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HEAT GENERATING ELEMENT COOLI NG UNI T W TH LOUVERS CROSS REFERE TO ?
RELATED APPLI CATI ONS This application is based upon and clains t S benefit
5 - of Japanese Patent Applications No. 10-60185, filed on March 11, 1998,
No. 10-359541 filed on Decenber 17, 1998, the contents of which are
i ncor por at ed hereﬁﬁﬁ%ﬁﬁ@@ﬂ%ﬁmmwfp NVERH | KQUVERS
Field of the Invention: This invention relates to a cooling unit ¥or
cool ing heat generating electronic el enents (conponents) such as a mcro
processor and an inverter. 2. Description of the Related Art: 15
JP- U- 63- 164294 di scl osEROSS RBFERENGCE | TO SREMWKTED APRISICADIONSd 10B. The
cooling unit includes plural cooling fins (herebelow, referred to as fins)
320 disposed on a subEBtisatappddgatdonhiehbased tupen andedaiaw $her bepefitd,
and an axial fan 310 for blowing cooling air toward the fins 320. 20
The i n¥ent 0§ dapaneser @asenti Appdiiicat ilomse Noeart hrdt) 1B adf kedron carchg)
capacity of the cooling unit described above. As a result, it was founded
that a tenpklat hdP&t Nhe gbtedd9541 cchitled pmtlpetnemberhelbubéﬂﬁébe Bhe
was hi gher than those at the other portions, i.e., a so-called heat-spot
was 25 peeniterts o f tweicknarel 1wrp@nab$dtmremsb1rarefenencemu S
inplies that the cooling unit nust adopt a large fan to prevent the
heat -spot, resulting in increased size, increased noise, -1-
BACKGROUND OF THE INVENTION
10 1. Field of the Invention:
This invention relates to a cooling unit for cooling
heat generating electronic elements (components) such as a
micro processor and an inverter.
2. Description of the Related Art:
15 JP-U-63-164294 discloses a cooling unit shown in
FIGS. 10A and 10B. The cooling unit includes plural cooling
fins (herebelow, referred to as fins) 320 disposed on a
substrate 300 to which electronic components are joined, and an
axial fan 310 for blowing cooling air toward the fins 320.
- 20 The inventors of the present invention have examined
a radiation (cooling) capacity of the cooling unit described
above. As a result, it was founded that a temperature at the
generally central portion of the substrate 300 was higher than
those at the other portions, i.e., a so-called heat-spot was
25 produced at the central portion of the substrate 300. This
implies that the cooling unit must adopt a large fan to prevent

the heat-spot, resulting in increased size, increased noise,
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and increased manufacturing cost. SUVWMARY OF THE | NVENTI ON The present

I nvention has been nmade in view of the 5 above probl em An obj ect of
the present invention is to provide a heat generating el enent cooling unit
capabl e of Breyentin a heat-spot fromarising on a substrate. In a cooing
uni t accor 8PAgiPGTreREeH, BaBREALkPEARPoROS, substrate i s divided into even
substrate areas respectively 10 havi ng reference |lines, each of which
radially extends froma specific point of the substrate, and a cooling fin
di sposed between a substrate and an axial fan has a plurality of |ouvers
each facing one of the subst rE{MMaR%F JHE H{:}?i n a direction
parallel to a corresponding reference |jine of the one 15 , of the
substrate areas. Ea€R€oPrafenteridiianiclqn has &R Badpctnf Vieungfe the h
an adj acent reference line thereof. Preferably, the spegific point_is a
centr& poPRPVEf R¥RPLeMst r AR, ORIECEhLHXLAE IRFLFRNT| IPYSBFIAN % BSss
part facing the central point. 20 . Accordingly, when air is

bl own fronPFR¥iSE 2 hgat geRerakingusdemens ePrhing f UsWtdiFaRabPbe &L t he
air can be changed by the louvers in directions parallel to the reference
lines of tRESVERSdRg fecheabsEPete fXPRaarisdng PAs@ FuUbsh&Eaker radial ly and
smoothly flows out fromthe cooling unit. Heat is 25 al so radially
transferred from t heIBeft FPLiRGi YRihaqaardings traitdhe; presendu V@Rt ioNer eby

preventing occurrence of a heat-spot. -2- _ )
a substrate is divided into even substrate areas respectively

10 having reference lines, each of which radially extends from a
specific point of the substrate, and a cooling fin diSposed
between a substrate and an axial fan has a plurality of louvers
each facing one of the substrate areas and extending in a
direction parallel to a corresponding reference line of the one

15 of the substrate areas. Each of the reference lines makes a
specific angle with an adjacent reference line thereof.
Preferably, the specific point is a central point of the
substrate, and the axial fan is disposed with a boss part
facing the central point.

20 Accordingly, when air is.Bl§Wn from the axial fan
toward the substrate, an air flow direction of the air can be
changed by the louvers in directions parallel to the reference
lines of the fespective substrate areas. As a result, the air
radially and smoothly flows out from the cooling unit. Heat is

25 also radially transferred from the central point of the
substrafe toward outside, thereby preventing occurrence of a

heat-spot.
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The axial fan may be a suction type which blows out air on a side opposite
the cooling fan. In this case, the air can flow out fromthe cooling unit
af trer smoothly flowing in the cooling fin in directions parallel to the
reference lines 5 of the respective substrate areas toward the central
poi nt. BRI EF DESCRI PTheNagdalHEapRMAYNGS @ sarctdigne diypen vth kdnhlass sfut he
present invention will becone nore readily apparent froma better .
under st andiaig o0 a safet pppes tterthel conddd Ny ddde ey aEw the Rir
reference to the following drawings. FIG 1 is a perspective view show ng a
cool i gn unican rEkow iout fremcthedceabdugnunit REter2 smeoihdynhfdoveing e
show ng an arrangenent of 15 | ouvers relative to a substrate in the
first embodiheertoolding fin sim dimest maiparaldalstthdde sieferefce dolnel)
units as sanples S1, S2, S3, including louvers with variout arrangentns;

FI GS. 51A amaf Athenrrespeuhivie sibatratiewireps towand ¢theentral pojdifent s of
sanples S2 and S3, respectively; FIG 5 is an enlarged perspective view
showing a fin; FIG 6 is a schematic view showi ng an arrangenent of |ouvers
relative to a substrate in a second preferred enbodi nent; 25

FIG 7 is a perspective \BRIERMBSCRIRTEIMIQGF FHE DRAWINGS unit from which a
fan is detached, in a third preferred enbodi nent; -3- . )
Other objects and features of the present invention

will become more readily apparent from a better understanding
10 of the preferred embodiments described below with reference to
the following drawings.

FIG. 1 is a perspective view showing a coolign unit
in a first preferred embodiment;

FIG. 2 is a schmatic view showing an arrangement of

15 louvers relative to é substrate in the first embodiment;

FIG. 3 is a graph showing resistance ratios of
cooling units as samples S1, S2, S3, including louvers with
variout arrangemtns;

FIGS. 4A and 4B are séhmatic views showing the louver

20 arrangements of samples S2 and S3, respectively;

FIG. 5 is an enlarged perspective view showing a fin;

FIG. 6 is a schematic view showing an arrangement of
louvers relative to a substrate in a second preferred
embodiment;

25 FIG. 7 is a perspective view showing a state of a
cooling unit from which a fan is detached, in a third preferred

embodiment;



FIG 8 is a perspective view show ng a state of a cooling unit fromwhich a
fan is .detached, in a nodified exanple of the third enbodinent; FIG 9 is a
perspective view showing a cooling unit 5 in a nodi fed enbodi ment of the
present invention, FIG 10A is a perspective view showi ng a cooling unit
according to a prior F&G. &nils FRGPerspecs: iyec iy sthevbngl ayvséatealadh a
along a XB- XB line in FIG 10A. 10 DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTSocHiing enbbdifnam ) whiebola nfanniks 1detaghedsi rin pr sredified
enbodi ment is suitable for cooling heat generating electronic conponents
such 15  emample @fo Yheoddvigst imerfgferring to FIG 1, the cooling
unit 100 includes a square substrate 200 made of non- ferrous nmetal such as
al umi num The el ectr §dGo Faritss a penppectiivel wiev BhQing A |goTking anit
portion of the substrate 200 on a side opposite cooling fins (herebel ow,
referrfed tdma mMadiferh expodimgndcidf dlie \prasent dowentiiom; The cool i ng
unit 100 further includes an axial fan (herebelow referred to as fan) 110
for bl owi ng cooling &IG.t dRAr dsaaspesspeciivevise showisg aheoelbrgrunit 200
in a direction approxi mately perpendicular to the substrate surface 210.
The fan llGdeowbingded ofpridparigarands 111 and several blades 112
di sposed around the boss part 111. An electric notor (not shown) for
driving the fan 110 FJIGdi 40Bsdd ancrosshsecticnal Miew Uaken abona tXB+
are forned

XB line in FIG. 10A.

10
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
(First Embodiment)
A cooling unit 100 in a first preferred embodiment is
suitable for cooling heat generating electronic components such
15 as a micro processor (MPU). Referring to FIG. 1, the cooling
unit 100 includes a square substrate 200 made of non-ferrous
metal such as aluminum. The electronic parts can be joined to
the generally central poftion of the substrate 200 on a side
opposite cooling fins (herebelow, referred to as fin) 120
20 specifically described below. The cooling unit 100 further
includes an axial fan (herebelow, referred to as fan) 110 for
blowing cooling air toward a substrate surface 210 of the
substrate 200 in a direction approximately perpendicular to the
substrate surface 210. The fan 110 is composed of a boss part
25 111 and several blades 112 disposed around the boss part 111.
An electric motor (not shown) for driving the fan 110 is

disposed in the boss part 111. The fins 120 that are formed
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-4- into a corrugated shape as a whole by a roller are di sposed between
the fan 110 and the substrate 200 (substrate surface 210), with plural

| ouvers 130 thereon for changing an air flow direction to specific
directions. The fins 120 are brazed to 5 the substrate surface 210.
Next, the dintectd orerovigated| shepesas3@ whale hhea speiiercager &dsSPased nt o
~which air flowdirection is changed by the Ilouvers 130 wll be

descri bed. between ddve afidry, 119 handj thet suhstsatend0Podsubstrayer sprdaaa
comuni cating 10 directions of air whose flow direction is changed by
the | ouver 21036 withepparal | ouvers Ha0s dheneone fox chaaging an

arrows Din FIG 2. The directions of the louvers 130 further represent

di rect i ons diiresttiion ttee spegidisc tdoeattiions .ar &heofigg B2 0c aneg hyaged to
bendi ng up the fins 120, respectively 15 extend. Referring to FIG 2,

t he subst r &he Zubsitgatievisterfacent2dOsven (four in this enbodi nent) areas
Alerr] to Alerr] around the central point O in a direction (fan rotating
direction) in which Nextf,arthelGlirections e thet Lanvessnd30,cdrLespdhe to
20 the boss part 111 and to an intersection between diagonals of the
substrate 2p@cifiie Hiueetionsoinmts pdtidhy @iy Fdbwndingction his ghange &y |
to Alerr] are arranged in parallel with one another in the correspondi ng
areas Al er the o Jquseris. Badh ofillhe he calesquibhgd + o Alaqidentaldy 4 edhe a

| ouver 130 radially extending therein fromthe 25 central point 0 in
direction Mipmctiicsis t cobnetbe rdfoarwgrse 130 represent communicating

10 directions of air whose flow direction is changed by the
louvers 130 to be parallel to the substrate surface 210 as
shown by arrows D in FIG. 2. The directions of the louvers 130
further represént directions in which the louvers 130, which
are formed by cutting and bending up the fins 120, respectively

15 e#tend.
Referring to FIG. 2, the substrate 200 is divided
"into even (four in this embodiment) areas A, to As around the
central point O in a direction (fan rotating direction) in
which the fan 110 rotates. The central point O corresponds to
20 the boss part 111 and to an intersection between diagonals of
the substrate 200. The louvers 130 respectively belonging to
the areas A, to A, are arranged in parallel with one another in
the corresponding areas A: to As. Each of the areas A; to A, has
at least a louver 130 radially extending therein from the
25 central point O in direction D parallel to one of reference
lines L, L:. The reference lines I,, L correspond to the

diagonals in this embodiment, and therefore, each direction D

-5-



lines L[err], L[err]. The reference lines L[err], L[err] correspond to the
di agonal s in this enbodi nent, and therefore, each direction D -5- makes
an angle of 45 [err]C relative to one of the outer sides 211 of the
substrate 200. Next, features and effects in this enbodiment wll be

speci fi cal hykezpani axsglle |0 t4% “Comkllagivei toaoner dfngheoonkerssidesi 241l
enbodi nent, the substrate 200 is divided into the areas Alerr] to Alerr]
around t heogegheakupstrhte Q200Lesponding to the boss part 111. In the
respective areas Alerr] to Alerr], the direction D of the |ouvers 130 is

paral lel to either oNexbtf féeturdsrarnt efifects lipethis éfbodimdndi agidlalks)
extending radially fromthe central 10 points 0. Therefore, the
directi on Ppetifiealldyvexplaifiedn onm ¢het keodings uAfitr abcoardAngr th ftdvens
an angle [err] with the direction D of the louvers 130 in the adjacent one
of thg ar e&srAkeemboddméne,’ kheTBabsnglate] @00] iiss disfidedd imyot hrher afreamsnce
lines L[err], L[err], and is 90[err] in this enbodinent. 15

The |ouvera,188 Ap dteumd] tsenéenvpadf pbiintaoeasrabspohdingAtoartheabossged
with V-1ike shapes protruding toward the central point 0. Therefore, the
cool i ng ai pakiowm1{r orn t tite f e pekit ivenaireasha, fte A 2 hen di reictdon ®n of
perpendi cular to the substrate 200 flows fromthe central points 0 toward

the outer e 1l&ivias 2130 Ast iarillesl | boselthert lone espetheveefieaznce
Alerr] to Alerr], and then flows out fromthe cooling unit 100.

Accor di ngl yineatL gt 1;hq dderjonall spordstending achdidlly r fnemi thed cemtaral t he
out side, thereby preventing a heat spot from bei ng generated on

10 points O. Therefore, the direction D of the louvers 130 in one
of the.ar_eas A; to A; forms an angle © with the direction D of
the louvers 130 in the adjacent one of the areas A: to As. The
angle © is defined by the reference lines L, L., and is 90°
in this embodiment.

15 The louvers 103 in the adjacent two of the areas A
to A, are arranged with V-like shapes protruding toward the
central point O. Therefore, the cooling air blown from the fan
110 toward the fins 120 in a diréction perpendicular to the
substrate 200 flows from the central points O toward the outer

20 sides 211 in the directions D in the respective areas A to A,
and then flows out from the cooling unit 100. Accordingly,
heat at the centrai portion is radially transmitted toward the
outside, thereby preventing a heat spot from being generated on
the substrate 200.

25 An amount of air flowing in the central portion of

the substrate 200 corresponding to the boss part 111 is smaller

than those in the other areas. In addition, the air flow from
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t he substrate 200. 25 An amount of air flowng in the central
portion of the substrate 200 corresponding to the boss part 111 is smaller
than those in the other areas. In addition, the air flow from the fan
110 inevitably has a conponent in a rotating direction of the fan 110.

Ther ef or e, the Faphdh0f inevikably MAS aQORRERENt i3n 8 Maliatiineh Brednicatther
as in a conventional manner shown in FIGS. 10A and 1 OB so that the air flow
direction iof thecfenyls0. TEherrkarew ady mhen fins ang Sdaplyn argangded to

the fins, the substrate has various areas, in sone of which air smoothly
flows and iin paredlel whtlkhore ranpidiemh@s sifo@ iopvenhinaNy mannecishaw |y,
the air does not smoothly flows at the central Eortign of the substrate

cor r espondiimg RI&St:hd0RoaBd phPB sacthar the jgdr £hew: diperbion elaifaraibly
central portion is increased as conpared to the other areas. This causes

| ar ge pr essivangedsby thastinscintae rayrdirectian naralded typdihe fins, the
Consequently, the conventional cooling unit is required to used a large fan
havi ng a | &upstsade ngasapacrioyus tdngashy tauseng 0f whichsadridmoothlse of
the fan (cooling unit), increased noise, and high manufacturing cost. To

t he cont r arffilowsc @pddiingotber wE wirighliadantdoashadt mmoptthlyfdawse | dipxe s
130 so that the louvers 130 in the adjacent two of the areas Alerr] to

Al err] are specikfjaally f dethe \air kdoes notspmpetplyt £doWsg atodhed aentral
central points 0. Therefore, the cooling air blown fromthe fan 110 toward
the fins 13®rhion v thewsubstraten doxyespanding rte pbet bossobante so
substrate 200. _

10 that the temperature at the central portion is increased as
compared to the other areas. This causes large pressure loss,
biased heat transfer, and the heat-spot. Consequently, the
conventional cooling unit is required to used a large fan
having a large blowing capacity, thereby causing an increased

15 size of the fan (céoling unit), increased noise, and high
manufacturing cost.

To the contrary, according to this embodiment, the
fins 120 have the louvers 130 so that the louvers 130 in the
adjacent two of the areas A; to A, are arranged to form V-like

20 shape protruding toward the central points O. Therefore, the
cooling air blown from the fan 110 toward the fins 120 smoothly
flows out even from the central portion of the substrate 200.

As a result, a pressure loss in the fins 120 is lessened. It
is not necessary to use a large capacity fan, thereby

25 preventing size increase, noise increase, and manufacturing
cost increase. Also, because the air flow direction is changed

by the louvers 130 on the fins 120, a temperature boundary
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As a result, a pressure loss in the fins 120 is |lessened. It is not
necessary to use a large capacity fan, thereby 25 preventing size

i ncrease, noise increase, and manufacturing cost increase. Al so, because
the air flow direction is changed by the |louvers 130 on the fins 120, a

t enper at ur el 3% ddr preyented| fram baing o P e FErfgcgsorf bhet hitns
surfaces of_ the fins_120, resulting in inprovement of heat transfer

ef fi ci ency.13®nsEGFEACLRT tie AmBravensntanli hgabf tiaasfes | effigienaye is
i nproved. 5 FIG 3 ,shows nunerjcal sinulation results .

i ndi cat i ng fRAequUeNtdyanther FaddatienraRaTH Hfadihe eoplingt naitche? ais
portions of the substrates (where the electronic parts are joined to) of
sanpl es S1,iMprovgdl S3. Sanple S1 has a V-shape arrangenent of the |ouvers
130 as in the first enbodi ment shown 10 in FIG 2, sanple S2 has a,

W shap® arrangenent dtIQ-hd |shower punreuieal syl atien resyltynindigptings
has a reverse V-shape arrangenent of the |ouvers 130 as shown in FIG 4B.
As under st JtRRE reef B ANGe ratiescdxpdiatdonhsapasditiest) radsithercentrnalo
of sanple S1 is snaller than those of the 15 ot her sanples S2, S3.

That is, tHRO¥&EPRE| 6ff ddsacselstratespl(where sthe ghdectranicheaartst ahe
other sanples S2 and S3. Here, it should be noted that the snmaller the heat
resi stance iakned BeoRds sampdes aflerS2 heand B dt i ocFARRbRCT yhagcanksshapeo,
referring to FIG 5, it is experinentally 20 " confirnmed that a preferable
rati o (FP/ l3yraggementn ofi the fpuvers 130 as in the first embodiment shown

10 in FIG. 2, sample S2 has a W-shape arrangement of the louvers
130 as shown in FIG. 4A, and sample S3 has a reverse V-shape
arrangement of the louvers 130 as shown in FIG. 4B. As
understood from FIG. 3, it is confirmed that the heat
resistance ratio of sample S1 is smaller than those of the

15 other samples S2, S3. That is, the radiation capacity of
sample S1 is highe; than those of the other samples S2 and S3.
Here, it should be noted that the smaller the heat resistance
ratio becomes, the larger the radiation capacity becomes.

Also, referring to FIG. 5, it is experimentally

20 confirmed that a preferable ratio (FP/LP) of a fin pitch FP of
the fins 120 relative to a louver pitch LP of the louvers 130
is in a range of approximately 0.6 to 7.5, and a preferable
ratio (FH/FP) of a fin height of the fins 120 relative to the
fin pitch FP is in a range of approximately 0.3 to 15. 1In this

25 embodiment, the louver pitch LP is in a range of 0.8 mm to 3
mm, the fin pitch FP is in a range of 2 mm to 6 mm, and the fin

height FH is in a range of 2 mm to 30 mm.
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the fins 120 relative to a |l ouver pitch LP of the louvers 130 is in a range
of approximately 0.6 to 7.5, and a preferable ratio (FH FP) of a fin height
of .the fins 120 relative to the fin pitch FPis in a range of approxinmately
0.3 to 15. In this 25 embodi nent, the louver pitch LPis in a range of
0.8 nmmto 3 nm the f{fepPREnERPOAIMEAL) range of 2 Mmto 6 nm and the fin
height FHis in a range of 2 Mmto 30 nm - 8- (Second Enbodinent) In a
second preferred enbodPnedt Seeqntt Rrgferres phenbadinents a3 IGSHAEGUHAr
shown in FIG 6 in place of, the square substrate 200 in _the first

embodi nent §EPELNEE AR 18 ado&eq n2§ heheVR sincFEGei feAl, PlAces Gfstthe e
200a is divided into four areas Alerr] to Alerr] around the central point O
cor r espondi BgUAEeaFubsitEadec 208 ipe tiiee £ iTpd ent; Kessaribeghdhave .

| ouvers 130 are arranged in parallel with one another within the respective
areas A errpst énAFéiar?J.-r%b embodiment, the, substrater 28080disnelividese into
reference lines Llerr], L[err] correspond to the diagonals of the substrate
200.  To t BEUEOALRAF A1 ite RAparamshdherisemtradt Porlélg:epeﬁ@éneisti?@éld}sl,g It do
not correspond to the diagonals of the substrate 200a. _The reference |ines
L[err], L[ePp] 1pkaraerlien dgfareen dwqebiggonsls: thegeof ,1and the dowiesss
211a of the _substrate 200a. _Therefore, directions D of the |louvers 130 are
inclined at 139 eR¥FP raqzaNdAd ¢ dnt HRAKARLel swdEh ane anether ywibhine the st

enbodi ment . The other features and effects are the same as those in the
first respective areas A; to A;.
10 In the first embodiment, the reference lines I., L:

correspond to the diagonals of the substrate 200. To the
contrary, in the second embodiment, reference lines Ls, ILg do
not correspond to the diagonals of the substrate 200a. The
reference lines Ls, Ls radially elongate to define 45° with
15 outer sides 21la of the substrate 200a. Therefore, directions
D of the louvers 130 are inclined at 45° relative to the outer
sides 2l1lla similarly to the first embodiment. The other
features and effects are the same as  those in the first

embodiment.
20 (Third Embodiment)

In a third preferred embodiment, assembling
performance of the fan 110 and the substrate 200 is improved in
the following manner. That is, as shown in FIG. 7, first, the
substrate 200 and an aluminum top plate 300 to which the fan

25 100 is to be fixed are connected to one another with four leg
portions 310. In this state, the fins 120 are disposed between

the substrate 200 and the top plate 300.
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enbodi nent. 20 (Third Enbodinment) In a third preferred
enbodi nent , assenbl i ng performance of the fan 110 and the substrate 200
is-inproved in the follow ng manner. That is, as shown in FIG 7, first,

t he substrate 200 and an alum numtop plate 300 to . which the fan_25 100
is to be fixed are co¥hrctle@d t BOBREORAOtHEY RAFen FOlRerEgdpdrd i She 3%8ur)
this state, the fins 120 are di sposed between the substrate_200 and the top
pl ate 300. CQKnerS'Hﬁaﬂh@gsﬂ§§FP§£§ 299 8¢ cthafh Ry @&riH%°WBu%rE%rFQ?s

of the substrate 200 so that cooling air blown fromthe fan 110 rd the

substrate 2@@%&&%5@@%%@%%@% 208! FAY mStllifo@SGﬁ&et

300 is forned with partially rotrudi ng_attachnent part S|de
opposi te th@0®lh8912015ylﬁﬁrrlﬁbep€@EeB%?ﬁg 3Qﬂe1§o§°5P§@ewéﬁb PﬁFPﬁE}lﬁas

a through hole 330 having a diameter equal to or |larger than the dianeter

of the5fan protruhing Rthaghmeste PaZbSaRd0t PR 3 Yl ARRGFL te1 bher £1ns 120
integrally fornmed with the top plate 300 by pressing. 10

top plate 30P,buheing rprocessiagd tﬁbesﬁgﬁtpbﬁ%ﬁzﬁﬂpziﬂ?ﬁhﬁﬁ'ﬁéﬁl9 FBFHBHhto
one anot her by, for instance, brazing. Then, after the fan 110 is

posi tioned helat33@ having a siiapeses eauabyte Her Jtargernthan ihes diapetege
fan 110 is inserted (screwed) into a through hole fornmed_ by burring 15
processi ng @ft bhecfanw kkbns Theothrpyah) heden3ald and; sheafggi portienst d10he

top plate 300. In this enbodinent, the fan 110 is
are integrally formed with the top plate 300 by pressing.

10 The top plate 300, the fins 120, and the substrate
200 are thermally joined to one another by, for instance,
brazing. Then, after the fan 110 is positioned relative to the
top plate 300 by the attachment parts 320, the fan 110 is
inserted (screwed) into a through hole formed by burring

15 processing with screw means (not shown) such as a vis, and is
fixed to the top plate 300. In this embodiment, the fan 110 is
fixed to the top plate 300 by the screw means; however, the fan
110 may be fitted into protrusions 321 which are formed on the
top plate 300 instead of the attachment parts 320 as shown in

20 FIG. 8 so that the fan 110 is fixed to the top plate 300. 1In
this case, the fan 110 can be easily fixed to the top plate 300
without using the screw means.

In this_embodiment, the substrate 200 is rectangular;
however, the present invention is not limited to this shape.

25 The substrate can have another shape such as a circle.
Therefore, it is not always necessary that the directions D of

the louvers 130 (reference lines I; to L.) are inclined at
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fixed to the top plate 300 by the screw neans; however, the fan 110 may be
fitted into protrusions 321 which are forned on the top plate 300 instead

of the attachnment parts 320 as shown in 20 FIG 8 so that the fan 110 is
fixed to the top plate 300. In this case, the fan 110 can be easily fixed

to the top 45 areldffivei tbouheusutegrt sddesr eWlmednthd mubstrat@@boErind t he
substrate 200 is rectangul ar; however, the present invention is not limted

to this shamay 5 incliwed sabsanetRetaanfiee althbagh thepEinsudl20 afre a
circle. Therefore, it is not always necessary that the directions D of the

| ouvers 13@ormfgatetevitines sime+yatve Liker fhape¢ ikchayetbericorkhgated
45[err] relative to the outer sides 211 of the substrate 200, and may be

i nclined atwiazhotheectanyelarAtdveupikd shapens THE heatcgenexst oty wenber
si ne-wave |i ke shape, it nmay be corrugated with a rectangul ar-wave |i ke

shape.5 The ifseatogebimatedg toergles @lectronfiot compohedit!,0 ditt magCbeonrife
conponent, and may be the other heat generating nenbers. In the third

enbodi ment other theatplginer3®Anes nléntradd.0 the substrate 200 at the four
corners thereof; however, as shown in FIG 9, it may be fixed to the

substrate 200 and toIhOthe thdrdf ambollithend!, thed tapOPgliates 300 ilsh £ibdewd
above- descri bed enbodi nents, the fan 110 is a so-called forcing type fan

t hat bl ows tai rtHeo\waibs tirat es B0 e &h2) Foud icoririnsy dlherddts Thowawir bas
so-cal l ed suction type fan that blows air toward a side opposite the

substrate ZMbdwid nid IFEGLaBL, i€0MaY NBeadifixed0¥d the substrate 200 and to

10 the fan 110 at two portions. In the above-described

embodiments, the fan 110 is a so-called forcing type fan that

blows air toward the substrate 200. Alternatively, the fan may

be a so-called suction'type fan that blows air toward a side

opposite the substrate 200. 1In this cése, cooling air flows

15 toward the central portion O on the substrate 200 is sucked
into the fan, and then is blown out from the cooling unit.

While the present invention has been shown and

described with reference to the foregoing preferred

embodiments, it will be apparent to those skilled in the art

20 that changes in form and detail may be made therein without

departing from the scope of the invention as defined in the

appended claims.
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15 toward the central portion O on the substrate 200 is sucked-ihte the
fan, and then is blown out fromthe cooling unit. Wile the prese '

i nventi on has been shown and described with referﬁtmunm(lmﬁmlm“L
foregoing preferred enbodinents, it will be apparer M'%ed in
the art 20 Whatt Hat clledimyess dis® form and detail may be tade therein without
departing fromthe scope of the invention as defined in the appended .

cl ai ms. What is cllai ned igpolling wnibolfiorg aAnkingracdeditn geneeating
generating el enent, conprising: a substrate to which the heat generating
el enent i s elenent, aamprzisindgal fan for blowing air toward the substrate
in a direction approxi mately perpendicular to a surface of_ the substrate,
the axial fan havi ng aa shisstyatre tndvhiqh uehe i hgabfoenerrting spbamentr Hoind
the boss part, the boss part being opposed to a specific point of the
substrate; tandea £ix@ddng fin di sposed between the substrate and the axial
fan and having a plurality of |louvers, wherein the substrate is divided

into even substrate areaxialofan tbr bpowifnygcaboitewardsthetsebsirateecthi on
of the axial fan, the substrate areas each having a reference |line that

radi al | y exd eddsettaont lappnosdinatelyiperpendiclar o eacifusifacee of ukheity
of louvers faces one of the substrate areas and extends in a direction
paral | el tosubhetrate, the axial fan having a boss part and a plurality of_

blades disposed around the boss part, the boss part being
opposed to a specific point of the substrate; and

a cooling fin disposed between the substrate and the
axial fan and having a plurality of louvers,

wherein the substrate is divided into even substrate
areas around the specific point in a rotating direction of the
axial fan, the substrate areas each having a reference line
that radially extends from the specific point; and

wherein each of the plurality of louvers faces one of
the substrate areas and extends in a direction parallel to the
reference line of ihe one of the substrate areas, for changing
an air flow direction of the air brown from the axial fan into

the direction.

2. The cooling unit according to ciaim 1, wherein:

the substrate has a rectangular shape with two
diagonals; and

the specific point is a central point of the

substrate on which the diagonals are crossed with one another.
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reference Iine of the one of the substrate areas, foj \ w; 1 ow
direction of the air brown fromthe axial fan into t!\““mmmm%mlﬁllme
cooling unit according to claim1l, wherein: the substrate has m rsectangul ar
shape with two diagonals; and the specific point is a central point of the
substrate on which tRe diTRBnGPeliRre ERdEsagCRrAANgn &0 d@HEY 2, Mhereirn
The cooling unit acc rding.to claim?2, wherein each of the substrate areas
has a refe PEndNs aBUPSLrALe AkPaR BBFerd | rREPKENCE tlsinmetbatsitls
of substrate. 4. The coouin% uni;t according to _claim2, wherein the
substrate DGYGREe atyhP | TE4RELNEI tPnOBer B SidBS: P4t EukFEZatEach havi ng
the reference line parallel to one of the diagonals. 5. The cooling unit
according to claim1l1, wherein two reference lines of adjacent two substrate
areas make a specific angle therebetween. 6. The cooling unit according to
claim5, whereint he4spe%m? cCapyingi ynyp[ apFprainghsoc §diGify miwherein
according to claiml, wherein all |ouvers facing one of the substrate areas
el ongat e i iFHfr SRPEEIaLe h1fhEuare e | iiedévided dntooffoure suhatrate

areas. 8. A cooliqglunit_for cboliqg a heat generatiqg
areas ea having the reference line parallel to one of the

diagonals.

5. The cooling unit according to claim 1, wherein
two reference lines of adjacent two substrate areas make a

specific angle therebetween.

6. The cooling unit according to claim 5, wherein

the specific angle is 90° .

7. The cooling unit according to claim 1, wherein
all louvers facing one of the substrate areas elongate in
parallel with the reference line of the one of the substrate

areas.

8. A cooling unit for cooling a heat'generating
element, comprising:

a substrate to which the heat generating element is
to be fixed, the substrate being divided into even substrate
areas around a central point, the substrate areas each having

a reference line that radially extends from the central point;
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el enment, conprising: a substrate to which the heat ' Is to
be fixed, the substrate being divided into even sub%‘ﬁﬂ“‘“mﬁﬂu d a
central point, the substrate areas each having a ref nce u i me that
radially extends fromthe central poini; -13- ., an axial_ fan for blow ng
air toward the subst r3ft @Y Jem £RY BLBWABI2Hbr EPBRTE aERRgSRREtERRE BY
point of the substrate; and a cooli,ng fin di sposed between the substrate
and the axi’é?t?ﬁhnﬁnd"rl‘?ém%ga aPBFﬁr‘Qg‘i t32&kNg ofher Lentyaly ppantt pirthe

| ouvers each facing one of the substrate areas and extending in a direction
paral | el tcWPEFILDARA NG reference line of the one of the substrate
areas, for changing an air. flow.direction_of the air_into the direction. 9.

The cooling unit accdt IR} IPG LA ALSPoRREr BetwesRr thestvhetrate andgthee
shape with twp diagonals crossed with one another at the central point. 10.
The cool i n?¥He} ARE RAYINE | i PLoralhby eph: Loweesspsthat Blusality defd
into four substrate areas; ,and each of the substrate areas has a reference
line paral |¥UYereisact t87dngr opgeCfi bhgsukstrate areas,apdngxtanpding in
according to ¢claim@8, wherein:_ the substrate has a rectangul ar shape with
four sides:dhHrection parallel to a corresponding reference line of the
one of the substrate areas, for changing an air flow direction

of the air into the direction.

9. The cooling unit according to claim 8, wherein
the substrate has a square shape with two diagonals crossed

with one another at the central point.

10. The cooling unit according to claim 9, wherein:

the substrate is divided into four substrate areas;
and

each of the substrate areas has a reference line

parallel to either one of the diagonals.

11. The cooling unit according to claim 8, wherein:

the substrate has a 'rectangular shape with four

sides; and
each of the substrate areas has a reference line

inclined at 45° relative to one of the sides of the substrate.

12. The cooling unit according to claim 8, wherein
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each of the substrate areas has a reference |line ingly ¢ :
relative to one of the sides of the substrate. 12. %mmﬁm;lwnﬂgﬂ o
aceording to claim8, wherein -14- two reference I1nes of ad| s two
substrate areas nmake a specjfic angle therebetween, 13. The cooling unit
accor di ng Feocrgfgrence heings efe ashiagemntc &y Eubstypte, arpas JBKeng
unit according to claim8, wherein all |ouvers facing one of the substrate
areas ext efBechfincanglectherebatwWeeBr to a corresponding reference |ine.
15. A cooling unit for cooling a heat generating el enent, conprising: a
substrate to which the heat generating element is to be fixed, the
substrate being divided into at |east two substrate areas respectively
contacting the speci3e pBeitcoaling wmits aceoxddng &achlpadm Ad awheredadnce
line that extends fromthe_specifig point and defines a specific angle with
an adj acentheespeenféc| apglehdsedP; an axial fan for making an air flow
flowwng in contact wwth the substrate on a side opposite the heat
generating elenent, by rotating around a portion facing the specific point
of the substrate; and a cooling fin disposed between the substrate and the
axi al fan and havi ngl4. pTheaceo)iag [unkterascanding (kal ¢13imf 8y owhereidach
facing one of the substrate areas and extending in

all louvers facing one of the substrate areas extend in the

direction parallel to a corresponding reference line.

15. A cooling unit for cooling a heat'generating
element, comprising:

a substrate to which the heat generating element is
to be fixed, the substrate being divided into at least two
substrate areas respectively contacting the specific point, the
substrate areas each having a reference line that extends from
the specific point and defines a specific angle with an
adjacent reference line thereof;

an axial fan for making an air flow flowing in
contact with the substrate on a side opposite the heat
generating element, by rotating around a portion facing the
specific point of the substrate; and

a cooling fin disposed between the substrate and the
axial fan and having a plurality of louvers, the plurality of
louvers each facing one of the substrate areas and extehding in
parallel with a corresponding reference line of the one of the

substrate areas to change the direction of the air flow in a
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parallel with a corresponding reference |line of the ate -
areas to change the direction of the air flowin a ﬂmlﬂ)mmm}bmﬁﬂnl el to
t he corresponding reference line. 16. The cooling uni® accordimgstoxcl ai m
15, wherein_fhe substratg&rqf a rectangul ar shafe wWth d%g%ona[s that are
crossed w tFEREEIPR PR 2Lt S} HEO SRR | FOEr 8P ARA1Ing TeFRreRCei hineini t
according to claim 17, wherein: the substrate is square; and each of the
substrate areas has a reference line parallel to one of the diagonals. 19.
The cooling unit accgﬁgln to clai,m15, wherein_all |ouvers facing one, of
the substrate areas 'en%MQ199° iRgcindh RSFAFaang: BoCLairelpontihpgein
reference |jne. %%% The cooling unit accordin wherei n the
whRtrate

to ¢laiml5,
axial fan StRRs® fmﬁﬁv?rEﬂ?%@%ﬂﬁ%ﬁFaﬁ%gg?d@lFBwﬂ}ﬂg%nélﬁetﬂﬁboéFFe

the substrate. -16- . : s .
crossed with one another at the specific point.

18. The cooling unit according to claim 17, wherein:
the substrate is square; and
each of the substrate areas has a reference line

parallel to one of the diagonals.

19. The cooling unit according to claim 15, wherein
all louvers facing one of the substrate areas extend in a

direction parallel to a corresponding reference line.
20. The cooling unit according to claim 15, wherein

the axial fan sucks the air flow from a substrate side toward

a side opposite the substrate.
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