includes an engine 52, a transaxle 53 

equipped with a motor for driving and a generator for generating electric power 

(referred to as a motor generator hereinafter), an inverter 130 making conversion 

between the DC (Direct Current) voltage of a battery and the AC (Alternating Current) 

voltage of the motor generator, and a radiator 61.

Radiator 61 is provided with two cooling water channels that are independent of 

each other. One cooling water channel forms a cooling system of engine 52, and the 

other forms the cooling system of the HV system. The cooling system of the HV 

system is, for example, formed by the cooling water channel that follows in turn from 

radiator 61 through inverter 130, a reservoir tank 54, a water pump 10, and transaxle 53 

to radiator 61. The cooling water (for example, an ethylene glycol-based coolant) 

within the channel is forced to circulate by water pump 10 to cool inverter 130 and the 

motor generator provided to transaxle 53 in turn. The temperature of the cooling 

water having increased due to cooling is reduced while the cooling water flows through 

radiator 61.

Fig. 2 is an electrical circuit diagram of a main portion of an HV system.

Referring to Fig. 2, an HV system 200 includes a converter 120, a control apparatus 140,
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capacitors Cl and C2, power supply lines PL1-PL3, and output lines 220, 240 and 260, 

in addition to a motor generator 110 and inverter 130. Although motor generator 110 

in practice includes a motor generator MG1 that functions mainly as a generator and a 

motor generator MG2 that functions mainly as a motor, it is illustrated as one motor 

generator for the sake of simplifying the following description.

Converter 120 is connected to a battery B via power supply lines PL1 and PL3. 

Inverter 130 is connected to converter 120 via power supply lines PL2 and PL3.

Inverter 130 is connected to motor generator 110 via output lines 220, 240 and 260. 

Battery B is a DC power supply and is formed of a secondary battery, for example, a 

nickel metal hydride battery, lithium-ion battery or the like. Battery B supplies the 

stored DC power to converter 120 and is charged by the DC power received from 

converter 120.

Motor generator 110 is, for example, a three-phase AC synchronous electric 

motor generator and generates a driving force by means of the AC power received from 

inverter 130. Motor generator 110 is also used as a generator. Motor generator 110 

generates the AC power by the action of electric power generation at the time of 

deceleration (regenerative electric power generation) to supply the generated AC power 

to inverter 130.

Converter 120 includes upper and lower arms formed of semiconductor modules, 

and a reactor L. The upper and lower arms are connected in series between power 

supply lines PL2 and PL3. The upper arm connected to power supply line PL2 is made 

up of a power transistor (IGBT: Insulated Gate Bipolar Transistor) Q1 and a diode DI 

connected in antiparallel to power transistor Ql. The lower arm connected to power 

supply line PL3 is made up of a power transistor Q2 and a diode D2 connected in 

antiparallel to power transistor Q2 Reactor L is connected between power supply line 

PL1 and a connection point of the upper and lower arms.

Converter 120 boosts the DC voltage received from battery B by means of 

reactor L to supply the boosted voltage to power supply line PL2. Converter 120
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steps down the DC voltage received from inverter 130 to charge battery B. It should 

be noted that converter 120 does not necessarily need to be provided.

Inverter 130 includes an U-phase arm 152, a V-phase arm 154 and a W-phase 

arm 156. U-phase arm 152, V-phase arm 154 and W-phase arm 156 are connected in 

parallel between power supply lines PL2 and PL3. Each of U-phase arm 152, V-phase 

arm 154 and W-phase arm 156 is made up of upper and lower arms formed of 

semiconductor modules. The upper and lower arms of each phase arm are connected 

in series between power supply lines PL2 and PL3.

The upper arm of U-phase arm 152 is made up of a power transistor (IGBT) Q3 

and a diode D3 connected in antiparallel to power transistor Q3. The lower arm of U- 

phase arm 152 is made up of a power transistor Q4 and a diode D4 connected in 

antiparallel to power transistor Q4. The upper arm of V-phase arm 154 is made up of 

a power transistor Q5 and a diode D5 connected in antiparallel to power transistor Q5. 

The lower arm of V-phase arm 154 is made up of a power transistor Q6 and a diode D6 

connected in antiparallel to power transistor Q6. The upper arm of W-phase arm 156 

is made up of a power transistor Q7 and a diode D7 connected in antiparallel to power 

transistor Q7. The lower arm of W-phase arm 56 is made up of a power transistor Q8 

and a diode D8 connected in antiparallel to power transistor Q8. The connection point 

of the power transistors of each phase arm is connected to the antineutral point side of 

the corresponding phase coil of motor generator 110 via the corresponding output line.

Although the figure shows that each arm of U-phase arm 152 to W-phase arm 

156 is formed of one semiconductor module made up of a power transistor and a diode, 

it may be formed of a plurality of semiconductor modules.

Based on a control signal from control apparatus 140, inverter 130 converts the 

DC voltage received from power supply line PL2 into the AC voltage to output the 

converted voltage to motor generator 110. Inverter 130 rectifies the AC voltage 

generated by motor generator 110 to the DC voltage to supply the rectified voltage to 

power supply line PL2.

-9-



Capacitor Cl is connected between power supply lines PL1 and PL3 to smooth 

the voltage level of power supply line PL1. Capacitor C2 is connected between power 

supply lines PL2 and PL3 to smooth the voltage level of power supply line PL2.

Control apparatus 140 calculates a coil voltage of each phase of motor generator 

5 110 based on a torque command value and a current value of each phase of motor

generator 110 as well as an input voltage of inverter 130. Based on the result of the 

calculation, control apparatus 140 generates a PWM signal by which power transistors 

Q3-Q8 are turned ON/OFF to output the generated PWM signal to inverter 130. A 

current value of each phase of motor generator 110 is detected by a current sensor

10 incorporated in the semiconductor module forming each arm. This current sensor is 

placed within the semiconductor module so that the S/N ratio is improved. Control 

apparatus 140 calculates the duty ratio of power transistors Q1 and Q2 for optimizing 

the input voltage of inverter 130, based on the above-described torque command value 

and the number of revolutions of the motor. Based on the result of the calculation,

15 control apparatus 140 generates a PWM signal by which power transistors Q1 and Q2 

are turned ON/OFF to output the generated PWM signal to converter 120.

Furthermore, control apparatus 140 controls the switching operation of power 

transistors Q1-Q8 in converter 120 and inverter 130 in order to convert the AC voltage 

generated by motor generator 110 to the DC voltage to charge battery B

20 The description of a cooling structure of inverter 130 will follow. In the

present embodiment, a cooling structure of a power semiconductor device according to 

the present invention is applied to inverter 130. Fig. 3 is a plan view of a cooling 

structure of the inverter shown in Fig. 1. Fig. 4 is a cross sectional view of the inverter 

taken along the line IV-IV in Fig. 3.

25 Referring to Figs. 3 and 4, inverter 130 includes a case body 21 having a

mounting surface 21a and a surface 21b facing opposite to mounting surface 21a. Case 

body 21 is formed by aluminum die casting. Case body 21 is not, however, limited to 

being formed thereby. It may be formed of, for example, iron or magnesium.

- 10-



5

10

15

20

25

A heat radiating plate 33 is fixed to mounting surface 21a with silicon grease 34 

interposed therebetween. Furthermore, on heat radiating plate 33, a plurality of chips 

31 are fixed with insulating substrates 32 interposed therebetween. For example, 

silicon grease 34 and heat radiating plate 33 may not be provided and insulating 

substrates 32 may be directly fixed to mounting surface 21a. The plurality of chips 31 

are provided at positions spaced apart from one another on mounting surface 21a.

Chips 31 are provided corresponding to each arm of U-phase arm 152 to W-phase arm 

156 and include semiconductor modules made up of power transistors and diodes. It 

should be noted that Fig. 3 shows twelve chips 31, two of which constitute each arm.

A cooling water passage 26 is formed on surface 21b. The cooling water for 

cooling chips 31 flows through cooling water passage 26. Cooling water passage 26 is 

formed opposite to mounting surface 21a where chips 31 are mounted. Cooling water 

passage 26 has an inlet 23 through which the cooling water is supplied and an outlet 24 

through which the cooling water is discharged. Cooling water passage 26 extends 

between inlet 23 and outlet 24. Cooling water passage 26 extends in parallel to 

mounting surface 21a. Cooling water passage 26 meanders on surface 21b. Cooling 

water passage 26 extends in such a manner that it overlaps the positions where chips 31 

are mounted as mounting surface 21a is seen in a plan view. Case body 21 has inner 

walls 21m and 21 n facing each other with a spacing therebetween and defining cooling 

water passage 26.

The cooling water supplied through inlet 23 to cooling water passage 26 flows 

along a path of cooling water passage 26. While flowing, the cooling water cools chips 

31 by the heat exchange with chips 31 through case body 21. The cooling water 

having an increased temperature as a result of the heat exchange with chips 31 is 

discharged from cooling water passage 26 through outlet 24.

Cooling water passage 26 is provided with fins 22. Fins 22 promotes the heat 

exchange through case body 21 between chips 31 and the cooling water flowing though 

cooling water passage 26. Fins 22 project from surface 21b. Fins 22 have a surface
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that contacts the cooling water. Fins 22 are integrally formed with case body 21.

Fins 22 are not limited thereto. They may be provided at a separate body and fixed to 

case body 21. The surface of fins 22 may have a minute concave-convex shape. Fins 

22 may have any cross-sectional shapes such as a chevron, a rectangle or a triangle as 

fins 22 are cut in a plane orthogonal to the flow direction of the cooling water.

A plurality of fins 22 are formed with a spacing therebetween in the direction 

orthogonal to the direction in which cooling water passage 26 extends, that is, in the 

direction orthogonal to the flow direction of the cooling water. Fins 22 extend along 

the direction in which cooling water passage 26 extends. The plurality of fins 22 are 

arranged at regular intervals. The plurality of fins 22 may be arranged at different 

intervals. Fins 22 may extend in a wavy manner along the direction in which cooling 

water passage 26 extends. Fins 22 are intermittently interrupted in the direction in 

which they extend. Fins 22 have ends 41 facing the upstream side of the cooling water 

flow of cooling water passage 26

Fig. 5 is a plan view of a cooling water passage in which the portion surrounded 

by a two-dot chain line V in Fig. 3 is shown. An arrow in Fig. 5 shows the direction in 

which the cooling water flows. Referring to Fig. 5, cooling water passage 26 is 

provided with fins 22A, 22B, 22C, 22D, and 22E. Fins 22A-22E are lined up in the 

described order in the direction orthogonal to the flow direction of the cooling water. 

That is, fins 22A and 22E are provided adjacently to inner walls 21 n and 21m 

respectively. Fin 22C is provided in the center of the plurality of fins 22 that are lined 

up in the direction orthogonal to the cooling water flow. It should be noted that 

cooling water passage 26 is not limited to being provided with five fins that are lined up 

in the direction orthogonal to the flow direction of the cooling water as shown in Fig. 5. 

It may be provided with any appropriate number of fins if it is provided with two or 

more fins. The number of fins may be even or odd.

End 41 of at least one fin 22 among the plurality of fins 22 is arranged so as to 

be displaced to the more upstream side of the cooling water flow than ends 41 of fins 22
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adjacent to both sides of the at least one fin 22. In Fig. 5, end 41 of fin 22C is arranged 

so as to be displaced to the more upstream side of the cooling water flow than ends 41 

of fins 22B and 22D adjacent to both sides of fin 22C. The plurality of fins 22 are 

provided so that at least a part of the arrangement of ends 41 has a chevron shape that is 

convex toward the upstream side of the cooling water flow. Ends of the plurality of 

fins 22 are arranged so as to be displaced in the flow direction of the cooling water at all 

positions where fins 22 adjoin each other.

End 41 of fin 22C is arranged on the most upstream side of the cooling water 

flow. End 41 of fin 22B is arranged on the more downstream side of the cooling water 

flow than end 41 of fin 22C, and end 41 of fin 22A is arranged on the more downstream 

side of the cooling water flow than end 41 of fin 22B. End 41 of fin 22D is arranged 

on the more downstream side of the cooling water flow than end 41 of fin 22C, and end 

41 of fin 22E is arranged on the more downstream side of the cooling water flow than 

end 41 of fin 22D. That is, ends 41 of the plurality of fins 22 are provided so as to be 

displaced from the downstream side to the upstream side of the cooling water flow as 

the distance from inner walls 21 n and 21m increases.

In a cross section of cooling water passage 26 that is cut in a plane orthogonal to 

the flow direction of the cooing water, the cooling water flow has an approximately 

uniform velocity distribution before ends 41. Ends 41 of the plurality of fins 22 are 

arranged at symmetrical positions with respect to an intermediate position between inner 

walls 21 n and 21m on both sides of the intermediate position. In this case, the 

occurrence of a significant deviation in the velocity distribution of the cooling water on 

the downstream side of ends 41 can be prevented.

Although the present embodiment has been described based on a structure in 

which ends 41 of the plurality of fins 22 are arranged so as to be displaced at all 

positions where fins 22 adjoin each other, the present invention is not limited thereto. 

Some fins 22 adjacent to each other may have respective ends 41 identical in position in 

the flow direction of the cooling water.
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When the cooling water collides with ends 41 of fins 22 at the same position in 

the flow direction of the cooling water, the reaction force generated at the time of 

collision increases. This may bring about the cooling water flow in the direction 

opposite to the flow direction of the cooling water, and therefore, a vortex flow may be 

generated at cooling water passage 26. When the vortex flow is generated, a pressure 

loss of the cooling water flow increases. As a result, the cooling performance cannot 

be improved. Furthermore, the deviation occurs in the velocity of the cooling water 

flow.

In comparison, in the present embodiment, respective positions where the 

cooling water collides with respective ends 41 of fins 22 are displaced from each other 

in the flow direction of the cooling water. This causes points where the pressure loss is 

generated to be distributed in the flow direction of the cooling water. Furthermore, fin 

22C has end 41 arranged so as to be displaced to the most upstream side of the cooling 

water flow in the center of cooling water passage 26. Therefore, the cooling water 

having disturbed flow due to the collision with ends 41 is divided into the inner wall 21 n 

side and the inner wall 21m side with respect to fin 22C. By such a configuration, the 

generation of the vortex flow in the cooling water flow can be suppressed and the 

increase in the pressure loss due to the collision between the cooling water and ends 41 

can be reduced.

It should be noted that such structures in which ends 41 of the plurality of fins 

22 are arranged so as to be displaced in the flow direction of the cooling water are 

provided at a plurality of points in Fig. 3 including a position where the cooling water 

flows through inlet 23 into cooling water passage 26.

Fig. 6 is a plan view of a cooling water passage in which the portion surrounded 

by a two-dot chain line VI in Fig. 3 is enlarged. Fig. 7 is a cross sectional view of the 

cooling water passage taken along the line VII-VII in Fig. 6.

Referring to Figs 6 and 7, a protrusion 27 for inserting a bolt 28 is placed at 

cooling water passage 26. Protrusion 27 projects from inner wall 21 n toward cooling
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water passage 26. Protrusion 27 is provided so that it may block the cooling water 

flow in a part of a cross section of cooling water passage 26. In the cross section of 

cooling water passage 26 where protrusion 27 is placed, the cooling water has a non- 

uniform velocity distribution. Ends 41 of fins 22 are arranged on the more downstream 

side of the cooling water flow than protrusion 27. Protrusion 27 is provided adjacently 

to ends 41.

In such a configuration, the cooling water flow stagnates in a space 29 between 

protrusion 27 and fins 22. In space 29 where the cooling water flow stagnates, the 

vortex flow is likely to be generated. Therefore, the increase in the pressure loss is 

particularly a major problem. In the present embodiment, the resistance offered by 

ends 41 of fins 22 is reduced to control the vortex flow. Therefore, the generation of 

the vortex flow can be suppressed and the pressure loss can be reduced. As a result, 

the above-described problems that arise when fins 22 are provided at a point where the 

cooling water flow stagnates can be solved.

In a case where a cross section of cooling water passage 26 that is cut in a plane 

orthogonal to the flow direction of the cooling water has a first region where the 

velocity of the cooling water flow relatively decreases, and a second region where the 

velocity of the cooling water flow relatively increases, it is preferable that end 41 

arranged in the first region is disposed on the more downstream side of the cooling 

water flow than end 41 arranged in the second region. In this case, the velocity 

distribution of the cooling water can be kept more uniform on the downstream side of 

ends 41.

The cooling structure of the power semiconductor device according to the 

embodiment of the present invention includes cooling water passage 26 and the plurality 

of fins 22. Cooling water passage 26 is formed opposite to mounting surface 21a 

where chips 31 qualified as a power semiconductor device are mounted. The cooling 

water for cooling chips 31 flows through cooling water passage 26. The plurality of 

fins 22 are provided on the path of cooling water passage 26 and set up with a spacing
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therebetween in the direction orthogonal to the flow direction of the cooling water.

The plurality of fins 22 promote heat exchange between chips 31 and the cooling water. 

The plurality of fins 22 have ends 41 facing the upstream side of the cooling water flow. 

End 41 of at least one fin 22 among the plurality of fins 22 is arranged so as to be 

displaced to the more upstream side of the cooling water flow than ends 41 of fins 22 

adjacent to both sides of the at least one fin 22.

According to the cooling structure of the power semiconductor device in the 

embodiment of the present invention that is configured in the above-described manner, 

the pressure loss generated at cooling water passage 26 tends to increase because water 

having higher density than air is used as the cooling medium. In the present 

embodiment, ends 41 of the plurality of fins 22 are displaced one another in the flow 

direction of the cooling water. Therefore, the pressure loss can be reduced and the 

cooling efficiency of inverter 130 can be improved. As a result, the dynamics of a 

hybrid vehicle can be improved and inverter 130 can be downsized. Furthermore, the 

electric power consumed at water pump 10 can be reduced and the fuel efficiency of the 

hybrid vehicle can be improved.

Fig. 8 is a plan view of a cooling water passage showing a modification of the 

shape of fins in Fig. 5. Referring to Fig. 8, in the present modification, ends 41 of fins 

22B and 22D are arranged relatively on the upstream side of the cooling water flow, and 

ends 41 of fins 22 A, 22C and 22E are arranged relatively on the downstream side of the 

cooling water flow. That is, ends 41 of the plurality of fins 22 are arranged so as to be 

alternately displaced to the upstream side and the downstream side of the cooling water 

flow.

By such a configuration, fins 22B and 22D have a function to divide the cooling 

water having disturbed flow due to the collision with ends 41. Therefore, the 

generation of the vortex flow can be effectively suppressed.

Fig. 9 is a plan view of a cooling water passage showing another modification of 

the shape of fins in Fig. 5. Referring to Fig. 9, in the present modification, in addition
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to the configuration of the modification shown in Fig. 8, end 41 of fin 22B and end 41 of 

fin 22D that are arranged so as to be displaced to the upstream side of the cooling water 

flow are further displaced in the flow direction of the cooling water. End 41 of fin 22 A, 

end 41 of fin 22C and end 41 of fin 22E that are arranged so as to be displaced to the 

downstream side of the cooling water flow are displaced in the flow direction of the 

cooling water.

Ends 41 of fins 22B and 22D that are arranged so as to be displaced to the 

upstream side of the cooling water flow are displaced from the downstream side to the 

upstream side of the cooling water flow toward the direction from inner wall 21n to 

inner wall 21m. Ends 41 of fins 22 A, 22C and 22E that are arranged so as to be 

displaced to the downstream side of the cooling water flow are displaced from the 

downstream side to the upstream side of the cooling water flow toward the direction 

from inner wall 21m to inner wall 2In.

By such a configuration, respective positions where the cooling water collides 

with ends 41 of fins 22 are greatly distributed in the flow direction of the cooling water. 

Therefore, the generation of the vortex flow can further effectively be suppressed.

It should be understood that the embodiments disclosed herein are illustrative 

and not limitative in any respect. The scope of the present invention is defined by the 

terms of the claims, rather than the embodiments and examples above, and is intended to 

include any modifications within the scope and meaning equivalent to the terms of the 

claims.

Industrial Applicability

The present invention is mainly applied to an inverter that is mounted on a 

vehicle and makes conversion between the DC voltage of a battery and the AC voltage 

of a motor generator.
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1. A cooling structure of a power semiconductor device, comprising:

a cooling water passage (26) that is formed opposite to a mounting surface (21a) 

where the power semiconductor device (31) is mounted, a cooling water for cooling 

said power semiconductor device (31) flowing through the cooling water passage (26); 

and

a plurality of fins (22) provided on a path of said cooling water passage (26) and 

set up with a spacing therebetween in a direction orthogonal to a flow direction of the 

cooling water to promote heat exchange between said power semiconductor device (31) 

and the cooling water,

said plurality of fins (22) having ends (41) facing an upstream side of a cooling 

water flow, and

said end (41) of at least one fin (22) among said plurality of fins (22) being 

arranged so as to be displaced to a more upstream side of the cooling water flow than 

said ends (41) of the fins (22) adjacent to both sides of said fin (22).

2. The cooling structure of a power semiconductor device according to claim 1, 

wherein

said ends (41) are arranged such that positions where the cooling water flowing 

through said cooling water passage (26) and said ends (41) collide with each other are 

displaced between said plurality of fins (22) in the flow direction of the cooling water, 

and

a pressure loss of the cooling water flow generated due to the collision between 

the cooling water and said ends (41) is reduced.

3. The cooling structure of a power semiconductor device according to claim 1, 

wherein
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said cooling water passage (26) is provided with a blocking member (27) that 

blocks the cooling water flow in a part of a cross section of said cooling water passage 

(26), and said ends (41) are arranged adjacently to said blocking member (27) on a more 

downstream side of the cooling water flow than said blocking member (27).

4. The cooling structure of a power semiconductor device according to claim 1, 

wherein

said cooling water passage (26) is formed at a position between a pair of inner 

walls (21m, 2 In) that are arranged on both sides of said plurality of fins (22) and face 

each other, and

said ends (41) are arranged so as to be displaced from a downstream side to the 

upstream side of the cooling water flow as a distance from each of said pair of inner 

walls (21m, 2In) increases.

5. The cooling structure of a power semiconductor device according to claim 1, 

wherein

said ends (41) are arranged so as to be alternately displaced to the upstream side 

and a downstream side of the cooling water flow in the direction in which said plurality 

of fins (22) are lined up.

6. The cooling structure of a power semiconductor device according to claim 5, 

wherein

said ends (41) that are arranged so as to be displaced to the upstream side of the 

cooling water flow are displaced in the flow direction of the cooling water, and said 

ends (41) that are arranged so as to be displaced to the downstream side of the cooling 

water flow are displaced in the flow direction of the cooling water.

7. The cooling structure of a power semiconductor device according to claim 1,
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wherein

said cooling water passage (26) is formed at a position between a pair of inner 

walls (21m, 2 In) that are arranged on both sides of said plurality of fins (22) and face 

each other,

said cooling water passage (26) meanders on said mounting surface (21a), and 

at a straight portion of said cooling water passage (26) extending straight, said

ends (41) are arranged so as to be displaced from a downstream side to the upstream 

side of the cooling water flow as a distance from each of said pair of inner walls (21m,

2In) increases.

8. The cooling structure of a power semiconductor device according to claim 1, 

wherein

said cooling water passage (26) meanders on said mounting surface (21 a), and 

at a curved portion of said cooling water passage (26) extending in a curve, said

ends (41) are arranged so as to be displaced from the upstream side to a downstream 

side of the cooling water flow toward the direction from an inner circumferential side to 

an outer circumferential side of said curved portion.

9. The cooling structure of a power semiconductor device according to claim 1, 

wherein

said cooling water passage (26) is formed at a position between a pair of inner 

walls (21m, 2 In) that are arranged on both sides of said plurality of fins (22) and face 

each other,

said cooling water passage (26) meanders on said mounting surface (21 a), 

at a straight portion of said cooling water passage (26) extending straight, said

ends (41) are arranged so as to be displaced from a downstream side to the upstream 

side of the cooling water flow as a distance from each of said pair of inner walls (21m,

21 n) increases, and
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at a curved portion of said cooling water passage (26) extending in a curve, said 

ends (41) are arranged so as to be displaced from the upstream side to a downstream 

side of the cooling water flow toward the direction from an inner circumferential side to 

an outer circumferential side of said curved portion.

5

10. An inverter having the cooling structure of a power semiconductor device 

as recited in claim 1, and mounted on a vehicle.
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