1 DESCRI PTI ON METAL BASE CI RCU T BOARD, LIGHT-EM TTING DI ODE AND LED LI GHT
SOURCE UNIT 5 TECHNI CAL FI ELD The present invention relates to a netal base
circuit board which can be bent with excellent electromagnetic
wave-shi el di ng performance while securing 10 heat dissipation perfornmance
and el ectrical insulating performance, and a light-enmitting diode (LED) and
LED Ilight source unit enploying it. Partigularly, it relates to a LED

|l i ght source unit suitable for a backlight~of a Iliquid crystal display
device. 15 BACKGROUND ART In recent yﬁggéRlﬁgEgﬂlt boards for nounting

sem conductors are required to have t oards small- sized and to
acconplish high density nounting and high 20 performance. Further, it has
been a problem how to dissipate the heat generated frome.g. sem conductor

el enents in a nyEoW, $page djﬁ@dﬁdlﬁbﬁﬁalﬂr&f' PFrnd R VRED Of, dEIﬁaw ng

t he sem conductor e enents Partic a neta ase circuit boar

acircuit 25 fornmed by bonding a ﬂgég& E@Uk ¥i gyae insulating layer on
netal plate has been commonly enpl oyed for t e reason that it is excellent

in heat dissipation performance 2 mainly in the electric power source field
or the autonobile electric installation field.

TECHNICAL FIELD
The present invention relates to a metal base
circuit board which can be bent with excellent
electromagnetic wave-shielding performance while securing
10 heat dissipation performance and electrical insulating
performance, and a light-emitting diode (LED) and LED
light source unit employing it. Particularly, it relates
to a LED light source unit suitable for a backlight of a
liquid crystal display device.
15
BACKGROUND ART
In recent years, circuit boards for mounting
semiconductors are required to have the boards small-
sized and to accomplish high density mounting and high
20 performance. Further, it has been a problem how to
dissipate the heat generated from e.g. semiconductor
elements in a narrow space limited by small-sizing or
high power of e.g. the semiconductor elements.
Particularly, a metal base circuit board having a circuit
25 formed by bonding a metal foil via an insulating layer on
a metal plate has been commonly employed for the reason

that it is excellent in heat dissipation performance



However, in a netal base circuit board, the thickness of the base board is
usually from1l.0 mmto 3.0 5 mm whereby it is difficult to reduce the

t hi ckness, and the installation site is rather limted. Further, it has a
structure fornmed via a thin insulating layer on a netal plate, whereby
there has been a problem such that noises are likely to occur, or

mal function of a nodule is likely 10 to ogcur. In order to shield noises or
to increase the heat dissipation performance, a nmetal base multilayer board
is, for exanpha&inknowm viherel ecam apperet ayeureer £leldbear dhehavi ng a
circuit is lamnated, via an adhesive agent, on is the entire surface or a
part of the surittaoelila etctribasesttal taf iobofiield Pat ent Docunent 1). In
such a construction, an adhesive |layer poor in the heat conductivity is
present between thélowsedr pliat e waithl Hemsmpeirdayterbdoedd, tlaad i n a case
where a high 20 power elenent is nounted on the upper layer circuit

pattern, the Hdstckiiass paft i ore persoriveace iendsuablpefromatiequaneroaddot he
tenperature of the elenent tends to rise, thus leading to a probl em of

mal functi ol. |mmorwhkereky sbt vies sdchf dcplobtenrefupeathdi sbiphhesa, 25d
performance, a nmetal base circuit board having a highly heat conductive

i nsul ating | ayete i snkrrowha{ien epite Doz unehte?) liBit¢dweRrrthdre, net dapl at e
was thick and could not be installed as attached along the shape of a case
such as a cas® Haudgiee cieveed sutd azethipdinputat hegheaverdpssapaetah

performance of the insulating |ayer could not
plate, whereby there has been a problem such that noises

are likely to occur, or malfunction of a module is likely
10 to occur.

In order to shield noises or to increase the heat
dissipation performance, a metal base multilayer board is,
for example, known wherein an upper layer circuit board
having a circuit is laminated, via an adhesive agent, on

15 the entire surface or a part of the surface of a metal
base circuit board (Patent Document 1).

In such a construction, an adhesive layer poor in
the heat conductivity is present between the metal plate
and the upper layer board, and in a case where a high

20 power element is mounted on the upper layer circuit
pattern, the heat dissipation performance tends to be
inadequate, and the temperature of the element tends to
rise, thus leading to a problem of malfunction.

In order to solve such a problem of heat dissipation

25 performance, a metal base circuit board having a highly
heat conductive insulating layer is known (Patent

Document 2).



s be sufficiently utilized. Besides, a |large space was required for its
installation, since it could not be installed in a bent form and there was
a problem such that the nodule could not be small-sized. On the other hand,
a nmetal base circuit board having 10 an insulating |layer nmade of e.g. an
epoxy resin containing an inorganic filler forned on a netal plate, and
having a circuit pattern fornmed thereon, i$ excellent in heat dissipation
performance and electrical insulating performance and thus is used as a

circuit board for albwesreat eaiHemer £0ubTRNtwdHrtieidk M oFmbid esoanse
communi cation instrunents having highly heat generating electronic

conmponent s nouiisch Y Rad exd Docaiesd S)ond ftite NEh@be baBea cta e subRasd gan be
optionally bent, the limtation in the installation site which used to be
20 limted to darst ddaingm occuavéd atupbade prandi thubethiel axed, and it will
be possible to adhere, bond or closely attach by e.g. a screwit to a side
or bottom surdoseipation pastippeshos ciirviesd twesdbaeiond hagasecoulBieneby an
el ectroni c equi pnent having a highly heat 25 generating el ectroni c conponent
nount ed, can bBee sswf f tckezeldy Wuiliheeqd. | Bemidetsal dbdseras rapdde baas d i tsel f
can be made thin, it can be inserted or fixed in a narrow 4 space, whereby
an el ectroni ¢ ezmipnehtfdaving métghl ytidmeats gerer at i ogukd ecdt ohec
conponent nounted, can be made thin. It has been proposed that by a nethod
of heating a BHistahledave xibent t fboar dad thérghwazsnpepndbiemosuah | east
120C, i.e. by carrying out bending or drawing in
that the module could not be small-sized.
On the other hand, a metal base circuit board having
10 an insulating layer made of e.g. an epoxy resin
containing an inorganic filler formed on a metal plate,
and having a circuit pattern formed thereon, is excellent
in heat dissipation performance and electrical insulating
performance and thus is used as a circuit board for an
15 electronic equipment for e.g. automobiles and
communication instruments having highly heat generating
electronic components mounted (Patent Document 3).
If a metal base circuit board can be optionally bent,
the limitation in the installation site which used to be
20 limited to installation on a flat portion, will be
relaxed, and it will be possible to adhere, bond or
closely attach by e.g. a screw it to a side or bottom
surface or to a stepped or curved surface of a case,
whereby an electronic equipment having a highly heat
25 generating electronic component mounted, can be small-

sized. Further, if a metal base circuit board itself can

be made thin, it can be inserted or fixed in a narrow



such a state that the nmetal base circuit board is heated at a tenperature
hi gher by at |east 10C than the glass transition tenperature (Tg) of the
insulating layer, the 10 netal base circuit board having a non-flat portion
is. used also as a case or an electronic circuit package (Patent Docunent
4). Further, a light-emtting diode (LED) |light source wunit using a
light-emtting diode (LED) as a light sourge, 1s has been used in various
fields, but, for exanple, in a light source for backlight of a liquid
crystal displ sspaceyvivesrelby has dbsrt xanhoredquwipsenta sawihgsazeighlyor escent
tube so-called CFL (conpact fluorescent |anp). The light source of the above
CFL (conpact Z¢:di gerrscening adyctdoptes compmsentuchoant sdehcéhabe Hgade
(mercury) is sealed in a discharge tube, and ultraviolet rays discharged
frommercury extinted by electrical discharge will inpinge on the phosphor
on the tube wall of CFL (conpact fluorescent lanp) and will be converted 25
to visible |ight. THer#forkeen axeamndsed fitorh thie a viielvpod nef dfieahieng a
environnment protection, it has been desired to use a substitute |ight
source not SusifRF&l basardoicuierieeayd #s 2 mkwh | feghresatvee, obnatusi ng a
light-emtting diode (hereinafter referred to sinply as "LED') has been
proposed. Wt hlgdED, 17¥0A.i ghte .hdy diamsptingnaiuts betradiast eyt siiaosinanih
particularly with a surface nounting type on e.g. a flexible board, the
light will be $¥Ker? (ALE e e dtetdh, Pasrl asranitcbeardf tdnhaaseducture

usi ng conventional CFL (conpact fluorescent |anp), the
at a temperature higher by at least 10°C than the glass

transition temperature (Tg) of the insulating layer, the
10 metal base circuit board having a non-flat portion is
used also as a case or an electronic circuit package
(Patent Document 4).
Further, a light-emitting diode (LED) light source
unit using a light-emitting diode (LED) as a light source,
15 has been used in various fields, but, for example, in a
light source for backlight of a liquid crystal display
device, it has been common to use a small size
fluorescent tube so-called CFL (compact fluorescent lamp).
The light source of the above CFL (compact
20 fluorescent lamp) adopts a construction such that Hg
(mercury) is sealed in a discharge tube, and ultraviolet
rays discharged from mercury excited by electrical
discharge will impinge on the phosphor on the tube wall
of CFL (compact fluorescent lamp) and will be converted
25 to visible light. Therefore, recently, from the
viewpoint of the environment protection, it has been

desired to use a substitute light source not using



light loss is small, and thus, it is used as a light 10 source for backlight
in a planar light source system (Patent Docunent 5). The backlight using
LED as a light source is now being wi dely used as backlight of a liquid
crystal display device along with reduction of the price, 15 inprovenent in
the lum nous efficiency and environnental regulations. At the sane tine,
along with the higher brightness of a ligwid crystal display device and

enl argenent of the display area, the increase in nunber of LED nounted on
e.g. a flexibllioadauanmketheryrend for 20 higher output are in progress in
order to inprove the |um nescence. However, the light source of LED has |ow
| umi nance effici erfey,a ama neigrt tsowfce heonapetipopvwerlioht témhinave LED

wi |l be discharged as heat. Wen an electric current 25 is conducted, LED
gener at es heatdBede beeonebtnabt¢mvec berhéght o enpeplyuase JLEDY O hhe hensrat ed
heat, and in an extreme case, LED will be destroyed. Also in a backlight 6
usi ng LED as @pwmesedourddh didh ddwerlaidt Hwat ddrtdctpeonakcunul ated in LED
and the board having LED nounted, and along with the increase of the

t enper at ur & ofChaAMCEemRlstigs nadied AT tfehrylyfwiEh #t sarfacengeunbing
deteriorate. s Besides, if it is attenpted to increase the nunber of LED to
be mounted or ¥P¢ et ease- thef lepiblponerrdn breetight waké bPRetBkerl i ght
bright, the heat generation will further increase, and it is therefore

i mportant to refovE? e hdhedttian |andraerdibfeeeneefrae AeGETrHEEUKAI ati on

in the LED ] ,
using conventional CFL (compact fluorescent lamp), the

light loss is small, and thus, it is used as a light

10 source for backlight in a planar light source system
(Patent Document 5).

The backlight using LED as a light source is now
being widely used as backlight of a liquid crystal
display device along with reduction of the price,

15 improvement in the luminous efficiency and environmental
regulations. At the same time, along with the higher
brightness of a liquid crystal display device and
enlargement of the display area, the increase in number
of LED mounted on e.g. a flexible board and the trend for

20 higher output are in progress in order to improve the
luminescence.

However, the light source of LED has low luminance
efficiency, and majority of the input power to illuminate
LED will be discharged as heat. When an electric current

25 1is conducted, LED generates heat and beéomes to have a
high temperature due to the generated heat, and in an

extreme case, LED will be destroyed. Also in a backlight



nmount ed board and to reduce the tenperature rise of a LED chip, it has been
proposed that a netal filmhaving a LED chip nounted on a LED chi p- nount ed
surface of a LED nmounted board, a netal drive wiring to supply a drive 15
current to the LED chip and a netal filmpattern intended for heat

di ssipation, are forned, a netal filmfor heat dissipationis fornmed on a
surface facing the LED chip- nounted surfage, and a netal through-hole is
formed in a thickness direction of the LED chip-nmounted board to 20 connect
the nmetal pattesin@nLEDeasva npcwet ageustede sachhgensehabdf hkatf wilhept

di ssi pation on the other main surface side, so that heat generation from
LED i s di ssi paaedumt haitoedhin heEDredaad the obghrdohevingt hEDreaunsede grta
film (Patent Docunent 6). 25 However, in a case where the shape of LED to be
mount ed i s snmelond heitth eghof itdeecanend£dthet abtmpetature!| of bBEDI, nthed, and

t he nunber of netal through-holes which 7 can be formed i medi ately beneath
LED wi | | be |ilmneshncandff hchenageohbER atselfil ténfim pat letarcamahet be
formed on the nounted board fromthe restriction of the board area, there
will be a proBesmicdech 1haitthe abbembtgéntpairdrbyséEbheanumberebfi bERNt |y
be released to the rear side of the board. Further, if a netal base circuit
board using a tetkd ndarked| ar ethavihagease htb&néssubf pawem is azddri hst ead
of the flexible board, good heat dissipation can be obtained 10 wi thout
necessity to prake deherdradki hgbughrhahes, thatheahegenerhtibe wiplobl em t hat

the thickness of the board tends to be thick, and it will be necessary to
enl ar ge further increase, and it is therefore important to remove

such heat.

10 In order to reduce the heat accumulation in the LED-
mounted board and to reduce the temperature rise of a LED
chip, it has been proposed that a metal film having a LED
chip mounted on a LED chip-mounted surface of a LED-
mounted board, a metal drive wiring to supply a drive

15 current to the LED chip and a metal film pattern intended
for heat dissipation, are formed, a metal film for heat
~dissipation is formed on a surface facing the LED chip-
mounted surface, and a metal through-hole is formed in a
thickness direction of the LED chip-mounted board to

20 connect the metal pattern on one main surface side to the
metal film for heat dissipation on the other main surface
side, so that heat generation from LED is dissipated
through the metal through-hole to the rear side metal
film (Patent Document 6).

25 However, in a case where the shape of LED to be
mounted is small, the area of the mounted metal film will

be limited, and the number of metal through-holes which



the size for punching out frome.g. an electrode and a <circuit pattern over
the flexible board, whereby the is board area is obliged to be |arge.
Further, it is not possible to optionally bend a portion other than the
LED- nmounted portion, whereby e.g. the position to forman input term nal
will be restricted. Besides, if the thickness of the netal base of the 20
metal base circuit board is made thin to have such a structure that the
size for punching out frome.g. an electrode and a circuit pattern is nade
smal | like a <¢amxbédl foboaddimpedbanhéy baeeathal.Ebaselti beuiltimboadd is
slightly bent, the insulating |ayer will have cracking 25 and becone

usel ess. Li kews@, inhereadaswvhera a peosdl efilnhpatthenl EBanpont bé portion
can not be optionally bent. Further, a netal base circuit board using a
metal 8 foil bPrmednerabole Yountdd harhdvingmatbendgetivetépncoift ther ovi ded
via an insulating |layer containing a heat conductive filler and having heat
di ssi pati on pepPa¥dantea. apdeyeodl bénbabs| Probaemr suaht ehper shar beatnst ead
of a 5 conventional polyimde type insulating |ayer, has_been devel oped,
since it cdn bzenseated bgi hEPbear Betrebficienpeyabar sedrashds thefiblieng
processability. However, if the conductive circuit was bent at an angle of
90 with a veryrewdal fidadplistbe kapvdture of at 10 nost 0.5 nm the
insulating layer at_the bent portion was likely to have cracking and become
usel ess. Theref or e, FUF$he¥, vk ? PRFRE cRYSU TR GUEBVRPREG HAVNAgaaficEpbxy
adhesive layer formed on a polyimde film it _was possible to prevent
cracking in th%a?%sﬁ}%f?nBaVéﬁﬁrathleneSS of 2 mm is used instead of

the flexible board, good heat dissipation can be obtained

10 without necessity to provide metal through-holes, but
there will be a problem that the thickness of the board
tends to be thick, and it will be necessary to enlarge
the size for punching out from e.g. an electrode and a
circuit pattern over the flexible board, whereby the

15 board area is obliged to be large. Further, it is not
possible to optionally bend a portion other than the LED-
mounted portion, whereby e.g. the position to form an
input terminal will be restricted.

Besides, if the thickness of the metal base of the

20 metal base circuit board is made thin to have such a
structure that the size for punching out from e.g. an
electrode and a circuit pattern is made small like a
flexible board, even when the metal base circuit board is
slightly bent, the insulating layer will have cracking

25 and become useless. Likewise, there has been a problem
that the LED-mounted portion can not be optionally bent.

Further, a metal base circuit board using a metal



is the bent portion, but the bendability decreased, and there was a problem
that it becane difficult to bend it at an angle of at least 90 with a very
smal | radius of curvature of at nost 0.5 mm Further, in a case where a
circuit board for 20 nmounting a sem conductor or a small size precision
notor is, for exanple, nounted, there has been a problemthat noises are

| i kely to occur, or malfunction of a nodulg is Ilikely to occur. Patent
Docunment 1: JP-A-05-037169 25 Patent Docunent 2: JP-A-09-139580 Patent

Docurment 3: JPEStDB2R2784d4R alehend €caoemh KavifgAx20044160664 9irPatent
Docunent 5: JP-A-2005-293925 Patent Document 6: JP-A-2005-283852 DI SCLOSURE

OF THE | NVENTI b1 ddd BEcila Tdh Bin ACCOMMd SHN: BYcdiEa L AWENTAOhedBe present
i nvention has been made to solve the above problens of the prior art, and

it is an objectowdluct hee pf e5bat amd el ding t ket odli deipatebal pbasernanhesi t
board whi ch has good heat dissipation performance and i 0o good bendability
and i s excel | emtd aysod i berdaet T bggaet recom steepdragupel f ongaaad afda
el ectrical insulating performance; a process for its production; and a
hybrid i ntegretmdertioual  pahy LEDleodube iesuiatted byyar, chaerbagn and a
bright long-life LED Iight source unit is where damage of LED is prevented.
MEANS TO ACCOMRVSHOGE, CBIECT Nanedhy,be¢ hesedessnbeingehenbnapr oebdes t he
temperature and has bending processability.
However, if the conductive circuit was bent at an
angle of 90° with a very small radius of curvature of at
10 most 0.5 mm, the insulating layer at the bent portion was
likely to have cracking and become useless. Therefore,
if it was reinforced with a coverlay having an epoxy
adhesive layer formed on a polyimide film, it was
possible to prevent cracking in the insulating layer at
15 the bent portion, but the bendability decreased, and
there was a problem that it became difficult to bend it
at an angle of at least 90° with a very small radius of
curvature of at most 0.5 mm.
Further, in a case where a circuit board for
20 mounting a semiconductor or a small size precision motor
is, for example, mounted, there has been a problem that
noises are likely to occur, or malfunction of a module is
likely to occur.
Patent Document 1: JP-A-05-037169
25 Patent Document 2: JP-A-09-139580

Patent Document 3: JP-A-62-271442

Patent Document 4: JP-A-2001-160664



following: 20 (1) A netal base circuit board having an insulating |ayer and
a conductive circuit or netal foil alternately |am nated, characterized in
that the thickness of the conductive circuit or nmetal foil is from5 }imto
450 }im the insulating layer is nade of a cured product of a 25 resin
conposition conprising an inorganic filler and a thernosetting resin, and
the thickness of the insulating layer is §rom9 }imto 300 }im 10 (2) The
nmetal base circuit board according to the above (1), wherein at |east one

t hrough-hol e to be nasethtf Woculernd s calilpy Acennechion®2conduct i ve circuits or
nmetal foils, is at least 0.0078 m2. 5 (3) The netal base circuit board
according to the alment Docimed) ,6 whepenn 2bloe -tigesmal conductivity of the
insulating layer is froml to 4 WnK. (4) The netal base circuit board
according to any one of the above (1) to (3), wherein the glass transition
10 tenperature of the insulating layer is fromO to 40C. (5) The netal base
circuit board HSQIGHURE tQF arE aiNVENTIGMe above (1) to (4), wherein the
insulating layer is a cured product of a resin conposition conprising from
25 to 60 %ol BVRIECT tTHerBRHFICOMRLIHHM BNATHMeIN'EBNTD@ Nng an i S i norganic
filler having a sodiumion concentration of at nost 500 ppm and conpri si ng
spheri cal coarse piie igfesenthaimvent hen nexs nbeepanadel eossedvef the nost 75
pm and an average particle size of from5 to 40 pm and spherical fine
particl es havialpven pnarleyes paff tiled eosice aft fraomd PO Os 3an 0oBj Ocpnof

the present invention to provide a metal base circuit
board which has good heat dissipation performance and

10 good bendability and is excellent also in electromagnetic
shielding performance and electrical insulating
performance; a process for its production; and a hybrid
integrated circuit, an LED module reinforced by a
coverlay, and a bright long-life LED light source unit

15 where damage of LED is prevented.

MEANS TO ACCOMPLISH THE OBJECT
Namely, the present invention provides the
following:

20 (1) A metal base circuit board having an insulating
layer and a conductive circuit or metal foil alternately
laminated, characterized in that the thickness of the
conductive circuit or metal foil is from 5 pm to 450 um,
the insulating layer is made of a cured product of a

25 resin composition comprising an inorganic filler and a
thermosetting resin, and the thickness of the insulating

layer is from 9 um to 300 pm.



(6) The netal base circuit board according to any one of the above (1) to
(5), wherein the thernosetting resin conprises a hydrogenated bi sphenol F
and/or A epoxy resin. (7) The metal base circuit board according to the
above 25 (6), wherein the thernosetting resin conprises a straight-chain
epoxy resin having an epoxy equivalent of from800 to 4,000. 11 (8) The
netal base circuit board according to thejabove (6) or (7), wherein the
thernosetting resin contains a polyoxyal kyl ene pol yam ne as a curing agent.
(9) The netal (m)seTkérmetal bbasd ateoutlt ngoavdaayconding ts the abeve (6) to
(8), wherein the chloride ion concentration in the thernosetting resin is
at nost 500 pfm, (dErdhe aetbdadasenei tloobiglhoaste aceabdi ngetiofany one of
t he above (1) to (9), wherein when the circuit board is |0 bent at an
optional portisiedrarhngl cniecctiteasdtn@cwitd airedius of watwmat ure of
froml to5 mMm the wthstand voltage between conductive circuits or netal
foils is at |efastld, Oik\at (143stThe. d@i@lmirase circuit board according to any
one of is the above (1) to (10), wherein a conductive circuit is formed on
a metal fobl vi¥ abh¢nsetatibgseagercuahdbaardogecbagihgvingthet hbokress of
from5 pmto 25 pmis further forned, and wherein at |east a part of the
coverlay is refibvedirt ¥ orvhersintthe wheonal opondrereivhey20f cbhducti ve
circuit is not fornmed. (12) The netal base circuit board according to the
above (11), wheswlating kaverks foromdl t'eo Wavie/@K| engt h

(4) The metal base circuit board according to any one of
the above (1) to (3), wherein the glass transition
10 temperature of the insulating layer is from 0 to 40°C.
(5) The metal base circuit board according to any one of
the above (1) to (4), wherein the insulating layer is a
cured product of a resin composition comprising from 25
to 60 vol% of a thermosetting resin and the rest being an
15 inorganic filler having a sodium ion concentration of at
most 500 ppm and comprising spherical coarse particles
having the maximum particle size of at most 75 um and an
average particle size of from 5 to 40 um and spherical
fine particles having an average particle size of from
20 0.3 to 3.0 um.
(6) The metal base circuit board according to any one of
the above (1) to (5), wherein the thermosetting resin
comprises a hydrogenated bisphenol F and/or A epoxy resin.
(7) The metal base circuit board according to the above
25 (6), wherein the thermosetting resin comprises a
straight-chain epoxy resin having an epoxy equivalent of

from 800 to 4,000.



corresponding to from50%to 95% of the length of the portion to be bent.
25 (13) The metal base circuit board according to the above (11) or (12),
wherein the thickness of the coverlay is from5 pmto 25 pm 12 (14) The
netal base circuit board according to any one of the above (11) to (13),
which is bent along the slit. (15) The netal base circuit board according
to any one of the above (11) to (14), whenein the insulating | ayer s
surface is bent at an angle of at least 90 with a radius of curvature of
fromO0.1 to 0. 8)mTh¢ 16¢tdhebartatibasétcboauntt aboardiagcandichg tboaey one
of the above (11) to (15), wherein a |layer having a magnetic |oss or a

| ayer having a(&li ebect?) c Viosseis theai tlht¢edosattifgt hessar faneaodhst he
coverlay. (17) The netal base circuit board according to any one of the
above (11) to gdByoxwkbkrelent hpolpyeinhagéng aurimgnegentl oss conprises a
magnetic material having an aspect ratio of at least 2, and an organic

bi nder, the 1s(%onTeatmefalhkbagagaérrvilabesirdl arsotdéong30ot enyOonel #f and
the thickness of the |ayer having a magnetic loss is from3 umto 50 um
(18) The netaltliszbeveclft boafd) accbeueiy theaphlonddef ionhe above (11) to
(16), wherein the layer having a 20 dielectric |oss conprises a carbon
powder havi ng @Pneentpaieiencinythacehereasettingnreoinolislotninpgt A8 an
organi ¢ binder, the content of the carbon powder is from 5 to 60 vol% and
t he thickness B¥Mt he | ayer having a

(10) The metal base circuit board according to any one of
the above (1) to (9), wherein when the circuit board is
10 bent at an optional portion at an angle of at least 90°
with a radius of curvature of from 1 to 5 mm, the
withstand voltage between conductive circuits or metal
foils is at least 1.0 kV.
(11) The metal base circuit board according to any one of
15 the above (1) to (10), wherein a conductive circuit is
formed on a metal foil via an insulating layer, and a
coverlay having a thickness of from 5 um to 25 um is
further formed, and wherein at least a part of the
coverlay is removed to form a slit at a portion where the
20 conductive circuit is not formed.
(12) The metal base circuit board according to the above
(11), wherein the slit is formed to have a length
corresponding to from 50% to 95% of the length of the
portion to be bent.
25 (13) The metal base circuit board according to the above
(11) or (12), wherein the thickness of the coverlay is

from 5 ym to 25 um.



magnetic loss is from3 pmto 50 pm 25 (19) A hybrid integrated circuit
using.-the netal base circuit board as defined in any one of the above (1)
to (10). 13 (20) Alight-emtting diode having at | east one |ight-
emtting diode electrically connected to the conductive circuit of the
metal base circuit board as defined in any one of the above (11) to (18). 5
(21) A LED light source unit having the matzal base <circuit board as defined
in any one of the above (1) to (18) disposed on a surface of a case via an
adhesi ve tape (bhd Baeimgtal baastcbdneuitghtaedi attogddngdeo( RER) onrowiit ed
on the conductive circuit of the netal base 10 circuit board. (22) The LED

| i ght source upli¢ apeovedihy) t oot he3aboveich2iy, baeher elonghehadhésicve t ape
has a thermal conductivity of from1 to 2 WnK and a thickness of from 50
pmto 150 pm {55 2Bhe ThetaEDbasghtisouitebaard according to thy abevef (21)
or (22) wherein the adhesive tape conprises a polyner conprising acrylic
aci d and/ or nethecaypve &tid.to(24%) TheheEDin| ghe 3vgnéetanot lavearding to
any one of the above (21) to (23), wherein the adhesive tape 20 contains a
heat - conduct i veurfacerisabéyti asubat anglageht ati heantafdlinvioh froadédsto 80
vol % (25) The LED |light source unit according to any one of the above (21)
to (24), wherePh ¢wevaearecohdfirenve. lefecPrPcllly insul ating agent has the

maxi mum particle 25 size of _at nost 45 pm and an average particle size of
(16) The metal base circult board according to any one of

the above (11) to (15), wherein a layer having a magnetic
loss or a layer having a dielectric loss is laminated on

10 the surface of the coverlay.
(17) The metal base circuit board according to any one of
the above (11) to (16), wherein the layer having a
magnetic loss comprises a magnetic material having an
aspect ratio of at least 2, and an organic binder, the

15 content of the magnetic material is from 30 to 70 volg,
and the thickness of the layer having a magnetic loss is
from 3 pym to 50 pm.
(18) The metal base circuit board according to any one of
the above (11) to (16), wherein the layer having a

20 dielectric loss comprises a carbon powder having a
specific surface area of from 20 to 110 mz/g, and an
organic binder, the content of the carbon powder is from
5 to 60 vol%, and the thickness of the layer having a
magnetic loss is from 3 pum to 50 um.

25 (19) A hybrid integrated circuit using the metal base
circuit board as defined in any one of the above (1) to

(10) .



fromO0.5 to 30 pm 14 EFFECTS OF THE | NVENTI ON The netal base circuit board
of the present invention has el ectronmagnetic shiel ding performnce, heat

di ssi pation performance and el ectrical insulating s perfornmance and yet is
bendabl e at room tenperature, whereby it can be not only installed on a
flat portion but also closely attached to a side or bottom surface of a
case or to a stepped or curved portion. Fuamther, it can be easily bent at
roomtenperature in such a state 10 that an el ectrical conponent such as a
semi conduct or (H)erentight rewittiong ¢hide reguinedat oldave bteat lidhssi pated,
is nounted, whereby it is possible to reduce the size or thickness of an

el ectronic eq@l@rﬁa&ﬁnmai/i%ge & lentghl gahbnt copmetaed ngo et ket condectdbmponent
nount ed, 1s which used to be difficult to acconplish. Further, it is now
possi bl e t hat diechidatofeis diekpl fhape t hbr ¢ED: | hghrdsasrdefinedi §8i paved to
the rear side of the board and released to the exterior via a heat
conductive adhuss ef tidpe, akhpies ebyl]) ttes(pdssible to 20 reduce the heat
accurul ation in the LED-npunted board and to reduce the tenperature rise of
LED. Thus, 5it 1%&1) poskih| elakt sspipFessunhle Heyergorheivatat Pagel uni nance
efficiency of LED, to prevent a_dapage of LED and to provide a bright,

|l ong-1ife LED $ighilsdraed iF tdebinaR Br PESCRIPTPONCE BRAVENGS FFg. 1-1

is aviewillustrating one_enbodi nent of a_ 15 , ,
(18) disposed on a surface of a case via an adhesive tape

and having at least one light-emitting diode (LED)
mounted on the conductive circuit of the metal base

10 circuit board.

(22) The LED light source unit according to the above
(21), wherein the adhesive tape has a thermal
conductivity of from 1 to 2 W/mK and a thickness of from
50 ym to 150 um.

15 (23) The LED light source unit according to the above
(21) or (22) wherein the adhesive tape comprises a
polymer comprising acrylic acid and/or methacrylic acid.
(24) The LED light source unit according to any one of
the above (21) to (23), wherein the adhesive tape

20 contains a heat-conductive electrically insulating agent
in an amount of from 40 to 80 vol%.

(25) The LED light source unit according to any one of
the above (21) to (24), wherein the heat-conductive
electrically insulating agent has the maximum particle

25 size of at most 45 um and an average particle size of

from 0.5 to 30 um.



hybrid integrated circuit enploying a netal base circuit board of the

present invention. Fig. 2-1is a plan view illustrating an exanple of a
nmetal base circuit board according to the present s invention. Fig. 2-2 is a
pl.an view illustrating an exanple of a netal base circuit board according

to the present invention (one having a coverlay di sposed on the surface of
Fig. 2-1). 10 Fig. 2-3 is a plan view illuggtrating an exanple of a netal
base circuit board according to the present invention (one having a |ayer
havi ng a magn&HFREMTS OOITHE INWENTIGNI ng a dielectric | oss di sposed on the
surface of Fig. 2-2). is Fig. 2-4 is a plan view illustrating an exanple of
a netal base circlhe total besordinguio bbergreSenbe pnesahton (one having
a heat generating conmponent disposed on the surface of Fig. 2-3). Fig. 2-5
i's a cross-sedtrivariion dwofeadtimragrttaic 20 dbhdingipeuforhaace, aceatr di ng
to the present invention. Fig. 2-6 is a plan view of another netal base
circuit board dctoiritrien parkomasentandveledionicaFi gns@latisgga pl an view
of another nmetal base <circuit board according to the present invention. 25
Fig. 3-1 i8 akradszrmangs aid ¥etew s Iberdalate yt arcorextemperafuve LED | i ght
source unit according to the present invention. 16 MEAN NGS OF REFERENCE
SYMBOLS 1: MetwheqeRy 1D:camdeg at¢thpnbyeinstal phderetd velat portion

but also closely attached to a side or bottom surface of
a case or to a stepped or curved portion. Further, it
can be easily bent at room temperature in such a state

10 that an electrical component such as a semiconductor
element or resistant chip required to have heat
dissipated, is mounted, whereby it is possible to reduce
the size or thickness of an electronic equipment having a
highly heat generating electronic component mounted,

15 which used to be difficult to accomplish.

Further, it is now possible that the heat generated
from the LED light source is dissipated to the rear side
of the board and released to the exterior via a heat
conductive adhesive tape, whereby it is possible to

20 reduce the heat accumulation in the LED-mounted board and
to reduce the temperature rise of LED. Thus, it is
possible to suppress the deterioration of the luminance
efficiency of LED, to prevent a damage of LED and to
provide a bright, long-life LED light source unit.

25
BRIEF DESCRIPTION OF DRAWINGS

Fig. 1-1 is a view illustrating one embodiment of a



circuit, 4: Heat spreader, 5: Power sem conductor, 6: Control

sem conductor, 7: Bonding wire, 8. Chip conponent, 5 9: Sol der joint

portion, 10: Heat conductive adhesive, 11: Case having heat dissipation
performance, 21: Metal foil, 22: Insulating |layer, 23: Conductive circuit,
24: Electrode, 25: Slit portion, 26: Coverlay, 26a: Epoxy adhesive |ayer,
27: Conponent-nounted portion, 28: Input 16 term nal, 29a: Layer having a
magnetic | oss, 29b; Layer having a dielectric |loss, 210: Heat generating
conponent ( LERbridl intRegchted portdwit, <idloyGase,a 28t a Hadse cohdagitve
adhesive tape, 31: Metal foil, 32: Insulating |ayer, 33: Conductive
circuit, 34: lpnd of cilie giesshtdSimientmign. 35: Sol der joint portion, 36:
LED, 37: Heat conductive adhesive tape, 38: Case BEST MODE FOR CARRYI NG OQUT
THE | NVENTI ON Pr efB¥9 e? ehbbgli et an of i ewel hbgst raasegcancekamp2e pband,
hybrid integrated circuit, LED nodule and LED |ight source unit of the
present inventiefrlar@ss Figidwils . boqud Hegorging tastheipeasenboard having a
conductive circuit formed via an insulating layer on a nmetal foil, wherein
t he thicknéss @fV&He Qfetal foil is from5 umto 25 300 um and the thickness
of the insulating |layer containing an inorganic filler and a thernosetting
resin is from 80 {##t 02 200 %N} %%%nt%éevh}gk%%%§3%¥n9hénl?xa@BﬁGu@fi@e
circuit is from9 pmto 140 pm (1-2)_The metal base circuit board according
to (1-1) wherSird Rt HosEt iRRATE A VBRI n at g P BYeMated bi sphenol

F and/ or A epoxy resjn. (1-3) The netal base cjrcuit board according to
(1-2) invention (one having a coverlay disposed on the surface

of Fig. 2-1).

10 Fig. 2-3 is a plan view illustrating an example of a
metal base circuit board according to the present
invention (one having a layer having a magnetic loss or a
layer having a dielectric loss disposed on the surface of
Fig. 2-2).

15 Fig. 2-4 is a plan view illustrating an example of a
metal base circuit board according to the present
invention (one having a heat generating component
disposed on the surface of Fig. 2-3).

Fig. 2-5 is a cross-sectional view of another metal

20 base circuit board according to the present invention.

Fig. 2-6 is a plan view of another metal base
circuit board according to the present invention.
Fig. 2-7 is a plan view of another metal base
circuit board according to the present invention.

25 Fig. 3-1 is a cross-sectional view illustrating an

example of a LED light source unit according to the

present invention.



wherein the thernosetting resin contains a straight-chain high nol ecul ar
wei ght epoxy resin having an epoxy equivalent of from 800 to 4,000. (1-4)
The netal base circuit board according to any one 10 of (1-1) to (1-3)
wherein the chloride ion concentration in the thernosetting resin is at
nost 500 ppm (1-5) The netal base circuit board according to any one of
(1-1) to (1-4) wherein the glass transitiam tenperature of the insulating

|l ayer is fromO to 40C. 15 (1-6) The netal base circuit board according to
any one of (MHEANINGS I0B)REFERENCE t$EMBOBSEI ati ng | ayer contains a
thernosetting resin in an anmount of from25 to 50 vol% and the rest is an
inorganic filler cbapMésahgfepher?calnsybatsngpanyeel es :hfondgcaivexi mum
particle size of at 20 nost 75 pm and an average particle size of from10 to
40 pm and spheiealt fihe Peatispesadhevi ng: aRoweer ageicpadurtpe, sbze of from
0.4 to 1.2 pm _and having a sodium ion concentration of at nmost 500 ppm
(1-7) The net dfomasel csericendeater acéor BPRging wayeond: 2Bipf componens.
(1-6), which is bent to the conductive circuit side or to the side opposite
to the conductd veSO¥{®E U] @18} deorgon( 118y Hpet ngprfuphsvecpibartvBoar d
according to any one of (1-1) to (1-6) which is bent to the conductive
circuit side %g tQﬁﬁ%eh§Y%E90%%%%l@bs%bp%héo%oﬂﬁﬁéPFWénGFrcaﬂt M§Faé at an
angle of at least. 90 with a radjus of s curvature _of froml to mm (1-9)
The metal basef*i}cudt: bB%?Wl%E%%Qd}%§e¥o ahy GARAUBELYE- ?}r981€1 6% :wher ei n

t he heat conduct|V|t
lect rga

25 Slit portion, 26: Coverlay, 26a: Epoxy
adhesive layer, 27: Component-mounted portion, 28: Input

10 terminal, 29a: Layer having a magnetic loss, 29b: Layer
having a dielectric loss, 210: Heat generating component
(LED), 211: Bending portion, 212: Case, 213: Heat
conductive adhesive tape, 31: Metal foil, 32: Insulating
layer, 33: Conductive circuit, 34: Input circuit (lead

15 wiring), 35: Solder joint portion, 36: LED, 37: Heat

conductive adhesive tape, 38: Case

BEST MODE FOR CARRYING OUT THE INVENTION
Preferred embodiments of the metal base circuit

20 board, hybrid integrated circuit, LED module and LED
light source unit of the present invention are as follows.
(1-1) A metal base circuit board having a conductive
circuit formed via an insulating layer on a metal foil,
wherein the thickness of the metal foil is from 5 um to

25 300 um, and the thickness of the insulating layer
containing an inorganic filler and a thermosetting resin

is from 80 pym to 200 um, and the thickness of the



insulating layer is froml to 4 WnK, and the withstand voltage between the
conductive circuit and the netal foil 10 in a state bent at an angle of at
| east 90 with a radius of curvature of from1l to 5 mmis at least 1.5 kV.
(1-10) A process for producing the nmetal base circuit board as defined in
any one of (1-7) to (1-9) which is characterized by bending at room
tenperature. is (1-11) A hybrid integrated7circuit using the netal base
circuit board as defined in any one of (1-1) to (1-9). (2-1) Acircuit
board havi ng arerichsatl ke nefyeyer bhdfromcdnductdvedeivmsuit or netal foil
alternately lam nated, characterized in that the thickness of the
conductive 20 Girt2uiThermefahlbdes | cixciiorbGandh aecasdinm tohél-1hsul ati ng
| ayer is made of a cured product of a resin conposition conprising an
i norgani ¢ fil Ivdrexgin d£he Herenrsed et by ese $1in apen tddns hit chridsegehatad
insulating layer is from9 umto 300 um 25 (2-2) The circuit board
accordi ng to (ZisphergpkrRjandfor|bagposnerefidugh-hole to be used for
electrically connecting conductive circuits or netal foils, is at 19 |east
0.0078 m25 (2(B)3)ThEheinekdt PR2e ochecwi i er¥d 2ocaydeng(po2f1-2\hher ein
the thermal conductjvity of the insulating layer is from1l to 4 WnK, 5
(2-4) The cirdhsrsartdacRs et ol BAyremtR ofCpbaipst 8 styasyghtapBRrénn t he
glass transition tenperature of the insulating layer is fromO to 40C
(2-5) The cirdtd® el e ke P CPBISY oFESLR P2V13918 PRSHY, wherein the
nsul ating layer, |5, £.5urefl PLOFUSS0 Lo 4, oo,
(1-4) The metal base circuit board according to any one
10 of (1-1) to (1-3) wherein the chloride ion concentration
in the thermcsetting resin is at most 500 ppm.
(1-5) The metal base circuit board according tc any one
of (1-1) to (1-4) wherein the glass transition

temperature of the insulating layer is from 0 to 40°C.

15 (1-6) The metal base circuit board according to any one
of (1-1) to (1-5) wherxein the insulating layer contains a
thermosetting resin in an amount of from 25 to 50 vol%,
and the rest is an inorganic filler comprising spherical
coarse particles having a maximum particle size of at

20 most 75 um and an average particle size of from 10 to 40
pm and spherical fine particles having an average
particle size of from 0.4 to 1.2 um, and having a sodium
ion concentration of at most 500 ppm.

(1-7) The metal base circuit board according to any one

25 of (1-1) to (1-6), which is bent to the conductive
circuit side or to the side opposite to the conductive

circuit side.



10 a resin conposition conprising from25 to 60 vol % of a thernosetting
resin.and the rest being an inorganic filler conprising spherical coarse
particles having the nmaximum particle size of at nost 75 pm and an average
particle size of from5 to 40 pm and spherical fine 15 particles having an
average particle size of from0.3 to 3.0 pm (2-6) The circuit board
according to any one of (2-1) to (2-5), wserein when the circuit board is
bent at an optional portion at an angle of at least 90 with a 20 radi us of
curvature of f(lorf)l The Snetml thesa ¢ histwiitd baatd agecdied iveent coanlyconge

circuits or netal foils is at least 1.0 kV. (3-1) A netal

base circuit

board, wherei refa Corductd vel- &) rduichiss femedc@ntkze neerdlu¢bivevearanit
insulating layer, 25 and a coverlay is further forned, and wherein at | east
a part of the fiderdate sthemidal erPDi e st sl the agordupbivéonivhete t he
conductive circuit is not formed. 20 (3-2) The netal base circuit board
according to (8idg ,at wireraigle hef st tlé¢zst o? Oedvittd lRaveadii syt h
corresponding to from50%to 95% of the length of the portion to be bent.

s (3-3) Thé neEtWIvafases @f chirem bbar@® act®rding to (3-1) or

(3-2) wherein

the insulating |ayer is made of a cured  resin containing an inorganic
filler, the thitkhesh®fmethe Paedl @ Teglt £ rd s2¢¢ORIABAIuRPL BNBOCHA t he
t hi ckness of the {Tjrgtal foi%{ is from5 pmto 40 um and io the thickness of

t he conductivekirtutr 3

Yo o hgr e Hee Jpgat conductivity of the

insulating layer is from 1 to 4 W/mK, and the withstand

voltage between the conductive circuit and the metal foil

10 in a state bent at an angle of at least 90° with a radius

of curvature of from 1 to 5 mm is at least 1.5 kV.

(1-10) A process for producing the metal base circuit

board as defined in any one of (1-7) to (1-9) which is

characterized by bending at room temperature.

15 (1-11) A hybrid integrated circuit using the metal base

circuit board as defined in any one of (1-1)

to (1-9).

(2-1) A circuit board having an insulating layer and a

conductive circuit or metal foil alternately laminated,

characterized in that the thickness of the conductive

20 circuit or metal foil is from 5 um to 450 um,

the

insulating layer is made of a cured product of a resin

composition comprising an inorganic filler and a

thermosetting resin, and the thickness of the insulating

layer is from 9 um to 300 um.

25 (2-2) The circuit board according to (2-1),

wherein at

least one through-hole to be used for electrically

connecting conductive circuits or metal foils, is at



(3-4) The netal base circuit board according to any one of (3-1) to (3-3)
wherein the insulating |ayer conprises from50 to 75 vol % of an inorganic
filler having a sodium 15 ion concentration of at nobst 500 ppm and
canprising spherical particles having a maxi num particle size of at nost
30 um and an average particle size of from2 to 15 um and the rest being a
thernosetting resin. (3-5) The netal baseieircuit board according to any one
20 of (3-1) to (3-4), wherein the thernbsetting resin conprises a

hydr ogenat ed Biessiterfol0® &amaw’er A epoxy resin. (3-6) The netal base circuit
board according to any one of (3-1) to (3-5), wherein the thernosetting
resin conprises A sthaighncwhaibraigaompedinartael(ght) epoxy228) resin

havi ng an epoxy equival ent of from800 to 4,000. (3-7) The netal base
circuit board wrassid rgha d-heynaheconduqtgiviity oof 3:183 | indiel @t inghbayétrori de
ion concentration 21 in the thernosetting resin is at nost 500 ppm (3-8)
The metal base ifram t1 Yoard "Wddor ding to any one of (3-1) to (3-7),
wherein the glass transition  tenperature of the insulating layer is fromO
to 40C. 5 £3-992-The The f1imasd Heatd taGerdi e clo? dimyg eoe aply bhel) oFO(3-1)
to (3-8) wherein the thickness of the coverlay, is from5 pmto 25 pm
(3-10) The netfd ™ Pase'hGTeR tt R FP SR dorah Tt 1on drsmpeat ere (3t 15heo (3-9),
which is bent along the slit portion. 10 (3-11) The netal base circuit
board accor di nidwlatmndneaytr (38 irewm ¢ Xa00°Grvherein the insul ating |ayer

surface is bent at ahn angl e of at Igast 90 with a radius of urvature of
fromO0.1 to O. Tﬁ% The circuit board according to any one of (2-1) to

(2-4), wherein the insulating layer is a cured product of
10 a resin composition comprising from 25 to 60 vol% of a
thermosetting resin and the rest being an inorganic
filler comprising spherical coarse particles having the
maximum particle size of at most 75 pum and an average
particle size of from 5 to 40 pum and spherical fine
15 particles having an average particle size of from 0.3 to
3.0 pm.
(2-6) The circuit board according to any one of (2-1) to
{(2-5), wherein when the circuit board is bent at an
optional portion at an angle of at least 90° with a
20 radius of curvature of from 1 to 5 mm, the withstand
voltage between conductive circuits or metal foils is at
least 1.0 kV.
‘(3—1) A metal base circuit board, wherein a conductive
circuit is formed on a metal foil via an insulating layer,
25 and a coverlay is further formed, and wherein at least a
part of the coverlay is removed to form a slit at a

portion where the conductive circuit is not formed.



(3-12) The metal base circuit board according to any one 15 of (3-1) to
(3-11), wherein a layer having a magnetic |oss or a |layer having a
dielectric loss is lamnated on the surface of the coverlay. (3-13) The
netal base circuit board according to (3-12), wherein the layer having a
magnetic | oss conprises a 20 magnetic material having an aspect ratio of at

| east 2, and an organic binder, the conteot of the magnetic material is
from30 to 70 vol % and the thickness of the |ayer having a nagnetic | oss
is from3 pmt33) prhe (Stal)bFre weretibadseardraatordongdtacédrdi ng to
(3-12), 25 wherein the layer having a dielectric |oss conprises a carbon
powder havi ng et filke stkitacks afeumed 9 dmve azlengthocerrgsranding
organi c binder, the content of the 22 carbon powder is from5 to 60 vol %
and the thickressfrm YGe tayRb® hali Hee al orginlet € tloesppstiennte beto 50
pm (3-15) The netal base circuit board according to (3-14) wherein the
car bon powder B&thor on-sol i d-sol ubilized s carbon bl ack having a vol une
resistivity of at nost 0.1 Qcmaccording to JI S K1469, (3-16) The netal
base circuPt bourd atorteiRyl theshyC bheulbrPeard)ageording) tanédeth PHe heat
conductivity o gﬂﬁ insulating |ayer is froml to 4 WnK, _and the _w thstand
10 vol t age bet\wen tHRETHHYUET vERErH LRI ahd $hel Fetafer 8f1 @ £4rgd | east
1.0 kV. (3-17) Alight-emtting dipde having a{ | east one | ight- em.tting

di ode el ectri CHIIP COMHRIRRY R hRREAYuET | vl 1eFr ctie bRichReRgtaf base

circuit board as defined jn .
éhe insu atingafgyer i1 from 30 um to 80 um, the

thickness of the metal foil is from 5 um to 40 um, and
10 the thickness of the conductive circuit is from 9 um to
40 um.
(3-4) The metal base circuit board according to any one
of (3-1) to (3-3) wherein the insulating layer comprises
from 50 to 75 vol% of an inorganic filler having a sodium
15 ion concentration of at most 500 ppm and comprising
spherical particles having a maximum particle size of at
most 30 um and an average particle sgsize of from 2 to 15
um, and the rest being a thermosetting resin.
(3-5) The metal base circuit board according to any one
20 of (3-1) to (3-4), wherein the thermosetting resin
comprises a hydrogenated bisphenol F and/or A epoxy resin.
(3-6) The metal base circuit board according to any one
of (3-1) to (3-5), wherein the thermosetting resin
comprises a straight-chain high molecular weight epoxy
25 resin having an epoxy equivalent of from 800 to 4,000.
(3-7) The metal base circuit board according to any one

of (3-1) to (3-6), wherein the chloride ion concentration



is one of (3-1) to (3-16). (4-1) A LED light source unit having a netal base
circuit board having a conductive circuit formed on a netal foil via an
insulating | ayer, disposed on a surface of a case via an adhesive tape and
having at |east one light 20 emtting di ode (LED) nmounted on the conductive
circuit of the metal base circuit board, wherein the thickness of the
metal foil is from18 pmto 300 pm the inrdulating |ayer conprises an
inorganic filler and a thernosetting resin and has a thickness of from 80
pmto 200 pm HEhdS thernesekiioss v¥simel sondusesve5edrepmt is from9 pmto
140 pm (4-2) The LED |ight source unit according to (4-1), 23 wherein the
heat conducti vily8bofTheangtxhikasecivgeit iBoard onsdording\Wakany4o8% The
LED light source unit according to (4-1) or (4- 2) wherein the insulating

| ayer contai n°fa thekhoset ting  svhese i thangbassntransieben25 to 50 vol s,
and the rest being an inorganic filler conprising spherical coarse

particl es havitrpeematdraieharhe cleselabing bavepsis 76rpm Oahd 4R°Qver age

particle size of from 10 to 40 pmand spherical fine garticles havi ng an
average paPticl¥ $i ZEhe TrtRl fhate oCUur el t boprd 2ecayding LEDRRYgRbesour ce
uni t according %o an{ one gé (4-1) to (4-3) wherein the glass transition
tenperature ot t e PherPosdid) ngPeestn Fhet Haemesar Phot rayepPveEiayr om 0
to 40C. 15 (4-5% h%’pe LED | i'?ht source unit according to any one of (4-1) to
(4-4), whereint et LR i 1y ¥WBsin cont ai ns

(3-10) The metal base circuit board according to any one
of (3-1) to (3-9), which is bent along the slit portion.
10 (3-11) The metal base circuit board according to any one
of (3-1) to (3-10), wherein the insulating layer surface
is bent at an angle of at least 90° with a radius of
curvature of from 0.1 to 0.5 mm.
(3-12) The metal base circuit board according to any one
15 of (3-1) to (3-11), wherein a layer having a magnetic
loss or a layer having a dielectric loss is laminated on
the surface of the coverlay.
(3-13) The metal base circuit board according to (3-12),
wherein the layer having a magnetic loss comprises a
20 magnetic material having an aspect ratio of at least 2,
and an organic binder, the content of the magnetic
material is from 30 to 70 vol%, and the thickness of the
layer having a magnetic loss is from 3 pm to 50 um.
(3-14) The metal base circuit board according to (3-12),
25 wherein the layer having a dielectric loss comprises a

carbon powder having a specific surface area of from 20

2 .
to 110 m /g, and an organic binder, the content of the



a hydrogenat ed bi sphenol F and/or A epoxy resin. (4-6) The LED |ight source
unit according to any one of (4-1) to (4-5), wherein the thernosetting
resin contains 20 a straight-chain epoxy resin having an epoxy equi val ent
of. from 800 to 4,000. (4-7) The LED |ight source unit according to any one
of (4-1) to (4-6), wherein the thernpbsetting resin contains a
pol yoxyal kyl ene pol yam ne. 25 (4-8) The LBR |ight source unit according to
any one of (4-1) to (4-7), wherein the ponOXﬁaIkerne pol yami ne is
cont ai ned so tdRiPAMP ISy el hykironeh eQué Yarehnt . wonddthe thickpess0o8 to 1
time, to the epoxy equival ent of the epoxy resin contained in the
t her noset ti ng ¥si Fpyga-gvime 3 prpynehic sbeeelfinf¥omceordi hg $6 @Ry one of
(4-1) to (4-8), wherein the netal base circuit board is_ 5 bent at an angle
of at least 90(WtP alhadielsabibaee vaiFel biPPabmh aceording te (Reld)
conductive circuit ,side or to the side opposite to_the conductive circuit
side al ong at TRHRIYBALHFITRIN RPEFCT hdh PRECREBPL HBufPLdPpsLEFEN, and the
wi t hstand vol tage between the jo conductive circuit and the netal foil of
the bent mtalCaRR RIFChiRaVRY i | Lo e5RE 19 EVEWY P4-2b)™efk PED | ght
source unit according to any one of (4-1) to (4-9), wherein the heat
conductivity off Ph&cCadiedidda oF i%4G%m 1 to 2 WnK, and the thickness of
is the adhesive tape is from mto, 150, um (4-11) The.LED |ight source
uni t accordingﬁ%Blg%jhﬁﬁéﬁ%_aégﬁgﬁ? fbrfﬁ%ioy?gﬁﬂe? FﬂrgﬁﬁgaaﬂegPVeOPﬁpe
contains a  polymes. £ontal pdngs pckyLle; acld. e IRENAEILLG 8F1 e
insulating layer is from 1 to 4 W/mK, and the withstand
10 voltage between the conductive circuit and the metal foil
is at least 1.0 kV.
(3-17) A light-emitting diode having at least one light-
emitting diode electrically connected to the conductive
circuit of the metal base circuit board as defined in any
15 one of (3-1) to (3-16).
(4-1) A LED light source unit having a metal base circuit
board having a conductive circuit formed on a metal foil
via an insulating layer, disposed on a surface of a case
via an adhesive tape and having at least one light-
20 emitting diode (LED) mounted on the conductive circuit of
the metal base circuit board, wherein the thickness of
the metal foil is from 18 pum to 300 um, the insulating
layer comprises an inorganic filler and a thermosetting
resin and has a thickness of from 80 um to 200 um, and
25 the thickness of the conductive circuit is from 9 um to

140 um.

(4-2) The LED light source unit according to (4-1),



(4-12) The LED light source unit according to any one of 20 (4-1) to (4-11),
wherein the adhesive tape contains a heat conductive electrical insulating
agent in an anmount of from40 to 80 vol % (4-13) The LED |ight source unit
according to any one of (4-1) to (4-12), wherein the heat conductive

el ectrical 25 insulating agent is an acrylic rubber. (4-14) The LED I|ight
source unit according to any one of (4-1),40 (4-13), wherein the polyner is
an acrylic 25 polyner obtained by polynmerizing a nononer containing a

(met h) acryl at eyi@POIEI thé 4hd 5} Ebﬁdh££&big?toﬁoﬂhéeiﬂghlaaﬁﬁgrQb?ﬁrtQsany
one of (4-1) to (4-14), wherein the (neth)acryl ate nononer s contains
2-et hyl hexyl agryhat eco(4-wphkThe LED i ght source unit according to any one
of (4-1) to (4-15), wherein the heat conductive electrical insulating

agent has a maxd mmpRetiEbel sghe SbudteNBBit 46cupHang as qyenagerpauticle
size of fromO0.5 to 30 pm 10 (4-17) The LED |ight source unit according to

any one of (41)wheréfnlbhe Wheutabihbhelhgat eenddehitva eheembkedking
insul ating agent is at |east one nmenber selected fromthe group consisting

of alunmina,s cryssihl ineasi hncanandf alomi pentbydooxble, badNewe thetpresent
invention will be described in detail wth reference to preferred
enbodi ments. Theihgl aowingrganstr Gtlien ebmprietialy bpReréchatucbarieard and
the main constituting materials such as a netal foil, an inorganic filler,
a thernosetti ngaresécheandaair aomduchiimepartiuile, saze opt henabky applimcabl e
to a hybrid
and an average particle size of from 10 to 40 um and
spherical fine particles having an average particle size
10 of from 0.4 to 1.2 um.
(4-4) The LED light source unit according to any one of
(4-1) to (4-3) wherein the glass transition temperature
of the thermosetting resin in the insulating layer is
from 0 to 40°C.
15 (4-5) The LED light source unit according to any one of
(4-1) to (4-4), wherein the thermosetting resin contains
a hydrogenated bisphenol F and/or A epoxy resin.
(4-6) The LED light source unit according to any one of
(4-1) to (4-5), wherein the thermosetting resin contains
20 a straight-chain epoxy resin having an epoxy equivalent
of from 800 to 4,000.
(4-7) The LED light source unit according to any one of
(4-1) to (4-6), wherein the thermosetting resin contains
a polyoxyalkylene polyamine.
25 (4-8) The LED light source unit according to any one of

(4-1) to (4-7), wherein the polyoxyalkylene polyamine is

contained so that the active hydrogen equivalent would be



integrated circuit, a LED nodule or a LED |ight source wunit. METAL BASE
CIRCU T BOARD The construction of the netal base circuit board as 25 the
base of the present invention, the properties of constituting materials,
etc. will be described. The <circuit board of the present invention is a
metal base 26 circuit board having an insulating |layer and a conductive
circuit or netal foil alternately |am nategd, wherein the thickness of the
conductive circuit or nmetal foil is from pmto 450 pm the insulating

layer is made pfo@ GUBCHoS1PEORHCE tOf tAel BpLRYCRRNGSLE AR %Q”E%bsbﬁgx§“
inorganic filler and a thernpsefting resin, and the thickness of 'thé

insulating |aypesis &6ﬁﬂhgnealaﬁ 8aa EHbrhagskxlngfrE@%nth'Ckness of the
conductive circuit or netal foil is less than 5 pm such can not be

produced 10 ipgvoewrpé agpr obbam abuecs. uﬂ@@dbbegrd%R@ ith labhy! $n@LE than
450 pm the bendability tends fo deteriorate, and the circuit board becones

entirely thick(sln)ths paesent wheyenhi eHe hBEaMebakebase GiitCWohrdQard can
be used as being bent at roomtenperature, and 15 further is useful even

when it is denpepepgat gl ¥ngTBUSE Akt 1Ba8chbgh @{Qﬁeésegahhgyoend can be
re-used. METAL FOL As the material for the netal foil, alum numor an

al uni num al | oycug0pPeteObiasesmper tal EoMm EbORNhEr c3Bdsl-diifless rehael . may,
for exanple, be used. Further, depending upon the material for the netal
foil, it is psefieroedcborthppkydsubppegiteeabMeRt Sualuas ileeetin@hyid C
side along at least one portion other than the LED-
mounted portion, and the withstand voltage between the
10 conductive circuit and the metal foil of the bent metal
base circuit board is at least 1.5 kV.
(4-10) The LED light source unit according to any one of
(4-1) to (4-9), wherein the heat conductivity of the
adhesive tape is from 1 to 2 W/mK, and the thickness of
15 the adhesive tape is from 50 pum to 150 um.
(4-11) The LED light source unit according to any one of
(4-1) to (4-10), wherein the adhesive tape contains a
polymer containing acrylic acid and/or methacrylic acid.
(4-12) The LED light source unit according to any one of
20 (4-1) to (4-11), wherein the adhesive tape contains a
heat conductive electrical insulating agent in an amount
of from 40 to 80 vol%.
(4-13) The LED light source unit according to any one of
(4-1) to (4-12), wherein the heat conductive electrical
25 insulating agent is an acrylic rubber.
(4-14) The LED light source unit according to any one of

(4-1) to (4-13), wherein the polymer is an acrylic



treatnment, etching treatnent, plasma treatnent, prinmer treatnent or
coupling treatnent on the insulating |ayer 25 side of the nmetal foil in
order to inprove the adhesion. | NSULATING LAYER In the present invention,
the heat conductivity of 27 the insulating layer is preferably from1l to 4
WnK, further preferably from2 to 3 WnK |If the heat conductivity is

|l ess than 1 WnK, the heat transfer reS|§%?nce of the circuit board tends
to be high, whereby 5 the desired heat dis%lpation performance nay not be

obt ai ned. Cn t{i‘S mﬁ{é‘ﬁroﬂégﬁneli”bg ?8& yh@r294 aLn amgﬁ%erc%ﬂ'ﬂ%‘n‘f ali gher

than 4 WnK be necessar I'nCr 6aseé the amount the’i organlc

filler, whereby,Lth gg XLPLE! by be | ost, and good bendi ng performnce
10 tends to beyﬂargfa tal na F Om%urther the glass transition tenperature

of the insulatings)ayge LﬁnpnggﬁﬁaQerEEOGthtgcéggdlﬁgr%o R %&%ﬁgx-ffom

10 to 30C. If the glass transition tenperature is han _
rigidity and thg 15 ebegatu@w Asykah 'aaepqrnteoamraee?ﬂa%@dm dierd oW, and if

it exceeds 4OC the bendability tends to be ass transition

tenperature i schhregifst 9- 4ggylﬁ§xy§ adi ﬁgkgnt fron1an |nsulat|ng | ayer
enpl oyed in a conventional metal base board which is hard at room 20

tenperature, eygoiyhesnit gD $Y hecgaqrt:@ bendi B9 OrdiAEAMNG L JrROBE
tenperature, deterioration of t wi t hstand vol tage dué to del'am nation

fromthe netal (hoh) ter QLQSKLth@EeEHeth@SHE%E'@%nhﬁﬁ%&v%GQQ%dﬂ%ﬂ&Eﬂ|y
take place.
insulating agent has a maximum particle size of at most
45 pym and an average particle size of from 0.5 to 30 um.
10 (4-17) The LED light source unit according to any one of
(4-1) to (4-16), wherein the heat conductive electrical
insulating agent is at least one member selected from the
group consisting of alumina, crystalline silica and
aluminum hydroxide.
15 Now, the present invention will be described in
detail with reference to preferred embodiments.

The following construction of a metal base circuit
board and the main constituting materials such as a metal
foil, an inorganic filler, a thermosetting resin and a

20 conductive circuit, are optionally applicable to a hybrid
integrated circuit, a LED module or a LED light source
unit.

METAL BASE CIRCUIT BOARD

The construction of the metal base circuit board as

25 the base of the present invention, the properties of
constituting materials, etc. will be described. The

circuit board of the present invention is a metal base



25 The thickness of the insulating layer is preferably from9 umto 300 um
In the present invention, the insulating layer is a 28 cured product of a
resin composition conprising from25 to 60 vol% of a thernosetting resin
and the rest being an inorganic filler conprising spherical coarse
particles having a maxi numparticle size of at nost 75 pmand an s average
particle size of 5 to 40 pm and spherical,fine particles having an average
particle size of from0.3 to 3.0 pm |If f%e thernosetting resin is

cont ai ned nvrec1£8amttBsaﬁaousvy9§@sntbﬁsﬂﬁgklﬂgS§59@&'aﬂdp%rE%5 REG vel ends
to be | ow, whereby the above-nentioned heat io Conductivity wl e hardly

obt ai nabl e. cabeuabebﬂvﬁstanngoaﬁsamtegﬂgkéaytuaalha%ed!n%ﬂ%%%uagtm@yer
to a resin conposed mainly of a straight-chain polyner epoxy resin having

an epoxy equi vakeprhe8t bf08h8000chauat 908, cgkcalhy@&oagaaueéoa§ hissghenpl F
and/ or a epoxy resin, a phenol resin, a polyimde resin, a phenoxy resin,

an acryl rubbes gn 88 49@ruhpnthéihﬁébmaaghgn@ayegbe@ e bEr aexamele, be
further incorporated. However, the anmobunt of their incorporation is

preferably @t pestud® BBSS%rebagedofpoddtibf tohph idiRUNanWihb riae iepoxy
resin, taking into consideration the bendability at roomtenperature, the

el ectrical insehialepgaper hotnepmesatdihferbgah, r apdstarCehifknel® of
thernosetting resin constituting the |nsulat|ng | ayer, an epoxy resin, a

phenol resin, 8hd5ifklilaenagrési/Broisafrasr ¥l i £esikmomgy. for exanple, be
used. Anong then1 one conprising an epoxy resin and a
Namely, if the thickness of the conductive circuit
or metal foil is less than 5 um, such can not be produced
10 in view of a problem of e.g. handling, and if it is more
than 450 um, the bendability tends to deteriorate, and
the circuit board becomes entirely thick.
In the present invention, the metal base circuit
board can be used as being bent at room temperature, and
15 further is useful even when it is bent repeatedly. Thus,
it has high processability and can be re-used.
METAL FOIL
As the material for the metal foil, aluminum or an
aluminum alloy, copper or a copper alloy, iron or
20 stainless steel, may, for example, be used. Further,
depending upon the material for the metal foil, it is
preferred to apply surface treatment such as electrolytic
treatment, etching treatment, plasma treatment, primer
treatment or coupling treatment on the insulating layer
25 side of the metal foil in order to improve the adhesion.

INSULATING LAYER

In the present invention, the heat conductivity of



pol yaddi ti on type epoxy curing agent as the nmain 29 conponents, is
preferred which is excellent in the bond strength to the netal foil 1 and
the conductive circuit 1in its cured state even when contai ning an inorganic
fidler and which is excellent in bendability at rooms tenperature. As such
a polyaddition type epoxy curing agent, a polyoxyal kyl ene polyam ne is
preferred which is effective to inprove t bendability of the
thernosetting resin after the thernosetting, and it is preferred to add it

so 10 that thecgetiMgulydingenagayi val potreibbibe shbgmO0e8, 4o wmtime to the
epoxy equi val ent of the epoxy resin contained in the thernosetting resin,

in order to seedtenthepreegidbly, rhendndopsogeakabi 1t ynel AEYEALI NG _
performance, etc. of the insulating layer. 15 Further, as the thernosetting

resin constitutbpgutbevitpsykatbng kavar 1 Wimks Phef aened tharemeloy a
hydr ogenat ed bi sphenol F and/or A epoxy resin, and when the epoxy

equival ent is $egmsE8Ack0o246hel bikrdulitq¥drat teh@@MbemRenhalqy, e wild- AN be
used within a range of from20 60 to 100 mass% in the thernosetting resin.

As conpareds Wch8 _@@m@dbhéﬁheﬂQbsEF@tiAn berFondnegematechdd ghenol F
and/or A epoxy resin is not of a stiff structure and thus is excellent in

bendabi l ity whepthensed imi oclge sthabl Bah@si InCOAROSI tb0BbtEiUAt Beheati NCE
the viscosity 25 of the resinis low, it is possible to add a straight-

chai n pol yner epaaycteésinyhayghgranhapoxy weawi,vakemt 10f bef memedRairt0 t4 000
in an amount of fromO to 40 mass%in 30
increase the amount of the inorganic filler, whereby the
flexibility will be lost, and good bending performance
10 tends to be hardly obtainable.

Further, the glass transition temperature of the
insulating layer is preferably from 0 to 40°C, more
preferably from 10 to 30°C. If the glass transition
temperature is lower than 0°C, the rigidity and the

15 electrical insulating performance tend to be low, and if

it exceeds 40°C, the bendability tends to be low. When
the glass transition temperature is from 0 to 40°C, as is
different from an insulating layer employed in a
conventional metal base board which is hard at room

20 temperature, even when it is subjected to bending or
drawing at room temperature, deterioration of the
withstand voltage due to delamination from the metal foil
or cracking of the insulating layer tends to hardly take
place.

25 The thickness of the insulating layer is preferably
from 9 ym to 300 um.

In the present invention, the insulating layer is a



the thernosetting resin and an inorganic filler in an anmount of from50 to
75 vol% in the insulating layer. If the epoxy equival ent of the hydrogenated
bi sphenol F and/or A epoxy resin is less than 180, |ow 5 nol ecul ar wei ght

i npurities having epoxy groups remaining in the purification process of the
epoxy resin tend to be large in anount, whereby the bond strength or the

i nsul ating property tends to be |low, such eing undesirable. On the other
hand, if the epoxy equivalent io exceeds , the resin viscosity tends to

be hi gh and by, tbe pedELLENGET A tb@s§hr@ba§&sgh§bﬂ eeh§9§51ﬁ50f¥ohe§%
havi ng an epoxy equival ent of from 800 000, th esin viscosity wll

further be Incgsaé@dvoﬁgdoftawthérasseétiﬁgcygg1hoaﬁedtheer@gghb€955cgbar
epoxy resin in an is anmount of fromO to 40 mass% in the thernosetting resin

or the inorganiﬁoé%mﬁﬁé f@l@@rasemﬁklginéreahéglhal7éoa¥9EW LhRtibees
i nsul ating | ayer en a straight-chain polyner epoxy resin haV|ng an epoxy

equi val ent of fLem&§09 &9x4m990p5§the§er99§éts@ he méBtt he Lpsdhat bpg |ayer,
t he bondi ng property will be inproved as conpared with a case where a

straight - C@a|naV899%¥ p&stchavingdeaprepoxy eauial Al 9pnkessatin@nnd00 is
used al one as the thernosetting resin. Further, it is nore preferred that

the straight - chai-©i BOEY NBAVEREXHN28vELSHE Qthgléns@E@beegﬁbﬁabQ@tt%f from
800 to 4,000 is a hydrogenated bi sphenol and/ or A epoxy resin, whereby

in addition to3thepRondi Mo H ofies Yo sdentiai tdd yn al s r oot Slned eapeeat ure
will be inproved. |If a straight-chain epoxy resin having an epoxy

than the above vol%, the heat dissipation performance
tends to be low, whereby the above-mentioned heat

10 conductivity will be hardly obtainable.

As the thermosetting resin constituting the

insulating layer, to a resin composed mainly of a
straight-chain polymer epoxy resin having an epoxy
equivalent of from 800 to 4,000, or a hydrogenated

15 bisphenol F and/or a epoxy resin, a phenol resin, a
polyimide resin, a phenoxy resin, an acryl rubber or an
acrylonitrile/butadiene rubber may, for example, be
further incorporated. However, the amount of their
incorporation is preferably at most 30 mass%, based on

20 the total amount with the epoxy resin, taking into
consideration the bendability at room temperature, the
electrical insulating performance and the heat resistance.

As the thermosetting resin constituting the

insulating layer, an epoxy resin, a phenol resin, a

25 silicone resin or an acrylic resin may, for example, be

used. Among them, one comprising an epoxy resin and a

polyaddition type epoxy curing agent as the main



equi val ent exceeding 4,000 is incorporated in the thernosetting resin,

i ncorporation of the inorganic 5 filler tends to be difficult, and
conpatibility with other epoxy resins tends to be difficult, whereby an
insulating layer will be formed in such a state that the epoxy resin, the
epoxy curing agent, the inorganic filler and other incorporated conponents
are in a non-uniform 10 state, and the he%gadissipation performance and the
el ectrical insulating performance tend to tdeteriorate. It is preferred that

the straight 'C@@r%lﬁoﬁé’ﬂﬁ, r?? gfe?t@ﬂ@& @%Sﬁoﬁ equiyalant 19f Oom PO to

4,000 is added an anbun at nost mass%in the curable resin. 15 If

it exceeds 40 Q@féf){&t%h\?oa{mé!nﬁegglt ke g@exgnauehegcoﬁ%@ti%%n%axtc%ﬁe

small, and there may be a case where t glass transition tenperature (TQ)

of ‘the thermosatifRocleshnstheESe BAduhln BEASARLLELY axdateriptates. 20 The

chl oride ion concentration in e thernosetting resirn constituting the

insulating layg{1is pagherabby at #Patii1alP PRAMABLiRLekeL@DIYLAf nost 250
ppm In the case of a conventional netal base circuit board, the chloride

ion concenty at ¢ @pLPatigecurabl e resin 25 conposition may be at nost 1,000
ppmto obtain electrical insulating performance even at a high tenperature

at a DC voltage. Hewaweh, at pe14uEARKE JneshmpeC $ @3 P ageist i uting
the insulating |layer to be used for the netal basé circuit board of the

present inventpenyoR@a1Ry1EhexpbhoaftihbCldr prafcehelss wibarMalle VR t3tyd 00M
tenperature, and accordingly, 1f the chloride ion

to improve the bendability of the thermosetting resin

after the thermosetting, and it is preferred to add it so

10 that the active hydrogen equivalent will be from 0.8 to 1
time to the epoxy equivalent of the epoxy resin contained
in the thermosetting resin, in order to secure the
rigidity, bending processability, insulating performance,
etc. of the insulating layer.

15 Further, as the thermosetting resin constituting the
insulating layer, it is preferred to employ a
hydrogenated bisphenol F and/or A epoxy resin, and when
the epoxy equivalent is from 180 to 240, it 1is liquid at
room temperature and can be used within a range of from

20 60 to 100 mass% in the thermosetting resin. As compared
with common bisphenol F or A, this hydrogenated bisphenol
F and/or A epoxy resin is not of a stiff structure and
thus is excellent in bendability when formed into a
curable resin composition. Further, since the viscosity

25 of the resin is low, it is possible to add a straight-
chain polymer epoxy resin having an epoxy equivalent of

from 800 to 4,000 in an amount of from 0 to 40 mass% in



5 concentration in the curable resin conposition exceeds 500 ppm transfer
of ionic inpurities may take place at a high tenperature under a DC

voltage, and the electrical insulating performance nay tend to deteriorate.
The inorganic filler to be contained in the 10 insulating |layer is
preferably one having an electrical insulating property and good heat

conductivity, and, for exanple, silicon Qpride, al um num oxi de, al um num
nitride, silicon nitride or boron nitride nay be enployed. The inorganic

filler preferaphy cQOPh-SES: sREeLLEah éﬁdcgar§ﬁoﬁgshhe'%ﬁlﬁa%ip% gpexi mm
particle size of at nost 75 pmand an average pafticle size of from5 to 40

pm and spheri cahofhPeopartbml 66 PavihHgvansayarage iRaGhhehitgshageqf. fromo0.3
to 3.0 pm Wthin such a range, nore preferred is one conprising spheri cal

coarse 20 particl egshaqengparyakghagaipakt b¢l endl 2§Rbgeramel0 to 40 pm and
spherical fine particles having an average particle size of fromO0.4 to 1.2

pm Wen spherpeabhefOBr B€aRAfbi-Chespary sRBehi ¢al 1EL8etpakt heles 13ke m xed,
hi gh packing will be possible, and bendability at room 25 tenperature wl|l

be inproved ovgslacGBse WBEHRL Puhyerizeds aab&h?|@§ogy §QBQ§EC%EmB§&HE%|eS
are used alone. The content of the inorganic filler in the 33 insulating

llayer is prefeiabtyefpem BOcheidn ¥obdesBObe thReekphah! Yebhiameehd @ Hpevol %
The sodiumion concentration in the inorganic filler is preferably at nost

500 ppm nore paeferahl ¥y matntPsikhérdBY PRE bbhdt Be readicumolroRheoncentrati on
inthe inorganic filler exceeds 500 ppm transfer of ionic

insulating property tends to be low, such being
undesirable. On the other hand, if the epoxy equivalent

10 exceeds 240, the resin viscosity tends to be high and by
the addition of the straight-chain polymer epoxy resin
having an epoxy equivalent of from 800 to 4,000, the
resin viscosity will further be increased, and it will be
difficult to add the high molecular epoxy resin in an

15 amount of from 0 to 40 mass$% in the thermosetting resin
or the inorganic filler in an amount of from 50 to 75
vol% in the insulating layer.

When a straight-chain polymer epoxy resin having an

epoxy equivalent of from 800 to 4,000 is incorporated in

20 the insulating layer, the bonding property will be
improved as compared with a case where a straight-chain
epoxy resin having an epoxy equivalent of less than 800
is used alone as the thermosetting resin. Further, it is
more preferred that the straight-chain polymer epoxy

25 resin having an epoxy equivalent of from 800 to 4,000 is
a hydrogenated bisphenol F and/or A epoxy resin, whereby

in addition to the bonding property, bendability at room



inpurities is likely to take place at a high tenperature under a DC

vol tage, whereby the electrical insulating perfornance nay tend to
deteriorate. 10 In the present invention, further, at |east one

t hrough-hole to be used for electrically connecting conductive circuits or
metal foils is preferably at least 0.0078 mm2. For such a through-hole, the
conductive circuits or netal foils and aq”!nsulating | ayer are is

chem cally, physically or mechanically renoved to forma perforation for

the through-holgn,apdei{iPel {;$1Y0bd §Rg§8ved@ conductive material or the |ike
is filled by plating, printing or the like, or wire bonding fromthe upper

| ayer conductive C&ECHi%t&%i@B@LE%QiBQF%%&§gE%§HnF%%Q%%dﬂé%“éﬂd¥y

connection. Such through-hol és may be forne or may not” be forned.

CONDUCTI VE C'RQHHIV&PeﬁBee956§@@hgi@Vgﬂbi951ihggrng%¥EH=QﬂaEﬂeis_ bendabl e
at an optional portion at an anglé of at least 25 900 with a radius of

curvature of ffﬁa}&oéetéiﬁglre@QnEh@nwbkpékae@oMOBEag%ebQBW@%anﬁ%nductive
circuits or netal foils is preferably at least 1.0 kV. Wen"the board is 34

bent at an angfeldérateh8asto9BeWiliRfachadi uanaf comparating t9f Wiess than 1
mm the withstand voltage between conductive circuits or netal foils may

sonmetimes bec@pReiOepexdt rBBShsltBnkY @Uebb0de £@.icalackivhe rebyt Be 5 _
insulating layer. If the radius of curvature exceeds 5 mmor if the bending

angle is | ess thail180ingheadesi wedl peakbrikcad Ag elichhe medwle tMRY ROl be
acconpl i shed sonetines.
epoxy resin, the epoxy curing agent, the inorganic filler
and other incorporated components are in a non-uniform

10 state, and the heat dissipation performance and the
electrical insulating performance tend to deteriorate.

It is preferred that the straight-chain epoxy resin
having an epoxy equivalent of from 800 to 4,000 is added
in an amount of at most 40 mass% in the curable resin.

15 If it exceeds 40 mass%, the amount of the epoxy curing
agent tends to be small, and there may be a case where
the glass transition temperature (Tg) of the
thermosetting resin rises, and the bendability
deteriorates.

20 The chloride ion concentration in the thermosetting
resin constituting the insulating layer is preferably at
most 500 ppm, more preferably at most 250 ppm. In the
case of a conventional metal base circuit board, the
chloride ion concentration in the curable resin

25 composition may be at most 1,000 ppm to obtain electrical

insulating performance even at a high temperature at a DC

voltage. However, the curable resin composition



The thickness of the conductive circuit is io preferably from9 pmto 140
pm If it is less than 9 pm the function as the conductive circuit tends
to be inadequate, and if it exceeds 140 pm not only the bendability tends
ta deteriorate, but also the thickness increases, whereby snmall-sizing or

t hi ckness reduction 15 tends to be difficult. HYBRI D | NTEGRATED CI RCU T
Now, a preferred enbodi nent of a hybrid im2egrated circuit enploying the

metal base circuit board of the present invention will be described. In the
hybrid 20 int egpaskdteriedi thenpneyiaginaelaresl thabe vpeduiferbsied of the
present invention,_the above-described nmetal foil, inorganic filler,

t her moset ting PeERh, PasAdEEFFVatcPPaEft Of Bhe DEESERE ABVANEARSYI PASI Ag
materials in the netal base circuit board can oEtlonaIIy be used. 25 Fig.
1-1 is an exanplexsblg ﬁ?BPFHuFﬁtEBFSFeHS E?F@ﬁp CeRPPBYPRgTORE netal base
circuit board of the present _invention. In the h br|d i ntegrated
circuit of thetﬁWB§EﬂFuFﬁveﬂPﬁoﬁCCBHdénEBKdu&f| tBecrpdprids éP0t he net al
base circuit board co r|S|ng a netal 8 1, .an insulating |ayer 2 and
t he conductﬁvecﬁP?ﬁﬁFFa 1°8 b uFﬁﬁlerBP S §%ﬁf80ﬁ8ﬂ€?89§10p EXCgefisue
sem conduct or a control %enlc nductor .6 and a chip nﬁonent 8 are
mount ed as boﬁggdeW et§angtes g IFBFﬁtlﬁBPFFBHe§ mﬁﬁdtﬁ & ReESE 2base
circuit board és ﬁlosel% bonded tg casg Qav ng aa |SS|pat&on
per f or mance vi LEPPEHALUEEI ¥BAEH AdhEs) 9% ige | A» ﬁg Cc8sESETEF8power
sem conduct or ?ngﬁlatlng performance may tend to deteriorate.
The inorganic filler to be contained in the
10 insulating layer is preferably one having an electrical
insulating property and good heat conductivity, and, for
example, silicon dioxide, aluminum oxide, aluminum
nitride, silicon nitride or boron nitride may be employed.
The inorganic filler preferably comprises spherical
15 coarse particles having a maximum particle size of at
most 75 pm and an average particle size of from 5 to 40
um and spherical fine particles having an average
particle size of from 0.3 to 3.0 pm. Within such a range,
more preferred is one comprising spherical coarse
20 particles having an average particle size of from 10 to
40 pm and spherical fine particles having an average
particle size of from 0.4 to 1.2 pm. When spherical
coarse particles and spherical fine particles are mixed,
high packing will be possible, and bendability at room
25 temperature will be improved over a case where pulverized

particles or spherical particles are used alone.

The content of the inorganic filler in the



connected to the conductive circuit 3 via a heat spreader 4 for the purpose
of facilitating heat dissipation, but such a heat spreader may not be used
in sone cases. Further, the control sem conductor 6 usually is acconpanies
na substantial heat generation and thus is connected to the conductive
circuit 3 without interposition of a heat spreader, but a heat spreader may
be interposed as the case requires. As the_above heat conductive adhesive,
an adhesive 20 having a highly heat conductive filler such as gold,

silver, nickel;,al i iy pg%f@s g{mggmgr f%H”‘sBato' '?E%B?F*at R0 an

epoxy resin, a urethane resin, [Tcone tesin or the like, is enployed.
| nst ead of theprggg%agppdygémv§5aggeggvgola heat conductive adhesive 25
sheet prelimnarily forned into a sheet, may be used. Further, any fixing

net hod such as bon@lhegs@mﬁﬁamén @BnéeﬁtkhEQBﬁ %e%ﬁ% %offgéh% kp 1RANS Of
a screw, may 36 be enpl oyed long as it is a fixing nethod whereby the

metal base cirgyiproparsoly &tofﬁ@éy bondggm hBrthgre@dseapli Haviegiheat
di ssi pation performance so that the heat conduction is excellent between

the netal kaseigor t st thad 9uth el Gasordeava igoheat €hssi pation
performance. Furt t he heat conductive adhesive may be used for the

pur pose of faCiﬁéf@éhﬂ@ healedi 68tPalE0R00f ppie PRUREfeEERIFCOREAMEt O S5 oOr
for the purpose of protecting or fixing the hybrid integrated circuit, but

this may not bemphpitised i& SonElgasestafbepshgnahtf éoﬁhbhetéﬁtﬁbff@ture

sem conductor 6 is electrically connected to the power sem conductor 5 via
under a DC voltage, whereby the electrical insulating
performance may tend to deteriorate.

10 In the present invention, further, at least one
through-hole to be used for electrically connecting
conductive circuits or metal foils is preferably at least
0.0078 mm?’. For such a through-hole, the conductive
circuits or metal foils and an insulating layer are

15 chemically, physically or mechanically removed to form a
perforation for the through-hole, and in its void space,
a conductive material or the like is filled by plating,
printing or the like, or wire bonding from the upper
layer conductive circuit is applied to establish the

20 electrical connection. Such through-holes may be formed
or may not be formed.

CONDUCTIVE CIRCUIT
In the present invention, the circuit board is
bendable at an optional portion at an angle of at least

25 90° with a radius of curvature of from 1 to 5 wmm, and the

withstand voltage between conductive circuits or metal

foils is preferably at least 1.0 kV. When the board is



t he conductive circuit 3 and the bonding wire 7. OGher than the portions on
whi ch. t he power sem conductor 5, the is control sem conductor 6 and the chip
conponent 8 are nmounted, the netal foil 1, the insulating layer 2 and the
canductive circuit 3 constituting the nmetal base circuit board may be

subj ected to bending or drawing processing at roomtenperature to neet the
shape of a heat 20 dissipation plate or t@% case 11 having heat dissipation
performance. Yet, the netal base circuit bBoard can be not only installed on

a flat portion, bt 5Qs$%g%8%féyofbggdfgag9 ggsi gjgrapp%%g@%zg face or to a

stepped or curved sur ependi ng upon 't shape of 25

di ssi pation pl e, £a ayj e digsi i e ce.
Ther ef or e, snﬁ?%$%€g?%€ %? ?gﬁﬁchgﬁ gfﬁﬁhetﬁ§h?gthgggngfQEQE?%%Iy heat

generating hybgdedon egsahede 3¥e EiteUitsi SyMadeapOsskbLenWh) ShedA Rt be
acconplished wth the conventional netal base circuit board or flexible

circuit board.pdbsmdybsidei At eghated. 6i koubtieUsbng . hecrgtalinBage theCircuit
board of the present invention has the above- described constrfuction, and

yet has preperihgsl gauad 18yethe conventionals et abubaseysdreibtegoasd
having a flat netal plate, such that the heat conductivity of the

insulating |aygf &8 {fopnd EQnéiM%QFh?%?lEBelékﬁhEhéﬂd9%@SVﬁ%§a&@s?ﬁé&eeﬂ

the conductive circuit and the ne is at | east Besi des, it

can be not onlymainstatieg a8t ehélabdandetinafp hgt absac@bmﬁaﬁﬁha@nded to a
side or bottomsurface or to a stepped or curved surface of a case.
Further, even gomé:bhe@te where an el ectrical
The thickness of the conductive circuit is
10 preferably from 9 pm to 140 pym. If it is less than 9 um,
the function as the conductive circuit tends to be
inadequate, and if it exceeds 140 um, not only the
bendability tends to deteriorate, but also the thickness
increases, whereby small-sizing or thickness reduction
15 tends to be difficult.
HYBRID INTEGRATED CIRCUIT
Now, a preferred embodiment of a hybrid integrated
circuit employing the metal base circuit board of the
present invention will be described. In the hybrid
20 integrated circuit employing the metal base circuit board
of the present invention, the above-described metal foil,
inorganic filler, thermosetting resin, conductive circuit,
etc. as the main constituting materials in the metal base
circuit board can optionally be used.
25 Fig. 1-1 is an example of a hybrid integrated

circuit employing the metal base circuit board of the

present invention.



15 conponent such as a sem conductor elenent or resistant chip which

requi res heat dissipation, is nounted, it can easily be bent at room
tenperature, whereby a conventional limtation such that a netal base
circuit board can be applied only to a flat portion, can be 20 elim nated.
The thickness of the netal foil 1 is usually from5 pmto 450 pxm but it
is nore preferably from35 pmto 70 pm reby the rigidity, bending
processability, drawing processability, €tc. of the netal base circuit
board can 25 be seguggd. niBe;:hhiakagsacel hecngulat e LA 4 1S
preferably from80 pmto 260 dam If7it is less than 80 38" pm the

insul ating per{QvERALEn! eAASat BoRBuEEMWeaRdrbhiitt 3 B¥CeBAS mé@@1PMag0t only
t he heat dissipation performance tends to deteriorate, but also the

t hi ckness increasesit MB@f@bMoﬁgﬁiﬁiﬁﬁéhnﬂeeélr%QQQth?naﬁfih@%l%QH kness
tends s to be difficult. LED LE Now, a preferred enbodi nent of "a LED

nmodul e (herei ngféerorgh@rerd tendibphyeasikERiarsay) bawirBdiay, egver array

on the surfape of the netal base circuit io board will be despribed: In the
LED array usi ngeqb@ondBtebrbase. €irgupbwbeakdmotohRacRb@SENt ai RvRRIAN, the
above-described netal foil, inorganic filler, thernosetting resin,

conductive cirgéhicoglGetds shenABANCchepNEbnpdhiAg BBLeEI absintRd ke net al
base circuit board is can be optionally used. Figs. 2-1 to 2-7 are plan
views illustrabbigefi®y e.g. a solder joint portion 9, and the metal
base circuit board is closely bonded to a case 11 having
a heat dissipation performance via a heat conductive
10 adhesive 10. In many cases, the power semiconductor 5 is
connected to the conductive circuit 3 via a heat spreader
4 for the purpose of facilitating heat dissipation, but
such a heat spreader may not be used in some cases.
Further, the control semiconductor 6 usually
15 accompanies no substantial heat generation and thus is
connected to the conductive circuit 3 without
interposition of a heat spreader, but a heat spreader may
be interposed as the case requires.
As the above heat conductive adhesive, an adhesive
20 having a highly heat conductive filler such as gold,
gilver, nickel, aluminum nitride, aluminum or alumina
incorporated to an epoxy resin, a urethane resin, a
silicone resin or the like, is employed. Instead of the
heat conductive adhesive, a heat conductive adheéive
25 sheet preliminarily formed into a sheet, may be used.

Further, any fixing method such as bonding by means

of a silicone grease or fixing by means of a screw, may



schematic constructions wth respect to an exanple of a LED nodul e using
the nmetal base circuit board of the present invention. 20 In the LED nodul e
using the netal base circuit board of the present invention, of the netal
base circuit board conprising a nmetal foil 21, an insulating |ayer 22, a
conductive circuit 23 and el ectrodes 24, the netal foil 21 and the
insulating layer 22 are partially reaned:&Q 25 forma slit portion 25 at a
portion where no conductive <circuit 23 or no electrodes 24 are fornmed. In

Fig. 2-2, the t CLLC bgar d of .FLg r edqhy
bondi ng a cove?%a§&%gé%§dtﬁé EFB% Qéthegfhé gé%&%@tpéghggrghggggg i

el ectrodes 24 @é@alfBQEEdC1QEH§E BB@QdaEEaélggélgoﬁBﬂﬁ%BtwHQH”EﬁQ Q% | ons
24 and an input termnal 28. Here, the coverl 6 at a s portion mhere no

conductive C'rfﬂ'ﬁa@§n rh@h@caﬁQgﬁﬁagﬁonabgrtekﬁﬁgce'%oakﬁgtr%ﬂﬁvﬁgakn the
sanme manner as the foil 21 and the insulating layer 22, to forma

slit portion 8§ndJB@1§hl §5PEKEEODRE BECLBERCOUEr ha¥a2brhse PreLanabl Y
processed from506 to 95% relative to the 10 length of the portion to be

bent. Wen & hepshtd RAALLRB chSePn2CREFEHgaheh@aS! s3AWakaldl iPee fiRnlhR e .
length of the portion to be bent, bending can be done at an angle of 90

with a radius phredey¥at dhe ﬁéaatcaﬁahcel5enauh@aquWHa9 ble ugeclr geessee at
most 95% there will be no is reinforcing effect of the coverlay at the

bendi ng portiopurpasd bheeaciltabengohpassubkkib¥ta@bnaocfaicher gosieah as
cracking in the insulating |ayer or breaking of the conductive circuit at
t he bendi ng pogémdBondtietbhi skB8esfor the purpose of protecting or
fixing the hybrid integrated circuit, but this may not be
10 used in some cases.

The signal from the control semiconductor 6 is
electrically connected to the power semiconductor 5 via
the conductive circuit 3 and the bonding wire 7. Other
than the portions on which the power semiconductor 5, the

15 control semiconductor 6 and the chip component 8 are
mounted, the metal foil 1, the insulating layer 2 and the
conductive circuit 3 constituting the metal base circuit
board may be subjected to bending or drawing processing
at room temperature to meet the shape of a heat

20 dissipation plate or the case 11 having heat dissipation
performance. Yet, the metal base circuit board can be
not only installed on a flat portion but also closely
bonded to a side or bottom surface or to a stepped or
curved surface depending upon the shape of the heat

25 dissipation plate or the case having heat dissipation

performance. Therefore, small-sizing or reduction of the

thickness of a highly heat generating hybrid integrated



of such a coverlay is preferably from5 umto 25 um 20 In Fig. 2-3, a |ayer
29a having a magnetic loss or a layer 29b having a dielectric loss is
formed on the top having the coverlay 26 bonded to the netal base circuit
board of Fig. 2-2. The layer 29a having a nagnetic loss is made of a 25
magneti c material having an aspect ratio of at least 2 and an organic

bi nder material, and when the content of ﬂghe magnetic material is from 30
to 70 vol % and the 40 thickness of the l'ayer is from3 pmto 50 pm it

exhibits an excelhent; fBangtisoboss1ehahachechst hoe FUrhBebmpiAshRe Metal
base circuit board of Fig. 2-3, when the [ayer 29b having a dielectric |oss

is formed, s tfhech ayes bevd@gc1beati gbestrbssLossrbaitBgeaeh axcarbon _
powder having a specific surface area of from20 to 110 nR/g and an organic

bi nder mat eri af 1 el shem-éhee cogsieat of the carbon powder is from5 to 60
vol % and the thickness is from3 pmto 50 pm it exhibits an excellent io0

dielectric |oss ch@n@ch?b'rsai @ntlgeaeaabemregwensﬁﬁg the hayen haweng a
dielectric loss is preferably a boron-solid-solubilized carbon bl ack

having a vel ungiresistibyvatyd 6f ehePsbsOnd iAdveAt @660hdkNPhet ALILS-K1469,
whereby an excellent dielectric loss is characteristic will be obtained. In

Fig. 2-4, in thesdpilbédbasesertietiénboand 9étthes prepentikBvealibontoheat
generating conponents 210 are nounted on the conponent-nounted portions.
Here, the dottied tomeehtidhgl Redabhbuseachesdingobparti havihdy af £2Qtt he
metal base circuit board of the present invention.
metal plate, such that the heat conductivity of the
insulating layer is from 1 to 4 W/mK and the withstand
10 voltage between the conductive circuit and the metal foil
is at least 1.5 kV. Besides, it can be not only
installed at a flat portion but also closely bonded to a
side or bottom surface or to a stepped or curved surface
of a case. Further, even in a state where an electrical
15 component such as a semiconductor element or resistant
chip which requires heat dissipation, is mounted, it can
easily be bent at room temperature, whereby a
conventional limitation such that a metal base circuit
board can be applied only to a flat portion, can be
20 eliminated.
The thickness of the metal foil 1 is usually from 5
pm to 450 um, but it is more preferably from 35 um to 70
um, whereby the rigidity, bending processability, drawing
processability, etc. of the metal base circuit board can
25 be secured.

The thickness of the insulating layer 2 is

preferably from 80 um to 200 pum. If it is less than 80



At the bending portion 211, a slit portion 25 is forned, whereby the board
can easily be bent, and even when bent, the conductive circuit at the
bendi ng portion is reinforced by the coverlay 26, whereby there will be no
25 breaking or no cracking in the insulating |layer. Thus, in the netal base
circuit board of the present invention, the board is reinforced by the
coverlay, and 41 even if it is bent, a.fzﬂé ure such as breaking of the
conductive circuit or cracking of the insulating layer wll be prevented,

and by the sliﬁmpr@ﬁ55§ﬁ§@1a&1n§a§e@fo§ﬂgﬁéan£éﬁhsUEBiBesysa,taah GRe ¢
bendi ng property is good. 5 Furiher, by the formation of the |ayer having a

magnetic | ossepécddls bEYeimhanbhdoRl¢li €hEChELE HO8SiphPeoARhbakfokRSGce
circuit board has good el ectromagnetic wave absorbing properties.

Heretofore, a t@i@s D8S@e€éfcoiitOdOapEr haybbdtRe 10nt Bkakagssnetcabaut, 150 pm
has had a problemthat if it is bent at an angle of at least 90 with a

radi us of curwiépEey Ofmal 1 "Bt iAgSofMreaubaibir 8£SURR 8RibkAakkNGenafs t he
conductive circuit or cracking of the insulating |layer occurs, and it has

been necessarytd dbeednfpieeltt 15 with a coverlay. However, if it is
reinforced by a coverlay, the netal base circuit board becones stiff, and
it becones diffgpudéptpoebend it at a desired portion. Wereas, the present
i nvention provides an epoch naking netal base circuit board which satisfies
both the 20 bendalblity prdfeerastioempsBnheat blieaboapdmadailast bendi ng and
which is additionally provided with electromagnetic absorbing properties.
(hereinafter referred to simply as LED array) having a
cover array on the surface of the metal base circuit
10 board will be described. In the LED array using the
metal base circuit board of the present invention, the
above-described metal foil, inorganic filler,
thermosetting resin, conductive circuit, etc. as the main
constituting materials in the metal base circuit board
15 can be optiocnally used.
Figs. 2-1 to 2-7 are plan views illustrating the
schematic constructions with respect to an example of a
LED module using the metal base circuit board of the
present invention.
20 In the LED module using the metal base circuit board
of the present invention, of the metal base circuit board
comprising a metal foil 21, an insulating layer 22, a
conductive circuit 23 and electrodes 24, the metal foil
21 and the insulating layer 22 are partially removed to
25 form a slit portion 25 at a portion where no conductive

circuit 23 or no electrodes 24 are formed.

In Fig. 2-2, the metal base circuit board of Fig. 2-



Fig. 2-5 shows a schematic construction with respect to an exanple of a LED
nodul e using the netal base 25 circuit board of the present invention. It is
a cross- sectional viewin a case where with respect to the netal base
cisrcuit board of Fig. 2-4, an input circuit is bent 42 at an angle of 1800
along the slit portion. In the netal base circuit board of the present

i nvention, the coverlay 26 and further tg% | ayer 29a having a magnetic | oss
or the layer 29b having a dielectric loss are formed via an 5 epoxy

adhesi ve |ayer; 2pa {0iAh6r8BEaby bBSRASHECHI EobORI Yy §8NBRI §hRIStAE MRt al
foil 21, the insulating | ayer 2%, t he Tonductive Circuit 23 and the

el ectrodes 24.yhdrd hendetghahasevei EepbhiPoasd 0l Elgdet2odest BE a¢@nductive
circuit 23 and the electrode 24 are 10 electrically connected, and on the

el ectrode 24, gohrad, SERErathad &PARONESE QdBpbseAPUAbLEHAtas gbeetbhsal Iy
connected by e.g. a solder. Further, the rear side of the netal base

circuit board 25 £h@sehyibendetetRihhe 26asaidl havd ndb-Peat adli 561 patyon
performance, via a heat 15 conductive adhesive tape 213. The conductive

circuit 23s ansbirieadwhété ngo (EB8RELcEivEUEL Y cddtane ekeelibbeablgs 24
connected, so that the electric power can be input from the exterior to the

heat generati ngreofpphed} s8CA1858 LERLvEA Fhothd- Bamkh@ahaakdaksthent to the
metal foil 21 20 side, but in the present invention, it is possible to

bend it to themstale £bil hell ayér tR8aihavlagiagnbgpeti ¢2, ess formt heshayer

29b having a dielectric loss. So long as, with respect to at |east the

coverlay at theopoidmons.t ahee dleit ,pctt torpragaessitige | Sod@nea§roem 59% t o 950
preferably processed from 50% to 95% relative to the

10 length of the portion to be bent. When the slit portion
is processed at least 50% relative to the length of the
portion to be bent, bending can be done at an angle of
90° with a radius of curvature of at most 0.5 mm, and
when it is processed at most 95%, there will be no

15 reinforcing effect of the coverlay at the bending portion,
and there will be no possibility of a failure such as
cracking in the insulating layer or breaking of the
conductive circuit at the bending portion. The thickness
of such a coverlay is preferably from 5 pm to 25 um.

20 In Fig. 2-3, a layer 29a having a magnetic loss or a
layer 29b having a dielectric loss is formed on the top
having the coverlay 26 bonded to the metal base circuit
board of Fig. 2-2.

The layer 29a having a magnetic loss is made of a

25 magnetic material having an aspect ratio of at least 2

and an organic binder material, and when the content of

the magnetic material is from 30 to 70 vol%, and the



25 relative to the length of the portion to be bent, bending can be done in
vari ous shapes dependi ng upon the shape of the case 212 having heat

di ssi pati on performance. 43 The above-described slit processing is not
limted to the rectangul ar processing shown in the netal base circuit board
in Figs. 2-1to 2-4, and it may be one wherein the corners are acute-angled
or wedge-shaped as s shown in Fig. 2-6, or one wherein many circul ar hol es
are fornmed as shown in Fig. 2-7. G rcul arthol es may rather be preferred,

Using the ot of PRGRBCEF T 2h FLBoRRAGY 1516 D e pHBSER: SPrin: on SRASPRE

usi ng the netal base Circui of "1

above-descri be gggg#ig8£i89ﬁ¥$ggiiiogg Ehg;gEEgd.tQQE t he thickness of
u 0 40 um €

the netal foil 2171TSfromb5 |nsuFéF|ng' | ayer 22 conprises

the inorganic filLee and the Jfiermrsel bina resia, andohasqa Ehigkness of

from30 umto 15 um ~and t hé t hi ckness e conductrve cire¢ is’ from

9,um 0 40 um wNBEN.BUChyaLl ous £ADILLT 9nFiBTECeSaL! Shigds ol be,prpose of

the present invention can nore certail € acconp

thi ckness qf t@ﬁe?ﬁ&?&rfﬂabigé %ﬁe?ﬁégzggkfiéolgsgnhstﬂgﬁ b 10 SUgh2

possibility that erigidity o al base circuit board deteriorates

and the appligabhen haykhgl fedoetlenct e thickaess gf khenbal, hgid 21 i

at nost 40 um there wl no possibility that a or bending or a die

for drawing thg2 metalg 25, Raseadi & QW dadPafshe PTa B PLRGERRERI RAULBAEBR SUCh
as a pressing machine, Is required, or there wll be no
of the carbon powder is from 5 to 60 vol%, and the
thickness is from 3 pm to 50 um, it exhibits an excellent
10 dielectric loss characteristic.

The carbon powder for the layer having a dielectric
loss is preferably a boron-solid-solubilized carbon black
having a volume resistivity of at most 0.1 {cm according
to JIS K1469, whereby an excellent dielectric loss

15 characteristic will be obtained.

In Fig. 2-4, in the metal base circuit board of the
present invention, heat generating components 210 are
mounted on the component-mounted portions. Here, the
dotted line in Fig. 2-4 shows a bending portion 211 of

20 the metal base circuit board of the present invention.
At the bending portion 211, a slit portion 25 is formed,
whereby the board can easily be bent, and even when bent,
the conductive circuit at the bending portion is
reinforced by the coverlay 26, whereby there will be no
25 breaking or no cracking in the insulating layer.
Thus, in the metal base circuit board of the present

invention, the board is reinforced by the coverlay, and



possibility such that it becones difficult to closely 44 bond the netal
base circuit board to e.g. a curved surface of a case. Further, there wll
be no difficulty in bending at roomtenperature in such a state that an
el.ectrical conponent such as a sem conductor elenent or s resistant chip

whi ch requires heat dissipation, is nounted on the netal base circuit
board. The thickness of the netal foil 21,4is nore preferably from12 pmto
35 um since the rigidity, bending processability, drawing processability,

etc., particulardy fheibendipgnd0 preogessabi Lty 8k BReaRghg 8F ahel east 90
wth a radius of curvature of from0.1 to 0.5 mm of the netal base

circuit board, comdibcbeveheiebyiexsel beatkihg bhethED: aktaytsyngalhe netal
base circuit board of the present invention, it is preferred that the 15

insul ating | awei1R22-60ppevERteliNeahAObganhe Eikteprandsstig,t her pagekti ng
resin and has a thickness of from30 um to 80 um Wth respect to the

t hi ckness of theostastialimgriayeticR2thabephet besdahgl paspe2yuis Hbed.
i nsul ati ng performance can be secured, and when it is at 20 nost 80 um such

is preferred sFracehdendbpgther beeasaabohi by 8heabagsgdl Badfinat al maghe8@cwith a
radius of curvature of from0.1 to 0.5 mmw Il not be low In the LED array
usi ng the netalodaserctheuldydboandving sthaiplesentci hvesti 6he mBealhi ckness
of the conductive 25 circuit is preferably from9 pmto 40 um Wen it is
at least 9 umbéde ¢inctivnbasrd hasdygebdvelettebmhghanicsuhi/eci ently be
secured, and when it is at nost 40 um 45
absorbing properties.
Heretofore, a metal base circuit board having a
10 thickness of about 150 um has had a problem that if it is
bent at an angle of at least 90° with a radius of
curvature of at most 0.5 mm, a failure such as breaking
of the conductive circuit or cracking of the insulating
layer occurs, and it has been necessary to reinforce it
15 with a coverlay. However, if it is reinforced by a
coverlay, the metal base circuit board becomes stiff, and
it becomes difficult to bend it at a desired portion.
Whereas, the present invention provides an epoch
making metal base circuit board which satisfies both the
20 bendability and reinforcement of the board against
bending and which is additionally provided with
electromagnetic absorbing properties.
Fig. 2-5 shows a schematic construction with respect
to an example of a LED module using the metal base
25 circuit board of the present invention. It is a cross-

sectional view in a case where with respect to the metal

base circuit board of Fig. 2-4, an input circuit is bent



sufficient bendability can be secured, and a sufficient thickness for
smal | -si zing or reduction of the thickness can be secured. Further, the
heat conductive adhesive tape 213 to be 5 used in the present invention nmay
be one having incorporated in a polynmer resin material a heat conductive

el ectrical insulating agent made of a netal oxide such as al um num oxi de or
titaniumdioxide, a nitride such as alummpumnitride, boron nitride or 10
silicon nitride, an inorganic substance such as silicon carbide or alunm num

hydroxi de, or an of9anife SyPsignce,1ehias acfyld d{%?fb.er 1 Wi §er £ heat

conductive adhesive tape having one surface-treate e.g. a silane

coupl i ng agentpbd£&0of pesat edobdira 8ol YABI preseAt "BheEHBkE on, 15hBBY:oeksa e
used. The heat conductive adhesive tape 213 is preferably one having the

heat conducti vié yahdPpfevele pveket heyeeopygnhbonal adhggheeitapessi drorder to
efficiently dissipate the heat generated fromthe heat generating 20

conponent fronmhdéelagar svlehaiihdeantialebasecbasd hee Fhemeadseiw ant he
nmetal base circuit board. For the heat conductive adhesive tape 213, an

adhesi ve t ape dpyingadhas e elapeéircssandot brebasealnBheei aki rused bdakhe
following "LED |ight source unit" 25 may suitably be used. LED LI GHT SOURCE
UNI T A preferresmenbeithgethe ohetal EEolilgbt , sohecénpulat46g Qaieg the net al
base circuit board of the present invention will be described.
the conductive circuit 23 and the electrodes 24.
In the metal base circuit board of Fig. 2-5, the
conductive circuit 23 and the electrode 24 are
10 electrically connected, and on the electrode 24, a heat
generating component 210 is mounted as electrically
connected by e.g. a solder. Further, the rear side of
the metal base circuit board is closely bonded to the
case 212 having heat dissipation performance, via a heat
15 conductive adhesive tape 213. The conductive circuit 23
and a lead wiring (input circuit) 24 are electrically
connected, so that the electric power can be input from
the exterior to the heat generating component such as LED.
In Fig. 2-5, the board is bent to the metal foil 21
20 side, but in the present invention, it is possible to
bend it to the side of the layer 29%a having a magnetic
loss or the layer 29b having a dielectric loss. So long
as, with respect to at least the coverlay at the portion
to be bent, slit processing is done from 50% to 95%
25 relative to the length of the portion to be bent, bending

can be done in various shapes depending upon the shape of

the case 212 having heat dissipation performance.



For the LED light source unit using the netal base circuit board of the
present invention, the above 5 described netal foil, inorganic filler,
thernosetting resin, conductive circuit, etc., as the main constituting
materials in the nmetal base circuit board can be optionally used. Fig. 3-1
is a cross-sectional view showing a to schematic construction with respect
to an exanple of the LED |ight source unit, of the present invention. In the
LED Iight source unit of the present invention, at |east one LED 36 is

mounted as bonded bye §b9vead§9Eg§BeﬂobTEthQEbQngﬁgoﬂsan Qﬂ@qg{%%g_CIFCUIt

33 is of the netal base circuit board conprising a nmétal foil 31, an
insul ating | ayes BZe apd-tHegcoR4 %b&@s§iﬁ§ubho§§ 1naeﬂetm@t99abqsbs closely
bonded to a case 38 having a heat dissipaiion perfornmance, via a heat

conductive adbﬁﬁéuﬂtt@@§r§71nTbﬁ?§onQUQttaezcurcaha 38 aQ¢ Bel 8ad 20 wiring
(input circuit) 34 are electrically connected, so that the power can be

i nput fr0n1thewE%i@imOEhéocéfﬁkrénafégacﬁtérah?QeQVQEahEdQEaBﬁabédaaQOX
shape. However, in the present invention ong as the nmetal foil 1, the

i nsul ati ng 5l aysiow? aRdrige gondusti ¥ee2bheketHi hadd eopshilhut hBdekhareet al
base circuit board other than the portion on which LED 36 is nounted, are

cl osely bondedfépomédeasaskond® havring. heat . dicstpald ®rhdiles pRA{ OF MBNEE,
vari ous shapes may be adopted to neet the surface shape of the case 38

havi ng the hedbe dbssfpatéan specéotnanseénding bbEbrlibghtasouheeebi beof the
present 1 nvention
easily determined.
The LED array using the metal base circuit board of
10 the present invention has the above-described
construction, and it is preferred that the thickness of
the metal foil 21 is from 5 pm to 40 um, the insulating
layer 22 comprises the inorganic filler and the
thermosetting resin and has a thickness of from 30 um to
15 80 um, and the thickness of the conductive circuit is
from 9 uym to 40 um. When such various conditions are
satisfied, the purpose of the present invention can more
certainly be accomplished.
When the thickness of the metal foil 21 is at least
20 5 um, there is no such a possibility that the rigidity of
the metal base circuit board deteriorates and the
application is limited. When the thickness of the metal
foil 21 is at most 40 um, there will be no possibility
that a die for bending or a die for drawing the metal
25 base circuit board, or a processing equipment such as a

pressing machine, is required, or there will be no

possibility such that it becomes difficult to closely



5 has the above-described construction, and it is preferred that the

t hi ckness of the netal foil 31 is from18 pmto 300 pm and the insulating
| ayer 32 conprises the inorganic filler and the thernosetting resin and has
a. thickness of from80 pmto 200 pm and the thickness of 10 the conductive
circuit 33 is from9 pmto 140 pm The thickness of the netal foil 31 is
preferably from 18 pmto 300 pm If the p@%ckness of the netal foil 31 is
|l ess than 18 pm the rigidity of the netal base circuit board tends to

deteriorate, apdnihen8PRbL&at bBel 81 Wik tPBohi-A tede . f gh%u&Qb%kness
exceeds 300 pm not only a bending die or a dramnng or a proce55|ng

equi pment  suchsagracer 8ssameghine FeFtide, Metdle base] sérﬁala199ﬁeglwy be
required, but also it tends to be difficult to bond the netal base circuit

board to e.g. @nzeeﬁaiﬂgdaﬁue&aﬁeteﬁparaeﬁee kur sheh, al krherdsnhe ke
difficult to carry out bending at roomtenperature in such a state that an

el ectrical conpoaeptisHlhcampanesensaeRdUst ar seheFRduet oresilshrmge oihi p
whi ch requires heat dissipation is nounted on the netal base circuit 25

board. The ¢ hi ekB8es8aht 6Bip Rhetdr abhuikeemdatpdikteif@ripm, wkereby the
metal base circuit board will be excellent in the rigidity, bending

processabi | i t ymodSBtedr ani blepmeecassahiki tyrcati€. bopad.i cuhar t¥itRntbe
bendi ng processability at an angle of at least 90 with a radius of
curvature of fedmhet@ebalmEiolhezinnsel abiregplrayetradl yCF@Hpm IS pivhed ner gani ¢
5 filler and the thernosetting resin, and preferably has a thickness of
from80 pmto g0 pimc¥ ther espedityo bkeding processability, drawing
processability, etc., particularly the bending
10 processability at an angle of at least 90° with a radius
of curvature of from 0.1 to 0.5 mm, of the metal base
circuit board, will be thereby excellent.
In the LED array using the metal base circuit board
of the present invention, it is preferred that the
15 insulating layer 22 comprises the inorganic filler and
the thermosetting resin and has a thickness of from 30 um
to 80 um. With respect to the thickness of the
insulating layer 22, when it is at least 30 um, the
insulating performance can be secured, and when it is at
20 most 80 um, such is preferred since bending
processability at an angle of at least 90° with a radius
of curvature of from 0.1 to 0.5 mm will not be low.
In the LED array using the metal base circuit board
of the present invention, the thickness of the conductive
25 circult is preferably from 9 um to 40 pum. When it is at

least 9 pm, the function as a conductive circuit can

sufficiently be secured, and when it is at most 40 um,



t hi ckness of the insulating layer 32, if it is less than 80 pm the
i nsul ati ng performance tends to be low, and if it exceeds 200 pm not only
t he heat dissipation 10 perfornance tends to deteriorate but also the
t hi ckness increases, whereby small-sizing or reduction of the thickness
tends to be difficult. In the LED Iight source unit of the present
i nvention, the thickness of the conductivé5circuit is is from9 pmto 140
pm If it is less than 9 pm the function as a conductive circuit tends to
be i nadequat e, Sulhicient tbendaletki avocpm baoteenrgdt handeadabf Fieyentnds to
deteriorate, but, also the thickness, increases, whereby snall-sizing or
reduction of tHRelFRHRRRRESST t FMYS! T %1%éngooﬁl¥?¢%9F%°nTﬁ§ 1255) Fhaﬁkn§§ﬁrce
unit of the prese invention is useful even when it is repeatedly bent.
Thus, its prd%@%gg%i$???r?§ high, and it can be reused. Further, it is
possible to ea5|ly r oduce ght urce un 25 hay a_case having a
curved surface by g?ﬁg Eﬁffg%attHBH FEFVBa§Q£8?F¥G|FaBgaFa3 £8 P&wed by
bonding to a cas V|Q% | at, portion, and t hﬁF groce35|ng for 49
def or mati on t oYet e+nmf? ?ﬁ%s%%gelnﬁﬁﬂt%ﬂ%sm?Y ngeh aﬁb? |bIe to provide
a | arge anount, of LED |Ig€t source. units at_low c OSti Aﬁ heat

n? ﬁ@&nt

conduct i ve adnERFVEPYEPETI7AT o ROLLBTT BeFhnt HREPY &8 ion, as

d bed h t ted_ i terial
a heal - conductT UG BErTERFCT hEth ab iR BgeHG RHORC R SdnBtaf TBKPdG Such

as alunlnun1OXé§Hdgrsﬁéﬁa§é Qiﬁhf%ﬁg60x§de or titanium dioxide, a

nitride such as aluminum nitride, boron nitride or
10 silicon nitride, an inorganic substance such as silicon
carbide or aluminum hydroxide, or an organic substance
such as acrylic rubber. Further, a heat conductive
adhesive tape having one surface-treated by e.g. a silane
coupling agent incorporated in a polymer resin material,
15 may also be used.

The heat conductive adhesive tape 213 is preferably
one having the heat conductivity improved over the
conventional adhesive tape, in order to efficiently
dissipate the heat generated from the heat generating

20 component from the rear side of the metal base board to
the case via the metal base circult board.

For the heat conductive adhesive tape 213, an
adhesive tape having characteristics and the base
material used in the following “LED light source unit”

25 may suitably be used.
LED LIGHT SQOURCE UNIT

A preferred embodiment of a LED light source unit



nitride such as alum numnitride, boron nitride or 10 silicon nitride, an

i norgani ¢ substance such as silicon carbide or al um num hydroxide, or an
organi ¢ substance such as acrylic rubber, nmay be used. Further, a heat
canducti ve adhesive tape having one surface-treated by e.g. a silane
coupling agent incorporated in a polynmer is resin material, may al so be
used. Wth an adhesi ve tape havi ng no heat éonductivity, conduction of the
heat acconpani ed by | um nance of LED to tHe case tends to be i nadequat e,

urer eby the ! eRERAIUAS mELaf BRoEED:PLlLsDBoRLAUGR! (RROWL,LAYs, such an 20

adhesi ve tape can According to the results study by the

present inventors.ntiohsSyPief gEeradstpipdge @ heat conductive adhesive tape
havi ng a heat conﬁuctlvity of froml to 2 WnK and having a thickness of

from50 to 150 pm 25 The heat 19gRduchiveadhes L e/ rleta Cfiﬁardc_ﬁect erized
d t he adhe

in that the heat conductivity is”inprove over onvent i ona sive

tape, so that the-heatprsQrqdsrerhtegrakehbe; hi-BBeebnt Nenlki gl ssion of
LED is effectively dissipated fromthe rear side of the netal base board

to the caseg viaegeeiﬁgaaheea§ef6&nquahOQEaﬁqc FRe 1.9 Y PRk MRetiahg 0 be
used for the heat s conductive adhesive tape 37 is not particularly limted.

However, in ordesiho kBRAQ¥EilBecadhastonete.a gt @he faiROlVWRL iGN NY
acrylic acid and/or methacrylic acid is preferably selected. Nanely, an

acrylate or negfperyhakeinavhagmar&2 basal kykcareupoarddced b2 tO
al kyl ester of acrylic acid or nethacrylic acid, is
optionally used.
Fig. 3-1 is a cross-sectional view showing a
10 schematic construction with respect to an example of the
LED light source unit of the present invention.
In the LED light source unit of the present
invention, at least one LED 36 is mounted as bonded by
e.g. a solder joint portion 35 on a conductive circuit 33
15 of the metal base circuit board comprising a metal foil
31, an insulating layer 32 and the conductive circuit 33,
and the board is closely bonded to a case 38 having a
heat dissipation performance, via a heat conductive
adhesive tape 37. The conductive circuit 33 and a lead
20 wiring (input circuit) 34 are electrically connected, so
that the power can be input from the exterior to LED.
In Fig. 3-1, the overall shape is a box shape.
However, in the present invention, so long as the metal
foil 1, the insulating layer 32 and the conductive
25 circuit 33 constituting the metal base circuit board

other than the portion on which LED 36 is mounted, are

closely bonded to the case 38 having heat dissipation



preferred. Fromthe viewoint of the flexibility and processability, as the
nmononer, it is preferred to use one or nore nenbers selected from et hyl
acrylate, propyl is acrylate, butyl acrylate, 2-ethylhexyl acrylate, octyl
acrylate, isooctyl acrylate, decyl acrylate, decyl (meth)acrylate and
dodecyl (meth)acrylate. Anong them 2-ethyl hexyl acrylate is nore preferred
as the nononer. The heat conductive adhestyﬁ tape 37 preferably 20 contains
a heat conductive electrical insulating agent. The heat conductive

el ectrical insydatdng,R0entARY RE sﬁgyeggﬁsgieé §aoge@a_@a hbekSt

i norgani c or organic substance having g eat conductivity and e?ectrical

insulting propgiiigse £8a _Qfgéﬂécc§893§§nﬁgviﬁ§tEﬁélhgétrHQQ%Epaggoﬁ
rubber such as NBR or EPDMis preferred, and particularly preferred 1s one

containing acrydiforihes. Such a heat conductive electrical insulating
agent is 51 preferably contained in an anount of from40 to 80 vol% in the

adhesi ve tape 7, whpeebgpgoegnheabudasipati e tBar HeLRRRGE i¢RRRE Fecur ed.
From50 to 70 vol%is a nore preferred range. 5 The nononer for such

acrylic rubberhd@yshd Oib&¥@NBL EcribBdCEBNEL 2GEYEBLE, aRdPREPYL BebY¥kateq
n-butyl acrylate, isobutyl acrylate, n-pentyl acrylate, isoanyl acrylate,

n-hexyl acryl agigat 2c HEt i PRAEYL 8€T Yhat RetA10€bYN 3achyl &kem Zselhylkbexyl
acrylate, n-decyl acrylate, n 10 dodecyl acrylate, n-octadecyl acrylate,

cyanonet hyl aggyl@he, addcyraoehBylaachyl abhfer23gyannpihyksaehyl at e,
1- cyanopropyl acrylate or 2-cyanopropyl acrylate. A
inorganic filler and the thermosetting resin and has a
thickness of from 80 yum to 200 pm, and the thickness of
10 the conductive circuit 33 is from 9 um to 140 um.
The thickness of the metal foil 31 is preferably
from 18 um to 300 um. If the thickness of the metal foil
31 is less than 18 um, the rigidity of the metal base
circuit board tends to deteriorate, and the application
15 will be limited. If the thickness exceeds 300 um, not
only a bending die or a drawing die, or a processing
equipment such as a press machine for the metal base
circuit board will be required, but also it tends to be
difficult to bond the metal base circuit board to e.g. a
20 curved surface of a case. Further, it tends to be
difficult to carry out bending at room temperature in
such a state that an electrical component such as a
semiconductor element or resistance chip which requires
heat dissipation is mounted on the metal base circuit
25 board. The thickness is more preferably from 35 pm to 70
um, whereby the metal base circuit board will be

excellent in the rigidity, bending processability,



conmbi nation of nore than one sel ected anong these, or acrylic rubber having
a few % of a crosslinkable nononer is copolynerized, is preferred. The
rubber content is preferably from0.1 to 30 parts by mass in the heat
canductive adhesive tape 37. If it is less than 0.1 part by mass, when a

hi ghly heat conductive filler is incorporated in the polynmer resin
material, the filler 20 wll be precipita%&p, and if it exceeds 30 parts by
mass, the viscosity tends to rise, thus I'eading to a problem during the

processing. \Wendiggr @%S§Qﬂiﬁﬂéyi$e€é9ﬂ1pQréi%glg?}?géhstHX fBSS4 nkhe

processability is good, while precipitation of t is prevented. 25

As such a n0n3§§§feéé£alibﬁ%v'@“QSiQﬁ%P% bpeacT1EXLD! bbi v, Al 2dhesiyg

property, an ate or t hacryl at avi ng al kyl “group, or a

C2_12 acryl 5Z2.r esiefaPhracséy! fomCidebSsprgferred. Fromthe viewpoint of
the flexibility and processability, a preferred nononer is one or a blend

of two or nore Se'@HéeQnEﬁQHtiﬁ?hYlayéWXbakém PEARY t&er Yhatganet V!
acrylate, 2 5 ethyl hexyl acrylafe, octyl acryFate, i sooctyl acrylate, decyl

acryl ate, decytimeihaghy! ehe ensrdodecingnBLBag! YhatieprAcaRaB1pr ahar hed
mononer i s 2-ethyl hexyl acrylate. The inorganic substance to bé used as the

heat io0 conducthvek@testof Calohnsyl ghi fg 29€ntmMaywi f0rE&xePt 50 BEea net al
oxi de such as alum num oxide or titanium dioxide, a nitride such as

al um num ni tritgiclhesos ofi thédenonlstihgonapetrigde, isi itcep cagbi daaar
al um num hydroxide. Anong them it is preferably at |east one
80 um, the insulating performance tends to be low, and if
it exceeds 200 ym, not only the heat dissipation
10 performance tends to deteriorate but also the thickness
increases, whereby small-sizing or reduction of the
thickness tends to be difficult.

In the LED light source unit of the present
invention, the thickness of the conductive circuit is

15 from 9 um to 140 um. If it is less than 9 um, the
function as a conductive circuit tends to be inadequate,
and if it exceeds 140 um, not only the bendability tends
to deteriorate, but also the thickness increases, whereby
small-sizing or reduction of the thickness tends to be

20 difficult.

The LED light source unit of the present invention
is useful even when it is repeatedly bent. Thus, its
processability is high, and it can be reused. Further,
it is possible to easily produce a LED light source unit

25 having a case having a curved surface by mounting LED on

the metal base circuit board, followed by bonding to a

case having a flat portion, and then processing for



15 nmenber selected fromthe group consisting of alumna, crystalline silica
and al um num hydroxide. Further, it 1is also possible to select one having
the surface treated by e.g. a silane coupling agent. Further, with respect
tqQ the size of the heat 20 conductive electrical insulating agent, it is
preferred that the maxi mum particle size is at nost 45 pm and the average
particle size is from0.5 to 30 pm fronthF vi ewpoi nt of the incorporation
and the thickness of the adhesive tape. %% The heat conductive adhesive

tape 37 my CORAbaKkiOun: BOLVEL GOPROADSCUELNT Bod £ANGS; PO} N9 LEPAI !

the properties desired e present invention. Further, a time

of curing the ﬁ@ééisp@d%tw@vﬁé@eéiyglt:%épsméznt BEOP'&DaQQ'gﬁitvgaum be

i ncorporated as the case requires, wthin a non-influenti range. As such
addi tives, fory,exanptejoyaLbous additives to control the viscosity or 5
adhesi veness, and others such as a nodifier, and an aging preventive agent,

a heat stabilizer gpdrReCAREQLI PEnadeRlve HBYeshiOk €%3EPLE. tRepyrenid.ened. The
heat conductive adhesive tape 37 can be cured by a comon nethod. For

exanpl e, it ”aynbghéu%fgsgﬂt?iﬁ@eﬁ?i@ﬁd §4Che3srhgal Rel-¥ARLFZAY| 0BpRY means
of a heat ‘polynerization initiator, photopolymerization by means of a

phot opol yrer i zg4¥ ORgi Dhéb2bOFaPEAPOhYRERbIPhELNrHSE AOmateheal ROhYARri zation
initiator and a curing accelerator. However, fromthe viewpoint of the

productivity, ebgducdbvehelepelyseli zatidatbigmegeatofhaaePBet apakyaeri zation
initiator is preferred.
oxide such as aluminum oxide or titanium dioxide, a
nitride such as aluminum nitride, boron nitride or
10 silicon nitride, an inorganic substance such as silicon
carbide or aluminum hydroxide, or an organic substance
such as acrylic rubber, may be used. Further, a heat
conductive adhesive tape having one surface-treated by
e.g. a silane coupling agent incorporated in a polymer
15 resin material, may also be used.

With an adhesive tape having no heat conductivity,
conduction of the heat accompanied by luminance of LED to
the case tends to be inadequate, whereby the temperature
rise of LED will be brought about. Thus, such an

20 adhesive tape can not be used. According to the results
of the study by the present inventors, it is preferred to
use a heat conductive adhesive tape having a heat
conductivity of from 1 to 2 W/mK and having a thickness
of from 50 to 150 um.

25 The heat conductive adhesive tape 37 1is

characterized in that the heat conductivity is improved

over the conventional adhesive tape, so that the heat



EXAMPLES Now, the present invention will be described wth 20 reference to
Exanpl es. However, it should be understood that the present invention is by
no nmeans restricted by such specific Exanples. METAL BASE Cl RCU T BOARD
EXAMPLE 1-1 25 As shown in Table 1-1, to 100 parts by mass of a bisphenol A
epoxy resin having an epoxy equival ent of 187 (EPI CLON830-S, manufactured
by Dai ni ppon ink and 54 Chem cals Incorpggpted), 63 parts by nmass of a

pol yoxypr opyl enedi am ne (nass ratio of D to D-2000 was 6:4, manufactured

by HARTZMAN) washaddeds ase acgairi Nge @geeﬁe ?E‘QhE’UJaM%éESH akugpum oxi de

havi ng an average s particle size of 2 pmand a maxi num particle size of

20 pm (AL- 17?eff@@yi@@wr@ps§yp§@9&faf£€mkehé iﬁearw@%el SEd€He Rachhat it
woul d be 50 volt in an insulating |layer, and an insulating layer was fornmed

on an al uni nunp{gi lphava Ngo end héé;g@eﬁaotﬁhéomeaw%geét cibeufhi Bksa%as af ter
the io curing would be 100 pm Then, an electrolytic copper foil having a

thi ckness of 35 pmrMaspbopded, mbOkkouedt Bypehaatingokorhheramk! y cure the
insulating |ayer there%y to obtain a netal base board. Further, with the

obtai ned Rret akoh@ser SUHSidRESiver egpt et ﬂan@@Spék@&%u%E@ymi{ﬁ@@eElS W th
an etching resist, the copper foil was then subjected to etching, and then,

the etching resbwévaBs ifieopyed £ {eprodectheUaEntBebabY ot & ABtALN g netal
base circuit board. Wth respect to the obtained netal base circuit, (D)
polymer containing acrylic acid and/or methacrylic acid
is preferably selected. Namely, an acrylate or
methacrylate having a C,.;, alkyl group or a C;.1
10 alkylester of acrylic acid or methacrylic acid, is
preferred.

From the viewpoint of the flexibility and
processability, as the monomer, it is preferred to use
one or more members selected from ethyl acrylate, propyl

15 acrylate, butyl acrylate, 2-ethylhexyl acrylate, octyl
acrylate, isococtyl acrylate, decyl acrylate, decyl
(meth)acrylate and dodecyl (meth)acrylate. Among them,
2-ethylhexyl acrylate is more preferred as the monomer.

The heat conductive adhesive tape 37 preferably

20 contains a heat conductive electrical insulating agent.
The heat conductive electrical insulating agent may be
any material so long as it is an inorganic or organic
substance having good heat conductivity and electrical
insulting properties. As an organic substance, natural

25 rubber, or a rubber such as NBR or EPDM is preferred, and

particularly preferred is one containing acrylic rubber.

Such a heat conductive electrical insulating agent is



20 bendability at roomtenperature, (2) heat conductivity of the insulating
| ayer, (3) bond strength between the conductive circuit and the insulating

| ayer, (4) glass transition tenperature of the insulating |ayer, (5)
brreakdown voltage of the insulating |ayer after heat 25 treatnment at 260C
for 10 mnutes, (6) wthstand voltage of the insulating layer in a state
bent at 90 at room tenperature, (7) breakdown tine of the insulating | ayer
55 when a DC voltage of 1,000 V (patternside +) was applied at 125C, and

(8) presence op, 8PseRBeyOLoft8¢KERY hNahhEmoliAsULRt iFRgn! a¥ek o BoayShate bent
at 90 at room tenperature, were determned by the follow ng nethods. 5 The

results are shoyntha J@kbgide2trapberobiabpedy ESB§|hQ§%edQE%9PEEiQBard was
good in each physical property. (1) The bendability at room tenperature was

evaluated in gdghopmABRRBEEahNBE LheubBhal BASE €6 €Y 10beald Y855 1Qore
processed into 10 nm x 100 mm and one capable of being bent at an angle of

at least 90 W pPefetradiuUsafnfe.curvature of 5 nmto the conductive
circuit-forne surface side and the side opposite to the conductive

circuit-forgred surhaceochymeet FdiamiscH Nn@ryBiPerabbee hayat Fesphemamfe ,251C
was regarded as "good" and a case where it was necessary to use e.g. a

bendi ng die ande ®tB§3 HBEhHACedt ntPeobiMEablkyCakeyi ROLAYL 1t Bererdieng, was
regarded as "no good". (2) Measurenent of the heat conductivity was carried

out 20 in suchsabepbeacithabrthennpeakyfiobkbragndtihe igoadytt hveylaitkGuit as
base materials of the netal base circuit board

n-hexyl acrylate, 2-methylpentyl acrylate, n-octyl
acrylate, 2-ethylhexyl acrylate, n-decyl acrylate, n-

10 dodecyl acrylate, n-octadecyl acrylate, cyanomethyl
acrylate, l-cyanoethyl acrylate, 2-cyanoethyl acrylate,
l-cyanopropyl acrylate or 2-cyanopropyl acrylate. A
combination of more than one selected among these, or
acrylic rubber having a few % of a crosslinkable monomer

15 copolymerized, is preferred. The rubber content is
preferably from 0.1 to 30 parts by mass in the heat
conductive adhesive tape 37. If it is less than 0.1 part
by mass, when a highly heat conductive filler is
incorporated in the polymer resin material, the filler

20 will be precipitated, and if it exceeds 30 parts by mass,
the viscosity tends to rise, thus leading to a problem
during the processing. When the rubber content is from
0.1 to 30 parts by mass, the processability is good,
while precipitation of the filler is prevented.

25 As such a monomer, from the viewpoint of the

flexibility and adhesive property, an acrylate or

methacrylate having a C,.;; alkyl group, or a C;.i; acryl



were renoved, and the insulating | ayer was processed into 10 mmin dianeter
X 100- pm (partially 60 um, and the heat conductivity was obtained by a

| aser flash nmethod. 25 (3) The bond strength between the conductive circuit
ard the insulating | ayer was obtained by the nethod prescribed in JIS
C6481 by processing the conductive 56 circuit of the netal base circuit
board into a strip with a width of 10 mMmm52(4) Measurenent of the gl ass
transition tenperature (Tg) was carried out in such a manner that the netal
foil and 5 tiestondettageytieca¢idasshpsefanredi alRrof the nwetwpoilnse
circuit board were renopved, the insulating |ayer was processed into 5 nmm x
50 nm x 100 pref perei BleyilBdlbhy, andnprepesgrlbsbityansi Profereager at ure was
obtained by a dynamc_ elasticity neasuring nethod. 10 (5& Measur enent of
the withstand YOMeEge P PRe OF n3uPaeRAgOf alep aFtepraeaeingtad 280T for 10
m nutes was carried out_in such a manner_that a netal base circuit board
havi ng a condRERrYVE 2F¥ehitef oPReRYt n2arytrEeul Brtpht 2eFHiaEe202mm in

di aneter was put. in a solder 15 tank heated at 260C, treated for_10 m nutes
and then ool ¥ehY b e66h 2EhbrER ur @t VheRetBOALE hel APPREY AnBCTYdRESge
between the circular pattern and the alum num foil was _neasured by a

st epwi se pressTt af<FhrbRhet ndacY priacekrreeyiake j2rdodedecyso (6)
Measurenent of the withstand voltage of the _insulating layer in a state
bent at 90 at TPYUMFCYEHPEFat ft AU REFHSEFRDIONMIH &2 hrinhetherat a

nmetal base circuit_board having a conductive circuit fornmed in
acrylate.

The inorganic substance to be used as the heat
10 conductive electrical insulating agent may, for example,
be a metal oxide such as aluminum oxide or titanium
dioxide, a nitride such as aluminum nitride, boron
nitride or silicon nitride, silicon carbide or aluminum
hydroxide. Among them, it is preferably at least one
15 wmember selected from the group consisting of alumina,
crystalline silica and aluminum hydroxide. Further, it
is also possible to select one having the surface treated
by e.g. a silane coupling agent.
Further, with respect to the size of the heat
20 conductive electrical insulating agent, it is preferred
that the maximum particle size is at most 45 pm, and the
average particle size is from 0.5 to 30 um, from the
viewpoint of the incorporation and the thickness of the
adhesive tape.
25 The heat conductive adhesive tape 37 may contain
known polymer compounds within a range not to impair the

properties desired by the present invention. Further, at



a circular pattern of 20 nmin dianeter, was bent at 90 25 with a radi us of
curvature of 1 mMmso that the circular pattern of 20 mmin dianeter was
contained, and in that bent state, the withstand voltage between the
civrcular 57 pattern and the alum numfoil was nmeasured by a stepw sely
pressure-raising nmethod prescribed in JIS 02110. (7) Measurenent of the
breakdown tinme of the insulating s |ayer5dhen a DC voltage of 1,000 V
(pattern side +) was applied at 125C, was carried out _in such a manner that
by setting thehs ricitarchauerng sihre Rfat monduelivsadhesiéei taBea? d. havi ng
the circuit board forped in the circular pattern of 20 mnmin dianeter, to
be + and the XNQt8t A431i1Ves deaY PHelnCoP IR R tagetles daporgawdLEes,
applied at 125C, whereby the breakdown tinme of the insulating |ayer was
nmeasured. (8) WHd iR es ity It bhent®! dfargackiAfy SUrh reditisiast ifRy | ayer
in a state bent at 90C at room |s, tenperature, was visually observed.
EXAVPLE 1-2 ASXERAE i W HEAE R4t veanddaFe8t Byl nelde BisGesShy¥regenat ed

0 tnts b AL 5, B S IS i
Fo DL 2000 whe REGHErHa AT el by FHRIIVNG | 1EST 3dcd SeTar U | AgShbent .

o was 6.7, e [ en
and pul veri zed al uni num oxi de ggvin an_ average particle size of 2.2 pim
and a maxi num™ par?i G e:ﬂéﬁﬁﬁ??ﬁf173, manuf act ured by Showa

The heat conductive adhesive tape 37 can be cured by

a common method. For example, it may be cured by a

10 method such as heat polymerization by means of a heat
polymerization initiator, photopolymerization by means of
a photopolymerization initiator or polymerization using a
heat polymerization initiator and a curing accelerator.
However, from the viewpoint of the productivity, etc.,

15 photopolymerization by means of a photopolymerization

initiator is preferred.

EXAMPLES
Now, the present invention will be described with

20 reference to Examples. However, it should be understood
that the present invention is by no means restricted by
such specific Examples.
METAL BASE CIRCUIT BOARD
EXAMPLE 1-1

25 As shown in Table 1-1, to 100 parts by mass of a
bisphenol A epoxy resin having an epoxy equivalent of 187

(EPICLON830-S, manufactured by Dainippon Ink and



Denko K. K.) was blended so that it would be 50 vol%in an insulting |ayer,
and an insulating |layer was fornmed on an 58 alum numfoil having a

t hi ckness of 40 pmso that the thickness after curing would be 100 pim
Then, an electrolytic copper foil having a thickness of 35 pmwas bonded,
foll owed by heating to thermally cure the s insulating |layer thereby to
obtain a netal base board. Except for th&4above, in the sane manner as in
Exanple 1- 1, a netal base circuit board was prepared, and various physical
properties wer@sfgakedncRieersigds, 2 BHOW b Mads ecll-2. Due to a 10
decrease of the glass transition tenperature (Tg) of the insulating |ayer,
t he bendabi | i t§oBfoFHIrRRERIE Gt M Egasnase gt ked| 9f i Ppt Oved. DERARP phgsi cal
properties were also good. EXAMPLE 1-3 is As shown in Table 1-1, to 100
parts by mass ©f4 arfmaBpRGtiead oy opRTaIAMY MAeaddsdfaa aydvbyedat ed

bi sphenol A epoxy resin_having an epoxy equival ent of 201 (YX-8000,

manuf act ur ed HREFpar B, Fesi 7R lumipgn )ox iRy kaviagsanoavaragsphenol A
epoxy resin having an epoxy 20 quivalent of 1,900 (YD 927H, manufactured by
Tohto KaseP ®PIT1IGEE)S12B Pard o2 by ndRd dFMBX PG oG HE bpYE ehibdE aff nao
(mass ratio of D400 to D 2000 was 6:4, manufactured b HARTZMAN) was _added
as a curing ad¥ht (ALt Hulany gty ?%n@ﬁu%??&?d%e%%Qi%gKah weerhgePatticl e
size of 2.2 pm 25 and a naxﬁ&¥§% articlegsize of , 20 fﬁ](AL- 73,

manuf act ured B3P SHifa BertkHie .§ WasVpt Ente PR o RFAL2FERIWORY ST be?BB vol %

in an insulting |ayer, and i nsul ati . . .
éh f%%ulat{hg ayer was Pgrmed on an aluminum foil having

a thickness of 40 uym so that the thickness after the

10 curing would be 100 um. Then, an electrolytic copper
foil having a thickness of 35 um was bonded, followed by
heating to thermally cure the insulating layer thereby to
obtain a metal base board. Further, with the obtained
metal base substrate, predetermined positions were masked

15 with an etching resist, the copper foil was then
subjected to etching, and then, the etching resist was
removed to form a circuit thereby to obtain a metal base
circuit board.

With respect to the obtained metal base circuit, (1)

20 bendability at room temperature, (2) heat conductivity of
the insulating layer, (3) bond strength between the
conductive circuit and the insulating layer, (4) glass
transition temperature of the insulating layer, (5)
breakdown voltage of the insulating layer after heat

25 treatment at 260°C for 10 minutes, (6) withstand voltage
of the insulating layer in a state bent at 90° at room

temperature, (7) breakdown time of the insulating layer



59 layer was fornmed on an alum numfoil having a thickness of 40 m so
that the thickness after curing would be 100 um Then, an electrolytic
copper foil having a thickness of 35 jam was bonded, followed by heating to
tRermally s cure the insulating |ayer thereby to obtain a nmetal base board.
Except for the above, in the same manner as in Exanple 1-1, a netal base
circuit board was prepared, and various physical properties were neasured.
The results are shown in Table 1-2. Wth the 10 obtained netal base circuit
board, the bomdest et oli@ameaf tthd Coibdumittewt roide andiaheppsigdt i ng
| ayer was remarkably inproved. O her physical properties were also good.
EXAMPLE 1-4 i tAd28iewnand T8bl presenceoorOebpencs bf wasskdhgann d¢pexy
resin conprising 70 mass% of a hydrogenated bi sphenol A epoxy resin having
an epoxy equi Valsend@tgmBYgryXI8F0E tatmdfeitt e By afapaemEpoxy Resi ns
Co., Ltd.) and 30 nmass% of a hydrogenat ed bi sphenol_ A epoxy resin 20 having

an epoxy equi VEBRTGUTE I Y SRFRITE et fEde rdd WA bt edRi  Co. |
Ltd.), 50 parts by mass of a pol yoxypropyl enedi am ne (mass ratio of D400
to D- 2000°was 6: ALNGERARCTHIrEE BAMHRTZAMARGP Wais! atided s Ptadigchg agent ,

and pul verized al um num oxi de hayi ng an 25 average particle size of 2.2 }im
and a maxi rmm“k?e’ﬁatlii dase Gixswrt ﬂ?e}gétﬁl"fa}ﬂ_-w TR RFGC R $3L Showa Denko
K.K.) was blended so that it would be 50 vol%in an insulting 60 |ayer,
and an insul aBYP9%Ey¥er was formed on an al umi num

(1) The bendability at room temperature was evaluated in
such a manner that the metal base circuit board was

10 processed into 10 mm x 100 mm, and one capable of being
bent at an angle of at least 90° with a radius of
curvature of 5 mm to the conductive circuit-formed
surface side and the side opposite to the conductive
circuit-formed surface by both hands in a temperature

15 atmosphere of 25+1°C, was regarded as “good” and a case
where it was necessary to use e.g. a bending die and
press machine at the time of carrying out the bending,
was regarded as “no good”.
(2) Measurement of the heat conductivity was carried out

20 in such a manner that the metal foil and the conductive
circuit as base materials of the metal base circuit board
were removed, and the insulating layer was processed into
10 mm in diameter x 100 pm (partially 60 um), and the
heat conductivity was obtained by a laser flash method.

25 (3) The bond strength between the conductive circuit and
the insulating layer was obtained by the method

prescribed in JIS C6481 by processing the conductive



foil having a thickness of 40 pm so that the thickness after curing would
be 100 pm Then, an electrolytic copper foil having a thickness of 35 pm
was bonded, s followed by heating to thermally cure the insulating |ayer,
tRereby to obtain a netal base board. Except for the above, in the sane
manner as in Exanple 1-1, a nmetal base circuit board was prepared, and
various physical properties were neasured6é6 io The results are shown in
Table 1-2. Wth the obtained netal base circuit board, in addition to the
bond strength ®E¥eth PhetkonBaeal veasgereireuihdoened LRSI at FRgibPayeEh t he
bendability at roomtenperature was renarkably inproved due to a decrease
in the glass 1% Y#@r3i?F ohOt®Aperature (Tg). Ot her physical properties were
al so good. EXAMPLE 1-5 As shown in Table 1-1, to 100 parts by nass of an
epoxy resin colpti ¥paguUTOTREEsCEpEBEIIbASENETBRBLEAON2 GBS RtRESI 1T a
hydr ogenat ed bi sphenol , F_epoxy, resin having an epoxy equival ent of 181

(YL- 6753, manufactcrEEIeByCYhpin BPekya RBINRRT chiat | Fhe) mghal3Bohdsang of a
hydr ogenat ed bisghenol A ngx%,resin havi ng an egox equi val ent of 1,024
(ST-4100D, SmantfactorechyVsoht bCY5t kas Pagp. mat H?%}SSSprPFsmB§aﬁass of a
pol yoxypr opyl enedi am ne ss ratio of D-400.to %?2000 was 6: 4,
manuf act ured bSP PARFAVARG C wRR2 LA dBIT asTameYiFingtBE TR5BMEE1AHA BUPYeFPSed

al um num oxi de hgvigg ﬁy.avgrgg%mngaééicle s%gﬁ of .2r n1E3d a nax%num

particle size BFP285Spmh YA 173™ ndinu? aBT u¥ et” ByH8ndRAT BEAKGYKOR. F™has

bl ended and the glass transition temperature was obtained by a
dynamic elasticity measuring method.

10 (5) Measurement of the withstand voltage of the
insulating layer after heating at 260°C for 10 minutes
was carried out in such a manner that a metal base
circuit board having a conductive circuit formed in a
circular pattern of 20 mm in diameter was put in a solder

15 tank heated at 260°C, treated for 10 minutes and then
cooled to room temperature, whereupon the withstand
voltage between the circular pattern and the aluminum
foil was measured by a stepwise pressure raising method
prescribed in JIS C2110.

20 (6) Measurement of the withstand voltage of the
insulating layer in a state bent at 90° at room
temperature was carried out in such a manner that a metal
base circuit board having a conductive circuit formed in
a circular pattern of 20 mm in diameter, was bent at 90°

25 with a radius of curvature of 1 mm so that the circular

pattern of 20 mm in diameter was contained, and in that

bent state, the withstand voltage between the circular



so that it would be 50 vol%in an insulting layer, and an 5 insulating |ayer
was fornmed on an alum numfoil having a thickness of 40 pm so that the

t hi ckness after curing would be 100 pim Then, an electrolytic copper foil
havi ng a thickness of 35 pmwas bonded, followed by heating to thermally
cure the insulating |layer, thereby 10 to obtain a netal base board. Except
for the above, in the sanme manner as in Egxanple 1-1, a netal base circuit
board was prepared, and various physical properties were neasured. The
results are shdftam ra dhe 2luwyinn Hoills win aersired &Y base circuit
board, in addition to the bond strength between the conductive circuit and
the insul ati rfifa9Rsiaely R asasiebitdising wednd empreeribed wes JE®nar kabl y

i nproved due to a decrease in the glass transition tenperature (Tg). 20
EXAMPLE 1-6 AS&Hdwn in Table 1-1, to 100 parts by mass of an epoxy resin
conprising 70 mass% based on the entire epoxy resin, of a hydrogenated

bi sphenol A epoXy Neasyremert Rf anhepoxsakdevvat e of Doy {Exalzding

manuf act ured 25 by Dai ni ppon_ I nk and Chem cals |Incorporated), and 30 nass%
of a hydr o§enatatE hiierbPA EHHAES &F nl HRG Ny HrAtiediaxys B vhl €R¢ of
1,200 (YL-7170, manufactured by Japan 62 Epoxy Resins Co., Ltd.), 48 parts
by mass of a JRAYSY FHophd ehedVani FerEHess oudt iie such fooarger 206G was

6: 4, manufactyred by HARTZMAN), was added as a curin ent, d pul verized
al uni num oxi de>*haifi'rtg-"&h r’\gig‘éc@ap%rff“i‘theer%i%bé%fg%.t %rﬁ‘%%a{lab &i mum
particle Sizeé?réﬁ%t board having the circuit board formed in the
circular pattern of 20 mm in diameter, to be + and the
10 metal foil side to be -, a DC voltage of 1,000 V was
applied at 125°C, whereby the breakdown time of the
insulating layer was measured.
(8) The presence or absence of cracking in the
insulating layer in a state bent at 90°C at room
i5 temperature, was visually observed.
EXAMPLE 1-2
As shown in Table 1-1, to 100 parts by mass of a
hydrogenated (in Table 1, identified by Hydrogenated)
bisphenol A epoxy resin having an epoxy equivalent of 201
20 (YX-8000, manufactured by Japan Epoxy Resins Co., Ltd.),
63 parts by mass of a polyoxypropylenediamine (mass ratio
of D-400 to D-2000 was 6:4, manufactured by HARTZMAN) was
added as a curing agent, and pulverized aluminum oxide
having an average particle size of 2.2 pm and a maximum
25 particle size of 20 um (AL-173, manufactured by Showa

Denko K.K.) was blended so that it would be 50 vol% in an

insulting layer, and an insulating layer was formed on an



m (AL-173, manufactured by Showa Denko K K.) was blended so that it would
be 50 vol% in an insulting layer, and an insulating |ayer was formed on an
alum num foil having a thickness of 40 um so that the chloride ion 10
cancentration would be 250 ppmin the entire thernosetting resin, and the
t hi ckness after curing would be 100 um Then, an electrolytic copper foi
having a thickness of 35 um was bonded, 5@ | owed by heating to thermally
cure the insulating | ayer thereby to obtain a is netal base board. Except
for the above,2iymimpenshpel haviney asthicixesplef 149, na aet khabatbecircuit
board was prepared, and various physical properties were neasured. The
resul ts are sHoWCkReTaprktar 2cuyynd voaeldbpai hed Wt alThrise atrcuit board,
in addition to the 20 bond strength between the conductive circuit and the
i nsul ating | ayefeC Rl YehtabPPPey BP1+ ooRYiesperBhiebnaag of eAhr K@brys

i nproved due to a_decrease in_the glass transition_tenperature (Tg) .
Further, the DJreafedwnt®tHevedrPy nBeahin® atP ngheayat L¥heRra Bevol tage of

1,000 V 25 (pattern sjde+) was applied at 125C was extended. . O her
physi cal pPope%Q?%gaﬂb?% ?%%rQEB reRy AWPLER 2 63 MakasnBaRAci Rogatie 1-1,

to 100 parts by nmass gf an _epo resin conprising 70 mass% based gn t he
entire epoxy TESFRE HPrat ?d?%é%ﬁatéﬂ bie phafo| TARRBEX S L8i FX2RBYPnd ~an
epoxy equival ent of 207 (EXA-7015, panufactured s by Daini n I nk and

Cher cal's | ncol pot Sty HRFB0ShEGUOE BPAEA hyaF GRERBREAS D] SBREHBF 2CBpoxy

resin having g, epoxy, SAYbYELenl 9L:d 200 YEar 170 menufactured by Japan

The results are shown in Table 1-2. Due to a

10 decrease of the glass transition temperature (Tg) of the
insulating layer, the bendability at room temperature was
remarkably improved. Other physical properties were also
good.
EXAMPLE 1-3

15 As shown in Table 1-1, to 100 parts by mass of an
epoxy resin comprising 70 mass% of a hydrogenated
bisphenol A epoxy resin having an epoxy equivalent of 201
(YX-8000, manufactured by Japan Epoxy Resins Co., Ltd.)
and 30 mass% of a bisphenol A epoxy resin having an epoxy

20 equivalent of 1,900 (YD-927H, manufactured by Tohto Kasei
Co., Ltd.), 48 parts by mass of a polyoxypropylenediamine
(mass ratio of D-400 to D-2000 was 6:4, manufactured by
HARTZMAN) was added as a curing agent, and pulverized
aluminum oxide having an average particle size of 2.2 pm

25 and a maximum particle size of 20 um (AL-173,
manufactured by Showa Denko K.K.) was blended so that it

would be 50 vol% in an insulting layer, and an insulating



Resins Co., Ltd.), 48 parts by mass of a pol yoxypropyl enedi am ne (mass ratio
of D-400 to D-2000 10 was 6:4, manufactured by HARTZMAN) was added as a
curing agent, and spherical coarse particles of alum num oxide having a
maxi mum particle size of at nost 75 pm an average particle size of 21 pm
and a sodiumion concentration of 10 ppm (CB- A20, manufactured by Showa 1s
Denko K. K.) and spherical fine particles &P al um num oxide having an
average particle size of 0.7 pmand a _sodiumion concentration of 8 ppm
(AKP- 15, manuflyfenr etrs byo terorChehierucof 01l thipyingra Bhéaledsso t hat
the total ambunt would be 50 vol % in an insulating | ayer 20 (mass rati o of
spherical coar¥fe aritcl¥s thRpsph i el ckigse PEFY FeEingsvauly bandoan
insulating layer was forned_on an _alum num foil having a thickness of 40
pm so that tHE ¢ hildemes Srartectadivitg WG erPede T30 AAVingeR thirkness

el ectrolytic copper foil havin t hi ckness of 35 pm 25 was bonded, foll owed

by heating to @hetraim yWasiReRRA: i FRIFAERHPY BRAt 109 obP ab ReEMARt ¥l base
oot 300" pm G G (HREEI PE | ¥ RbSORET A 1R TR B BOURGTPRER
or gani o 111 IRAAT e BHE S5or i TADGHEYS 1 ¢he Heare ARGS9 TXanpl e
o7 opert i 68 werBHERNtrbal - Thas Eob Eae S LEHon TP T 01 1BBERFER, (REY
obt ai ned netal_base circuit t he. breakdown tine t he insul ating

d f
| ayer when a ﬁf‘%?‘{%g%h%ﬁlﬁa?g%rc{)pertles Here Measired.

The results are shown in Table 1-2. With the

10 obtained metal base circuit board, the bond strength
between the conductive circuit and the insulating layer
was remarkably improved. Other physical properties were
also good.
EXAMPLE 1-4

15 As shown in Table 1-1, to 100 parts by mass of an
epoxy resin comprising 70 mass% of a hydrogenated
bisphenol A epoxy resin having an epoxy equivalent of 201
(YX-8000, manufactured by Japan Epoxy Resins Co., Ltd.)
and 30 mass% of a hydrogenated bisphenol A epoxy resin

20 having an epoxy equivalent of 1,024 (ST-4100D,
manufactured by Tohto Kasei Co., Ltd.), 50 parts by mass
of a polyoxypropylenediamine (mass ratio of D-400 to D-
2000 was 6:4, manufactured by HARTZMAN) was added as a
curing agent, and pulverized aluminum oxide having an

25 average particle size of 2.2 um and a maximum particle
size of 20 um (AL-173, manufactured by Showa Denko K.K.)

was blended so that it would be 50 vol% in an insulting



10 (pattern side+) was applied at 125C, was remarkably extended, and other
physi cal properties were also good. EXAMPLE 1-8 As shown in Table 1-1, to
100 parts by nass of an epoxy resin conprising 70 mass% of 170 ppm

hwdr ogenated is bi sphenol A epoxy resin having an epoxy equival ent of 207
(EXA- 7015, manufactured by Dai ni ppon I nk and Chem cals |Incorporated) and 30
mass% of a hydrogenat ed bi sphenol A epoxg0Oresin having an epoxy equival ent
of 1,200 (YL-7170, manufactured by Japan Epoxy Resins Co., Ltd.), 48 parts
20 by mass of @Ypﬁﬂyo@%r%yﬂéﬁ@eﬁ@rﬁméﬂ%sﬁ%\tf@rmdDvmown abuUMinEn0 was
6: 4, manuf actured by HARTZVAN) . was added as a curing agent, and spherical
coarse parti clilh a‘é’ﬁlﬁn%tﬁﬁ%ﬁ@?rb%’s%aﬁ’/ﬁrfboa}“haxi;?ru‘hlili‘)tar‘flil%l’éhéi:%’éeéﬁ at
nost 75 }im an average particle size of 21 pmand a sodi um_j on 25
concentrati on dFEED PHMICHA SRt Qotur e&ph@)F'SW lasdl i€ ) and
spherical fine particles of al um num K oxi de having an average part| cle size
of 0.7 }im anoccg’%%r R BRAYHP ridet iR Db 28 WPnYRAKR 1SS ranuf act ur ed

by Sumi t onp caI Ltd Were ended, so that the, total  anmount woul d
be 66 vol %i n '?fgw n@% Pty SFrSphRti b%‘f’u%%’é?"%% particles
to spheri cal fine par I es and i nsul ati n er was_ forned

on an al um nu?f]ﬁ%?lf h 1?1 A t(%c?%fé’s% %fm‘?l‘f)a MAED 1?‘P|%1’E ’iqﬁfbtknfe%% after

curing would b The an electrolytic cop er f ng_a

Chi ckness of 3RbAPHEE CHRGRE THIT R Fhattn fﬁe%nﬁr 19 Barelthe o
insulating | a ersto obt al n.a éa base boaé&i har\llclin ag. chl Olfll de |9n
concentration 14 T He ¥ a]?lahg Ia%r ofP At a ious physic

properties were measured.

10 The results are shown in Table 1-2. With the
obtained metal base circuit board, in addition to the
bond strength between the conductive circuit and the
insulating layer, the bendability at room temperature was
remarkably improved due to a decrease in the glass

15 transition temperature (Tg). Other physical properties
were also good.

EXAMPLE 1-5
As shown in Table 1-1, to 100 parts by mass of an
epoxy resin comprising 70 mass%, based on the entire

20 epoxy resin, of a hydrogenated bisphenol F epoxy resin
having an epoxy equivalent of 181 (YL-6753, manufactured
by Japan Epoxy Resins Co., Ltd.) and 30 mass% of a
hydrogenated bisphenol A epoxy resin having an epoxy
equivalent of 1,024 (ST-4100D, manufactured by Tohto

25 Kasei Co., Ltd.), 55 parts by mass of a
polyoxypropylenediamine (mass ratio of D-400 to D-2000

was 6:4, manufactured by HARTZMAN) was added as a curing



nost 300 ppm based on the entire thernosetting resin and a sodiumion
concentration in the insulating |layer of at nost 60 ppm based on the entire
inorganic filler. Except is for the above, in the sanme nanner as in Exanple
1-.1, the netal base circuit board was prepared, and various physical
properties were neasured. The results are shown in Table 1-2. Wth the
obt ai ned netal base circuit board, the he&tl conductivity 20 was further

i nproved, and other physical properties were also good. COVPARATI VE EXAMPLE
1-1 As shown i3gembl eand PulvenieParlunbyunedsids Bavbngpaenaveradpoxy
resin having an epoxy equival ent of 187 25 (EPICLON 850-.5, manufactured by
Dai ni ppon | nk ReeF TS Phcdrpoihtday, a gBaphpyg B?rﬁﬁgéeoﬁlée of 20

pol yoxypr opyl enedi am ne (nmass ratio of D-400 to D-2000 66 was 6:
manuf act ured BY® HARTZVAN) TRV brisedred By cBRowy Derknt K- &nd Haﬁub%@ﬂdﬁéd

al um num oxi de haV|ng an aver age artlcle size of 2.2 pmand a maxi nmum
particle size % P8t phh Vﬁpﬁﬁgb UY%%fu%%da%ylgﬁﬁhhlﬁﬁnkéyﬁ?K §ngaan

bl ended 5 so that jt mould be 80 vol % in_an insulating and, an

| aye
i nsul at i ng 3 ay PSRt ¥F nkd Oh 4RS amﬁm%n?l?ow %Wh@um 2T Phi chA¥sasor 200
pm so that the thickness af er _curin | d be m _Then, a,copper
foil havingzaé%ﬁ%hﬁ%%% 5291 pnFha gh%Bn qd, t?b%k ﬁ%g phtREatPhi™¥o

thermally 10 cur e | ating.| ayer to .obtai a et al base baard. Except
for the above,” ﬁ‘%ﬂ% %nngﬁh%{é i I?)ElaerﬁﬁréD tiC GPRRSR T YEse circuit
board vas prenared, agdtﬁféf{gggs BEVSLogh PLOMSLLAES, “ELE1 BRET LSS

heating to thermally cure the insulating layer, thereby
10 to obtain a metal base board. Except for the above, in
the same manner as in Example 1-1, a metal base circuit
board was prepared, and various physical properties were
measured.
The results are shown in Table 1-2. With the
15 obtained metal base circuit board, in addition to the
bond strength between the conductive circuit and the
insulating layer, the bendability at room temperature was
remarkably improved due to a decrease in the glass
transition temperature (Tg).
20 EXAMPLE 1-6
As shown in Table 1-1, to 100 parts by mass of an
epoxXxy resin comprising 70 mass%, based on the entire
epoxy resin, of a hydrogenated bisphenol A epoxy resin
having an epoxy equivalent of 207 (EXA-7015, manufactured
25 by Dainippon Ink and Chemicals Incorporated), and 30
mass% of a hydrogenated bisphenol A epoxy resin having an

epoxy equivalent of 1,200 (YL-7170, manufactured by Japan



The results are shown in Table 1-2. The obtai ned 15 netal base circuit board
had no substantial bendability, could not be nmanually bent at room
tenperature and was bent at 90 by neans of a bending die and a pressing
machi ne. Further, the bond strength between the conductive circuit and the
insulating | ayer was weak, and 20 the wi thstand vol tage of the insulating

| ayer in a state bent at 90 at room tenpérat ure was extrenely | ow.

Further, the breakdown tinme of the_ insulating |ayer when a DC voltage of
1,000 V (patt FRPXY REFin@mCappl ed- ht 48 BRI ESHARY anass exfrémel y short .
Further, the heat 25 conductivity was partially different, and its
fluctuation VRRLYRFGRE CRNEHEATGVN £ 53%1%7°fAE‘%%gmhoiH‘?QBPe 1-1
to 100 parts by mass of a bjisphenol A epox¥ resin having an epoxy equival ent

of 187 (EPI CLY3F &5t 5, M3RMtA St TR @ P HyHARTF AP Hke A8 Efefri E¥FINg

| ncorporated), 63 parts.b ss, of _a ol yoxypr opyl enedi am ne (nmass ratio
of D-400 to D"’Z@%‘R vRid Ga./‘ﬂf‘?%h%ﬁ%c?ﬁ‘ﬂ'gﬂnw #%%mwlmsaada@aragea curing
agent, and a pul verized al um qg1oxide havi ng an aver%ge, gartlcle i ze of
57 pmand & né&??ﬁhﬁ%%r?%%?éo i 262 M oA b TRXABIT PRRhEFaEt 888 BY 3Howa

Derko KK) vy b gnder, 10, o0, LDal Loyl .56, 20, xpL o . P kDokl ting
(ickness of i Mhaeod by DS hignere oLl pualte pamilace o
fol | owed by hegfing,§ 8,051 100F BhLYeSHRES g LASULARLAG BYST ROSEREY.O
thickness of 40 um, so that the chloride ion
10 concentration would be 250 ppm in the entire
thermosetting resin, and the thickness after curing would
be 100 pm. Then, an electrolytic copper foil having a
thickness of 35 um was bonded, followed by heating to
thermally cure the insulating layer thereby to obtain a
15 metal base board. Except for the above, in the same
manner as in Example 1-1, a metal base circuit board was
prepared, and various physical properties were measured.
The results are shown in Table 1-2. With the
obtained metal base circuit board, in addition to the
20 bond strength between the conductive circuit and the
insulating layer, the bendability at room temperature was
remarkably improved due to a decrease in the glass
transition temperature (Tg). Further, the breakdown time
of the insulating layer when a DC voltage of 1,000 V
25 (pattern side+) was applied at 125°C, was extended.

Other physical properties were also good.

EXAMPLE 1-7



met al base board. Except for the above, in the sane nmanner as in Exanple
1-1, a netal base circuit board was prepared, and various physi cal
properties were neasured. The results are shown in Table 1-2. Wth the 20
obtai ned nmetal base circuit board, many irregularities which appeared to be
projections of the alumna filler, were observed at the insulating

| ayer - exposed portion on the conductive é3rcuit surface, and cracking was
observed in the insulating |ayer when bent at roomtenperature. 25 Further,
the bond strength Hetseert ke tahdtciive EPredPtPanka PHemrASUPAt RRg | ayer
was weak, and the withstand vo]tage of the insulating IaIXer in a state bent
at 90 at 68 rNY Srpetat SRR WSkt FerdsSF ovbaed t Ber the hent b¥eakdown
time of the insulating |ayer when a DC voltage, of 1,000 V (pattern side+)
was applied at®BZEC T alSh 2 HYTENIERA 3 b i sBherpbARMPYAY EXRVPLE 1-3 As
shown in Table 1-1, to 100 parts Db ss of an oxy_resin conprising 40
nmass% of a bi SPHEHST 2 PRFY '“’r%%]r%ﬂ%%' n%fa%oﬂépgg}@éa%@al BafupRCygyed
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polyoxypropylenediamine (mass ratio of D-400 to D-2000
10 was 6:4, manufactured by HARTZMAN) was added as a curing
agent, and spherical coarse particles of aluminum oxide
having a maximum particle size of at most 75 um, an
average particle size of 21 pm and a sodium ion
concentration of 10 ppm (CB-A20, manufactured by Showa
15 Denko K.K.) and spherical fine particles of aluminum
oxide having an average particle size of 0.7 um and a
sodium ion concentration of 8 ppm (AKP-15, manufactured
by Sumitomo Chemical Co., Ltd.) were blended so that the
total amount would be 50 vol% in an insulating layer
20 (mass ratio of spherical coarse particles to spherical
fine particles was 7:3), and an insulating layer was
formed on an aluminum foil having a thickness of 40 um,
so that the thickness after curing would be 100 pm. Then,
an electrolytic copper foil having a thickness of 35 pm
25 was bonded, followed by heating to thermally cure the
insulating layer to obtain a metal base board having a

chloride ion concentration in the insulating layer of at



so that it would be 50 vol% in an insulating |ayer, and an insulating |ayer
was fornmed on an alum num foil having 20 a thickness of 400 pm so that the
t hi ckness after curing would be 100 pm Then, an electrolytic copper foil
havi ng a thickness of 35 pmwas bonded, followed by heating to thermally
cure the insulating |ayer thereby to obtain a netal base board. Except for
the above, in the 25 sane manner as in Exédnple 1-1, a netal base circuit
board was prepared, and various physical properties were neasured. 69 The
results are sHRFT i3PCraime based B e St etk riReR i rg uresbdar@dhad no
substantial bendabjlity and could not be manual ]y bent at room tenperature.
It was bent &t 5&5%5%“’6@/ TR O R TR gL B i S ekl ntp ¥ehaehi &k,

whereby the glass transition t erature (Tg) .rised,, and the bendability at

room t enper at N e R%&?ﬁ%‘f?ﬂa teffééjvﬁg‘% Hsri%?ﬁ)a%?tgbif%?‘ t Hekcept

insulating layer in a.state bent at 900 at roomte eraturg%wﬁs remar kabl y
I
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the resin of 1,500 15 ppm (EPQ.I GHT 4000, manufactured by KYOElI SHA CHEM CAL
Co, LTD.) ar?&lyﬁcréss&%?ée%tlb‘?ssp"ﬁ%ﬂ%lmia%"b%? “resin having an epoxy
Cau v ssoadhengh Sl hLoy Sty EeneRRigaLion L ppaesin of 020
obtained metal base circuit board, the breakdown time of
the insulating layer when a DC voltage of 1,000 V
10 (pattern side+) was applied at 125°C, was remarkably
extended, and other physical properties were also good.
EXAMPLE 1-8
As shown in Table 1-1, to 100 parts by mass of an
epoxy resin comprising 70 mass% of 170 ppm hydrogenated
15 bisphenol A epoxy resin having an epoxy equivalent of 207
(EXA-7015, manufactured by Dainippon Ink and Chemicals
Incorporated) and 30 mass% of a hydrogenated bisphenol A
epoxy resin having an epoxy equivalent of 1,200 (YL-7170,
manufactured by Japan Epoxy Resins Co., Ltd.), 48 parts
20 by mass of a polyoxypropylenediamine (mass ratio of D-400
to D-2000 was 6:4, manufactured by HARTZMAN) was added as
a curing agent, and spherical coarse particles of
aluminum oxide having a maximum particle size of at most
75 pum, an average particle size of 21 pm and a sodium ion
25 concentration of 10 ppm (CB-A20, manufactured by Showa

Denko K.K.) and spherical fine particles of aluminum

oxide having an average particle size of 0.7 pm and a



20 by mass of a pol yoxypropyl enedi am ne (nmass ratio of D400 to D 2000 was
6: 4, manufactured by HARTZMAN) was added as a curing agent, and pul verized
al um num oxi de having an average particle size of 2.2 pmand a maxi num
particle size of 20 pm (AL-173, manufactured by Showa Denko K. K.) 25 was

bl ended so that it would be 50 vol % in an insulating |ayer, and an
insulating |ayer was fornmed on an al um nu&® foil having a thickness of 400
pm so that the thickness 70 after curing would be 100 }im and the
chloride ion SUYHCERtICR i GRGRREA2 0P fim DY KR hed erftdrefagheFadset ti ng
resin. Then, an electrolytic copper foil__ having a thickness of 35 pi mwas
bonded, foll 0%9‘6 W%t‘?%%tq}f?dmt ¥ He? rral 154 ¢ r@?%éﬂ%‘@ﬁ%t??}gt@%&egh?hereby
to obtain a netal. base board. cept for the above, in the sanme manner as
in Exanple 1- 1?0?%&%“%%5“63‘&‘5%@%0%9]& %%salbrje‘b%‘ﬂﬂ%lt,l A I8¢ ous

physi cal prope{ti es were Brrg,élsured.. ]10 The results, are shown in Table 1-2.
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was bonded, followed by heating to thermally cure the
10 insulating layer to obtain a metal base board having a
chloride ion concentration in the insulating layer of at
most 300 ppm based on the entire thermosetting resin and
a sodium ion concentration in the insulating layer of at
most 60 ppm based on the entire inorganic filler. Except
15 for the above, in the same manner as in Example 1-1, the
metal base circuit board was prepared, and various
physical properties were measured.
The results are shown in Table 1-2. With the
obtained metal base circuit board, the heat conductivity
20 was further improved, and other physical properties were
also good.
COMPARATIVE EXAMPLE 1-1
As shown in Table 1-1, to 100 parts by mass of a
bispheﬁol A epoxy resin having an epoxy equivalent of 187
25 (EPICLON 850-S, manufactured by Dainippon Ink and

Chemicals Incorporated), 63 parts by mass of a

polyoxypropylenediamine (mass ratio of D-400 to D-2000



concentration in the resin of 920 ppm (EPI KOTE 4004P, manufactured by Japan
Epoxy- Resins Co., Ltd.), 63 parts by mass of a pol yoxypropyl enedi am ne
(mass ratio of D-400 25 to D 2000 was 6:4, manufactured by HARTZMAN) was
added as a curing agent, and spherical coarse particles of alum num oxide
having a maxi num particle size of at nost 71 75 pm an average particle
size of 25 pmand a sodi um ion concentragibon of 530 ppm ( AX- 25,
manuf act ured by M CRON Ltd.) and spherical fine particles of alum num
oxi de havi ngvsa\rﬁaﬁ/ér:ag@rﬁaﬁquée%ﬂzsé REZMAN)m Wil 2080 ¥ & FeRing
concentration of 396 m (AWL5- 25, manufactured by, M CRON Co., Ltd.) were
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(mass ratio of rical coar se artlcl s to spherical fine partlcles was
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on the entire ther s tting resin, in.the insulating |ayer sodi um
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of 210 um was bonded, followed by heating to thermally
10 cure the insulating layer to obtain a metal base board.
Except for the above, in the same manner as in Example 1-
1, a metal base circuit board was prepared, and various
physical properties were measured.
The results are shown in Table 1-2. The obtained
15 metal base circuit board had no substantial bendability,
could not be manually bent at room temperature and was
bent at 90° by means of a bending die and a pressing
machine. Further, the bond strength between the
conductive circuit and the insulating layer was weak, and
20 the withstand voltage of the insulating layer in a state
bent at 90° at room temperature was extremely low.
Further, the breakdown time of the insulating layer when
a DC voltage of 1,000 V (pattern side+) was applied at
125°C, was also extremely short. Further, the heat
25 conductivity was partially different, and its fluctuation

was large.

COMPARATIVE EXAMPLE 1-2



the insulating | ayer when a DC voltage of 1,000 V was 25 applied at 125C,
was remarkably short. The thickness of each |ayer of the netal base <circuit
substrate, the type and anount of the 72 thernosetting resin, the contained
chloride ion concentration, the type of the inorganic filler and the

cont ai ned sodiumion concentration, are shown in Table 1- 1. s Various

physi cal properties of the prepared netal 67base circuit boards are shown in
Table 1-2. 73 m4-, 7 Ra~x -HOcoof o0000000O0O0O0OOHDO4 a)
(d HHr r r r r rA§ shevnrip Tablg &ilp te 90O pa¥rty Py mapspofda, . Eo O
0000000O0OOOOO0 _ MHH4 0400000rrr 000OHGO4Tr Trrrr
HHHr r r LPisphenel A)3progy wesip |haging an epoxy equivalent of 187

(EPICLON 850-S, manufactured by Dainippon Ink and
Chemicals Incorporated), 63 parts by mass of a

5 polyoxypropylenediamine (mass ratio of D-400 to D-2000
was 6:4, manufactured by HARTZMAN) was added as a curing
agent, and a pulverized aluminum oxide having an average
particle size of 57 pum and a maximum particle size of 90
um (A-13-L, manufactured by Showa Denko K.K.) was blended

10 so that it would be 50 vol% in an insulating layer, and
an insulating layer was formed on an aluminum foil having
a thickness of 40 pm, so that the thickness after curing
would be 60 pm. Then, an electrolytic copper foil having
a thickness of 35 um was bonded, followed by heating to

15 thermally cure the insulating layer thereby to obtain a
metal base board. Except for the above, in the same
manner as in Example 1-1, a metal base circuit board was
prepared, and various physical properties were measured.

The results are shown in Table 1-2. With the

20 obtained metal base circuit board, many irregularities
which appeared to be projections of the alumina filler,
were observed at the insulating layer-exposed portion on
the conductive circuit surface, and cracking was observed
in the insulating layer when bent at room temperature.

25 Further, the bond strength between the conductive circuit
and the insulating layer was weak, and the withstand

voltage of the insulating layer in a state bent at 90° at
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breakdown time of the insulating layer when a DC voltage
of 1,000 V (pattern side+) was applied at 125°C, was also
extremely short.
5 COMPARATIVE EXAMPLE 1-3
As shown in Table 1-1, to 100 parts by mass of an
epoxy resin comprising 40 mass% of a bisphenol A epoxy
resin having an epoxy equivalent of 187 (EPICLON 850-S,
manufactured by Dainippon Ink and Chemicals Incorporated)
10 and 60 mass% of a bisphenol A epoxy resin having an epoxy
equivalent of 4,000 (EPIKOTE 1010, manufactured by Japan
Epoxy Resins Co., Ltd.), 51 parts by mass of a
polyoxypropylenediamine (mass ratio of D-400 to D-2000
was 6:4, manufactured by HARTZMAN) was added as a curing
15 agent, and pulverized aluminum oxide having an average
particle size of 2.2 um and a maximum particle size of 20
um (AL-173, manufactured by Showa Denko K.K.) was blended
so that it would be 50 vol% in an insulating layer, and
an insulating layer was formed on an aluminum foil having
20 a thickness of 400 um, so that the thickness after curing
would be 100 um. Then, an electrolytic copper foil
having a thickness of 35 um was bonded, followed by
heating to thermally cure the insulating layer thereby to
obtain a metal base board. Except for the above, in the
25 same manner as in Example 1-1, a metal base circuit board
was prepared, and various physical properties were

measured.
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metal base circuit board had no substantial bendability

and could not be manually bent at room temperature. It
was bent at 90° by means of a bending die and a pressing

5 machine, whereby the glass transition temperature (Tg)
rised, and the bendability at room temperature was
inadequate, and the withstand voltage of the insulating
layer in a state bent at 90° at room temperature was
remarkably low.

10 COMPARATIVE EXAMPLE 1-4

As shown in Table 1-1, to 100 parts by mass of an

epoxy resin comprising 70 mass% of a hydrogenated
bisphenol A epoxy resin having an epoxy equivalent of 238
and a chloride ion concentration in the resin of 1,500

15 ppm (EPOLIGHT 4000, manufactured by KYOEISHA CHEMICAL CO.,
LTD.) and 30 mass% of a bisphenol F epoxy resin having an
epoxy equivalent of 1,200 and a chloride ion
concentration in the resin of 920 ppm (EPIKOTE 4004P,
manufactured by Japan Epoxy Resins Co., Ltd.), 42 parts

20 by mass of a polyoxypropylenediamine (mass ratio of D-400
to D-2000 was 6:4, manufactured by HARTZMAN) was added as
a curing agent, and pulverized aluminum oxide having an
average particle size of 2.2 pym and a maximum particle
size of 20 um (AL-173, manufactured by Showa Denko K.K.)

25 was blended so that it would be 50 vol% in an insulating
layer, and an insulating layer was formed on an aluminum

foil having a thickness of 400 pm, so that the thickness
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25

after curing would be 100 um, and the chloride ion
concentration was 1,000 ppm based on the entire
thermosetting resin. Then, an electrolytic copper foil
having a thickness of 35 um was bonded, followed by
heating to thermally cure the insulating layer thereby to
obtain a metal base board. Except for the above, in the
same manner as in Example 1-1, a metal base circuit board
was prepared, and various physical properties were
measured.

The results are ghown in Table 1-2. With the
obtained metal base circuit board, the breakdown time of
the insulating layer when a DC voltage of 1,000 V
(pattern side+) was applied at 125°C, was extremely short.
COMPARATIVE EXAMPLE 1-5

As shown in Table 1-1, to 100 parts by mass of an
epoxy resin comprising 70 mass% of a hydrogenated
bisphenol A epoxy resin having an epoxy equivalent of 238
and a chloride ion concentration in the resin of 1,500
ppm (EPOLIGHT 4000, manufactured by KYOEISHA CHEMICAL CO.,
LTD.) and 30 mass% of a bisphenol F epoxy resin having an
epoxy equivalent of 1,200 and a chloride ion
concentration in the resin of 920 ppm (EPIKOTE 4004P,
manufactured by Japan Epoxy Resins Co., Ltd.), 63 parts
by mass of a polyoxypropylenediamine (mass ratio of D-400
to D-2000 was 6:4, manufactured by HARTZMAN) was added as
a curing agent, and spherical coarse particles of

aluminum oxide having a maximum particle size of at most
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concentration of 530 ppm (AX-25, manufactured by MICRON
Co., Ltd.) and spherical fine particles of aluminum oxide
having an average particle size of 1.2 um and a sodium

5 ion concentration of 396 ppm (AW15-25, manufactured by
MICRON Co., Ltd.) were blended so that the total amount
would be 50 wt% in an insulating layer (mass ratio of
spherical coarse particles to spherical fine particles
was 7:3), and an insulating layer was formed on an

10 aluminum foil having a thickness of 400 um, so that the
thickness after curing would be 100 um. Then, an
electrolytic copper foil having a thickness of 35 um was
bonded, followed by heating to thermally cure the
insulating layer to obtain a metal base board having a

15 chloride ion concentration of 1,000 ppm, based on the
entire thermosetting resin, in the insulating layer and a
sodium ion concentration of 500 ppm, based on the entire
inorganic filler, in the insulating layer. Except for
the above, in the same manner as in Example 1-1, a metal

20 base circuit board was prepared, and various physical
properties were measured.

The results are shown in Table 1-2. With the
obtained metal base circuilt board, the breakdown time of
the insulating layer when a DC voltage of 1,000 V was

25 applied at 125°C, was remarkably short.
The thickness of each layer of the metal base

circuit substrate, the type and amount of the
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thermosetting resin, the contained chloride ion

concentration, the type of the inorganic filler and the

contained sodium ion concentration, are shown in Table 1-

1.

5 Various physical properties of the prepared metal

base circuit boards are shown in Table 1-2.
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w 78 - MULTI LAYER CI RCU T BOARD EXAMPLE 2-1 To 100 parts by mass of an epoxy
resin conprising 70 mass% based on the entire epoxy resin, of a

hydr ogenated 5 bi sphenol A epoxy resin having an epoxy equival ent of 201

(" XY-8000", manufactured by Japan Epoxy Resins Co., Ltd.) and 30 nass% of a
hydrogenat ed bi sphenol A epoxy resin havi,Rg an epoxy equival ent of 1,200
("YL-7170", manufactured by Japan Epoxy aesins Co., Ltd.), 48 parts 10 by

mass of a pol wWaxypropseneth efnesdimss ratio of "D 400" to "D-2000" was
6: 4, manufactured by HARTZMAN) was added as a curing agent, and spheri cal

coarse particlmgvmis a wm num oxi de havi ng a maxi nrum particle size of at
nost 75 pm and an average particle size of 21 pm("CB is A20", manufactured

by Showa Denko K. Krg and sabesi 6fl mabknef pant EgbRe eés@huabmgmg&hgevl@avi ng
an average particle size of 0.6 pm ("AO 802", manufactured by Adnmatechs

Cor porati on) Welss%| eesd sen ttigd dei tOt @boxpnBedi n Wt da bey&PoyehJe tn an
insulating layer (mass 20 ratio of spherical coarse particles to spherical

fine partiscl asismserfold)s a@pskpnrdasnlgivngg| ayespvrs &guivdlent arcopper
foil having a thickness of 35 pm so that the thickness after curing would
be 100 pm TheMmx¥y sopper mdwhfadawred oy thdsknessory Bésphiswas . bondad)

foll owed by 25 heating to thermally cure the insulating layer to obtain an
i nner layer faidd|zmmadetl dbad daydboddest ed bhsplespettAt epbke obsanned

board,

having an epoxy equivalent of 1,200 (“YL-7170”,
manufactured by Japan Epoxy Resins Co., Ltd.), 48 parts

10 by mass of a polyoxypropylenediamine (mass ratio of “D-
400” to “D-2000” was 6:4, manufactured by HARTZMAN) was
added as a curing agent, and spherical coarse particles
of aluminum oxide having a maximum particle size of at
most 75 um and an average particle size of 21 um (“CB-

15 A20”, manufactured by Showa Denko K.K.) and spherical
fine particles of aluminum oxide having an average
particle size of 0.6 pm (“A0-802”, manufactured by
Admatechs Corporation) were blended so that the total
amount would be 50 vol% in an insulating layer (mass

20 ratio of spherical coarse particles to spherical fine
particles was 6:4), and an insulating layer was formed on
a copper foil having a thickness of 35 um, so that the
thickness after curing would be 100 pm. Then, a copper
foil having a thickness of 35 um was bonded, followed by

25 heating to thermally cure the insulating layer to obtain

an inner layer foil-laminated board.

Further, with respect to the obtained board,



79 predeterm ned positions were masked with a dry film and the copper
foil was subjected to etching. Then, the dry filmwas renoved to forma
circuit thereby to obtain an inner layer circuit board. 5 Using the
ohtained inner layer circuit board as a base, the above insulating |ayer
and a copper foil having a thickness of 35 pmwere bonded, followed by
heating and curing to obtain a nmultilayer_ board. Then, at predeterm ned
positions of the outer 10 circuit, holes Hgblng a diameter of 0.5 nm were

drilled to paié égggy@pné$ ¥5QQ€£O£QY$EF8|@g¥kédawgt£h§rggghfﬁopgg%neh Chi s

circuit, and théen co formt

f b
ZBLVZ"ﬁen?.”oﬁz%*?%s*ﬁ%ﬁodf%%%%%“%ﬁﬁi?%g?é BY ELEMLAG. IR, i FBYpect
to the mul tilayefy, % gutémmgadto(%))m_tQ.ecbﬁaﬁleoeﬁg%hg £ BLebhS an
i nsul ati ng | ayer, ass transition point of t insulting layer

(3) the mﬁthsiﬁg% vgé§égecg£cﬁbg Eb??d?f bendi ng, (4) bendability 20 and

(5) operation st 1ty of a power ment, were neasured and eval uated by

the followng et hgdsy (%%eNgﬁ%ﬂﬁﬁganﬁnﬁgrhﬁﬁyeQOBQQQEH%'%%ag%,a@§%!at'ng
| ayer The insulating ?ayer of a circuit board was separately prepared in

the form of a-&aé@ul@meda§5v§U£ﬁgu2§tpﬁgdysyebaXhagaacebggﬁtebquh&gl%gland
a thickness of 2 mm and the heat conductivity was obtained by a | aser
flash method. $0cnh{@kn&kassrtsanght 18PePBbAeQf EBSULLEAILLA%EEting and
curing to obtain a multilayer board.
Then, at predetermined positions of the outer
10 circuit, holes having a diameter of 0.5 mm were drilled
to pass through the inner layer circuit and the outer
layer circuit, and then copper plating was applied to
form through-holes. On this surface, an outer layer
circuilt was formed by etching by the above-mentioned
15 method to form a multilayer circuit board.
With respect to the multilayer circuit board, (1)
the heat conductivity of the insulating layer, (2} the
glass transition point of the insulting layer, (3) the
withstand voltage at the time of bending, (4) bendability
20 and (5) operation stability of a power element, were
measured and evaluated by the following methods.
(1) Measurement of heat conductivity of insulating layer
The insulating layer of a circuit board was
separately prepared in the form of a circular disk cured
25 product having a diameter of 10 mm and a thickness of 2

mm, and the heat conductivity was obtained by a laser

flash method.



Using a single layer circuit board prior to nultilayer processing, the
netal- foil and the conductive circuit as base materials were renoved by
etching, and 5 the insulating | ayer taken out, was processed into 5 mmx 50
mm and the glass transition point was obtained by a dynamc
visco-elasticity neasuring nmethod. (3) Wthstand voltage at the tinme of
bendi ng The nmultilayer circuit board havi the outer layer 10 circuit
formed in a circular pattern having a dianeter of 20 mm was bent at 90

“@th a radius Eﬁ)C@iaééuﬁﬁaﬁéiéiaﬂ1pé?nEhéE_EH@u@E&ﬁ quyggttern having a
diameter of 20 mm was contained, and in this bent sfate, the wthstand

vol tage between thgsinges baygleCikhgdtariapdithgoakimopymlsfoil was
nmeasured by a stepwi se pressure raising nethod prescribed in JI'S C2110. (4)

Bendabi | ity atmipom ieapeppbiéssThe, Mthéihaygl ebituhhabeaed-6aRachaving a
conductive foil over the entire surface wthout formng a 20 circuit

pattern on theciANgit Ofis OWASE hAYEFiaVESweis€d)yeMBFell BGEEEBHIhAL 0ak@ MM X
100 mm and one capable of being bent at an angle of at least 90C with a

radi us of scuryleé ufeselabing layéhetgaduetel whkcpirbeborradinybf acam i de
and to the side opposite to the conductive circuit 25 fornmed surface by both
hands in a tenperahjrendt thephraes ofardi€iowapol agawdedoBsa’ieadby and a
case where it was necessary to use a bending die and a pressing machi ne, 81
etc. at the tidgnahicaviytogedbast bendyngeavasinggaedrddas "No good”. (5)
Operation stability of power el enent
(3) Withstand voltage at the time of bending
The multilayer circuit board having the outer layer
10 circuit formed in a circular pattern having a diameter of
20 mm, was bent at 90° with a radius of curvature of 1 mm
so that the circular pattern having a diameter of 20 mm
was contained, and in this bent state, the withstand
voltage between the inner layer circular and the aluminum
15 foil was measured by a stepwise pressure raising method
prescribed in JIS C2110.
(4) Bendability at room temperature
The multilayer circuit board (one having a
conductive foil over the entire surface without forming a
20 circuit pattern on the inner or outer layer, was used)
was processed into 10 mm x 100 mm, and one capable of
being bent at an angle of at least 90°C with a radius of
curvature of 5 mm to the conductor circuit-formed surface
side and to the side opposite to the conductive circuit-
25 formed surface by both hands in a temperature atmosphere

of 25+1°C, was regarded as “Good”, and a case where it

was necessary to use a bending die and a pressing machine,



A nodul e having three p-nos-FET (2SK2174S) 5 manufactured by Hitachi, Ltd.
nmounted with a space of 2 nmm was prepared and continuously operated for 96
hours in an environnent of 100C with power consunption of 10 W per
elenment, whereby presence or absence of nmalfunction was evaluated. In a
case where no nal function occurred, 10 power consunption of 10 Wwas
further added, and eval uati on was nade agai;n, and by the power consunption
when mal functi on occurred, the operation stablllty of the power elenment was

eval uat ed. Theetf@suétt_suaéetﬁh@\/\efl BafabliBg2odt Béndihng, Qa3z” rBghrHe@ 950 00
O r6r1O0OLninLnlnu) in ~1-~v -- AAAAA ONNfo 0~G4) O

AO Ok > N¥xo géo@ 0 00INCO OvxIToO O0Q'06 0)

(5) Operation stability of power element
A module having three p-mos-FET (2SK21748S)
5 manufactured by Hitachi, Ltd. mounted with a space of 2
mm, was prepared and continuously operated for 96 hours
in an environment of 100°C with power consumption of 10 W
per element, whereby presence or absence of malfunction
was evaluated. In a case where no malfunction occurred,
10 power consumption of 10 W was further added, and
evaluation was made again, and by the power consumption
when malfunction occurred, the operation stability of the
power element was evaluated.

The results are shown in Table 2-1.
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EXAMPLE 2-2 A nmultilayer circuit board was prepared in the sanme manner as
in Exanple 2-1 and evaluated in the sane manner as in Exanple 2-1, except
that the conposition of the 5 insulating | ayer was such that to 100 parts by
mass of an epoxy resin conprising 70 masg% of a hydrogenated bisphenol A
epoxy resin having an epoxy equival ent of 201 ("YX-800", nanufactured by
Japan Epoxy ResiAMpiG®.3-4td.) and 30 mass% of a hydrogenated bi sphenol A
epoxy resin 10 having an epoxy equivalent of 1,200 ("YL-7170", manufactured

by Japan Epoxy Re%kﬂﬁuﬁ@ilayég-&iré@i@aﬁéérdbMaBa§§egéréd in the same
pol yoxypropyl enedi am ne (mass ratio of "D 400" to "D 2000" was 6: 4,

manuf act ured hyar#FH Z2MANIn vidsampislesl- Bsardd Cavd NgaB88NEn BRE SRARErhahegoarse
particles 1s of al um num oxi de having a maxi mum particle size of at nost 75

pimand an ave@aigen Rdngle 3ize oftcedt prhdt GBhe AOmposBOUEACHEN €Heby Showa
Denko K. K.) and spherical fine particles of alum num oxi de having an

average partitlsuldzen®ilydr piad "ARBOAat Movuf act pseds byy2@aAdneteghs
Cor poration) were blended so that the total

epoxy resin comprising 70 mass% of a hydrogenated
bisphenol A epoxy resin having an epoxy equivalent of 201
(“Y¥X-800”, manufactured by Japan Epoxy Resins Co., Ltd.)
and 30 mass% of a hydrogenated bisphenol A epoxy resin

10 having an epoxy equivalent of 1,200 (“YL-7170",
manufactured by Japan Epoxy Resins Co., Ltd.), 48 parts
by mass of a polyoxypropylenediamine (mass ratio of "“D-
400" to “D-2000" was 6:4, manufactured by HARTZMAN) was
added as a curing agent, and spherical coarse particles

15 of aluminum oxide having a maximum particle size of at
most 75 um and an average particle size of 21 um (“CB-
A20”, manufactured by Showa Denko K.K.) and spherical
fine particles of aluminum oxide having an average
particle size of 0.6 um (“A0O-802"”, manufactured by

20 Admatechs Corporation) were blended so that the total
amount would be 65 vol% in the insulating layer (mass
ratio of spherical coarse particles to spherical fine
particles was 6:4). The evaluation results are shown in
Table 2-1.

25 EXAMPLE 2-3

A multilayer circuit board was prepared in the same

manner as in Example 2-1 and evaluated in the same manner



amount woul d be 65 vol % in the insulating |layer (nmass ratio of spherical
coarse particles to spherical fine particles was 6:4) The eval uation
results are shown in Table 2-1. 25 EXAMPLE 2-3 A nultilayer circuit board
was prepared in the sane nmanner as in Exanple 2-1 and evaluated in the sanme
manner 84 as in Exanple 2-1, except that to 100 parts by mass of a

bi sphenol A epoxy resin having an epoxy equi valent of 187 ("EPICLON 850-S",
manuf act ured by Dai ni ppon I nk and Chem cal's | ncorporated), 63 parts by nass

of a s pol yoxypy Oﬂi/'l?)?ﬁ'%%ﬁ pe1 (nBRsepl tRa0f oD d80pates” By /349" owag 6: 4,
manuf act ured by HARTZMAN) was added as a curing agent, and spherical coarse

particles of aliupmeie] oxi Vi&giA RE¥iAYMRaEbbgl€e§lii®aPEndt oF0DSR7/5 PM
and an averagéﬂﬁgrticle S?gghgf 211pn1("ég?AZO",énaku?gctu?ednlooby Showa

Denko K. K.) ang-gpherdgasssioe, pashhchesupba By UDRDHIpR¥hdenkayhag an
average particle size of 0.6 pm ("AO 802", manufactured by Adnmat echs

Cor poration) werémidiEsdedesppdbhatedhe t9tphresoypt mueyl debg 50 vol % in the
insulating layer (mass ratio of spherical coarse 1ls particles to spherical

fine particl espolgoBydiopfheneceyvahinegi onasesubt soabe showgorntdabbe 2-1.
EXAMPLE 2-4 A nmultilayer circuit board was prepared in the same manner as
in Exanpl e 2- Lemol evad uat €0 nantihecsapednBPnNBARTZAARS wasExadpbea2- &,
except that to 100 parts by mass of a hydrogenated bi sphenol A epoxy resin
havi ng an epoxyur &gyi ygden] ahd20fhérYXaB000arsavpatadctleedolfy alapanumpoxy
oxide having a maximum particle size of at most 75 um and
an average particle size of 21 um (“CB-A20”, manufactured
10 by Showa Denko K.K.) and spherical fine particles of
aluminum oxide having an average particle size of 0.6 um
(*AO-802", manufactured by Admatechs Corporation) were
blended so that the total amount would be 50 vol% in the
insulating layer (mass ratio of spherical coarse
15 particles to spherical fine particles was 6:4). The
evaluation results are shown in Table 2-1.
EXAMPLE 2-4
A multilayer circuit board was prepared in the same
manner as in Example 2-1 and evaluated in the same manner
20 as in Example 2-1, except that to 100 parts by mass of a
hydrogenated bisphenol A epoxy resin having an epoxy
equivalent of 201 (“YX-8000”, manufactured by Japan Epoxy
Resins Co., Ltd.), 60 parts by mass of a
polyoxypropylenediamine (mass ratio of “D-400” to “D-
25 2000” was 6:4, manufactured by HARTZMAN) was added as a

curing agent, and spherical coarse particles of aluminum

oxide having a maximum particle size of at most 75 pm and



Resins Co., Ltd.), 60 parts by mass of a pol yoxypropyl enedi am ne (nass
ratio of "D-400" to "D 25 2000" was 6:4, manufactured by HARTZMAN) was added
as a curing agent, and spherical coarse particles of alum num oxide having
a.maxi num particle size of at nost 75 pmand 85 an average particle size of
21 pm (" CB- A20", manufactured by Showa Denko K. K.) and spherical fine
particles of alum num oxide having an aveage particle size of 0.6 pm
("AOC 802", manufactured by Adnmat echs Corporation) were s bl ended so that the

total amunt vwoul gvdea§d yordhiletbezei Beubat g hayeiz(MsaahakhecAled
spherical coarse particles to spherical fine particles was 6:4). The

eval uation resgtshah® SENe KNk TAbARA 2sghe POVRARAThYEL EXAVRLEs20E 10 A

mul tilayer circuit board was prepared in the same nanner as in Exanple 2-1

and eval uat ed éruﬁimu@aagi@@nm@&ingSaﬁnaEzaaﬁéepar&ic@écgmketB@tot@ 4RO
parts by mass of a bisphenol A epoxy resin having an epoxy equival ent of

187 (" EPI CLON( 850- §02" manathaci ot €de@YbiPahahdPeBhsNBoapOrhsiGheMveaks
| ncorporated), 63 parts by mass of a pol yoxypropyl enedi am ne (nass rati o of
"D-400" tos'D-b2ON@EdWes bhd: thautacilUr edotiyt HAGRZEADE wBSvalddednagha
curing agent, and spherical coarse particles of alum num oxide having a
maxi mum parti clesslaeind bayaps{mdbSs ppaahd 30 aphaveécayecpartecl e size of 21
pm (" CB- A20", manufactured by Showa Denko K K.) and spherical fine
particles of @phonioles okddephaviogl afingepageipaesi ehe 6:2¢.0fTRe6 pm
("AO 802", manufactured by Admatechs Corporation) were blended so that the
total anmount wouhtubei8d vesddts &he shown in Table 2-1.
COMPARATIVE EXAMPLE 2-1
10 A multilayer circuit board was prepared in the same
manner as in Example 2-1 and evaluated in the same manner
as in Example 2-1, except that to 100 parts by mass of a
bisphenol A epoxy resin having an epoxy equivalent of 187
(“EPICLON 850-S”, manufactured by Dainippon Ink and
15 Chemicals Incorporated), 63 parts by mass of a
polyoxypropylenediamine (mass ratio of “D-400" to “D-
2000” was 6:4, manufactured by HARTZMAN) was added as a
curing agent, and spherical coarse particles of aluminum
oxide having a maximum particle size of at most 75 um and
20 an average particle size of 21 pum (“CB-A20”, manufactured
by Showa Denko K.K.) and spherical fine particles of
aluminum oxide having an average particle size of 0.6 um
(*A0-802", manufactured by Admatechs Corporation) were
blended so that the total amount would be 80 vol% in the
25 insulating layer (mass ratio of spherical coarse

particles to spherical fine particles was 6:4). The

evaluation results are shown in Table 2-1. The obtained



25 insulating layer (mass ratio of spherical coarse particles to spherical
fine particles was 6:4). The evaluation results are shown in Table 2-1. The
obtained 86 nultilayer circuit board had no substantial bendability and
coul d not be manually bent at roomtenperature, and it was bent at 90 by
means of a bending die and a press machine. Further, the wi thstand voltage
became | ow. 5 COVPARATI VE EXAMPLE 2-2 A myltilayer circuit board was
prepared in the sane nmanner as in Exanple 2-1 and evaluated in the sane

manner as in fRxBEPl By@r loi RXCEPIbEARE hA@ hOSHLBLEAHLLaYeheWaaLi T @ERd ON
an Al plate having a thickness of 1,500 pm 10 The evaluation resultsS are

shown in Tabl earkd leodh® ne&btve NgEntal 1y | ByeE &t redbh beapdrhadrBO and
substantial bendability and could not be manually bent at room

tenperature, and jisWesnbent abo I, Medmanse of wehendl ngie digg and, fe Pt €SS
machi ne. Various properties of the 15 nmultilayer circuit board are shown in

Table 2-1. LERMIXEE BXAMNIr 3-thel avitisiealid srdit 4s oodamd BEEXY resin
conprising 70 mass% based on the entire epoxy resin, of a hydrogenated 20
bi sphenol A epooyPARSTIVHEaEXAGPER BPRXY equival ent of 207 (" EXA-7015",
manuf act ured by Dai ni ppon I nk and Chem cals |Incorporated) and 30 nass% of a
hydr ogenat ed bi sphenalilAilepexyciesuithbshang @asepexyaced Val ehle ehmt 200
("YL- 7170", manufactured by Japan Epoxy Resins Co., Ltd.), 48 25 parts by
mass of a pol ymexype Dpys e dERampee (PasSandt évadiiate® 400t heosae2f@8hewas
6: 4, manufactured by HARTZMAN)
as in Example 2-1, except that the insulating layer was
formed on an Al plate having a thickness of 1,500 um.
10 The evaluation results are shown in Table 2-1. The
obtained multilayer circuit board had no substantial
bendability and could not be manually bent at room
temperature, and it was bent at 90° by means of a bending
die and a press machine. Various properties of the
15 multilayer circuit board are shown in Table 2-1.
LED MODULE
EXAMPLE 3-1
To 100 parts by mass of an epoxy resin comprising 70
mass%, based on the entire epoxy resin, of a hydrogenated
20 bisphenol A epoxy resin having an epoxy equivalent of 207
(“EXA-7015”, manufactured by Dainippon Ink and Chemicals
Incorporated) and 30 mass$%$ of a hydrogenated bisphenol A
epoxy resin having an epoxy equivalent of 1,200 (“YL-
7170"”, manufactured by Japan Epoxy Resins Co., Ltd.), 48
25 parts by mass of a polyoxypropylenediamine (mass ratio of

“D-400” to “D-2000” was 6:4, manufactured by HARTZMAN)

was added as a curing agent, and spherical coarse



was added as a curing agent, and spherical coarse 87 particles of alum num
oxi de*having a maxi num particle size of at nost 30 pm an average particle
size of 10 pm and a sodiumion concentration of 90 ppm (" DAWI 0",
manuf act ured by Denki Kagaku Kogyo Kabushi ki Kai sha) and s spherical fine
particles of alum num oxide having an average particle size of 0.7 pmand a
sodiumion concentration of 8 ppm ("AKP-15", manufactured by Sumtono

Chem cal Co., Ltd.) were blended so that the total anmount would be 50 vol %

in an insulatipgrtayees10s(HASHiHAN 0x9keSPRYIhEAh GRKIFRPH il aS to
spherical fine particles was 7:3), and an insulating | ayer 'was forned on a

copper foil hauing art BkckBess30of 1k8 BM a%@rafeabalthie il einessaftencuring
woul d be 50 pim Then, a copper foil having athickness of 18 pmwas 15

bonded, followgddby Beatungibe thetemkhutalhe ofheo iphall @G dawyer, to
obtain a nmetal base board having a chloride ion concentration of at nost

300 ppm basedmaAufbbeuesti b§ bRakADKaLLkAg K6EFoN Kabuldhe KinKH iadH0g driyer
and a sodiumion concentration of at nost 50 ppm based 20 on the entire

inorganic f4llgpherithe FAsEl phirRdclageof AWMk nfi@sSRRGdd Bdiadeial base
board, predeterm ned positions were masked with an etching resist, and the

copper foil wasveuwhpecpagttielet ghizegofThern, phhendt chisk@iviesicd was renoved
to forma circuit thereby to obtain a 25 netal base circuit board.

Thereafter, a eoeweehayabavhngf 8 phinCkrex®-af ]2 anpmacthldedFigsX CKSE",
manuf actured by N KKAN I NDUSTRIES CO., LTD.) was bonded to the netal base
88 Sumitomo Chemical Co., Ltd.) were blended so that the
total amount would be 50 vol% in an insulating layer
10 (mass ratio of spherical coarse particles to spherical
fine particles was 7:3), and an insulating layer was
formed on a copper foil having a thickness of 18 um, so
that the thickness after curing would be 50 pm.
Then, a copper foil having a thickness of 18 pm was
15 bonded, followed by heating to thermally cure the
insulating layer, to obtain a metal base board having a
chloride ion concentration of at most 300 ppm, based on
the entire thermosetting resin in the insulating layer
and a sodium ion concentration of at most 50 ppm, based
20 on the entire inorganic filler in the insulating layer.
With respect to the metal base board, predetermined
positions were masked with an etching resist, and the
copper foil was subjected to etching. Then, the etching
resist was removed to form a circuit thereby to obtain a
25 metal base circuit board. Thereafter, a coverlay having

a thickness of 12.5 pm (“NIKAFLEX CKSE”, manufactured by

NIKKAN INDUSTRIES CO., LTD.) was bonded to the metal base



circuit board other than the conponent-nmounted portion and the input
termmpnal portion, to reinforce the board. Then, by neans of a press-punching
apparatus provided with a Thonpson di e having the sanme shape as the s
desired slit shape, the netal foil, the insulating | ayer and the coverl ay
were partially renoved at the portion where the conductive circuit and

el ectrodes were not forned, to process 80% relative to the Iength of the
bendi ng portion thereby to obtain a netal base circuit io board capabl e of

bei ng easily bgat.i,n¢! ydi I | i a.Ccream
sol der ("NWOS"?Eﬁghu?aggaggdbgﬁerg§%%§§%@%a?ckﬁﬁﬁg%%iqg%gﬁﬂ%% .Iﬁﬁgggapplied

to electrodes ,ah the GAPRENeRLWIAWAL HAGtRGH T @) Qfe tf1e, /Rl %h@%%ff.
circuit board by screen printing, and LED ("NFSWO36B", nanufactured by

Ni chi a Cor por at i on)rress MRURR D SY e sd Gl i fhesgaltorys by means of a
bending jig made of stainless steel processéd to have a wdth of 200 nm a

thi ckness of Op@oiridand wa thadl 4 dpseol BT QAh PGS | A2 GIRGING D hdm
the nmetal base circuit board was bent with a radius of curvature of 0.3 mm

so that thes sl gespeetl @nitolshahpe ,Mmehal rease @Jiqui trrRoanthums il udad: and
fixed to an alum num case having a thickness of 1 mmby neans of a heat

conductive adhgsivehkapeveirQa@biire palftRadl ymaddlRre Bt hehd Pdavidig
nmet hods, (1) tensile strength at roomtenperature, (2) bendability at room

tenmperature, 8Qhef3) tBeakuaiduet idfe eadrduGlt WL id@dtroded wddsiand
voltage at the tine of bending, and (5) el ectromagnetic

formed, to process 80% relative to the length of the
bending portion thereby to obtain a metal base circuit

10 board capable of being easily bent including the
processed slit portion.

Further, a cream solder (“M705”, manufactured by

Senju Metal Industry Co., Ltd.) was applied to electrodes
at the component-mounting portion of the metal base

15 circuit board by screen printing, and LED (“NFSW036B”,
manufactured by Nichia Corporation) was mounted by solder
reflow. Thereafter, by means of a bending jig made of
stainless steel processed to have a width of 200 mm, a
thickness of 0.6 mm and a radius of curvature of one side

20 being 0.3 mm, the metal base circuit board was bent with
a radius of curvature of 0.3 mm so that the slit portion
of the metal base circuit bocard was included, and fixed
to an aluminum case having a thickness of 1 mm by means
of a heat conductive adhesive tape, to obtain a LED

25 module.

By the following methods, (1) tensile strength at

room temperature, (2) bendability at room temperature,



wave- absorbi ng properties were neasured. (1) Tensile strength at room
tenperature s The netal base circuit board was processed into 10 mmx 100
nm and in a tenperature atnosphere of 251C, the strength at the tinme of
br.eakage of the netal base circuit board, was neasured by a Tensilon
tensile strength tester and taken as the tensile strength. 10 (2)
Bendability at roomtenperature The netal se circuit board was processed
into 10 nmmx 100 nm and in a tenperature "atnosphere of 251C, one capable

of being bent af)ad,2Pgheioh 8t bsﬁaace%e%wc@iﬁadi(@g Rf tfUEUalure of 0.5

mmto the conductive is circuit-forned surface side and the side opposite to

the CondUCtiV@oP&é@@iétfﬁﬁéﬁgiﬁéréﬁcﬁeH&iH§§haHé”@@% vag ctiegagHed 12s
"Good", and a case where it was necessary t0 use a bending die and a press

machi ne at theydvdeawéorbangybPOpUtitBewbendnagsuyag . regarded as "No good”.
20 (3) Evaluation of conductive circuit In a tenperature atnosphere of 251C

a stabilized ppyerefiguleesrasngennget edohotthpeehtaraed LED module, and
LED was illumnated for at |least 1 hour by conducting an electric current

of 150 mA under a vRktageadfbiBeVcifcdItCasarahete bEBCWRSLd liWdated for
at least 1 hour at that tinme, was regarded as "Good", and a case where LED

was not illummpated; @6 dhl ughaatgdaf eempesartibanatmbepher@0o£as hegarded as
"No good". (4) withstand voltage at the tine of bending In a staie where the

met al base cire¢hiktsbpangthast brst tahe90fWotBakRagadbestht aurwat bageof 0.3
mm t he

circuit board, was measured by a Tensilon tensile
strength tester and taken as the tensile strength.

10 (2) Bendability at room temperature

The metal base circuit board was processed into 10

mm x 100 mm, and in a temperature atmosphere of 25+1°C,
one capable of being bent at an angle of at least 90°
with a radius of curvature of 0.5 mm to the conductive

15 circuit-formed surface side and the side opposite to the
conductive circuit-formed surface by both hands, was
regarded as “Good”, and a case where it was necessary to
use a bending die and a press machine at the time of
carrying out the bending, was regarded as “No good”.

20 (3) Evaluation of conductive circuit

In a temperature atmosphere of 25+1°C, a stabilized

power source was connected to the obtained LED module,
and LED was illuminated for at least 1 hour by conducting
an electric current of 150 mA under a voltage of 10 V. A

25 case where LED was illuminated for at least 1 hour at

that time, was regarded as “Good”, and a case where LED

was not illuminated or illuminated for less than 1 hour,



s wthstand vol tage between the conductive circuit and the base netal foi
(Cu foil) was neasured by a stepwi se pressure-raising nethod as prescribed
in JIS C2110. (5) Electromagnetic wave-absorbing properties Wth respect the
obt ai ned board, the el ectronmagnetic 10 wave-absorbing properties were
measured at frequencies of 300 MHz and 1 GHz by neans of a network anal yzer
(8517D, manufactured by Agilent Technol ogies). For the absorbing
properties, the absorption ratio (PIoss/Piﬁf was cal culated fromthe results

of neasurenent ,9f ggéggggaogs hYoS ?ggah S11 and transm ssion signal S21 of
magnetic waves on [ine by nmeans of a microstrip line nethod. The results

are shown in Tﬁbbewgtﬁstg%d Uo@%a@E gt‘%%e thn@Jo@fbédaﬂﬂgw --1J- AS1N
000J-) (D1~ 0) SNO G B w(Ti 3(dal

(Ti N Il U-rl1 N 0Ihla %%aﬁé %ﬁeké k%eAm%%aJZH%s@ cﬂ}d&ﬂ%'ﬁoardl$aé ? UCN
0010 'OOO00 vO1"'" NOOT", W(Ti 3rt Q- ,Q

bent at 90° with a radius of curvature of 0.3 mm, the
5 withstand voltage between the conductive circuit and the
base metal foil (Cu foil) was measured by a stepwise
pressure-raising method as prescribed in JIS C2110.
(5) Electromagnetic wave-absorbing properties
With respect the obtained board, the electromagnetic
10 wave-absorbing properties were measured at frequencies of
300 MHz and 1 GHz by means of a network analyzer (8517D,
manufactured by Agilent Technologies). For the absorbing
properties, the absorption ratio (Ploss/Pin) was
calculated from the results of measurement of reflection
15 signal S11 and transmission signal S21 of magnetic waves
on line by means of a microstrip line method.

The results are shown in Table 3-1.
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}-14-3J ECuri NinU ri UN((1) m(1) d | ri minm-1 m-rl m-rl m
-rlm 41 41 41 iJ inNU (1) rt (1) rt U rd (1) rd 4 HS r-1 S4 HS4 H
ki HaaadrdaroardO4 EEEaEaEaEaE PQrdlidIt ENEIdE
ld EId r~kkxOkO0Ox05C0k EWWWUWUWUWU W92 EXAMPLE 3-2
To 100 parts by mass of an epoxy resin conprising 70 nmass% based on the

entire epoxy resin, of a hydrogenated bi enol A epoxy resin having an
epoxy equi val ent of 207 5 ("EXA-7015", manufactured by Dai ni ppon Ink and
Chem cal s | ncggpepat eg)>and 30 mass% of a hydrogenated bi sphenol A epoxy
resin having an epoxy equivalent of 1,200 ("YL- 7170", manufactured by Japan

Epoxy Resins Co., tbdido ﬁﬁrtgabpsmbysnaﬁsaﬁfegoa9lyeéyaregmgga%QE$Wb@e
(mass ratio of 10 "D-400" to "D-2000" was 6:4, nanufactured by HARTZMAN)

was added as angsiés NIbAGEA on aflde SPhET 6 abpERAT 8851 AT bE ChehyakogkHRBYM
oxi de having a maxi num particle size of at nost 30 pm an average particle

size of 10 pmbagsheénsDdh UspoRy £e8CENhEAihgNafe exppagﬁiﬁﬁMéﬁ@"ofi§p7

manuf act ured by Denki Kagaku Kogyo Kabushi ki Kai sha) an spherical fine

particles af alvmExaund dxT demdnavfagt@ned by Dainippon Ink and Chemicals
Incorporated) and 30 mass% of a hydrogenated bisphenol A
epoxy resin having an epoxy equivalent of 1,200 (“YL-
7170”, manufactured by Japan Epoxy Resins Co., Ltd.), 48
parts by mass of a polyoxypropylenediamine (mass ratio of

10 “D-400"” to “D-2000" was 6:4, manufactured by HARTZMAN)
was added as a curing agent, and spherical coarse
particles of aluminum oxide having a maximum particle
size of at most 30 um, an average particle size of 10 um
and a sodium ion concentration of 90 ppm (“DAW-10",

15 manufactured by Denki Kagaku Kogyo Kabushiki Kaisha) and
spherical fine particles of aluminum oxide having an
average particle size of 0.7 um and a sodium ion
concentration of 8 ppm (“AKP-15"”, manufactured by
Sumitomo Chemical Co., Ltd.) were blended so that the

20 total amount would be 50 vol% in an insulating layer
(mass ratio of spherical coarse particles to spherical
fine particles was 7:3), and an insulating layer was
formed on a copper foil having a thickness of 18 um, so
that the thickness after curing would be 50 um.

25 Then, a copper foil having a thickness of 18 um was
bonded, followed by heating to thermally cure the

insulating layer thereby to obtain a metal base board



average particle size of 0.7 pmand a sodiumion concentration of 8 ppm
("AKP- 15", manufactured by Sum tono Chemi cal Co., Ltd.) were blended so
that the 20 total anount would be 50 vol % in an insulating |ayer (nass
ratio of spherical coarse particles to spherical fine particles was 7:3),
and an insulating layer was forned on a copper foil having a thickness of
18 pim so that the thickness after curi woul d be 50 um 25 Then, a
copper foil having a thickness of 18 pmwas bonded, followed by heating to

thermally curendfengi Asehbiide! B¥RT cLABERPY AL PoRbLRI ramBREak gBagpmdoard 93
having a chloride ion concentration of at nbst 300 ppm based on"the entire

thernosetting p£séd &R the ensulat tR8rmbayetiAgdrassadi HMhaniganggRtinati on
of at nost 50 ppm based on the entire inorganic filler in the insulafing 5

layer. Wth resppst ddthesdBiah basecbpacdcrRt edat 8ENMhRedosPOSht bpRS were
masked with an etching resist, and the copper foil was subjected to

etching. Then,pibedebehtRg ehesist iMBsgaamMBVEd1lerf 9aMAeCiheulbttingreby to
obtain a 10 netal base circuit board. Thereafter, a coverlay having a

thi ckness a&f 12apepm ("N KAFLEX CKSE", manufactured by N KKAN | NDUSTRI ES
CO., LTD.) was bonded to the netal base circuit board other than the

conponent - nount ed wothi easpand tbethaptkbther Bhsal bpart, oprede te@iiiineidce t he
board. is Then, a l|ayer having a magnetic | oss nade of a nagnetic nmaterial
havi ng an aspesdstalbnsofiedeandsihad eighnan btoaHeéngnetetkal,, aaddthavi ng a
content of the magnetic material of 50 vol % and a thickness of 30 pm
copper foil was subjected to etching. Then, the etching
resist was removed to form a circuit thereby to obtain a

10 metal base circuit board. Thereafter, a coverlay having
a thickness of 12.5 pm (“NIKAFLEX CKSE”, manufactured by
NIKKAN INDUSTRIES CO., LTD.) was bonded to the metal base
circuit board other than the component-mounted portion
and the input terminal portion, to reinforce the board.

15 Then, a layer having a magnetic loss made of a
magnetic material having an aspect ratio of 4 and an
organic binder material, and having a content of the
magnetic material of 50 vol% and a thickness of 30 um,
was formed on the top surface of the coverlay.

20 Then, by means of a bending jig made of stainless
steel processed to have a width of 200 mm, a thickness of
0.6 mm and a radius of curvature of 0.3 mm on one side,
the metal foil, the insulating layer, the coverlay and
the layer having a magnetic loss, were partially removed

25 at the portion where the conductive circuit and

electrodes were not formed, to process 80% relative to

the length of the bending portion, thereby to obtain a



was fornmed on the top surface of the coverlay. 20 Then, by neans of a
bendi-ng jig made of stainless steel processed to have a wwdth of 200 nm a
t hi ckness of 0.6 mmand a radius of curvature of 0.3 mmon one side, the
metal foil, the insulating |layer, the coverlay and the |ayer having a
magnetic | oss, were partially renoved 25 at the portion where the conductive
circuit and electrodes were not forned, tg process 80%relative to the

| engt h of the bending portion, thereby to obtain a 94 netal base circuit

board capabl e gpéthei pgseasiky¥ubenboarickugbpdet be Beaeesead ighi ther@rtion.
Then, a cream sol der ("M/05", manufactured by Senju Metal Industry Co.,

Ltd.) was appl igdltaigsyeecheogescaksadt Beigopperenh- nounting portion of the
netal base circuit board by screen printing, and LED (" NFSWO36B",

manuf actured by N chia,Car peeaii Goldss (Mottsed Marsdgdfrurd®pweniu
Thereafter, the netal base circuit board was bent wth a radius of
curvature of OM3tailn $adubakyt e.]0Lskl.) pakt applakd e rAlealt doake Gig cuit
board woul d be included, and fixed to an alum num case having a thickness
of 1 nmm by sreankeotompbaahteanduttnge padhésnvef tapemethdr éasd @iatditn a
LED nodul e. Evaluation was carried out in the same manner as in Exanple
3-1, and the 1lboaedubyssareeshpwinitinfabbed3LiED (EXMERIOE6®R”3 To 100 parts by
mass of an epoxy resin conprising 70 mass% based on the entire epoxy
resin, of a hydangéaatededbbgpNerdliaACeppoyatesinn haws mpuarteshioyy sedquieral ent
of 207 20 ("EXA-7015", manufactured by Daini ppon I nk and Chemi cal s
reflow. Thereafter, the metal base circuit board was
bent with a radius of curvature of 0.3 mm so that the
10 slit portion of the metal base circuit board would be
included, and fixed to an aluminum case having a
thickness of 1 mm by means of a heat conductive adhesive
tape, thereby to obtain a LED module. Evaluation was
carried out in the same manner as in Example 3-1, and the
15 results are shown in Table 3-1.
EXAMPLE 3-3
To 100 parts by mass of an epoxy resin comprising 70
mass%, based on the entire epoxy resin, of a hydrogenated
bisphenol A epoxy resin having an epoxy equivalent of 207
20 (“EXA-7015”, manufactured by Dainippon Ink and Chemicals
Incorporated) and 30 mass% of a hydrogenated bisphenol A
epoxy resin having an epoxy equivalent of 1,200 (“YL-
7170”, manufactured by Japan Epoxy Resins Co., Ltd.), 48
parts by mass of a polyoxypropylenediamine (mass ratio of
25 “D-400” to “D-2000" was 6:4, manufactured by HARTZMAN)

was added as a curing agent, and spherical coarse

particles of aluminum oxide having a maximum particle



| ncor porated) and 30 mass% of a hydrogenat ed bi sphenol A epoxy resin having
an epoxy equivalent of 1,200 ("YL- 7170", manufactured by Japan Epoxy Resins
Co., Ltd.), 48 parts by nmass of a pol yoxypropyl enedi am ne (nmass ratio of 25
"D400" to "D 2000" was 6:4, manufactured by HARTZMAN) was added as a
curing agent, and spherical coarse particles of alum num oxide having a
maxi mum particle 95 size of at nost 30 prg: an average particle size of 10
pm and a sodiumion concentration of 90 ppm ("DAW 10", manufactured by

Denki Kagaku Kogyo Kabushiki Kahsha) Qﬂdayé?@&éiﬁQ%t%EQEpB@EEiBkeﬁoohm

al um num oxi de having an 5 average particle sfze o m and a sodi um i on

concentration 9fq8; pRau{ uAKPedSconfBREL I HRhedE DY SHI Y epRKCAgM cal Co. ,
Ltd.) were blended so that the total amunt would be 50 vol % in an

insulating | ayginufgessreat b9 pbnrPhraGSRL RO8USEKABULLkESkhespRhebhgal 10
fine particles was 7:3), and an insulafing | ayer was fornmed on a copper

foil having a shhekiness Pind8pRfti&lestHat alhmihlinckress abi,fhgCUhi ng woul d
be 50 pm Then, a copper foil having a thickness of 18 pmwas bonded,

foll owed by heabdpggéophheinnk! ¥igurert bev1lhmi aYl at kBaibayebnt hereby to
obtain a nmetal base board having a chloride ion concentration of at nost

300 ppm basegbwrehbeatbhr 6ft Bepprserhkngibesi nahGrfhbeuragubgti ng | ayer
and a sodiumion concentration of at nost 50 ppm based on the entire

inorganic fillstimitohbechaautaliog.20Ltayer we¥et Bleagpackot ehbethet al base
board, predeterm ned positions were masked with an etching resist, and the

total amount would be 50 vol% in an insulating layer
(mass ratio of spherical coarse particles to spherical

10 fine particles was 7:3), and an insulating layer was
formed on a copper foil having a thickness of 18 um, so
that the thickness after curing would be 50 pm.

Then, a copper foil having a thickness of 18 um was

bonded, followed by heating to thermally cure the

15 insulating layer thereby to obtain a metal base board
having a chloride ion concentration of at most 300 ppm,
based on the entire thermosetting resin in the insulating
layer and a sodium ion concentration of at most 50 ppm,
based on the entire inorganic filler in the insulating

20 layer.

With respect to the metal base board, predetermined

positions were masked with an etching resist, and the
copper foil was subjected to etching. Then, the etching
resist was removed to form a circuit thereby to obtain a

25 metal base circuit board. Thereafter, a coverlay having

a thickness of 12.5 um (“NIKAFLEX CKSE”, manufactured by

NIKKAN INDUSTRIES CO., LTD.) was bonded to the metal base



copper foil was subjected to etching. Then, the etching resist was renoved
to forma circuit thereby to obtain a 25 netal base circuit board.
Thereafter, a coverlay having a thickness of 12.5 pm ("N KAFLEX CKSE",
manuf actured by N KKAN I NDUSTRIES CO., LTD.) was bonded to the netal base
96 circuit board other than the conponent-nmounted portion and the input
termnal portion, to reinforce the board. Epen a layer having a dielectric
| oss made of a carbon powder bei ng boron- %ol'i d- sol ubi Ii zed car bon black s

having a speci£iccantipeg,araanel 1A9nehO BBALARCALeRbERh LosiatvIty of

at nost 0.1 n cmby J and an organic materi a aV|ng a

content of th&&afﬁgnlﬁgw@eﬁe%léglvgbfweﬂ atbhkel;{g%%c%f £ 3@ I%@abr&fvas

formed on the top surface of the coverlay. 10 means of a bendi ng

jig made of stainleggn, She‘?claygﬁroﬁg%'%‘ﬁ% taodﬁé‘i%c%r‘&‘cdtl%s%f e R £

thi ckness of 0.6 mmand a radi us of curvature of 0.3 nmon one side, the

metal foil, th@akﬁéﬂ'ﬁék&@r'ﬁéﬁ@ﬁg EB?OH()!@EEé)ls@ﬁJleﬁ.lﬂ%eﬁa)ﬁ%&b%%V'b'i%c@c
dielectric loss, were partially is renoved at the portion where the

conductive i rﬁémn%ng sgbeckiedearvgre RPLaf BEMREo (O/ QT 958S8n80% rel ative
to the length of the bending portion, thereby to obtain a netal base

circuit board cepaplecQi P@bﬁgt%%tkﬁ;o?e% mbB¢! 4dhng L& Procesgpds sl it

portion. 20 Then, a cream sol , manufactured by Senju Meta
I ndustry Co. &ﬁd énm@§gaﬁﬁblBQnHQrEhQQEEQQ@S ahd hheiegnpoReRM-RRURE Ng

portion of the metal base circuit board by screen printing, and LED
("NFSWOB6B", neRdf agtybadpbydbi-cBEasGoiporatbnan) Was crewaked by osehder
was formed on the top surface of the coverlay.
10 Then, by means of a bending jig made of stainless
steel processed to have a width of 200 mm, a thickness of
0.6 mm and a radius of curvature of 0.3 mm on one side,
the metal foil, the insulating layer, the coverlay and
the layer having a dielectric loss, were partially
15 removed at the portion where the conductive circuit and
electrodes were not formed, to process 80% relative to
the length of the bending portion, thereby to obtain a
metal base circuit board capable of being easily bent
including the processed slit portion.
20 Then, a cream solder (“*M705”, manufactured by Senju
Metal Industry Co., Ltd.) was applied to electrodes at
the component-mounting portion of the metal base circuit
board by screen printing, and LED (“NFSW036B”,
manufactured by Nichia Corporation) was mounted by solder
25 reflow. Thereafter, the metal base circuit board was

bent with a radius of curvature of 0.3 mm so that the

slit portion of the metal base circuit board would be



25 reflow. Thereafter, the netal base circuit board was bent with a radius
of curvature of 0.3 mmso that the slit portion of the netal base circuit
board woul d be 97 included, and fixed to an al um num case having a

t hi ckness of 1 nmm by neans of a heat conductive adhesive tape, to obtain a
LED nodul e. Evaluation was carried out in the same manner as in Exanple
3-1, and the results are 5 shown in Tablgyﬁ-l. COMPARATI VE EXAMPLE 3-1 A
nmetal base circuit board was obtained by carrying out the sane treatnent as

in Exanple 3-1; eXfeply ! halg NPixL 4! E‘J;Oéﬁeﬁg&hieﬂfmt bgsbogLgiRy Qonding a

coverlay, and no 10 slit processing at t ndi ng portion, “were carried
out. Then, a cfeapmsOLldsf {" M08y, mORALT ST M 8EaPY cSRALML 1 VB alnkRdyst ry

Co., Ltd.) was applied to el ectrodes at the conponent-nounting portion of

the nmetal base.gh&cuid b A BYLEST REGUPE! NTEAG u Ak BRL £ " NERVO38B e i S
manuf actured by Ni chia Corporation) was nounted by solder reflow

Thereafter, the,nehal shASemEhhEHI LsboAr 8 ¥@81P80E  Wahh 8nbadidsiel are
curvature of 0.3 mmand fixed to an alum num case having a thickness of

mm by neans of sRowhest t€gpdactiye adhesive tape, to obtain a LED nodul e. 20
Eval uation was carried out in the sanme manner as in Exanple 3-1, and the

results are shewwpipatedkerdanprLr COMPARATI VE EXAMPLE 3-2 A netal base
circuit board was obtained by carrying out the sane treatnent as in Exanple

3-1 except that noa #étshibapeoegssing Bbathewhendibhe iped b9 aasGaly | ed
out. Then, a cream solder ("MO05", manufactured by Senju
out the same treatment as in Example 3-1 except that no
reinforcement of the board by bonding a coverlay, and no

10 slit processing at the bending portion, were carried out.

Then, a cream solder (“M7057, manufactured by Senju
Metal Industry Co., Ltd.) was applied to electrodes at
the component-mounting portion of the metal base circuit
board by screen printing, and LED (“NFSW036B”,

15 manufactured by Nichia Corporation) was mounted by solder
reflow. Thereafter, the metal base circuit board was
bent with a radius of curvature of 0.3 mm and fixed to an
aluminum case having a thickness of 1 mm by means of a
heat conductive adhesive tape, to obtain a LED module.

20 Evaluation was carried out in the same manner as in
Example 3-1, and the results are shown in Table 3-1.
COMPARATIVE EXAMPLE 3-2

A metal base circuit board was obtained by carrying
out the same treatment as in Example 3-1 except that no

25 slit processing at the bending portion was carried out.

Then, a cream solder (*M705”, manufactured by Senju

Metal Industry Co., Ltd.) was applied to electrodes at



Metal Industry Co., Ltd.) was applied to el ectrodes at 98 the
conponent - nounting portion of the nmetal base circuit board by screen
printing, and LED ("NFSWB6B", manufactured by N chia Corporation) was
nounted by solder reflow Thereafter, the metal base circuit board was s
bent with a radius of curvature of 0.3 mmand fixed to an alum num case
havi ng a thickness of 1 nm by neans of a eat conductive adhesive tape, to
obtain a LED nodule. Evaluation was carried out in the same manner as in

Exampl e 3-1, apdetBEnpEIEhE SmBLALSAGWBoLRLAPLE Bnl. md@ 2 YONBARATL YE FXAVPLE

3-3 A netal base circuit board was gﬁ?alneg by carrying out the sane

treatment as iPokX@mples3rdef*pePht anbaVsha DB NOndcHBEREL C | 0ss, made of
a magnetic materi al aving an aspect “ratio of 1, and an organi c bi nder 15

material, and havihpgceulBECkpesscRia2cdkpbandiansoRhenthonht clheyMRYIGELC
material of 20 vol% was forned on the top surface of the coverlay. Then, a

cream sol der (r&FPsyw. mBaudactided dive SROjaN DLl 1 PdUst r¥oLRd, whtd. ) was

applied to el ectrodes at 20 the conponent-nounting portion of the netal

base circuid Beafdwbyhsar eafinki BEi BArvabdrbEDe( ONESWEBERG, skl @et wred by
Ni chi a Corporation) was nounted by solder reflow Thereafter, the netal

base circuit bgandiMas cheat h¥i/iAgaar adibEneEsCHEVat Hneb9f madsm@rsa t hat
the 25 slit portion of the netal %ase circuit board would be included, and

fixed to an alwghbupsbeasethaxi AghasitBi ekpesstof obtaAmby meanmodii1a heat
conductive adhesive 99
Evaluation was carried out in the same manner as in
Example 3-1, and the results are shown in Table 3-1.
10 COMPARATIVE EXAMPLE 3-3
A metal base circuit board was obtained by carrying
out the same treatment as in Example 3-2 except a layer
having a magnetic loss, made of a magnetic material
having an aspect ratio of 1, and an organic binder
15 material, and having a thickness of 2 um and a content of
the magnetic material of 20 vol%, was formed on the top
surface of the coverlay.
Then, a cream solder (“M705”, manufactured by Senju
Metal Industry Co., Ltd.) was applied to electrodes at
20 the component-mounting portion of the metal base circuit
board by screen printing, and LED (“NFSW036B”,
manufactured by Nichia Corporation) was mounted by solder
reflow. Thereafter, the metal base circuit board was
bent with a radius of curvature of 0.3 mm so that the
25 slit portion of the metal base circuit board would be

included, and fixed to an aluminum case having a

thickness of 1 mm by means of a heat conductive adhesive



tape, to obtain a LED nodul e. Evaluation was carried out in the same nmanner
as in Exanple 3-1, and the results are shown in Table 3-1. COVPARATI VE
EXAMPLE 3-4 s A netal base circuit board was obtained by carrying out the
saire treatnment as in Exanple 3-3 except that a |ayer having a dielectric

| oss, made of a carbon powder being boron-solid-solubilized carbon bl ack
having a specific surface area of 10 nR/g gnd a volune resistivity 10 of
0.2 mby JI'S K1469, and an organic bi nde? material, and having a content

of the car bon pauler (af o u9k¥andin nchiieknegsaohia? s uf s LOGTRG, Gl he

top surface of the coverlay. Then, a cream sol der manuf act ured by

Senju 15 Metal; 'E‘lil'ésts'é}ﬁec%'a]gmletxd'a)s \5@3]5 E@c%@’?l%d 1.9 ela@'g%;tﬁ%esréaéulégeare

conponent - nounting portion of the netal basé€ circui't by screen

printing, and LER.& NESWOBAR' 5 _Aanuf actured by N chia Corporation) was
nmounted by solder reflow Thereafter, the nmetal base circuit board was 20

bent wth a radiompaphTawEYakiveref 3043 Mm so that the slit portion of the
metal base circuit board would be included, and fixed to an al um num case

having a t4i cknesqy gfeth1MBAue mEansitf bRty Lo i Ve adhesi veyihgpe, to
obtain a LED nodul e. Evaluation was carried out 23 in the sane manner as in

Exanpl e 3-1, apttt kel Skl $ @@ mesitows i Eolhng 13 b - Idadde O WNIT 100
EXAMPLE 4-1 To 100 parts by mass of an epoxy resin conprising 70

layer having a dielectric loss, made of a carbon powder
being boron-solid-solubilized carbon black having a
specific surface area of 10 m’/g and a volume resistivity

10 of 0.2 Qecm by JIS K1469, and an organic binder material,
and having a content of the carbon powder of 4 vol% and a
thickness of 2 um, was formed on the top surface of the
coverlay.

Then, a cream solder (“*M705”, manufactured by Senju

15 Metal Industry Co., Ltd.) was applied to electrodes at
the component-mounting portion of the metal base circuit
board by screen printing, and LED (“NFSW036B”,
manufactured by Nichia Corporation) was mounted by solder
reflow. Thereafter, the metal base circuit board was

20 bent with a radius of curvature of 0.3 mm so that the
slit portion of the metal base circuit board would be
included, and fixed to an aluminum case having a
thickness of 1 mm by means of a heat conductive adhesive
tape, to obtain a LED module. Evaluation was carried out

25 in the same manner as in Example 3-1, and the results are

shown in Table 3-1.

LIGHT SOURCE UNIT



mass% based on the entire epoxy resin, of a hydrogenated bisphenol A epoxy
resi nr havi ng an epoxy equi val ent of 207 s ("EXA-7015", manufactured by
Dai ni ppon I nk and Chemi cals Incorporated) and 30 mass% of a hydrogenat ed
bi.sphenol A epoxy resin having an epoxy equivalent of 1,200 ("YL- 7170",
manuf act ured by Japan Epoxy Resins Co., Ltd.), 48 parts by mass of a

pol yoxypropyl enedi am ne (nmass ratio of 10 "9-400" to "D-2000" was 6: 4,
manuf act ured by HARTZMAN) was added as a curing agent, and spherical coarse
particles of abuiptin #xide having a maxi num particle size of at nost 75
}1m an average particle size of 21 pm and a sodiumion concentration of 10

ppm (" CB-A20", 15 @@nubachured By shewacBenko ioky) raRd s pheidcalidd e

particles of alum num oxi de having an average parficle size of 0.7 pmand a

sodi umion congeatsatbeBeqf of PRA eht AKE- dpoxiarubagt ubed JbyyaiBAiR eq
Chem cal Co., Ltd.) were blended so that the total amunt woul d be 50 vol %

in 20 an insulpiipHehdyer &pBa§$ takif HBviﬁﬁeéhCéFp&?aéaﬁivﬁébhkcE&S2%@
spherical fine particles was 7:3), and an insulating |ayer was forned on a

copper foils hayitngaayot b ckingasrattdbeli By daihRabohhenkhiagknesemifthars _
curing would be 100 pm Then, a copper foil having a thickness 25 of 35 pim

was bonded, fotheyegobyrbaptang 80 hhekrabkya ayueohbBaaieIUlAkphgncayar, to
obtain a nmetal base board having a chloride ion concentration of at nopst

300 ppm 101 bpsed eesihehgdinhgeahhepoRgetjungalesinoifn 1t 2@ oi nswiLat i ng

| ayer and a sodiumion concentration of at nost 50 ppm based on the entire

inorganic filler7on, thhenufsadtaredgbyl agphn Epoxy Resins Co., Ltd.), 48
parts by mass of a polyoxypropylenediamine (mass ratio of

10 “D-400" to “D-2000” was 6:4, manufactured by HARTZMAN)
was added as a curing agent, and spherical coarse
particles of aluminum oxide having a maximum particle
size of at most 75 um, an average particle size of 21 ym
and a sodium ion concentration of 10 ppm (“CB-A20”,

15 manufactured by Showa Denko K.K.) and spherical fine
particles of aluminum oxide having an average particle
size of 0.7 pm and a sodium ion concentration of 8 ppm
(*AKP-15, manufactured by Sumitomo Chemical Co., Ltd.)
were blended so that the total amount would be 50 vol% in

20 an insulating layer (mass ratio of spherical coarse
particles to spherical fine particles was 7:3), and an
insulating layer was formed on a copper foil having a
thickness of 35 pm, so that the thickness after curing
would be 100 pym. Then, a copper foil having a thickness

25 of 35 um was bonded, followed by heating to thermally

cure the insulating layer, to obtain a metal base board

having a chloride ion concentration of at most 300 ppm,



5 Wth respect to the netal base board, predeterm ned positions were masked
with an etching resist, and the copper foil was subjected to etching. Then,
the etching resist was renoved to forma circuit thereby to obtain a netal
base circuit board. io For the heat conductive adhesive tape, 10 nmass% of
acrylic acid ("AA", manufactured by TOAGOSEI CO., LTD.) was mxed to 90
mass% of 2-et hyl hexyl acrylate ("2EHA", AL pufactured by TOAGOSEI CO., LTD.)
having 10 mass% of acryl rubber ("AR—53L manuf act ured by ZEON

CORPORATI ON) 1155 66 § S&h Vel @ﬂglgeStHE§§8@@£tPH§tQQQHMWEE'%ﬁE'Qﬂsh@bEhﬁbor
2, 2- dlnethoxy 1, 2- di phenyl et han-1-one (manufactured by ba Specialty

Chenlcals) 2a ss8h@f at sbei iyl €68 c@h&éﬁtrgtﬂahcéﬁtaﬁ EBEBUB@CbPhed by
Maruzen Chemical) and 0.2 mass% of 2-butyl-2-ethyl -1, 3-propanedi o

diacrylate 20 &m&f@ﬁtuﬁ@debyl&’@h%&ﬁwfm,emn ERP. inwanatihyrt her
added and m xed to obtain a resin conposition. To the above resin

conposi tion, 3D&earts by mass of al um num oxi de ("DAW 10", nmanufactured by
Denki Kagaku Kogyo Kabushi ki Kai sha) was incorporated, m xed and 25

di spersed ts0 obt ai wighheakpeenduet the meshl BagROBLLLE). prEde theatined
conductive resin conposition was subjected to defoam ng treatnent and
applied on a pebyesiensfweéme lAdskbdvivhghaahheekheéas oks75tpmaaddthavi ng
rel ease treatnent applied to the surface, so that the thickness would be
100 pm and a popyest £oili washaubfngcteteaseettrhahgentThappl tied ¢ochimg
surface was put thereon. Then, fromthe 5 front and rear sides, ultraviolet
rays of 365 nnreeist wppl remowed3t0600omi/ enirtuoiobtaemebyhéat obtaducti ve
metal base circuit board.
10 For the heat conductive adhesive tape, 10 mass% of
acrylic acid (“AA”, manufactured by TOAGOSEI CO., LTD.)
was mixed to 90 mass% of 2-ethylhexyl acrylate (“2EHA",
manufactured by TOAGOSEI CO., LTD.) having 10 mass% of
acryl rubber (“AR-53L", manufactured by ZEON CORPORATION)
15 dissolved, and 0.5 mass% of photopolymerization initiator
2,2-dimethoxy-1,2-diphenylethan-1-one (manufactured by
Ciba Specialty Chemicals), 0.2 mass% of triethylene
glycol dimercaptan (manufactured by Maruzen Chemical) and
0.2 mass% of 2-butyl-2-ethyl-1,3-propanediol diacrylate
20 (manufactured by KYOEISHA CHEMICAL CO., LTD.) were
further added and mixed to obtain a resin composition.
To the above resin composition, 300 parts by mass of
aluminum oxide (“DAW-10”, manufactured by Denki Kagaku
Kogyo Kabushiki Kaisha) was incorporated, mixed and
25 dispersed to obtain a heat conductive resin composition.

The heat conductive resin composition was subjected

to defoaming treatment and applied on a polyester film



adhesive tape. To predeterm ned positions of the conductive circuit of the
net al* base circuit board, cream solder ("M/05", 1o manufactured by Senju
Metal Industry Co., Ltd.) was applied by screen printing, and LED
("NFSW36AT", manufactured N chia Corporation) was nounted by sol der
reflow. Thereafter, the side of the netal base circuit board on which no
LED was nounted, was fixed to a U 1s shapgg,case by nmeans of a heat
conductive adhesive tape having a heat conauctivity of 1 WnK and a

thi ckness of A00iRG) at Eh9BkALBsAcEERs! LBNEn8O0UEGE NN k] chiB AR YRAEHcRTENT
at a tenperature of 23C under a humdity of 30% a stabilized power source

was connected agfliedthe ehtakledabED kbghhasouheetHAicknedrd wobRaNas
illum nated by conducting an electric current of 450 mA. The voltage at

that time was 1408uM, 3ha heppeyakuee 6f1mt Ravihburenabed kERawasnteasured
by a thernocouple, whereby the tenperature of LED was 45C. 25 By the

foll ow ng net hgepliéd) tbesdabklirEycat wagoputt eAReLahUr €Thér) Pealh the
conductivity of insulating layer, (3) heat conductivity of heat conductive
adhesi ve tape, f#683t &4} peaseptdesr absenoeodbtcragki Bg i3Bs AsUkALeng | ayer

when fixed to U-shaped case at roomtenperature and (5) LED tenperature
during the illappbatdoatod, hED, miges®, neasolsedin Sa (HéaBeadalittiyeat room
tenperature The nmetal base circuit board was processed into 10 mmx 100 mm
and in a tenpeadhasévat tapphere of 251C, one capabl e of being bent at an
angle of at |east 90
To predetermined positions of the conductive circuit
of the metal base circuit board, cream solder (“M705”,

10 manufactured by Senju Metal Industry Co., Ltd.) was
applied by screen printing, and LED (“NFSWO036AT”,
manufactured Nichia Corporation) was mounted by solder
reflow. Thereafter, the side of the metal base circuit
board on which no LED was mounted, was fixed to a U-

15 shaped case by means of a heat conductive adhesive tape
having a heat conductivity of 1 W/mK and a thickness of
100 pum, to obtain a LED light source unit.

In an environment at a temperature of 23°C under a
humidity of 30%, a stabilized power source was connected

20 to the obtained LED light source unit, and LED was
illuminated by conducting an electric current of 450 mA.
The voltage at that time was 11.8 V. The temperature of
the illuminated LED was measured by a thermocouple,
whereby the temperature of LED was 45°C.

25 By the following methods, (1) bendability at room

temperature, (2) heat conductivity of insulating layer,

(3) heat conductivity of heat conductive adhesive tape,



with a radius of curvature of 5 mMmto the conductive 10 circuit-forned
surface side and the side opposite to the conductive circuit-fornmed surface

by both hands, was regarded as "Good", and a case where
use e.g. a bending die and a press machine at the tine of

it was required to
carrying out the

bendi ng, was regarded as "No good”. 15 (2) Heat conductivity of insulating
| ayer The netal foil and the conductive c FSUIt of the netal base circuit
board were renoved, and the insulating Iayer was processed into 10 nmin

di ameter x 100 W%Peséﬂbékei?sﬁbséﬂget be B?QEkEH dyet i KLy
20 | aser flash nethod. (3) Heat conductivity of eat con

UCtI Vgoqéﬁ)ggle\cjeby :

tape A sanpl eyhénbe;geasybed- wﬁg;lalearrbaeteeqtseobﬂafteh @rakhirekness woul d be

10 mm and processed into 50 mm x

20 mm and the heat conductivity was

obt ai ned by a ggibckeRpet-hetral dﬁQ'i‘ElQCt:hél §Y 10t 86 t G ShMoF0Q EpTRRI@Ct Ur ed by
Kyoto El ectronics Industry Co., Ltd.). (4) Presence or absence of cracki ng

in insulating haysurd@4 The presence or absence of cracking in the
insulating layer in a state bent at 90 at room tenperature, was visually

observed. () LkED Beﬁaebatlwtg ditr ird@nt Remddriauiat i on of
current of 450 mA was applie

LED 5 A rated

to LED to illum nate LED, and upon expiration

of 15 m nutes, theThtefpernat bagealitrdi isolderd Qg RYddsyeDfiddD Mmas

measured. TABLE 4-1 Presence

mm x 100 mm, and in a temperature atmosphere of 25+1°C,

one capable of being bent at an angle of at least 90°

with a radius of curvature of 5 mm to the conductive

10 circuit-formed surface side and the side opposite to the

conductive circuit-formed surface by both hands, was

regarded as “Good”, and a case where it was required to

use e.g. a bending die and a press machine

at the time of

carrying out the bending, was regarded as “No good”.

15 (2) Heat conductivity of insulating layer

The metal foil and the conductive circuit of the

metal base circuit board were removed, and

layer was processed into 10 mm in diameter

the insulating

x 100 mm in

thickness, and the heat conductivity was obtained by a

20 laser flash method.

(3) Heat conductivity of heat conductive adhesive tape

A sample to be measured was laminated so that the

thickness would be 10 mm and processed into 50 mm x 120

mm, and the heat conductivity was obtained

by a quick

25 thermal conductivity meter (QTM-500, manufactured by

Kyoto Electronics Industry Co., Ltd.).

(4) Presence or absence of cracking in insulating layer



or absence Heat of LED conductivity Heat cracking tenperature of
conductivity in at the tinme insulating of adhesive insulating of |ayer tape
| ayer whenillumnation fixed to of LED U shape case (WnK) (WnK) (O
Exanple 4-1 2.0 1.0 Absent 45 Exanple 4-2 4.0 1.0 Absent 42 Exanple 4-3
2.0 2.0 Absent 42 Exanple 4-4 4.0 2.0 Absent 38 Conparative 0.2 0.2 Absent
65 Exanple 4-1 Conparative 2.0 0.2 Absen 515 Exanpl e 4-2 10 EXAMPLE 4-2 To

100 parts by nass of an epoxy resin conprii'sing 70 mass% of a 170 ppm
hydrogenat ed bi sphenQl ALRMNGE IHBSidhs U NG Al £POXYy ey mad ent of 207

("EXA-7015", is manufactured by Dainippon |Ink and Chem cal s I ncorporat ed)
and 30 mass% of 3, Auduagena Led %selh%r&%'te% %t &ena09ochaving an epoxy
equi val ent of 1,200 ("YSI%]FJ 71 manuf actur%glcpt;y Japan Epoxy Resins Co.
Ltd.), 48 part%em@ér@%ﬁ:eof wa sP i KRMRRORH A8 AM ne (mass ratio of "D-
400" to "D-2000" was 6:4, manufactured by HARTZMAN) was
(5) LED temperature during the illumination of LED
5 A rated current of 450 mA was applied to LED to
illuminate LED, and upon expiration of 15 minutes, the
temperature at the solder joint portion of LED was
measured.
TABLE 4-1
Presence
or absence
of LED
Heat .
conductivity Heat cracking | temperature
of conductivity in at the time
. . of adhesive |insulating of
insulating . . .
laver tape layer when/illumination
Y fixed to of LED
U-shape
case
(W/mK) (W/mK) (°C)
Example 4-1 2.0 1.0 Absent 45
Example 4-2 4.0 1.0 Absent 42
Example 4-3 2.0 2.0 Absent 42
Example 4-4 4.0 2.0 Absent 38
Comparative
Example 4-1 0.2 0.2 Absent 65
Comparative
Example 4-2 2.0 0.2 Absent 55

10

15

EXAMPLE 4-2

To 100 parts by mass of an epoxy resin comprising 70

mass% of a 170 ppm hydrogenated bisphenol A epoxy resin

having an epoxy equivalent of 207

(“EXA-7015",

manufactured by Dainippon Ink and Chemicals Incorporated)

and 30 mass% of a hydrogenated bisphenol A epoxy resin



5 added as a curing agent, and spherical coarse particles of alum num oxide
havi rg a maxi mum particle size of at nost 75 pm an average particle size
of 21 pmand a sodiumion concentration of 10 ppm ("CB-A20", manufactured
by Showa Denko K. K.) and spherical fine 10 particles of al um num oxide
havi ng an average particle size of 0.7 pmand a sodiumion concentration of
8 ppm ("AKP-15, manufactured by Sum tono emcal Co., Ltd.) were blended
so that the total anobunt would be 66 vol% i1 n an insulating |ayer (nass

ratio of_spherﬁ&@dn§0@ﬁsgpéﬁypéﬁﬁicéﬁéntooﬁpbgﬁb@ak“ﬁhne;p@wniCles was 7:3),
and an insulating Tayer was forned on a copper foil having a thickness of

35 pm so thatmiher it ckagssyabhpanCupbRg rR¥BULE be.100tam)  Thenpaztgopper
foil having a thickness of 35 um was bonded, followed by heating to

thermal |y 20 cwyemdde opsal pblpgxipyepyleheaebyihe ohhaknrathet alf base
board having a chloride ion concentration of at nost 300 ppm based on the

entire thernosebdr ngoresinooon” thes sngyul abhtgateyMeedapy FAREMAN) I @As
concentration of at nobst 60 ppm based on the entire inorganic filler in
the 25 insul atddgd! ayes. cMtihgr @geatt andt bpheetaklbasarbeapdrticles
predeterm ned positions on the copper foil surface on one side were 106
masked wi th ancftehumignuesoztdeandvihg eoppeimfiini pavasclsubjicet ed ta
etching. Then, the etching resist was renoved to forma circuit thereby to
obtain a met almbase75 cumcuat bvardgebpdotpredeséral n€d2pogmt kads aof t he
conductive circuit of the netal base circuit board, a cream solder ("M05",
sodium ion concentration of 10 ppm (“CB-A20",
manufactured by Showa Denko K.K.) and spherical fine
10 particles of aluminum oxide having an average particle
size of 0.7 um and a sodium ion concentration of 8 ppm
(*AKP-15, manufactured by Sumitomo Chemical Co., Ltd.)
were blended so that the total amount would be 66 vol% in
an insulating layer (mass ratio of spherical coarse
15 particles to spherical fine particles was 7:3), and an
insulating layer was formed on a copper foil having a
thickness of 35 um, so that the thickness after curing
would be 100 pum. Then, a copper foil having a thickness
of 35 um was bonded, followed by heating to thermally
20 cure the insulating layer, thereby to obtain a metal base
board having a chloride ion concentration of at most 300
ppm, based on the entire thermosetting resin in the
insulating layer and a sodium ion concentration of at
most 60 ppm, based on the entire inorganic filler in the
25 insulating layer.

With respect to the metal base board, predetermined

positions on the copper foil surface on one side were



manuf actured by Senju Metal Industry Co., Ltd.) was applied by screen
printing, and LED ("NFSW36AT", manufactured Ni chia Corporation) was
nount ed by solder 10 reflow. Thereafter, the side of the netal base circuit
board on which no LED was nmounted, was fixed to a U shaped case by neans of
a heat conductive adhesive tape obtained in Exanple 1 and having a heat
conductivity of 1 WnK and a thickness of ;400 pm to obtain a LED light 15
source unit. In an environnment at a tenperature of 23C under a humdity of

30% a stabiliggdkP@WRitBOMHCOLMASNGORRAEEE] aha the @Bb?ie@e@pliEchlaisght
source unit, and LED was illum nated by conducting an electric current of

450 mA. 20 Thesypléagedatot 8athihge WASed l. thd/. edhigihgrpesastreadf the
illum nated LED was neasured by a thernocouple, whereby the tenperature of

LED was 43C. Themoesdl t6 abem shewecuitTahbeeByltoDeBth@nad meRaQV&ERL in
the heat conductivity of the insulating |ayer, the tenperature of 25 the
illum nated LEPibegapebbawd. X her physical properties were also good.
EXAVMPLE 4-3 107 To 100 parts by nass of an epoxy resin conprising 70 nass%
based on the entir@cepexdereshnined pasiydoogedt ethe RictighrendeA SR@UAY eSin
havi ng an epoxy equival ent of 207 ("EXA-7015", manufactured by Dai ni ppon
I nk and Chem cafstkel nebapobatedyiandiB8Obnasd% af cachwpdsoddeat gdMyiosphenol A
epoxy resin having an epoxy equivalent of 1,200 ("YL- 7170", manufactured by
Japan Epoxy Resansf&otureddby, SéB8jupsietslbyndassregf Ca., Ltd.) was
pol yoxypr opyl enedi am ne (mass ratio of
applied by screen printing, and LED (“NFSWO036AT”,
manufactured Nichia Corporation) was mounted by solder
10 reflow. Thereafter, the side of the metal base circuit
board on which no LED was mounted, was fixed to a U-
shaped case by means of a heat conductive adhesive tape
obtained in Example 1 and having a heat conductivity of 1
W/mK and a thickness of 100 um, to obtain a LED light
15 source unit.
In an environment at a temperature of 23°C under a
humidity of 30%, a stabilized power source was connected
to the obtained LED light source unit, and LED was
illuminated by conducting an electric current of 450 mA.
20 The voltage at that time was 11.7 V. The temperature of
the illuminated LED was measured by a thermocouple,
whereby the temperature of LED was 43°C. The results are
shown in Table 4-1. Due to an improvement in the heat
conductivity of the insulating layer, the temperature of
25 the illuminated LED became low. Other physical

properties were also good.

EXAMPLE 4-3



"D-400" to "D 2000" was 6:4, manufactured by HARTZMAN) 10 was added as a
curing agent, and spherical coarse particles of alum num oxide having a
maxi num particle size of at nost 75 pm an average particle size of 21 pm
and a sodiumion concentration of 10 ppm ("CB-A20", manufactured by Showa
Denko K. K.) and spherical fine is particles of alum num oxide having an
average particle size of 0.7 pmand a so?%yn1ion concentration of 8 ppm

(" AKP-15, manufactured by Sum tonmo Chem cal Co., Ltd.) were blended so that

the total amount weyl do§ep20: ¥ 0Ly hBssaBri REULBLLDIrLAYRT cORBSS sh @k 90Of
spherical coarse 20 particles to spherical fine particles was 7:3), and an

insulating | ayefsy8s 1084 b0 1ge @@@ﬁfef@%&xpangna ot hhckpgesgehadaghPm
so that the thickness after curing would be 100 pm Then, a copper foi

having a thi ckiiegsherdl 3% é&B@)}\!\@Sr@Qﬂ‘iieﬁiaviﬂ%ﬂQx\i\eéip@%yh«@@ﬁiiﬂgléﬁttbﬁr pably 25
a

cure the insulating layer, to obtain a net base board having a chloride

ion concentr at { k07 @t 5 NP Sha30Fa PRI ed DB €0la ORI pPSn eRhk I nlihenamseh i Eng
resin in the insulating 108 |ayer and a sodiumion concentration of at nost

50 ppm basediibiherLiddy eahdos @anhEsti bf s h{dtbgehasslabi Bghehayen. Wth
respect to the netal base board, predetermned 5 positions were nmasked with
an etching resdidxy anskimehaeDpPedn f Opbxpasqsbheehedof 01ebobi ngyr.Then, the

etching resist was renoved to forma circuit, thereby to obtain a netal
base circuit boaral, Twapieset erad ned pasahi BpsxpfRéEBEnsOOEUGt Lya.¢irgeit 1o
of the metal base circuit board, a cream sol der ("M05",
parts by mass of a polyoxypropylenediamine (mass ratio of
“D-400" to “D-2000" was 6:4, manufactured by HARTZMAN)

10 was added as a curing agent, and spherical coarse
particles of aluminum oxide having a maximum particle
size of at most 75 um, an average particle size of 21 um
and a sodium ion concentration of 10 ppm (“CB-A20”,
manufactured by Showa Denko K.K.) and spherical fine

15 particles of aluminum oxide having an average particle
size of 0.7 pm and a sodium ion concentration of 8 ppm
(“AKP-15, manufactured by Sumitomo Chemical Co., Ltd.)
were blended so that the total amount would be 50 vol% in
an insulating layer (mass ratio of spherical coarse

20 particles to spherical fine particles was 7:3), and an
insulating layer was formed on a copper foil having a
thickness of 35 um, so that the thickness after curing
would be 100 um. Then, a copper foil having a thickness
of 35 um was bonded, followed by heating to thermally

25 cure the insulating layer, to obtain a metal base board

having a chloride ion concentration of at most 300 ppm,

based on the entire thermosetting resin in the insulating



manuf actured by Senju Metal Industry Co., Ltd.) was applied by screen
printing, and LED ("NFSWB6AT", manufactured Ni chia Corporation) was
nounted by solder reflow Thereafter, the side of the netal base circuit 15
board on which no LED was nmounted, was fixed to a U shaped case by neans of
a heat conductive adhesive tape having a heat conductivity of 2 WnK and a
t hi ckness of 100 pm which wll be descr?g%d below, to obtain a LED |Iight
source unit. 20 The resin conposition of fhe heat conductive adhesive tape

was the conpositiep ghhahngdaiimEXapPkenteahe raXeept othak 4QtPalt Sy mass
of al um num oxi de ("DAW 10", manufactured by Denki Kagaku Kogyo Kabushi k

Kai sha) was ipggeposat eHe andirt WASrpheRar €d11BraGeortange suith ithe 25
procedure shown in Exanple 4-1. In an environnment at a tenperature of 23C
under a relatiygebumdity of 30% a stabilized power source was 109

connected to the obtained LED |light source unit, and LED was illum nated by
conducting an el ecwith eespedt @b 45 mdbalTheseoldagel atptdmitdimiharas 11.7
V. The tenperature of the illum nated LED was neasured by a 5 thernocoupl e,

whereby the teppeiatione abrbERawked42Cch EXAMPChi4gd rEeik@Q pavd $Hey mass of
an epoxy resin conprising 70 mass% of a 170 ppm hydrogenat ed bi sphenol A
epoxy resin hagppgraboepowxysegubyakbert ab 28éhGnEXA-Thdh, , tAO sasHiagt ured

by Dai ni ppon I nk and Chem cals Incorporated) and 30 nass% of a hydrogenat ed
bi sphenol A epozgipeswas hambrgdamcefioxy equivehdnt, aheleP§O t' YbtalitD' s
metal base circuit board.
To predetermined positions of the conductive circuit
10 of the metal base circuit board, a cream solder (“M705”,
manufactured by Senju Metal Industry Co., Ltd.) was
applied by screen printing, and LED (“NFSWO036AT”,
manufactured Nichia Corporation) was mounted by solder
reflow. Thereafter, the side of the metal base circuit
15 board on which no LED was mounted, was fixed to a U-
shaped case by means of a heat conductive adhesive tape
having a heat conductivity of 2 W/mK and a thickness of
100 um, which will be described below, to obtain a LED
light source unit.
20 The resin composition of the heat conductive
adhesive tape was the composition obtained in Example 4-1
except that 400 parts by mass of aluminum oxide (“DAW-10",
manufactured by Denki Kagaku Kogyo Kabushiki Kaisha) was
incorporated, and it was prepared in accordance with the
25 procedure shown in Example 4-1.
In an environment at a temperature of 23°C under a

relative humidity of 30%, a stabilized power source was



manuf act ured by Japan Epoxy Resins Co., Ltd.), 48 parts by mass of a

pol yoxypropyl enedi ami ne (mass ratio of "D 15 400" to "D 2000" was 6: 4,
manuf act ured by HARTZMAN) was added as a curing agent, and spherical coarse
particles of alum num oxide having a maxi num particle size of at nost 75
pm an average particle size of 21 pmand a sodiumion concentration of 10
ppm (" CB- A20", 20 manufactured by Showa Degko K. K.) and spherical fine
particles of alum num oxi de having an average particle size of 0.7 pmand a

sodi um i on conggpheatiantef tBePBALainAKPLED, m?ﬂuf aslitced ubM +SuiHPIRDp
Chem cal Co., Ltd.) were blended so that the total anmpunt would be 66 volt

in 25 an insul ghkng1hamenataaSBYr abhauet isghahi eakceQakseuraiit ¢ffes st
spherical fine particles was 7:3), and an insulating |ayer was forned on a

copper foil haMhng Bhd kbltdgekitessh&f Sbn@miasort hatyt hergdi ckness after
curing would be 100 pm Then, a copper foil having a thickness of 35 pm

was bonded, fottapedabyrbeafti get 0lihaifaktey LEDr @akhacarsitedt yg d ayer,
thereby to obtain a netal base 5 board having a chloride ion concentration

of at nost $300thppRbcbaped, ohtRebontheetbhperasalel BE &Y Nalsh 4ihe.
insul ating layer and a sodiumion concentration of at nost 60 ppm based on
the entire i noEYAMPCTEf #lher in the insulating layer. 10 with respect to the
net al base board, predeterm ned positions on the copper foil surface on one
side were masked Wot hoanpetrtlsi by masissiof amd eiploeyC ofaEam fainp miasi nes ubj ect ed
to etching. Then, the etching resist was renoved to forma circuit, thereby
to obtain a nemaksbasé a 170 ppm hydrogenated bisphenol A epoxy resin
having an epoxy equivalent of 207 (“EXA-7015",
10 manufactured by Dainippon Ink and Chemicals Incorporated)
and 30 mass% of a hydrogenated bisphenol A epoxy resin
having an epoxy equivalent of 1,200 (“YL-7170",
manufactured by Japan Epoxy Resins Co., Ltd.), 48 parts
by mass of a polyoxypropylenediamine {(mass ratio of “D-
15 400” to “D-2000" was 6:4, manufactured by HARTZMAN) was
added as a curing agent, and spherical coarse particles
of aluminum oxide having a maximum particle size of at
most 75 um, an average particle size of 21 um and a
sodium ion concentration of 10 ppm (“CB-A20",
20 manufactured by Showa Denko K.K.) and spherical fine
particles of aluminum oxide having an average particle
size of 0.7 um and a sodium ion concentration of 8 ppm
(*AKP-15, manufactured by Sumitomo Chemical Co., Ltd.)
were blended so that the total amount would be 66 vol% in
25 an insulating layer (mass ratio of spherical coarse

particles to spherical fine particles was 7:3), and an

insulating layer was formed on a copper foil having a



15 circuit board. To predeterm ned positions of the conductive circuit of
the metal base circuit board, a cream solder ("M/05", manufactured by Senju
Metal Industry Co., Ltd.) was applied by screen printing, and LED
("NFSW36AT", 20 manufactured N chia Corporation) was nounted by sol der
reflow. Thereafter, the side of the netal base circuit board on which no
LED was nounted, was fixed to a U shaped gﬁse by nmeans of a heat conductive
adhesive tape obtained in Exanple 4-3 ané aving a heat conductivity of 25

2 WnK and a thhtkogsss obr 199 i &6 ohhei fha EEPckhgBE agediCeudiint. I n an
environment at a tenperature of 23C under a 111 humdity of 30% a

stabilized powesuB@UHEe1VaSuEONNELdred a teopher ot 2l Nesh 1k 41 ghicreesse
unit, and LED was illum nated by conducting an electric current of 450 mA
The vol tage atofhat fuhmeawabonded, VioThewtanpgr Rtdtengf £b therialafi nat ed
LED was neasured by a thernocouple, whereby the tenperature of LED was 38C.
The results areurshene insdahtend- layBy, atheppbovesebbtiafiint Bemkeall base
conductivity of the insulating |ayer, the tenperature of the illum nated
LED becane d ovbo&txtehapbysgi aabkhlOrpdepeshi esnveneraksengoddat GONMRARADI VE

EXAMPLE 4-1 Wth respect to a polyimde type flexible board ("R F775",

manuf act ur ed bypivhtlsasédt anEtket enhciWér kherhbdertihgviregia cappae f oi

having a thickness of 35 pmforned is via a polyimde filmtype insulating

| ayer havi ng ainshigkiegslafe50apdh aonodionppen tonkehaviandoa tifi akness
most 60 ppm, based on the entire inorganic filler in the
insulating layer.

10 With respect to the metal base board, predetermined
positions on the copper foil surface on one side were
masked with an etching resist, and the copper foil was
subjected to etching. Then, the etching resist was
removed to form a circuit, thereby to obtain a metal base

15 circuit board.

To predetermined positions of the conductive circuit
of the metal base circuit board, a cream solder (“M705”,
manufactured by Senju Metal Industry Co., Ltd.) was
applied by screen printing, and LED (“NFSWO036AT”,

20 manufactured Nichia Corporation) was mounted by solder
reflow. Thereafter, the side of the metal base circuit
board on which no LED was mounted, was fixed to a U-
shaped case by means of a heat conductive adhesive tape
obtained in Example 4-3 and having a heat conductivity of

25 2 W/mK and a thickness of 100 um, to obtain a LED light

source unit.

In an environment at a temperature of 23°C under a



of 35 pm predeterm ned positions on the copper foil surface on one side
wer e *masked with an etching resist, and the copper foil was subjected to
etching. Then, the 20 etching resist was renoved to forma circuit thereby
to obtain a netal base circuit board. To predeterm ned position of the
conductive circuit of the netal base circuit board, a cream solder ("MO05",
manuf actured by Senju Metal Industry Co., ;Ltd.) was 25 applied by screen
printing, and LED (" NFSW36AT", manufactured N chia Corporation) was

mounted by sol dgmigief! @ 3bher eakkahi 1tiheSideeef dhedetals Rasmdddddi t
112 board on which no LED was nounted, was fixed to a U shaped case by

neans of an adheskye bapReihaw MEDpa 1ilghtCkrRsSOunt2S J2Ha CHD 4eOPC,
manuf actured by Sumtono 3M to obtain a LED |ight source unit. 5 In an

environnent at jalteipetaduny ebnddCtuRdear e 1R AId Youdfre3d%o @ sf@hid | zed
power source was connected to the obtained LED |ight source unit, and LED

was illum nat edebyogendeckicnghar eliaet kg aur.leent, ofrhd50eiPeratheeveltt age
at that tine was 12.5 V. The tenperature of 10 the illum nated LED was

neasured bys a ther MdoupheteaMiemelist e alseifedy &yl tHernfde sl £5C.
COVPARATI VE EXAMPLE 4-2 To 100 parts by mass of an epoxy resin conprising 70

masse, based opnhbhRepgntthie tRRPEY ateTieN o OTLED Ry agenat ethe 15 Hi sphenpst A
epoxy resin having an epoxy equival ent of 207 ("EXA-7015", manufactured by
Dai ni ppon | nk ahdwtheam Talbie Kraar ppyabadimppdvdfiemassto eheahbwudr ogenat ed
bi sphenol A epoxy resin having an epoxy equival ent of 1,200 ("YL-
conductivity of the insulating layer, the temperature of
the illuminated LED became low. Other physical
10 properties were also good.
COMPARATIVE EXAMPLE 4-1
With respect to a polyimide type flexible board (“R-
F775", manufactured by Matsushita Electric Works, Ltd.)
having a copper foil having a thickness of 35 pm formed
15 via a polyimide film type insulating layer having a
thickness of 50 pm, on a copper foil having a thickness
of 35 um, predetermined positions on the copper foil
surface on one side were masked with an etching resist,
and the copper foil was subjected to etching. Then, the
20 etching resist was removed to form a circuit thereby to
obtain a metal base circuit board.
To predetermined position of the conductive circuit
of the metal base circuit board, a cream solder (“M705”",
manufactured by Senju Metal Industry Co., Ltd.) was
25 applied by screen printing, and LED (“NFSWO36AT”,

manufactured Nichia Corporation) was mounted by solder

reflow. Thereafter, the side of the metal base circuit



7170", manufactured by Japan Epoxy Resins Co., Ltd.), 48 20 parts by mass of
a pol-yoxypropyl enedi am ne (mass ratio of "D-400" to "D 2000" was 6: 4,
manuf act ured by HARTZMAN) was added as a curing agent, and spherical coarse
particles of alum num oxi de having a maxi num particle size of at nobst 75
}xm an average particle size of 21 ixm 25 and a sodiumion concentration of
10 ppm (" CB- A20", manufactured by Showa EE ko K K.) and spherical fine
particles of alum num oxide having an ave 8e particle 113 size of 0.7 pm

and a SOd' um '8835.3?”8{%”%?&1 8EEE§ RA m&xﬁ'égdﬁw mapytagt wed ky Sum tom

Chenlcal wer e SO t téta amount mould be 50 vol %
in an insul at jpg ééyeasénﬁ§sme%tsoo@f aﬁpaehleg@becea £Ch A3 icles to

spherical fine partlcles was 7:3), I nsulating | ayer s formed on a

copper foil havhdgkAeskhbekngss af 35 @msgﬁ@rt hﬁ\‘ianh'@%ctt@r%l&n%éﬁ Sdi®onfdHl | NY
woul d be 100 pm Then, a copper f0|I havi ng a thickness pm was

bonded, foll owed) byohgggh@g goLEbqughEysggr@grgngﬂe insul ating | ayer,
thereby to obtaln a netal base board having a chloride ion concentration of

at most 300, ppm hased e hihenGRbi gt Qe&%q%&gtre&er%% dop Lhge, Asul ating

layer and a sodiumion concentration of st 50 ppm based on the entire

inorganic fillgamiAitPeori SokNsHl 8thBe1kaker poWelh sbesRectyalo dhmdmial base
board, predeterm ned p03|t|ons were masked with an etching resist, and the

copper foil wasosthkeebedihedet.ehi ngghtheBurtbevgtiehi Rgg LEP $lashas renoved
to forma circuit, thereby to obtain a 20 netal base circuit board.
illuminated by conducting an electric current of 450 mA.
The voltage at that time was 12.5 V. The temperature of
10 the illuminated LED was measured by a thermocouple,
whereby the temperature of LED was 65°C.
COMPARATIVE EXAMPLE 4-2
To 100 parts by mass of an epoxy resin comprising 70
mass%, based on the entire epoxy resin, of a hydrogenated
15 bisphenol A epoxy resin having an epoxy equivalent of 207
(“EXA-7015", manufactured by Dainippon Ink and Chemicals
Incorporated) and 30 mass% of a hydrogenated bisphenol A
epoxy resin having an epoxy equivalent of 1,200 (“YL-
7170”7, manufactured by Japan Epoxy Resins Co., Ltd.), 48
20 parts by mass of a polyoxypropylenediamine (mass ratio of
“D-400” to “D-2000” was 6:4, manufactured by HARTZMAN)
was added as a curing agent, and spherical coarse
particles of aluminum oxide having a maximum particle
size of at most 75 um, an average particle size of 21 um
25 and a sodium ion concentration of 10 ppm (“CB-A20",

manufactured by Showa Denko K.K.) and spherical fine

particles of aluminum oxide having an average particle



To predeterm ned position of the conductive circuit of the netal base
circuit board, a cream solder ("M/05", manufactured by Senju Metal Industry
Co., Ltd.) was applied by screen printing, and LED (" NFSW36AT", 25
manuf actured Ni chia Corporation) was nounted by solder reflow Thereafter,
the side of the nmetal base circuit board where no LED was nounted, was
fixed to a U shaped 114 case by neans of%gg adhesi ve tape having a

e

thi ckness of 125 pm ("F-9469PC', nanufac
LED | i ght Sourgfzénbk- }? 2R gRY' LoDARNMmat oA ESHBEB@EHS?o

hum dity of 30% a stabilized power source was connecte

af o3
to th

d by Sumtono 3M to obtain a

g gg%er ab

tai ned

LED [ ght sour ¢epipi {5, apghbER-v@Peal bl USLATEBRODYEQIENT LBY aRell got i C

current of 450 mA. The voltage at that tinme was 1

V. The tenperature of

the illum nat egeLED,VBS3883SY €HaPYBet PEEARCAMBLAL WBuMELELY )t RB1s in

tenperature of LED was 55C. | NDUSTRI AL APPLI CABI LI TY The

net al

base circuit

board of the pggseRsulipyegtifpehagmhest rdt$si Bat pRPLOREN LbassaNd
el ectrical 15 insulating properties and yet can be easily bent at room

tenperature evgaritcsdshcd spaLeithat raneepaetibtak gaaponant suehaas a
sem conductor el enment or resistance chip which requires heat dissipation,

is mounted. ThugsulhtiRECLARSrPRSSI bbemta bRUHCBoPPRrSEEE10hatAhegkaess of an
20 el ectroni c equi prent having a high heat generating electronic conmponent

nmount ed, whi chtyseRnéosberdabfigyl ko tRadt tAENthNarBkYs biecetakibgse

circuit board of the present

would be 100 pm. Then, a copper foil having a thickness

of 35 pm was bonded, followed by heating to thermally

10 cure the insulating layer, thereby to obtain a metal base

15

20

25

board having a chloride ion concentration of at most 300
ppm, based on the entire thermosetting resin in the
insulating layer and a sodium ion concentration of at
most 50 ppm, based on the entire inorganic filler in the
insulating layer.

With respect to the metal base board, predetermined
positions were masked with an etching resist, and the
copper foil was subjected to etching. Then, the etching
resist was removed to form a circuit, thereby to obtain a
metal base circuit board.

To predetermined position of the conductive circuit
of the metal base circuit board, a cream solder (“M705”,
manufactured by Senju Metal Industry Co., Ltd.) was
applied by screen printing, and LED (“NFSWO036AT”,
manufactured Nichia Corporation) was mounted by solder
reflow. Thereafter, the side of the metal base circuit

board where no LED was mounted, was fixed to a U-shaped



invention is applicable in various application fields, 25 such as an
application to a hybrid integrated circuit wherein the circuit board is in
contact with a heat dissipation nmenber or a case having a conplicated
shrape, 115 a LED nodul e having a coverlay bonded and a slit processing
applied at a desired position to thereby secure bendability or having a

| ayer having a nagnetic |oss or a |ayer Hgying a dielectric loss forned, or

a LED s light source unit having a charac i stics of bri ghtness and | ong

useful life, ""Qﬁfssbléghﬁ\%%l Qengr g eg 9 tlot'-f-l%e W@l P QUG8 dih &l iocﬂ'[ ently

dissipated to the rear side of t oar nimze -an i ncrease of the

temperature ofbERuaNdsLo.Buppn St Acaaral 0 oltiicydd g 10, et ssi on

efficiency of LED. "The entire disclosures o panese i cation

No. 2005- 120894t iligd ;0RePRiilgnt9 200 ynl@panese Patent Application No.
2006- 013289 filed on is January 23, 2006, Japanese Patent Application No.

2006- 030024 fil ed-on _Fe r 0 o | 4 i on No.
2006- 87688 fil ed o&?hﬁ?%%£§@f¥§%5%%:%ﬁé?ﬂging_spe0|$$§g§?%%§f9%(%§§§§

drawi ngs angd SuGRREHES oFf §0i2NCAr RREAHA] AR YdNdlY JRHRIENRE IdbddiRided
entireties. 116 CLAl 1. ALED light source unit having a netal base

circuit board haviRg apeandeet e ik e dQn a 4R aled Qfds via an
insulating | ayer, disposed on a surface of a case via an adhesive tape and

having at |east1008ihiagkis @Rl tdondecdiiede ol EDe Ut @Airhtt R conluet i ve
circuit of the netal base circuit board,
The voltage at that time was 11.2 V. The temperature of
the illuminated LED was measured by a thermocouple,

10 whereby the temperature of LED was 55°C.

INDUSTRIAL APPLICABILITY
The metal base circuit board of the present
invention has heat dissipation properties and electrical
15 1insulating properties and yet can be easily bent at room
temperature even in such a state that an electrical
component such as a semiconductor element or resistance
chip which requires heat dissipation, is mounted. Thus,
it becomes possible to reduce the size or thickness of an
20 electronic equipment having a high heat generating
electronic component mounted, which used to be difficult
to attain.
Namely, the metal base circuit board of the present
invention is applicable in various application fields,
25 such as an application to a hybrid integrated circuit
wherein the circuit board is in contact with a heat

dissipation member or a case having a complicated shape,



wherein the thickness of the netal foil is from18 pmto 300 pm the

i nsul-ating |ayer conprises an inorganic filler and a thernosetting resin
and has a thickness of from80 pmto 200 pm and the thickness of the
conductive circuit is from9 pm to 140 pm wherein the nmetal foil,
insulating layer and circuit board are in closely contact with the case
having a heat dissipation performance. 211%he LED |ight source unit
according to Claim1l, wherein, the heat conductivity of the insulating

| ayer is froma LBED4mogihi h3dvifpeal EBveirdhy bonded andt aasddtding to Caim
1 or 2, wherein the insulating |ayer contains a thernosetting resin in an
amount of fronpeScesssogvappliaddathe desirbdi ngsakipnotgaiherebiyl | er

conpri sing spherical coarse particles having a maxi num particle size of at
most 75 pm andsaﬁuaeebagéabégtim ershaEipf af lewrrOheying pniagaespliseri cal
fine particles having an_average particle size of from0.4 to 1.2 pm 117
4. The LED |ighessof@fce &mftaragéwagng féedpgtsne opsel doxgedy oy 2, LERer ein
the glass transition tenperature of the thernosetting resin in the

i nsul ating 9 ayéighs FPBHETe wbisobavipg Fhehpepcrepgheticsr 8 Hailghiaesedi ng
to any one of Clainms 1 to 4, wherein the thernpsetting resin contains a
hydr ogenated BREpheRdl UEekHY/ di LR epbRyePEsPRategeTREALED (firGRt 3sdFPce uni t
according to any one of Claims 1 to 5 _wherein the thernpsetting resin
contains a sttaPhht SBHEFR apo%fiicdeRthyAA§SaAR2EEEX e Gty &EaHt s34 r om
800 to 4,000. 7._ The #ED Iight soyrce unit ,according _to an¥ one of Cains 1
to 6, wherein PhetfRePRBESt FPNGLPEEERcBRt &PREeqse Of the Ttemperature

of LED and to suppress deterioration of the light

10 emission efficiency of LED.

The entire disclosures of Japanese Patent
Application No. 2005-120891 filed on April 19, 2005,
Japanese Patent Application No. 2006-013289 filed on

15 January 23, 2006, Japanese Patent Application No. 2006-
030024 filed on February 7, 2006 and Japanese Patent
Application No. 2006-87688 filed on March 28, 2006
including specifications, claims, drawings and summaries

are incorporated herein by reference in their entireties.



pol yoxyal kyl ene pol yam ne. 8. The LED |light source unit according to any one
of clains 1 to 7, wherein the pol yoxyal kyl ene pol yam ne is contained so
that the active hydrogen equivalent would be from0. 8 to 1 time, to the
epoxy equi val ent of the epoxy resin contained in the thernosetting resin.

9. The LED light source unit according¢o any one of Clains 1 to 8, wherein
the nmetal base circuit board is bent at an angle of at least 90 with a

radi us of curvature of froml to 5 @ the conductive circuit side or to
the side opposite to the 118 conductive circuit side along at |east one
portion other than the LED nounted portion, and the w thstand voltage
between the conductive circuit and the netal foil of the bent netal base
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pm, the insulating layer comprises an inorganic filler and a
thermosetting resin and has a thickness of from 80 pum to 200
pm, and the thickness of the conductive circuit is from 9 um
to 140 ym, wherein the metal foil, insulating layer and circuit

board are in closely contact with the case having a heat

dissipation performance.

2. The LED light source unit according to Claim 1, wherein .
the heat conductivity of the insulating layer is from 1 to 4

W/mK.

3. The LED light source unit according to Claim 1 or 2,
wherein the insulating layer contains a thermosetting resin in
an amount of from 25 to 50 vol%, and the rest being an inorganic
filler comprising spherical coarse particles having a maximum
particle size of at most 75 um and an average particle size of
from 10 to 40 um and spherical fine particles having an average °

particle size of from 0.4 to 1.2 pm.



pol ymeri zing a nononer containing a (nmeth)acrylate nonomer. 15. The LED

| i ght source unit according to any one of Clains 119 1 to 14, wherein the
(meth)acryl ate nononmer contains 2-ethyl hexyl acrylate. 16. The LED I|i ght
source unit according to any one of Clainms I1to 15, wherein the heat
conductive electrical insulating agent has a maxi mum particle size of at
nost 45 pm and an average particle size of fromO0.5 to 30 pm 17. The LED

| i ght source unit according to any one of Clains itol6, wherein the heat
conductive el ectri cal Lnsulatingeagent is at, I'east one nenber _selected from
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1 to 3, wherein the glass transition temperature of the

thermosetting resin in the insulating layer is from 0 to 40°C.

5. The LED light source unit according to any one of Claims
1l to 4, wherein the thermosetting resin contains a hydrogenated

bisphenol F and/or A epoxy resin.

6. The LED light source unit according to any one of Claims
1 to 5, wherein the thermosetting resin contains a
straight-chain epoxy resin having an epoxy equivalent of from

800 to 4,000.

7. The LED light source unit according to any one of Claims
1 to 6, wherein the thermosetting resin contains a

polyoxyalkylene polyamine.

8. The LED light source unit according to any one of Claims
1l to 7, wherein the polyoxyalkylene polyamine is contained so
that the active hydrogen equivalent would be from 0.8 to 1 time,
to the epoxy equivalent of the epoxy resin contained in the

thermosetting resin.

9. The LED light source unit according to any one of Claims
1 to 8, wherein the metal base circuit board is bent at an angle

of at least 90° with a radius of curvature of from 1 to 5 mm

to the conductive circuit side or to the side opposite to the
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conductive circuit side along at least one portion other than
the LED-mounted portion, and the withstand voltage between the
conductive circuit and the metal foil of the bent metal base

circuit board is at least 1.5 kV.

10. The LED light source unit according to any one of Claims
1 to 9, wherein the heat conductivity of the adhesive tape is
from 1 to 2 W/mK, and the thickness of the adhesive tape is from

50 ym to 150 um.

11. The LED light source unit according to any one of Claims
1 to 10, wherein the adhesive tape contains a polymer containing

acrylic acid and/or methacrylic acid.

12. The LED light source unit according to any one of Claims
1 to 11, wherein the adhesive tape contains a heat conductive

electrical insulating agent in an amount of from 40 to 80 vol%.

13. The LED light source unit according to any one of Claims
1 to 12, wherein the heat conductive electrical insulating agent

is an acrylic rubber.
14. The LED light source unit according to any one of Claims
1 to 13, wherein the polymer is an acrylic polymer obtained by

polymerizing a monomer containing a (meth)acrylate monomer.

15. The LED light source unit according to any one of Claims
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1 to 14, wherein the (meth)acrylate monomer contains

2-ethylhexyl acrylate.

16. The LED light source unit according to any one of Claims
1 to 15, wherein the heat conductive electrical insulating agent
has a maximum particle size of at most 45 um and an average

particle size of from 0.5 to 30 um.

17. The LED light source unit according to any one of Claims
1to 16, wherein the heat conductive electrical insulating agent
is at least one member selected from the group consisting of

alumina, crystalline silica and aluminum hydroxide.





