1 DESCRI PTI ON METAL BASE ClI RCUI T BOARD AND | TS PRODUCTI ON PROCESS 5
TECHNI CAL FI ELD The present invention relates to a netal base circuit board

sui table for
Particul arly,

sem conduct or

hi gh frequency operation and its production process.

the present invention relates to a netal base circuit board
suitably 10 used for a hybrid integrated circuit having both power

and control sem conductor nounted, and its production

process. BACKGROUND ART 15 A netal base citcuit board conprising an

insulating |

ayer nmade of e.g. an epoxy resin containing an inorganic

filler provided on a netal plate, angebemrpgrencircuit provided thereon,
heat di ssipation properties and is thereby used as a circuit

excellent in

board on 20 which a highly heat generating el ectronic conponent is to

nmount ed. Fig.
integrated ci
sen conduct or
sem conduct or

1-1 illustrates one exanple of a conventional hybrid
r CUMETEDNBAEEI OJRAUIEt BDARBSEANDI [THI PRODUGTEORNERACESS
device nounted thereon. In its 25 structure, a power

2 and a signal conditioning sem conductor (hereinafter

sonetimes referred to as a control sem conductor) 1 are nounted on 2
circuits 3 maUECHNIEAD. FTBpper via solder. Further, in its structure,

sem conduct or
bonding wire

10

15

20

25

s are electrically connected via the copper circuit or via a

5. The present invention 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
used for a hybrid integrated circuit having both power
semiconductor and control semiconductor mounted, and its

production process.

BACKGROUND ART

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

referred to as a control semiconductor) 1 are mounted on

be

t he

is



When the power conductor 2 is nounted on the circuit 3, a 5 heat sink 6 is
i nterposed therebetween in many cases so as to accel erate 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 13 structure, each of the

sem conductors and a netal base board are electrically and

el ectrostatically connected. Accordingly,2when it is intended to increase
t he operating frequency (several hundred kHz or above), signals (digital

signal s) fromnihe,Lonts Ghagend £00dUCt &bppd®d i Ar&othst or tghtrdie, pawer
sem conductor 2 mal functions, and the apparatus itself does not operate as

designed in BOFESECASESUrdS ©hé Osth BF ARASM Sr 20 &Sé1éberabovey |ift- off
may be enpl oyed so as to elimnate bad influences of the capacitance

resulting frommeeted bparthe Wdppder€ir20iarer My HrebheiBy i ¥iveew, of
cost and assenbling. Further, Fig. 1-2 illustrates an exanpl e of another

known hybri d windregtlad esbwer ctbidudther e2 his heefiteéd oAt tkeptitouiedsiceabad
i nfluences of the capacitance resulting froma nmetal board by increasing
t he thi ckmessh&at ofimin 6 nBsil it ecpd sy@ ¢ lodr &b e @n CONt mahy S€aseongdoict or i s
nmounted as conpared with the structure shown in Fig. 1-1. However, in
preparati on dds stcha@dydrate i MagraiesiBat comcand oo preaesat dase circuit
board to be used therefor, it is required to prepare insulating |ayer
portions wi thinkféasenin t terheessese paf t tlad | goweahi sémiocakédsctbe phbckss
conplicated, and which enlarges the
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, lift-
off may be emploved 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



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 like having a circuit prelimnarily provided thereon on a
netal plate or on a netal plate having an insulating to |ayer provided
thereon (also called a netal base board) instead of the increase in

t hi ckness of the insulating |ayer (Japanese Patent No. 2608980), however,

t he above problemstill remained unsolved3 Wth respect to a circuit board
on which a hybrid 15 integrated circuit is nounted, along with high

integration otiacgeni eendugbenldpyseeciaciBanpoRegorBSbenuske nai nstream
that a power sem conductor device, etc. is mniaturized and further, a

resistor chipthetefokrn iaddktreguieedatbopgebyupesiabusafiegnduger devices,
is 20 nounted on the sane board. As board characteristics required are
di fferent anopgrthensespent dyEfsesheontiekaessdavpaesiandyel ebticbni c
conponents, a circuit board having characteristics partially correspondi ng
to the respechakes sksmi pondeskotonplicasedndaeleahieh entarpesenhs has been
25 required. Accordingly, a circuit board conprising different types of
i nsul ati ng | agbtaicedbhpbdiflainbegnapedposedniasid adi splwvazdd in
JP- A-6-90071, for exanple. However, it costs a lot to produce such a
conposite i nsdiaechgohoarBurthece thereckss béentsnpabodempt onoi gachieve
conplicated, and further, it is not technically easy to conplicatedly 5
conbi ne di f f etbat abppesstturhsukabiyndahmapetsngnaarssahl 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, 1is
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



area, whereby considerable mniaturization 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 conductor and contro

sem conductor to control operation of the power sem conductor are nounted
on “circuits of the nmetal base circuit board. As characteristics required
for the netal base circuit board, the fornmer is required to be excellent in
thermal 15 conductivity even if it has a sdightly high capacitance, and the
latter is required to have a very | ow capacitance even at the sacrifice of

the thermal cpighicddadtin Foweversootl Wesof odRamphat iHoweeont riol
sem conductor is nounted on a circuit which is designed 20 to have a very

| ow capaci t anesst£aCLSt end Hieedu el sSiPata Ofohposi t8einenl ol ngepbapsaduct or
is insufficient, and no sufficient operating tinme can be secured in sone

cases. 25 DI SAARIRE $Foddis | NVENTE Gt diddlet 1 bhese eompLiBhasdesandhe present
i nvention has been made to solve the above problens of conventional 5
t echnol ogy. I|futishan, obf ecé bt ttheckmesehlyi axent toncovmpl pecavedeya net al
base circuit board which remarkably reduces malfunction tinme of a
sem conduct orcatib The odtifsrembetypedydf | tihsnl egiayetlagersuit assopeiat ed at
a high 5 frequency, and which is excellent in heat dissipation properties,
at a | ow costardar theereby ¢snaidebilet¢ miniheupiezenotni afeat cdnctot
board has been hardly achieved.
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. Aas
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



provide a netal base circuit board which is designed that circuit board
characteristics can be partially changed 10 and accordi ngly on which vari ous
types of sem conductor devices, electronic conponents, electric conponents,
etc. can further be nmounted on the sanme circuit board. Nanely, the present

i nventors have conducted to solve the above problens and as a result, found
that a 15 hybrid integrated circuit wth which heat froma contro

sem conductor can be sufficiently dissipat®d by providing a low dielectric
constant portion at |east under a «circuit portion electrically connected
directly to ttechmoldgwl SemicorotccihgectMufchthes e teninuen hicirs e 20
characteristics and which can sufficiently cope with high frequency

operati on carpieviohd a mexkaTHea s esiEntui i Nvesntd omhhals beearkalbbypl i shed on
the basis of this discovery. Nanely, the present invention provides the 25
foll owi ng. 1-dedycermtrdl haset com cuine bofira sembeondecfor whibhbocdurs
integrated circuit, conprising circuits provided 6 on a netal plate via an
i nsul ating | aween (A hB)rid povegraedi condytt ois nepetratednat he Bigkuit and a
control sem conductor to control the power sem conductor, provided on the
circuit, wherfemuenaw capdcihirleels eorel bent sienbedtedi smteat &0Bi rcuit
portion (pad portion) on which the control sem conductor is nounted. 1-2.
The netal basereReriies bodl B ak*WrePsly-to the above 1-1, wherein the | ow

capaci tance portion is nade of _ _ ,
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



a resin containing an inorganic filler and has a 10 dielectric constant of
from2 to 9. 1-3. The netal base circuit board according to the above 1-1
or 1-2," wherein the thickness of the |ow capacitance portion is from 1100 to
1,000 pm 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
sem conductor is nounted is provided on the | ow capacitance portion
enbedded in the netal plate via the insul@ating layer (B). 1-5. A process
for producing a nmetal base circuit 20 board, which conprises (1) a step of

filling concaytesa Gletdl NBlate PFod eaavih HPl LONECAVEaPOFt (ANSRBPN QNgoPét nNCi pal
pl ane, with a substance to forma | ow capacitance portion to the sane |evel

of height as ddmeicaideceodfmamtédsoth athagelayett (d)d docdetma plate
provided with a | ow 25 capacitance nenber, (2) a step of providing an
insul ating |ssercdiBjuaeste ©f cortessh Cloat buwe ngsanicondgansce, filler on the
surface of the | ow capacitance portion and the 7 insulating |ayer (A of
the pl ate praowadeed tdn athow icxapac) tweineee iendel o ocdpaoi dahoar d provi ded
with a low capacitance nenber, (3) a step of providing a netal foil on the
surface of thmortsen ats ngnibegded (B)def @ heiboard Bopt e dédadi poraidoiv
capaci tance nmenber to forma netal assenbly, and (4) a step of processing
the nmetal foi¢n ofhichethetednsskbndpdylcondocheri reunognteédel uding fornmng a
circuit portion (pad portion) on which a control sem conductor is to be
mount ed fromt he 2al Thg |Imetal base circuit board according 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



10 | ocated at |east at the surface of the | ow capacitance portion. 1-6. The
process for producing a netal base circuit board according to the above
1-5, wherein the netal plate having concave portions on one principal plane
is 15 prepared by (a) a step of providing the insulating |ayer (A nade of
a resin containing an inorganic filler on a desired position of the
principal plane of the netal plate, and (b) a step of etching the netal

pl ate enploying the 20 insulating |ayer (A as a nask to formthe concave
portions on the surface of the netal plate. 2-1. A nmetal base circuit board
conpri sing ci }RERI3C1RT obever o aP%e?%? plate RravafedngiFht Angovayer,
wherein a dent portion is provided on one side_of the_25 netal plate i n such
a state that THeAelFRUAE PERPFEI COpbP¥Noh PRREFGOPTPY¥LABE WhERed, 18KWd
insulating layers pmade of the sane material are provided both on the space
of 8 the den?a%%?%?%%cﬁn@e%ﬁe¥he %ﬁt%lsb¢ﬁt%foﬁrﬁﬁﬂéhn9hé nehe! S@F@lon is
present. 2-2. The netal base circuit board according to the _above

wherein the n@&i Ffn %ﬁ?%C%fO€hEh%emls%¢H6ﬂ layeg ﬁ%npiotbs ée%féf the

t hi ckness of the et pl ate, _the size of the dent portion as viewed from
the verti al pH?Y%@?gdﬂlFE at LP¥aSRPEDYL JRCEHBEBPRE bP tREMNBt BF Blate, and
in a shape of the dﬁ? portion as V|emeg fromthe wvertical ?lrec |on t he

corner has a ¥FFEPtYe 7Bdi US) of SEBPaPl|BESEESSE fnthe metal fol

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 1insulating 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



2-3. The netal base circuit board according to the above 2-1 or 2-2,
wherein the insulating |ayers are made of a resin containing an inorganic
filler,. and the resin conposition after cured has a storage el astic nodul us
of 15 at nost 15,000 MPa at 300 K. 3-1. A netal base circuit board to be
used for a hybrid integrated circuit, conprising a netal plate, an

i nsul ating |ayer provided on the netal plate, circuits provided on the
insulating layer and a plurality of 20 sengconductors nmounted on the
circuits, wherein a low dielectric constant portion is provided on the

netal plate gndedesdt p;lﬁéi:ti?&ntQﬁd%ﬁcféﬁéSmQBaY\thQtéoonS@HiéﬁngHét Qénts
nmounted. 3-2. The netal base circuit board according to the 25 above 3-1,
wherein the |pyreiehectrpeesonstant portion is formed by providing a dent
portion on the surface of the netal plate and filling the dent portion wth

aresin 9 contaipipg arhé nfdgENiCadé | dEfcuBr bodhe aetatdbagecsi trait board
according to the above 3-2, wherein the side wall of the dent portion has

a gradi ent ofabees 351t owhbrebn3tde mlrimehallebakeo€i thdi Sehoapdracenr di ng
to the above 3-2 or 3-3, wherein the inorganic filler is made of fused
silica (sislicba firoxi de)toabditheé thsedhsckheas obnphesmstéiopnldtsd,to 45.0
volt of particles having an average particle size of from0.3 to 5.0 pm and
from18.0 10 theB8fifevofttbé @gantipbesibavanagvaawatefage phetvvekeisaze of
from6 to 30 pm
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



4-1. A netal base circuit board to be used for a hybrid integrated circuit,
conprising a netal plate, an insulating |ayer provided on the netal plate,
circuits 15 provided on the insulating |layer and a plurality of

sem conductors nounted on the circuits, wherein dent portions are provided
on the surface of the netal plate under a part of the circuits on which no
sem conductor is nounted, the dent portions are filled with a resin 20
containing an inorganic filler, and the co?ner portion of the dent portions
as viewed fromthe vertical direction has a curvature radius of at |east
0.4 mMm 4-2. dhrecareialg baseimdrganmic bbareaccording to the above 4-1,
wherein the inorganic filler is made of fused 25 silica (silicon dioxide),
and the fused sil3€3. cAp insgnlf rome3. &l ta 45 . banod % ofopdintg ctestiwvi ng an
average particle size of from0.3 to 5.0 pmand from18.0 to 80.0 10 volt
of particl es dtaonregs e, avtesagien pare | £1de sizkl off f tloen dént op@Ht pom Bad. A
process for producing a netal base circuit board to be used for a hybrid
integrated cig @iadientorprisdmgpa net@$° plate, an insulating |ayer provided
on the netal plate, circuits provided on the insulating |ayer, a power
sem conduét or nouhtéd dmea etk dise anidalittdmant aemrditmctorthe control
t he power sem conductor, rovided on the circuit, which conprises (1) a
step of 10 fGHPAYRY Q:D?flc%lf/éfp%/r tWherebn e ProvEapiF bihher atsthede spHe
where the insulating |ayer is provided on the netal |l ate, (2) a step of
appl yi ng an iﬁﬁﬁ%t?hjgl%hé%}]dbc‘?% dioxide), and the rfused silica

comprises from 3.5 to 45.0 vol% of particles having an
average particle size of from 0.3 to 5.0 pm 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



the concave portions and the netal plate at a portion other than the
concave portions to the sane | evel of 15 height, (3) a step of providing a

nmetal foil on the surface of the insulating adhesive and

curing the

i nsul ati ng adhesive to forma netal assenbly, and (4) a step of processing
the netal foil of the netal assenbly to formcircuits. 20 5-2. A netal base
circuit board obtained by the process for producing a netal base circuit
board as defined in the above 5-1, whereil® the insulating adhesive is nmade
of a resin containing an inorganic filler and has a coefficient of therm
conductivity aft®eroft watt 0fled h2bihgast dverdatoabt Bcldheipet af base
circuit board according to the above 5-2, wherein the capacitance per unit
area between @ ltot3e ymetal plate and the circuit on the concave portion

filled wwth the insulating adhesive is at nost 50 pF/ cng,

and t he

capaci tance per uniil. arepdmetementdhemelwtingd at enetend bdee ceicamit at a

portion other than the above is at s |east 50 pF/cm 2 and

at nobost 160

pF/cme. EFFESRES ORdHE | NENTTON 4. hybrideimeeatabadectreciutt board of the

present invention, a |ow capacitance portion is enbedded

under a 10

circuit pértioemonsiiahe anelont rpl atem aontyst b2t iRy nbaneedpraadidadesna

circuit to which high frequency signals are transmtted,

so as to reduce

di stortion ofthsiggial Dlamet el cont 9l pxevideddeort bhet tnaupahbng

sem conductor. Further, the | ow capacitance portion

layer, a power semiconductor mounted 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



15 which is generally poor in heat dissipation properties is not formed and
only an insulating |ayer excellent in heat dissipation properties is
present’ under a circuit portion on which the power sem conductor is

nount ed. Accordingly, by using such a netal base circuit board, a 20 hybrid
integrated circuit which hardly mal functions even in high frequency
operation can easily be obtained. 2. The netal base circuit board of the
present invention having the above structiure is characterized in that
characteristics of the circuit board can be 25 partially changed and vari ous

types of semgondustol plevd Cendetie E€BACREL NBHNERE O8ntReeSPHRLELACUI L
board, and it can be suitably used for a hybrid integrated 12 <circuit

havi ng bot h ppieredeni glonehist Dis@ng: Cont s@hes sed1 conduchost Forpexand) e.
Further, in the circuit board, a heat generating electronic conponent and a

hi gh frequensyd geter @dpagi e apets @ant ber o4 opetvyerli shesrdtal abldesi r ed
portions. Accordingly, problens of the conventional technology can be
sol ved, such dmadttlas cinswl atanga |l pyetiohi cbhheanthbsotheaabbdresssi atto be
designed thick so as to achieve |ow stress properties, but the heat
resi stance betomes $arpe/as’ tdrel tatadesif f16 0 @Hewfl.ti ngly, 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 base circuit board to be used for a 15
hybrid i nt egrEfBeCTS r@lti THRaINVgNBI@Nural ity of
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



sem conductors including a control sem conductor generating a |arge anount
of heat. By the above structure, that is, by making a | ow dielectric
constant portion be present under a circuit which is directly 20 connected
to the control sem conductor, heat generated by the control sem conductor
is imediately dissipated to a netal plate through the circuit and the
insulating layer, while the operating characteristics of the control

sem conduct or are mai ntai ned. Accordinglyl2the netal 25 base circuit board
can be applied to a hybrid integrated circuit for e.g. a high frequency

filter such as ymlc v isld ifodd Hwer Mokl ddmiuaisy alecidnerspurce and an
audio 13 digital anplifier, to which a conventional netal base circuit

board can notsdwg cplucathr amby rdusiglial | yureWerapph ¢ald @i ikl be

broadened. Further, the metal base circuit board of the present 5 invention
has t he abovéairdictareanddreradditd ofl edt@son istictomp@Eidctand® 4 aigh he | ow
dielectric constant portion has a specific shape, and specific fused silica

(silicon di cdetplericsy usetkras iany iappagaatics fadd ése phepebly tdiespomtd@l base
circuit board of the present invention has 10 nore excellent dielectric

char act er bst iads,dess i rsehigondistsor devioce ingn yhe papérlatesd o tthehi gh
reliability, and accordingly operational reliability of the hybrid

i ntegrat ed cigmuidntcamdle iewredsmy <bn fg tdelvedt snph oylsatsweh a structure
that when a 15 dent portion is viewed fromthe upward direction, a corner
portion has anmswiatinie rauyiidumiress)safb @ 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



| east 0.4 mm whereby concentration of a stress in the lowdielectric
constant portion can be avoi ded, the adhesive force between the | ow

di el ectric constant 20 portion and a netal plate or an insulating |ayer can
be increased, and heat dissipation is nore accelerated. 5. According to the
production process of the present invention, a netal base circuit board
havi ng both portion which has a | ow capaci tance and on which a 25 control
sem conductor is suitably nmounted, and porlti on which has a slightly high
capaci tance but is excellent in thermal conductivity, and on which a power
sem conductordidita® swplablyroustedichas benovbhaioedl wnéhad bagh yiel d.
Accordingly, a netal base circuit board to be used for a hybrid integrated
circuit, conpriscuitaboetdlcphahe; e appsiedti agd| ayéusprosidlgdnew t he
netal plate, a circuit 5 provided on the insulating |ayer, a power

sem conduct orappbund etons whel che chirtdadaded. control semn conductor to
control the power sem conductor, provided on the circuit, can be provided
at a | ow cost. Theuneharl, bole metrzlibaveactirohit heopréseht thavenesent 10
enpl oys an insul ati ng adhesi ve having a coefficient of thermal conductivity
after curéd oinwentéeesthas3thgnkbovehetsbytexeerndninheddidiesi phetbon
properties are secured, a sem conductor device can be operated w th high
reliability, swehagcotaragryeoperattbralovefiabefitjcotonstianfybprgion
integrated circuit can be increased. Further, the netal base circuit board
of the preseniasi@veperdhifashapeh paft FBACKAYF nfuacdaphticanéslpasonni t

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



area of at nost 50 pF/cnz and portion of at |least 50 pF/ cnz and at nost 160
pF/ cnez, whereby reliability of a 20 hybrid integrated circuit can be nore

i ncreased by selectively nmounting a control sem conductor on the fornmer
portion. BRI EF DESCRI PTION OF THE DRAWNGS 25 Fig. 1-1 illustrates one
exanple of a hybrid integrated circuit enploying a conventional netal base
circuit board. 15 Fig. 1-2 illustrates another exanple of a hybrid
integrated circuit enploying a conventionglg netal base circuit board. Fig.
1-3 illustrates one exanple of a hybrid 5 integrated circuit enploying a

metal base C'i&”éﬁlt?&’é‘i}? nXintdg, PELSERL SHVEMEQNYi FhUa ﬂléh *ié@&fat es one

exanpl e of a hybrid egrated circuit enployi ng anot her base circuit

board of the ﬁ%é%%ﬁ&néﬂyeﬂi'ﬁ@%aﬂobiég cidrouitlysirates B@eu§é§”P£§ of a
process for producing a netal base circuit board of the present invention.

Fig. 2-1 1l usjpaiesi onegexesdl & plyft TetshpPasSen Carﬁétélbﬁﬁégeangn'ts
producti on process of the present 15 Invention. % 2-2 is a draw ng

ilTustrating {asuvdewed f4pm phevyeedisal el rﬁéﬁapnplaaeths piesent
invention. Fig. 2-3 is a cross-sectional viewillustrating a netal base
circuit beardbedvipasative BXaaPi€idg layer, a power semiconductor
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.



20 Fig. 2-4 is a cross-sectional viewillustrating a netal base circuit
board of Conparative Exanple 2. Fig. 3-1 illustrates one exanple of a
hybrid* integrated circuit enploying a nmetal base circuit board of the
present invention. 25 Fig. 3-2 illustrates a dent portion provided on the
hybrYid integrated circuit shown 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. 3-1. Fig. 4-1 is drawings ildustrating a process for
producing a netal base circuit board of the present 5 invention. Fig. 4-2

is adrawing illusigating oneusxagpke 8hoBheRYBkhfipilBt 8gr at agpeiHCUI t
enpl oying a netal base circuit board of the present invention. 10

EXPLANATI ON O &MBEE& 11 €00 £ 0bmSBEY CAGUEICE Ohvert i BaMRr msegl cBadyct or, 3!
Circuit, 4: Insulating layer (A), 5 Bonding wire, 6: Heat spreader, 7:
Metal plate, Sirdusulwvdang. | ayer (B) or resin substrate, 9: Low capacitance
portion, 10: 15 Insulating layer (A), 11: Concave portion, 12: Low
capaci tance portiphg. 18331 hslhatiragekaypae EBxmplé: oebahybtadl , 15: Circuit
(pad portion), 21: Metal plate, 22: Dent portion, 23: Insulating |layer, 24:
Metal foils, 2hntedtatedigciesust, e@blovinguatménel abakei tirc8it bbaald 20
plate, 32: Insulating |ayer, 33: Low dielectric constant portion, 34:
Bondi ng w re,oB85th€ipraséent 3tnvéeaion.
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 1is a cross-sectional view illustrating a
metal base circuit board of Comparative Example 1.
20 Fig. 2-4 is 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



spreader, 37: Power sem conductor, 38: Control sem conductor, 41: Metal

pl ate, 42: Concave portion (space portion), 43: Insulating adhesive
(insulating 25 layer), 44: Metal foil, 45: Grcuit, 46: Heat spreader, 47:
Power sem conductor, 48: Control sem conductor, 49: Bonding wire 17 BEST
MODE FOR CARRYI NG QUT THE | NVENTI ON Now, the present invention will be
explained with reference to drawings. Fig. 1-3 is a drawing illustrating a
hybrid 5 integrated circuit enploying a negal base circuit board of the
present invention. The netal base circuit board of the present invention is

a netal base @idwdd haarchd hyhe aised dpfavedyditehi Ot Seswh eth cRigui t,
conprising circuits provided on a netal plate via an insulating 10 | ayer
(A, B), a powerp.seniconductor nmounted on the circuit and a control

sem conductor to control the power sem conductor, nmounted on the circuit,

characterized in ridatsall Dy EopathdanTEl POt 4 0nd Saepbedded ander a circuit
portion (pad portion) on which the control 15 sem conductor is nounted.
Nanmel y, the meicludiase <inetdl bdwardi nfuithebquedent thwentéosnthas, as shown
in Fig. 1-3, such a structure that a | ow capacitance portion 9 is enbedded
under a cbr cuirtveparitdron (al so called a pad portion) on which a control
sem conductor 1 is nounted 20 and a circuit to which high frequency signals
are transmtted,Fiagnd 4Hh2 Vs ca ndtgwiherebiysthetehy ohe exapatetafce at the
correspondi ng portion of the circuit

hybrid integrated circuit employing a metal base circuit

board of the present invention.

10 EXPLANATION OF SYMBOLS
1l: 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 (a), 1l1: 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



board is decreased. Accordingly, distortion of signals fromthe contro

sem conductor 1 can be reduced, whereby 25 mal function of the power

sem conductor and thus the hybrid integrated circuit can be decreased or
prevented. Further, Fig. 1-4 is a drawing illustrating a hybrid 18
integrated circuit enploying another metal base circuit board of the
present invention. It has such a structure that a concave portion is forned
on a desired portion on a netal plate 7, 1& | ow capacitance portion 9 is
enbedded 5 in the concave portion, and a circuit is provided thereon via an

insul ating | ayest (MODH PO @ARRYSNG adTNITHBYeRvERTTOR. | n the present
invention, as a material of the |low capacitance portion 9, a substance

having a | ow 10 diewectheCpeepshanini-énapphoptiiat by esphached dependi ng
upon capacitance characteristics required for a hybrid integrated circuit,
but a resin coaferanhdy on dnawpamsc powder, which is excellent in the
adhesion with the adjacent netal plate or insulating layer, is preferred.
15 According to sFidies-Byithe fgresénty ihvesteasinthe hgbelidctri c constant
of the resin containing an inorganic powder is preferably from2 to 9, at
whi ch t he sobj ectegfatédecpresent empVeninonai setakebyseochecachi bvedd As the
i norgani ¢ powder, alum na, boron nitride, magnesia, 20 silica, silicon
nitride, alundhurhaipresenorinhentide. i SThopmeferhbbasesedrclist ttheardsin, an
epoxy resin, a phenol resin, a polyimde resin, an engineering plastic or
the like is pfetkeaptrgsenedinFanthen, isne havahgbase circuit board to
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
empbedded 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



dielectric constant of from2 to 9 can be obtained by 25 selecting the types
of the inorganic powder and the resin and their blend ratio. Wth respect
to the ‘'shape of the | ow capacitance 19 portion 9, the dinmension is not
limted so long as it is larger than the circuit on which a control

seni conductor is nounted and the circuit to which high frequency signals
are transmtted, but the thickness is required to 5 be determ ned dependi ng
upon the operating frequency, the materialg of the | ow capacitance portion,
etc. According to studies by the present inventors, when the thickness is

at |east 100 ﬂm%@éd@ﬁc&i@%myﬁ%sﬁé&h&mﬁé@alim@egr@i%uﬁtrcuit

excellent in operating characteristics 10 can be securely prepared. The

thi ckness excssghdth £, @00 preBdist Ntvdeivh calley HyORl Rt Gdmicd i eases
the cost. Further, in the netal base circuit board of the present

invention, a petiHnconseie thereidcuid POFhé®@on havaagi Red| e¥reapacbhance
portion and a portion under the 15 power sem conductor are required to have

hi gh heat di s&imeta Do PHEOPET | i £Slornshpaedt shag! ot hitoh nsul at émigeddieger (A)
is preferably formed thinly as conpared with the insulating |ayer (B) on
t he | ow capacii attee patdawn p&y;t o, nate of cirawd erial phevl dgd htgbréter mal
20 conductivity, as shown in Fig. 1-3. Further, in the present invention,

both insul atinga dmyats ¥yt ang langed atAngd | axy@raf Binsan batrindg bDdyarr €B) n
cont ai ning an inorganic powder. As the inorganic powder, alum na, boron
nitride, magngsia, silica, silicon
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 required 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



25 nitride, alumnumnitride or the like is preferably used. As the resin,
an epoxy resin, a phenol resin, a polyimde resin, an engineering plastic
or the'like is preferably 20 used. The material and the conposition of the
insulating layer (A) and the insulating |layer (B) are not necessarily
different, but as nentioned above, the material and the conposition of them
are selected in 5 accordance with the bal ance in characteristics of a
portion on which a power sem conductor isl¥unted and a portion on which a
control sem conductor is nounted. Further, in the present invention, it is
preferred thadrtaiet reuithepodinens{ehsoscabt etimi pad poriomwn)asnit1Dswhich a
control sem conductor is nmounted is provided on the | ow capacitance portion
enbedded i n thergwet athah atlee wiacthe omswihiath ng tayerol BBemendsochr a
structure is enployed, as the insulating |ayer (B) covers the entire
surface on thies ciowuied san@, thae net adubaseo cilntalh thbolar firdGuencel | ent in

electrical reliability will be obtained. Further, as shown in Exanples
descri bed hersigrdl®rare heramsmbt tédsebet rche t thbekaess iherpumesesad to
i nvention can be obtained w thout conplicated process, i.e. at a | ow cost.

The circuist 3¢ dekrianbiedngeperd big clem@rthglWmmnqofaﬁ@uan@:vadthi@u |
conprising copper and aluminum and it is preferably appropriately

subj ect ed to FRRTFY sof t Hae 1oWreapantiaeCorrebrHeri ngtef Leasbidht such
as a semconductor_or a heat sink can easily be carried out. K The naterial
of the netal ¥ aterdies ﬁbtt%%r@¥%%¢%Pl%n%%ng?ﬁ$teﬂh§% Fhagthickeess 3

materi al excellent jn therm
is at ieast 100 pum and at most 1,000 um, 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) is 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



conductivity, and alum num an alum num all oy, copper or a copper all oy,

whi ch has high thermal conductivity, is 21 preferably selected. The

t hi ckness of the netal plate 7 is not particularly limted, and is usually
fromO0.5 Mm to 3.0 mm Fig. 2-1 (h) illustrates one exanple of a netal base
5 circuit board of the present invention, and Figs. 2-1 (a) to (gQ)
illustrate one exanple of its production process. Fig. 2-1 (a) illustrates a
netal plate to be used for the nmetal base@Ocircuit board, and is not
particularly limted so long as it is nmade of a material excellent in 10
thermal condugdej t WheUmadldry alalamd thd cmpddirdiimo faldhey ,ireepparing a
copper alloy, which has high thermal conductivity, is preferably sel ected.
The thi cknesslafer t tre) reidl tipd atresusathidig pedyéculBy lyrdimpt ed, and is
usually fromO0.5 mMmto 3.0 nm 15 In order to obtain the nmetal base circuit
board of thenguresentiiynveintfearentia, dent pormeoniosed otivede asthéel | ustrated in
Fig. 2-1 (b). The processing nethod therefor may be any nethod, but in the
present i nventateyidhearmdntheordmmmsiisiorequf redeth cabe pebetded Dm one side
20 of the nmetal plate in such a state that the circunferential portion of

t he dent portaorpidamot wiopensgte WBylanpd oyn nghatadbtersstics uwwk,aan ef fect of
suppressi ng such a phenonenon can be obtained that the insulating |ayer is
separ at ed fraettieonier Worcth on pdwes séricoupdtchee dsententedtardsa

resulting fromheat shrinkage of the netal base plate.
portion on which a control semiconductor is mounted.

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, 1is



Further, in the present invention, with respect to 22 the shape and the
size of the dent portion, according to results of experinental studies by
the present inventors, as described hereinafter, it is preferred that the
maxi mum dept h of the dent portion is from1l0 to 50% of 5 the thickness of
the metal plate, the size of the dent portion as viewed fromthe vertica
direction is at least 50%of the area of the netal plate, and in a shape of
the dent portion as viewed fromthe verti2dal direction, the corner has a
curvature radius of at least 2.5 nmm Here, 10 "as viewed fromthe vertical
direction" namsterabhIecéebactad. sithen thi dirges2-¢X die teecafinxy Iaue dept h of
the dent portion is less than 10% of the thickness of the netal plate, the
effect of the presemrihvebdrbn 1sninedfiandeisnusoaktlgafesy and @b if it
exceeds 50% the netal plate itself tends to have a reduced strength and is
likely to deftovmd.®fmrthe size of the dent portion as viewed fromthe
vertical direction is |ess than 50% of the area of the netal plate, no
sufficient effectFof.thelpfesentliaveatesnontl expup2e obt ai nedailnbasary
cases, and the control circuit can not sufficiently drawn on the sane
circuit boéar Firrsbheboandesl Fuetheesenn wnveapeondi #hd Heds- porii 6a) as
viewed fromthe vertical direction, if a corner having a, curvature radius
| ess than 2. 59migks blbsehratejeme 2exappbrepEyl ehaphedest 50N cBroFehdat

di ssipation characteristics at_said corner portion_my be _conplicated, and
no expected ef fectidi|?-be(dbt alheatrates a metal plate to be used

for the metal base circuit board, and is not particularly
limited so long as it 1s 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



23 sone cases. Then, as shown in Fig. 2-1 (d), insulating |layers nmade of
the sanme material are provided both in the space in the dent portion and on
the net'al plate on which the 5 dent portion is present. Wen the nateri al
formng the insulating layers is likely to shrink, it is possible to
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 | ay&2 made of the sane material as the
above insulating layer is provided on the entire surface of the insulating
| ayer and thethetsihage aded the tdezprefethei dygbtpontidhe assukdihggtbayer is
required to have sufficient electrical insulating 15 properties and further
have hi gh t heramhl tonoficéxpetimentah sowdileel bgt the poaséant inmadthase hi gh
adhesive force wth a netal, and accordingly it is usually nade of a resin
contai ni ng ames$ ndeganilved i héeeinsf describeds peebenaédethaBpebefically, the
resin containing an 20 inorganic filler of the present invention is a
curabl e resimaxbnposierion ebnphée siiegt apconbimatsohroh (@) ta PE%i af conposed
mai nly of an epoxy resin, (2) a curing agent having a polyether skeleton
and havi ng a Pré nericlkmese ogrolup metahepietai niheosizesofmbnecfanh and (3)
an 25 inorganic filler, and using the curable resin conposition, a cured
product excel P@Rtiom &% resewed ef Byt ton Yebperaiedirereepni éal akndapati ng
properties, 24 .
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 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 1t 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



heat di ssipation properties, heat resistance and noi sture resistance can be
provi ded. As the epoxy resin, a general purpose epoxy resin such as a

bi sphenol F epoxy resin or a bisphenol A epoxy 5 resin may be used. Wen at
| east one nenber sel ected from an epoxy resin having a dicycl opent adi ene
skel eton, an epoxy resin having a naphthal ene skel eton, an epoxy resin
havi ng a bi phenyl skel eton and an epoxy resin having a novol ac skeleton is
contained in an anmount of at 10 |east 10 mass%in the total epoxy resin,

bal ance between stress relaxation properties and noi sture resistance
further inproysse dhgetypi cal epoxy resin having a novol ac skel eton may be
a phenol novol ac epoxy resin or a cresol novolac epoxy resin, and an epoxy

resin having a 15heh¢yskograivadigngigkebetond)a naphthakegelskekaton or a
bi phenyl skel eton and a novol ac skeleton in conbination my also be used.

Further, as theiepoRythe€Ssaime afa€PPXY1 &£61 proavieg bbehabavenhskepgten may
be used alone. Further, it is possible to blend wth an epoxy resin as 20
the mai n conpbmetite Aot hesrt &shnasdcdn asha hwbeabosetatengn wBsth sHeh as a
phenol resin or a polyimde resin or a phenoxy resin, or a polyner resin
such as ars acdght cporubberiorpadsact yl afitidr idlee e tasht wle farbiietg toswever,
considering the bal ance of stress relaxation properties, 25 electrical
i nsul ati ng propenlaesng hbayeresist hahkelando sbrstkreitessspansébleheobl end
anount of the polymer resin is preferably at nost 30 mass%to the total
anount 25 wi¢hpide epolkyarmsihod that the space in the dent portion
is once filled with a material forming insulating layers
as shown in Fig. 2-1 (c¢), 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 inorganic 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 inorganic filler, and using the curable resin

composition, a cured product excellent in stress

relaxation properties, electrical insulating properties,



As the curing agent, a curing agent having a polyether skel eton and having
a primary amne group at the termnal of its main chain is used so as to
decrease 5 the storage elastic nodulus of the resin conposition after
cured, and it is possible to use another curing agent in conbination. \Wen
an aromatic amne curing agent is used in conbination, nore favorable
bal ance of stress relaxation properties, electric insulating to properties,
noi sture resistance, etc. will be obtaine®4 As the aronmatic am ne curing
agent, di am nodi phenyl net hane, di am nodi phenyl sul f one,
met aphenyl enedéati dessipabeohi keopayt besuskdat ArentEhgncagentl sudhtasea
phenol novolac resin may further be used 1s in conbination. As the
i norgani c filtresisvapchavangbéapooabied.el ectric insulating properties and
further having a high coefficient of thermal conductivity is used. Such a
filler may, for eranphe, ebexal uasnum exgdeeralupiumprs20 epioktyi desisi | i con
nitride, boron nitride or silica, and they may be used al one or as m xed.
Anong them abughnam aokidehesoprEf epprd seate eopher beabhparii 8| epowlt h
which a high filling ratio is achieved is easily available at a |ow cost.
25 When t He abevendes¥rPpedsedr abffeen exli nlevtpowie inembes sele¢ed as an
insulating layer, the adhesion with a conductor circuit can be_nore
i nproved by bfeadi A aP2BY EfFanehevupyi agdageat opgakagddcagoricsrLaRe or
amno silane with the resin conposition, Further, when it is
an epoxy resin having a naphthalene skeleton, an epoxy
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 epoxy 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 stress relaxation properties,
25 electrical insulating properties, heat resistance and

moisture resistance, the blend amount of the polymer

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



utilized as an insulating |layer, the thickness is determ ned considering
stress relaxation properties, heat 5 dissipation properties, insulating
reliability, productivity, etc., and is usually at a level of from50 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 relaxation properties my
be poor in sonme cases. On the other hand, Z4%e lower linit is not
particularly limted, but is preferably at [|east 100 MPa at 300 K since
there is possibihitlyetdadxtbrédeni nsul ating | ayer is deformed when a great
external force is applied thereto, thus inpairing insulating reliability.
Then, a netal foiAsishdi sposed agenhe entiureénguefiavé hef’itbeai nsul ati ng

| ayer of the structure shown in Fig. 2- 20 1 (d) and heated so that they are
unified, to axhyetkestskelerensmdnhavirgga primgsy. amheengraipf okl used
here, which becones a circuit after processed, is a foil of a netal
excel | ent in Eonduerninal ofuths asabhechiincoppesedabanitdufP AfEkerse| ron,
tin, silver and titanium 25 an alloy_containing two or nore of such netals,
or a clad5 fofhre ustorrgnecbpobvec nepdiilvs afl e TREiIROFPMPSSipiePared eit her
by an electrolytic nethod or a, 27, cal endering nethod, and netal plating
such as Ni pI%%/‘F%,CuNPdAua%‘lia%FnbsoP°§6lLEE? PavfFAganalleE appLieéd on the

foil. It is nore preferred,that the surface on the side, ,
agent 1n 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 be in contact with the insulating adhesive |ayer of 5 the conductor
circuit is prelimnarily subjected to roughening treatnment e.g. by etching
or platiing in view of adhesion with the insulating adhesive |ayer. An
etching resist is applied (see Fig. 2-1 (f)) to a predeterm ned position on
the metal foil of the structure 10 of Fig. 2-1 (e), the netal foil is
subjected to etching using a predetermned etching liquid to formcircuits
on the netal foil (see Fig. 2-1 (g)), an®dhen the etching resist is
separated to obtain a nmetal base circuit board of the present invention as

shown in Fig.s2tdnéhdoudbidfeagehal shageasi epuky boanfleobrt ARipbesEN
invention, utilizing the above characteristics in structure, has such

characteristigeslahatwitiortkxanpsen abmpbbetione afuftidet ngvhide Tt rowits, a
portion on which a control sem conductor is nounted is prepared on the 20
circuit at a deepispacaspantinsulaning paytronthe whicknasscantr ol

sem conductor is nounted is prepared on the circuit at a shall ow space
portion, wherébyeamiwddi donsifegiayedteessurelhrastngnbpthpenntiesl heat

sem conductor and power sem conductor can be fornmed on one circuit board,
25 and accor dibhgsypéheomepadbpbasieesi rtunstlboband oeélibbilpkgsent invention is
suitable as a circuit board to be wused for a hybrid integrated circuit for
various 28 appbfeativhty, Fege. 3-and| Lasusatdiyaaterahpielobfathpnbr ba
integrated circuit enploying a netal base circuit board of the present

i nvention. TheohybPidnintegrated circuit

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



5 conprises a netal base circuit board conprising a netal plate 31, an
insulating layer 32 and circuits 35, and a plurality of sem conductors i.e.
a power’ sem conductor 37 and a control sem conductor 38 nmounted on the
circuits 35. Wen the power sem conductor 37 is connected to the 10 circuit
35, a heat spreader 36 is interposed therebetween in nmany cases for the

pur pose of accelerating heat dissipation, but the heat spreader 36 is not
used in sonme cases. Further, the control 2Jenmi conductor 38 is connected to
the circuit 35 with no heat spreader 15 interposed therebetween since the
control seni CHNRRIVFINBINYHRRA nANEsTRTFY Bbaela? eSUcCnar§eNguBhEEL)Iof
heat, however, need]| ess to say,_a heat spreader may be_  interposed

t her ebet ween. NFAY RF2ting Y. Salder phnalRI 7e¥nPe hePebhefoPsERfconduct or
38 are electrjically 20 connected to the power sem conductor 37 through the
circuit 35 anPi poddi iF WMFE Pretare ot dddht ThR eI IAF S Crhtai S zed in
that a low dielectric constant, portion, 33 js provided at Ifast under a
circuit whi cht PIELTITHATY ¥b e%]{*%dlla?ﬁde%’ff@rgt% RBlVe5-e8htro

sem conductor_.38. By_such a structure, the, present invention_has such
charact er Pst i B tH dqqt?%uF%EFuh$p+?C%£$£;%%P%Fh %r?ﬂb?ﬁ?gﬁgaggd circuit
for such an 29 |ication that concurrent heat dissi aEion fromthe
control sem COMSILTONY o1 TRUPFIEI ©rE | BRECHOILU9 { PRI BART1BPer Rt TAG" i me can

be secured, to mqgc conv§gtignal nFtal base, circui hoard can not be
v

h a
applied. 5 It HERTREEA" TRV eHET o S AT pat 7Y ot TE Rz Kt aF Y5 at e

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 circuilt 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



31 is replaced with a material having a dielectric constant |ower than that
of the netal plate, and the material is not particularly Iimted. 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 obtained w thout any
significant change of a process for producing a conventional netal base
circuit board. Further, such a netal baseadrcuit 15 board is particularly
preferred since a material excellent in connectivity with the insulating

| ayer 2 and 4heliedaloptate 31 is likely to be selected. Wth respect to
the dent portion, according to studies by the present inventors, the angle
6 fornmed by 20 irsgsidelwalliuandates hat taampnef efahl nyhasda gradi ent of
from35 to 65 as shown in Fig. 3-2. If it is less than 35, the area of the
side wall porinoagtendd tbrbeitacgeloyviond atmesalendceedirbattt beaddnt
portion is sufficiently large so as to secure the capacitance. If the

gradi ent 25 exfeels Bbesefitt heventsoa. cofmerhiet ikeintdgrste@ abtdtuiand t he
bottom of the dent portion, a void portionis likely to remain at the
corner. I eitompriase, aldfetal ebaseécalrchatabberdstpoprofinbeaoheanned net al
base <circuit board are likely to be deteriorated. Further, the shape of
the bottom ofptaeeddht aorinsnlatinot lapart B2ubadl gikcwited3Shuenidt ai s
preferably plane, since a 5 production nmethod excellent in mass productivity
such as a meehanatiatynefheemsoendastpressi fig orpeweri Agmaconductor 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



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 l|arger than the
circuit on which a control sem conductor is nmounted and the circuit to

whi ch high frequency signals or the like are transmtted, when the netal
base 15 circuit board is used as a hybri@% ntegrated circuit. The

t hi ckness (depth) varies depending upon e.g. the material of the insulating

adhesi ve fornmel ideriomsthat | dehd@yeent ansaa dhsskpessonf rfeamhe to 800 pm
is wusually sufficient. The depth of the dent portions 20 varies with each

dent portion,cdntrdhessehdopdidt @nsis piesef Abt yehayeahdensager depl bntwher eby
processing can be carried out all at once. Further, in the present

i nvention, thepessting coihal damgb@nsedorgani cofwhieh, awbhvahttbnabe dent 25
portions are filled, is not particularly limted so long as it has a | ow
di el ectric comstahtbadeitcireder recard cae ndavibagappghedéiher mal conductivity.
31 The inorganic filler may, for exanple, be alum num oxide, silicon oxide,
alum num @i tri de on bbeopraséntdénveandoanmpagpahenpfakbei netmboxpdefesilicon
oxide or boron nitride is preferred, with which a low dielectric 5 constant
portion can b¥l obs af eretheed hwi blvor abheebidh hntavihet aedheleacdiel ectric
constant and hi gh coefficient of thermal conductivity. The shape of
particles constant lower 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 1its 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,



constituting the inorganic filler is not particularly |imted, but

spherical particles are preferred in view of 10 inprovenent in fluidity, and
an inorganic filler consisting of particles having a hollow is 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 from3.5
to 45.0 volt of particles having an average particle size of fromO0.3 to
5.0 umand from18.0 to 80.0 volt of particles having an average particle

size of fromé&léetBOcaunthsrexeeti epicsnohi ghefbbtingenr@peati Bssand is nore
20 preferred since a low dielectric constant portion having favorable

bal ance bet weetirtoit dbehedtit€ Tohslantoapd dbtghicpetédci eniritet her mal
conductivity can be stably and securely obtained. As the resin, a
t her noset ti ngthesshapsacht ashanbepoxy o25thesdant apphenoh teshator a
polyimde resin, an engineering plastic, a thernoplastic resin such as a
pol yet hyl ene, par pbtypaopy| eivej ted nybudeine thlpreflerahl@2plankyetshytena
terephthalate, an ABS resin or an AS resin, or an acrylic resin, a silicone
resin or & urptbdnetiesimethey, exoel bxatpie, mbes useddudnongti’henthi &si s
preferred to use the sanme resin as for the insulating |ayer, and an 5 epoxy
resin i s preferadthansea] mhiltdd haschassrmbéesindhesi onting dheanet a
plate. In the present invention, the material of the nmetal plate is not
particul arly ¢theniedl swethpd sgchtagsetching 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.



excellent in thermal conductivity, and alum num an 10 al um num al |l oy,

copper or a copper alloy, which has high thernmal conductivity, is
preferably selected. The thickness of the netal plate is not particularly
limted and is usually from0.3 nmto 4.0 mm In the present invention, the
conposition and 15 characteristics of the insulating |ayer are also very
inportant. The insulating layer is formed by a resin containing an
inorganic filler. As the inorganic filler31 an electrically insulating

i norgani ¢ conmpound such as alumna (alum num oxi de), boron nitride,

magnesi a 20 (negngse WAEXG4elc PRTism BN f ater kAepDXi dBe S1hb€Aum(Silicon
di oxide), silicon nitride or alumnumnitride is used, and alum na, boron
nitride, alurdxiume nidilderdroxisdd | CoLWHH Bl i 151 €a5dd YoaVisdtabl i ek ide | oW
cost, is preferably used. Among them alumna or alumnumnitride 25 is
mor e pref er aldna sel®ed ethers] oI @aide cl €81 Béen sphas i €al baneh a hi gh

filling ratio can be achieved, and an insulating |ayer having extrenely
hi gh t her mal A3 rictnductpre faroad, easit yWwibclohd al meddidbedtreicesin, a
thernosetting resin such as an epoxy resin, a phenol resin or a polyimde
resin, ans engimssrnpQtasin cgara bdesmpl rasd 1wl tlesfavetabl @sbal &nce
pol yet hyl ene, a pol ypropyl ene, vinylidene chloride, a polyethylene
t er epht hal at etareeABI avesiie ectan ASorestiant and anigergdetiteseémt @f silicone
resin, a urethane resin or a fluororesin may, for exanple, be used, and
particul arl y,trarmpoxgondsimiwixh iTheexdeldeemtt iprrticles
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
um 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



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 alumna, boron nitride, 15
alumnumnitride and silica is a preferred conbination since it has high
adhesive force with the netal plate or a nmetal foil formng a circuit, and
conductivity or
having a | ow capacitance after cured can easily be 20 obtained. Further, the
sanme applies to a resin containing an inorganic filler constituting the

an insulating layer having a high coefficient of thernal

above | ow d'ﬁ%f§é€ﬁ§léﬂgsé€€ pROEL1 QP ASh @ §§t9891§h89p9hy §gré

relnafter

cont ai ni ng an | norganic In an uncure state

ggnre5|n

sonetines refgrred 5&§1{@'ye§§n' ngub gt | Agh@dhesi ¥e)rtQ E‘re@flgﬂgt gLgiped

portion, generally, aToll coater, a gravure coater,

screen printifg, 34r o BYxafOl e eX@éWu@edbe B Puathn | FU.LrtE hes
adhesive is formed in a single layer or in plural |ayers.

i ss rol

coater or

$ | ating
%Mgﬁé Ry

en it

is forned

in plural |ayessusd hendr96RSSrbECOMRS tbPNEhet NHSul AEI LGS BYetNeaR@Shn but
di el ectric breakdown 5 resistance inproves and further, the accuracy of

t hi ckness sof &hexy nsal a4 i NG ﬁﬁ&ﬂéréﬁD§0¥§éd,|whiBE_Hé§SQQﬁotQM§ét|0n as a
material of the <circuit and a netal foil formng it, any one of copper,

al um num ni ck@hesid@nyithnthsihyesl aplatétanium an 10 all oy containing two

or nore of such netals, or a clad

In the present invention, 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 1is

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 is more preferably selected, since their particles are

spherical and a high filling ratio can be achieved,

an insulating layer having extremely high thermal

and



foil using the above netal or alloy, may, for exanple, be wused. Further,
the nmetal foil may be prepared either by an electrolytic nmethod or a

cal endering nethod, and nmetal plating such as Ni plating, N -Au plating or
sol der 15 plating may be applied on the netal foil. It is nore preferred
that the surface on the side to be in contact wth the insulating adhesive
of the nmetal foil (circuit) 1is prelimnarily subjected to roughening
treatment e.g. by etching or plating in gzew of adhesion with the 20

i nsul ati ng adhesive. Sone of the circuits of the netal base circuit board

of the presenrioddneantyian, alg Axding Ml alpyd Al via an insulating |ayer,
and the others are on the netal plate via an insulating |layer and a | ow

dielectric const oy 2% PREdimN. a | thPFREUEEE DilgOfegihYbiibE 48t A abedycCircuit
enpl oying the nmetal base circuit board of the present invention, by

nounting contdedirg| ectdieidl caponedt s Yy 3bi dasras1esigior chip and a
condenser chip on the latter «circuits, distortion of signals fromthe

control  semeRnidisdOme Pl e I duc ethe@ivb ysthitintdith asPEeds a
sem conductor, a control sem conductor, etc. on the 5 forner circuits,

excessi vesi ngyedase Hyl drenpet aidlngpdpytene sepippniietiorcshboelidde sesul ting
mal function can be prevented. As a result, such an effect that highly
reliabl e openatliyatlodrerie tsacplathalatdie ahA RS hydeidd of rHregRSitessthy cui t,
can be obtained. 10 In the enbodi nent of the present invention, regarding
t he above dentr por taarylicheeximera portiamesresin, 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



viewed fromthe upward direction has a curvature radius (roundness) of at
| east 0.4 mmas shown in Fig. 3-3. Wth respect to the shape of the dent
portion, the dent 15 portion is formed along the shape of a circuit nounted
on the low dielectric constant portion, since the thermal conductivity at
the low dielectric constant portion is |ower than that of the netal plate.
As its shape, wusually a square or a rectangle is enployed in nmany 20 cases,
but a polygon such as a triangle, a pentagan or a hexagon or a round shape
such as a circle or an ellipse nay be enployed in sone cases. The present

i nvent ors havigs$onguect &gh mxper ilﬁ@nértﬁgl!zllo§é@!di g%, 0hdNe Shapmallddsngent

portion and as a result, 25 found at- when the corner portion has a

curvature radidiseHfvatid epsimdd 4iima aonypédia bl beMBhnpatrhnelgpensr of
the dent, whereby a netal base circuit board having 36 predeterm ned

charact eri st iggeait bes st abhyd obt ap Neela1 angyeagcoapki shedetBebpeenent
i nvention. The present invention iIs characterized in that the snall est

corner portidindastiuEuivateieingqdibs ¢ooundpessdieicatrlieaptedk8odnmm
regardl ess of the shape of the dent portion as viewed fromthe upward

direction;s i.eesbspohygohmeroves randdf sheper, Fuhéhgecunath vespect to the
shape of the dent portion, the dent portion should be |arger than the 10
circuit on whtlkickneantsdl tlsencontuecing isyapuimpdoaad.a circuit to which
hi gh frequency signals or the like are transmtted, when the netal base
circuit board is Unewkd present invention, as a material of the
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



fromthe upward direction. The thickness (depth) varies depending upon e.g.
the material of the insulating 15 adhesive formng an insulating | ayer, and
is usually from 50 to 800 um The concave-convex shape of the dent portions
is not particularly limted, but the bottons are preferably plane, i.e.

t he dent portions have the sanme depth, 20 whereby a production nethod
excellent in mass productivity such as a nmechani cal nethod such as pressing
or cutting or a chem cal nethod such as eBghing with a chem cal can be
applied as a nethod of formng dents on the netal plate. 25 Fig. 4-1 is

drawi ngs il usd ratidg & & eaess 4 a REQXSH S aciBb abn baise cthfeypt board of
the present invention. First, concave portions are formed on desired 37

portions on therewdaceitdtaridiloPl MdgndBeerFbl. tie leokdddl As a method of
form ng the concave portions, a conventional method such as pressing,

cutting or etgdhivbnddtbr EdiemeatedByede dRMtbPNeundhey n@tgbwelate used 5
is not particularly limted so long as it is nmade of a material excellent

in thermal codnstiicddnddet omnch addit NN serddc @it o) aétoy, ogopper or a
copper alloy, which has high thermal conductivity, is preferably selected.
Further, the fddmknessraiitde detadspratindseanosé 10 panpécataréyofi vhéed and
is usually from0.3 mmto 4.0 mm Wth respect to the shape of the concave
portion of tdemietraduqiate,andetite nessibniod mhdef conchve @Eontben
prevented. As a result, such an effect that highly
reliable operation can be secured as the whole hybrid
integrated circult, 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



when the netal base circuit board is viewed fromthe 15 upward direction
shoul d be larger than a circuit on which a control sem conductor is nounted
and a circuit to which high frequency signals or the |like are transmtted,
when the nmetal 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 formng an insulating layer, it is
usually fromb50 to 500 um Further, the dggth of the concave portion may
vary with each concave portion, but all the concave portions preferably

have the samg,deplerkp¥NeERDYaPrOFESEINY a0 BE SAsh1$doBEhiRbl, ahngnce.
Then, an insulating adhesive is applied to the above concave portions and

the metal plaje-& ﬂsm@ntﬁ@e BEsefONLAYEN POEL | OMghd Qiderame | evel of
hei ght (see Fig. 4- . As a nmet hod of applying the i nsul ati ng adhesi ve,

usually a rO'in&éﬁ%ﬁén ﬁsgéﬁaﬂé@téﬁﬂiga,lﬁ-Khéﬁ teél smepabet Bbrs&reen
printing may, for exanple, be enployed 5 Further, the insulating adhesive

is forned in gost Neth Chad ay etupvaphbe akadByer srohAdae 635 o het e18het
insulating adhesive is forned in plural |ayers, the process becones | ong,

thus increasimm the, cosfarBuesdi 6f echéi shpeaktovne #estspanceohnpsoves and
further, the accuracy of 10 thickness of the insulating |ayer inproves.

Then, a netalvieirédi sromovhdedpwardheissct dce, of . éhea posuyahi g adhesive to
forma netal assenbly (see Fig. 4- 1 (3)), and then the netal foil of the
met al assenblyoursd ghapessed to formcircuits (see Fig. 4-1 (4)). As a

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 um.

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



15 material of the netal foil used in the present invention and the
circuits forned fromthe netal foil, any one of copper, alum num nickel,
iron, tin, silver and titanium an alloy containing two or nore of such
nmetals or a clad foil using the above netal or alloy may, for exanple, be
20 used. The netal foil may be prepared either by an el ectrolytic nmethod or
a cal endering nethod. Metal ©plating such as NI plating, N -Au plating or
sol der plating may be applied on the netdl7 foil. It is nore preferred that
the surface on the side to be in contact 25 wth the insul ati ng adhesive of
the netal foigoftidritdlidn the fpiefdde nef id ynStd] esiete t pseoOUBDENI Dglt reat nent
e.g. by etching or plating, in view of adhesion with the 39 insulating
adhesive. Fig(l1¥4r2 a3 a thealiody dfl [fustrialg ntheorrexanplpprafi ahs hybri d
integrated circuit enploying a netal base circuit board obtained by the
process for pracum higprea Iretetd hddseudh cas cpirésdirag d oftt iveg ppesenthimyenti on.
As shown in Fig. 4-2, on the netal base circuit board of the present

i nvention, atwitgdast dhemiggpesnaf loe roent sone@. dhrecuidtsl prladededsesh
portions where the insulating layer is Jlocally thick (corresponding to the
concave portionsndto gaovicethohy t henieedl spl hored andici rsunadepodvaded on
portions where the insulating layer is not locally thick (corresponding to
portions ot hevatdrial exoohbave 1mporhéomsl ofondiecevaty pl an@)abweipuoyi ded.
By nounting control electronic conponents such as a resistor chip and 15 a
condenser chign onluhienyrorakkoi reeprper @f s ofepper oflloy, 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



signals froma control sem conductor can be reduced, and by nounting a
power sem conductor, a control sem conductor, etc. on the latter circuits,
excessive increase in tenperature of the sem conductors and the 20
resulting mal function can be prevented, whereby highly reliable operation
can be secured as the whole hybrid integrated circuit. In the present

i nvention, the conposition and characteristics of the insulating adhesive
are very 25 inportant. In the present ina@ntion, the insulating adhesive is
made of a resin containing an inorganic filler. As the inorganic filler, an

i norgani ¢ subsdraditee 48br SUSHE aso ad kT Siand al SRR NUSE O O e PosoNFDgt ride,
magnesi a (magnesi um oxide), bariumsulfate, zinc oxide, silica (silicon
di oxi de), silican nitmnsde aetdlodriofumppliirde dise preflerably d@etkiAs, the
resin, a thernosetting resin 5 such as an epoxy resin, a phenol resin or a
polyi mde rasiuglin &nghleetdodtgep) astdavarsé hesaopt assi kisesralsuch as a
pol yet hyl ene, a pol ypropyl ene, vinylidene chloride, a polyethylene

t er epht hal at egoatre ABS resteenrpaintSig asay, Hor asxaepyd | cbe esmplogedi |l i cone
resin or a 10 urethane resin may, for exanple, be preferably used. As the
conbi nati 6n dfuttieer norlganicsdidt ong endhé hieve ess nfomme@pomyar esnaleont ai ni ng
one or nore of alumna, boron nitride, alumnumnitride and silica is nore
preferred, whiarehasr hphhradhesyens wi tin tthe amst athepieattdie] 5irggu tatel et al
foil, and with which an insulating |layer having a high coefficient of

t her mal condurdliegiye oks gfprmed in plural layers, the process 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



insul ating | ayer having a | ow capacitance after cured can easily be
obtained. In the present invention, the insul ating adhesive 20 has a
coefficient of thermal conductivity after cured of preferably at least 1.3
WnK. Wen an insulating adhesive having a high coefficient of therma
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 autonobiles andS%rains, for exanple. Further, in
the present invention, it is preferred 41 that the capacitance per unit
area between irmleetialg gplladsiand the circuit in the concave portion filled
with the insulating adhesive is at nost 50 pF/cn2, and the capacitance per
unit area betweenFide 42 alsphadrawindgt heldstratiung atecacgempilenobt her t han
t he concave portion is at |east 50 pF/cn2 and at nost 160 pF/ cnR, whereby
more renar kabter el fiattegoitedec presentenplentinona wheétabebasbt aineditand a
practical hybrid integrated circuit to be used for vehicles such as

aut onobi | es dmbEnd dblsained by Ochxampdecseabobheppedys ted. 2 Nogtal heaset al
base circuit board and its production process of the present invention wll
be expl ai fed G¥rcifiet pransd| @ Wie o¥eserenteyent Bxanplfss SHOWMVAIE FILg. 15 As
shown in Fig. 1-5 (1), an insulating |ayer (A) 10 wth a thickness of 20 pm
made of an epbxdr r&site demtal nPdYE 601 Y b6 opoaTdn? hath@sPpeesited on a

desired .
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 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



position on an alum num plate of 50 mfmm x 50 nm x (thickness mm), and the
netal plate 7 was subjected to 20 etching enploying the insulating |ayer (A
as a nmask to formconcave portions 11 with a depth of 300 pmon the

surface of the netal plate (Fig. 1-5 (2)). The concave portions 11 on the
netal plate 7 were filled with an epoxy resin containing 60 volt of silica
25 to the sane | evel of height as the surface of the insulating |ayer (A 10
to form | ow capacitance portions 12 (Flg 01-5 (3)). 42 Then, an insulating
llayer (B) 13 made of an epoxy resin contalnlng 60 volt of al umina was forned
in a thicknesdChfagelymim glahuminuy)oxige) f Upeher NhtFbdal MABRES1A was

| am nated to obtain a netal _base board (Fi 5 1-5 (5) . Using. the netal
base board, a(3FEeF U PR t %#Elu%nsﬁhg%%ea eHRErokideni EbhdtRtor s
mount ed and another desired circuit 3 were forned fronlthe nmet al _f oi
located on th%ﬂijo‘?/@%a‘?fﬂa%’ﬂ enlce POHTOM T ptepare AlWRIAFHASET18SciPeui t

board to be used_for h |nte rat ed CIrCUI containjn £omer
sem conduct orp%?ﬁle%a}%]gﬁ F&om 1 ¢ ¢ Wsﬁqﬁlrtﬂg)v@?r

sem conduct or. ing the netal base circuit oardi a di @ﬁ ngllfier
(hybrid int egiited |?%Lﬁ??x¥m%$%}% a@d?ﬁ??% r9% %l%ﬁa %¥5M49%ont r ol

d d MOS- FE d d th
T cuits was TERpRr | HerTAY 135 BF DGRIE Ahtt opr S SHTSE &R L bper at HRgeUch

frequency of §OQa%5glﬁbghﬁfeﬁereSU|élyﬁ?&ﬂ?&egggréingfldene 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



was confirmed. 20 EXAMPLE 1-2 In the sane manner as in Exanple 1-1 except
that a netal plate having concave portions on one principal plane was
prelim™narily prepared by etching, and an insulating |layer (A) was provided
on the surface of the 25 netal plate to prepare a netal plate having a
structure shown in Fig. 1-5 (2), a netal base circuit board was prepared,
and a digital anplifier was prepared and 43 operated and as a result, it
was confirmed that it normally operated @antinuously for at |east 1 hour at
an operating frequency of 600 kHz. COVPARATI VE EXAMPLE 1-1 5 An al um num

plate was coaiiet Wi SHp&POXINEELSHdr GO 3 PeALEOYOh %RE Rbygina in a
t hi ckness of 50 um and a copper foil was |am nated thereon to prepare a

netal base bosrgke Ushdgchdec it @ ¢ bpserhoatshcd-he Sr€ioQPEI Bl EQ@Nwashi N
Exanple 1-1 was carried out to prepare a 10 netal base circuit board, and a

digi tal anplidherinaslatpiepad@teante operat atbends@spr/ &85uUldnd ithe
mal f uncti oned. The operating frequency was 600 kHz, which was the sane as

in Exanpl e 1-dapdEMRARAT | My BEXAMPLAY da 2odbwden epiox ymé €81 np Tatik aand ngh&é0 vol %
of silica was formed in a thickness of 300 umon an alum num plate, and a
copper foisl vesrdwnt nat ed porpi@pastchar Neiad tias ecoboavd. pdst hgnt he aet al
base board, the sane operation as in Exanple 1-1 was carried out to prepare
a nmetal base least 50 pF/cm? and at most 160 pF/cm?, whereby more
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 (a) 10
with a thickness of 20 um 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 um 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)).



20 circuit board, and a digital anplifier 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 COVPARATI VE EXAMPLES 2-1 AND 2-2 A thernosetting resist ink was applied
to a desired position on an alum numplate of 50 nrmx 50 Mmx 2 nm 44 and
a dent portion with a size and a depth as4g€hown in Table 2-1 was forned by
al kali etching, and then the resist ink was renoved. Then, 100 parts by
mass of a bi sphenmlert, epoxyngiEsdthin® 1dpékot®) 80Y: mePOXYL efpli yobent = 173,
manuf actured by Japan Epoxy Resins Co., Ltd.) as an epoxy resin, 5 parts
by mass of y-tEyi doseyt piyrhdres hyd ol et bdxyBuhane wAL- f6h6SA tmnaf act ured by
Ni ppon Uni car Conpany Limted) as a silane coupling agent and 500 parts by
mass of al um ttal dkhd $5-&0: 3 trapuf eEtgir et by (SHOMa MENKD Khé&r ) dawévgl an
average particle size of 5 mas an inorganic filler were mxed by a
uni versal m xBril Tod twes abovienated ute, ol26a par 4 sméya helsssef baard (Fig.
pol yoxypr opyl eneam ne (JEFFAM NE T-403: nmanufactured by 15 Texaco Chemi cal
Conpany) and 12b p&rkk. by nass of a pol yoxypropyl ene am ne (JEFFAM NE D2000,
manuf actured by Texaco Chemi cal Conpany) were bl ended and m xed to obtain
a resin, and the Ehove-desorethel iese porrdor viesr¢il t etbadi pdrtabonhsul at i ng
mat eri al nade of the above pr fared 20 resin in a thickness of 20 um and
further, an |m@ngg¢mg@ 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 cilrculit 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



| ayer was fornmed in a thickness of 30 m Further, a copper foil was

| am nated to obtain a netal base board. Further, with respect to the netal
base board, the copper foil was subjected to' etching with a ferric chloride
25 solution to formcircuits having pad portions on which a chip resistor
can be nmounted, whereby a netal base <circuit board was obtained. 45 The
nmetal base circuit board was subjected to a heat cycle test described
hereinafter, and the results are shown id3Table 2-1. HEAT CYCLE TEST METHOD
5 Achip resistor with a size of 220 nrmx 1.25 mmis soldered between the

pads, and a t@SdratSedadiid eds autraddhe, ohe wy€l eoheiAgedir enat 40€ for seven
m nutes to +125C for seven mnutes, and presence or absence of cracks at

t he sol der ed pofha Dy | SpObsEsd esbbyi tudh eI PsEopeat Theadd nunber at axcles
when occurrence of cracks at the soldered portion beconmes 50% or higher is
taken as the opewetxinf fwadueayeyeof esiGtiamece. 46 OOC HUUCU 0000
"~Uo0>200C -YOUJIVvoOU ON> Oo WHHCI (d "NMNNNHS H
COMPARATIVE EXAMPLE 1-1
5 An aluminum plate was coated with an epoxy resin
containing 60 vol% of alumina in a thickness of 50 um,
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 freguency 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,



Cd>1U a) UCU x| HC'O UOa) it Uyl UU aCCbO0Ca) a) a) NN
E(dO11 Nvi U ca N-Hu U Oa) a) ua) uz U CUa-HI4 L4 NHuKk
-d U aaaaa to0OC.Cal]l md3a3uN-HN NNaate oyg 0OdO
Uk"'" vCro.~-COVVO OuO Q¥fi a, Nooa CrdEd mHNdd m
CON O

<CIXT

44

and a dent portion with a size and a depth as shown in
Table 2-1 was formed by alkall etching, and then the resist
ink was removed.
Then, 100 parts by mass of a bisphenol F epoxy resin

5 (Epikote 807: epoxy equivalent = 173, manufactured by
Japan Epoxy Resins Co., Ltd.) as an epoxy resin, 5 parts
by mass of y-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 toetching with a ferric chloride

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

clrcult 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.

U
U



47 EXAMPLE 3-1 A thernosetting resist ink was applied to a desired

position on an alum numplate of 150 nmx 150 nmx 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, alum na (LS-20,

manuf act ured by Ni ppon Light Metal Conpany, Ltd¢) haV| ng an aver age
particle size of 2 umwas bl ended in an anount of 45 vol %w th a bi sphenol
A 10 liquid epoxy resin (EP828, nmanufactured by Japan Epoxy Resins Co.,
Ltd.) and m xed to prepare an insulating adhesive A Further, fused

spherical silical (FB-1SDX, manufpctufed by n Kagaku Kogyo Kabushi Ki
Kai sha) 15 havi ng an a\ﬂ)eruage part|cle|sijze of umgin fan nount of 37 vol %
and fused spherigal sild ¢a g FB-550, SnauRif a@tdrgdu @yJ)@ki Kagaku Kogyo
Kabushi ki Kai sha) havi ity sarf aver age® patiti €l ¢ 8| Ze2ofd| Fl. 3 in an anount of
40 vol % were bl ended wig ti; & bi sphenol Al i guijdye 6ox*y re$i n (EP828, 20
manuf act ured by Japan %3(55(38 Resing CoJ, (Ltd.)| ah m xed | to prepare an
i nsul ati ng adhes B—The—insutatngradhesi-ye—pB—was z{pﬁJI ied to the
al um num pl ate haV| ng the dent porti ons, and |[then the| ijhsul ati ng adhesive A
was applied so that dhe T hi cknegs8| 2% of=[t h& i[n8ul ati ng |layer at a portion
ot her than the dent gpoi i Bns Bof| dibe H0 dm| &hrtBer | A copper foil was
| ami nat ed on the| i nswlath adﬂeg vé Ao @btlabn aHmateFf 48
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base board. Wth respect to the netal base board, the copper foil was
subjected to etching with a desired position masked with an etching resist,
and then the etching 5 resist was renoved, followed by washing and drying to
formcircuits, whereby a nmetal base circuit board was obtained. For
formation of the circuits, circuits on which a resistor chip or a condenser
which was to be electrically connected directly froma control 10

semi conductor were formed on the dent porti’ons, and circuits on which a
power sem conductor or a control sem conductor was to be nounted were
formed on a OfANRIFE ther than the dent portions. Wth respect to the netal
base circuit board 15 obtai ned by the above operation, the dielectric
breakdown volt agk Hhernpectbpagi rantet perkuias apehiq@dr eonpadasdded The

di el ectric breakdown voltage was neasured in_ accordance with JI'S C2110.
Further, the RepHeiemrie Peralyninunrebay@sobbt 2f ey X nl 3@t aX nhnher t hat
the 20 capacitance at_a neasurenent frequency of 1 Mz was _obtained by an
LCR neter, arftit RGrdentd Whgh pordeRmh %i%@ﬁow&@ 370 RIERREINE 2t he
insulating adhesive of a circuit at the nmeasured portion was qbtained, and
t he capagi t it Sl dTaA Bt bYs T meter o8RG Y GH U EprihRa gdie
preparation condjtions of the netal base <circuit board and the neasurenent

results are sHOWST R4S B2MOVed. TABLE 3-1
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

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



Ex. Conmp. Ex. Dent Dielectric breakdown voltage (kV) 6.4 portion
Capacitance (pF/cm) 10 O her D electric breakdown voltage (kV) 4.2 3.6
portion 2 Capacitance (pF/cm) 130 128 QOperation of hybrid integrated
circuit (D 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 adigital anplifier having a digital signal 1C as a control
sem conductor and MOS-FET as a power senié@onductor nounted. The hybrid
integrated circuit was operated at an operating frequency of 1.2 MHz and as
a result, norbede dpexmadi on was 10 confirmed. COVPARATI VE EXAMPLE 3-1 The
sane operation as in Exanple 3-i was carried out except that a flat
al um num pl ate wi¥htinordepest was tkedpetahdbabat boaedi nshkéatopgeadhesi ve A
was applied in a 15 thickness of 50 }imon the alum numplate, a netal base
board was pr eparkediaamnsiibierted net abtdabeg cvithia deatded viess brepar ed. The
results of neasurenent of the nmetal base circuit board are shown in Table
3-1. Further mdgkeqd el gamn nerdleinasresi Sxanph@ Bhan theligicinanplifier 20
was prepared and operated and as a result, it malfunctioned. 50 EXAMPLE 4-1
5 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
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 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 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.



A thernosetting resist ink was applied to a desired position on an al um num
plate of 150 nmx 150 nmx 1.5 mm and dent portions which were rectangul ar
as viewed 5 fromthe upward direction and the corner portions of which had
a roundness (R) of at least 0.6 Rwere formed wth a depth of 300 um by
etching, and then the resist ink was renoved. Then, alumina (LS-20,

manuf actured by N ppon Light 10 Metal Conpany, Ltd.) having an average
particle size of 2 umwas blended in an @sount of 45 vol % w th a bi sphenol
A liquid epoxy resin (EP828, nmanufactured by Japan Epoxy Resins Co., Ltd.)
and m xed tommr}ﬁn i nsul ati ing adhesive A. 15 Further, fused spheri cal
silica (FB-1 factured by Denkt  Kagaku Kogyo [Kabushr Ki— Kar sta
havi ng an average particle size an _nount| ak. |37Toml.%Eand |f used
spheri cal siffATa (FBr550, manufactured by Denki Ragaku K KabushiKi
Kai sha) having..an avempagee20r padrieak@odh 2@ 1ekgtl(Bv)j N _an4 anount 40 |vol %
were bl ended m%ﬁ%na brsphenol—A tTguidepoxy resin ([EP8Z28——manufactired by
Japan Epoxy RESinS“ ., Ltd. OQapaBélt fhxed prt/empy epar e an lonsjul at 1 dhegsi ve
B. The insulating adhesive B was apptiedto the 25—aljummum piate haviing t he
dent porti ons@t}per;nd th@ie‘lE@tri@&iﬂe@k&B\&laﬁﬂlQ%lg\ée(]QW)NaS4aJDd| i ed3sg that the

t hi ckness of i% tatimgtayer at—a portionm other thanm the dent—51
portions woul&bH lo§0 um Furdpeeicanc€oprer/chdi | was |l appnat ed 108 t he
i nsul ati ng aghesive A to obtarm a metat

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.

s The hybrid integrated circuilt 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 um 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.



base board. Wth respect to the netal base board, the copper 5 foil was
subjected to etching with a desired position masked with an etching resist,
and theén the etching resist was renoved, followed by washing and drying to
formcircuits, whereby a nmetal 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 froma control
sem conductor were formed on the dent por®ions, and circuits on which a
power sem conductor or a control sem conductor was to be nounted were
fornmed on a pUAMRIE ¥5-lother than the dent portions. Wth respect to the
metal base circuit board obtained by the above operation, the dielectric
br eakdown vol t age® tEreimdaetddpmtinemickt perk s aprbl 9rieo reades eged The

di el ectric breakdown voltage was neasured in accordance 20 with JIS C2110.
Further, the Respdaiamamie Feralumiinug ealatv@sobbt 20 med ¥ nl s@chmax mnber t hat
t he capacitance at a _neasurenent frequency of 1 MHz was obtained by an LCR
neter, and tH8VvaraE erthePPortewh Wikl Th WRke | Feehmr@ietar wi$ hvideednsul ati ng
adhesive of a circuit at the neasured 25 portion was obtai ned, and the
capaci t anée Wi MhRISPRED (Her o lekPfaRhet ke r eeF 2T THRL FPRf Bhse circuit
board obtained i.n th(f present Exanple had the same 52 characteristics as

in Exanpl e 3-WRiGHhdRD &iTRPIIReTRt &) Rserkiteast Hoark, waraybrine

I ntegrated Ci\/gict"i'il ta a&e;?tq?mgf i{'O dzll(lgm 1%; 1etc Si ng,epa?rrlgdthen 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 2
liguid 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 pyum 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 liquid 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



The hybrid integrated circuit is a digital anplifier 5 having a digital
signal 1C as a control sem conductor and MOS-FET as a power sem conduct or
nount ed. The hybrid integrated circuit was operated at an operating
frequency of 1.2 Miz and as a result, nornmal operation was confirmed. 10
EXAMPLE 5-1 A thernosetting resist ink was applied to a desired position on
an alum numplate of 150 mMmx 150 mmx 1.5 nmm and concave portions with a
depth of 200 mwere formed by etching, and then the resist ink was renoved.
15 Then, alum na (LS-20, manufactured by N ppon Light Metal Conpany, Ltd.)
havi ng an averagel qay twanlled ez 65 Ofp.  rwherh| endephpar &doidmwasd of 45 vol t
with a bisphenol A Iliquid epoxy resin (EP828, manufactured by Japan Epoxy
Resins Co., LUtah)narst mmxecthd olrprnepar enamdinssd at | Agt@Oolaicknes i & ene Tae

i nsul ati ng adhesive was applied to the alum num plate having the concave
portions so thete thmmbncave portions were filled with the insulating
adhesi ve and that the thickness of an insulating |ayer at a portion 25

ot her than the cditilvergspedonso wole dubea bObase Poatrder theacappar foil was

| am nated on the insulating adhesive to obtain a netal base board. Wth
respect té tHeobR wahsinkistipddiestvaiing wish curdesiyed roshapenwith a
diameter of 10 mmand a thickness of 2 nmto prepare a test specinen for
measuri ng t hé"adedq v @htamnfe t Hekhl regofducandi ternehevafeainrdn was

carried out and as a ) ,
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 €2110. 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



5result, it was 1.5 WnK. Further, the capacitance per unit area between
the netal plate and a circuit on the concave portion filled wth the

i nsul at'i ng adhesi ve was 35 pF/cn2, 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/ cnR. The capacitance per unit area was obtained in
such a manner that the capacitance at a neasurenent frequency of 1 Mz was
obtained by an LCR neter, the area of a partion which was in contact with
the insulating 15 adhesive of a circuit at the neasured portion was

obt ai ned, and:-1d¥es EoPRcs t BAE ea dvabn divaflede by-1 he area of the circuit. Then,
a hybrid integrated circuit having a control sem conductor to control a

power sem conductTierwasud igreche ke toHl thes«€ ontemel posdaed, o hyler et al base
board, and a circuit having a power sem conductor or a control

sem conduct orimesgyfaredde atcwd poad | Siowvat hiat ¥ han 3-+he weonsaseapedti ons, to
obtain a netal base circuit board. Then, using the netal base circuit board,
a hybrid 25 The dgylat 5l tntegrdtead shoowit nidig.didgPahsappephited. The
hybrid integrated circuit is a digital anplifier having a digital signal I1C
as a cont rol Is@Emmpndutt®itahds bena MOS= RE ascenpookr sgeitenadatoorandunt ed.
The hybrid integrated circuit was operated at an operating frequency of
600 kHz and 403 FEBAS ,a rpewel opelaridncwas newnfed medlhs IEXAMRLE 5- 2

integrated circuit 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
liquid 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 foil was laminated on the insulating adhesive to

obtain a metal base board. With respect to the



In the same manner as in Exanple 5-1 except that an epoxy resin containing
60 volt of an alumnumfiller was used as the insulating adhesive, a cured
test specinen of the insulating adhesive, a nmetal 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 Ehe concave portion filled with
the insul ati ng adhesi ve was 45 pF/cn2, and~the 15 capacitance per unit area
bet ween the net al ate and a circuit at the_portion qther than the concave

I
portions waslrﬂbl%ﬂ/wd G ¢ atC it i TR Wt QraphtaRe i A the? sane
manner as in, Exanple 5- nd operated and as a result, it was 20 confirned
that it nornﬁ%?%ﬁ%#@dﬂ?i%ﬁl Jf‘ir}?n%ﬁsl%%s%s M NSurPEEPHAE dper at i ng
frequency of 600 kHz. . COMPARATI VE EXAMPLE 5-1 In_the sane nner_as in
Exanpl e 5-1 &Xc8pt®RHa™d F9%t™H i Hifn %t%oﬁf{hch%ntco%a S"H&s used and

that 25 the cior}ls&ulcaé.i\p. adahe ivve ‘A@Stficprfl i esg cié]r]?.it iockneasg ofS 60 pmon the
al um num pl ate, a cured ¥ 8t sepeab]i ent of ‘The 3hsti tllﬁtg a(ﬁlleaSW%, a netal

base board a tal ) jr.cuit board were prepared. The coefficient
of ther mag consglulcr?’i \G/Eltt 3’9‘301?6 ]?‘rslse Vg}unEIg'd i nsul ati ng adhesive was 1.5 WnK, and

t he capacitance %q{r&gairtp at;}feaacﬁ%}él/&%&é:?ézyi&ni@%%yf%é@}@én pliate was 123

pF/ cn2. 5 Further, a git I er was prepare e sane nanner as

in Exanpl e 5yl.and oparatedy H:Ad88uUldn e concave portion filled

with the insulating adhesive was 35 pF/cm®, and the
capacitance per unit area between the metal plate and a
10 cilrcuit 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



was operated at an operating frequency of 600 kHz but mal functioned.
COVPARATI VE EXAMPLE 5-2 10 In the same 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 pmon the alum numplate, a
cured test specinen of the insulating adhesive, a netal base board and a
netal base 15 circuit board were prepared. The coefficient of thernal
conductivity of the cured insulating adhedi%ve was 1.5 WnK, and the

capaci tance per unit area between a circuit and the netal plate was 32

pF/ cn2. Furt REQS-EETiap talpewpt | $émicopduprepanedntadt hellsamyb2i® manner as
in Exanple 5-1 and operated. As a result, it nornally operated at the

begi nni ng of ihHeewpried i ohratlarvagperarihgdfabqaenepedfts0g KFHRJUBDEY| t

st opped operatin after operation for fire seconds due to heat generation
of a power tr%ﬁs&%@dﬁHZZ%n NDRSTRF 28U NPPLICABR L | IyeTABLpRoW@Ss for produci ng
a nmetal base circuit board 56 of the present invention is characterized in
that it can &¥Eb¥ersdand stably provide a nmetal base circuit board having
t he above characteristics, and the process is industrially very useful. 5
The net al SbaseX@¥efit~hoard of the present invention is characterized in

that characteristics of a circuit board varies partiallg even on the sane
circuit In the same manner 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



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 electronic conponent or a high frequency generating
apparatus can be appropriately disposed on a desired position of the
circuit board. 15 Resultingly, such effects can al so be obtained that the
heat cycle resistance of a nounted el ectr@Ri c conponent such as a chip
resistor inproves. Therefore, it is wuseful as a circuit board for various
hybrid int egraiteanitcibeand svem oiroaiedl Flse coafdiiaidpdaraf dfhatwalpr esent
invention has both circuit portion which has a | ow capacitance and on which
an el ectroni cxvhponemttyuch e ared| norlahipe crdkesbreeviderltd control a
power sem conductor is suitably nmounted and circuit portion 25 which has a
slightly hi gi/ddpacit@ndts HAPIGLBRee RS WLt tdeeFrePeevpecd| ¢i¥§uitind on
which a control sem conductor or a power semniconductor which requires 57
heat di ssi patd®h §ke digtabIBlasuMasl, 1 ahd®F4C®an provide a hybrid
integrated circuit with high operational, reliability and_is industrially
very usefdl. Accdrtitifho & i Drictu@ivoht hric &S RTIRRE A ebentl® $#@nt i on,
a netal base circuit board having both rtion ich has a | ow capacitance
and on which I%ﬁ?réefrecﬁsromc"jxa&ﬁﬂp%nge{n]t %‘tﬁ)fgho%%raat%si 2 FR$dr dcondenser

nt r ol r i con ri i | n
to contro %fsoméepersaetrg Oatduacrg Oope?agfnéapr¥q£#c§egf aé‘go 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



portion which has a slightly high capacitance but is 10 excellent in thernal
conductivity, and on which a control sem conductor or a power sem conduct or
whi ch requires heat dissipation is suitably nmounted, 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, and is industrially very
useful. The entire disclosures of Japanese Patent Application No.
2003-110377 filed on April 15, 2003, Japawese Patent Application No.

2003- 275979 filed on July 17, 2003, Japanese Patent Application No.

2003- 326256 20 fihedons Sept embeit 1dn 290hadapaseseeRai enthdApphitcabhhon No.
2004- 042993 filed on February 19, 2004 and Japanese Patent Application No.
2004- 055890 fdd@ftreohy Maidhs dabP2P0drov hdd udi Mgt spebafecaironst bbaras,

drawi ngs and summaries are incorporated herein by reference in their
entireties. Rovhyy Chdldbovd. chanatadr basiecs| randt theaptdotesbeinse for a
hybrid integrated circuit, conprising circuits provided on a netal plate
via an insul atndygstayel]ly avgowensefehi conduct or nounted on the circuit and a
control 5 sem conductor to control the power sem conductor, provided on the
circuit, 6haractefheedetalt haseacioauthpheatrdnoé pbet borsestenbedded under a
circuit portion on which the control sem conductor is nounted. 10 2. The
met al base ci¥eudntboaris ackharalibgrised ahnthat whkasaatenestodscapasi t ance

portion is made of a resin . _ _ .
circuit board varies partially even on the same circuit

board, and wvarious 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



containing an inorganic filler and has a dielectric constant of from2 to
9. 3. The netal base circuit board according to Claiml1l or 15 2, wherein

t he thi-ckness of the | ow capacitance portion is from100 to 1,000 um 4.
The netal base circuit board according to Claim3, wherein the circuit
portion (pad portion) on which the control sem conductor is nounted is
provi ded on the | ow 20 capaci tance portion enbedded in the netal plate via
the insulating layer (B). 5. A process far7 producing a netal base circuit
board, which conprises: (1) a step of filling concaves of a netal plate 25

havi ng concaves40rdi S e Préuct pely phamesed tina isubshapeeviaeform a
| ow capaci tance portion to the sane |evel of height as the surface of an

insul ating | ayefiyf®d HPedenfsad e arphit ewpriovh g vbéhaaibeul capacitance
menber, (2) a step of providing an insulating |ayer (B) nmade of a resin

cont ai ni ng anrénbgighni ©y fahd ets oindbet si4f Bgevesy thefhdw capaci t ance
portion and the insulating layer 5 (A) of the plate provided with a | ow
capaci tance nenberccovodingma bbardrpdavttled prbbeas| o chpaprtasae nmenber,
(3) a step of providing a nmetal foil on the surface of the insulating |ayer
(B) of the bobomdemnt oo dexl métdnl abase@w Capact tlaveed neabengt bofbr poat et al
assenbly, and to (4) a step of processing the netal foil of the netal
assenbly to fwriclkihasia slownchpad higafioe nimg ancvihtoht anpetecbnofpad
portion) on which a control sem conductor is
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.
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to be nounted fromthe netal foil |ocated at |east at the surface of the

| ow capaci tance portion. 15 6. The process for producing a netal base
circuit board according to daim5, wherein the netal plate having concave
portions on one principal plane is prepared by (a) a step of providing the
insulating |layer (A) nmade of a resin containing an inorganic filler on a
desired 20 position of the principal plane of the netal plate, and (b) a
step of etching the netal plate enploying tdy insulating layer (A) as a
mask to formthe concave portions on the surface of the netal plate.

CLAIMS

1. A metal base circuit board to be use for a hybrid
integrated circuit, comprising circuits provided on a
metal plate via an insulating layer, a power
semiconductor mounted on the circuit and a control

5 semiconductor to control the power semiconductor,
provided on the circuit, characterized in that
a low capacitance portion is embedded under a circuit

portion on which the control semiconductor is mounted.

10 2. The metal base circuit board according to Claim 1,
wherein the low capacitance portion is made of a resin
containing an inorganic filler and has a dielectric
constant of from 2 to 9.

3. The metal base circuit board according to Claim 1 or

15 2, wherein the thickness of the low capacitance portion
is from 100 to 1,000 um.

4. The metal base circuit board according to Claim 3,
wherein the circuit portion (pad portion) on which the
control semiconductor is mounted is provided on the low

20 capacitance portion embedded in the metal plate via the
insulating layer (B).

5. A process for producing a metal base circuit board,
which comprises:
(1) a step of filling concaves of a metal plate

25 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 (2a)
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15

20
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to form a plate provided with a low 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 insulating layer
(A) of the plate provided with a low capacitance member
to form a board provided with a low capacitance member,
(3) a step of providing a metal foil on the surface
of the insulating layer (B) of the board provided with a
low capacitance member to form a metal assembly, and
(4) a step of processing the metal foil of 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 located at least at the
surface of the low capacitance portion.
6. The process for producing a metal base circuit board
according to Claim 5, wherein the metal plate having
concave portions on one principal plane is 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
insulating layer (A) as a mask to form the concave

portions on the surface of the metal plate.





