1 DESCRI PTI ON METAL BASE Cl RCU T BOARD AND | TS PRODUCTI ON PROCESS 5
TECHNI CAL FI ELD The present invention relates to a netal base circuit board
suitable for high frequency operation and its production process.
Particularly, the present invention relates to a netal base circuit board
suitably 10 used for a hybrid integrated circuit having both power
sem conductor and control sem conductor noynted, and its production
process. BACKGROUND ART 15 A nmetal base circuit board conprising an
;psulating “layer made of e.g. an epgﬁﬁcﬁfﬁ&foﬁonta'n'ng an inorganic _
iller provided on a netal plate aving a circuit provided thereon, is
excellent in heat dissipation properties and is thereby used as a circuit
board on 20 which a highly heat generating el ectronic conponent is to be

mounted. Fig. 1- IJI%"ﬂLUEAéét EﬁREBfTeéﬁﬂgbeAﬂb %T%P?&@Egg?gégngﬁé%bg

i ntegrated circui rrsin ase circu

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

sem conductor 2 and a signal conditioning sem conductor (hereinafter
someti mes ¢ r ebgFERECAL A$gApcONtrol seniconductor) 1 are nounted on 2
circuits 3 made of e.g. copper via solder. Further, in its structure, the

sem conductors arengl gebkbadl k¥vention relates to a metal base

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

production process.

BACKGROUND ART

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

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

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

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

referred to as a control semiconductor) 1 are mounted on



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

t herebetween in many cases so as to accelerate heat dissipation and to
prevent an increase in tenperature of the power sem conductor which may

| ead to mal function (Japanese Patent No. 3156798). In the hybrid integrated
circuit having the above 13 structure, eagh of the sem conductors and a
netal base board are electrically and electrostatically connected.

Accordingly, when it_is | ded to i th ting f
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and the apparatus itse doeS hot operate as designed in ~30 cases. As a
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Fig. 1-2 illustrates exanp 0 h egrated ' circuit.

Ther e has soeail.an s Al &Pl | o, t ElisCopath AlpancEs o 405, capacttance

resulting froma netal boar y 1 ncreasing the thickness an i nsul ating

ayer on whi Gl & NIl o 208E COILUCAPES s b2 IDHNLEY 89 SPOPaRedai th the

structure shown in Fig. - 1. wever, I'n preparation of such a hybrid _
integrated 3 jgirLiid Of GefBladcPASEEI 154 foPORT Soh DcbEaUsSedr ReERfOr, it

is required to prepare insulating |ayer
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 employed so as to eliminate bad influences of
the capacitance resulting from a metal board, but there
20 are many problems in view of cost and assembling.
Further, Fig. 1-2 illustrates an example of another
known hybrid integrated circuit. There has been an
attempt to reduce bad influences of the capacitance
resulting from a metal board by increasing the thickness
25 of an insulating layer on which a control semiconductor

is mounted as compared with the structure shown in Fig.

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



portions with different thicknesses partially, which makes the process
conplicated, and which enlarges the 5 obtained hybrid integrated circuit in
an upward direction. Further, there has been an attenpt to achieve the
above structure by lam nating a resin substrate or the |ike having a
circuit prelimnarily provided thereon on a netal plate or on a netal plate
having an insulating to layer provided thegeon (also called a netal base
board) instead of the increase in thickness of the insulating |ayer

(Japanese Patgg%ch@t §§0§9§8%a1h8%§¥ clréh amﬁggﬁ Qro% %hl|| remai ned

unsol ved. Wth réspect to a cIrcu boa 15 integrated

circuit is me%ggfo?' 089 Yt belighed phegration %sﬁlgg g,OEQg%&Of devi ce,

a means becones I n he nmai ns am t at a Sem con evice, etc.
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types of sem uctor evices, 1S nount e ane~b As board

characteristiﬁékegegﬂbrsgoe@ssdbakﬁﬂﬁeateavng bhexs eSPEGt bygeseheonduct or

devices and el ectronic conponents, a crreuit oar aV|ng Characteristics

partially §0r58&99H@H“Hy59th§nE§§E§€EBV%1r§ﬁ@kC9BdH9twaQQH!CeS and
el ectroni c conponents has been requi red. Accordingly, a circuit board

conpri sing d'Bﬂ%é@ﬁ&ontypﬁér@ﬁefnsgﬁéiénﬂaéayééﬁ &ﬂthﬂéﬂpBaﬁob§§Hl@08posed
as 4 disclosed in JP-A-6-90071, for exanple. However, it costs alot to
produce such gnheorBeskt 8ririsdliati Bg heakdating a resin substrate or
the like having a circuit preliminarily provided thereon
on a metal plate or on a metal plate having an insulating
10 layer provided thereon (also called a metal base board)
instead of the increase in thickness of the insulating
layer (Japanese Patent No. 2608980), however, the above
problem still remained unsolved.
With respect to a circuit board on which a hybrid
15 integrated circuit is mounted, along with high
integration of a semiconductor device, a means becomes in
the mainstream that a power semiconductor device, etc. is
miniaturized and further, a resistor chip, etc. in
addition to various types of semiconductor devices, is
20 mounted on the same board. As board characteristics
required are different among the respective semiconductor
devices and electronic components, a circuit board having
characteristics partially corresponding to the respective
semiconductor devices and electronic components has been
25 required.
Accordingly, a circuit board comprising different

types of insulating layers combined has been proposed, as



since a process of its production is conplicated, and further, it is not
technically easy to conplicatedly 5 conbine different types of insulating

| ayers in a small area, whereby considerable miniaturization of a circuit
board has been hardly achieved. Further, in a hybrid integrated circuit
enploying a netal base circuit board, usually, both power 10 sem conduct or
and control sem conductor to control opergtion of the power sem conductor
are nounted on circuits of the netal base circuit board. As

character! st ge.cegls ot (g6, Lhe gEyaL base slrgll. SeaRtnqforrer i
i ghtl hi it i i I
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designed 20 to have 'a very | ow capacitance, concur eat dissipation

from the contygluiser conduotos. i sechised{ie eaty pgdogppsbiichept operating
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time can be secured in sonme cases. NVENTI Under

these cirGgUMBlaNCESe dNErPFr&SeNthEVenti oRshaseihgenaPBrs 1R solxg1ihe above
probl ens of conventional 5 technology. It 1s an Object of the present

inventiop to af@éﬂ”%Kéfbﬁ?t@$n§ﬁ§@réﬁiéQ£$n99§ﬁ9iMQEEBnrSﬂaékébk&uiﬁeduces
mal function tine of a sem conductor which occurs
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. As
characteristics required for the metal base circuit
board, the former is required to be excellent in thermal
15 conductivity even if it has a slightly high capacitance,
and the latter is required to have a very low capacitance
even at the sacrifice of the thermal conductivity.
However, it was found that if a control
semiconductor is mounted on a circuit which is designed
20 to have a very low capacitance, concurrent heat
dissipation from the control semiconductor is
insufficient, and no sufficient operating time can be

secured in some cases.

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

been made to solve the above problems of conventional



when a hybrid integrated circuit is operated at a high 5 frequency, and

whi ch i.s excellent in heat dissipation properties, at a | ow cost. Further,
it is an object of the present invention to provide a netal base circuit
board which is designed that «circuit board characteristics can be partially
changed 10 and accordingly on which various types of sem conductor devices,
el ectroni c conponents, electric conponents; etc. can further be nounted on
the sane circuit board. Nanely, the present inventors have conducted to

solve the abovgolans and ;as 4 gsWde JPLH?% s et H%JB&P%&& Iy egr at ed

circuit with which heat froma control sem conductor can ficiently

di ssi pated by, sevddli Noneds] Mgl &) £LLEL € E@é‘ﬁcﬁ %El@ﬁ”iéz%r]@ébiﬁas'f under a
circuit portion electrically connected directly to the control

sen conduct oryedit & el BxEet { &Mtt {fe NOF S8 LOnLhSN@CE €61 ShheShand-yhich can
sufficiently cope with high frequency operation can be obtained. The

present invemiémn hasobRen mesordt &g hetr-oni ¢ hes bﬁ%ﬁa@édtat Sa Higekovery.

Nanely, the present invention provides the 25 f owing. 1-1. A netal base

circuit bear dft@ybendise dd whidlybid dekdd BDERE efh Chégtli 4is€OPRELSHNY
circuits provided 6 on a netal plate via an insulating |ayer (A B), a

power sem cantkied o iU Ohow heost rcuit and a control semi conductor to
control the power sem conductor
Further, it is an object of the present invention to
provide a metal base circuit board which is designed that
circuit board characteristics can be partially changed
10 and accordingly on which various types of semiconductor
devices, electronic components, electric components, etc.
can further be mounted on the same circuit board.
Namely, the present inventors have conducted to
solve the above problems and as a result, found that a
15 hybrid integrated circuit with which heat from a control
semiconductor can be sufficiently dissipated by providing
a low dielectric constant portion at least under a
circuit portion electrically connected directly to the
control semiconductor, which is excellent in noise
20 characteristics and which can sufficiently cope with high
frequency operation can be obtained. The present
invention has been accomplished on the basis of this
discovery.
Namely, the present invention provides the
25 following.

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

hybrid integrated circuit, comprising circuits provided



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

t hi ckness of the |ow capacitance portion is from100 to 1,000 pm 1-4. The

el base, CLiP tn P08 LAEEOALIAC 10 o RODIET 9, OF e her el

the circuit portion ortion) on IS

mount ed [ Mayideton e ot EaRaGT LADCE; PatLE ol enedded, Lo the netal

plate via the 1 nsulating A process for producing a netal

base circuit s20; B9ageh I Ch COMPESBEsns %o@eﬁ@&n?éoﬁ{i&éwg, concaves of a

metal plate having concave portions on one principal plane, with a

substance to 05 fed W CAPACEL ANEE: PO ADintY 1hHE éé??cl@&ﬁ&eOf hei ght as
the surface of an insulating layer (A), to forma plate provided with a | ow

25 capaci kangss Fefdieri s (b ed&Pude Pr oV ti- 01 BNpbASULAL (P8 %@f@ioﬁB) nmade
of a resin containing an inorganic filler on the surface of the | ow

capaci tance psi titoicianghé heortrdénssdbmtétgahaysr (&) méhintde. pl ate provided
with a |low capacitance nenber to forma board provided with a | ow
capaci tance menber -2 ( 3)Tie MtfaOfbgEOW g @ weRiwed d&tdrding to the
above 1-1, wherein the low capacitance portion is made of
a resin containing an inorganic filler and has a
10 dielectric constant of from 2 to 9.

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

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

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

provided on the low capacitance portion embedded in the

metal plate via the insulating layer (B).

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

on the surface of the low capacitance portion and the



on the surface of the insulating |layer (B) of the board 5 provided with a
| ow capaci tance nenber to forma netal assenbly, and (4) a step of
processing the nmetal foil of the nmetal assenbly to formcircuits, including
formng a circuit portion (pad portion) on which a control sem conductor is
to be nounted fromthe netal foil 10 | ocated at |east at the surface of the
| ow capacitance portion. 1-6. The processyfor producing a netal base
circuit board according to the above 1-5, wherein the netal plate having
concave portimsubacome payeci pal of atkeeisldbe ppepat &ddbyith) aalsvep of
providing the insulating |layer (A) made of a resin containing an inorganic
filler on a despaeitaposihembenftd hEopmi achpatdpbaceidédt heéthenallopl ate, and
(b) a step of etching the netal plate enploying the 20 insulating |ayer (A
as a nmask to ¢apacitenceneavieer pold) cassoapt b puovadéngf at hetait abipl at e.
2-1. A netal base circuit board conprising circuits provided on a netal
pl ate via an omsthatsugfdageof thbeiersulatitegt lppeti 6B)i sfprhei dedrdn one
side of the 25 netal plate in such a state that the circunferential portion
t hereof i nopropeded, wabd antovatapgclayecs madeerofot hermaaematbéri al are
provi ded both on the space of 8 the dent portion and on the netal plate on
whi ch the denassemipiyonang péesensteR-@f Fheceesahgbhbe wmecali fobdaprd
according to the
the metal assembly to form circuits, including forming a
circuit portion (pad portion) on which a control
semiconductor is to be mounted from the metal foil
10 located at least at the surface of the low capacitance
portion.
1-6. The process for producing a metal base circuit
board according to the above 1-5, wherein the metal plate
having concave portions on one principal plane is
15 prepared by
(a) a step of providing the insulating layer (A) made
of a resin containing an inorganic filler on a desired

position of the principal plane of the metal plate, and

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

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

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

of the same material are provided both on the space of



above 2-1, wherein the maxi num depth of the dent portion 5 is from10 to
50% of the thickness of the netal plate, the size of the dent portion as
viewed fromthe vertical direction is at |least 50% of the area of the netal
plate, and in a shape of the dent portion as viewed fromthe vertical
direction, the corner has a curvature radius of 10 at least 2.5 mm 2-3.
The nmetal base circuit board according to %he above 2-1 or 2-2, wherein the
i nsul ati ng Iayers are made of a resin confaining an inorganic filler, and

the resin co ion after cured has, a st ge. € astlc 5 at
st 15,000 MPAC 2 : L R NG Pt T T T S
hybrid integr rcui rising a netal plate, an |nsulat|ng | ayer
provi ded on tﬁ' §ﬁ £ %¥e§8€?rCU|ts provi ded on the insulating | ayer and
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dielectric constant portion 1S provided on nder part of

the circuits Qﬂon'§h1”OwhéPE%ﬁoggacﬁgklhgm”Baakﬁdof3tﬁﬁe5Fﬁt"BBﬁleﬁse

circuit board according to t ove ereint ow dielectric

constant port}ongi sy i9r€8d5@¥ QEOHhQ'BﬁlékHQEE BQVEhQ“mQEaEhﬁléHéface of
the netal plate and filling the dent portion with a resin 9 containing an

inorganic fillge.s3z8. Fh€héﬁééﬁtb§§§t§bﬁcgbtvPQ@éQ 2e6R" 8hagvkecihg1 above
3-2, wherein the side mall of the dent portion h

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

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

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

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

15 at most 15,000 MPa at 300 K.

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

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

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

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

metal plate and filling the dent portion with a resin



a gradient of from35 to 65. 5 3-4. The netal base circuit board according
to the - above 3-2 or 3-3, wherein the inorganic filler is made of fused
silica (silicon dioxide), and the fused silica conprises from3.5 to 45.0
volt of particles having an average particle size of from0.3 to 5.0 pm and
from18.0 10 to 80.0 volt of particles having an average particle size of
from6 to 30 pm 4-1. A netal base circuitgboard to be used for a hybrid
integrated circuit, conprising a netal plate, an insulating |ayer provided

on the netal dgﬁgéanfﬂ ‘%ﬂtch§§£ﬁﬂ¥'§PﬁL%£.the insulating |ayer and a

plurality of sem conductors nounted on t circuits, wherein dent portions

are provided on thessurfiaceafa it e detal - fl at %o&&@e&c@of@ﬁ oo thgcircuits
on which no sem conductor is nounted, the dent portions are fllled with a

resin 20 CONtad}am AN, i gan ceitd | 4 fe @0TL the @1% N@En POp1efoRfnad he dent
portions as viewed fromthe vertical direction has a curvature radius of at

| east 0.4 mmaygggdﬂgﬁtr@ﬁafr@@sgsctécy5¢ board according to the above 4-1,
wherein the inorganic filler is made of fused 25 silica (silicon dioxide),

and the fuysed sil3ca, cony insesal UBS. &itai 4. kbawed % &foiid Cd@sch@vi ng an
average particle size of from0.3 to 5.0 pmand from18.0 to 80.0 10 volt

of particles dnadB-ah avelape yiestd th etlse zenofgai b £ 61 1er 30s paadS-4f A
process for producing a nmetal base circuit
fused silica (silicon dioxide), and the fused silica
comprises from 3.5 to 45.0 vol% of particles having an
average particle size of from 0.3 to 5.0 um and from 18.0
10 to 80.0 vol% of particles having an average particle size
of from 6 to 30 um.

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

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

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

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

25 silica (silicon dioxide), and the fused silica comprises

from 3.5 to 45.0 vol% of particles having an average

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



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

pl ate, -an insulating | ayer provided on the netal plate, circuits provided
on the insulating |layer, a power seniconductor nmounted on the circuit and a
control sem conductor to control the power sem conductor, provided on the
circuit, which conprises (1) a step of 10 form ng concave portions on the
principal plane at the side where the ingy ating |layer is provided on the
netal plate, (2) a step of applying an insulating adhesive to the concave

portions and . .4ty ti.0n L Lhe gonga hions
to the sane |é€§?”§§%%gﬂﬁg§dﬁt, ?%?%% sté%v%%ggrd%?g?ﬁg a %etalgfogféon t he
surface of the ihsid atjng adhesive and curing the insulating adhesive to
forma nmetal assenbly, and (4) a step of processing the netal foil of the

netal assenbly t9_form qifsdddss £A0 p'i’o’%iuc“ir{q?t@mé)@éf KdsLut{rboard
obtained by the process for producing a netal base circuit board as

def i ned i n"t he, ahovie, Sod ,usbiergbn & heybrsal atiagradhest yecisemde of a resin
containing an inorganic filler and has a coefficient of thermal

conduct i visty @i 1L Ghe®d]l @ZPat&ASin LiBdsWaKing- BaydhephBlialichase
circuit board according to the above 5-2, wherein the capacitance per unit

area between tHe mdeaImiBdty) atErantk ¢ herovidadtownthdeisontavengorti on

filled with the insulating adhesive is at nost 50 pF/cne, and the

capaci t ance pediyetn) ta at@sebedawirondiec @t ahophedé® on the circuit and a
control semiconductor to control the power semiconductor,
provided on the circuit, which comprises (1) a step of

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

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

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

25 least 1.3 W/mK.

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

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



and the circuit at a portion other than the above is at s |l east 50 pF/cm 2
and at nost 160 pF/cnez. EFFECTS OF THE INVENTION 1. In the netal base
circuit board of the present invention, a | ow capacitance portion is
enbedded under a 10 circuit portion on which a control sem conductor is
nounted and under a circuit to which high frequency signals are
transmtted, so as to reduce distortion of,, signals fromthe control

sem conductor to a power sem conductor. Further, the | ow capacitance

portion 18 whieh e generallvapeor,lncheat i ssi patl en.pLoperileschs  not

formed and y an ins ayer excelTent I'sSipatron

properties i SfHfé&rvvjf&gdﬁi%air(%lﬁféj’%%n&ﬁé&%%lgiﬁ\égnigmgghmID.Fgl BR B /cnd

sem conductor 1's nounte cording such a nmetfa Circuit

board, a 20 M@réﬁeié‘éﬁgrfﬂ%@c&?ﬁ%ﬂ&n i&Pegaﬁggééegﬁ;éﬁgfg%9%35§Y§Ee in

hi gh frequency operation can easily be obtal ned. circuit

board of ‘the fiesenl oinvention haying;sheo ahoue:slsUChur Subsechar get er i zed

in that characteristics o citcuit board can be 25 partially changed

and various types: ofg SeFy CANAHE U M C&o g c?an be nounted on the same
circuit board, and it can be suitably used for a hybrid integrated 12

circuit having both power sem conductor and control sem conductor, for
exanple. Further, in the circuit board, a heat generating electronic

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

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

25 partially changed and various types of semiconductor

device, etc. can be mounted on the same circuit board,

and it can be suitably used for a hybrid integrated



5 at desired portions. Accordingly, problens of the conventional technol ogy
can be solved, such that an insulating |ayer which can absorb a stress is
to be designed thick so as to achieve |ow stress properties, but the heat
resi stance becones large as the trade-off. 10 Resultingly, such effects can
al so be obtained that heat cycle resistance of a nounted el ectronic
conponent such as a chip resistor inproveg. 3. The nmetal base circuit board
of the present invention is a nmetal base circuit board to be used for a 15

hybrid int egrcaltrg%cjtc%;hcaq}éitnrgha})vqi[&%é)%gp%yrsaelnilité/onoél%cste ] Cé)rpc?ugﬁg]is%i’ ncl uding a

control sem con enmerati arge ‘anount ot heat. e above
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under a circul is directly sem conduct or,

heat generat gd by tapqlecaqytgr e%ﬁ@%@fﬁﬂ&i 'ﬁﬂyﬁﬁi}?ﬁéﬁd to a

metal plate through the circuit an he 1 nsul ati ng layer, e

operating chahachfid St idchMa diftfy GERd tﬁ@&?ﬁ%%p By MM Jpsddied.

Accordingly, the netal 25 base circuit board can be applied to a hybri

integrated Gy Qididd ordkichdl gﬁ_ct:b%ali%@qx/,f'g&b%rle%@%@%h% macr o-
strip-line, a high frequency electric source and an audio 13 digital

anplifier, teoMicat @rionwadndgeial haselwdd Cldchoaigk Can not be
applied, and industrially new applications will be broadened. Further, the
met al base ciinfdiitathiady d Lfert R IWIESEIH absorb a stress is to be

designed thick so as to achieve low stress properties,

but the heat resistance becomes large as the trade-off.

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

3. The metal base circuit board of the present
invention is a metal base circuit board to be used for a

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

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

25 base circuit board can be applied to a hybrid integrated

circuit for e.g. a high frequency filter such as a macro-

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



5 invention has the above structure and in addition, has such a structure
that the low dielectric constant portion has a specific shape, and specific
fused silica (silicon dioxide) is used as an inorganic filler, whereby the
metal base circuit board of the present invention has 10 nore excellent
dielectric characteristics, a sem conductor device can be operated with
high reliability, and accordingly operatiignal reliability of the hybrid
integrated circuit can be increased. 4. Further, it enploys such a structure

that when a dpydegi pALilPfets Hbewﬁgcﬁr€”é§ﬂ€eH9 QldhéEQE'BQmﬁerecor”er

portion has a curvature radi us (roundness

Concentrat'0”c9£c@1§tB§§§d'Baﬁhﬁot|BM/Qbﬁi?é&r'&n&oﬂﬁéégErPQEEyOHe@an be
avoi ded, the adhesive force between the low dielectric constant 20 portion

and a metal PABbEi QL t 8Fnk NS Ul Bt HOOLL 8Y8EnEQN be increased, and heat
di ssipation is nore accelerated. 5. According to the productlon process of

the present invepiiOerd fBéahe PABELELE CHiEcROAIBoAAYI 88 PRENDrEOEREON
whi ch has a Iom/capaC|tance and on which a 25 control sem conductor is

suitably mpunigdenepénprasi BRe aBOGE HBsuarstéghhlyini ghacapasitrase but is
excellent in thermal conductivity, and on which a power sem conductor 14

is suitably nouwsthesd, stancberebtainethai tbwadbeybcyi et dcondesntdpogkyona
netal base circuit board to be used for a hybrid integrated circuit,
conprising a hetah pbatefianshapsul ahdngpeayéicpfovededibicahe¢sietiabnpl ate,
a clreult 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 circuilt board having both
portion which has a low capacitance and on which a
25 control semiconductor is suitably mounted, and portion

which has a slightly high capacitance but is excellent in

thermal conductivity, and on which a power semiconductor



5 provided on the insulating |ayer, a power sem conductor nounted on the
circuit. and a control sem conductor to control the power sem conductor
provided on the circuit, can be provided at a | ow cost. The netal base
circuit board of the present invention 10 enploys an insulating adhesive
having a coefficient of thermal conductivity after cured of at least 1.3
WnK, whereby excellent heat dissipationlaroperties are secured, a

sem conduct or device can be operated with™High reliability, and accordingly

operational reliabij a 15 _hybrid inte rate& ﬁ% cuit. can be L creased.
e

ity of
Purt her . the Hetsis HERD AIOERFTe boctl RF TRE? bredefit thi AvRAER AL RES- bot h
ti havi jt it f t t 50 pF/ d ti
of at | cast SOCHRIEIE And debstDAED PEICAD: RRRTeb5°r B ABFRi FOTof @ 20
hybrid int t.ed. ci it be. i d.b | i | ti
oot ol cem OO o1 T RaEd e EE T or TR BRI DESE R P O e

DRAW NGS 25 Fig. -1-1.illustrates on xanpl.e_of ybri integrated circuit
enpl oyinga cONT b TRera Salhted Bt o thaPal"REale o S95EHFF

another (kAR EoPlada bl ! I egr ot o Clogut ! STBboMIO.f; sonvgoLlona

nmet al basé rcul oard. " Fi Q. e éxanple o rid>5

integrated cipGul{c &Rl VAL Ar &) Al aRgse CLALHLY BOREGonductor 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.

ustrates



of the present invention. Fig. 1-4 illustrates one exanple of a hybrid
integrated circuit enploying another netal base circuit board of the
present invention. 10 Fig. 1-5 illustrates one exanple of a process for
produci ng a netal base circuit board of the present invention. Fig. 2-1
illustrates one exanple of a netal base circuit board and its production
process of the present 15 invention. Fig.,g2-2 is a drawing illustrating "as
viewed from the vertical direction" in the present invention. Fig. 2-3 is a

crossssectional vigw [11YS{i3hL00,RccELALL0BSE GhEGY! b bQaLdy of (Comar ati ve
ustratin

Exanple 1. 20 F 477§ a crossSselt fonalvi ew i met al base

circuit board, &ée& 0P2E 8t ¥, ?uf%(a%géfogingFégc?x;?%énk%ﬂﬁrﬁ%g%loﬂ gegraml e of

a hybrid |ntegra ed Circul ase circul of the
present inven 3-2 illustrates a dent portion provided on the
hybri d |ntegr%%€§Pc??%§%%dshomn in Fig. 3-1. F|g 3-3 is a plan view

illustrating a de?&gpoitBoﬂliﬁstPéggdeHeOEr 1QVBE'Q hgb@gaated circuit

shown in Fig. -1 s drawm ngs i ra I'ng a process for

produci ng sa r@ﬁ@ég:@é@éd%ffé‘uitb&%ﬁoﬂn&hg REESEbasa EA¥ENEEOBoara

of the present invention.

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

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

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

15 invention.

Fig. 2-2 1s a drawing illustrating “as viewed from
the vertical direction” in the present invention.

Fig. 2-3 is 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 1s a plan view illustrating a dent portion



Fig. 4-2 is a drawing illustrating one exanple of a hybrid integrated
circuit. enploying a netal base circuit board of the present invention. 10
EXPLANATI ON OF SYMBOLS 1: Control sem conductor, 2: Power sem conductor, 3:
Circuit, 4: Insulating layer (A), 5 Bonding wire, 6: Heat spreader, 7:
Metal plate, 8: Insulating layer (B) or resin substrate, 9: Low capacitance
portion, 10: 15 Insul ati ng | ayer (A, 11: %oncave portion, 12: Low

B

capaci tance portl on, | nsul at i ng I ayer 14: I\/Et al foil, 15: G rcui t
(pad porti on) taI at.e oryion, l.nsul atl ayer

Met al f0| I I\% ng tﬁqemhsytb Jéi6 r%r% C% (‘fujf 0|SI’I}OW% ngf%

pl at e, glsatl ng layer, 33: Low dielectric constant portion,

Bondi ng WI re Circuit, 36: Heat spreader, 37: Power sem conduct or, 38:

or 1 on), 43: I nSuTAt gt et G LT Rt B Ry ob g ey o) CCHAS TRTAI foil, 45:
e contuct o T8 o W 157 UEEGY NBLE FC CARNG GUT THE

| NVENTI ONg Nowy, <t fd:£sent invention will be explained with reference to
drawings. Fig. 1-3 is a drawing illustrating a hybrid 5 integrated circuit

enpl oyi ng a net alFP@S€4czr£§lé BPRA fhg 0f 11 HE PLESEGt chBVERLIWONe dBResmet al
base circuit board
hybrid integrated circuit employing a metal base circuit

board of the present invention.

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

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

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

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

Bonding wire



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

sem conductor is nmounted. Nanely, the netal base circuit board of the

pr esent invenéé??JﬁgﬁEi€5R2§§%%%%@GF%@T %ﬁé,IN§Eﬁ?18Nstructure that a | ow

capaci tance por under “a circuit portion (also called a

pad | portion) “on whl,ch-pecaptrshcsemcapduat gt 1 bs mauatedoa0.and a ofrouit

to which high frequehcy sSignals are ransm e vicinity thereof,

whereby the capagcitanc oaér£@§n§grresponding portion of the circuit board
is decreased. Accordingly, distoriion of signals fromthe contro

seni conductor 1 cgﬂgbelﬁﬁgygﬁgb%@&ﬁ Y1 28u8RLEUAGHT anygbyihe power

sem conductor and thus t I nTegr at circuit can be decreased or

prevented. Fi’ﬁ%&?fat&ﬁ Ocidedi b Sefp U6 3¥hE%al hbtsi rBha0-arbBYbE Hod8g
integrated circuit enploying another netal base circuit board of the

present inventfofhelprdgsnsUtivantistCt uis Hdtall BHLNCaMe-POF thodrds formed
on a desired portion on a netal plate 7, a | ow capacitance portion 9 is

enbedded 5 inothensopeayenPOihiOAcigNdia &imedhl beserevidedct Bereantovia an
insulating layer (A) 4 and an insul ating |ayer (B)

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

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

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

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

25 malfunction of the power semiconductor and thus the

hybrid integrated circuit can be decreased or prevented.

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



8. In the present invention, as a material of the |ow capacitance portion
9, a substance having a low 10 dielectric constant is appropriately sel ected

dependi ng upon capacitance characteristics required for
integrated circuit, but a resin containing an inorganic

a hybrid
powder ,

which is

excellent in the adhesion wth the adjacent netal plate or insulating
| ayer, is preferred. 15 According to studh%s by the present inven

di el ectric constant of the resin containing an inorganic
preferably from2 to 9, at

kel y to” be SUMRAARES AT € T GRS penire” At

magnesi a, 20 SI|I siJlicon nitride | um nu n|tr|de or 1
é;Pﬁ the resent 1nv§ iton. c
preferably use he"r ah ‘epoxy Tresin, Yerto

powder

obj ect_of, the ﬁ?ﬁ ent i nven

tors, the
is
tionis

3HDr GhEnitEi de,

r essetruc

, a

eis
pﬁylmde

it S R G (e

haV|ng a dieléectric cons rom can be o

the types of 1hg ﬁé‘fr%% ’POVQeIoﬁnéja;%Q&E&%é‘ %g%‘t? ; d el

respect to the ape OMIcapaC| ance I on

not 1imted spn'aw @énéévé;:%o {8 érﬁ‘@”at@frmﬁ:%ﬁ“% QP?

sem conductor is nobunted a circuit to

ecting

Wth
T ? gﬂ%?%%%%?on is
WLl en&PaLyol

requency

signal s

are transm ttegd, Mtlﬂaﬁmﬁ&nﬁéﬁefs{mwé@@ 19 &9@19@@5 m fedy dependi ng

upon the operating frequency,
etc. According.

erial of the | ow capacitance portion,

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 inventor

s, 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.

inorganic powder, alumina, boron nitride, magnesia,

As the

20 silica, silicon nitride, aluminum nitride or the like is

preferably used. As the resin, an epoxy res

in,

a phenol

resin, a polyimide resin, an engineering plastic or the

like is preferably used. Further, one having a

dielectric constant of from 2 to 9 can be obtained by

25 selecting the types of the inorganic powder and the resin

and their blend ratio.

With respect to the shape of the low capacitance



to studies by the present inventors, when the thickness is at |east 100 um
and at 'nost 1,000 um a useful hybrid integrated circuit excellent in
operating characteristics 10 can be securely prepared. The thickness
exceeding 1,000 umis not technically problematic but increases the cost.
Further, in the netal base circuit board of the present invention, a portion
under the circuit portion having no | ow gapacitance portion and a portion
under the 15 power sem conductor are required to have high heat dissipation

properties, and-@cGerdli nghy dhgehdHssth atd ngor | BRI éd s aswﬁgfgéapéyléorﬁed

thinly as conpared with the insulating layer (B) on | ow capaci tance
portion 9, ang. er1odn ac @t &1+ &hi hayh ngh highy t@@ﬁ@?&lzgeﬁ98gﬂ&&b¥b£y as
shown in Fig. 1- Further, in the present invention, both insulating |ayer

(A) and 'nSL”fH'ﬂ&hﬂ@&?faﬁéﬁt@éecﬂﬁé@ oftd GBSt hEQAt aL8GREN&R | norganic
powder. As the inorganic powder, alumina, boron nitride, magnesia, silica,

silicon 25 nididiel s ahtan fimsrhi ft&l@, obut hend i Kieitrnpsef esabbyuused. toAs the
resin, an epoxy resin, a phenol resin, a polyinmde resin, an engineering

plastic or the |dé<t9eir§1r@é@f@é@&ﬁ&1r2@ up@@dthéﬂwpéﬁaé@ih@l fﬁ@@uéﬁ@ypoﬂ@@Si tion
of the insulating layer (A) and the insulating |ayer (B) are not
necessarily dhdfereat , obuthasl sentapaett: aboy epot bton madet i alasuukdihey
conposition of themare selected in 5 accordance with the balance in
characteri stitos sfudiepary i tine opr aberch Inpewesr s envicendule othisknesnt ed and
2 is at least 100 pm 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



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

| ayer (B). Wen such a structure is enployed, as the insulating |ayer (B)
covers the entire surface on the circuit,gide, a netal base circuit board
15 excellent in electrical reliability will be obtained Further, as shown

|n Exampl o5 desey] bed Ngreinatery d N6 TRl gl hass, elrelide oL 1o

present invention can tal ne pr OCGSS l. a

| ow cost. Thelaﬁ}ércuez_{ ?éﬂé ﬁ?éj?r?%ufa@é/lr? eléééePOP@Fr num 20 and a

clad foil conprising copper um nu I's pre erably

appr opr i at el o subi eot efl, (@ PEALLNY, 0.4 N it LohoRdLig,Or EpLdering of a

conponent such as a semni conductor’ or eat si can easily be carried out.

The material pfcdhe, el &h@t@oﬂpassl@p&np@ftw&ha&a 2514ipiged,so |ong as

it is a material excellent in thermal conductivity, and alum num an

al um num 3l | QygcSQPREFe OFi t1R CAPPSL 1 BhdOYin W £ basr hé @ § her nzl
conductivity, is 21 preferably selected. The thickness of the nmetal plate 7

i's not partigdadion | ddrnweteh ahdwet Séathi ¥orhd @t O 51 dMhoti®tS8d Oafin aFi g. 2-1
(h) illustrates one exanple of a netal base 5 circuit board of the present

invention, ansbiigsn o WwHBdh 4 ccdrdl | sishiebededieoexsgpheuntedt s
production process.
Further, in the present invention, it is preferred
that a circuit portion (also called a pad portion) on
10 which a control semiconductor is mounted is provided on
the low capacitance portion embedded in the metal plate
via the insulating layer (B). When such a structure is
employed, as the insulating layer (B) covers the entire
surface on the circuit side, a metal base circuit board
15 excellent in electrical reliability will be obtained.
Further, as shown in Examples described hereinafter, the
metal base circuit board of the present invention can be
obtained without complicated process, i.e. at a low cost.
The circuit 3 is made of any one of copper, aluminum
20 and a clad foil comprising copper and aluminum, and it is
preferably appropriately subjected to plating so that
wire bonding or soldering of a component such as a
semiconductor or a heat sink can easily be carried out.
The material of the metal plate 7 is not particularly
25 limited so long as it is a material excellent in thermal

conductivity, and aluminum, an aluminum alloy, copper or

a copper alloy, which has high thermal conductivity, is



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

al um num all oy, copper or a copper alloy, which has high therna
conductivity, is preferably selected. The thickness of the netal plate is
not particularly limted, and is wusuallysfrom0.5 nmto 3.0 mm 15 In order
to obtain the nmetal base circuit board of the present invention, a dent

portion is fqfyee assy 'éé’féé@é&d IthditGi denledP)ot Tk FM%G i &rej hod

t herefor may be any ne but 1n the present invention dent portion

is required tps he,pr f@@%hP@rPPelﬁmP@edzoaﬁé {heygRLalyPERLR DNsSHEh a
state that the C|rcunferent|al portion of the dent por¥|on is not opened.

By enpl oyi ng syich. @ mhructure, an effect of suppressing such a phenonenon
can be obtained that the insulating layer is separated fromthe side

portion of 25 thersgbsprat enfluellosarstegssneesuhinbneg brom heakl sheknkage
of the nmetal base plate. Further, in the present invention, with respect to

22 the shapeiamshihepsiz® of t}h@ ﬁﬂ@éer@@rim@@mtﬁ@ﬁprdhﬁgFiQs resul {g) of
experinmental studies by the present inventors, as described hereinafter, it
is preferred tdatg) hel 1usxiaten siept dxahpldeo fents porodostisnf pporédst o 50%
of 5 the thickness of the netal plate, the size of the dent portion as
viewed fromthe veigicalldiagcilbastsatbs| easktal plate to be used
for the metal base circuit board, and is not particularly
limited so long as it is made of a material excellent in
10 thermal conductivity. Usually, aluminum, an aluminum
alloy, copper or a copper alloy, which has high thermal
conductivity, is preferably selected. The thickness of
the metal plate is not particularly limited, and is
usually from 0.5 mm to 3.0 mm.
15 In order to obtain the metal base circuit board of
the present invention, a dent portion is formed as
illustrated in Fig. 2-1 (b). The processing method
therefor may be any method, but in the present invention,
the dent portion is required to be provided on one side
20 of the metal plate in such a state that the
circumferential portion of the dent portion is not
opened. By employing such a structure, an effect of
suppressing such a phenomenon can be obtained that the
insulating layer is separated from the side portion of
25 the substrate due to a stress resulting from heat

shrinkage of the metal base plate.

Further, in the present invention, with respect to



50% of the area of the netal plate, and in a shape of the dent portion as
viewed fromthe vertical direction, the corner has a curvature radius of at
|l east 2.5 mm Here, 10 "as viewed fromthe vertical direction” neans a
direction as shown in Fig. 2-2. If the maxi rum depth of the dent portion is
| ess than 10% of the thickness of the netal plate, the effect of the
present invention is indefinite in sone cagses, and 15 if it exceeds 50% the
netal plate itself tends to have a reduced strength and is likely to

deform If thg size, aﬁc@%ﬂ%ntjhi’é’r&foﬁ‘hgsd%ﬁ@‘é‘g ggﬁmaggscx%&h@ako

direction is ess t'han 50% e area no sufficient
effect of the . prepentot n&ﬁéfﬂﬂex‘{\téi HeudPeobh Rl E‘ﬁé’ P BBRY Eﬁééﬁto@@d the

control circuit can not sufficiently drawn on" the sanme circuit board in

sone cases. Furgdesyihdyanshapgapfetheident ppLtlpPe@stMhevete fromthe
vertical direction, if a corner having a curvature radius |ess than 2.5 mm

i's present, hh@hlﬁénfaﬁg@er@y €harasherpstt conoisheabmdi gstpatpenot
characteristics at said corner portion may be conplicated, and no expected

effect wilsl bghobtridetkss @B tsoMRecasesladdenthasssheWSti BhEi gen2-1 (d),
insulating layers made of the same material are provided both in the space

in the dent pestteh anél Vhetrd@® PEbml tpdaterobcabi 6hrébeidbndest apoleéast i s
present. When the material formng the insulating layers is likely to
shrink, it iss5@bssfbtleet@rea of the metal plate, and in a shape of the
dent portion as viewed from the vertical direction, the
corner has a curvature radius of at least 2.5 mm. Here,
10 “as viewed from the vertical direction” means a direction
as shown in Fig. 2-2.
If the maximum depth of the dent portion is less
than 10% of the thickness of the metal plate, the effect
of the present invention is indefinite in some cases, and
15 if it exceeds 50%, the metal plate itself tends to have a
reduced strength and is likely to deform. If the size of
the dent portion as viewed from the vertical direction is
less than 50% of the area of the metal plate, no
sufficient effect of the present invention will be
20 obtained in many cases, and the control circuit can not
sufficiently drawn on the same circuit board in some
cases. Further, in a shape of the dent portion as viewed
from the vertical direction, if a corner having a
curvature radius less than 2.5 mm is present, high
25 frequency characteristics or heat dissipation

characteristics at said corner portion may be

complicated, and no expected effect will be obtained in



enpl oy such a nethod that the space in the dent portion is once filled with
a materjal formng insulating layers as shown in Fig. 2-1 (c), and after
the material shrunk, 10 an insulating | ayer made of the sanme material as the
above insulating layer is provided on the entire surface of the insulating
| ayer and the netal plate. In the present invention, the insulating |ayer is
required to have sufficient electrical ingglating 15 properties and further
have high thermal conductivity or a low dielectric constant, and have high
adhesive force._with a netal, and accordingly it is usually nade of a resin

contai ning an°THorGaRTe filler as described hereinafter. Specifically, the

resin containing @Hego gQ05g8Q£ci£igkgr Q[thgéprgﬁgﬂ?ak?¥gn iogrgs a
. . ¢

. . . ag
curable resin coffposition~conprising®a Conbi nati on~o aresin conposed

mainly of an ﬁQ&éyofeéﬁQ1%£$% ﬁaE&£%§?h%9§2§ﬁ$gg¥£§?b§%805X?Eﬁgrs?ggket0”

and having a primary amn roup a S main charn and (3)

an 25 inorgani¢ {ALl 8Ly 300 UPLNTLLACCUEAD! oL 891 012 POTBOSAE O, cAcCU ed

pr oduct excellent in stress el axation properties, electrica nsuFati ng

properties, Z4.,hegh dissi PQ}A{%P%‘%&EQPGVWH&@&E%&&%&I e A fpl sture

resi stance can be provided. e epoxy resin, a general purpose epoxy
resin such a§n§uPé§Pﬂ§nPéyéi@DPéYliﬁél? 06 anbisphenpl ;& g9XyL1a €SI N may

be used. Wen at |east” one nenber selected froman epoxy resin having a
di cycl opent adi@Peogke&h€&h 08, method that the space in the dent portion

is once filled with a material forming insulating layers
as shown in Fig. 2-1 (¢}, and after the material shrunk,

10 an insulating layer made of the same material as the
above insulating layer is provided on the entire surface
of the insulating layer and the metal plate.

In the present invention, the insulating layer is

required to have sufficient electrical insulating

15 properties and further have high thermal conductivity or
a low dielectric constant, and have high adhesive force
with a metal, and accordingly it is usually made of a
resin containing an inorganic filler as described
hereinafter. Specifically, the resin containing an

20 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,



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

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

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

bi phenyl Ske'ﬁéQB éﬂgsﬁpQEYQBaﬁrébE£€£8§ 'He&@”PéB?EEQHceWBMdah§9s96r@SEd

Further, as the epoxy resin, an epoxy resin having the above skeleton may

be used al one,EULtRELe bgn|§ep9§§bpggdto blend with an epoxy resin as 20
the main conmponent, anot her resin such as a thernosetting resin such as a

phenol resin or aA@Okﬁbﬁbgexye§balar a g@h@@ﬁKYEU%ﬁb%e %bo&gkaﬁ resin
such as an acrylic rubber or an acrylonitrile-butadi ene rubber. However,

consi dering tBechahangeb@EpBbhESSFI 8paxat reBiAr epeht begphdhot! ACEpb&E!
insul ating properties, heat resistance and noisture resistance, the blend

anount of 4 herpelymay besiiBedls pederabl Yeadt noisé mBénp@sselectde tota
amount 25 wth the epoxy resin. As the curing agent, a curing agent having

a polyether skehetnnepodyhagshfl Rapihguaydasiyotogeatpdatnet bReleeshnal of
its main chain is used so as to decrease 5 the storage el astic nodul us of
the resin congnseporn ragierhauiend, aandphthaiepaesskbletba,use apokiger curing
resin having a biphenyl skeleton and an epoxy resin
having a novolac skeleton is contained in an amount of at
10 least 10 mass% in the total epoxy resin, balance between
stress relaxation properties and moisture resistance
further improves. The typical epoxy resin having a
novolac skeleton may be a phenol novolac epoxy resin or a
cresol novolac epoxy resin, and an 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 stfess relaxation properties,
25 electrical insulating properties, heat resistance and

moisture resistance, the blend amount of the polymer

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



agent in conbination. Wen an aromatic amne curing agent is used in
conbi nation, nore favorable balance of stress relaxation properties,
electric insulating to properties, noisture resistance, etc. will be
obtained. As the aromatic am ne curing agent, di am nodi phenyl nmet hane,
di am nodi phenyl sul fone, netaphenyl enedi am ne or the |ike may be used. A
curing agent such as a phenol novol ac regisn may further be used 1s in
conbination. As the inorganic filler, one having favorable electric
insul ating prepestigs Jurdber having a high coefficient of therma
conductivity is used. Such a filler may, for exanple, be al um num oxi de,

al um num 20 nitrigg, tBEl EGPMnGi hgkAe, RORQRiALt BHERtORafi hyca, and they may
be used al one or as m xed. Anong them alum num oxide is preferred since

spheri cal pafééP*@@h@ft@k@bé@@naan@iH@vih@'&nﬁriﬁé£9 hsinehyeved he easily
avai l abl e at a ow cost. 25 When the above-described curable resin
conposi tion ¢ise Utétmzedl ast abc s ngal At chgihayerusthesadhgstondvbtbasge

conductor circuit can be nore inproved by blending a 26 silane coupling
agent such astlepoxyosad@nelast bdi medusubane vhéhrésénr esmposoaposi ti on.
Further, when it is wutilized as an insulating |ayer, the thickness is
determ ned coanfteercugedtresd iel axaposaiptepeot uss, ahegheb dussngati on
properties, insulating reliability, productivity, etc., and is usually at a
| evel of fronad@nt in combination. When an aromatic amine curing
agent is used in combination, more favorable balance of
stress relaxation properties, electric insulating
10 properties, moisture resistance, etc. will be obtained.
As the aromatic amine curing agent,
diaminodiphenylmethane, diaminodiphenylsulfone,
metaphenylenediamine or the like may be used. A curing
agent such as a phenol novolac resin may further be used
15 in combination.
As the inorganic filler, one having favorable
electric insulating properties and further having a high
coefficient of thermal conductivity is used. Such a
filler may, for example, be aluminum oxide, aluminum
20 nitride, silicon nitride, boron nitride or silica, and
they may be used alone or as mixed. 2among them, aluminum
oxide is preferred since spherical particles with which a
high filling ratio is achieved is easily available at a
low cost.
25 When the above-described curable resin composition

is utilized as an insulating layer, the adhesion with a

conductor circuit can be more improved by blending a



to 150 um In the present invention, the resin containing an inorganic
filler shas a storage elastic nodulus after 10 cured of preferably at nost
15,000 MPa at 300 K. If it exceeds 15,000 MPa, the stress rel axation
properties may be poor in sone cases. On the other hand, the lower limt
is not particularly limted, but is preferably at |east 100 MPa at 300 K
since there is possibility that 15 the insy ating layer is deforned when a
great external force is applied thereto, thus inpairing insulating

reliability. gbfgn fin%o%%eﬁé iéﬂoggdﬁﬁgx§hgi§§£%r§a)gg%gg of the

i nsul ating | ayer of str re shown in heat ed so

that they areg Pfé%éegltﬁotﬂgtgeglﬁ é&ﬁﬁSEEE?oﬁhOWth€h£i9 wierk {€)3s The

metal foil used ere, whic cones circurt "after processed, is a foi

of a metal eX&@lifE&d'QscgﬂdgﬁéuYé£¥ngSP§ge9§ 9??09£1CE888§T1sa'U”‘”Unl

nickel, iron, tin | ver and titani um y containing two or nore

of such ”Eta'éet@%mﬁn&éagonéPaérﬂﬁbngt%@@saPQYﬁxgﬁiéh BtoBkkeYesThgehoil is
prepared either by an electrolytic nmethod or 27 cal éndéring nethod, and

metal plats ngq sy6lipaei bh pk@@éﬁglele1ﬁguméaihggren1§9hﬂﬁeyplatlng may be
applied on the foil. It is more preferred that the surface on the side to

be in contactpybdlict heitPsubeti Nngandhesi eubaypraef ad1kbelcendaebar 50i rcuit
is prellnlnarlly subj ected to roughening treatnment e.g. by etching or
plating in view 150 um.
In the present invention, the resin containing an
inorganic filler has a storage elastic modulus after
10 cured of preferably at most 15,000 MPa at 300 K. If it
exceeds 15,000 MPa, the stress relaxation properties may
be poor in some cases. On the other hand, the lower
limit is not particularly limited, but is preferably at
least 100 MPa at 300 K since there is possibility that
15 the insulating layer is deformed when a great external
force is applied thereto, thus impairing insulating
reliability.
Then, a metal foil is disposed on the entire surface
of the insulating layer of the structure shown in Fig. 2-
20 1 (d) and heated so that they are unified, to obtain a
structure shown in Fig. 2-1 (e). The metal foil used
here, which becomes a circuit after processed, is a foil
of a metal excellent in conductivity, such as one of
copper, aluminum, nickel, iron, tin, silver and titanium,
25 an alloy containing two or more of such metals, or a clad

foil using the above metal or alloy. The foil is

prepared either by an electrolytic method or a



of adhesion with the insulating adhesive |layer. An etching resist is applied
(see Fig. 2-1 (f)) to a predetermned position on the netal foil of the
structure 10 of Fig. 2-1 (e), the nmetal foil is subjected to etching using
a predetermned etching liquid to formcircuits on the netal foil (see Fig.
2-1 (g)), and then the etching resist is separated to obtain a netal base
circuit board of the present invention ag7shown in Fig. 2-1 (h). 15 The
netal base circuit board of the present invention, utilizing the above
charact eri st icsl érmiesingiahetrieod hasnd uadt £hap bet eng ssick dbaNi pdatexgnpl e,
at the tinme of formng the circuits, a portion on which a control

sem conduct orNi-saumpid tethg soprephied phat ey 20agi beuapphied deephspace
portion, and a portion on which a control sem conductor is nounted is
prepared on theil ci Mauiits atore shalflcoweshadmtparttd ayr fisher ety Ehdyhirde
integrated circuit having both control sem conductor and power

seni conduct ortedre bin formeak brvbiple che cimsuboaing 28hesilvactaydirngfy t he
nmetal base circuit board of the present invention is suitable as a circuit
board to Be theddniuctdybrivcihteys apeel bhinarilyosubaecbad 28
applications. Fig. 3-1 illustrates an exanple of a hybrid integrated
circuit enpl oseughening airezicecet reudt bvaedchofot e preseny LAvemnevon. The
hybrid integrated circuit 5 conprises a netal base circuit board conprising
a netal platef Adhewmiomswil 6l i Hae | tyevlabingdadheeiveslaBerand a

An etching resist is applied (see Fig. 2-1 (f)) to a
predetermined position on the metal foil of the structure

10 of Fig. 2-1 (e), the metal foil is subjected to etching
using a predetermined etching liquid to form circuits on
the metal foil (see Fig. 2-1 (g)), and then the etching
resist is separated to obtain a metal base circuit board
of the present invention as shown in Fig. 2-1 (h).

15 The metal base circuit board of the present
invention, utilizing the above characteristics in
structure, has such characteristics that, for example, at
the time of forming the circuits, a portion on which a
control semiconductor is mounted is prepared on the

20 circuit at a deep space portion, and a portion on which a
control semiconductor is mounted is prepared on the
circuit at a shallow space portion, whereby a hybrid
integrated circuit having both control semiconductor and
power semiconductor can be formed on one circuit board,

25 and accordingly the metal base circuit board of the
present invention is suitable as a circuit board to be

used for a hybrid integrated circuit for various



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

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

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

di ssi pation, but the heat spreader 36 is not used in some cases. Further,
the control sem conductor 38 is connecteddo the circuit 35 with no heat
spreader 15 interposed therebetween since the control sem conductor 38 does

not usually g rge quantity of heat, however, needless to say, a
heat spreader£§§£§%%tf?%?érposed t her ebetween. Further, in Fig. 3-1, signals

fromthe control §E§EcgnguEggﬁsg§agég géeg%éhggglggfggg&?gg@;ed to the power

sem conductor 37 t ught circurt bon re 34. The present

invention is ghart@el eLyzed Lt Nahy %gﬁ@iQiﬁé@&&rb&s%ﬁ@%&éﬂ&tprékgn 33 is

provided at |east " under a circult s electrically connecte irectly

to the 25 CO@Er@ﬁesﬁﬂé§gﬂgufﬁ9én§§on5y'ﬁﬂgﬁhfbéﬁélﬁﬁ&%éaaééﬁ?éHféﬁ{% ,
i nvention has such characteristics that it can be applicable to a hybrid

integrated ciksHbiif06 sURBrAD BsecapphiGati BRakhabompReYE heNh heakl
di ssipation fromthe control sem conductor is insufficient, and no

suf ficient Bsedi DY, thAei gaN1REi8§CUAEr 80 MWAHCRiAcGORYERL] 0RAH anet al
base circuit board can not be applied. 5 In the present invention, a part of
the metal plapeurdlity sepbasedomiiibrarsnl el ah pavwkngsamdehaattbe 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 1is interposed therebetween
in many cases for the purpose of accelerating heat
dissipation, but the heat spreader 36 is not used in some
cases. Further, the control semiconductor 38 is
connected to the circuit 35 with no heat spreader
15 interposed therebetween since the control semiconductor
38 does not usually generate a large quantity of heat,
however, needless to say, a heat spreader may be
interposed therebetween. Further, in Fig. 3-1, signals
from the control semiconductor 38 are electrically
20 connected to the power semiconductor 37 through the
circuit 35 and a bonding wire 34.
The present invention is characterized in that a low
dielectric constant portion 33 is provided at least under
a circuit which is electrically connected directly to the
25 control semiconductor 38. By such a structure, the

present invention has such characteristics that it can be

applicable to a hybrid integrated circuit for such an



constant | ower than that of the netal plate, and the material is not
particularly limted. For exanple, a netal base circuit board wherein dent
portions are 10 provided on the surface of the netal plate 31, and the dent
portions are filled with a resin containing an inorganic filler, can be
obt ai ned wi t hout any significant change of a process for producing a
conventional netal base circuit board. Fyrther, such a netal base circuit
15 board is particularly preferred since a material excellent in

connectivit i1 e . ] i I 31.0is likel
to be sgrgc¥é%éé{%%{?#%£;%%%é;%§% é?%%?ﬁ?]%%?%i%ggsggég%%$n8£§% ég%adigs bz
th t i . it Ld j

bott o pr of er S et Mo fob 19T MR, DYy c Flb] SadiOfio MEuEpRECRES ||
it isle t : . are fi.t h i o) | ar ge,
IandI ;St i:Sr e%%%é%%%w%rﬁée %aérgtb%o%(fs%ﬁg?ﬁ%f‘w&%nfgl{:lgﬁfgrrl%gogglas tgo

secure the capaciianese dirdher 9hogHENtaR5,6KCEE05,6Picaf there is a corner
bet ween the side wall and the bottom of the dent portion, a void portion is

likely tosremain g the %Pé_géﬁt LAveht6h, CasBarB8Ooretaet hbeal plate
characteristics of the obtained netal base circuit board are I1kely to be

deteriorated. 3fuid hesgpladd® whewpes hatbei HPthOM A Lheideatrpostion is not
particularly limted, but it is preferably plane, since a 5 production

net hod excel | @fiis t4n treBeweF Oehigh | thay SECth@smeBaleghapbcabngethed such as
pressing or cutting or a

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,



chem cal method such as etching with a chem cal can be applied as a nethod
of forming dents on a netal plate. Further, with respect to the shape of the
dent 10 portion, the dinension of the dent portion when the netal base
circuit board is viewed fromthe upward direction is |larger than the
circuit on which a control sem conductor is nmounted and the circuit to

whi ch high frequency signals or the |ike gqﬁ transmtted, when the netal
base 15 circuit board is used as a hybrid integrated circuit. The

thi ckness (degigé%%gééfsc %P%@ﬁ%P?SHPQE 8f9théh§bt€%£8éiﬁ t?ﬁ LQgBi”S“'ating

adhesive formn I nsulati ayer, and a thrcknéss o rom to 800 pm

S Usualy sulielenboaThesdlent oty ths denioporibone.d0 vAri g th each

dent portion, but the dent portions ~prefera ave e sane , Wher eby

processing Ca@thshgﬁéréﬁdtHQFbééEoﬁFoﬁnEﬁe.5Q§§| é¥ti§PtE§mﬁ5gse”t

invention, the resin contalning an inorganic t Ich the dent 25

portions are fii{edy1ss1P0tiRRELECULREl yell 'ﬁfgféPaE%Q?ﬁléﬁeitsﬁﬁéeaa!OW

dielectric constant, but” preferred Is one aving hig ermal conductivity.

31 The inorgspbguétlbe mdBYodf Okc-EXBOPL €inbRadk UPt BYM OXI,dey shikhcQy oxide,
alum numnitride or boron nitride, and anong them alum num oxide, silicon

oxi de or borof m8th&hd€al SmPFREQT E€EN bt Prubichgacton, gt ehgCchei g 5 constant
portion can be obtained with favorabl e bal ance %etmeen | ow di el ectric
constant and &heahi 69efhéehedt s@¢h as etching with a chemical can be
applied as a method of forming dents on a metal plate.
Further, with respect to the shape of the dent
10 portion, the dimension of the dent portion when the metal
base circuit board is viewed from the upward direction is
larger than the circuit on which a control semiconductor
is mounted and the circuit to which high frequency
signals or the like are transmitted, when the metal base
15 circuit board is used as a hybrid integrated circuit.
The thickness (depth) varies depending upon e.g. the
material of the insulating adhesive forming the
insulating layer, and a thickness of from 50 to 800 um is
usually sufficient. The depth of the dent portions
20 varies with each dent portion, but the dent portions
preferably have the same depth, whereby processing can be
carried out all at once.
Further, in the present invention, the resin
containing an inorganic filler, with which the dent
25 portions are filled, is not particularly limited so long
as it has a low dielectric constant, but preferred is one

having high thermal conductivity.



thermal conductivity. The shape of particles constituting the inorganic
filler sis not particularly limted, but spherical particles are preferred
in view of 10 inprovenent in fluidity, and an inorganic filler consisting
of particles having a hollowis nore preferred since the dielectric
constant at the low dielectric constant portion further decreases.
Particularly, according to results of stydies by the present inventors, 15
fused silica (silicon dioxide) conprising from3.5 to 45.0 volt of

particles having .an average particle size o fromQ to 5, m and from
18.0 to 80.0 volt d?al%%ﬁ ?%f%s%hg£?ﬁdma ’a%%?a %a%%%%icﬁg %?%%l%?mfron16 to

30 umis exceliant 10 fiah JHALNG RIORRGH 25 AN | g L €20, PEET LT o

since a | ow di'el'ectric const ath 1 on avorable ance between

| ow di el ectr iﬁ&%@&%’eﬂ%ﬁf&ﬂ&ntsﬁ Lheroml sconductiyity can be

stably and secu resin, a thernosetting resin such as

an epoxy 25 di8siihe & PREN0I RSN 012 RO T o 81 0 8l s engl necr | g

plastic, a thernoplastic resin such as a polyethylene, a polypropyl ene,

vinyl i deng chlrde e H3% 140! 38t Nyd ansed B1eph hah af £yo AR ABS S BShde OF an AS

resin, or an acrylic resin, a silicone resin or a urethane resin my, for

exanpl e, be usadreMONGy M ediris A @IAEhnd ige tHSrE0MBRESHN as for
the insulating |ayer, and an 5 epoxy resin is preferably used, which has

favorabl e adhasien wWdtaddhei vet@l Bt @hape of particles

constituting the inorganic filler is not particularly
limited, but spherical particles are preferred in view of
10 improvement in fluidity, and an inorganic filler
consisting of particles having a hollow is more preferred
since the dielectric constant at the low dielectric
constant portion further decreases. Particularly,
according to results of studies by the present inventors,
15 fused silica (silicon dioxide) comprising from 3.5 to
45.0 vol% of particles having an average particle size of
from 0.3 to 5.0 um and from 18.0 to 80.0 vol% of
particles having an average particle size of from 6 to 30
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



In the present invention, the material of the nmetal plate is not
particularly limted so long as it is excellent in thermal conductivity,
and al um num an 10 al um num al |l oy, copper or a copper alloy, which has high
thermal conductivity, is preferably selected. The thickness of the netal
plate is not particularly limted and is usually from0.3 mMmto 4.0 nm In
the present invention, the conposition an% 15 characteristics of the
insulating |ayer are also very |nportant 2The insulating |ayer is formed by

a resin contai i nor gani ler. As the inorganic filler, . an
electrically ¥ %ﬁéﬁfﬁé??n%gﬁ%ﬁ?Eh% %ﬁ%unﬂnsﬁ%ﬁ LES1L| QR f8 {81 BRTHEm
oxi de), boron n|tr|de fﬁgnes nagne5|un1ox1de% barium sul fate, zinc

oxi de, silica® (IFI17Hh 0&?%%? %l? BrORFt FREER 0P af uHF RENRRPL FPBED s
d, d al b | t d | h
casi |y avar| dFE =£5% FoaPebe: Be ey 2*&”593% iy %'ﬁﬁ% Hfm na or

I de 25 f bly d h I
phorfoal and-& W orcFe I THG FETTD Tant ot %%?e%ai DS ShY R i B e,

having ex%re ﬁnseﬁ%ﬁefga% §§er§8 “&é'&'t%hféﬂ ﬁgé'%xvgﬁaﬁ?éa'”Ed ~

the resin, ing resin suc as an enol resin or

a polylnlde rg&hg g? wEhgi grmggafyﬁf% a thernnplastic resin such as a

5 pol yet hyl ene, ypropylene, vin ehe chloride, a polyethyl ene
terephthal ate, anI§B§héeﬁf@s@ﬁtagnéénEﬁéhO’the material of the metal

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

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

In the present invention, the composition and

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

20 (magnesium oxide), barium sulfate, zinc oxide, silica
(silicon dioxide), silicon nitride or aluminum nitride is
used, and alumina, boron nitride, aluminum nitride or
silica which is easily available at a low cost, 1is
preferably used. 2Among them, alumina or aluminum nitride

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

an insulating layer having extremely high thermal



or an acrylic resin, a silicone resin, a urethane resin or a fluororesin
may, for exanple, be used, and particularly, an epoxy resin which is
excellent in 10 connectability with the netal plate is preferably
selected. Nanely, in the present invention, as the conbination of the
inorganic filler and the resin, an epoxy resin containing one or nore of
al um na, boron nitride, 15 alum numnitri and silicais a preferred
conbination since it has high adhesive force with the nmetal plate or a

metal foil fornl a . circuit, and.an.insylating,layer having a high
coefficient 6 qﬁﬁlQ%n$ LY 9t ééﬁﬁ g% | ow capaci tance after cured

can easily be 20‘£ ghned Furt her e%ﬁe SAE P|I€S to égSéH ecogtalnlng
an inorganic fillet cons |?Lﬁ1ng % ove Bt el eRTTi c*Rondt ght %ortlon

As a met hod qf(sﬁle Iya{ ejzg‘,esglr}1 corntaal ]fqglrgln '”@gﬁ@”'& filler in an

uncured state reln Sonetines re erre to 3 nbly as insulating

adhesi ve) toeqlgrlg_{ rgg{?rl%es% pcorta{ Oéher%a %ﬁ’c Ped 85002t £L, ?a gravure

coater, a Kkiss screen pr|n may, for exanple

enpl oyed Fuft ?'et en |t%?dl§&rre ura #P{é@r@e fmsi@gle Iayer or

in plural ayers, e process becones

long, thus ingy ’ﬂi t%&%ph%l%@l e&& rAgs bfé’éiﬂgoé!@ &n rz§§'§é§ﬁ9€

i nproves and further accuracy of thickness of the insulating |ayer
i nproves. or an acrylic resin, a silicone resin, a urethane resin

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

10 connectability with the metal plate is preferably
selected.

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

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

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

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

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

gravure coater, a kiss roll coater or screen printing



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

cal endering nethod, and metal plating sugh as Ni plating, N -Au plating or
sol der 15 plating may be applied on the nmetal foil. It is nore preferred

that the surface opn the side to be in. contact i.th t i nsul ati,ng adhesi ve
o he meral B et vettn el odratt SR ik thd oA SRS
treatnent e.qg, . by.etching or plating in view of adhesion,w he 20

eal e ng: acicdYil S M the® B D% YL OYe 0o DO Rh ORIERT 1 00e2 ot

of J{fie PresenpLivent | oncare ot oy (eL el 1l ate vigean. Losul aLbagoLayer,

and the others are on viaan T hsu g ayer "and a | ow

dilel ectric CONAANt:i25, PAKLLONS A0 PLOCWELLON,OF 8;DYDLLLbnbegrakeoi roui

enploying th al "base cCircui he presen I'nvention,

mount i ng %O”tfé’éi&ﬁgé§ Oﬂhﬁr&?ggo&?@t§u§gﬁgr§5th@sa8?ﬁf§E%;?E chip and a

condenser chip on t atter circuits, distortion of sig s fromthe

control — sem coNdUeLOL SANLE {ﬁgﬁfgéinenﬁaygrn?@ggbge?a power

sem conductor, a control sem conductor, etc. on orner circuits,

excessive increasenhi phteppetabbr enfbnthen, sgal gopduetons ardchie resulting
mal functi on can be

circuit and a metal foil forming it, any one of copper,
aluminum, nickel, iron, tin, silver and titanium, an

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

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

20 insulating adhesive.

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

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

invention, by mounting control electronic components such



prevented. As a result, such an effect that highly reliable operation can
be secured as the whole hybrid integrated circuit, can be obtained. 10 In
t he enbodi nent of the present invention, regarding the above dent portion,
t he corner portion as viewed fromthe upward direction has a curvature
radius (roundness) of at least 0.4 nmmas shown in Fig. 3-3. Wth respect
to the shape of the dent portion, the dent:15 portion is forned al ong the
shape of a circuit nounted on the | ow di el'ectric constant portion si nce

t he t her mal conduct|V|t at f he Mldle ctric constant %lgg | ower

than that of the %‘?Sllsp at hl%ari‘ & stEp en“:"aurwa 1§ As R rectangl e

is enpl oyed Ié&{ﬁﬂgk' (faSQ§rt{%% pok% roma§hg.tr|aq9ie a pent agon
or a hexagon or a Foun ape Slch eI cher-an et i'pse may be

empl oyed in sonp &&%ﬁmg B 859N o Quent of dfﬁgmgwgggé °g gxpeti mental

studi es on the sh ape o poriion an resu ound t hat

when the corner, ROLIAQN A 2 VAL ELAdLS AL Leastof. dngm no voi d

will remain a e corner y a netal base Circuit board

having 365 preg ﬁﬂ@f rEﬂeéhf@r a&i@éééﬁ b &S £APe DE ST AL ¥ QbE 2L Ed, o ANGHe

acconpllshed t present 1nvention. e present 1nvention Is characterized
in that the simh]E&stasdied aR@rin nré'@él@lr? rN&] B £ AGh USak rgundness) of

at least 5 0.4 mm regardl ess of t%e shape d? the dent portion as viewed
fromthe upvwagsewifesd i ORg ia GesHIRO! YIRM Qn &ffect that highly
reliable operation can be secured as the whole hybrid
integrated circuit, can be obtained.
10 In the embodiment of the present invention,
regarding the above dent portion, the corner portion as
viewed from the upward direction has a curvature radius
(roundness) of at least 0.4 mm as shown in Fig. 3-3.
With respect to the shape of the dent portion, the dent
15 portion is formed along the shape of a circuit mounted on
the low dielectric constant portion, since the thermal
conductivity at the low dielectric constant portion is
lower than that of the metal plate. As its shape,
usually a square or a rectangle is employed in many
20 cases, but a polygon such as a triangle, a pentagon or a
hexagon or a round shape such as a circle or an ellipse
may be employed in some cases.
The present inventors have conducted experimental
studies on the shape of the dent portion and as a result,
25 found that when the corner portion has a curvature radius

of at least 0.4 mm, no void will remain at the corner of

the dent, whereby a metal base circuit board having



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

sem conductor is mounted and a circuit to which high frequency signals or
the like are transmtted, when the netal base circuit board is viewed from
the upward direction. The thickness (depth) varies depending upon e.g. the
material of the insulating 15 adhesive fog@ ng an insulating layer, and is
usually from 50 to 800 um The concave-convex shape of the dent portions is
not particularly limted ut the bottons are preferably | ane, i.e. the
Gont bor (1 ond FENB TR Se e BRRT oS0 LHER b5 By DUrBEY S hRERGA: 3881 | ent
in mass producti vi such_.as a nechani cal_ nethod _such as pressing or
cutting or a‘%ﬂ%ﬂﬁ%%?s%%ﬁhg%eS%E%S%gge%%%?%blﬂfth e(ﬁﬁﬁﬁ%ﬁﬁ can be applied
as a nethod of fornigg denés on . the qgtal 1 is_draw ngs

. . nventi 3% h ra%t%rlze R §$§ e%thSgigl?é% SoERGF
illustrating A process TOr roducrng a met ase” cPieu o} of the

present L VAISI N, Fhisty SORGRVE BOFLERDS BrE.LAREEY) ordes! (e P

portions on the surface o I a met hod of

formng the congaye pP%g%é)g@(f;%sé‘. ofogﬂn%néliﬁ%ﬁ% o .Eﬂgdqé#ﬁgpﬁfé{;g{pﬁsgé ng.

cutting or etching 'w em cal y nti oned plate used 5

s not parti cl AfLy Fiohteesqobong @srileldn el a0 T ER! 8l gxoel | ent
in thermal conductivity, and al um num
round shape.

Further, with respect to the shape of the dent

portion, the dent portion should be larger than the

10 cilrcuit 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) wvaries
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



an alum num al | oy, copper or a copper alloy, which has high thernal
conductivity, is preferably selected. Further, the thickness of the netal
plate is not 10 particularly limted and is usually from0.3 mMmto 4.0 mm
Wth respect to the shape of the concave portion of the netal plate, the

di rensi on of the concave portion when the netal base circuit board is
viewed fromthe 15 upward direction should-be I arger than a circuit on which
a control seniconductor is nounted and a circuit to which high frequency

ies o MRS S a0, ; e,
(depth) vari eg d)epe@gl ng n%éFE%%deoQ A6 ! r;%t q:er rom ﬂéﬂ(}sﬂcﬂ{é ng, adhesive

form ng an |nsul ating layer, usua um” ‘Furt her, the

depth of the orii al |
p c SRSV pr?éél; &E}llé@ysdé‘f‘iyay“éﬁe@gﬁb é‘&@&’fnm% 511 OPh PG

t he concave portions y have the sane depth, 25 whereby processing

can be carri g Uty alle@ic£NGRa Tﬁ'@r}ne@@léﬁ@c&" atig redhasiygds AR ied to
t he above concave portions andythe netal plate other than the 38 concave

portions 0 te S Bdevetulir el Dithi S@esFi Bond-ad {2)is Msa@ sethod of

appl ying the insul ati ng adhesive, wusually a roll coater, a gravure coater,
a kiss roll g0adefaDresEd ERAPri Mt MEriEY , cdRiueXBPE R, HEd eAPhRYREm, 5

Further, the insulating adhesive is fornmed in a single |layer or pl ur al
layers. In a Gaseluheien tALloPSWbhEY or a copper alloy, which has
high thermal conductivity, is preferably selected.
Further, the thickness of the metal plate is not
10 particularly limited and is usually from 0.3 mm to 4.0
mm .

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

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

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

25 whereby processing can be carried out all at once.

Then, an insulating adhesive is applied to the above

concave portions and the metal plate other than the



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

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

Then, a netal foil is provided on the surface of the insulating adhesive to
forma netal assenbly (see Fig. 4- 1 (3)), and then the netal foil of the
nmetal assembly is processed to formcircyigts (see Fig. 4-1 (4)). As a 15
material of the nmetal foil used in the present invention and the circuits

formed {1 om tg RIRIpEA | or 81V, AN, OfanSOPRELY BEUILIUM. pLgkekyqiron, tin

silver and ti niun - an a|n|n WO Or noreé su [ s™or

clad foil usj ngzethe a@%en{é%'d %rf%' VY 0T £ l%Og 0, 20, fsed. The

metal foil may prepared el ytic nme or a cal €ndering

met hod. Met al e net #‘éﬁé*ﬁrpléiéfﬁauPﬁ @ya LAati gk £559%9?r pl ati ng

may be applleason t IS nore pre erre at the surface on

the side to RediLrOnl anl, 25 Wi i Nty | sy afoh n&ﬁ;?févebé?feﬁﬁfo{}@éal foil

(circuit) is prelimnparily subjected to roug en| reatment e.g

etching ok pl@iiiiger | Nty ¥ QL1 ANES | AMMak {He the §§rmé@5%aé'§9n§gges' ve.
Fig. 4-21is a dramnng illustrating one exanple of a hybrid integrated

circuit enpl oyd g s BhirPBRSEa R FEUI tTn ROV ORRIReG Y e RtoGees for
producing a netal base 5 circuit board of the present invention. As shown in
Fig. 4-2, onadihesied als besned rinipl bear d et He Phesghbecess becomes
long, thus increasing the cost, but dielectric breakdown
resistance improves and further, the accuracy of
10 thickness of the insulating layer improves.
Then, a metal foil is provided on the surface of the
insulating adhesive to form a metal assembly (see Fig. 4-
1 (3)), and then the metal foil of the metal assembly is
processed to form circuits (see Fig. 4-1 (4)). As a
15 material of the metal foil used in the present invention
and the circuits formed from the metal foil, any one of
copper, aluminum, nickel, iron, tin, silver and titanium,
an alloy containing two or more of such metals or a clad
foil using the above metal or alloy may, for example, be
20 used. The metal foil may be prepared either by an
electrolytic method or a calendering method. Metal
plating such as Ni plating, Ni-Au plating or solder
plating may be applied on the metal foil. It is more
preferred that the surface on the side to be in contact
25 with the insulating adhesive of the metal foil (circuit)

is preliminarily subjected to roughening treatment e.g.

by etching or plating, in view of adhesion with the



invention, at least two types of circuits i.e. circuits provided on
portions where the insulating layer is locally thick (corresponding to the
concave portions to provided on the netal plate) and circuits provided on
portions where the insulating layer is not locally thick (corresponding to
portions other than the concave portions of the netal plate) are provided.
By nounting control electronic conponentggosuch as a resistor chip and 15 a
condenser chip on the forner circuits, distortion of signals froma control
sem conduct orjcan be fedupedsi@nd by mounting a power sem conductor, a
control sem conductor, etc. on the latter circuits, excessive increase in

tenperature of thﬁii?nlﬁﬁnﬂgcépaﬁaﬁﬂﬂgtb@lé@tf&@ﬂh | BHeMBkEMPELI B8R gan be
prevent ed, whereby highly reliable operation can be secured as the whol e

hybrid integiaierh Cid€dbtatdd & el €SafblbPVents oRethhepgoapesttiiop and
characteristics of the insulating adhesive are very 25 inportant. In the

present invergéra dhesimsdl gy i fige asheseye for NBEEIOEiRg M £Sh8t&DNbasAI Ng an
inorganic filler. As the inorganic filler, an inorganic substance 40 such
as alum na (atirauniimisd®)of boionprédéntleinvagnesha Adragieal um eddge) ,
barium sulfate, zinc oxide, silica (silicon dioxide), silicon nitride or
alum numnitride, ien thHefresadl yoased-iAsuihebsesd nof athbepnosehti ng resin 5
such as an epoxy resin, a phenol resin or a polyimde resin, an engineering
plastic, a thernmpiasii atr ekeastsutho types of circuits i.e. circuits
provided on portions where the insulating layer is
locally thick (corresponding to the concave portions
10 provided on the metal plate) and circuits provided on
portions where the insulating layer is not locally thick
(corresponding to portions other than the concave
portions of the metal plate) are provided. By mounting
control electronic components such as a resistor chip and
15 a condenser chip on the former circuits, distortion of
signals from a control semiconductor can be reduced, and
by mounting a power semiconductor, a control
semiconductor, etc. on the latter circuits, excessive
increase in temperature of the semiconductors and the
20 resulting malfunction can be prevented, whereby highly
reliable operation can be secured as the whole hybrid
integrated circuit.
In the present invention, the composition and
characteristics of the insulating adhesive are very
25 important. In the present invention, the insulating

adhesive is made of a resin containing an inorganic

filler. As the inorganic filler, an inorganic substance



as a polyethylene, a polypropylene, vinylidene chloride, a polyethylene

t erepht-hal ate, an ABS resin or an AS resin, or an acrylic resin, a silicone
resin or a 10 urethane resin may, for exanple, be preferably used. As the
conbi nation of the inorganic filler and the resin, an epoxy resin containing
one or nore of alum na, boron nitride, alumnumnitride and silica is nore
preferred, which has high adhesion with tH® netal plate 15 or the netal

foil, and with which an insulating |layer having a high coefficient of

t hermal condutidlvidy a@Yuminai slihminmg dayd@e) havdbngn ani onidapanayasseaaft er
cured can easily be obtained. In the present invention, the insulating
adhesi ve 20 hasagneopif i cxadg) of bdheumeasuthadect zimeyoraifler sutedaof
preferably at least 1.3 WnK. Wen an insulating adhesive having a high
coefficient ofsihieromldicondelrtiviliycos nsedida dybaldnintegnateddei Leuit
having higher reliability can be obtained, and it can be used as 25 a

hybri d i nt egretetbriblyitsed. bdsugde frgsvehiax|Bemusdet Gnautessbi | es and
trains, for exanple. Further, in the present invention, it is preferred 41
that the Gapaditlarce Perepeky Beedn be2viekenohereeinl orphapeluhdidde circuit
in the concave portion filled with the insulating adhesive is at nost 50
pF/ cnR, and t¥eSitapziei ¢koteepeinqrptaskba, bat Weehmepeafeial rpFafesuall the 5
circuit at a portion other_ than the concave portion is at |east 50 pF/cnR
and at nost 159 @Fp@hggt@ﬁkg@%y gopelypropylene, vinylidene chloride,

a polyethylene terephthalate, an ABS resin or an AS
resin, or an acrylic resin, a silicone resin or a
10 urethane resin may, for example, be preferably used.

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

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

In the present invention, the insulating adhesive

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

25 a hybrid integrated circuit to be used for vehicles such
as automobiles and trains, for example.

Further, in the present invention, it is preferred



remar kabl e effects of the present invention will be obtained, and a
practical hybrid integrated circuit to be used for vehicles such as

autonobil es and trains, for 10 exanple, can be provided. Now, the netal
base circuit board and its production process of the present invention wll
be explained in detail belowwith reference to Exanples. EXAMPLE 1-1 15 As
showmn in Fig. 1-5 (1), an insulating |ayer,.(A) 10 wth a thickness of 20 pm
made of an epoxy resin containing 60 vol % of alum na was provided on a
desired position aon an alunminumpl ate ness mj,

f_50 50 hj
and the netal“ate® GERASHHES &t s e?]&%%‘ﬂn%e%%%yﬁ%(%ﬂ#égrnsul ating

| ayer (A as mask_ t formconcave portions 11 with a depth, of 300 pm on
the surface pg]fatt eann(gt% epcf%l]fceu]( ilgr.l tcl{'-’% ?%Sév%h%oﬁ%ﬁ%%vglg%?%iV(%ghll on

i1 ca 25t o ine AEhE T b Rty s RSO BN Y R et ng.
aver (A) 10 4, ormh o sapacii ance. PUsLins, d2 (Kl 1s8a()dnadtne Then

an insulating made of "an epoxy resin confalning vol t " of

Teial | 100 T GEe T A ratee Th oR A o et o hese aar PR G BN ()
g. 5 1-5(5)).
Using the netad,basey hopydy? drd uUido dPaAG PYH M), 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 pum 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 emplovying 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)).



on which a control sem conductor is nmounted and another desired circuit 3
were formed fromthe netal foil |ocated on the | ow capacitance portion to
prepare a netal base 10 circuit board to be used for a hybrid integrated
circuit containing a power sem conductor and a control sem conductor to
control the power sem conductor. Using the netal base circuit board, a
digital anplifier (hybrid integrated cirgyit) wherein a digital 15 signal
I C as a control semiconductor and MOS-FET as a power sem conductor were

mount ed on the ci EEﬂ; nde- oper at an
operating frequé%cy o?nﬁaéniﬁg a%ﬁ as géresu °?9§§%%§|9%§%?a€$3ﬁy
cont i ed. 20 EXARLE, s 1 106 981% RNARn AR, [\Ja EXAUDhES L1 £XCePt “that a

met al pl ate having concave portrons on one principa ane was

prelimnarily.prepaed by FF 1 @ndy ag 4p§ulgﬁangu£@ygf (&) m¥esy provi ded
on the surface of the 25 netal plate to prepare a netal plate having a

structure showm ify Rids lamidddedachedsta base ﬁéE&P'EaQQaﬁga%@S Fpgepar ed,
and a digital anplifier was prepared and 43 operated and as a resu t, it

was configmed tdatsjf, normally operated continuously for at least 1 hour at
an operating frequency of 600 kHz. COVPARATI VE EXAMPLE 1-1 5 An al um num

pl ate was coat ed Wi idy AhEpMXYaT BSdde KO M NG HOu VOl ool Bderidd) in a
t hi ckness of 50 um
on which a control semiconductor is mounted and another
desired circuit 3 were formed from the metal foil located
on the low capacitance portion to prepare a metal base
10 circuit board to be used for a hybrid integrated circuit
containing a power semiconductor and a control
semiconductor to control the power semiconductor.
Using the metal base circuit board, a digital
amplifier (hybrid integrated circuit) wherein a digital
15 signal IC as a control semiconductor and MOS-FET as a
power semiconductor were mounted on the circuits was
experimentally produced and operated at an operating
frequency of 600 kHz and as a result, normal operation
was confirmed.
20 EXAMPLE 1-2
In the same manner as in Example 1-1 except that a
metal plate having concave portions on one principal
plane was preliminarily prepared by etching, and an
insulating layer (A) was provided on the surface of the
25 metal plate to prepare a metal plate having a structure

shown in Fig. 1-5 (2), a metal base circuit board was

prepared, and a digital amplifier was prepared and



and a copper foil was |lam nated thereon to prepare a netal base board.
Usi ng the netal base board, the sanme operation as in Exanple 1-1 was
carried out to prepare a 10 netal base circuit board, and a digital

anplifier was prepared and operated and as a result, it malfunctioned. The
operating frequency was 600 kHz, which was the sane as in Exanple 1-1.
COVPARATI VE EXAMPLE 1-2 15 An epoxy resinygontaining 60 vol % of silica was
formed in a thickness of 300 umon an alum num plate, and a copper foil was

| am nated to Shal &5 a.g% QQE% @argt é”@oﬁ? - &a{hggsgtboard t he

sanme operation as n Was carrled out to prepare a netal base 20

circuit board,, H@E%ﬁ%é%e&@&%&ﬁg%&i@f‘%pf% gdiand. eprraked:

result, it norma at t Ing O operatl on at an operatl ng

frequency of 8005 {gg hdndy qppe@o@p@ﬁgtlng after operation for five
seconds due to heat generé%lon of a power transistor. 25 EXAMPLES 2-1 TO 2-4

AND COVPARATI MuietiMPERS exadvdi 2-2 A thernpsetting resist ink was applied
to a desired position on an alumnumplate of 50 nrmx 50 mMmmx 2 mm 44 and

a dent portion W iR &1 8hZRuANg1a-dephl asa8BaWMIitA aﬁa%@xg tcwag fornmed by
al kali etching, and then the resist ink was renoved 100 parts by

mass of a bi spherin fh@POxYwéEsidE L ikbhkole 807hi eRAXYsegsi yal gat = 173,
manuf actured by Japan Epoxy Resins Co., Ltd.) as an epoxy resin, 5 parts

and a copper foil was lamlnated thereon to prepare a
metal base board. Using the metal base board, the same
operation as in Example 1-1 was carried out to prepare a

10 metal base circuit board, and a digital amplifier was
prepared and operated and as a result, it malfunctioned.
The operating frequency was 600 kHz, which was the same
as in Example 1-1.
COMPARATIVE EXAMPLE 1-2

15 An epoxy resin containing 60 vol% of silica was
formed in a thickness of 300 um on an aluminum plate, and
a copper foil was laminated to prepare a metal base
board. Using the metal base board, the same operation as
in Example 1-1 was carried out to prepare a metal base

20 circuit board, and a digital amplifier was prepared and
operated. As a result, it normally operated at the
beginning of operation at an operating frequency of 600
kHz, but it stopped operating after operation for five
seconds due to heat generation of a power transistor.

25 EXAMPLES 2-1 TO 2-4 AND COMPARATIVE EXAMPLES 2-1 AND 2-2

A thermosetting resist ink was applied to a desired

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



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

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

pol yoxypr opyl eneam ne (JEFFAM NE T-403: nmanpufactured by 15 Texaco Chem cal
Conmpany) and 20 parts by mass of a pol yoxypropyl ene am ne (JEFFAM NE D2000,

manuf act ur ed e .G gpq? y): wer | en nd.m to _obtain
a resin, and ?ﬁéigbgggﬁﬁggggyﬁ%g en q%o%%%%nsﬂgsgfgfggg gaf%ﬁggﬂ ?Hsulating
mater i al made g, NG -ahouS RLERRLCHy201k 8 Nl fd Ni SkNCSSEf 2D 2B : AN
further, an insulating ayer was forned in a thickness of 30 m Further, a

copper foil ! g, obtain a nmetal base board. Further, with
respect to tﬁg§ﬁ%?g%p%%§gn%%%kd, the copper foil was subjected to' etching

with a ferric chiofide 2% SOLULLONE 0 LOLM I Leli L3 DAYt NG pad.HoLLi:gps o

which a chip resisior’ can be noun ereby a uit board

was obtaingd. b, The meial hase ddeuld board yas subieeted.toaaypeat cycle

test described hereinafter, results are shown in . HEAT
CYCLE TEST NETJ'@Q%:& E%ofig Fkéseig{sﬁ@é. Wthya size, fez%o;@y”ﬂééif‘t-,2§ BEY LS
sol dered between the pads, and a test is carried out wt
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 ym. Further, a
copper foil was laminated to obtaln a metal base board.
Further, with respect to the metal base board, the copper
foil was subjected to etching with a ferric chloride
25 solution to form circuits having pad portions on which a

chip resistor can be mounted, whereby a metal base

clrcult board was obtained.



one cycle being from-40C for seven mnutes to +125C for seven mnutes, and
presence or absence of cracks at the soldered portion is observed by a

m croscope. The 10 nunber of cycles when occurrence of cracks at the

sol dered portion becones 50% or higher is taken as the index of heat cycle
resistance. 46 OOC ~UUC-- 0000"'""440>200 -YO U4 UoO0On
m> Oo WHHCI (d "NMNNNH44 H Cd>2a) OUCU x| HC'O UDO
a) it U4-1 UU aCCbOCa) a) a NNH>E(d O4I Nvi U caN-HU" U

oa) aj Uud z a)r Ua-Hl4to44 HK" '" U aaaaa to" 0C.CU
m 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

5 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

10 number of cycles when occurrence of cracks at the
soldered portion becomes 50% or higher is taken as the

index of heat cycle resistance.
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O,CU,IVHUHdd~ QL NHQ 41 0.CwNb 40Cl4UgoEa ~UOQ U
HHHHHoOoH CEHH-H.I U -Hzzzzwz a CUa I- OUHOHNMH
N N2 NNNNNNa a wow Eud47 EXAWLE 3-1 A thernosetting resist
i nk was applied to a desired position on an alum num plate of 150 nm x 150
mmx 1.5 mm and dents with a depth of 300 umand a gradient at 5 the side
wal | of 43 were formed by etching, and the&n the resist ink was renoved.
Then, alum na (LS-20, manufactured by N ppon Light Metal Conpany, Ltd.)
havi ng an averggerprariixle size of 2
A thermosetting resist ink was applied to a desired
position on an aluminum plate of 150 mm x 150 mm x 1.5
mm, and dents with a depth of 300 um and a gradient at
5 the side wall of 43° were formed by etching, and then the
resist ink was removed.
Then, alumina (LS-20, manufactured by Nippon Light
Metal Company, Ltd.) having an average particle size of 2
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



um was bl ended in an anmount of 45 vol % w th a bisphenol A 10 Iiquid epoxy
resin (‘EP828, manufactured by Japan Epoxy Resins Co., Ltd.) and mxed to
prepare an insulating adhesive A Further, fused spherical silica (FB-1SDX
manuf act ured by Denki Kagaku Kogyo Kabushi ki Kai sha) 15 havi ng an aver age
particle size of 1.7 umin an nount of 37 vol % and fused spherical silica
(FB-550, manufactured by Denki Kagaku Koggo Kabushi ki Kai sha) having an
average particle size of 11.3 in an anount of 40 vol % were blended with a
bi sphenol A i gul 4o epaxy resin (EP828, 20 manufactured by Japan Epoxy
Resins Co., Ltd.) and mxed to prepare an insulating adhesive B. The

|nsulat|ng adhesiyerB waspappl t&dche ﬁ@@alaﬁgganBthat@h@aﬂbﬁﬁekhe dent
portions, and then the insulating adhesive A was applied so that the

thickness 25 ofi t hgad naubpdd e | @y esc @iy PRI EH 00 @dbered hadsibeoslent
portions would be 50 pm Further, a copper foil was |aninated on the

i nsul ating adhesie® i 410 abt@idhindetadids, hasechonrthe Wednrespect to the

net al base board, the copper foil was subjected to etching with a desired
posi tion snaskesh st thaanraieedg fEB]l Shed ang waemi hdieawd clibyind t€si st was
removed, followed by washing and drying to formcircuits, whereby a netal
base circuit twoafcivasuiobt arthetebiod Mhetahtbase of itdei €ilbcatd Swasi rcuits on
whi ch a resistor chip or a condenser which was to be
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.



electrically connected directly froma control 10 sem conductor were forned
on the-dent portions, and circuits on which a power sem conductor or a
control sem conductor was to be nounted were fornmed on a portion other
than the dent portions. Wth respect to the nmetal base circuit board 15
obt ai ned by the above operation, the dielectric breakdowmn voltage and the
capacitance per unit area were neasured. ,the dielectric breakdown voltage
was neasured in accordance with JI'S C2110. Further, the capacitance per
unit area waspghtifned in such a manner that the 20 capacitance at a

measur enent agdencyv of 1 Mz was nhi:nLnLhu ah | CR nmet-er and—t-he ar ea

of the portiijon which was ith the |nsulatigg_a Qé

circuit at the—merasured -portion mns obtaine Mlignr\n \I\D n

pPoTtTT—ormT—vver A= L I A~ ~ A~ 3 B A~ maan o i g o A% LELAYZ

di vi ded by tggﬂgrea 1523c€%ﬁ9 eeﬁégmfg%ﬁ%gggl(9§gp Eaﬁlon C itions of

the nmetal ba circp
Tabl e 3-1. 4POrtABRE 3 1 Ex. EQEEtaé%é EﬁE&DEXeIectrlqipreak vol tage

o)
=

(kV) 6.4ponlnnfbpf"fmwn r;De'ﬂ.rketwea@oquMtage
(kV) 4.2 3.6 189rt'0“D§e15?99ﬁ5 %%%Edé&f&%ﬁk%gé39ké?8 4.2 3.6
portion ) 5
Capacitance {(pF/cm®) 130 128
Operation of hybrid integrated circuit O X

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

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

10 confirmed.
COMPARATIVE EXAMPLE 3-1

The same operation as in Example 3-1 was carried out

except that a flat aluminum plate with no dents was used,
and that the insulating adhesive A was applied in a

15 thickness of 50 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.



Qperation 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 a digital anplifier having a
digital signal 1C as a control sem conductor and MOS-FET as a power

sem conductor nounted. The hybrid integrated circuit was operated at an
operating frequency of 1.2 Miz and as a mesult, normal operation was 10
confirmed. COVWPARATIVE EXAMPLE 3-1 The sane operation as in Exanple 3-i was
carried out myxoenirthat a flat alumnumplate with no dents was used, and
that the insulating adhesive A was applied in a 15 thickness of 50 }imon

the al um num pl atze, trerRicdt hiase rdiadtd Was Wi epassthed@ntb thededi Fegal base
circuit board was prepared. The results of nmeasurenent of the nmetal base

circuit boar baie isdrowh idh &g Bid . pFtd hef , 150 b he Sa0enRBaRnNersas in
Exanple 3-1, a digital anplifier 20 was prepared and operated and as a
result, it malduratd ahadt Efrt AVRIME dh wdr ¢ hescosedilag desvseéwedk was
applied to a desired position on an alum numplate of 150 mm x 150 mMm x 1.5
mm and dent fooom i s wdwar vk e= o etdangud athascotresedodrfionst bé upwar d
direction and the corner portions of which had a roundness (R) of at |east
0.6 R were formierth had e arcddeplesd R0 aimdby béadi nQ, 6 ahdweéhenfohmedesi st
with a depth of 300 um by etching, and then the resist
ink was removed.
Then, alumina (LS-20, manufactured by Nippon Light
10 Metal Company, Ltd.) having an average particle size of 2
um was blended in an amount of 45 vol% with a bisphenol A
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 pm 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



i nk was renoved. Then, alum na (LS-20, manufactured by N ppon Light 10 Metal
Conpany., Ltd.) having an average particle size of 2 umwas blended in an
anount of 45 vol% wi th a bisphenol A Iliquid epoxy resin (EP3828,
manuf act ured by Japan Epoxy Resins Co., Ltd.) and m xed to prepare an

insul ating adhesive A 15 Further, fused spherical silica (FB-1SDX
manuf act ured by Denki Kagaku Kogyo Kabushiski Kai sha) having an average
particle size of 1.7 umin an nmount of 37 vol % and fused spherical silica

(FB-550, manyfagtiused .y Dankis Kagaku :Kogye Kabushikie Kaishak,havi ng an

average 20 particle size of 11.3 in an anount of 40°vol % were blended with

a bi sphenol A I i (L ERAX Y HESidb ( BRBAR, dmawiACtAr edl Syr Japan Fpoxy Resins
Co., Ltd.) and mxed to prepare an insulating adhesive B. The insulating

adhesive B wassappdddito the 25 al um num pl ate having the dent portions,
and then the insulating adhesive A was applied so that the thickness of

the insulating | aygfhatespdOf ttONE hRELdDaPasbendendl, Sdhepebpbens woul d be
50 um Further, a copper foil was |am nated on the insulating adhesive Ato

obtain a met &loilbagss haasfbcld hbd espacing ovitie aedadi basepboat dont he copper
5 foil was subjected to etching with a desired position nmasked with an

et chi ng resi stasksdl Wi diheeditindgredest Stand@stienovied, efchimyed by
washi ng and drying to
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

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

25 portion was obtained, and the capacitance was divided by

the area of the circuit. The metal base circuit board

obtained in the present Example had the same



formcircuits, whereby a netal base circuit board was obtained. For
formatiron 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 portions, and circuits on which a
power sem conductor or a control sem conductor was to be nounted were
formed on a portion 15 other than the dentgyportions. Wth respect to the
netal base circuit board obtained by the above operation, the dielectric

br eakdown volé Céggg%{§hgq£9ciﬁaﬁ£5mgf §wﬂ; area were neasured. The

di el ectric breakdown vol tage was neasured in accordance 20 with JI'S C2110.

Further, th ' it ' i t hat
urther, the capagldancefist Uil ndl £ pdBs Ohtaifehdd-guch gygpnger tha

the capacitance at a ne enent frequency o was obtained by an LCR

meter, and thgarsa, ofathe - POrtion Wileh WRaseid. cof agls Withatbg, insul ating

adhesive of a circuit at the measured 25 portion was obtained, and the

capaci tance wpse dipthded bycedhe-ad ea pkuiher 615 culd i Thea gt ak s base circuit

board obtained in the present Exanple had the sane 52 characteristics as

in Exanpl @ 3-fdavihens &sdNdatheigRinl 1base £i6ut foP0REM] c8nBYBELE and
integrated circuit as shown in Fig. 3-1 was prepared. The hybrid integrated

circuit is a oGt 2041 pébwer Ssdavemgiac €bgih@hnség@nalTHL Bgp@ Lontrol
sem conductor and MOS-FET as a power sem conductor nounted. The hybrid
i ntegrated ciiftédrawsd operalet s abpoOperadiag 4 espepsying 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



of 1.2 MHz and as a result, normal operation was confirned. 10 EXAMPLE 5-1
A thermosetting resist ink was applied to a desired position on an alum num
plate of 150 mmx 150 mmx 1.5 mm and concave portions with a depth of 200
mwere forned by etching, and then the resist ink was renoved. 15 Then,
alum na (LS-20, manufactured by Ni ppon Light Metal Conpany, Ltd.) having an
average particle size of 2 umwas bl ended3in an anount of 45 volt with a

bi sphenol A Iliquid epoxy resin (EP828, nmanufactured by Japan Epoxy Resins
Co., Ltd.) anichavbesdinm guittegmines aniti nead atimed 2ntasl heessvape Thisth nsul at i ng
adhesive was applied to the alum num plate having the concave portions so
that the conchaameysr tafonlsd wer earfd |4 edhiiitres heof N ulmt tgoeetbese v and

that the thickness of an insulating |ayer at a portion 25 other than the
concave portitsst irgaingn 6umedanting the eehficoint val thedmat ed on the
insul ati ng adhesive to obtain a netal base board. Wth respect to the 53

i nsul ati ng adifESIURL 1Vt e @ el Yatt e Wapea ol 194 ouli ta% ®f 10 nm and
a thickness of 2 mmto prepare a test specinmen for neasuring the

coeffici efit GfeThermalt wWohduc? iWim¥- and eval uati on was carried out and as a
5result, it was 1.5 WnK. Further, the capacitance per unit area between
the metal plate B3HFReTi tdtf (CRRIHERTGhRRR Port i Dird ivgterpen the

metal plate and a circuit on the concave portion filled
with the insulating adhesive was 35 pF/cm?, and the
capacitance per unit area between the metal plate and a
10 circuit at a portion other than the concave portions was
120 pF/cm?’. The capacitance per unit area was obtained
in such a manner that the capacitance at a measurement
frequency of 1 Mz was obtained by an LCR meter, the area
of a portion which was in contact with the insulating
15 adhesive of a circuit at the measured portion was
obtained, and the capacitance was divided by the area of
the circuit.
Then, a hybrid integrated circuit having a control
semiconductor to control a power semiconductor was formed
20 on the concave portion of the metal base board, and a
circuit having a power semiconductor or a control
semiconductor was formed at a portion other than the
concave portions, to obtain a metal base circuit board.
Then, using the metal base circuit board, a hybrid
25 1integrated 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



with the insul ating adhesi ve was 35 pF/cnR2, 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 M
was obtained by an LCR neter, the area of a portion which was in contact
with the insulating 15 adhesive of a circw4 at the neasured portion was
obt ai ned, and the capacitance was divided by the area of the circuit. Then,

a hybrid i nt egsater Cig Cili pohay i H8mBc6OMLEObr KeBheeaducHy Hyeantrol a
power sem conductor was forned 20 on the concave portion of the netal base

board, and a {it&ghdtd@vi Ngodi PONRs S8t £08dugt Oin 0bpdr&0DhGOfrequency
sem conductor was forned at a portion other than the concave portions, to

obtain a netabf beGe kHf cand Hoas dredJhien, wStNGLtbpeprtabnbase circuit board,
a hybrid 25 integrated circuit as shown in Fig. 4-2 was prepared. The
hybrid integradefiaheduit is a digital anplifier having a digital signal IC
as a control sem conductor and 54 MOS-FET as a power sem conductor nounted.
The hybrid I|EHZA¢PBEeS-Zircuit was operated at an operating frequency of
600 kHz and as a result, nornmal operation was confirned. 5 EXAMPLE 5-2 In
t he same manner abknithé&Exempd endrrieexgepintfeamphe Bpbxgxcestntbantamnni ng 60
volt of an alum numfiller was
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



used as the insulating adhesive, a cured test specinen of the insulating
adhesi ve, a netal 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 neta
plate and a circuit at the concave portion filled with the insulating
adhesive was 45 pF/cnR, and the 15 capaci t&@8nce per unit area between the
netal plate and a circuit at the portion other than the concave portions

was 140 pF/ créfirdhidi gidaadd argtd fhedpavasd pr epar eddff ildiersast maeial as in
Exanpl e 5-1 and operated and as a result, it was 20 confirmed that it
nor mal | y opercdrethi®ointinpass|yhd aurdd | pasilde hoyradtiealvopesating frequency
of 600 kHz. COWPARATI VE EXAMPLE 5-1 In the sanme nmanner as in Exanple 5-1
except that av/nK atarsd wheéuragdatleandtd hodw wohc avesa iest wsed anditéait 25
the insul ating adhesi ve was applied in a thickness of 60 pmon the al um num
pl ate, a curethd esie speci gl atfe thes 123 ubBtdemry adhesi ve, a netal base board
and a netal base 55 circuit board were prepared. The coefficient of thermnal
conducti vbty of the tthared d nbigiatd hgerathieSiar wes dr&paiddrKin atlde t seme
capaci tance per unit area between a circuit and the nmetal plate was 123
pF/ cn2. 5 Fumtdrerer aasliigi tEtaraipt | 5+ erawdsoprepze@d ids tchesang . manner as
in Exanple 5-1 and operated. As a result, it was operated at an operating
frequency of Y600 &kpraad at an operating frequency of 600 kHz but
malfunctioned.
COMPARATIVE EXAMPLE 5-2
10 In the same manner as in Example 5-1 except that a
flat aluminum plate with no concaves was used and that
the insulating adhesive was applied in a thickness of 260
um on the aluminum plate, a cured test specimen of the
insulating adhesive, a metal base board and a metal base
15 circuit board were prepared. The coefficient of thermal
conductivity of the cured insulating adhesive was 1.5
W/mK, and the capacitance per unit area between a circuit
and the metal plate was 32 pF/cm?.
Further, a digital amplifier was prepared in the same
20 manner as in Example 5-1 and operated. As a result, it
normally operated at the beginning of the operation at an
operating frequency of 600 kHz, but it stopped operating
after operation for fire seconds due to heat generation
of a power transistor.
25
INDUSTRIAL APPLICARBILITY

The process for producing a metal base circuit board



mal f uncti oned. COVPARATI VE EXAMPLE 5-2 10 In the sanme manner as in Exanple
5-1 except that a flat alumnumplate wwth no concaves was used and t hat
the insul ati ng adhesi ve was applied in a thickness of 260 pmon the

al um num pl ate, a cured test specinen of the insulating adhesive, a netal
base board and a netal base 15 circuit board were prepared. The coefficient
of thermal conductivity of the cured insuwgting adhesive was 1.5 WnK, and
t he capacitance per unit area between a circuit and the netal plate was 32

pF/ cne. F“rtUﬁfgﬁ%ag%ﬂ&&?%%ﬁﬂ@gééifénnf§ @§§P§é€grig?&h§nséﬂgt 20 gapter as

in Exanple 5-1 era res normal 'y operated at e

begi nning of 148, APRL AL ALy AP LORSIAL! AonLLEAURNCY O 8Q0cKERa UL it

st opped operating ter opera ire secon e to heat generation

of a power transi s ofne 25 b NDUSTR-AL, APPLL CABI LLTY The pracess fer produci ng

a netal base circuit board 56 of the present invention 1s characterized in

that it can gSequkelyaend $LAPlYsPF@Yide a metal base circuit board having
t he above characteristics, and the process is industrially very useful. 5

The netal shase citgdihebQardast thechlespbhral BYephOprksegharacterized in
that characteristics of a circuit board varies partially even on the same
circuit invention is characterized in that characteristics of a
circuit board varies partially even on the same circuit
board, and various types of semiconductor devices, etc.
can be mounted on it. For example, it can suitably be

10 used for e.g. a hybrid integrated circuit having both
power semiconductor and control semiconductor. Further,

a heat generating electronic component or a high
frequency generating apparatus can be appropriately
disposed on a desired position of the circuit board.

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

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

25 which has a slightly high capacitance but is excellent in

thermal conductivity, and on which a control

semiconductor or a power semiconductor which requires



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 effectss can al so be obtained that the
heat cycle resistance of a nmounted el ectroni c conponent such as a chip

resistor |mroves.qlherelorg, 1 Lo Useluloas. 8aciLoui § . board,Lorari ous

hybrid integr CiT € ne ase cifcui oar pr esent

i nvention hasa gkf&réﬁ@%ﬁﬁggééﬁghygﬁfp ﬁf@hahléﬁﬂoééPgﬁ%éﬁgfe and on whi ch

an el ectronic ¢ onent s aresistor chip o condenser to control a

power senicqggyféggli Czﬁkifpgyiggggﬁfg%?ﬂ?h&é%iuﬁgefgi@ion 25 which has a

slightly high capacita IS exc ermal conductivity, and on

whi ch 2 control ' REEbEANAUCLET COE BrDAUEE s SEMEORINCI BF whcReEeRLr es 57

heat dissipation is sulta nount'ed, and It can provi a hybri

integrated cifgWlde yodh Digh operatd opploui el babidi hyvond bschndystisal ly
very useful. According to the production process of the present 5 invention,

a netal base gh{&Hi hadoAr toaviphe POARCPOARH 0N WhiER AASeBeloVop@dpaci tance
and on which an electronic conponent such as a resistor chip or a condenser
to 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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control a power sem conductor is suitably nmounted and portion which has a
slightly high capacitance but is 10 excellent in thermal conductivity, and
on which a control sem conductor or a power sen conductor which requires
heat dissipation is suitably nounted, obtained at a high yield.
Accordingly, it can provide a netal ba%% 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 ApplecmminNn No. 2003-326256 20 filed on

Sept enber 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 A pelydi Bgsépsgk&w@twﬁd € ddRysH FWNGS igummaries are
|ncorporated herein by reference in their entireties. 25 58 CLAIMS 1. A

met al basendiegeaitedbeardut b, beouseds fug %Wh dlatst egratiegudpténpt |

conprising _a netal pl.ate, a |nsula ayel V|de t-h al plate,
circuits grg i d& OVldFﬁebnlﬁguI%?|%£ ?ay%ﬁ’andxgu' u §%WF% df%ggﬁbconductors

mount ed amciheténgclUbysr &h@l’@lpl@ribilt}dlcﬁ entiiconeengioast mpanhtiedn S
provi ded on the netal glate under a part_of the circuits on which no
seni condu@orthies CABGHEEE; WRBFRIR # hkEPY o i sl tedtS iCONESRSEaRCTHAPE on i s

formed by ;provicdiinggacHePhe metal plate under a part of the circuits
on which no semiconductor is mounted, 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 containing an inorganic filler,
wherein the inorganic filler is made of fused silica
(silicon dioxide), and the fused silica comprises from 3.5
to 45.0 vol% of particles having an average particle size
of from 0.3 to 5.0 um and from 18.0 to 80.0 vol% of

particles having an average particle size of from 6 to 30

pm.

2. The metal base circuit board according to Claim 1,
wherein the side wall of the dent portion has a gradient of

from 35 to 65°.

3. A metal base circuit board to be usgsed 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 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



portion on the surface of the netal plate and filling the dent portion with
a resin containing an inorganic filler, wherein the inorganic filler is
made of fused silica (silicon dioxide), and the fused silica conprises from
3.5 to 45.0 vol % of particles havingsﬁy average particle size of fromO.3
to 5.0 mand from18.0 to 80.0 vol % of "~ particles having an average particle
size of from6 to 30 m 2. The netal base circuit board according to C aim
1, wherei i t rti. - .adient om35 to
55, 3 A foiaropaiER Hrete B R ATl U SRR T ETRE a0 e
circuit, comperspogtaonedvfl tipd adent gpodtnsulsatisngielwagderf rpmovhded on t he
netal plate, circuits grovi ed on the insulath% I%yer ind a 8Iurality of
seni condudEF4 CAHUAL BBCEHAM t RS A rtieE Unrh &SN Edeht 2porERBhs afe provi ded
on the supfaggedtihhendeligbryhate tndelr a Paakeobrt Rasehr Uit saon  which no
sem conductor is nounted, the dent portions are 59 filled with a resin

cont ai ni ngsahiradrgapkedel | |ard tHml fured cdlier pomprdAcsf frae deht portions

i d h i di t.i [ t | t
0 a mm Rerer B TRY By Ganr S e R R AR LR =BT con

di oxi de), oandrbheof yised sidi g LA IRES of 10380 . ot 9o#8. Grvol t of particles
havi ng an avera%e particle size of from0.3 to 5.0 mand from18.0 to 80.0
vol % of partieles having Jah IWeTadfe gearttiicdlee s¢izgeobf LEPONP6LP0380 m

pm.





