1 DESCRI PTI ON METAL BASE Cl RCU T BOARD AND | TS PRODUCTI ON PROCESS 5

TECHNI CAL FI ELD The present invention relates to a netal base circuit board
suitabfe for high frequency operation and its production process.
Particularly, the present invention relates to a netal base circuit board
surtably 10 used for a hybrid integrated circuit having both power

sem conductor and control sem conductor npunted, and its production
process. BACKGROUND ART 15 A netal base cilrcuit board conprising an
insulating |ayer nmade of e.g. an epoxy resin containing an inorganic

filler provided on a netal plate, amER&ERIGON circuit provided thereon, is
excellent in heat dissipation properties and is thereby used as a circuit
board on 20 which a highly heat generating el ectronic conponent is to be
nmounted. Fig. 1-1 illustrates one exanple of a conventional brid

i ntegrated ci rCMEtTAéO%ﬁEs|C4&C§%tBQAR@a§éI%|IrTc§J|3ROWT@I\hrﬁ$ ESS

sem conduct or device nounted thereon. In its 25 structure, a power

sem conductor 2 and a signal conditioning sem conductor (hereinafter

soneti nmes referred to_as_a control sem conductor) 1 are nmounted on 2
circuits 3 madetof @@gFI@Bﬁber via solder. Further, in its structure, the

sem conductors ar electrlcal .
f% resent 13@entlon relates to a metal base

circuit board suitable for high frequency operation and
its production process. Particularly, the present
invention relates to a metal base circuit board suitably
10 used for a hybrid integrated circuit having both power
semiconductor and control semiconductor mounted, and its

production process.

BACKGROUND ART

15 A metal base circuit board comprising an insulating
layer made of e.g. an epoxy resin containing an inorganic
filler provided on a metal plate, and having a circuit
provided thereon, is excellent in heat dissipation
properties and is thereby used as a circuit board on

20 which a highly heat generating electronic component is to
be mounted.

Fig. 1-1 illustrates one example of a conventional
hybrid integrated circuit comprising a metal base circuit
board and a semiconductor device mounted thereon. In its

25 structure, a power semiconductor 2 and a signal
conditioning semiconductor (hereinafter sometimes

referred to as a control semiconductor) 1 are mounted on



connected via the copper circuit or via a bonding wire 5. Wen the power
conductor 2 is nounted on the circuit 3, a 5 heat sink 6 is interposed

t herebetween in nmany cases so as to accelerate heat dissipation and to
prevent an increase in tenperature of the power sem conductor which may
| ead to mal function (Japanese Patent No. 3156798). In the hybrid integrated
circuit having the above 10 structure, each of the sem conductors and a
netal base board are electrically and eI@ctrostaticaIIy connect ed.
Accordingly, when it is intended to increase the operating frequency
(several hun€i&gUWiHs or malsey &f, e.§i-gs@bperdivgiat glolsiegnal Eyrthem t A8 contro
sem conductor 15 1 are distorted, the power sem conductor 2 mal functions,
and t he appaf&sustirtisdiuredoddion erdsensius tag sdagiegpd@dtr iasdne cases. As a
count er measur e agai nst the above, |ift- off may be enployed so as to

el i m nate ba@ PRRICHERC &4 ofthe KOPPEFaGitavde ©&sMiE By sk meltd Doard,
but there 20 are many problenms in view of cost and assenbling.. Further,

Fig. 1-2 il Ueratdse BRWSramAnes-Cdnat Aér MGG iR iSitedtidt et & reuit.
There has_been an .attempt t.o reduce pbad influences ,of the capacitance

resul tingfr gﬁa& r?ét“% 6gg§r &Wﬁ%@&%%ﬂ%%l&ﬁ’eé‘?% GF5&%h S%hsul ati ng
| ayer on which a contr%] sem conduct.or , i s .nounted as coqpared wth the
structure shén 5% 3&S§-STRE I%\%Ssﬁpﬁtﬁ'ro@pé‘ﬁ)éé ih BHEVEIth 3 hybri d
integrated 3. circuit .or .a netal base circuit board t.o be used theﬁgfor,it

i s required ﬁ&ﬁﬁ%ﬁ%ﬁéji$ﬁﬂgﬁﬁﬁﬁf¢%§) the power semiconductor whic

may lead to malfunction (Japanese Patent No. 3156798).
In the hybrid integrated circuit having the above
10 structure, each of the semiconductors and a metal base
board are electrically and electrostatically connected.
Accordingly, when it is intended to increase the
operating frequency (several hundred kHz or above),
signals (digital signals) from the control semiconductor
15 1 are distorted, the power semiconductor 2 malfunctions,
and the apparatus itself does not operate as designed in
some cases. As a countermeasure against the above, 1lift-
off may be employed so as to eliminate bad influences of
the capacitance resulting from a metal board, but there
20 are many problems in view of cost and assembling.
Further, Fig. 1-2 illustrates an example of another
known hybrid integrated circuit. There has been an
attempt to reduce bad influences of the capacitance
resulting from a metal board by increasing the thickness
25 of an insulating layer on which a control semiconductor
is mounted as compared with the structure shown in Fig.

1-1. However, in preparation of such a hybrid integrated



portions with different thicknesses partially, which makes the process
conplicated, and which enlarges the 5 obtained hybrid integrated circuit in
an upward direction. Further, there has been an attenpt to achieve the
above structure by lamnating a resin substrate or the |ike having a
circuit prelimnarily provided thereon on a netal plate or on a netal plate
havi ng an insulating 10 | ayer provided thereon (also called a netal base
board) instead of the increase in thickness of the insulating |ayer
(Japanese Patent No. 2608980), however, the above problemstill remained
unsol ved. W tdirasigecr to metdy dge bolarahion hwaxh o Hydrased 15 i nt egr at ed
circuit is mounted, along with high integration of a sem conductor device,
a means becor@siefon hel el hsteasmeddio yrmware sens\eonding okaykwi ce, etc.
is mniaturized and further, a resistor chip, etc. in _addition to various
types of seniRUHdkRDrvHay|Eekteyeny civsimesson Baet sakky bodr#ch As board
characteristics required are different anong the respective sem conduct or
devi ces and &R T oM RIAFRDTRMIP B A Fedi t2d vl Havembpredareeeri stics
partially corresponding to the respective sem conductor devices and

el ectroni € cARIGHEMRS MARr M et T ¢ 'e@ftii F B U e cbt dithigiBWatd circuit board
conprising different types of insulating |ayers conbi ned has been proposed,
as 4 discl oSEFFRE TP A- 695 K tg“rer@xéﬁ"pql SRRV G SRS eE to

produce such cor@osite i nsul atin oard . .
the above structure b aminating a resin substrate or

the like having a circuit preliminarily provided thereon
on a metal plate or on a metal plate having an insulating
10 layer provided thereon (also called a metal base board)
instead of the increase in thickness of the insulating
layer (Japanese Patent No. 2608980), however, the above
problem still remained unsolved.
With respect to a circuit board on which a hybrid
15 integrated circuit is mounted, along with high
integration of a semiconductor device, a means becomes in
the mainstream that a power semiconductor device, etc. is
miniaturized and further, a resistor chip, etc. in
addition to various types of semiconductor devices, is
20 mounted on the same board. As board characteristics
required are different among the respective semiconductor
devices and electronic components, a circuit board having
characteristics partially corresponding to the respective
semiconductor devices and electronic components has been
25 required.
Accordingly, a circuit board comprising different

types of insulating layers combined has been proposed, as



since a process of its production is conplicated, and further, it is not
technically easy to conplicatedly 5 conbine different types of insulating
layers in a small area, whereby considerable niniaturization of a circuit
board has been hardly achieved. Further, in a hybrid integrated circuit
enploying a netal base circuit board, usually, both power 10 sem conduct or
and control sem conductor to control operation of the power sem conductor
are nounted on circuits of the metal basé circuit board. As
characteristics required for the netal base circuit board, the forner is
required to Béseiteerefedn TR -Phér?8I0715 dordferamble. eflemeveri t ikas a
slightly high capacitance, and the latter is required to have a very |ow
capaci t ance CO¥ES &t lofe teaPriodUSE Fluathé Ieamas L ionidirstian ing er, it
was found that if a control sem conductor is nounted on a circuit which is
desi gned 20 St§CRade PEOFESP 1w L& REATEE O dirft iamesht 4fderd diagd pat i on
fromthe control sem conductor is _insufficient, and no sufficient operating
time can be 3gEheEd it denEUadeshris P igCISOSURE O OFHE 1 AEIYON Under

t hese circunstances, the present inventioon has , been nmade to sol ve .t he above

probl ens df CORPERE AT dYRASORE IMSYLERD0jRE DR He Shdsent

invention to rprovi e a,.netal hase circui.t board which remarkably . reduces
mal f uncti on GFRE of ETEEM & ed?a%‘ﬁ THy&ddtistzation ot a circuit

board has been hardly achileved.
Further, in a hybrid integrated circuit employing a
metal base circuit board, usually, both power
10 semiconductor and control semiconductor to control
operation of the power semiconductor are mounted on
circuits of the metal base circuit board. As
characteristics required for the metal base circuit
board, the former is required to be excellent in thermal
15 conductivity even if it has a slightly high capacitance,
and the latter is required to have a very low capacitance
even at the sacrifice of the thermal conductivity.
However, it was found that if a control
semiconductor is mounted on a circuit which is designed
20 to have a very low capacitance, concurrent heat
dissipation from the control semiconductor is
insufficient, and no sufficient operating time can be

secured in some cases.

25 DISCLOSURE OF THE INVENTION
Under these circumstances, the present invention has

been made to solve the above problems of conventional



when a hybrid integrated circuit is operated at a high 5 frequency, and
which is excellent in heat dissipation properties, at a | ow cost. Further,
it is an object of the present invention to provide a netal base circuit
board which is designed that «circuit board characteristics can be partially
changed 10 and accordingly on which various types of sem conductor devices,
el ectroni c conponents, electric conponents, etc. can further be nounted on
the sane circuit board. Namely, the presem inventors have conducted to

sol ve the above problens and as a result, found that a 15 hybrid integrated
circuit wthtaeheweleeat. fEbni& eBnPPokcsenfcbhdupresesinibwengfibncitent |y

di ssipated by providing a_|ow dielectric constant portion at |east under a
circuit port PERVAILE: B Me&ially Regrncdtiedidi keamd) why ath& emegiitaivly

sem conductor, which is excellent in noise 20 characteristics and which can
suffici ent|yXEOWESH MR tine dudife P fofersamigirndiir v oBtigihercupife
present invention has heen acconplished on the basis of_this djscovery.

Nanel y, the p&ESed DYinFeRt ilGF SO eS8 S GNGwtRY ot 2 Mkt al base
circuit board to be use fo . hybrid integrated circuif, conprjsing
circuits pr o&irﬁgdle@cyon aé“i’r@?%c%l]aﬁ xR LeR g righﬁ?ftq ISH/RaRn B), a
power sem conductor, nounted an the circuit and a control sem conductor to

control the POWEFTddmSconduét or?W COSt-

Further, it is an object of the present invention to
provide a metal base circuit board which is designed that
circuit board characteristics can be partially changed

10 and accordingly on which various types of semiconductor
devices, electronic components, electric components, etc.
can further be mounted on the same circuit board.

Namely, the present inventors have conducted to
solve the above problems and as a result, found that a

15 hybrid integrated circuit with which heat from a control
semiconductor can be sufficiently dissipated by providing
a low dielectric constant portion at least under a
circuit portion electrically connected directly to the
control semiconductor, which is excellent in noise

20 characteristics and which can sufficiently cope with high
frequency operation can be obtained. The present
invention has been accomplished on the basis of this
discovery.

Namely, the present invention provides the

25 following.
1-1. A metal base circuit board to be use for a

hybrid integrated circuit, comprising circuits provided



provi ded on the circuit, wherein a | ow capacitance 5 portion is enbedded
under a circuit portion (pad portion) on which the control sem conductor is
mounted. 1-2. The netal base circuit board according to the above 1-1,
wherein the | ow capacitance portion is nade of a resin containing an
inorganic filler and has a 10 dielectric constant of from2 to 9. 1-3. The
nmetal base circuit board according to the above 1-1 or 1-2, wherein the

t hi ckness of the low capacitance portionfs from 100 to 1,000 lim 1-4. The
nmetal base circuit board according to the 15 above 1-1, 1-2 or 1-3, wherein
the circuit por#@ oetadadlaie thien)aronngvlet ine loomr ol A séhi condveter i s
mounted is provided on the | ow capacitance portion enbedded in the netal

pl ate via t hésMms@nguaipy aemieg) on-He £ rsddsarfdra praodiedhg a et al

base circuit 20 board, which conprises (1) a step of filling concaves of a
metal plate KFLEPREBTTRE Foradmvie brifrhegwshaglilcorplumernith a
substance to forma | ow capacitance portion to the sane |evel of height as
the surface GFOXHAGhaR dthiehFIngHert ( ANV T G MY FaRAC Prvaled with a |ow
25 capacitance nenber, (2) a step of providing an insulating. |ayer (B) nade
of a resip cENHIANG AFTRRAWRNIEIFY 1%L hP Y ¥t o RFA t9RE i)

capaci tance portion.and the 7 insulating layer (A) of the plate provided
with a |low é’é’péf’(lfi]t%ctg“?ré‘r%rq]o FIH q}ti%gctF ﬁr%\}‘i‘%#th a | ow

capacitance nenbelrJZ ( 3)'[‘hae Sn{[e%%l()fba%remgiqucqg_ta brcraea:[r afc%grding to the

above 1-1, wherein the low capacitance portion is made of
a resin containing an inorganic filler and has a
10 dielectric constant of from 2 to 9.

1-3. The metal base circuit board according to the
above 1-1 or 1-2, wherein the thickness of the low
capacitance portion is from 100 to 1,000 um.

1-4. The metal base circuit board according to the

15 above 1-1, 1-2 or 1-3, wherein the circuit portion (pad
portion) on which the control semiconductor is mounted is
provided on the low capacitance portion embedded in the

metal plate via the insulating layer (B).

1-5. A process for producing a metal base circuit
20 board, which comprises (1) a step of filling concaves of
a metal plate having concave portions on one principal
plane, with a substance to form a low capacitance portion
to the same level of height as the surface of an
insulating layer (A), to form a plate provided with a low
25 capacitance member, (2) a step of providing an insulating
layer (B) made of a resin containing an inorganic filler

on the surface of the low capacitance portion and the



on the surface of the insulating |layer (B) of the board 5 provided with a

| ow capaci tance nenber to forma netal assenbly, and (4) a step of
processing the nmetal foil of the nmetal assenbly to formcircuits, including
formng a circuit portion (pad portion) on which a control sem conductor is
to be nounted fromthe netal foil 10 |ocated at |east at the surface of the
| ow capaci tance portion. 1-6. The process for producing a netal base
circuit board according to the above 1-5,7 wherein the netal plate having

concave porti,ons .on .qne pr.inci pal e i %g prepared. b .%&) step of
provi di ng thelr}sﬁlslua\q: T gla}yaeyrer&?A)ODgngtgbe pgjfa X rpéécﬁwci%%t‘éjr i n%aja%wi nor gani c
filler on a desire osi tign of tgf rinci pal . pl.ane. of .t he netaL pl ate, and
(b) a step of &t rpci%én% H W Oerpnérﬁ)ﬁ?)%%dg Q%Oe"l‘g%di‘ﬁ]s‘iﬁla?i 91 ayer (A)
as a mask to for ngitthae goncave pO{)SIi ons_.on th surfﬁge of thetrrﬁtgl%gl ate.
2-1. A metal BERES GFEE CBEE Y corprd sTRP G RETEHDVF doatdh ROhbt al
plate via an insyl ating.layer wher ei dent. porti i S.provided on one
side of the églfﬁtaﬁeals% aceeyionf stul'%: et aatelr%%a]tagf% @?)r c%?‘rf%}?%n??%ﬁf portion
t hereof is naqt_qpeped, d insulating layers made _of tﬁe sane terial are
provi ded E‘ot roor’ipltcﬂeec_gs“blag‘é aopf%“’ Cfaf%agcdle% Dot o and o °the® _r’r%‘?g‘flfpl ate on
which the dente. BEIt) onie PIPsgieed Sr JHS-BI Al PBRE SLLSHT Lo PPALS
according to e

the metal assembly to form circuits, including forming a

circuit portion (pad portion) on which a control

semiconductor is to be mounted from the metal foil

10 located at least at the surface of the low capacitance
portion.
1-6. The process for producing a metal base circuit
board according to the above 1-5, wherein the metal plate
having concave portions on one principal plane is
15 prepared by
(a) a step of providing the insulating layer (A) made

of a resin containing an inorganic filler on a desired

position of the principal plane of the metal plate, and

(b) a step of etching the metal plate employing the
20 insulating layer (A) as a mask to form the concave
portions on the surface of the metal plate.

2-1. A metal base circuit board comprising circuits
provided on a metal plate via an insulating layer,
wherein a dent portion is provided on one side of the

25 metal plate in such a state that the circumferential
portion thereof is not opened, and insulating layers made

of the same material are provided both on the space of



above 2-1, wherein the maxi num depth of the dent portion 5 is from10 to
50% of the thickness of the netal plate, the size of the dent portion as
viewed fromthe vertical direction is at |least 50% of the area of the netal
plate, and in a shape of the dent portion as viewed fromthe vertical
direction, the corner has a curvature radius of 10 at least 2.5 mm 2-3.
The netal base circuit board according to the above 2-1 or 2-2, wherein the
insulating layers are made of a resin cotaining an inorganic filler, and
the resin conposition after cured has a storage el astic nodulus of 15 at
nmost 15, 000 MPe ater3O@aktidnl .anAl met dhehamsdadi nduitte woamthitah Behaiskzhtf or a
hybrid integrated circuit, conprising a netal plate, an insulating |ayer
provi ded on tiee tistnalisplratsserdircuits provided on the insulating |ayer and
a plurality of 20 sem conductors nounted on the circuits, wherein a | ow

di el ectric const &2 pofticomeitalparied ed rom itthédomsdalac opiratiaaunderche part of
the circuits on which no seniconductor is nmounted. 3-2. The netal base
circuit boar @hsdsorkdilng Whensia U apsviand dentferad ihchaldrgwrielientri c
constant portion is fornmed by providing a dent portion on the surface of
the netab plid &xamd 44 199 mP% e deit Pordisesniah e axgtrlo Pl ai ni ng an
inorganic filler. 3-3. The netal base circuit board according to the above
3-2, wherei n Hfe Sizfe HalthorsHe RRAHLP0rAS oftapd from the Vvertical

direction is at least 50% of the area of the metal plate,

and in a shape of the dent portion as viewed from the

vertical direction, the corner has a curvature radius of
10 at least 2.5 mm.

2-3. The metal base circuit board according to the
above 2-1 or 2-2, wherein the insulating layers are made
of a resin containing an inorganic filler, and the resin
composition after cured has a storage elastic modulus of

15 at most 15,000 MPa at 300 K.

3-1. A metal base circuit board to be used for a
hybrid integrated circuit, comprising a metal plate, an
insulating layer provided on the metal plate, circuits
provided on the insulating layer and a plurality of

20 semiconductors mounted on the circuits, wherein a low
dielectric constant portion is provided on the metal
plate under a part of the circuits on which no
semiconductor is mounted.

3-2. The metal base circuit board according to the

25 above 3-1, wherein the low dielectric constant portion is
formed by providing a dent portion on the surface of the

metal plate and filling the dent portion with a resin



a gradient of from35 to 65. 5 3-4. The netal base circuit board according
to the above 3-2 or 3-3, wherein the inorganic filler is made of fused
silica (silicon dioxide), and the fused silica conprises from3.5 to 45.0
volt of particles having an average particle size of from0.3 to 5.0 }im
and from18.0 10 to 80.0 volt of particles having an average particle size
of from6 to 30 pm 4-1. A netal base circuit board to be used for a hybrid
integrated circuit, conprising a netal pla&e, an insulating |ayer provided
on the nmetal plate, circuits 15 provided on the insulating |layer and a
plurality of cosedicomfuarorianuarntied fonlltehe. circuits, wherein dent portions
are provided on the surface of the netal plate wunder a part of the circuits
on whi ch no sem cbhndluctlre imetatodpatsed ¢ itreal ide ftoapot taamrsr dhimey ftid @k with a
resin 20 containing an inorganic filler, and the corner portion of the dent
portions as \Aews IFromuteradet titealsidie estlbrrf Hdse adenfk o kon dthsis of at
|l east 0.4 mm 4-2. The netal base circuit board according to the above 4-1,
wherein the isnergehient i efrqms Imdee f5Fused 25 silica (silicon dioxide),
and the fused silica conprises from3.5 to 45.0 volt of particles having an
average particl e’ stze T3 MeSalo s S urYih Hapid GRaED D B0.He€0  vol t
of particles having an average particle size of from 6 to 30 pm _5-1. A
process for &]’Qﬂﬂﬁ:?%‘gz ePlf're?t‘aqg' BERRr €3 cfg inorganic filler is made of

fused silica (silicon dioxide), and the fused silica
comprises from 3.5 to 45.0 vol% of particles having an
average particle size of from 0.3 to 5.0 ym and from 18.0

10 to 80.0 vol% of particles having an average particle size
of from 6 to 30 um.

4-1. A metal base circuit board to be used for a
hybrid integrated circuit, comprising a metal plate, an
insulating layer provided on the metal plate, circuits

15 provided on the insulating layer and a plurality of
semiconductors mounted on the circuits, wherein dent
portions are provided on the surface of the metal plate
under a part of the circuits on which no semiconductor is
mounted, the dent portions are filled with a resin

20 containing an inorganic filler, and the corner portion of
the dent portions as viewed from the vertical direction
has a curvature radius of at least 0.4 mm.

4-2. The metal base circuit board according to the
above 4-1, wherein the inorganic filler is made of fused

25 silica (silicon dioxide), and the fused silica comprises
from 3.5 to 45.0 vol% of particles having an average

particle size of from 0.3 to 5.0 um and from 18.0 to 80.0



board to be used for a hybrid integrated circuit, 5 conprising a netal

plate, an insulating |ayer provided on the netal plate, circuits provided
on the insulating |layer, a power seniconductor nmounted on the circuit and a
control sem conductor to control the power sem conductor, provided on the
circuit, which conprises (1) a step of to form ng concave portions on the
principal plane at the side where the insulating |layer is provided on the
metal plate, (2) a step of applying an iA8ul ati ng adhesive to the concave
portions and the netal plate at a portion other than the concave portions
to the same v off pEB thigilghat \haing an gyvefagqe edxigla sital of oftowon t he
surface of the insulating adhesive and curing the insulating adhesive to
forma netal tassemd ymand (4) a step of processing the metal foil of the
metal assenbly to formcircuits. 20 5-2. A netal base circuit board

obtai ned by the Yrbceds FOCSFORRE Ry W Urerd dbastad reage doerlfas

defined in the above 5-1, wherein the insulating adhesive is nade of a resin
cont ai ni ng arPIast gahike fi3eeriand Hagrid cotedea el I rewkE nal
conductivity after cured of at. 25 least 1.3 nK. 5-3. The netal base
circuit béar FAROrHHiMY 2 IR RIpVe 522, 1RiHerRT Y hA¥epakt Puhcedp@R uni t

area between 11 the netal |ate and the circujit on the concave portion
filled with t i%‘iﬁ]atﬁ?lr@t‘gdr@s’{%‘?% %fffowofg?és%np‘iﬂ?%nf{lsu AbiRfe

capacitance per unit area between the netal plat . .
P lJlayer, a power semlconéhctor mo&hteg on the circuit and a

control semiconductor to control the power semiconductor,
provided on the circuit, which comprises (1) a step of

10 forming concave portions on the principal plane at the
side where the insulating layer is provided on the metal
plate, (2) a step of applying an insulating adhesive to
the concave portions and the metal plate at a portion
other than the concave portions to the same level of

15 height, (3) a step of providing a metal foil on the
surface of the insulating adhesive and curing the
insulating adhesive to form a metal assembly, and (4) a
step of processing the metal foil of the metal assembly
to form circuits.

20 5-2. A metal base circuit board obtained by the
process for producing a metal base circuit board as
defined in the above 5-1, wherein the insulating adhesive
is made of a resin containing an inorganic filler and has
a coefficient of thermal conductivity after cured of at

25 least 1.3 W/mK.

5-3. The metal base circuit board according to the

above 5-2, wherein the capacitance per unit area between



and the circuit at a portion other than the above is at 5 | east 50 pF/cnR
and at nost 160 pF/cnR. EFFECTS OF THE INVENTION 1. In the netal base
circuit board of the present invention, a |ow capacitance portion is
enbedded under a 10 circuit portion on which a control sem conductor is
nounted and under a circuit to which high frequency signals are
transmtted, so as to reduce distortion of signals fromthe control

sem conductor to a power sem conductor. Rdrther, the | ow capacitance
portion 15 which is generally poor in heat dissipation properties is not
formed and orihe amretabub biiaghdyere extethent on ntheatondasgsi patt don
properties is present under a circuit portion on which the power

seni conduct orfilklembunt Bu. the coreli gyt yng bydluss ige sishat mesal SPapE/ cinf cui t
board, a 20 hybrid integrated circuit which hardly mal functions even in
hi gh frequen@ndpdratsaprchpRes i P§r benbbt ar aedbewedhethet metdasplatecuit
board of the present invention having the above structure is characterized
in that chardid eristTEECwHit thle ziPeuttoboatdetabhde Phepabeval iy ehanged
and various types of sem conductor device, etc. can be nounted on the sanme
circuit béar d{ea%%ﬁ@tp%é(ﬁnoﬁ@%iatbam%ﬁ%s]e@ fRft/ @ hybrid integrated 12
circuit having both power sem conductor and control sem conductor, for
exanple. Further, in the circuit board, a heat generating electronic

conponent and_a high frequenc enerati ng apparatus can be proper
diggosed EFFECTS OF  THE TNYENTTON g app properly

1. In the metal base circuit board of the present
invention, a low capacitance portion is embedded under a
10 circuit portion on which a control semiconductor is
mounted and under a circuit to which high frequency
signals are transmitted, so as to reduce distortion of
signals from the control semiconductor to a power
semiconductor. Further, the low capacitance portion
15 which is generally poor in heat dissipation properties is
not formed and only an insulating layer excellent in heat
dissipation properties is present under a circuit portion
on which the power semiconductor is mounted.
Accordingly, by using such a metal base circuit board, a
20 hybrid integrated circuit which hardly malfunctions even
in high frequency operation can easily be obtained.

2. The metal base circuit board of the present
invention having the above structure is characterized in
that characteristics of the circuit board can be

25 partially changed and various types of semiconductor
device, etc. can be mounted on the same circuit board,

and it can be suitably used for a hybrid integrated



5 at desired portions. Accordingly, problens of the conventional technol ogy
can be solved, such that an insulating |ayer which can absorb a stress is
to be designed thick so as to achieve |ow stress properties, but the heat
resi stance becones |arge as the trade-off. 10 Resultingly, such effects can
al so be obtained that heat cycle resistance of a nounted el ectronic
conponent such as a chip resistor inproves. 3. The netal base circuit board
of the present invention is a netal basel@ircuit board to be used for a 15
hybrid integrated circuit having a plurality of sem conductors including a
control seni corduEttorhagere atithpavemrspmigmihictofr ead .cByt1dke above
structure, that is, by nmaking a | ow dielectric constant portion be present
under a cir c MGG rfcat IgKaPw onn&ersdero the tdentcadicuséni conduct or,
heat generated by the control seniconductor is inmediately dissipated to a
netal plate fIRBiyh & Heead N HNNS LG HSUAELS RPIRgRent "aRd |2 high
operating characteristics of the control sem conductor are najntai ned.
Accor di ngl y, HIREURRG BNl T rARRAT HokT FaaPdLERt bl disressdrid
integrated circuit, for e.g.., a high frequency filter such as_a macro-
strip-ling, &hieITYRNcYBltect ACECLHGNEeYan@Tableld @ f13h<i git al
anplifier, to which a conventional netal base _ circuit board can not be

appl i ed, and SHRATINFY WnoglpﬁﬂX G IR %/ﬁ]t‘fe‘%e HIadeitd. 2 Eur t her, the

I
I ircuit board of the presen :
metal base Clﬁéﬁfag¥§b é§e§ W Bﬂ?%%ﬁ absorb a stress is to be

designed thick so as to achieve low stress properties,
but the heat resistance becomes large as the trade-off.

10 Resultingly, such effects can also be obtained that heat
cycle resistance of a mounted electronic component such
as a chip resistor improves.

3. The metal base circuit board of the present

invention is a metal base circuit board to be used for a

15 hybrid integrated circuit having a plurality of
semiconductors including a control semiconductor
generating a large amount of heat. By the above
structure, that is, by making a low dielectric constant
portion be present under a circuit which is directly

20 connected to the control semiconductor, heat generated by
the control semiconductor is immediately dissipated to a
metal plate through the circuit and the insulating layer,
while the operating characteristics of the control
semiconductor are maintained. Accordingly, the metal

25 base circuit board can be applied to a hybrid integrated
circuit for e.g. a high frequency filter such as a macro-

strip-line, a high frequency electric source and an audio



5 invention has the above structure and in addition, has such a structure
that the |Iow dielectric constant portion has a specific shape, and specific
fused silica (silicon dioxide) is used as an inorganic filler, whereby the
metal base circuit board of the present invention has 10 nore excellent
dielectric characteristics, a sem conductor device can be operated with
high reliability, and accordingly operatiqnal reliability of the hybrid
integrated circuit can be increased. 4. F&@ther, it enploys such a structure
that when a 15 dent portion is viewed fromthe ugmard direction, a corner
portion has adt@tbat urBPtafiies. (Foudhelsy ePnwentiedat vekammPagher eby
concentration of a.stress_in the Iom/dieiectric copstant portion can be
avoi ded, the CLERBLFVRORER ceaBRARRCt ARPL b8 di *PEcERFESEBRSL 4Kt NOW porti on
and a netal plate,or an insui@tﬁng Iaggr can be increased, and heat

di ssi pation | PROFE*5ERRF VAt dPe5PTAREBRBRng to the producti on process of
the present inveption, a t al circuit board haying both ortjon

whi ch has a | ow cap g?%ﬁncggﬁn%eggfgﬂ?iﬂ G B8P PRF ds8hi EBRIBEESF s

sui tably nount ed nd_porti ich has a _slightly.hi capaci tance but is
excel l ent i n l?ﬁ%?ﬁﬁ?ncgﬁaugg?vggﬁYeaﬁgrﬁﬁtﬂﬁ?cﬂng megadégﬁPBOngﬁétor 14

is suitably mpunted, _can be _obtaiped with a.high vield, _Accordin a
net al base ci?%ﬁ%tgb%a¥acg%r%egﬁggdg?%r£%w ﬂ%%?? gFﬁ?eﬁ?ﬁ? an%iPSgkg?n

SOSP;23:P9 a feLal pLakee;AnsnLpsyl ahhngplay el PEQyLEed; 90 Le Tt 8L, Pl ate,
dioxide) is used as an inorganic filler, whereby the
metal base circuit board of the present invention has

10 more excellent dielectric characteristics, a
semiconductor device can be operated with high
reliability, and accordingly operational reliability of
the hybrid integrated circuit can be increased.

4. Further, it employs such a structure that when a

15 dent portion is viewed from the upward direction, a
corner portion has a curvature radius (roundness) of at
least 0.4 mm, whereby concentration of a stress in the
low dielectric constant portion can be avoided, the
adhesive force between the low dielectric constant

20 portion and a metal plate or an insulating layer can be
increased, and heat dissipation is more accelerated.

5. According to the production process of the
present invention, a metal base circuit board having both
portion which has a low capacitance and on which a

25 control semiconductor is suitably mounted, and portion

which has a slightly high capacitance but is excellent in

thermal conductivity, and on which a power semiconductor



5 provided on the insulating |ayer, a power sem conductor nounted on the
circuit and a control sem conductor to control the power sem conductor
provided on the circuit, can be provided at a | ow cost. The netal base
circuit board of the present invention 10 enploys an insulating adhesive
having a coefficient of thermal conductivity after cured of at least 1.3
WnK, whereby excellent heat dissipation properties are secured, a
sem conduct or device can be operated withldigh reliability, and accordingly
operational reliability of a 15 hybrid integrated circuit can be increased.
Further, the netahitbslskty choentédpoasd bé dheapnedenithi avehghonibad. both
portion having a capacitance per unit area of at nost 50 pF/cm 2 and
portion of atAteasdidm§lypFicmztahdbatenostclfO pEaedh 20 hheuneby fetiability
of a 20 hybrid integrated circuit can be nore increased by selectively
nmounti ng a comyboidsemiegnaiueflocinouibe cédmpniesipor i nataBRbOEELtBESERI PTI ON
OF THE DRAWNGS 25 Fig. 1-1 illustrates one exanple of a hybrid integrated
circuit enpl oynsglat cogveayéonatometfal bastehecimecailtpbeaaed. albirfugt 1-2
illustrates another exanple of a hybrid integrated circuit enploying a
conventi orfal petaideédsen thecunsubabidg Fagerl-3 pbiwaest samésoodaceranpl e of
a hybrid 5 integrated circuit enploying a netal base circuit board
mounted on the circuit and a control semiconductor to
control the power semiconductor, provided on the circuit,
can be provided at a low cost.
The metal base circuit board of the present invention
10 employs an insulating adhesive having a coefficient of
thermal conductivity after cured of at least 1.3 W/mK,
whereby excellent heat dissipation properties are
secured, a semiconductor device can be operated with high
reliability, and accordingly operational reliability of a
15 hybrid integrated circuit can be increased.
Further, the metal base circuit board of the present
invention has both portion having a capacitance per unit
area of at most 50 pF/cm® and portion of at least 50
pF/cm? and at most 160 pF/cm?, whereby reliability of a
20 hybrid integrated circuit can be more increased by

selectively mounting a control semiconductor on the

former portion.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Fig. 1-1 illustrates one example of a hybrid
integrated circuit employing a conventional metal base

circuit board.



of the present invention. Fig. 1-4 illustrates one exanple of a hybrid
integrated circuit enploying another netal base circuit board of the
present invention. 10 Fig. 1-5 illustrates one exanple of a process for
produci ng a netal base circuit board of the present invention. Fig. 2-1
illustrates one exanple of a netal base circuit board and its production

process of the present 15 invention. Fig. 2-2 is a drawing illustrating "as
viewed from the vertical direction" in tHe present invention. Fig. 2-3is a
cross-sectional viewillustrating a netal base circuit board of Conparative

Exanple 1. 20 FigFig-41ig8 aldrneszasest ronshevi ewampbllesbifati hybaridmet al base
circuit board of Conparative Exanple 2. Fig. 3-1 illustrates one exanple of
a hybrid integresedtedrecuircuehpeoplagingnet apnpasteichaduinetbdabdsef the
present invention. 25 Fig. 3-2 illustrates a dent portion provided on the
hybrid integratedueireaardshown in Fig. 3-1. Fig. 3-3 is a plan view
illustrating a dent portion_16 provided on the hybrid integrated circuit
shown in Fig. 3-T19F §-3411lpstygpaRiengsei PraBPAS g 2a PpPsdess for
producing a netal base _circuit board of the present 5 invention.

5 1ntegrated circult employing a metal base circuit board
of the present invention.

Fig. 1-4 illustrates one example of a hybrid
integrated circuit employing another metal base circuit
board of the present invention.

10 Fig. 1-5 illustrates one example of a process for
producing a metal base circuit board of the present
invention.

Fig. 2-1 illustrates one example of a metal base
circuit board and its production process of the present

15 invention.

Fig. 2-2 is a drawing illustrating “as viewed from
the vertical direction” in the present invention.

Fig. 2-3 1s a cross-sectional view illustrating a
metal base circuit board of Comparative Example 1.

20 Fig. 2-4 1is a cross-sectional view illustrating a
metal base circuit board of Comparative Example 2.

Fig. 3-1 illustrates one example of a hybrid
integrated circuit employing a metal base circuit board
of the present invention.

25 Fig. 3-2 illustrates a dent portion provided on the

hybrid integrated circuit shown in Fig. 3-1.

Fig. 3-3 is a plan view illustrating a dent portion



Fig. 4-2 is a drawing illustrating one exanple of a hybrid integrated
circuit enploying a netal base circuit board of the present invention. 10
EXPLANATI ON OF SYMBOLS 1: Control sem conductor, 2: Power sem conductor, 3:
Circuit, 4: Insulating layer (A), 5 Bonding wire, 6: Heat spreader, 7:
Metal plate, 8: Insulating layer (B) or resin substrate, 9: Low capacitance
portion, 10: 15 Insulating layer (A), 11: Concave portion, 12: Low
capaci tance portion, 13: Insulating |ayer 16B), 14: Metal foil, 15: Crcuit
(pad portion), 21: Metal plate, 22: Dent portion, 23: Insulating |ayer, 24:
Metal foil, 2xovEedhion thsikybré: igiegmmted neintufoi s$howBlinMeial 20
plate, 32: Insulating |layer, 33: Low dielectric constant portion, 34:
Bonding wire,335: Circuit, 36: Heat spreader, 37: Power seniconductor, 38:
Control sem conductor, 41: Metal plate, 42: Concave portion (space
portion), 43: |nstidgtiftgladhedrawingasiyliushyabbnpagepyocgss Ketal foil, 45:
Crcuit, 46: Heat spreader, 47: Power sem conductor, 48: Control
sem conduct orPTAHCLIEH @i APt rle2dy < BESTL fvopre FoORe EARRY| NG ERITt THE
| NVENTI ON Now, the present invention will be explained with reference to
drawi ngs. SFi gt"¥€BtIQM g drawing illustrating a hybrid 5 integrated circuit
enpl oying a netal base circ¢uit board of_the present invention. The netal
base circuit boarfi9- 4-2 1s a drawing illustrating one example of a

hybrid integrated circuit employing a metal base circuit

board of the present invention.

10 EXPLANATION OF SYMBOLS
1: Control semiconductor, 2: Power semiconductor, 3:
Circuit, 4: Insulating layer (A), 5: Bonding wire, 6:
Heat spreader, 7: Metal plate, 8: Insulating layer (B) or
resin substrate, 9: Low capacitance portion, 10:

15 Insulating layer (4&), 11l: Concave portion, 12: Low
capacitance portion, 13: Insulating layer (B), 14: Metal
foil, 15: Circuit (pad portion), 21: Metal plate, 22:
Dent portion, 23: Insulating layer, 24: Metal foil, 25:
Etching resist, 26: Circuit (metal foil), 31: Metal

20 plate, 32: Insulating layer, 33: Low dielectric constant
portion, 34: Bonding wire, 35: Circuit, 36: Heat
spreader, 37: Power semiconductor, 38: Control
semiconductor, 41: Metal plate, 42: Concave portion
(space portion), 43: Insulating adhesive (insulating

25 layer), 44: Metal foil, 45: Circuit, 46: Heat spreader,
47: Power semiconductor, 48: Control semiconductor, 49:

Bonding wire



of the present invention is a netal base circuit board to be used for a
hybrid integrated circuit, conprising circuits provided on a netal plate
via an insulating 10 |ayer (A, B), a power semn conductor nmounted on the
circuit and a control sem conductor to control the power sem conductor,
mounted on the circuit, characterized in that a | ow capacitance portion is
enbedded under a CIrCUIt portion (pad portlon) on which the control 15

sem conductor is nounted. Namely, the netal’ base circuit board of the
present invention has, as shown in Fig. 1-3, such a structure that a | ow
capaci t ance pBEﬁToMOQElEOReﬁBBEMéHGuﬁH@rTHEcﬁNEENEIQUrt|on (also called a
pad portion) on which a control sem conductor 1 is nounted 20 and a circuit
to whi ch high fredQ¥ncyhei gagsensr énvensisn Midd, ban@xPRe ivied mithh t her eof ,
wher eby the capacitance at the corresponding portion of the circuit board
i s decreased. TREEEPBFRGFY, J8RYEBEEI on of signals fromthe control

sem conductor 1 can be reduced wher.eby 25 mal function_of the power

seni conduct or and FttHus 1t ﬁe1Sh?b@F&WiﬁﬂédﬁéFé&r@Fﬂéﬁ‘@-@Qﬁ“ﬁéldecreased or
prevented. Fuyrther, Fig. 1-4.is a E wing illustrating a hyhrid 18
|ntegrated50|FEE??r@ﬁﬁﬂo9Fﬁ§uéﬁoFﬁ8 OﬁépﬁlabQ?EaélpéﬁﬁtC156&ﬂ& &ratRe

present invention, It has such a structure that%choncave portjon |s f or med

on a desired Bdr tPEnPERSSRENERYPHLARe 718 POWALaRRERt QhESYpbr PPBRAD i s

iR R R R TR KL G

be used for a hybrid integrated circuit, comprising
circuits provided on a metal plate via an insulating

10 layer (A, B), a power semiconductor mounted on the
circuit and a control semiconductor to control the power
semiconductor, mounted on the circuit, characterized in
that a low capacitance portion is embedded under a
circuit portion (pad portion) on which the control

15 semiconductor is mounted. Namely, the metal base circuit
board of the present invention has, as shown in Fig. 1-3,
such a structure that a low capacitance portion 9 is
embedded under a circuit portion {(also called a pad
portion) on which a control semiconductor 1 is mounted

20 and a circuit to which high frequency signals are
transmitted, and the vicinity thereof, whereby the
capacitance at the corresponding portion of the circuit
board is decreased. Accordingly, distortion of signals
from the control semiconductor 1 can be reduced, whereby

25 malfunction of the power semiconductor and thus the
hybrid integrated circuit can be decreased or prevented.

Further, Fig. 1-4 is a drawing illustrating a hybrid



8. In the present invention, as a material of the |ow capacitance portion
9, a substance having a low 10 dielectric constant is appropriately sel ected
dependi ng upon capacitance characteristics required for a hybrid

integrated circuit, but a resin containing an inorganic powder, which is
excellent in the adhesion wth the adjacent netal plate or insulating

| ayer, is preferred. i5 According to studies by the present inventors, the
dielectric constant of the resin containiﬁé an inorganic powder is
preferably from2 to 9, at which the object of the present invention is
likely to be Heheeveded /Glf¢el b emp bharied paeehrer anahihabaper earabiki de,
magnesia, 20 silica, silicon nitride, alumnumnitride or the like is
preferably useRRTdsOf hehe RFesenh bpvsyties; n, It heferich resitruet ek yvi ni de
resin, an engineering plastic or the, like is preferably used. Further, one
havi ng a di el €21Fi2 CORGREAPRFLEIPBM D forvedanbe @8%ataedepytPsnsenecting
the types of the inorganic Pomder and the resin and their blend ratio. Wth
respect to the BRspe BE2tRe’ | odv LAPaEiPAREEANOS POFELOR 9, 1E6hemBPAERSi on s
not limted sp long as it is Iarger than the circuit on which a control
seniconduétorlniEh%D%ﬂ?%ﬂV%nﬂofﬁé Ri rdbft2t o1 hhreh R gRTPY 4EEnEYSTEPENnal s

t itted, but.the thick ' ' to 5 be. det ined d d
Upon the oper&HF g HRBEACYIS L AR Shat o i 4l BR. PReITON CAPREI TANEE pOIti on,

etc. According

In the present invention, as a material of the low
capacitance portion 9, a substance having a low

10 dielectric constant is appropriately selected depending
upon capacitance characteristics reguired for a hybrid
integrated circuit, but a resin containing an inorganic
powder, which is excellent in the adhesion with the
adjacent metal plate or insulating layer, is preferred.

15 According to studies by the present inventors, the
dielectric constant of the resin containing an inorganic
powder is preferably from 2 to 9, at which the object of
the present invention is likely to be achieved. As the
inorganic powder, alumina, boron nitride, magnesia,

20 silica, silicon nitride, aluminum nitride or the like is
preferably used. As the resin, an epoxy resin, a phenol
resin, a polyimide resin, an engineering plastic or the
like is preferably used. Further, one having a
dielectric constant of from 2 to 9 can be obtained by

25 selecting the types of the inorganic powder and the resin
and their blend ratio.

With respect to the shape of the low capacitance



to studies by the present inventors, when the thickness is at |east 100 pm
and at nost 1,000 pm a useful hybrid integrated circuit excellent in
operating characteristics 10 can be securely prepared. The thickness
exceeding 1,000 umis not technically problematic but increases the cost.
Further, in the netal base circuit board of the present invention, a portion
under the circuit portion having no | ow capacitance portion and a portion
under the 15 power sem conductor are reqdired to have high heat dissipation
properties, and accordingly the insulating layer (A is_preferably fornmed
thinly as conp@fedoti n thRediNsUFaPngsS| B9Er LiBIt8A ERelPBW 8&pati tdnce
portion 9, and nade of a ﬂate[ial,having hi%h thermal .20 conductivity, as
shown in Fig.13r3er FhReReFRei RIERBLIpr 8BelRIFRVRNEPBRT ChoBRMLRSOFREFRY | ayer
(A) and insulating |ayer ) are nade, of a resi cont ai ni ng an inorganic
powder . As thési%gVﬁﬁ%gcaégmﬂg?,ClﬁFHﬁFnE? BBFSH h??giéé?qHESHMSia, silica,
silicon 25 nitride, alum un1nitrgd§ of the lik -iﬁ greferablé usea. As the
resin, an epoRyIR@LFnar§ pheRSIMFEEPn, PHEpEIGI RUEXPES| AS ARAMAGPREPI ng

pl astic or_the I'kg is.Br f rabI&.ZO used, . The natgrial and the cogRosition
of the i nSul abPrge PEJAeCATeRRBILAE PRETI KPFnGPF Ly biNeaf aNUCREY . he
necessarily different, but.as nt.ioned, above, the material, and the
conposition o?aE Eﬁ?arggsépgcggg %%8 Cé&%SFSaHBEQ&FPh Fﬁ%'ba?%% %é%??

gharaCteriStiEé 9F181eBOLY! PROB WILGR nBANEL-EEM ARACURLOL ] 3y RYUAt €d and

is at least 100 um and at most 1,000 pm, a useful hybrid

integrated circuit excellent in operating characteristics
10 can be securely prepared. The thickness exceeding 1,000

um is not technically problematic but increases the cost.

Further, in the metal base circuit board of the
present invention, a portion under the circuit portion
having no low capacitance portion and a portion under the

15 power semiconductor are required to have high heat
dissipation properties, and accordingly the insulating
layer (A) 1is preferably formed thinly as compared with
the insulating layer (B) on the low capacitance portion
9, and made of a material having high thermal

20 conductivity, as shown in Fig. 1-3.

Further, in the present invention, both insulating
layer (A) and insulating layer (B) are made of a resin
containing an inorganic powder. As the inorganic powder,
alumina, boron nitride, magnesia, silica, silicon

25 nitride, aluminum nitride or the like is preferably used.
As the resin, an epoxy resin, a phenol resin, a polyimide

resin, an engineering plastic or the like is preferably



portion on which a control sem conductor is nounted. Further, in the present
invention, it is preferred that a circuit portion (also called a pad
portion) on 10 which a control sem conductor is nounted is provided on the
| ow. capaci tance portion enbedded in the netal plate via the insulating

| ayer (B). Wen such a structure is enployed as the insulating | ayer (B)
covers the entire surface on the circuit §§ a netal base circuit board
15 excellent in electrical reliability wi 149 be’ obt ai ned. Further, as shown
in Exanpl es described hereinafter, the netal base circuit board of the
present inventFen- ca?b%é“a%%%eﬂq%tf%ﬁom?%‘?ﬂéafp’?%%e’s%su]ra'ém%t a

| ow cost. The CIrCUIt 3 é L de. of anghone of CODB% al um num 20 and a

clad foil conpPY&Fn§rtopP RdiBPUMRRLRY LAYe apReRBFabl v

o onent cusRSag: §§5§ﬂ¥n Qi PEEEeR. oPuk "S5 anluf renedne Bl , 2B ear 1 Ped out

T O s erfarebsan: ran: Bhe Erdrhai Eobphahe Rt g re aﬁglékmﬁ?ﬁgﬁoahong =

Conauet v, "Ogtgoaﬁggé?i%itﬁbﬁﬁgp Fadbsd sonahinafRRslt QF%?ﬁé Retal plate 7
(hy 11 Daty hrEePELdn b ki Sen 0 pbackUBn Yohhk By IMhohBedalaflR o7 0. 201

{nvent  on, - andoFl g5y 3, Lofbe LOcbflLebh! USFSBbRAARG EXATPL B AL it

productlon pr

Further, in the present invention, it is preferred
that a circuit portion (also called a pad portion) on
10 which a control semiconductor is mounted is provided on
the low capacitance portion embedded in the metal plate
via the insulating layer (B). When such a structure is
employed, as the insulating layer (B) covers the entire
surface on the circuit side, a metal base circuit board
15 excellent in electrical reliability will be obtained.
Further, as shown in Examples described hereinafter, the
metal base circuit board of the present invention can be
obtained without complicated process, i.e. at a low cost.
The circuit 3 is made of any one of copper, aluminum
20 and a clad foil comprising copper and aluminum, and it is
preferably appropriately subjected to plating so that
wire bonding or soldering of a component such as a
semiconductor or a heat sink can easily be carried out.
The material of the metal plate 7 is not particularly
25 limited so long as it is a material excellent in thermal
conductivity, and aluminum, an aluminum alloy, copper or

a copper alloy, which has high thermal conductivity, is



Fig. 2-1 (a) illustrates a netal plate to be used for the netal base
circuit board, and is not particularly limted so long as it is nade of a
material excellent in 10 thermal conductivity. Usually, alum num an

al um num all oy, copper or a copper alloy, which has high thernma
conductivity, is preferably selected. The thickness of the netal plate is
not particularly limted, and is wusually {on10.5 mmto 3.0 mm 15 In order
to obtain the nmetal base circuit board of he present invention, a dent
portion is forne

Cher i o1y Bazgﬁg;%'%/'h%% SEREET ﬂg% %%%‘é??éh 2o PRaPREEET Y E%F"eh?? don
20
Lt ar ot has it nes B BL b ERena AUt g eal) Bl uge A1 P AR T SRS 2

state that tha® ¢Crctnrferen

By enpl oyi ng §§ ? ructure an effect of suppressing such a phenonenon
can be obtai né hat insulating layer is separated fromthe side

por tion of 25 the gupst o aF%ququtﬁsacx%h o3 JLUILING (100 heaty) shudnkage

of the netal base plate. Furthe € presen ntlon respect to

22 the shapecgodyhersize of the dent.per 49 (ACEOT U0 Fligys T sl 1

experimental studies by the present inventors, as descri be herelna ter it
is preferred thatghhe1pRxL AN @%@t *éx%fnp%'éée ocferlttsp(ﬂv"xto'd%%tll%nf - d o 50%

of 5 the thlckness of the netal plate si ze of dent portion as
viewed fromthe verly cal-1dir8ctiondisAled @8%etal plate to be used
for the metal base circuit board, and is not particularly
limited so long as it is made of a material excellent in

10 thermal conductivity. Usually, aluminum, an aluminum
alloy, copper or a copper alloy, which has high thermal
conductivity, is preferably selected. The thickness of
the metal plate is not particularly limited, and is
usually from 0.5 mm to 3.0 mm.

15 In order to obtain the metal base circuit board of
the present invention, a dent portion is formed as
illustrated in Fig. 2-1 (b). The processing method
therefor may be any method, but in the present invention,
the dent portion is required to be provided on one side

20 of the metal plate in such a state that the
circumferential portion of the dent portion is not
opened. By employing such a structure, an effect of
suppressing such a phenomenon can be obtained that the
insulating layer is separated from the side portion of

25 the substrate due to a stress resulting from heat

shrinkage of the metal base plate.

Further, in the present invention, with respect to



50% of the area of the netal plate, and in a shape of the dent portion as
viewed fromthe vertical direction, the corner has a curvature radius of at
|l east 2.5 M Here, 10 "as viewed fromthe vertical direction” nmeans a
direction as shown in Fig. 2-2. If the maxi rum depth of the dent portion is
| ess than 10% of the thickness of the netal plate, the effect of the
present invention is indefinite in sone c s, and 1s if it exceeds 50% the
netal plate itself tends to have a reducet strength and is likely to
deform If the size of ent ,porti_on_as viewed fromthe vert.,i cal

t he
direction is tp@s§hﬁﬁﬁna§§%F EA&SaPlathf PRBENBLAI 1pPat &CCRE LG itG ent
effect of the_present invention mﬁlh bg é&ﬁOb aingq in nag& cases, and the
control circuFESBARSnBE SERPFFELENELY SEHEWASoRYt HESs RIE SETc At SBELEF /i n
sonme cases. Further, .in.a,shape_qf the.dent portion as vi fromthe
vertical diretti BRCCHPRUCBRAGRIAL PRG A° atr DAFLFE TPAIIIEY G0€ than 2.5 mm
is present, hjgh. fr neg racteristics_or, _heat di.ssipati.gn
characteristi@gxéﬁggaggggorﬁér%g%r on R&%tbgn é&n%FP€a€§dFoa§ °n8féxpected

effect will beyoblgiped ly 23 oM cases, Juen, as shawad i g 21 (d),

i nsul ating | ayers the same maferial are pro bot he space

e, U0 PR 05000 el PRLAL Bl e et ol 1
shrink, it issp@sgibkBel Qrea of the metal plate, and in a shape of the

dent portion as viewed from the vertical direction, the
corner has a curvature radius of at least 2.5 mm. Here,

10 “as viewed from the vertical direction” means a direction
as shown in Fig. 2-2.

If the maximum depth of the dent portion is less

than 10% of the thickness of the metal plate, the effect
of the present invention is indefinite in some cases, and

15 if it exceeds 50%, the metal plate itself tends to have a
reduced strength and is likely to deform. If the size of
the dent portion as viewed from the vertical direction is
less than 50% of the area of the metal plate, no
sufficient effect of the present invention will be

20 obtained in many cases, and the control circuit can not
sufficiently drawn on the same circuit board in some
cases. Further, in a shape of the dent portion as viewed
from the vertical direction, if a corner having a
curvature radius less than 2.5 mm is present, high

25 frequency characteristics or heat dissipation

characteristics at said corner portion may be

complicated, and no expected effect will be obtained in



enpl oy such a nethod that the space in the dent portion is once filled with
a material formng insulating layers as shown in Fig. 2-1 (c), and after
the material shrunk, 10 an insulating | ayer made of the sanme material as the
above insulating layer is provided on the entire surface of the insulating
| ayer and the netal plate. In the present invention, the insulating |ayer is
required to have sufficient electrical in ating 15 properties and further
have high thermal conductivity or a low dielectric constant, and have high
adhesi ve force with a netal, and accordlngly it is usually made of a resin
cont ai ni ng an®PAr §&AFE - filler as descrlbed hereinafter. Specifically, the
resin containing 20 i_nor anlc i Ier preseg@_lnventlon is a

curable resin cormposi'ticon COWErﬁﬁ &bnﬁgfl&ﬁ ;hn%r¥%% conposed
meinly of an spgxyckesin. SLAL d.eul] ghggge -oi3uEng . Rolyether keleton

and having a pri nar amne  group at nlna I'tsS main a&F7 and (3)

an 25 i nor gani g il e cand iAo Hhe. ﬁ”%ﬂ%‘ﬁe&%ﬁ'ﬁla%%”%%?h%l B @ oured

product excellent in's relaxation propertiées, electri ating

properti es, 2éegeegbr@h§ﬁ'RQAEQQﬁEEQPQVWhQE tﬂ&aﬁaE8§i§E398§m§H§ pRLsture

resi stance can rovi epoxy resin, a general purpoSe epoxy

o5 e ta P PRTERIL B EpO URLD S5 SSRTN 1t 0A001 S 85 Ty
di cycl opent adiege o§kelieh0l, method that the space in the dent portion
is once filled with a material forming insulating layers
as shown in Fig. 2-1 (¢}, and after the material shrunk,
10 an insulating layer made of the same material as the
above insulating layer is provided on the entire surface
of the insulating layer and the metal plate.
In the present invention, the insulating layer is
required to have sufficient electrical insulating
15 properties and further have high thermal conductivity or
a low dielectric constant, and have high adhesive force
with a metal, and accordingly it is usually made of a
resin containing an inorganic filler as described
hereinafter. Specifically, the resin containing an
20 1inorganic filler of the present invention is a curable
resin composition comprising a combination of (1) a resin
composed mainly of an epoxy resin, (2) a curing agent
having a polyether skeleton and having a primary amine
group at the terminal of its main chain and (3) an
25 1norganic filler, and using the curable resin

composition, a cured product excellent in stress

relaxation properties, electrical insulating properties,



an epoxy resin having a naphthal ene skel eton, an epoxy resin having a

bi phenyl skel eton and an epoxy resin having a novol ac skel eton is contai ned
in an anount of at 10 least 10 nass% in the total epoxy resin, balance
between stress relaxation properties and noisture resistance further

i nproves. The typical epoxy resin having a novol ac skel eton may be a phenol
novol ac epoxy resin or a cresol novol ac egggy resin, and an epoxy resin
having a 15 dicycl opent adi ene skel eton, a haphthal ene skel eton or a

bi phenyl skel eton and a novol ac skel eton in conbingtion my al so be used.
Further, as t R82&pGrySrREACRaRTEPEXY L oFes i fraFiSfd SRS SHGAE SIS may
be used alone. Further, it i ossible to blend with an epoxy resin as 20

it isp
the main conpbR&NtE2RNG FER %@spﬁogﬁéﬁdas a thernmpbsetting resin such as a

phenol resin or a_polyimde resin.or a henoxy resin, or a polyner resin
such as an acryli &S Hisb &P B étrr?sd@r'ylaor#)e_tnr H%e- Bﬂ{ré?ﬁ%%eeﬁ?‘ifﬁge’?‘%/s%v\ever,
ol at | ng.pr GGt Fae s RORPTFBSsFaRbe dnd ot SPure TR ce. eI end
srount of e BR TGy ReeUas PUGLE 8P YRl ogh AbamEtgclls total,
e, POLYSU e SSREELD OGN0 LY SIS U lrd D
the resin compasiti9g LGS nGWied A0k HaS RS UKY 1R I USE pbhler curing
resin having a biphenyl skeleton and an epoxy resin
having a novolac skeleton is contained in an amount of at
10 least 10 mass% in the total epoxy resin, balance between
stress relaxation properties and moisture resistance
further improves. The typical epoxy resin having a
novolac skeleton may be a phenol novolac epoxy resin or a
cresol novolac epoxy resin, and an epoxXy resin having a
15 dicyclopentadiene skeleton, a naphthalene skeleton or a
biphenyl skeleton and a novolac skeleton in combination
may also be used. Further, as the epoxy resin, an epoxy
resin having the above skeleton may be used alone.
Further, it is possible to blend with an epoxy resin as
20 the main component, another resin such as a thermosetting
resin such as a phenol resin or a polyimide resin or a
phenoxy resin, or a polymer resin such as an acrylic
rubber or an acrylonitrile-butadiene rubber. However,
considering the balance of stfess relaxation properties,
25 electrical insulating properties, heat resistance and

moilisture resistance, the blend amount of the polymer

resin is preferably at most 30 mass% to the total amount



agent in conbination. Wen an aromatic amne curing agent is used in
conbi nation, nore favorable balance of stress relaxation properties,

el ectric insulating 10 properties, noisture resistance, etc. will be
obtained. As the aromatic am ne curing agent, di am nodi phenyl net hane,
di am nodi phenyl sul fone, netaphenyl enedi am ne or the |ike may be used. A
curing agent such as a phenol novol ac reg%p may further be used 15 in
conbi nation. As the inorganic filler, one having favorable electric

insulating pro t] urther having a high coefficient of therma
conductivity nghsggg %ﬁgﬁgargggﬁrer may, for exanple, be al um num oxi de,

al um num 20 nitride, .$il g&(}gﬁ%lnga@;eﬁlet hor o ;nj raﬁg%%tﬁ%a%iilrfgfg eand t hey may

be used al one or as m xed. em alumnum “oxide 1S rred since

spheri cal parg5§#8§hg&t?kéggﬁg aanﬁiﬂgvﬁhblBnggg?%ggdgﬁi%%hb%%%.S%% easily

avai |l abl e at OW COS en the above-d curabl’e r

conposi tion icﬁeu%k}naggla%fa@,tisnﬁlaliﬂt ic@%ibaxgr uskle s3dResian WLh 2

conductor circuit can be nore inproved | ending a 26 silane coupling

agent such, as;gROXYoshhane185 3 ARAuiilale Whih 1Lhs nf eSiocaaesi tion.
Further, when it is wufilized as an insulating |ayer, the thickness is

determ ned copsgkder cngest r asg Hel axaipoeiPepen! ee shedhe> dugSinRation
properties, insulating reliability, productivity, etc., and is usually at a
| evel of fromyg@nt in combination. When an aromatic amine curing
agent is used in combination, more favorable balance of
stress relaxation properties, electric insulating
10 properties, moisture resistance, etc. will be obtained.
As the aromatic amine curing agent,
diaminodiphenylmethane, diaminodiphenylsulfone,
metaphenylenediamine or the like may be used. A curing
agent such as a phenol novolac resin may further be used
15 in combination.
As the inorganic filler, one having favorable
electric insulating properties and further having a high
coefficient of thermal conductivity is used. Such a
filler may, for example, be aluminum oxide, aluminum
20 nitride, silicon nitride, boron nitride or silica, and
they may be used alone or as mixed. Among them, aluminum
oxide is preferred since spherical particles with which a
high filling ratio is achieved is easily available at a
low cost.
25 When the above-described curable resin composition

is utilized as an insulating layer, the adhesion with a

conductor circuit can be more improved by blending a



to 150 um In the present invention, the resin containing an inorganic
filler has a storage elastic nodulus after 10 cured of preferably at nost
15,000 MPa at 300 K. If it exceeds 15,000 MPa, the stress rel axation
properties may be poor in sone cases. on the other hand, the lower |imt
is not particularly limted, but is preferably at |east 100 MPa at 300 K
since there is possibility that 15 the ins?hating | ayer is defornmed when a
great external force is applied thereto, us impairing insulating
reliability. Thﬁn a netal, foil i% di sposed on the .entire surface of the
i nsul ating | afér38f CREPILAIAFEE S A7 BREPXYV2512¢0F () @hd*heated so
that they are unified, to _obtain.a structure sho in Fig. 2-1 (e).. The
roral for | usEHLoRE &tk DR BeRiNeC HRAT A af FUF CBPbcetBed, SEh ik foi

o ol F G DY PS8 908 S SoBRE AL o

ni ckel , iron, %t
of such metalsd,e c Qi usi ng..the aho al_or il is

ar. I f e t al lqy. The f
prepared either tt‘)ef/'qnarrllee %(‘:)tnrstﬁC{‘/etrilélgr'r%ttr'lroe(fSorre\eflL nPtlé)a ﬁdbé’rel%%?e’t ﬁ.be(fq; and
metal plating N pl.ating,. i - |_at.i I :sQl.der_ pl ati ng may be
applied ongthgﬁgggf%ilgk %5% %%%ﬁﬁ%*éﬁ%@ %ﬁ%ﬁpfﬁgéﬁhéﬁig ‘on the side to

be in_contact guigdh e ihsuldld N9 Adhes YR JMer &f 5 IRBCAEIUEIL «f rouit

is prelimnarily subjecte roughening treatnment e.g. by etching or
plating in view 159 um.

In the present invention, the resin containing an
inorganic filler has a storage elastic modulus after
10 cured of preferably at most 15,000 MPa at 300 K. If it
exceeds 15,000 MPa, the stress relaxation properties may
be poor in some cases. On the other hand, the lower
limit is not particularly limited, but is preferably at
least 100 MPa at 300 K since there is possibility that
15 the insulating layer is deformed when a great external
force is applied thereto, thus impairing insulating
reliability.
Then, a metal foil is disposed on the entire surface
of the insulating layer of the structure shown in Fig. 2-
20 1 (d) and heated so that they are unified, to obtain a
structure shown in Fig. 2-1 (e). The metal foil used
here, which becomes a circuit after processed, is a foil
of a metal excellent in conductivity, such as one of
copper, aluminum, nickel, iron, tin, silver and titanium,
25 an alloy containing two or more of such metals, or a clad
foil using the above metal or alloy. The foil is

prepared either by an electrolytic method or a



of adhesion with the insulating adhesive |layer. An etching resist is applied
(see Fig. 2-1 (f)) to a predetermned position on the netal foil of the
structure 10 of Fig. 2-1 (e), the nmetal foil is subjected to etching using
a predetermned etching liquid to formcircuits on the netal foil (see Fig.
2-1 (g)), and then the etching resist is separated to obtain a netal base
circuit board of the present invention as2shown in Fig. 2-1 (h). 15 The
netal base circuit board of the present invention, utilizing the above

characteristiggléAdesti hdChdtBodhasnguaktahabaskenigstues Hhatvi fdla@rmpl e,
at the tinme of formng the circuits, a portion on which a control

sem conduct or Ni SAUDPBNEEdnyS ol epaned 9N atheg2aagi elidpAli &8 AREREPAce
portion, and a portion on which a control sem conductor is nounted is

prepared on theilCi rruiis ahofe shabiovtspackapPothbosurvheeeby ahbybriid
integrated circuit having both control sem conductor and power
sem conduct or teabebénf epaedcenwind ¢hecdnsubaanthg a3hand vecderdimagsy the
nmetal base circuit board of the present invention is suitable as a circuit
board to b® ubedcbaduatbhybridcuitedsapee ldmiceirti 1fyorsukadcssl 2
applications. Fig. 3-1 illustrates an exanple of a hybrid integrated
circuit enpl oybnghanmegalrieaseenitr euigt. byaedchihat e prlesentg iinventdwn. The
hybrid integrated circuit 5 conprises a netal base circuit board conprising
a netal platef3adhesipnsuliahi el ayenla2 iagd adhesiivies 13%erand a
An etching resist is applied (see Fig. 2-1 (f)) to a
predetermined position on the metal foil of the structure
10 of Fig. 2-1 (e), the metal foil is subjected to etching
using a predetermined etching liquid to form circuits on
the metal foil (see Fig. 2-1 (g)), and then the etching
resist is separated to obtain a metal base circuit board
of the present invention as shown in Fig. 2-1 (h).
15 The metal base circuit board of the present
invention, utilizing the above characteristics in
structure, has such characteristics that, for example, at
the time of forming the circuits, a portion on which a
control semiconductor is mounted is prepared on the
20 c¢ircuit at a deep space portion, and a portion on which a
control semiconductor is mounted is prepared on the
circuit at a shallow space portion, whereby a hybrid
integrated circuit having both control semiconductor and
power semiconductor can be formed on one circuit board,
25 and accordingly the metal base circuit board of the

present invention is suitable as a circuit board to be

used for a hybrid integrated circuit for various



plurality of sem conductors i.e. a power sem conductor 37 and a contro

sem conduct or 38 nounted on the circuits 35. Wen the power sem conduct or
37 is connected to the 10 circuit 35, a heat spreader 36 is interposed

t herebetween in many cases for the purpose of accel erating heat

di ssi pation, but the heat spreader 36 is not used in some cases. Further,
the control sem conductor 38 is connected%%o the circuit 35 with no heat
spreader 15 interposed therebetween since e control sem conductor 38 does
not usually gene ate. a | arge quantity of heat, however, needless to say, a
heat spreaderaﬁﬁylﬁg lPﬁFérposed t her ebetween. Further, in Fig. 3-1, signals

fromthe control m canduct,qr. 38 are electrically 20 connected to the power
sem conduct or 37 t%ﬁrgdu%hqt hleﬁucsi%rrc‘ziu|etS aerﬁ?méjqbeor? i r‘l-’lg rel(%4. The present

invention is c¢hat L.z insth i el ectric _constant. porti 33 is
provi ded at |%§§F8%%§§9 %grgp%%u?%mﬁﬁkgggi% gﬁe%ﬁrF%&Fifgégﬁﬁétgg 5 irectly

| nventi on has CuehoCRarae oT 1SUrEe (FRal 1L caRebe SpprPEabre Forathybri d

i nventi on has suc aracteristics 't

| ntegrat eds ci peHbE-1EQk %U?n*étlg'l 22 s ARAICAL! 3 LAl ."érirn%”;ang%ﬁ%al

di ssipation fromthe control sem conductor is insufficient,”
sufficient 0%@5@%‘ Ag tLEe i&%ﬁl@%i%%cll%g@r 52 Wik 13 Lanentd ongly Jet al

base circuit board can not be appli éd. In the present iInvention, a part of
the nmetal plapeurdliky bePledNdR tdraatierd ala RAVAY Rrli@IRRiddds 37
and a control semiconductor 38 mounted on the circuits
35. When the power semiconductor 37 is connected to the
10 circuit 35, a heat spreader 36 is interposed therebetween
in many cases for the purpose of accelerating heat
dissipation, but the heat spreader 36 is not used in some
cases. Further, the control semiconductor 38 is
connected to the circuit 35 with no heat spreader
15 interposed therebetween since the control semiconductor
38 does not usually generate a large quantity of heat,
however, needless to say, a heat spreader may be
interposed therebetween. Further, in Fig. 3-1, signals
from the control semiconductor 38 are electrically
20 connected to the power semiconductor 37 through the
circuit 35 and a bonding wire 34.
The present invention is characterized in that a low
dielectric constant portion 33 is provided at least under
a circuit which is electrically connected directly to the
25 control semiconductor 38. By such a structure, the

present invention has such characteristics that it can be

applicable to a hybrid integrated circuit for such an



constant | ower than that of the netal plate, and the material is not
particularly limted. For exanple, a netal base circuit board wherein dent
portions are 10 provided on the surface of the netal plate 31, and the dent
portions are filled with a resin containing an inorganic filler, can be
obt ai ned wi t hout any significant change of a process for producing a
conventional netal base circuit board. Further, such a netal base circuit
15 board is particularly preferred since &%mterial excellent in
connectivity with the insulating layer 2 and the netal plate 31 is likely
to be sel ect edppWithtieapenhtt aohbardent peati dissdagedridnngriom tdHeudi es by
the present inventors, the angle O forned by 20 its side wall and its

bot t om pref er abhyrbassamgraddentoef i6r ans8bftieiehtas aslowd isnfliigicdht2. |f
it isless than 35, the area of the side wall portion tends to be | arge,
and it is requpeedttihgt ttihe dent bposticamelds suof vhdicantl yonvehgd ocs@las to
secure the capacitance. |If the gradient 25 exceeds 65, if there is a corner

bet ween t he simdeawabhseandrthetbbbhom ofnt hetdeet aperdtiiedn,

a void portion is

likely to remain at the corner. In either case, 30 electrical
characteristi cs ofint hdeoptraiseed Metvanthase acipegui tofhddred mrtall ikelte t 0 be
deteriorated. Further, the shape of the bottomof the dent portion is not
particul arly Bilnisedepbatrert wishprehatebliplphanéngsiancéed estpricduct i on

nmet hod excellent in mass productivity such as a nechanica

nmet hod such as

pressing or cgenispgnor lgwer than that of the metal plate, and the

material is not particularly limited. For example, a

metal base circuit board wherein dent portions are

10 provided on the surface of the metal plate 31,

and the

dent portions are filled with a resin containing an

inorganic filler, can be obtained without any significant

change of a process for producing a conventional metal

base circuit board. Further, such a metal base circuit

15 board is particularly preferred since a material

excellent in connectivity with the insulating layer 2 and

the metal plate 31 is likely to be selected.

With respect to the dent portion, according to

studies by the present inventors, the angle 6 formed by

20 its side wall and its bottom preferably has a gradient of

from 35° to 65° as shown in Fig. 3-2. If it is less than

35°, the area of the side wall portion tends to be large,

and it is required that the dent portion is sufficiently

large so as to secure the capacitance. If the gradient

25 exceeds 65°, if there is a corner between the side wall

and the bottom of the dent portion, a void portion is

likely to remain at the corner. In either case,



chem cal method such as etching with a chem cal can be applied as a nethod
of formng dents on a netal plate. Further, with respect to the shape of the
dent 10 portion, the dinension of the dent portion when the netal base
circuit board is viewed fromthe upward direction is |larger than the
circuit on which a control sem conductor is nmounted and the circuit to
whi ch high frequency signals or the |ike g§§ transmtted, when the netal
base 15 circuit board is used as a hybrid integrated circuit. The

e, materjal he insul ating

t hi ck d h [ [ .g..th f

hihesi ve f or nERECERSCAln SHRRER RS SR AP Bty Thet APLRRGES B loP8s o 800 pim

is wusually suffici. n%. ng depﬁh 05 t he dent ortion% 0 v rieg wi th each

dent portion, SBAf Yitre PRERH BEFt itoKS 1 Yp & Fagﬁ$eﬁé9§atﬁ ‘safBr88fFh, wher eby
i b i t.all at . Eurther, .i.n th t

Pivent: on.  hePReS RO i &1 G GATI Ror G0 Ao PREC A H Whin the dent 25

portions are fill i_s 0ot .particularly li.mte Q n as it has a_|low
dielectric coﬁgféﬁgPlﬁﬁégp%é EFng %@toﬁg a F%é%ﬁﬁgﬁygﬁ&%%ﬁ' éﬁﬁﬁﬁ%f?vity.

31 The inorganic. fil:l er ol lLe,. b | und_ num _Qxi i.] i,can. oxi de,
al um num n?t r %gl((a)%cl)lrctl:}c?r%orr{1 ni ’tol’dl %(%{,C%)ign ta%gnglat%ﬁeﬁrgéuﬁ%)&ﬁﬂ%’yo%d&& %ilicon

oxi de or borog_g%%gkﬁggaafgﬁkﬁkgr%%%ﬁ_g%;?r@ggq aO&oWu kgkﬁg&ﬁj%15 const ant

portion can be W avor abl e ance etween ielectric
constant and Q%QQdQQETHk&%%@ts%Eh as etching with a chemical can be

applied as a method of forming dents on a metal plate.
Further, with respect to the shape of the dent
10 portion, the dimension of the dent portion when the metal
base circuit board is viewed from the upward direction is
larger than the circuit on which a control semiconductor
is mounted and the circuit to which high frequency
signals or the like are transmitted, when the metal base
15 circuit board is used as a hybrid integrated circuit.
The thickness (depth) varies depending upon e.g. the
material of the insulating adhesive forming the
insulating layer, and a thickness of from 50 to 800 um is
usually sufficient. The depth of the dent portions
20 varies with each dent portion, but the dent portions
preferably have the same depth, whereby processing can be
carried out all at once.
Further, in the present invention, the resin
containing an inorganic filler, with which the dent
25 portions are filled, is not particularly limited so long
as it has a low dielectric constant, but preferred is one

having high thermal conductivity.



thermal conductivity. The shape of particles constituting the inorganic
filler is not particularly Ilimted, but spherical particles are preferred
in view of 10 inprovenent in fluidity, and an inorganic filler consisting
of particles having a hollowis nore preferred since the dielectric
constant at the low dielectric constant portion further decreases.
Particularly, according to results of studies by the present inventors, 15
fused silica (silicon dioxide) conprising rom3.5 to 45 0 vol t of
particl es having aver age par e size of. fromO0.3 um and from
18.0 to 80.0 volt%g? lBQF%FBPEsfﬁi& ﬁngH a&@Fa@%ﬁ%B%ﬁ oM rom6 to
30 umis excell in .1 ng ertles an re 20 pref.erred
since a Iom/d?éFgﬁtr?&l&SﬂEtBHFd Orﬁg BLRYG Ry 0P5g38rﬁglgﬁ5el &t ween

| ow di el ectric_const ant § h&ggl coeff|C|ent of .t her mal condug |V|ty can be
stably and s38 r%??n%bF Flled LRELPHE PELFR, 51 ﬁgpﬁoggﬁéfnﬁr S f%such as
an_epoxy 25 [esihacd; BNENgkoLeshn of (3 &%&%p"'d%ore i 30 8Nl neer i ng

plastic, a thernD trc res A suéh”a ethylene a polypropylene

V'”y"de”%sChE8£é9$ aP§§t188'¥§kh%'e@%t%%k%@“hﬁ%ha%%vO 1 ABSLESHRLOr an AS

resin or an acr esin, a Si |ICOI’le resin or ane resin nmay, for

exanpl e, ‘be uge Weéﬁvmgwtaegugekrlé BEBLREHEdankOiish, Lhe AR Lesig as for

the insulating l'ayer, and an epoxy resin is prefeée 'y "useé Whi ch has

favorable adbgsignWebRatRe108E9. PHRLEshape of particles

constituting the inorganic filler is not particularly
limited, but spherical particles are preferred in view of
10 improvement in fluidity, and an inorganic filler
consisting of particles having a hollow is more preferred
since the dielectric constant at the low dielectric
constant portion further decreases. Particularly,
according to results of studies by the present inventors,
15 fused silica (silicon dioxide) comprising from 3.5 to
45.0 vol% of particles having an average particle size of
from 0.3 to 5.0 um and from 18.0 to 80.0 vol% of
particles having an average particle size of from 6 to 30
pm is excellent in high filling properties and is more
20 preferred since a low dielectric constant portion having
favorable balance between low dielectric constant and
high coefficient of thermal conductivity can be stably
and securely obtained.
As the resin, a thermosetting resin such as an epoxy
25 resin, a phenol resin or a polyimide resin, an
engineering plastic, a thermoplastic resin such as a

polyethylene, a polypropylene, vinylidene chloride, a



In the present invention, the material of the nmetal plate is not
particularly limted so long as it is excellent in thermal conductivity,
and al um num an 10 al um num al |l oy, copper or a copper alloy, which has high
thermal conductivity, is preferably selected. The thickness of the netal
plate is not particularly limted and is usually from0.3 mMmto 4.0 nm In
the present invention, the conposition anqx%S characteristics of the
insulating |ayer are also very inportant.”“The insulating layer is formed by

a resin containing, an i norgani gihler. As the inorganic filler, .an
electrically Pﬂgﬁﬁgpyﬂﬁnﬁnﬁgﬁﬁﬁgé EofpEun8lsfER A8S1H @i AR @3l dFPrm

oxi de), boron nitride e nesia 20 _(magnesi um oxi,de), bariumsul fate, zinc
oxi de, si 11 caCt( &P FCbK TaFoR FaAT: 81 FRLOROREL FRAS 0P aPuMERITEREL FEGET 5
used, and al um na, _boron nigrid%, aluminumnitrjide or, silica ﬁgich is

easi |y avail aBP& af®a FER RISt Fsusﬁg%fe By GRER: Ahohd Ph&RTTARFUN na or

alumnumnitride 25 is mre preferably_ selected, since their particles are
spheri cal and£8 HFShkﬁFIFFWS Facro 8§nf85 g@ﬁié9§8}a§&89 gﬁﬁeﬁguﬁgt ﬁ&'layer

having exty gLyl g L hernL 83o ARONELLW (Yqan sasl Lo e oLl ned.  As

. e .
the resin, I'ng resin such-a n’epox 1N, a nol resin or

a polyimde r%ﬁh@si@ﬁygﬁ@ﬂi@%%r%ggaﬂlgﬁékgn a thernoplastic resin such as a

5 pol yet hyl ene,” a po opyl'ene, viny ene chloride, a polyethylene
terephthal ate, anIéB%h%e%f%é@hfﬂld%%ﬂﬁ¥ﬂﬂ} the material of the metal

plate is not particularly limited so long as it is
excellent in thermal conductivity, and aluminum, an

10 aluminum alloy, copper or a copper alloy, which has high
thermal conductivity, is preferably selected. The
thickness of the metal plate is not particularly limited
and is usually from 0.3 mm to 4.0 mm.

In the present invention, the composition and

15 characteristics of the insulating layer are also very
important. The insulating layer is formed by a resin
containing an inorganic filler. As the inorganic filler,
an electrically insulating inorganic compound such as
alumina (aluminum oxide), boron nitride, magnesia

20 (magnesium oxide), barium sulfate, zinc oxide, silica
(silicon dioxide), silicon nitride or aluminum nitride is
used, and alumina, boron nitride, aluminum nitride or
silica which is easily available at a low cost, is
preferably used. Among them, alumina or aluminum nitride

25 1s more preferably selected, since their particles are
spherical and a high filling ratio can be achieved, and

an insulating layer having extremely high thermal



or an acrylic resin, a silicone resin, a urethane resin or a fluororesin
may, for exanple, be used, and particularly, an epoxy resin which is
excellent in 10 connectability with the netal plate is preferably

selected. Nanely, in the present invention, as the conbination of the
inorganic filler and the resin, an epoxy resin containing one or nore of

al um na, boron nitride, 15 alum numnitri g%and silicais a preferred
conbination since it has high adhesive f e wwth the netal plate or a
metal foil formng a,circuit, and an jnsu]ating _|ayer having a high
coefficient ofRABFRAVIEHNEBEL PFFLYYOPS ARGAAGSE -1 ow capacitance after cured
can easily be 20 obtained. Further, the sane applies to a resin containing
an inorganic fillé&f GEﬁsFﬁF&PPnS tHETEREGE CLo r§isdie SUGHe Ao Rt &ROFort i on.
As a nmethod of applying, the_resin containig ,an inorqanic filler in an
uncur ed stater?ﬁggeiﬁagF@POQSrgﬁhﬁtPﬁeg P8 gFPééet6e§iﬁpI€nas i nsul ating

adhesive) to

a redeterniTed ortiog enecrally, a raoll coater, a gravure
coater, a kis@nggP?eﬁbﬁgeP ﬁftggreén B??WPPE@S§XC &y 17 GHCEx &plPe, be
I d. Furth he | |l ati dhesi is formed i i.ngl e |
T plural T ayBroyeCRGARTY PePPAYREAPYRCB ar S W AYBEES FRECHOese bocomos

| ong, thus ingcreasi the cost t .dielectric breakdown 5 resistance
i nproves and ?8?¥ﬁ§ﬁ?lFH8 gggﬁpggga%ﬁtefhﬁgkhégsrgflphgriﬁ?u%%tFﬁ&lpayer
i nproves.

or an acrylic resin, a silicone resin, a urethane resin
or a fluororesin may, for example, be used, and
particularly, an epoxy resin which is excellent in

10 connectability with the metal plate is preferably
selected.

Namely, in the present invention, as the combination
of the inorganic filler and the resin, an epoxy resin
containing one or more of alumina, boron nitride,

15 aluminum nitride and silica is a preferred combination
since it has high adhesive force with the metal plate or
a metal foil forming a circuit, and an insulating layer
having a high coefficient of thermal conductivity or
having a low capacitance after cured can easily be

20 obtained. Further, the same applies to a resin
containing an inorganic filler constituting the above low
dielectric constant portion.

As a method of applying the resin containing an
inorganic filler in an uncured state (hereinafter

25 sometimes referred to simply as insulating adhesive) to a
predetermined portion, generally, a roll coater, a

gravure coater, a kiss roll coater or screen printing



In the present invention, as a material of the <circuit and a netal foi
formng it, any one of copper, alum num nickel, iron, tin, silver and
titanium an 10 alloy containing two or nore of such netals, or a clad foil
usi ng the above netal or alloy, may, for exanple, be wused. Further, the
metal foil may be prepared either by an electrolytic nethod or a

cal endering nethod, and netal plating sug? as N plating, N -Au plating or
sol der 15 plating nmay be applied on the ne %J foil. It is nore preferred
that the surface on the sid? to be in_contact_ with the insula ing adhesi ve
of the netal Fo¥t ?SFrﬁﬁﬁp ersbﬁrEWPﬁPﬁﬁﬁrlngﬁﬁ?%EteHh?olPBHéﬁ PHg
treatment e.g. b%.etching or ﬁlating I N Yiew of adhesi on mﬁtq he 20

i nsul ating adR8EFveVeshitel 8F™EHe Bi Acirle16f LPHE N al o RIF G dGYE Soar d

of the presen@hinvegtion are §n.the net€I glate vi% an_insul tingllayer,
and the ot her §"§Pelbn PhEREESI 1B REEEYi 42¥F ns (P&t PRQCCETePSSTdSs | ow
dielectric constant 25 portion. .ln oduct i on. of hybrid.integrated circuit
enpl oyi ng t he nBgal CBaS6 BFFEPEPBoRPE 5P Ehe e b o HntIar R ™
nmounting contral . [ onj onent h .35 .,as _a resistar. chip and a
condenser %hi688ﬁg%ﬁégﬁa?béfggggr8§?t§P§§ﬁ§ForFP§na8FU§F§XéP§ fromthe

control sen gandyelac £anche tedused: ;gndy myoliga power

sem conductor, a contr sem conductor, “etfc:” 0 ormer circuits,

excessive i”Creas%niQh%e%E%%%E%T%n%%nEQ%nﬁs%@‘é”MEE&fEéLQﬂ@thﬂ§ resul ting

mal f uncti on can be
circuit and a metal foil forming it, any one of copper,

aluminum, nickel, iron, tin, silver and titanium, an

10 alloy containing two or more of such metals, or a clad
foil using the above metal or alloy, may, for example, be
used. Further, the metal foil may be prepared either by
an electrolytic method or a calendering method, and metal
plating such as Ni plating, Ni-Au plating or solder

15 plating may be applied on the metal foil. It is more
preferred that the surface on the side to be in contact
with the insulating adhesive of the metal foil (circuit)
is preliminarily subjected to roughening treatment e.g.
by etching or plating in view of adhesion with the

20 insulating adhesive.

Some of the circuits of the metal base circuit board
of the present invention are on the metal plate via an
insulating layer, and the others are on the metal plate
via an insulating layer and a low dielectric constant

25 portion. In production of a hybrid integrated circuit
employing the metal base circuit board of the present

invention, by mounting control electronic components such



prevented. As a result, such an effect that highly reliable operation can
be secured as the whole hybrid integrated circuit, can be obtained. 10 In
t he enbodi nent of the present invention, regarding the above dent portion,
t he. corner portion as viewed fromthe upward direction has a curvature
radius (roundness) of at least 0.4 nmmas shown in Fig. 3-3. Wth respect
to the shape of the dent portion, the dent 15 portion is fornmed al ong the
shape of a circuit nounted on the | ow di el®ctric constant portion, since
the thermal conductivity at_the low dielectric constant portion is |ower
than that of ®FRe2nEB&FSpPat eR1BsaNfisasRIpESgEuShLY Qns&géréaGFeé rectangl e
is enpl oyed in.nan¥ 20 cases, but a _pol ygon such as_a triangle, a pentagon
or a hexagonCoFCHFBundishapeisticRtasignglsctEoBr the SPPEESE may be

enpl oyed in sone,casgs. The gre ent invegﬁors h%ye conduyct ed experi nment al
studi es on t h§SBASABIBF CPheCBBNPSpSRENGR%ana ds Oy FEYRINT 85 PCHEHd t hat
when the corner portion_has a curvatyre radius of at least 0.4.mm no void
will remain aﬁepﬁgoegpﬁgprofa ERETEEMt SSMAEPEHY L ket & bad® &¥cuit board

havi ng 36 prgdeternimed characteristics.can be stab

|y _obtained, gﬁﬁ%
acconpl i shed TRETSFeSERt U ihientroRSStHE PRESERES Ay EMTPEH T8 Eh&ia i zed

in that the snmall.est -.corner Rar%%pn hasl%.curvaﬁ re radius r@ygdness) of

at least 5 O.EQWﬁFOPgagrafgsg of ﬁergﬁgpelgﬁ e EQEFlﬁngF vi ewed

fromthe upwapd gLReel OMgiaCre@uPP! Y890hOhnetfect that highly

reliable operation can be secured as the whole hybrid
integrated circuit, can be obtained.
10 In the embodiment of the present invention,
regarding the above dent portion, the corner portion as
viewed from the upward direction has a curvature radius
(roundness) of at least 0.4 mm as shown in Fig. 3-3.
With respect to the shape of the dent portion, the dent
15 portion is formed along the shape of a circuit mounted on
the low dielectric constant portion, since the thermal
conductivity at the low dielectric constant portion is
lower than that of the metal plate. As its shape,
usually a square or a rectangle is employed in many
20 cases, but a polygon such as a triangle, a pentagon or a
hexagon or a round shape such as a circle or an ellipse
may be employed in some cases.
The present inventors have conducted experimental
studies on the shape of the dent portion and as a result,
25 found that when the corner portion has a curvature radius
of at least 0.4 mm, no void will remain at the corner of

the dent, whereby a metal base circuit board having



round shape. Further, with respect to the shape of the dent portion, the
dent portion should be larger than the 10 circuit on which a control

sem conductor is mounted and a circuit to which high frequency signals or
the.like are transmtted, when the netal base circuit board is viewed from
the upward direction. The thickness (depth) varies depending upon e.g. the
material of the insulating 15 adhesive forpmng an insulating |layer, and is
usually from 50 to 800 pm The concave-convex shape of the dent portions is
not particularly limted, but the bottons are preferabhly _plane,_i.e._the
dent porti onsPHEGE CERE 1SS C@@ﬁﬂ?,teifé%éﬁewna%&r SFELYo P LFEtINGR e8¢ | ent
in mass productivity such as a nmechani.cal nethod such as pressing or
cutting or a BRERMPAN SRECHSEESs BERSES tetlENiCRG Wt-h APSCcRERFERF can be appl i ed

as a nethod of form,ng dents on the netal plate. 25 Fig.. 4-1 is draw ngs
i |lustrating anﬁﬁaeéggl Gy C%&F&&&&f&&eé 8t & afasdcisredile BoSF TS t he

present invention. First, concaverportions f%ﬂgg%)on desired 37

re
portions on tﬁ@rét&ropaé?sma &P §tag_l(u§‘e o S ©fH Rt Aseaéf’_trret hod of
CUTTi g or® et Snfndet et s G ey BELReY onid ST FEAOTbI 6 used 5
R R L Y R R L
round shape.
Further, with respect to the shape of the dent
portion, the dent portion should be larger than the
10 circuit on which a control semiconductor is mounted and a
circuit to which high frequency signals or the like are
transmitted, when the metal base circuit board is viewed
from the upward direction. The thickness (depth) varies
depending upon e.g. the material of the insulating
15 adhesive forming an insulating layer, and is usually from
50 to 800 pm.
The concave-convex shape of the dent portions is not
particularly limited, but the bottoms are preferably
plane, i.e. the dent portions have the same depth,
20 whereby a production method excellent in mass
productivity such as a mechanical method such as pressing
or cutting or a chemical method such as etching with a
chemical can be applied as a method of forming dents on
the metal plate.
25 Fig. 4-1 is drawings illustrating a process for

producing a metal base circuit board of the present

invention. First, concave portions are formed on desired



an alum num al | oy, copper or a copper alloy, which has high thernal
conductivity, is preferably selected. Further, the thickness of the netal
plate is not 10 particularly limted and is usually from0.3 mMmto 4.0 mm
Wth respect to the shape of the concave portion of the netal plate, the
di rensi on of the concave portion when the netal base circuit board is
viewed fromthe 15 upward direction should be larger than a circuit on which
a control seniconductor is nounted and a cifcuit to which hi gh frequency
signals or the like are transmtted, when the netal base circuit board is
used as a hybPPHELiLAREgPEt EBSCEREGRES Pér fhBeLadl PREGSh (Bise Fhidckrdeds 20
(depth) varies depending upon e.g. the material of an insulating adhesive
forming an inddidati nyS|ayBethed ¢ fosnmareytheorePBoave BODLLANSFuft her, the
depth of the concave portion may vary with each concave portion, hut al
the concave p6PEVERE1IpPELerghlpchaelt RE PERSSABHL h CUES Ii9e P&bE H5T8EWssi ng
can be carried, out alkﬁat once. Then, an .insulating adhesive is applied to
the above coWdhPedpGPEMdnglafayt ke MSR&HOprste BRReRetRaAnPLAES3BSCEoncave
portions to the sanme | evel qof height .(see Fig. 4- 1 (2)).. As a nethod of
appl yi ng the FﬁsﬂpﬁtpﬁﬁtéﬂﬁgéFag,QlH§ &%i?oaqPSEIaéoéﬁeﬁF FagFantr & coater,
a kiss roll coater._qr screen pri.nti may, for, exanple, be | oyed. 5
Further, the MRLGFAFING SHIASTYe s PoHMEd CPISUGHgre Y 1 A7e P hiry)
| ayers. In a 3%531W%§5%HFQE1E”SU|ati”%
Y., Ccoppe

or a copper alloy, which has
high thermal conductivity, is preferably selected.
Further, the thickness of the metal plate is not

10 particularly limited and is usually from 0.3 mm to 4.0
mm .

With respect to the shape of the concave portion of
the metal plate, the dimension of the concave portion
when the metal base circuit board is viewed from the

15 upward direction should be larger than a circuit on which
a control semiconductor is mounted and a circuit to which
high frequency signals or the like are transmitted, when
the metal base circuit board is used as a hybrid
integrated circuit. Further, although the thickness

20 (depth) varies depending upon e.g. the material of an
insulating adhesive forming an insulating layer, it is
usually from 50 to 500 um. Further, the depth of the
concave portion may vary with each concave portion, but
all the concave portions preferably have the same depth,

25 whereby processing can be carried out all at once.

Then, an insulating adhesive is applied to the above

concave portions and the metal plate other than the



adhesive is fornmed in plural |ayers, the process beconmes [|ong, thus

i ncreasing the cost, but dielectric breakdown resistance inproves and
further, the accuracy of 10 thickness of the insulating |ayer inproves.

Then, a netal foil is provided on the surface of the insulating adhesive to
forma netal assenbly (see Fig. 4- 1 (3)), and then the netal foil of the
netal assenbly is processed to formcircuits (see Fig. 4-1 (4)). As a 15
material of the netal foil used in the present invention and the circuits
formed fromthe nmetal foil, any one of copper, alum num nickel, iron, tin,
silver and titantavie pantapnsyteohhai armg tawedr ofivheightsuekenEtial.s4or a
clad foil using the above netal or alloy may, for exanple, be 20 used. The
metal foil may beé) prefed el gttt ®f applyed rorgt ivswerhodo ordlaesavenderi ng
met hod. Metal plating such as Ni plating, N -Au plating or solder plating
may be appliedsenliYieanepal fertber|taj gravuee ppeterred Khas tRélsurface on
the side to be in contact 25 with the insul ating adhesive of the netal foi
(circuit) isCPREPT nPRaPFF§SBUBFeBteBIt BA¥ou§RENEHGTPLEat RENEM®LlgYedhy
etching or plating, in view of adhesion with the 39 insulating adhesive.
Fig. 4-2 i% aFaFatgAFﬁg FReuspFatphgrEnadBrantPe16f £QrmREbARd 8 FLEGHE ed
circuit enploying a netal base circuit_ board obtained by the process for
produci ng a mef¥4 rbagepguE??ci?VeBEardI%fat%%ﬁ%r%%%ﬁ? ?%%eh??%ﬁ?tﬁﬁgshomm in

Fig. 4-2 n , | i.r cui f th n
9 0 aéﬂgsgsgalsb?ggmgd gg %lggg&dlgye&s? %%%s%r%cess becomes

long, thus increasing the cost, but dielectric breakdown
resistance improves and further, the accuracy of

10 thickness of the insulating layer improves.

Then, a metal foil is provided on the surface of the

insulating adhesive to form a metal assembly (see Fig. 4-
1 (3)), and then the metal foil of the metal assembly is
processed to form circuits (see Fig. 4-1 (4)). as a

15 material of the metal foil used in the present invention
and the circuits formed from the metal foil, any one of
copper, aluminum, nickel, iron, tin, silver and titanium,
an alloy containing two or more of such metals or a clad
foil using the above metal or alloy may, for example, be

20 used. The metal foil may be prepared either by an
electrolytic method or a calendering method. Metal
plating such as Ni plating, Ni-Au plating or solder
plating may be applied on the metal foil. It is more
preferred that the surface on the side to be in contact

25 with the insulating adhesive of the metal foil (circuit)
is preliminarily subjected to roughening treatment e.g.

by etching or plating, in view of adhesion with the



invention, at least two types of circuits i.e. circuits provided on
portions where the insulating layer is locally thick (corresponding to the
concave portions 10 provided on the netal plate) and circuits provi ded on
portions where the insulating layer is not locally thick (corresponding to
portions other than the concave portions of the netal plate) are provided.
By nounting control electronic conponents such as a resistor chip and 15 a
condenser chip on the forner circuits, di stortion of signals froma control
sem conduct or , can_be reduced, ,and by nounting a power sem conductor, a
control sem tRPdlREBRY 2¢kesbHethe latter circuits, excessive increase in
tenperature of the sem conductors and the_20 resulting mal function can be
prevented, wherebylfighry 1FePi S5PY1BFeratl6hr&5ANEe O8EC FeFPAE e anhol e
hybrid integrated_circuit. In the present_inyention, the conposition and
characteristi %bB%dth%t?ﬁgﬁFﬁgiﬁbrﬁghés?W€19Yén9erme§81iHﬁé?téﬁf?uﬁﬁ t he

pr esent inven}tPiona ége insal tinﬂ adhesive s nade _of ,a resin cgntaining an
i norganic fiPPRFY ABERHBEFnBY ghRFcPFPFREF, QR PROAYSARE &uBSLahc@386 such
as alum na (al um num oxi de), bOﬁOﬂ nitride, magnesia Ana nesi um oxi de),
bari um SUIT at S1TGHAC BRPUE, O5i [ MGaPT BEFIT cBRVENbAPBe) AS| TRCER MELF Hde or
aluninun1nitr%g IS E eferﬁbhy used. .As tge resin, athhernnset ing resin 5
such as an ep xg’rggi 1€ Bh@hoPaPesFATEMLE B8Ry AnPle *FeBF RSB engi neeri ng

plastic, a th%ﬁ&&QL?%ElCaEeEEQS%U%QO types of circuits i.e. circuits

provided on portions where the insulating layer is
locally thick (corresponding to the concave portions

10 provided on the metal plate) and circuits provided on
portions where the insulating layer is not locally thick
(corresponding to portions other than the concave
portions of the metal plate) are provided. By mounting
control electronic components such as a resistor chip and

15 a condenser chip on the former circuits, distortion of
signals from a control semiconductor can be reduced, and
by mounting a power semiconductor, a control
semiconductor, etc. on the latter circuits, excessive
increase in temperature of the semiconductors and the

20 resulting malfunction can be prevented, whereby highly
reliable operation can be secured as the whole hybrid
integrated circuit.

In the present invention, the composition and

characteristics of the insulating adhesive are very

25 important. In the present invention, the insulating
adhesive is made of a resin containing an inorganic

filler. As the inorganic filler, an inorganic substance



as a polyethylene, a polypropylene, vinylidene chloride, a polyethylene
terephthalate, an ABS resin or an AS resin, or an acrylic resin, a silicone
resin or a 10 urethane resin may, for exanple, be preferably used. As the
conmbi nation of the inorganic filler and the resin, an epoxy resin

contai ning one or nore of alumna, boron nitride, alumnumnitride and
silicais nmore preferred, which has high gghesion with the netal plate 15
or the nmetal foil, and with which an insulating |layer having a high

coefficient o ugneagagéaa@ﬂact (BYbah B3 ARIS U0 A DA i L0

capaci tance after cured can easi be obtained.” I'n thé present |nvent|on

the insul ating.aghesiue 20833, abcae%?n' Shathcdl, Lhe W%Jxlwd Liyddy after

cured of preferably at |east mK. When an insul ating  adhesive having

a high coeffiqkentgh HhesTRE) C%’id‘i%hhv'ntﬂéﬂl%leu%‘%dal%rrﬂ)ﬁt?frd &, 1} ated
circuit having higher rellablllty can be obtained, and it can be used as 25

a hybrid integratedagiiiCliskd .0 Re HBEdrEQLinYVeRi eh@§m§5e9tlﬁ§ aukgpobi | es and
trains, for exanple. Further, in the present invention, it is preferred 41

t hat t he capagi,tane8 Ber e 'xé/ Feed nbetwegRnidle gl orplaatp%lm%ltd@e circuit
in the concave portion f| with the insulating adhesive is at nost 50

pF/cn2, and thesigapaei b@@ﬁ@elé@ﬁn@nlplla%rtQ@ bet werhnidpa swtiadd fdate Aand the 5
circuit at a portion other than the concave portion is at |east 50 pF/cn®
and at nost 188 pFpenketifylieely BDLRlypropylene, vinylidene chloride,
a polyethylene terephthalate, an ABS resin or an AS
resin, or an acrylic resin, a silicone resin or a
10 urethane resin may, for example, be preferably used.

As the combination of the inorganic filler and the
resin, an epoxy resin containing one or more of alumina,
boron nitride, aluminum nitride and silica is more
preferred, which has high adhesion with the metal plate

15 or the metal foil, and with which an insulating layer
having a high coefficient of thermal conductivity or an
insulating layer having a low capacitance after cured can
easily be obtained.

In the present invention, the insulating adhesive

20 has a coefficient of thermal conductivity after cured of
preferably at least 1.3 W/mK. When an insulating
adhesive having a high coefficient of thermal
conductivity is used, a hybrid integrated circuit having
higher reliability can be obtained, and it can be used as

25 a hybrid integrated circuit to be used for vehicles such

as automobiles and trains, for example.

Further, in the present invention, it is preferred



remar kabl e effects of the present invention will be obtained, and a
practical hybrid integrated circuit to be used for vehicles such as
autonobil es and trains, for 10 exanple, can be provided. Now, the netal
base circuit board and its production process of the present invention wll
be explained in detail belowwith reference to Exanples. EXAMPLE 1-1 15 As
showmn in Fig. 1-5 (1), an insulating layer (A) 10 wth a thickness of 20 pm
made of an epoxy resin containing 60 vol t4lof al um na was provided on a
desired position on an alum numplate of 50 mMm x 50 nm x_ (thi ckness nm),
and the net al ththt Ehe @aBasiubpeeeeder ouRdtetEhRngebWpEoythg me&alnsul ating

| ayer (A) as a nmask to formconcave portions 11 with a depth of 300 pm on
the surface Biatfeandt Aleprareuifri gn the copyavehporbheavéipdedi vashil on
the metal plate 7 were filled with an epoxy resin containing 60 volt of
silica 25 tothkfelBaneatenel 28PereVghiSastthessupParE/6M t N nsgat i ng

| ayer (A) 10 to form | ow capacitance portions 12 (Fig._1-5 23)). 42  Then,
an insulatingc?@9éit?9§elgeﬁ33€15faéﬁaeﬁéﬁveﬁésFﬁecﬁﬁgéﬂnpﬁ@ 80208 thef
alumna was fornmed.in a thickness of 30 pm (Fig. 1-5 (4)), and further, a
netal foid 1ﬂlﬁﬁglFaﬁFnat@8rF606bPEhﬁratﬁéPthSagénﬁégﬁdpPFF@Pn gsi1af (5)).

Using the net fleaggsgobggl}g’ 28454 gg'xﬁoé@a]fj&g)%l;}grb), whereby more

m* an
remarkable effects of the present invention will be
obtained, and a practical hybrid integrated circuit to be
used for vehicles such as automobiles and trains, for

10 example, can be provided.

Now, the metal base circuit board and its production
process of the present invention will be explained in
detail below with reference to Examples.

EXAMPLE 1-1

15 As shown in Fig. 1-5 (1), an insulating layer (&) 10
with a thickness of 20 pm made of an epoxy resin
containing 60 vol% of alumina was provided on a desired
position on an aluminum plate of 50 mm x 50 mm x
(thickness mm), and the metal plate 7 was subjected to

20 etching employing the insulating layer (A) as a mask to
form concave portions 11 with a depth of 300 pum on the
surface of the metal plate (Fig. 1-5 (2)).

The concave portions 11 on the metal plate 7 were
filled with an epoxy resin containing 60 vol% of silica

25 to the same level of height as the surface of the
insulating layer (A) 10 to form low capacitance portions

12 (Fig. 1-5 (3)).



on which a control sem conductor is nmounted and another desired circuit 3
were formed fromthe netal foil |ocated on the | ow capacitance portion to
prepare a netal base 20 circuit board to be used for a hybrid integrated
circuit containing a power sem conductor and a control sem conductor to
control the power sem conductor. Using the netal base circuit board, a
digital anplifier (hybrid integrated cirqg%t) wherein a digital 15 signal
| C as a control sem conductor and MOS- FET a power sem conductor were
nounted on the circuits was experinentally produced and operated at an
oper at i ng frequeﬁ%?nofaBO@“RF%aéhaga%aﬁeFeégPt13n@ﬁﬁﬁlOépéﬁa??@ﬁy was
confirnmed. 20 EXAMPLE 1-2 I n the sane manner as in Exanple 1-1 except that a
netal plate hB9FHE €6REAVBLIREr PPoNE1GnoénalPFina paF fprage dasa

prelimnarily g egared b¥ etchlng .and _an |nsulat|n% | ayer (A) was _provided
on the surfac% ofFkpRES 28T maPalmp gﬂ@ té"éréééﬁe anRet Al Cprat e 2hAGAG a

structure mn in Flg mé g % hase CIrCUIt board was _prepared,
and a dlgltal ahﬁ|ﬂﬁ|@ amppa 3@e&oaﬁ t&én BpBr&fddPaRg 2925% dEdft, it

was confirmed tE é& normal |y operated continuously for at least 1 hour at
an operaﬁing il edé cy of 600 kHz. COVPARATI VE EXAMPLE 1-1 5 An al um num

plate was coated Wih.ap,ePRKra1eakl. SONLA "hngi00.501 0k Bhyragin @

on which a control semiconductor is mounted and another
desired circuit 3 were formed from the metal foil located
on the low capacitance portion to prepare a metal base
10 circuit board to be used for a hybrid integrated circuit
containing a power semiconductor and a control
semiconductor to control the power semiconductor.
Using the metal base circuit board, a digital
amplifier (hybrid integrated circuit) wherein a digital
15 signal IC as a control semiconductor and MOS-FET as a
power semiconductor were mounted on the circuits was
experimentally produced and operated at an operating
frequency of 600 kHz and as a result, normal operation
was confirmed.
20 EXAMPLE 1-2
In the same manner as in Example 1-1 except that a
metal plate having concave portions on one principal
plane was preliminarily prepared by etching, and an
insulating layer (A) was provided on the surface of the
25 metal plate to prepare a metal plate having a structure
shown in Fig. 1-5 (2), a metal base circuit board was

prepared, and a digital amplifier was prepared and



and a copper foil was |lam nated thereon to prepare a netal base board.
Using the netal base board, the sanme operation as in Exanple 1-1 was
carried out to prepare a 10 netal base circuit board, and a digital
anplifier was prepared and operated and as a result, it malfunctioned. The
operating frequency was 600 kHz, which was the sane as in Exanple 1-1.
COVPARATI VE EXAMPLE 1-2 15 An epoxy resin containing 60 vol % of silica was
formed in a thickness of 300 pmon an al ufihhum plate, and a copper foil was
| ami nated to prepare a nmetal base board. Using the netal base board, the
sane oper atiopprasated Exdnpbealréswhs, cakrwed oanfiompdeparé atnetal base 20
circuit board, and a digital anplifier was prepared and operated. As a
result, it norpuhfylyppepatretedt cohbinbeyshyi Agroftopenati dnhatirantopser ati ng
frequency of 600 kHz, but it stopped operating after operation for five
seconds due terhratlipenéradiencyfod polekHeransistor. 25 EXAMPLES 2-1 TO 2-4
AND COVPARATI VE EXAMPLES 2-1 AND 2-2 A thernosetting resist ink was applied
to a desired COYBARABAVBNERAMBLEM ndm plate of 50 M x 50 nm x 2 mm 44 and
a dent portion with a_size and_a depth as shown in Table 2-1 was forned by
al kali etching, ah8 eRERLIPHE Pé3itst wapnkorasdr wibledl TROXY Y6GiFarts by
mass of a bisphenol F epoxy resin_ 5 (Epikote 807: epoxy equivalent = 173,
manuf act ur ed BYRC3APARIEPBXYORESPAsAEBMINEL 41) 2ashaRRBEERY OteSON IS part s
and a copper foil was laminated thereon to prepare a
metal base board. Using the metal base board, the same
operation as in Example 1-1 was carried out to prepare a
10 metal base circuit board, and a digital amplifier was
prepared and operated and as a result, it malfunctioned.
The operating frequency was 600 kHz, which was the same
as in Example 1-1.
COMPARATIVE EXAMPLE 1-2
15 An epoxy resin containing 60 vol% of silica was
formed in a thickness of 300 um on an aluminum plate, and
a copper foil was laminated to prepare a metal base
board. Using the metal base board, the same operation as
in Example 1-1 was carried out to prepare a metal base
20 circuit board, and a digital amplifier was prepared and
operated. As a result, it normally operated at the
beginning of operation at an operating frequency of 600
kHz, but it stopped operating after operation for five
seconds due to heat generation of a power transistor.
25 EXAMPLES 2-1 TO 2-4 AND COMPARATIVE EXAMPLES 2-1 AND 2-2

A thermosetting resist ink was applied to a desired

position on an aluminum plate of 50 mm x 50 mm x 2 mm,



by mass of y-glycidoxypropyl net hyl di et hoxysil ane (AZ- 6165: nmanufactured by
Ni ppon Uni car Conpany Limted) as a silane coupling agent and 500 parts by
mass of alum na 10 (AS-50: manufactured by SHOM DENKO K. K.) havi ng an
average particle size of 5 pmas an inorganic filler were mxed by a

uni versal mxer. To the above m xture, 25 parts by nass of a

pol yoxypr opyl eneam ne (JEFFAM NE T-403: nmanufactured by 15 Texaco Chemni cal
Conmpany) and 20 parts by nass of a polyoxy&éopylene am ne (JEFFAM NE D2000,
manuf actured by Texaco Chem cal Conpany) re bl ended and m xed to obtain

a resin, and the above-described dent portion was filled wth an insulating
mat eri al nmade2Bf fhéeBboverpieparédn2g magien 4nd & tdiikhess 91OWY pm  and
further, an insulatin | ayer was fornmed in a thickness of 30 pm Further, a
copper foil mﬁ@bl%n¥hgtﬁﬁﬁt§9¥ﬂﬁ%ﬂ9Ve%?%ﬁ%ﬂ Soardd TGN hEE TRELRT
respect to the netal base board, the copper foil was subjected to etching
with a ferriclehkl 62FdEe®3vedl-ution to formcircuits having pad portions on
which a chip resistor can be nmounted, whereby a netal base circuit board
was obtai ned. 45 ThRE. mg0dl PBase Evr EASS oard Mesrleempbct eBPPEY arfgan cycl e
test described hereinafter, and the results are shown in Table 2-1. HEAT
CYCLE TEST MVETERDKStA BRi'p FESKYt GAWIVIEH i tsi=ze Tof Manprascured bm i s

sol dered between the pads, and a test is carried out with
Japan Epoxy Resins Co., Ltd.) as an epoxy resin, 5 parts

by mass of v-glycidoxypropylmethyldiethoxysilane (AZ-
6165: manufactured by Nippon Unicar Company Limited) as a
silane coupling agent and 500 parts by mass of alumina

10 (AS-50: manufactured by SHOWA DENKO K.K.) having an
average particle size of 5 um as an inorganic filler were
mixed by a universal mixer.

To the above mixture, 25 parts by mass of a

polyoxypropyleneamine (JEFFAMINE T-403: manufactured by

15 Texaco Chemical Company) and 20 parts by mass of a
polyoxypropylene amine (JEFFAMINE D2000, manufactured by
Texaco Chemical Company) were blended and mixed to obtain
a resin, and the above-described dent portion was filled
with an insulating material made of the above prepared

20 resin in a thickness of 20 um, and further, an insulating
layer was formed in a thickness of 30 um. Further, a
copper foil was laminated to obtain a metal base board.
Further, with respect to the metal base board, the copper
foil was subjected to etching with a ferric chloride

25 solution to form circuits having pad portions on which a
chip resistor can be mounted, whereby a metal base

circult board was obtained.
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The metal base circuit board was subjected to a heat
cycle test described hereinafter, and the results are
shown in Table 2-1.

HEAT CYCLE TEST METHOD

A chip resistor with a size of 2.0 mm x 1.25 mm is
soldered between the pads, and a test is carried out with
one cycle being from -40°C for seven minutes to +125°C
for seven minutes, and presence or absence of cracks at
the soldered portion is observed by a microscope. The
number of cycles when occurrence of cracks at the
soldered portion becomes 50% or higher is taken as the

index of heat cycle resistance.
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Il I N2 NNNNNNy WCW E UA47 EXAMPLE 3-1 A thernosetting resist ink
was. applied to a desired position on an alum num plate of 150 mm x 150 mm x

1.5 mm and dents with a depth of 300 umand a gradient at 5 the side wall
of 43 were formed by etching, and then the.resist ink was renoved. Then,
al um na (LS-20, nmanufactured by N ppon Light

EXAMPLE 3-1

A thermosetting resist ink was applied to a desired
position on an aluminum plate of 150 mm x 150 mm x 1.5
mm, and dents with a depth of 300 um and a gradient at

5 the side wall of 43° were formed by etching, and then the
resist ink was removed.

Then, alumina (LS-20, manufactured by Nippon Light
Metal Company, Ltd.) having an average particle size of 2
pm was blended in an amount of 45 vol% with a bisphenol A

10 liquid epoxy resin (EP828, manufactured by Japan Epoxy
Resins Co., Ltd.) and mixed to prepare an insulating
adhesive A.

Further, fused spherical silica (FB-1SDX,
manufactured by Denki Kagaku Kogyo Kabushiki Kaisha)

15 having an average particle size of 1.7 um in an mount of
37 vol% and fused spherical silica (FB-550, manufactured
by Denki Kagaku Kogyo Kabushiki Kaisha) having an average
particle size of 11.3 in an amount of 40 vol% were
blended with a bisphenol A liquid epoxy resin (EP828,

20 manufactured by Japan Epoxy Resins Co., Ltd.) and mixed
to prepare an insulating adhesive B.

The insulating adhesive B was applied to the
aluminum plate having the dent portions, and then the
insulating adhesive A was applied so that the thickness

25 of the insulating layer at a portion other than the dent
portions would be 50 um. Further, a copper foil was

laminated on the insulating adhesive A to obtain a metal



Met al Conmpany, Ltd.) having an average particle size of 2 umwas blended in
an anount of 45 volt with a bisphenol A 10 liquid epoxy resin (EP828,
manuf act ured by Japan Epoxy Resins Co., Ltd.) and m xed to prepare an
insul ating adhesive A Further, fused spherical silica (FB-1SDX
manuf actured by Denki Kagaku Kogyo Kabushi ki Kai sha) 15 havi ng an aver age
particle size of 1.7 umin an nmount of 37 wvol % and fused spherical silica
(FB-550, manufactured by Denki Kagaku Kogyo Kabushi ki Kai sha) having an
average particle size_of 11.3 in an anount of 40 volt were blended with a
bi sphenol A I17P%f dPePpERky resin (EP828, 20 manufactured by Japan Epoxy
Resins Co., Ltd.) ang mxed to prgpare a Lnsul ting adhesive B. The

t ) a a

i nsul ating adhesi V& REEPEEEIFBdt PﬁEé BAEnGRAP FE RatPRESChe dent
Phi cknoss 25 5741 HEAF rEUPARFHEC| Byek CRbI9pSt Elon GEREFEThARSHRo0Bent
nsul at i ng. adiRskoa AEB OBt Fneiferareab: BASetPeRr BAEVERALBEpect to the
0 i on raokBALar (1R an reRPR FeLTaroand TRER-TRO"BRCHTKo™S Fdsist was
base cirourt Doah o VREET bh oy ReaeCkln Fet Rhy PEREO FRELE: PR Hi reui te on
obtained. For formation of the circuits, circuits on
which a resistor chip or a condenser which was to be
electrically connected directly from a control
10 semiconductor were formed on the dent portions, and
circuits on which a power semiconductor or a control
semiconductor was to be mounted were formed on a portion
other than the dent portions.
With respect to the metal base circuit board
15 obtained by the above operation, the dielectric breakdown
voltage and the capacitance per unit area were measured.
The dielectric breakdown voltage was measured in
accordance with JIS C2110. Further, the capacitance per
unit area was obtained in such a manner that the
20 capacitance at a measurement fregquency of 1 MHz was
obtained by an LCR meter, and the area of the portion
which was in contact with the insulating adhesive of a
circuit at the measured portion was obtained, and the
capacitance was divided by the area of the circuit.
25 Principal preparation conditions of the metal base

circuit board and the measurement results are shown in

Table 3-1.



which a resistor chip or a condenser which was to be electrically connected
directly froma control 10 sem conductor were formed on the dent portions,
and circuits on which a power sem conductor or a control sem conductor was
to be nounted were forned on a portion other than the dent portions. Wth
respect to the netal base circuit board 15 obtained by the above operation,
the dielectric breakdown voltage and the capacitance per unit area were
nmeasured. The dielectric breakdown vol tadt’ was neasured in accordance with
JI'S C2110. Further, the capacitance per unit area was obtained in such a
manner that tR&BPB gapacitance at a neasurenent frequency of 1 MHz was

obtained by an T ; the area of the portion whigh was in contact
with the insulating adhesive of a circui neas &xed] peemp orExnas

obtai ned, and the capacitance was divided by the area of f ircuit.| 25
Princi pal prepat@ati on Ziendictirdnsbrsfakdhennee biadsad&V) cj bdi | boar t he
nmeasur enent fgsilich are shown in Table 3-1. 49 TABLE 3-1 ~Conp. E%

Dent Dielectfic breakdown vofazagstekve 6BV gmditi on Capakdt ance (P 10

O her Dielectric breakdown voltage (kV) 4.2 3.6 port]on

)

Other Dielectric breakdown voltage (kV) 4.2 3.6
portion _ 5

Capacitance (pF/cm) 130 128

Operation of hybrid integrated circuit O X

Then, using the metal base circuit board, a hybrid
integrated circuit as shown in Fig. 3-1 was prepared.

5 The hybrid integrated circuit is a digital amplifier
having a digital signal IC as a control semiconductor and
MOS-FET as a power semiconductor mounted. The hybrid
integrated circuit was operated at an operating frequency
of 1.2 MHz and as a result, normal operation was

10 confirmed.

COMPARATIVE EXAMPLE 3-1

The same operation as in Example 3-1 was carried out
except that a flat aluminum plate with no dents was used,
and that the insulating adhesive A was applied in a

15 thickness of 50 pm on the aluminum plate, a metal base
board was prepared, and then a metal base circuit board
was prepared. The results of measurement of the metal
base circuit board are shown in Table 3-1. Further, in
the same manner as in Example 3-1, a digital amplifier

20 was prepared and operated and as a result, it

malfunctioned.



Capaci tance (pF/cnz) 130 128 C(Operation of hybrid integrated circuit 0 X
Then, using the netal base circuit board, a hybrid integrated circuit as
shown in Fig. 3-1 was prepared. 5 The hybrid integrated circuit is a
digital anmplifier having a digital signal IC as a control sem conductor and
MOS- FET as a power sem conductor nounted. The hybrid integrated circuit was
operated at an operating frequency of 1. and as a result, normal
operation was 10 confirned. COVPARATI VE MPLE 3-1 The sane operation as

i n Exanpl e 3’%XX@§ gar['ed out except that a flat alum numplate with no
dents was used;, h %h t the insulating adhesive A was applied in a 15

t hi ckness of 50 u the al um num pl.ate e oard was prepared,
and then a netal gggﬁermosekglﬁgaFagl iR A2

tal base
Se Circul : _ﬁas preBgﬁeappiﬁgdrgguﬁt9Qﬁl €
measur ement °§ﬁ£99igﬁtgh aBaaﬁu%&Eﬁg;g%gﬁgrg;iﬁ%gsgﬁggtg%olab'% 3k

Further, in e sane nmanner "as in I ﬁ%\ifier 20 was

prepared and %eréhgdgﬁﬂg mgér%igﬁéggh%’cht wgg'gf 9@%%5%@%‘1&5% AMEF 4-1 A

t hernosetting resrs s appli 0 a ire sition on an al um num

plate of 150 mm.x 1RQ {IBluéaé- éirgm:igﬂdagamthgorctoirﬂ%§ LGN M ¢ ectangul ar

as viewed 5 fromthe upward direction and the corner portions of which had
a roundness (fhieh 8hdl 8asbulafeBsRRE £8raRd1cast 0.6 R were formed

with a depth of 300 um by etching, and then the resist
ink was removed.
Then, alumina (LS-20, manufactured by Nippon Light

10 Metal Company, Ltd.) having an average particle size of 2
um was blended in an amount of 45 vol% with a bisphenol A
liquid epoxy resin (EP828, manufactured by Japan Epoxy
Resins Co., Ltd.) and mixed to prepare an insulating
adhesive A.

15 Further, fused spherical silica (FB-1SDX,
manufactured by Denki Kagaku Kogyo Kabushiki Kaisha)
having an average particle size of 1.7 um in an mount of
37 vol% and fused spherical silica (FB-550, manufactured
by Denki Kagaku Kogyo Kabushiki Kaisha) having an average

20 particle size of 11.3 in an amount of 40 vol% were
blended with a bisphenol A ligquid epoxy resin (EP828,
manufactured by Japan Epoxy Resins Co., Ltd.) and mixed
to prepare an insulating adhesive B.

The insulating adhesive B was applied to the

25 aluminum plate having the dent portions, and then the

insulating adhesive A was applied so that the thickness

of the insulating layer at a portion other than the dent



with a depth of 300 pm by etching, and then the resist ink was renoved.
Then, alumna (LS 20, manufactured by N ppon Light 10 Metal Conpany, Ltd.)
havi ng an average particle size of 2 pmwas bl ended in an anmount of 45 vol %
wi th a bisphenol A 1liquid epoxy resin (EP828, manufactured by Japan Epoxy
Resins Co., Ltd.) and m xed to prepare an insulating adhesive A 15

Further, fused spherical silica (FB—lSDX,Slnanufactured by Denki Kagaku
Kogyo Kabushi ki Kai sha) having an averagé€ particle size of 1.7 umin an

mount of 37 vol % and fu ) ical silica (FB-550, manufactured by Denki
Kagaku Kogyo %%W%iw%sf‘gtﬁémﬁiﬁrﬂg ?ﬁlr agé %)%I%@ S1%% of 11.3 in
an amount of 40 vol % ywere . .bl ende ith a_ hispheno | i gui d epoxy. resin

( EP828, namﬁ%ﬁﬁQﬁ%ﬁﬁf%pJ%@%ﬁ”ﬁ&é%%%ﬁ%i%éhﬁg}YeL dé? %ﬁﬁaﬁ?x dmgFﬁfprepare
an insulatinqmgnggégg B. The insul ating adhesive B was applied to the 25
aluninun1plate=%aV|ng ?he dent portions, and then the insulating adhesive A

was applied so thﬁ%t%hgeg%%§gnggsth8f@égglggggﬁfgbggglaXBE ggggegortion

ot her than the den 1" p ons woul her, "a copper foil was

l'am natedgon {£he i psyl aty @é’%eéé St&lﬂ%qpigﬁ”aa?ggiﬁéd gééﬁt?gﬁrd- Wth

LV
respect to the metal base board, the copper foil was subjected to etching

with a desired nositipn, Rskedwhdh-ap; et ching LEshStneaBdchigg the etching

resist was removed, followed by washing and drying to
form circuits, whereby a metal base circuit board was
obtained. For formation of the circuits, circuits on

10 which a resistor chip or a condenser which was to be
electrically connected directly from a control
semiconductor were formed on the dent portions, and
circuits on which a power semiconductor or a control
semiconductor was to be mounted were formed on a portion

15 other than the dent portions.

With respect to the metal base circuit board obtained
by the above operation, the dielectric breakdown voltage
and the capacitance per unit area were measured. The
dielectric breakdown voltage was measured in accordance

20 with JIs C2110. Further, the capacitance per unit area
was obtained in such a manner that the capacitance at a
measurement frequency of 1 MHz was obtained by an LCR
meter, and the area of the portion which was in contact
with the insulating adhesive of a circuit at the measured

25 portion was obtained, and the capacitance was divided by
the area of the circuit. The metal base circuit board

obtained in the present Example had the same



resi st was renoved, followed by washing and drying to formcircuits,
whereby a netal base circuit board was obtained. For fornmation of the
circuits, circuits on 10 which a resistor chip or a condenser which was to
be . electrically connected directly froma control sem conductor were
fornmed on the dent portions, and circuits on which a power sem conductor or
a control sem conductor was to be nounted were fornmed on a portion 15 other
than the dent portions. Wth respect to the metal base circuit board
obtained by the above operation, the dielectric breakdown voltage and the
capaci t ance pehapacteaiesiwer esnmeasBrenpldhé-1di el ectric breakdown vol tage
was neasured in accordance 20 with JI'S 02110. Further, the capacitance per
unit area was obTAfhRedurpngutheamfbphebashacirfvitapasrtianeehabrad

measur ement frequency of 1 Mz was obtained by an LCR neter, and the area
of the porti ohNQRAPEALREASCLACEBAL a6t ShEWRh1RhElPnsalrat WAg RERPSree.of a
circuit at the neasured 25 portion was obtained, and the capacitance was

di vi ded by tHBeah¥hréf fREcerprEaPt C1TRE1FedEl abddgitpicamplEdarcd obt ai ned
in the present Exanple _had the sane_52 characteristics as in Exanple 3-1.
Then, usiny tRBVABFaP Pageteilr eaPhaboaFdasaah§Brigcli fERGLanedcErrcand as
shown in Fig. 3-1 was prepared. The hybrid integrated circuit is_a digital
anplifier 5 h¥YPAGEL @PgPt RPWSKFgRgMIFendEchoEoRPHBt edeni EoRdb¥PBEdand

MOS- FET as a pover sem_conduct or nmounted. The hybrid ,
ntegrated circult was operated at’ an operating frequency

of 1.2 MHz and as a result, normal operation was
confirmed.
10 EXAMPLE 5-1

A thermosetting resist ink was applied to a desired
position on an aluminum plate of 150 mm x 150 mm x 1.5
mm, and concave portions with a depth of 200 um were
formed by etching, and then the resist ink was removed.

15 Then, alumina (LS-20, manufactured by Nippon Light
Metal Company, Ltd.) having an average particle size of 2
um was blended in an amount of 45 vol% with a bisphenol A
liguid epoxy resin (EP828, manufactured by Japan Epoxy
Resins Co., Ltd.) and mixed to prepare an insulating

20 adhesive.

The insulating adhesive was applied to the aluminum
plate having the concave portions so that the concave
portions were filled with the insulating adhesive and
that the thickness of an insulating layer at a portion

25 other than the concave portions would be 60 um. Further,
a metal foill was laminated on the insulating adhesive to

obtain a metal base board. With respect to the



integrated circuit was operated at an operating frequency of 1.2 MHz and as
a result, normal operation was confirned. 10 EXAMPLE 5-1 A thernosetting
resist ink was applied to a desired position on an alum num plate of 150 mm
x 150 nmx 1.5 mm and concave portions with a depth of 200 pmwere forned
by etching, and then the resist ink was renoved. 15 Then, alum na (LS- 20,
manuf actured by N ppon Light Metal Conpamy Ltd.) having an average
particle size of 2 pmwas blended in an anount of 45 vol % w th a bi sphenol

A liquid epof%s&féEPn%Egﬁﬁgf%§?2;I§8%§%ﬁ5%9¥d3§§ﬁ8 Epgégg?F@§Eﬂs ., Ltd.)

and m xed to prepare an insu I Ve. e Insu i ng adfiesi ve was

cppl ed 1o Uheglunlpun, phahe DA 401 0o sopcaxe pofh 00s,50:40a!o(ne

concave portions wer atin es|i ve an hat the

thi ckness of @Q%%”%%ééiﬁgﬂ Eg gé?éégéﬁg§;fﬁggf%éaﬁ%@?én£hé? Eﬂgrﬁgggave

portions woul d um Furt am nated on t

| nsul ating adheshyer 19; cODLANga 1BL 8L ohATEs DoaLH; M blcr 58eEL Lo the 53

i nsul ati ng adhesive, It was cured Into a shape w a dianmeter of 10 mm and

a thickness ofc2, 1 t 9 ppgRAL esayy/ HRSt specinen for measuring the
coefficient of thermal conductivity and evaluation was carried out and as a

?h;esult, it was guptNAK thurtfsscithe-capasi haneeapes Hatle8heanhet wveen
metal plate and a circuit on the concave portion filled
with the insulating adhesive was 35 pF/cm?, and the
capacitance per unit area between the metal plate and a

10 circuit at a portion other than the concave portions was
120 pF/cm?. The capacitance per unit area was obtained
in such a manner that the capacitance at a measurement
frequency of 1 Mz was obtained by an LCR meter, the area
of a portion which was in contact with the insulating

15 adhesive of a circuit at the measured portion was
obtained, and the capacitance was divided by the area of
the circuit.

Then, a hybrid integrated circuit having a control
semiconductor to control a power semiconductor was formed

20 on the concave portion of the metal base board, and a
circuit having a power semiconductor or a control
semiconductor was formed at a portion other than the
concave portions, to obtain a metal base circuit board.

Then, using the metal base circuit board, a hybrid
25 integrated circuit as shown in Fig. 4-2 was prepared.

The hybrid integrated circuit is a digital amplifier

having a digital signal IC as a control semiconductor and



metal plate and a circuit on the concave portion filled wth the insulating
adhesi ve was 35 pF/cnR, and the capacitance per unit area between the netal
plate and a 10 circuit at a portion other than the concave portions was 120
pF/ cn2. The capacitance per unit area was obtained in such a nmanner that

t he capacitance at a neasurenent frequency of 1 Mz was obtained by an LCR
neter, the area of a portion which was in contact with the insulating 15
adhesive of a circuit at the neasured portidon was obtained, and the

capaci tance was divided by the area of the circuit. Then, a hybrid

i ntegrated ciM@IHEEThas ny rowent sehiceedicomduntent¢d. cdite dytar jgbwer

sem conductor was fornmed 20 on the concave portion of the netal base board,
and a circui titeadrated polesusenvaoneRreratedrat sonepetratiegi Eoaduetoy was
formed at a portion other than the concave portions, to obtain a netal base
circuit boar Rf Thth Kigiardtae aefesubasenermali epdvartonawagbrid 25
integrated circuit as shown in Fig. 4-2 was prepared. The hybrid integrated
circuit is aerpfitarednplifier having a digital signal 1C as a control

sem conductor and 54 MOS-FET as a power sem conductor nounted. The hybrid

i ntegrated ciFEANRLEwaz operated at an operating frequency of 600 kHz and as
a result, normal operation was confirned. 5 EXAMPLE 5-2 In the sanme manner
as in Exanple 5_Ihé%gg%tsqm@um%ﬁper as 1n Example 5-1 except that an

epoxy resin containing 60 vol% of an aluminum filler was
used as the insulating adhesive, a cured test specimen of
the insulating adhesive, a metal base board and a metal
10 base circuit board were prepared. The coefficient of
thermal conductivity of the insulating adhesive was 2.8
W/mK, the capacitance per unit area between the metal
plate and a circuit at the concave portion filled with
the insulating adhesive was 45 pF/cm?, and the
15 capacitance per unit area between the metal plate and a
circuit at the portion other than the concave portions
was 140 pF/cm?®.
A digital amplifier was prepared in the same manner
as in Example 5-1 and operated and as a result, it was
20 confirmed that it normally operated continuously for at
least 1 hour at an operating frequency of 600 kHz.
COMPARATIVE EXAMPLE 5-1
In the same manner as in Example 5-1 except that a
flat aluminum plate with no concaves was used and that
25 the insulating adhesive was applied in a thickness of 60
pm on the aluminum plate, a cured test specimen of the

insulating adhesive, a metal base board and a metal base



epoxy resin containing 60 vol%of an alumnumfiller was used as the

insul ating adhesive, a cured test specinen of the insulating adhesive, a
net al base board and a netal 10 base circuit board were prepared. The
coefficient of thermal conductivity of the insulating adhesive was 2.8
WnK, the capacitance per unit area between the netal plate and a circuit
at the concave portion filled wwth the iggulating adhesi ve was 45 pF/cn2,
and the 15 capacitance per unit area betweén the netal plate and a <circuit

at the portion other .than.the concave rtions 140 pF/cn2.. A digital
Aol 116 wad DT P (R ST 08 IR BLAe s OF A at od
and as a result,. it was 20 confirnmed,that jt_normally operated, continuously
for at IeastquﬁﬂﬁtﬁﬁlE%l%ﬁmﬁhﬁi?ﬁf?QEﬁﬁﬁﬁ1%F%ﬁg %ﬁ&?e %fﬁPhRgTIVE
EXAMPLE 5-1 IVP mtfbe Sa n(aancnaeragftérycha le 5- reé(cgtg)t tQat a flat e

Fon AR T 013 NPt hatt €25 ¢ L Fhstl atf ngt

aluninun1platé/mn1h n

adhesi ve was appl.i.ed i thy ckness o 0 ore the alum num pl ate, a cured
t est speci merf o ttl'f"leeml naglul a?é;% a%%eis;fge?macmnét al base board and a net al

base 55 ¢ircuit hoand were ﬂﬁ%ﬁgﬂé‘; ercoeffigi ?%pé)%cﬁn#mﬁ gﬁ%ﬂet%aeme

conductivity of the cured 1ns esive was

capaci tance el (o 2160 BELNSED 861 L6Ml SpoALdhe PR Al Vs 123

pF/ cnme. 5 Further, a digi er was prepared in e sane ' manner as

in Exanple 5L and,operated. 45 péestliy ffequency of 600 kHz but

malfunctioned.
COMPARATIVE EXAMPLE 5-2

10 In the same manner as in Example 5-1 except that a
flat aluminum plate with no concaves was used and that
the insulating adhesive was applied in a thickness of 260
um on the aluminum plate, a cured test specimen of the
insulating adhesive, a metal base board and a metal base

15 circuit board were prepared. The coefficient of thermal
conductivity of the cured insulating adhesive was 1.5
W/mK, and the capacitance per unit area between a circuit
and the metal plate was 32 pF/cm?.

Further, a digital amplifier was prepared in the same

20 manner as in Example 5-1 and operated. As a result, it
normally operated at the beginning of the operation at an
operating frequency of 600 kHz, but it stopped operating
after operation for fire seconds due to heat generation
of a power transistor.

25
INDUSTRIAL APPLICABILITY

The process for producing a metal base circuit board



was operated at an operating frequency of 600 kHz but mal functioned.
COVPARATI VE EXAMPLE 5-2 10 In the sanme manner as in Exanple 5-1 except that
a flat alumnumplate with no concaves was used and that the insulating
adhesive was applied in a thickness of 260 umon the alum numplate, a
cured test specinen of the insulating adhesive, a netal base board and a
netal base 15 circuit board were prepared 6The coefficient of thernal
conductivity of the cured insulating adhesi've was 1.5 WnK, and the

capaci tance pe nit area between a circuit and the netal plate was 32
pF/cm 2. Fur tHertRS REGTERT HRPRFr WChrearett 7ot he &Bdk 190CABnner as
in Exanpl e 5-1 and operat ed. aresult, it normally operated at .the

begi nni ng of $%&* #th rﬁ%ﬁ‘}?%ﬁ PIER | h"Fr et Ut o TeBdtkPRATBut it

st opped oper operation for fire secol%gls due to heat K generation

of a power tiéf’lnvgig%gl g{ﬁgrz%b ROUSTRI 26 E HPHE T €281 LFAY The PFBEeSS #8r produci ng

a netal base circuit. rd 56 of present invention is characterized in

that it can Jsrb({:ltﬁuteﬁjsf"‘blaoﬁﬁ ‘é‘?%l'ﬁfgi)élgﬁi de a metal base circuit board having

(he above charact il shi k) 8RR BEGAPECaRe S, b IBHRLFhBbLp ey Usel il ®

t hat CharaCt€¥A$%Aé§bﬁﬁi£'characterized in that characteristics of a
circuit board varies partially even on the same circuit
board, and various types of semiconductor devices, etc.
can be mounted on it. For example, it can suitably be

10 used for e.g. a hybrid integrated circuit having both
power semiconductor and control semiconductor. Further,
a heat generating electronic component or a high
frequency generating apparatus can be appropriately
disposed on a desired position of the circuit board.

15 Resultingly, such effects can also be obtained that the
heat cycle resistance of a mounted electronic component
such as a chip resistor improves. Therefore, it is
useful as a circuit board for various hybrid integrated
circuits.

20 The metal base circuit board of the present
invention has both circuit portion which has a low
capacitance and on which an electronic component such as
a resistor chip or a condenser to control a power
semiconductor is suitably mounted and circuit portion

25 which has a slightly high capacitance but is excellent in

thermal conductivity, and on which a control

semiconductor or a power semiconductor which requires



circuit board varies partially even on the sane circuit board, and various
types of sem conductor devices, etc. can be nounted on it. For exanple, it
can suitably be 10 used for e.g. a hybrid integrated circuit having both
power sem conductor and control sem conductor. Further, a heat generating
el ectroni c conponent or a high frequency generating apparatus can be
appropriately disposed on a desired position of the circuit board. 15

Resul tingly, such effects can al so be obt a&’ned that the heat cycle

resi stance of a nounted el ectroni c conponent such as a chip resistor

i mproves. TheérsFtordlsgipatsionsed fudsialcinouiteboaant f bt varivosvhydri d
integrated circuits. 20 The netal base circuit board of the present

i nventi on has® B&ter id riciieopred onl i th widsh d1idw crepakeieamee and on which
an el ectronic conmponent such as a resistor chip or a condenser to control a
power sem coiftficalirlitsy And abt yindiFier bhd wercuigehstti on 25 which has a
slightly high capacitance but is excellent in thermal conductivity, and on
which a control AeHESHICEdrthe RrPpoweFiePERRatEt 0f BWRARCRTPERDFres 57
heat dissipatjon is, suitably nmpunted, and jt can provide a hybrid .
integrated ci¥®HRTCMTH fhirb%t%lpet?%ﬁ? orafCUle PodF ¢ i RV ERY PIER ekt +PRI |y

very useful. Accarding to the production process of the present 5 invention,
a netal base "@?Jr‘ghﬂ?a FarPhd QF@CJO%?IHC%OEEI?C?O‘FP Wht h MRse S bhPRhpaci t ance

and on which an electroniqh . .
component such as a resistor chip or a condenser to

control a power semiconductor is suitably mounted and
portion which has a slightly high capacitance but is

10 excellent in thermal conductivity, and on which a control
semiconductor or a power semiconductor which requires
heat dissipation is suitably mounted, is obtained at a
high yield. Accordingly, it can provide a metal base
circuit board to be used for a hybrid integrated circuit

15 at a low cost, and is industrially very useful.

The entire disclosures of Japanese Patent
Application No. 2003-110377 filed on April 15, 2003,
Japanese Patent Application No. 2003-275979 filed on July
17, 2003, Japanese Patent Application No. 2003-326256

20 filed on September 18, 2003, Japanese Patent Application
No. 2004-042993 filed on February 19, 2004 and Japanese
Patent Application No. 2004-055890 filed on March 1, 2004
including specifications, claims, drawings and summaries
are incorporated herein by reference in their entireties.

25



conponent such as a resistor chip or a condenser to control a power

sem conductor is suitably nounted and portion which has a slightly high
capaci tance but is 10 excellent in thermal conductivity, and on which a
control sem conductor or a power semnm conductor which requires heat

di ssipation is suitably nounted, is obtained at a high yield. Accordingly,
it can provide a netal base circuit board to be used for a hybrid
integrated circuit 15 at a low cost, ang is industrially very useful. The
entire disclosures of Japanese Patent Application No. 2003-110377 filed on
April 15, 2003, Japanese Patent Application No. 2003-275979 filed on July
17, 2003, Japanese Patent Applicati ofIRIMS2003- 326256 20 filed on Septenber
18, 2003, Japanese Patent Application No. 2004-042993 filed on February 19,
2004 and Japanese Patent Application No. 2004-055890 filed on March 1, 2004

including specifi5a5+088, f&%aéfEHuéHﬁéMéuﬁéﬁ%ﬂdb%%@”%&k%%ltabéakacgbporated
herein by reference in their entireties. 25 58 CLAIMS 1. A process for

produci ng denetall baseachykbuid bhozegrdteed e nesed , f@pm@rhwbngdalme991ated
circuit, co rising a netal | ate, an |n latin 0 ided on the
SOV 149 SV T R SN i S K O R S AU

sem conduct-QL-RHBt £-PNaL RS ﬁlgﬁgﬂinéﬂyggidamyé r, %egbgggductor to contro
t he power sem conductor, provided on the cirtcuit, which conprises (1) a

step of fosembigonductor mounted on the circuit and a control
semiconductor to control the power semiconductor, provided
on the circuit, which comprises (1) a step of forming
concave portions on the principal plane at the side where
the insulating layer is provided on the metal plate, (2) a
step of applying an insulating adhesive to the concave
portions and the metal plate at a portion other than the
concave portions to the same level of height, (3) a step of
providing a metal foil on the surface of the insulating
adhesive and curing the insulating adhesive to form a metal
assembly, and (4) a step of processing the metal foil of

the metal assembly to form circuits.

2. A metal base circuit board obtained by the process for
producing a metal base circuit board as defined in Claim 1,
wherein the insulating adhesive is made of a resin
containing an inorganic filler and has a coefficient of

thermal conductivity after cured of at least 1.3 W/mK.

3. The metal base circuit board according to Claim 2,
wherein the capacitance per unit area between the metal
plate and the circuit on the concave portion filled with

the insulating adhesive is at most 50 pF/cm2, and the



concave portions on the principal plane at the side where the insulating

| ayer is provided on the netal plate, (2) a step of applying an insul ating
adhesive to the concave portions and the nmetal plate at a portion other
than the concave portions to the same | evel of height, (3) a step of
providing a metal foil on the surface of the insulating adhesive and curing
the insulating adhesive to forma netal assenbly, and (4) a step of
processing the netal foil of the metaP®assenbly to formcircuits. 2. A
nmetal base circuit board obtained by the process for producing a netal base
circuit bogsga@stateld nesk iuhid air8al beteeneihet Rethnsyhatengnadbrsi ve is
made of a resin containing an inorganic filler and has a coefficient of
ther mal coaduetivialy afpartianr ethsfr athanedde abgve ik aB8. 1¥astnefal base
circuit board according to Claim2, wherein the capacitance per unit area
bet ween th@ﬁgg?aﬁndpﬁgt@Ogﬁdlgﬂepng@uit on the concave portion filled with
the insulating adhesive is at nost 50 pF/cn2, and the 59 capacitance per
unit area between the netal plate and the circuit at a portion other than
the above is at least 50 pF/ cnz and at nost 160 pF/cnR.





