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

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

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

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

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

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

sem conductor 2 and a signal conditioning sem conductor (hereinafter

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

sem conduct ors aHﬁlelectrlcalhy connected via the cqggef circuit or via a
bondlng wires resent invention relates to al base

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

production process.

BACKGROUND ART

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

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

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

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

referred to as a control semiconductor) 1 are mounted on



When the power conductor 2 is nounted on the circuit 3, a 5 heat sink 6 is
i nterposed therebetween in many cases so as to accel erate heat dissipation
and to prevent an increase in tenperature of the power sem conductor which
may | ead to mal function (Japanese Patent No. 3156798). In the hybrid
integrated circuit having the above 10 structure, each of the

sem conductors and a netal base board are electrically and

el ectrostatically connected. Accordingl y,2 when it is intended to increase
the operating frequency (several hundred kHz or above), signals (digital

si gnal s) fromieRelESntr dladsefc enduccorprers viaarse ldiest.or Fegtheke power

sem conductor 2 mal functions, and the apparatus itself does not operate as
desi gned in i§emSteasdsireas thee Semleonsiisios sagaienstl ate islsdley, 1ift- of f
may be enpl oyed so as tg elimnate bad influences of the capacitance

resul ting fr&6PrRSFEES BGarde FRPDEHeCd TG talod Weidy SpRSBIEHAS (Wi éw of
cost and assenbling. Further, Fig. 1-2 illustrates an exanpl e of another

known hybri d "ffedf st EPWET GANCUCHRr ¢ HEs MPEEYS5h Otattdnsitt k3t e duc & bad
i nfluences of the capacitance_ resultjng froma netal board by increasing
t he thi ck?lesi“e?% (?fmg‘né ﬁsgullé‘ttieﬁ‘é’qsfﬁertgﬁe&%ﬁt@ﬁe& A3l SEf%orRfuctor s
o epar at [ on F SOCRE HBAE FAor s PRLert Y S BF S Fhee of rouit
port i ons. wi t RTFPSRorie: HATEIATALSEE o (5741 1575 L GRS o VB artbss
Conplicated,ﬁgyjfggdﬂ%éﬂMéy (ﬁ%gfg% {(Japanese Patent No. 3156798).
In the hybrid integrated circuit having the above
10 structure, each of the semiconductors and a metal base
board are electrically and electrostatically connected.
Accordingly, when it is intended to increase the
operating frequency (several hundred kHz or above),
signals (digital signals) from the control semiconductor
15 1 are distorted, the power semiconductor 2 malfunctions,
and the apparatus itself does not operate as designed in
some cases. As a countermeasure against the above, 1lift-
off may be employed so as to eliminate bad influences of
the capacitance resulting from a metal board, but there
20 are many problems in view of cost and assembling.
Further, Fig. 1-2 illustrates an example of another
known hybrid integrated circuit. There has been an
attempt to reduce bad influences of the capacitance
resulting from a metal board by increasing the thickness
25 of an insulating layer on which a control semiconductor

is mounted as compared with the structure shown in Fig.

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



5 obtained hybrid integrated circuit in an upward direction. Further, there
has been an attenpt to achieve the above structure by lamnating a resin
substrate or the like having a circuit prelimnarily provided thereon on a
metal plate or on a netal plate having an insulating 10 | ayer provided
thereon (also called a nmetal base board) instead of the increase in

t hi ckness of the insulating |ayer (Japanese Patent No. 2608980), however,
the above problemstill remined unsolved Wth respect to a circuit board
on which a hybrid 15 integrated circuit is nounted, along with high
integration ofizsidhicormutttorl dedeesizrweandiet onesbe rusede mai nstream
that a power sem conductor device, etc. is mniaturized and further, a

resi stor chi ghastefoy n itaddd tiesmied drd IRy sinfulbei ronthicedr devi ces,
is 20 nounted on the same board. As board characteristics required are

di fferent amivy &g espdetd ikt aesn e omhiPdimrssefewarsiahty el @ei¢loni ¢
conponents, a circuit board having _ characteristics partially correspondi ng
to the respedtdifRs RiRIARRRY droeld credn P edt ko entvrgRnee has been
25 required. Accordingly, a circuit board conprising different types of

i nsul ating | BRI A o (REM HROfoset L sty AR WRY5Rd in

JP- A-6-90071, _for exanpl e, wever, it _costs a lot to produce such a
conposi te i nSHZRF hPhoard T Lictce RS0 LESs BT B8 FRIRG &P jaghieve

conplicated, an urther, it is ,not.technical Ing/areas. to conplicatedly 5

d f
combi ne di f f er¥nt2RYpesS TFUT IS &Y np TR 59 SHHE| 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



area, whereby considerable mniaturization of a circuit board has been
hardly achieved. Further, in a hybrid integrated circuit enploying a netal
base circuit board, usually, both power 10 seni conductor and control

sem conductor to control operation of the power sem conductor are nounted
on circuits of the nmetal base circuit board. As characteristics required
for the netal base circuit board, the fornmer is required to be excellent in
thermal 15 conductivity even if it has a dightly high capacitance, and the
latter is required to have a very | ow capacitance even at the sacrifice of
t he thernal gadesed iy JRoweve® 007l wderr eralieat Hpwavesnt Asl

sem conductor is mounted on a circuit which is designed 20 to have a very

| ow capaci t af®ELScnd@tr &t PHOUICH SPFari GPIISH thel ehaeings ddagshduct or
is insufficient, and no sufficient operating tinme can be secured in sone
cases. 25 DI SEPCSUREPEPCERE INVENT OYGvderi dthdse Gl Eafbend he present
i nvention has been made to solve the ahaove probl ens of conventional 5
technol ogy. [EHUEtEeZn 3bj &t TOF HREPYESEAY iSRRN T T I L isidhade a net al

base circuit board whj.ch remarkably reduces malfunction time of a

seni condugt of SHMER gé@&ﬁs‘e%éﬁpfsnﬁfrildl%%a@%& eRYETTUIR § SRPer at ed at
a high 5 frequency, .and which i.s. excellent .in heat dissipation roperties,
at a | ow cosg‘.relgurf"i]?@rr,eqyt GonseHs T A o et eantqldﬁfplilotp

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

secured in some cases.

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

been made to solve the above problems of conventional



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

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

senmi conductor can be sufficiently dissipatbed by providing a low dielectric
constant portion at |east under a circuit portion electrically connected
directly to tleehnedegol SenisoaduePorctwhtchhpspereenktednvientioinséo20
characteristics and which can sufficiently cope with high frequency

oper ati on caRTs¥iglt & AefFalTiass edamuit ﬁﬁ%‘ﬁﬂd st isds demaT keddlanpl | shed on
the basis of this discovery. Nanmely, the present invention provides the 25
fol l owi ng. 1XeAugefeig!l ivasd iqny e Kiard SeiseniE tgr iy mgenrs

integrated circuit, conprising circuits provided 6 on a netal plate via an
a

i nsul ati ng | & EAhYBF 16 I5dRaT atedicddiididt oS MRAEEED Rt e igeuit and a

control sem _conductor to control the power seniconductor, . provided on the
circuit, WherlfdiSHUENw ARG S R s”b?ﬁ?&fdé%lstﬁ?d@'mao%i rcuit
portion (pad pog%%gﬁg on which the control sem conductor is nounted. 1-2.

The metal ba$é< % bédr & adr Sty to the above 1-1, wherein the | ow

capaci tance portlﬁﬂ%éﬁ%%&“%%cqs an object of the present invention to

provide a metal base circuit board which is designed that
circuit board characteristics can be partially changed
10 and accordingly on which various types of semiconductor
devices, electronic components, electric components, etc.
can further be mounted on the same circuit board.
Namely, the present inventors have conducted to
solve the above problems and as a result, found that a
15 hybrid integrated circuit with which heat from a control
semiconductor can be sufficiently dissipated by providing
a low dielectric constant portion at least under a
circuit portion electrically connected directly to the
control semiconductor, which is excellent in noise
20 characteristics and which can sufficiently cope with high
frequency operation can be obtained. The present
invention has been accomplished on the basis of this
discovery.
Namely, the present invention provides the
25 following.
1-1. A metal base circuit board to be use for a

hybrid integrated circuit, comprising circuits provided



a resin containing an inorganic filler and has a 10 dielectric constant of

from2 to 9. 1-3. The netal base circuit board according to the

above 1-1

or 1-2, wherein the thickness of the |ow capacitance portionis from 100 to
1,000 I'im 1-4. The netal base circuit board according to the 15
1-2 or 1-3, wherein the circuit portion (pad portion) on which the control
sem conductor is nounted is provided on the | ow capacitance portion

embedded in the netal plate via the insul@ting |ayer (B)

. 1-5. A

above 1-1,

process

for producing a netal base circuit 20 board, which conprises (1) a step of
filling concaves ogetad rmetatdle plig erhavimy aionsavieaysr t (flonsBlon rmeowes nci pal

pl ane, with a substance to forma | ow capacitance portion

to the

sane | evel

of hei ght as steé comdusteDimamtahul dhagizgurt (md a cdmirmel plate
provided with a | ow 25 capacitance nenber, (2) a step of providing an

insul ating IS&ECARUGRRTe 6 PTES I drntRAWRhE AN Garsteee filler on the
surface of the | ow capacitance portion and the 7 insulating |ayer (A) of
the plate pr&HYedsd (9 FhowixEpdei tEREE HerfberoW CaRAT BsRar d provi ded

with a low capacitance nenber, (3)_a step of providing a netal

foil on the

surface of tROLHAR &t rRFPIedAsd (B & Het Wokrd Bt deRPhiRIE Bl v
capaci tance nenber, Ll-ﬁ forma netal a,sserg)uld‘%'/t;ﬁ and &;1% a step of processing

the netal foid? §1GHh NG TR g 43 Lifd

base circult board accor

circuit portion (p p tll?nne)ta(in whi ch .a coqttrol sem condductor IS

mount ed from t he et al

ing to t

WteShel uding forming a

ﬁeo be

above 1-1, wherein the low capacitance portion is made of

a resin containing an inorganic filler and has a

10 dielectric constant of from 2 to 9.

1-3. The metal base circuit board according to the

above 1-1 or 1-2, wherein the thickness of the low

capacitance portion is from 100 to 1,000 um.

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

15 above 1-1, 1-2 or 1-3, wherein the circuit portion (pad

portion) on which the control semiconductor is mounted is

provided on the low capacitance portion embedded in the

metal plate via the insulating layer (B).

1-5. A process for producing a metal base circuit

20 board, which comprises (1) a step of filling concaves of

a metal plate having concave portions on one principal

plane, with a substance to form a low capacitance portion

to the same level of height as the surface of an

insulating layer (A), to form a plate provided with a low

25 capacitance member, (2) a step of providing an insulating

layer (B) made of a resin containing an inorganic filler

on the surface of the low capacitance portion and the



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

pl ate enploying the 20 insulating |layer (A) as a mask to formthe concave

portions on the surf.ace .of the t |ate. 2-1. A netal base cjrcuit board
conpri si ng ciFEIE T divdd ‘obgeao et al péIaat[ee Rﬁoavﬁeﬁ?n"%h%ét?n °Y ayer,
wherein a dent__por.tiaon is provided on one.side of the 25 netal plate in such
a state that Ctar?D i Tt él}egl}ﬁefraldco p%rl?? éh R bt ?\él%%‘? whehed, i%‘ﬁd

i nsul ating Iaé;r%fquﬁxaof th sang, nat riaI:@re(&%qiided bot h pn thf space
of 8 the dent™B5ortiBH AR he' HetdlS Pifare” & WY i et Lottion is
present. 2-2. T net al . base circuit bhoard according to the . above 2-1,
wherein the rroar%(ir%hemsdlerp%%ceofo h%h%elnrfs%oar‘illr%cf@’?% P%)on‘? Ot}fl%b}%%%/g f the

t hi ckness _of the .netal plate,, the size .of the dent portion as viewed from
the verti Gal prd)lvrl(ragé C?o“hlptl Ztt T RAPEOBICT hnéelgtfeelé )i %?\Iémn%tr%‘?t% ate, and

05 220 Rt OSI 87 £OuU0808 LRI voLL ot 651 08 e
the metal assembly to form circuits, including forming a
circuit portion (pad portion) on which a control
semiconductor is to be mounted from the metal foil

10 located at least at the surface of the low capacitance
portion.

1-6. The process for producing a metal base circuit
board according to the above 1-5, wherein the metal plate
having concave portions on one principal plane is

15 prepared by

(a) a step of providing the insulating layer (A) made

of a resin containing an inorganic filler on a desired

position of the principal plane of the metal plate, and

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

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

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

of the same material are provided both on the space of



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

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

met al pl at e tinedelerd et ioh tansd o dlig sned@ wiilattenen sénmicdonthetdamt s
nmounted. 3-2. The netal base circuit board according to the 25 above 3-1,
wherein the powtdicsl det miressovist ant portion is formed by providing a dent
portion on the surface of the netal plate and filling the dent portion with
aresin 9 contaidihg dhe Retganibask |digcuil- Poatide apsoaldibas & ccitheui t board
according to the above 3-2, wherein the side wall of the dent portion has
a gradi ent oftlfem239 t ¢'heEeln Fhe MRt dletdds o foitheuiderfoarar taicwor di ng
to the above 3-2 or 3-3, wherein the inorganic filler is made of fused
silica (sPlidén fdiwkilde)to aftf tHe Fanddrisifiess orda s&tak mhaES to 45.0
volt of particles havin average particle size_of from0.3 to 5.0 }im

an
and from 18. PR FIFBEH0 hF CO[C RRTE Qe S hadsiphf waeridife witidle size

of from6 to 30 pm
direction is at least 50% of the area of the metal plate,

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

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

15 at most 15,000 MPa at 300 K.

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

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

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

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

metal plate and filling the dent portion with a resin



4-1. A netal base circuit board to be used for a hybrid integrated circuit,

conprising a netal plate, an insulating |ayer provided on

the netal plate,

circuits 15 provided on the insulating layer and a plurality of

seni conductors nmounted on the circuits, wherein dent portions are provided
on the surface of the nmetal plate wunder a part of the circuits on which no
sem conductor is nounted, the dent portions are filled with a resin 20

containing an inorganic filler, and the cdtner portion of

t he dent portions

as viewed fromthe vertical direction has a curvature radius of at | east

0.4 nm 4-2. chnganetialg Faselreirgariic Woarleeraccording to the

above 4-1,

wherein the inorganic filler is made of fused 25 silica (silicon dioxide),
and the fused sil3ch cAlsr imsdlf leyne3 .8 roel 45 Wparsl taasforphimtg dlesthevi ng an

average particle size of from0.3 to 5.0 pmand from 18.0

to 80.0 10 wvolt

of particles drMeng ah ahargje pare iide siadel off felemdsnt S pm Brd. A
process for producing a netal base circuit board to be used for a hybrid
integrated cia dhiadideohprizimg a tet&l® pl ate, an insul ating |ayer provided
on the netal plate, circuits provided on the insulating _|ayer, a power
seni conduBt or nouhtdd GRS Metal dAse sidFall tcdmasl aaaaebilciorthe control
t he power sem_conductor, rovided on the circuit, which conprises (1) a

step of to fGRAYR TohQve por tTRIESOh TR MGTHRApEF bl bHRr ats thrde sphe

where the insulatjng Jayer is provided on the t al | at
appl yi ng an iﬁﬁﬁ%ﬁgﬁgl%%dh%%’ijxﬂec?rb loxide), an A A&

(2) a step of

's1lica

comprises from 3.5 to 45.0 vol% of particles having an

average particle size of from 0.3 to 5.0 ym and from 18.0

10 to 80.0 vol% of particles having an average particle size

of from 6 to 30 um.

4-1. A metal base circuit board to be used for a

hybrid integrated circuit, comprising a metal plate, an

insulating layer provided on the metal plate,

circuits

15 provided on the insulating layer and a plurality of

semiconductors mounted on the circuits, wherein dent

portions are provided on the surface of the metal plate

under a part of the circuits on which no semiconductor is

mounted, the dent portions are filled with a resin

20 containing an inorganic filler, and the corner portion of

the dent portions as viewed from the vertical

has a curvature radius of at least 0.4 mm.

direction

4-2. The metal base circuit board according to the

above 4-1, wherein the inorganic filler is made of fused

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

from 3.5 to 45.0 vol% of particles having an average

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



the concave portions and the netal plate at a portion other than the
concave portions to the sane | evel of 15 height, (3) a step of providing a
netal foil on the surface of the insulating adhesive and curing the
insul ating adhesive to forma netal assenbly, and (4) a step of processing
the netal foil of the netal assenbly to formcircuits. 20 5-2. A netal
circuit board obtained by the process for producing a netal base circuit

board as defined in the above 5-1, whereilfl the insul ating adhesive is made

of a resin containing an inorganic filler and has

conductivity

afltterofopaatt iofleg hapsineast averayarar-3:l19heipetaf bose

circuit board according to the above 5-2, wherein the capacitance per

area bet ween

6110 t3e Wikt al plate and the circuit on the concave portion

filled wwth the insulating adhesive is at nost 50 pF/cn2, and the

capaci tance per

Uik - afe@ussaficerf Ath@nAtEing & ectadd hare G it at a

base

a coefficient of thermal

uni t

portion other than the above_is at 5 |east 50 pF/cn2_and at nost 160 pF/cn?.

EFFECTS OF THERanVENTIRN used nfther ity i dhase-e9rahd ®bBFWiBf the present

invention, a | ow capacitance portion is enbedded under a 10 circuit portion

on which & cSiftTRAISEH DRI brP 13t ot e St thefer L2y ey reEPY1eedwpi ch

hi gh frequenc signals are transmitted, so as.to reduce distortion of
‘%H% a%d?l%ﬁﬁﬂ(ﬁﬂﬁﬁR&Qﬁ R E et St HordletoR9 Furt her,

the | ow capacliéfenrce aPorti on

signals from

10

15

20

25

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

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
least 1.3 W/mK.

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

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



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

nount ed. Accordingly, by using such a netal base circuit board, a 20 hybrid
integrated circuit which hardly mal functions even in high frequency
operation can easily be obtained. 2. The netal base circuit board of the
present invention having the above structldre is characterized in that
characteristics of the circuit board can be 25 partially changed and vari ous
types of semtdonduetalr plbewe caydetlte cancbet nomntled ocontheesaoettoncuit
board, and it can be suitably used for a hybrid integrated 12 <circuit
havi ng bot h poitered e tondue t brswlalt tomt adhes Seai tonduchost 50r pExampl e.
Further, in the circuit board, a heat generating el ectronic conponent and a
high frequerand gdrrereapagl bppee dres ¢aht barpe operveedi shesedtalapldesired
portions. Accordingly, problens of the conventional technology can be

sol ved, such aattlm cinculfatahod | R9ekiohi ekheanthdBokbeaabeyesssiatto be
designed thick so as to achjeve |ow stress properties, but the heat

resi stancé bekdhes TArRe/ &8 e Fradresst f16 Gﬁg@§®btingly, such effects can
al so be obtained that heat cycle resistance of a nounted el ectronic
conponent such as a chip resistor inproves. 3. The netal base circuit board
of the present__invention is_a netal base circuit board to be used for a 15

hybrid int egrZtdTs r i TR W I N ural ity of

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

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

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

and it can be suitably used for a hybrid integrated



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

senm conductor are maintained. Accordinglyl?the nmetal 25 base circuit board
can be applied to a hybrid integrated circuit for e.g. a high frequency
filter such & rfyiderh®visiy ipth mower regh daretnsiwy al®eaaetierasbur ce and an
audio 13 digital anplifier, to which a conventional netal base circuit
board can notseg Y&EPT arfPy mitgstlel | YugsWerapphi ¢ae edgomilt be
broadened. Further, the nmetal base circuit board of the present 5 invention
has the abovécdtdicturtean @EsHealditg chleHaPN i PP Etenictan® @ Hatg% he | ow
dielectric constant portion has a specific shape, and specifjic fused silica
(silicon di HHBICNEY FRPLTRS W iIRYEHIES 1531 e RFRRUDYY tHeSPRRRAI  base
circuit board of_the present invention has 10 nore_excellent dielectric

char act er Pst ia’s, 3851 & Dr AEFPEE LIRS Yhe PERELENET i thehi gh
reliability, and accordinhgly operational reliabiljty of. the hybrid

i nt egr at ed cﬂ?%ﬂH?HQ%ﬁPQﬁf%%EH QWY PN R tIRTVed Tt dyRe s a structure

that when a .15 QG%t. ortion is viewed fromthe qgmard direction, a corner
portion has a'tit I}tldf% ]ra%‘?lhswsktlr%n%s%gs%?b g Stress 1s to be
designed thick so as to achieve low stress properties,
but the heat resistance becomes large as the trade-off.
10 Resultingly, such effects can also be obtained that heat
cycle resistance of a mounted electronic component such
as a chip resistor improves.
3. The metal base circuit board of the present
invention is a metal base circuit board to be used for a
15 hybrid integrated circuit having a plurality of
semiconductors including a control semiconductor
generating a large amount of heat. By the above
structure, that is, by making a low dielectric constant
portion be present under a circuit which is directly
20 connected to the control semiconductor, heat generated by
the control semiconductor is immediately dissipated to a
metal plate through the circuit and the insulating layer,
while the operating characteristics of the control
semiconductor are maintained. Accordingly, the metal
25 base circuit board can be applied to a hybrid integrated
circuit for e.g. a high frequency filter such as a macro-

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



| east 0.4 mm whereby concentration of a stress in the |ow dielectric
constant portion can be avoi ded, the adhesive force between the |ow
dielectric constant 20 portion and a netal plate or an insulating |ayer can
be increased, and heat dissipation is nore accelerated. 5. According to the
production process of the present invention, a nmetal base circuit board
havi ng both portion which has a | ow capaci_tance and on which a 25 control
sem conductor is suitably nmounted, and poﬂ@ion whi ch has a slightly high
capaci tance but is excellent in thermal conductivity,_ and on which a power
sem conduct ordi91t3#% P abi§T mobRt €l cRah penvBRELARAL WIERaA RAGR yiel d.
Accordingly, a, netal gase circuit board tg,be used for a hybrid integrated
circuit, conpfiEFytaPRetal cplatet BR aPRSHPdt i Agdl YRS hF b9t HENEN t he
netal plate, a circuit 5 proiided on the igsulating | ayer, a power
seni conduct or PHOEREEHCBR Yhel cPFcBFP24R°E: control sem conductor to
control the power_sem conduct or vided on the circuyit can be provi ded
at a | ow cost. Th%uﬁg%%f'bﬁ ® %?thﬁ?aﬁ%afﬂrﬁ?th%°%¥ s8ht tRAVBAEFBAT 10
enpl oys an insulatjn hesjve having coefficient.of éh rmal conductivity
arrer curad ortuent B AaE SHUF BN e RaP s EukecrRint Shadi i 681 plaFon
properties are ecured, sem.conduct or deyvice can.be operated mﬁéh hi gh
Pel 1ability, SAG aAcoraPRGLSSoparat fShat Vel t SBEr Tt iSof S 18" hyBPré-on
| nt egr at ed C'%&E!& gﬁgc??ih”&ﬁgggedanﬁué}é@%fi&h?uggﬁagi%?s L§syLL board
of the presen i hventron has h portT©hn having a Capaci tance per unit
dioxide) is used as an inorganic filler, whereby the
metal base circuit board of the present invention has
10 more excellent dielectric characteristics, a
semiconductor device can be operated with high
reliability, and accordingly operational reliability of
the hybrid integrated circuit can be increased.
4. Further, it employs such a structure that when a
15 dent portion is viewed from the upward direction, a
corner portion has a curvature radius (roundness) of at
least 0.4 mm, whereby concentration of a stress in the
low dielectric constant portion can be avoided, the
adhesive force between the low dielectric constant
20 portion and a metal plate or an insulating layer can be
increased, and heat dissipation is more accelerated.
5. According to the production process of the
present invention, a metal base circuit board having both
portion which has a low capacitance and on which a
25 control semiconductor is suitably mounted, and portion

which has a slightly high capacitance but is excellent in

thermal conductivity, and on which a power semiconductor



area of at nost 50 pF/cm 2 and portion of at |east 50 pF/cnz and at nost
160 pF/cm 2, whereby reliability of a 20 hybrid integrated circuit can be
nore increased by selectively nounting a control sem conductor on the

former portion. BRI EF DESCRI PTION OF THE DRAWNGS 25 Fig. 1-1 illustrates
one exanple of a hybrid integrated circuit enploying a conventional netal

base <circuit board. 15 Fig. 1-2 illustrates another exanple of a hybrid
integrated circuit enploying a conventiondl4 netal base circuit board. Fig.
1-3 illustrates one exanple of a hybrid 5 integrated circuit enploying a

metal base ciisustiboaly mointéé, ptesebé cbvebhednwiFhga hidhi /ig3drates one
exanple of a hybrid integrated circuit enploying another netal base circuit
board of the MesedinghyentimatalOb&sg. clrSuitl| bsardt es baeuezdnpbe af a
process for producing a netal base circuit board of the present invention.
Fig. 2-1 illusybatésinnegexaapl eiotuat pretahpbasengcarnatblbpaadeandnits
production process of the present 15 invention. Fig. 2-2 is a draw ng
illustrating fasuVaeineg fapar phevieéedi oal thermetadbnplianet he piesent
invention. Fig. 2-3 is a cross-sectional viewillustrating a netal base
circuit bcdar deobvideparat the Exanpheing layer, a power semiconductor
mounted on the circuit and a control semiconductor to
control the power semiconductor, provided on the circuit,
can be provided at a low cost.
The metal base circuit board of the present invention
10 employs an insulating adhesive having a coefficient of
thermal conductivity after cured of at least 1.3 W/mK,
whereby excellent heat dissipation properties are
secured, a semiconductor device can be operated with high
reliability, and accordingly operational reliability of a
15 hybrid integrated circuit can be increased.
Further, the metal base circuit board of the present
invention has both portion having a capacitance per unit
area of at most 50 pF/cm® and portion of at least 50
pF/cm? and at most 160 pF/cm?, whereby reliability of a
20 hybrid integrated circuit can be more increased by

selectively mounting a control semiconductor on the

former portion.

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

circuit board.



20 Fig. 2-4 is a cross-sectional viewillustrating a netal base circuit
board of Conparative Exanple 2. Fig. 3-1 illustrates one exanple of a
hybrid integrated circuit enploying a nmetal base circuit board of the
present invention. 25 Fig. 3-2 illustrates a dent portion provided on the
hybrid integrated circuit shown in Fig. 3-1. Fig. 3-3 is a plan view
illustrating a dent portion 16 provided on the hybrid integrated circuit
shown in Fig. 3-1. Fig. 4-1 is drawings i3 ustrating a process for
producing a netal base circuit board of the present 5 invention. Fig. 4-2
is adrawing illuBtgating ohéuekaapke efioghehybrhdpilet edr at éybriidcui t
enpl oying a netal base circuit board of the present invention. 10
EXPLANATI ON CPiSYyBOLS 1ciCont kokmeéaytngdacconyertipoadr meéailcbadact or, 3:
Grcuit, 4: Insulating layer (A), 5 Bonding wire, 6: Heat spreader, 7:
Metal plate, ®r¢wsul Bearg-layer (B) or resin substrate, 9: Low capacitance
portion, 10: 15 Insulating layer (A), 11: Concave portion, 12: Low
capaci tance porti Bag-13-3| Addiatragerapee eBpMPig: ofeeahybrdid | 15: Circuit
(pad portion), 21: Metal plate, 22:_ Dent portion, 23: Insulating |ayer, 24:
Metal foil5, 25RtegF@RPAgCLESHSE, ePBLOYLPEURt M"ERBLalPafsi FErcgit kesad 20
plate, 32: Insulating |ayer,  33: Low dielectric constant portion, 34:
Bondi ng wi r e, °355Ne) PEGFENC 36N VRRELOD -
Fig. 1-4 illustrates one example of a hybrid

integrated circuit employing another metal base circuit

board of the present invention.

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

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

15 invention.

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

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

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

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

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

hybrid integrated circuit shown in Fig. 3-1.

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



spreader, 37: Power sem conductor, 38: Contr
pl ate, 42: Concave portion (space portion),
(insulating 25 layer), 44: Mtal foil,
Power sem conductor, 48: Control sem conduct
MODE FOR CARRYI NG QUT THE | NVENTI ON Now, the
explained with reference to draw ngs. FL&.

hybrid 5 integrated circuit enploying a neta

present invention. The netal base circuit board
a net al
conprising circuits provided on a netal

(A, B), a powerlseni conductor nounted on the
sem conductor to control the power

45: Circuit,

senm conduct or,

ol
43:

sem conductor, 41: Metal
I nsul ati ng adhesi ve

46: Heat spreader,

or, 49: Bonding wire 17 BEST
present invention wll be
1-3is adrawing illustrating a
| base circuit board of the

of the present invention is

47:

base wiecided boar the chylel dstut ¢araedydi raui nt egowhedncFiguit,
plate via an insulating 10 | ayer

circuit and a control
nounted on the circuit,

characterized in Fitiat4all 6%y eapuengantélperrabintsacnbedasd Gader a circuit

portion (pad portion) on which the control
Nanel y, the refed
in Fig. 1-3,

sem conduct or
are

correspondi n ortion of the
P gm?br%é {]ntegrate

board of the present invention.

ircuit

10 EXPLANATION OF SYMBOLS

1: Control semiconductor,

Circuit, 4: Insulating layer

Heat spreader, 7: Metal plate,

resin substrate, 9:

15 Insulating layer (&), 11:

capacitance portion, 13:

foil, 15: Circuit (pad portion)

Dent portion, 23:

Etching resist, 26: Circuit

20 plate, 32: Insulating layer,

portion, 34: Bonding wire, 35:

spreader, 37:

semiconductor, 41: Metal plate,

(space portion), 43: Insulating

25 layer), 44: Metal foil, 45:

47: Power semiconductor, 48:

Bonding wire

[ | 15 sem conduct or
Uphe ireudt bavardlvfuihebpredenf FRAoeRre8AnRas, as shown
. ,such a structure that a | ow capacitance portion 9 is
under a cior clEVRFIP®Nn (al so called a pad portion) on which a contro
1 is . munted 20 and a.circuit to which hi
transmitted, Fafd thé YFcRnit9WiRer ébLUShk@FéBy PRE cxapRért 8hcé at the

2:
(a),
8:
Low capacitance portion,
Concave portion,

Insulating layer

Insulating layer,
(metal foil),
33:
Circuit,

Power semiconductor,

Circuit,

Control semiconductor,

i 'S nount ed.
enbedded

gh frequency signals

circuit employing a metal base circuit

Power semiconductor, 3:

5: Bonding wire, 6:

Insulating layer (B) or

10:
12: Low
(B), 14: Metal

’ 22:

21: Metal plate,
24: Metal foil, 25:
31: Metal

Low dielectric constant
36: Heat
38: Control
42: Concave portion

adhesive (insulating

46: Heat spreader,

49



board is decreased. Accordingly, distortion of signals fromthe contr
sem conductor 1 can be reduced, whereby 25 mal function of the power

sem conductor and thus the hybrid integrated circuit can be decreased or
prevent ed.

integrated circuit enploying another netal base circuit board of the

pr esent

Further, Fig. 1-4 is a drawing illustrating a hybrid 18

invention. It has such a structure that a concave portion is

on a desired portion on a metal plate 7, % | ow capacitance portion 9
enbedded 5 in the concave portion, and a circuit is provided thereon
insul ating | aPEFT(MPDE BRB GARRKSNGaPVHgTHRYENVERFIOE. |n the present

i nvention,

as a material of the |ow capacitance gfrtion 9, a substanc
having a | ow 10 dNeWecthiec PEGESRANLNVENERE 0PIl

ey ex@ledned adgendi n

upon capacitance characteristics required for a hybrid integrated cir

but a resin cbfE&FANAG A FRBV§BRAFe powder, which is excellent in the

adhesion with the_ adjacent netal plate or insulating Ia¥§g, is prefer
|

i 5 According to stddi-ed By lfhé pré¥dng idiestsedinghe

of the resin g¢ontaining an inorganiigﬁgomder IS EreferabLy from2 to 9

whi ch t he bbj éBtegFatefeCpFedaht 'R

i norgani ¢ po

nitride, alu
epoxy resin,

t he

like is

10

15

20

25

PEnai Beffy
wder , . alum na, boron ni.tride._ nagnesja, 20 silica, silicon
APRukPRi PFPAERGr TRHENFIRE | STho BT eabbb3Sasetr it 1 ReaFds

ol

f or ned
is

via an
e

g
cuit,

red.

igktric constant

, at

eP§SEo CHE Bl E&P8FA As the

n, an

8P ERER bS8 BaRERE e BB, B SR LS

be used for a hybrid integrated circuit, comprising
circuits provided on a metal plate via an insulating
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
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
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
malfunction of the power semiconductor and thus the
hybrid integrated circuit can be decreased or prevented.

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



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

sem conductor is nounted and the circuit to which high frequency signals
are transmtted, but the thickness is required to 5 be determ ned dependi ng
upon the operating frequency, the materi &8 of the | ow capacitance portion,
etc. According to studies by the present inventors, when the thickness is
at | east 100 PrreweR bed npsrcul Doomphey ingsaratheypbreédal i haegraieduiktrcuit
excellent in operating characteristics 10 can be securely prepared. The

t hi ckness exceeafd¢l, 0od PIeseRt nbRveREhan cal Ity hrosuthtd SHIHC e eases
the cost. Further, in the netal base circuit board_of the present

i nvention, a PoRtidncoReRYetPRrEIPRUIE PRFRFAnON haviaglired| BArEapacPiance
portion and a portion under_the _15 power, K sem conductor are required_to have
hi gh heat di s3iPaEFbrPhrbPel tidsloWnaeRResFaRAGI HOrheonndul &t PRESAf8Fer (A
is preferably, fornmed thinl% as conpared with, the insulatin% lLayer %Bé on
the | ow capacttahe®e PIREFBA POrtiand: ndde df CArmatbr i8I PRAVIA§IhFERYEARBY nal
20 conductivit as sho in Fig. 1-3. Further, in,the present invention,
bot b noul at 1 T2 Ty SRSt RGEhRd PASGT albhot | A98r =i e berane bRvELr a8 1
cont ai ni ng an,i norgani ¢ powder. As the inorganic powder, alum na, boron
nitride, magnesia, silica, silicon

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

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

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

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

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

With respect to the shape of the low capacitance



25 nitride, alumnumnitride or the like is preferably used. As the resin,
an epoxy resin, a phenol resin, a polyimde resin, an engineering plastic
or the like is preferably 20 wused. The material and the conposition of the
insulating layer (A) and the insulating |layer (B) are not necessarily
different, but as nentioned above, the material and the conposition of them
are selected in 5 accordance with the bal ance in characteristics of a
portion on which a power senmiconductor is unted and a portion on which a
control sem condugctor is nnunted Further, in_the present invention, it is
preferred tHAPraleRrdui £R 60@%W8ﬁ5%apsbsc%PFeélﬁlbﬁﬁ B8r £PBH) 288n1t1dSwhi ch a
control sem conductor unted i s provided on the Iom/capaC|tance portion
enbedded in th%r%%¥aF ﬁpagge Gi-aCBRE Pﬁsﬂhéth@ FQQEFO%B?em%ﬁ@ﬁ YGERTa
structure is | oyed, as_the insulatin % E% covers the entire

E:Eﬁlt g

surface on théS P FFds?HQ taenetaFuphske Br 4T $YUEREYI | ent in

el ectri cal rellabli X g be ob alneg ﬁ g as shown in Exa Ies
descri bed her2t$@ftér3*fh raﬁﬁPéF BdsePtfr £GPt © 6§F8e8F tReTFABLER

i nvention ca bt ai. ne t ho t complic S i I cost .
| ventfon can beqpht g ned wiLhoy SPScBBRr hE) aRFRAS0 SERA R ERad S |
conpri sing co a0 l.u and it refe abl appropriate
sugFectedgto %? ng‘ljs%ftlglrl ﬁbw & onalﬁacorporﬁaeryn Eg IO‘ZK‘co %%%%t such

8 I SO EL0E o o R SBSLLYCDS, SRRy Bty ol L
materi al excekgeQE h@a&geﬁﬁglum 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) 1is preferably formed thinly as compared with
the insulating layer (B) on the low capacitance portion
9, and made of a material having high thermal

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

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

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

resin, an engineering plastic or the like is preferably



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

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

t hi ckness of the netal plate 7 is not particularly limted, and is usually
fromO0.5 Mm to 3.0 mm Fig. 2-1 (h) illustrates one exanple of a netal base
5 circuit board of the present invention, and Figs. 2-1 (a) to (Q)

illustrate one exanple of its production process. Fig. 2-1 (a) illustrates a

netal plate to be used for the nmetal bas Qi rcuit board, and is not

particularly limted so long as it_is made of a naterlal excellent in 10
thermal condué®fdi t y-RUSRIIY. 20l it 2ATRATHT Hiiin Ol Hoy, 1rgphRt iy a
copper all oy, which has high thermal conductivit is preferably sel ected.
The thi ckness:®YeTt hd) n%PﬂItB?af%sPéaEngpg?YFEul 9rF|ﬁPFed and is
usually fromO0.5 mmt g n_order to obtalg E@ base circuit
board of thenﬁ?%iﬁﬁfl}ﬁv ﬁ??%ﬁeng dBHE PorPEBRIPEREfof He Ilustrated in
Fi 2-1 (b ces met hod heref be an d, but in the
prgsent |gvénT?gﬁr??ﬁ aﬂé Pgﬁo??WBRs ?Eqﬁ rgga%oaﬁg 5%39F%8§ oR one side
20 of the netal 8 éa&e that ﬁ Ecunfgnentl | _portion of
the dent portfon-T aﬂS? op ngg ghpFoyiing ?u%ﬁ a-st ﬁSFUPg aan ef fect of
suppressing s heno S Iayer i's
§§?5§08 R uﬁyglonag?egg ?%ﬁ&@%ﬁdp % gs m ﬂ H LG

separated fro e Si e por e subs stress

resulting fromheag, SRriAkagea0LohPETeLRN:RARBURLBEC s mounted.

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

a copper alloy, which has high thermal conductivity, is



Further, in the present invention, with respect to 22 the shape and the
size of the dent portion, according to results of experinental studies by
the present inventors, as described hereinafter, it is preferred that the
maxi mum dept h of the dent portion is from 10 to 50% of 5 the thickness of
the netal plate, the size of the dent portion as viewed fromthe vertica
direction is at least 50%of the area of e netal plate, and in a shape of
the dent portion as viewed fromthe vertical direction, the corner has a

i ot on oRhGCBLAPPYCELRC BE nbIn [hiPRGe=5 2! TR\ B AAxPGHFAlpt h of
t he dent ti is | .t 10%. of. . t t hi.ck f..th tal plate, th
ci oot of { heopPBRcRIELAGUREFSR LSRR RNFle P S }addbr and 8 1F i1

exceeds 50% Ege3nﬁt | plate itself tends to have a reduced strength and is
likely to defornt "I'f 'the size of the dent portion as viewed fromthe

vertical directi O%i:gs.t 2'—%53(1{[)h‘iﬂl%%%%te@%na% feqi?g‘fpf%ng{:‘% %Aeeﬁlatbeasgo

sufficient effect 0o he present ‘i nvention w n many

, t he. ; [ it i el : t he
cases, and; the; et kObGECYIEL (AN B egU 1fn'v%'n‘%'1to'r%{ %ﬁ‘?@éﬁ’%' he ;S48

. . t
circuit board In sone cases. Further, 1n a shape o portion as

vievwed from the (yertihgak tGHaieChin@N exhnpd «C QNG NI & 1 UMYNL Fadi us
|l ess than 2.5 mmis present, high 25 frequency characteristicsS or heat

di ssipation charaglgerixstii gg)at; 194 GARErR RAUL4d10h 1B e wonpldgat ed, and
no expected effect wll be obtained in
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



23 sone cases. Then, as shown in Fig. 2-1 (d), insulating |layers nmade of
the same material are provided both in the space in the dent portion and on
the netal plate on which the 5 dent portion is present. Wen the nateri al
formng the insulating layers is likely to shrink, it is possible to

enpl oy such a nethod that the space in the dent portion is once filled with
a material formng insulating |ayers as wn in Fig. 2-1 (c¢), and after
the material shrunk, 10 an insulating |ayet” made of the sanme material as the

above |nsulat| S r vided on_the entire surface of the insulatin

| ayer and the ﬂgtﬁﬁgﬁﬁaﬁg ﬁetﬁézﬁr8§eﬁg 'H@QﬁtPBHthﬁe ARSIrEERYg Hayer ?s
required to have $ fficient electri sul aéln roperti,es and further

have hi gh theffgl gﬁnaﬁcﬁﬁpﬁfﬁmgpta F&Hl& étgPE Pgﬁ§FQﬁtln§ﬁﬁ'ﬁﬁfé hi gh
adhesive force th a and _accordi ngl is_u I de of a resin
cont ai ning_anaPnaPgaREESR PFEF 4e §s§¢rﬁﬁe3  Repsrrat e%%aépggﬁflcally, Lhe
resin contalnlngl%ﬂng @Br%%n%%efhkl o&tahe pre en v%ntl%gl

curable resin conp05|?kon conprisin § “aPcorminaton o @) a re5|n conposed

mainly of an epoxypieshi.c(Re Aucuil @gﬁggﬁake haying ;3 paleyeifier siel et on

and having a primary amne group erm na i“ts “main chai n and (3)

an 25 lnorgaanrg&ghegs %@Qw%%!%Qohh%h%”%%Qk%caﬁsHﬁre%%q%%§ﬁ%'%Q %F%%fed
product excelfent In stress Trelaxation properties, electrical ating
properties, 24pq of the area of the metal plate, and in a shape of the
dent portion as viewed from the vertical direction, the
corner has a curvature radius of at least 2.5 mm. Here,
10 “as viewed from the vertical direction” means a direction
as shown in Fig. 2-2.
If the maximum depth of the dent portion is less
than 10% of the thickness of the metal plate, the effect
of the present invention is indefinite in some cases, and
15 if 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



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

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

bal ance between_stress rel axation properties and noi sture resistance
further inproV8%e TRESCypi cal epoxy resin having a novol ac skel eton may be

a phenol novol ac oxy resin or a _cresol ,ngvalac epoxy resin, and an epoxy
resin having a 1 3?%y@ﬁoﬁ%ﬁﬁ§dﬂgn lgkeﬁeﬁoﬁdﬁa ﬁ&ﬁﬁ%ﬁﬂ%ﬁ%a%ﬁ&ﬁ%ﬁon or a

bi phenyl skel n d nQvol ac_skel.eton_in i-nation, may. al so_be used.
Further, as tRE08pay PeeehReaiaE st dt “Ree RERTIIRG PG o s Sk eratsn may

be used al ones \FULLNGLA i Lok s BASSHA! 8ol 0! ARG L .30 BROYY, (Esichas 20

the main conponen anot r resin sucn as a ernoSetting resin such as a

phenol resin guoa pabyihde.r 83L00L A wliPNOXY £eSLP:aOr (A ROLYRECT esi n

such as an acry ber or an acrylonitrile-butadiene ru wever,

consi dering theshakaneg @BP/%E%G,%% ekt EB” sREQRRI LI €S i 23l 8ehld ¢a

insul ating properties, "heal resistance an noi sture resistance, the blend
amount of thecpghygetuchesi feksioBr ehgtakhy abatest n3Q st @ drhe 4ot al

amount 25 wth the epoxy resin.

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

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

In the present invention, the insulating layer is

required to have sufficient electrical insulating

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

20 1inorganic filler of the present invention is a curable
resin composition comprising a combination of (1) a resin
composed mainly of an epoxy resin, (2) a curing agent
having a polyether skeleton and having a primary amine
group at the terminal of its main chain and (3) an

25 1norganic filler, and using the curable resin

composition, a cured product excellent in stress

relaxation properties, electrical insulating properties,



As the curing agent, a curing agent having a polyether skel eton and having
a primary amne group at the termnal of its main chain is used so as to
decrease 5 the storage elastic nodulus of the resin conposition after
cured, and it is possible to use another curing agent in conbination. \Wen
an aromatic amne curing agent is used in conbination, nore favorable

bal ance of stress relaxation properties, cr,ﬂectric i nsul ati ng 10 properties,
noi sture resistance, etc. will be obtaine As the aronmatic am ne curing
agent, di am nodi phenyl net hane, dlanlnodlphen¥lsulfone
netaphenyleneHFéﬁlﬁéséﬁpﬁﬁéopl §°P§§tﬁésus ATEFSTGN Ay @S RdtFtares

phenol novol ac _resin_may furi?er H@gd 15 in conbination. As the
i norgani ¢ fil FEPISGRECRaTPRY aP5P¥B el ectric insulating properties and

further having a hi coefficient, of thermal .conductivity is used. Such a
1l er my. 1o ehsmie ey diiin &.%@eralumﬁﬁﬁ% PR 5G| Seon
nitride, boron n trlde may be use on r as _m xed.
Arong . hem | aPURMAR SoBaEneLoh & ArPal SERE Sghr) &aﬁp%mi & P n

which a high f||||n i S, ac ved is_ea |I aval able | ow cost.
25 when th% abovedés r?be% c§rab %grean n%om?loﬁm£ 288 as an

i nsul ati ng | ayer, 5@6 A L0n W 1A C%n%%%gorlogu g;t%&le%%n &eel

i nproved by bi-&Ra! ing a SiTane coup |ng a as epoxy si ané or

am no S'|aneaW'%%o&@er%%%BnhgngBF'th%%htﬁﬁféﬂ@”sﬁ@T%%éﬁ,ié% epoxy

resin having a biphenyl skeleton and an epoxy resin
having a novolac skeleton is contained in an amount of at
10 least 10 mass% in the total epoxy resin, balance between
stress relaxation properties and moisture resistance
further improves. The typical epoxy resin having a
novolac skeleton may be a phenol novolac epoxy resin or a
cresol novolac epoxy resin, and an epoxXy resin having a
15 dicyclopentadiene skeleton, a naphthalene skeleton or a
biphenyl skeleton and a novolac skeleton in combination
may also be used. Further, as the epoxy resin, an epoxy
resin having the above skeleton may be used alone.
Further, it is possible to blend with an epoxy resin as
20 the main component, another resin such as a thermosetting
resin such as a phenol resin or a polyimide resin or a
phenoxy resin, or a polymer resin such as an acrylic
rubber or an acrylonitrile-butadiene rubber. However,
considering the balance of stfess relaxation properties,
25 electrical insulating properties, heat resistance and
moilisture resistance, the blend amount of the polymer

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



utilized as an insulating |layer, the thickness is determ ned considering
stress relaxation properties, heat 5 dissipation properties, insulating
reliability, productivity, etc., and is usually at a level of from50 to
150. um 1In the present invention, the resin containing an inorganic filler
has a storage elastic nodulus after 10 cured of preferably at nost 15, 000
MPa at 300 K. If it exceeds 15,000 MPa, tﬁﬁ%stress rel axation properties my
be poor in sonme cases. on the other hand e lower limt is not
particularly | t % L§ erably at least 100 MPa at 300 K since
there is p055|%gb ? §%X¥5rg eklnsulatlng | ayer is deformed when a great

Then. & metal ol a%' 5 Saddl St & R PR AT (D g
| ayer of the BE?QEHE? Shawa i Eh@ ndvigd 1 %Q}m%9§ Qﬁ%h%dﬁéﬁg%b . they are

unified, to o structure shown in Fig 0|I used

here, whi ch beRAMBS A LA CYIEL Rkt 6 1Br%%%§§eq5 Leed @l hs b 3Bialse

excellent in conductivity, such as one of copper, alunlnun1 ni ckel, 1ron,
tin, silve aEHethQBhggle%és%&cahb@ﬁl%%”b%'Qh@grEQQnQ%o%gb%1QEo%UCh metal s,
or a clad foil using the above netal or alloy. The foil s prepared ei t her

by an el ectrobyti¢ pBt-Bad ahdai27 isCaloardeniengonelskodnand Metali gy ating
such as N plating, Ni - Au pl ati ng or solder plating may be applied on the
foil. It is magenpr ehecbadihBat ohhe wHehage 8AckhBeisi 8Rine curing
agent is used in combination, more favorable balance of
stress relaxation properties, electric insulating
10 properties, moisture resistance, etc. will be obtained.
As the aromatic amine curing agent,
diaminodiphenylmethane, diaminodiphenylsulfone,
metaphenylenediamine or the like may be used. A curing
agent such as a phenol novolac resin may further be used
15 in combination.
As the inorganic filler, one having favorable
electric insulating properties and further having a high
coefficient of thermal conductivity is used. Such a
filler may, for example, be aluminum oxide, aluminum
20 nitride, silicon nitride, boron nitride or silica, and
they may be used alone or as mixed. Among them, aluminum
oxide is preferred since spherical particles with which a
high filling ratio is achieved is easily available at a
low cost.
25 When the above-described curable resin composition

is utilized as an insulating layer, the adhesion with a

conductor circuit can be more improved by blending a



to be in contact with the insulating adhesive |ayer of 5 the conductor
circuit.is prelimnarily subjected to roughening treatnment e.g. by etching
or plating in view of adhesion with the insulating adhesive |ayer. An
etching resist is applied (see Fig. 2-1 (f)) to a predeterm ned position on
the metal foil of the structure 10 of Fig. 2-1 (e), the netal foil is

subj ected to etching using a predeterm ned gtching liquid to formcircuits
on the netal foil (see Fig. 2-1 (g)), and“then the etching resist is
separated to ob ain a netal base circuit board of resent, i nvention as
Shown i n Fi o, SILEnnotpd e SHEr St 35 S AR Don HE igtbsent

i nvention, util.i;zing th ve characteristi.cs in uct ur has such
charact eri sti 63 1PRg ¥ §¥%g§hﬁﬁﬁé n & Hﬂ%QQHWﬁ!oFuF%Lﬁan gﬁ@ ¢iréhits, a

portion on whi ontral semn onduct repared on the 20
circuit at a &%&&136 c?spglnt ReltAe frif&na? &ytei 2%3"?? \?ﬁ%lfﬁq% go darit r ol

sem conduct or R ared qn the i.t _at a sh Il ow spage
portion, mherggier“ﬁ%ﬁ goq%ﬁ%%réi %ﬁﬁﬁﬁuﬁe avﬁhgrbéFﬁpe ontrol’

sen conducg or dalr%% p%%%rn ?} (‘é%q_lé%t or; abcel 1(‘900 qha%rholQ circuit board,

25 and accordin ase Cl'rcui't "boar s'ent invention is

suitabl e as a o%wttlm@rde Q e aritoed, Lar, A ybyd 4 iy Wofaéﬁdﬁfdm. t for

various 28 aﬁbl|cat|ons l'ustrates "an exa
i ntegrat ed C|&%uq@0e@BLoy|ng a metal base circuit board of the present
invention. The hybrid integrated circuit

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

prepared either by an electrolytic method or a



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

pur pose of accel erating heat dissipation,2but the heat spreader 36 is not
used in some cases. Further, the control sem conductor 38 is connected to

the circuit 38anehBecRronfeabraprcadan x2thnt gnpesed herehel ween1sidier t he
control sem conductor 38 does not usually generate a |arge quantity of

heat, howeveri-ageghassnyoosayoldcheatl aspheader, My skl iidd rpaged
t her ebetween. Further, in Fig. 3-1, signals fromthe control sem conductor

38 are electrfeally 2O tonnect egrépethedpenet seai sopddetobn3¢htheeugh the
circuit 35 and a bonding wire 34. The present invention is characterized in

that a | ow dtel et thcceanatantvipbr then i33ulatphoyviade@d sdtvd dasterurder a
circuit which is electrically connected directly to the 25 control
sem conduct or tB8. cBydsuthracitrudtuie, ptried ipriesentlyi mudntdaredas such
characteristics that it can be applicable to a hybrid integrated circuit
for such an 2%9ougpphiicgt itoeathantcengur bente thddanadioss igisttiony fironitewe
control sem conductor is insufficient, and no sufficient operating time can
be secured, tofwhidbhsaocvomisht icbralinsmeedlingascsheisiog tlaysar.d can not be
applied. 5 In the present invention, a part of the netal plate
An etching resist is applied (see Fig. 2-1 (f)) to a
predetermined position on the metal foil of the structure
10 of Fig. 2-1 (e), the metal foil is subjected to etching
using a predetermined etching liquid to form circuits on
the metal foil (see Fig. 2-1 (g)), and then the etching
resist is separated to obtain a metal base circuit board
of the present invention as shown in Fig. 2-1 (h).
15 The metal base circuit board of the present
invention, utilizing the above characteristics in
structure, has such characteristics that, for example, at
the time of forming the circuits, a portion on which a
control semiconductor is mounted is prepared on the
20 c¢ircuit at a deep space portion, and a portion on which a
control semiconductor is mounted is prepared on the
circuit at a shallow space portion, whereby a hybrid
integrated circuit having both control semiconductor and
power semiconductor can be formed on one circuit board,
25 and accordingly the metal base circuit board of the

present invention is suitable as a circuit board to be

used for a hybrid integrated circuit for various



31 is replaced with a material having a dielectric 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 obtained w thout any
significant change of a process for produging a conventional netal base
circuit board. Further, such a nmetal base circuit 15 board is particularly
preferred since §inaEer£al excellent in connectivity with the insulating

| ayer 2 and the nﬁ?aﬁopﬁate 3l is likely to be selected. Wth respect to

t he dent portion, _accordi,ng.t.0 _.studies by the.present .inventors, the angle
0 fornmed by 20 i thLgs'i &e lvvgﬂ luasr%_‘dfa‘llttess 56t £ | rleef eorfgtﬁ ;’yﬁjdfsl a gradi ent of

from 35 to 65,a5:300004 BB Sefpilly Ll Lo ress HhaL 35 e s, of the

side wal | porﬁl S to belar I'S required tha

portion is sufii gh\gnglsr,%sie#&r 98veRAtddnt0 %ﬁ&“ﬁgwa EﬁEﬁékélﬁggeciH:uE@e

gradi ent 25 exce there is a corner between t wa and the

bott om of ¢ he dent-;RALt LORe+81V QL PRELION o $0ddd &k i‘?{?ﬁian e dqhe
30 | of the

corner. In either case, el ectrical characteristic obtal ned neta

base circuit hgaedsarehi kelsyibe ihg deler anatet HWdhels 349 hershape of
the bottom of the dent portion is nét particularly imted, but it 1Is

preferably pl anera3iiRee o 2chiieduehicedetined exeRllantsdnll JBRRIdIRdUCt i Vi ty
such as a mechani cal nmethod such as pressing or cutting or a
and a control semiconductor 38 mounted on the circuits
35. When the power semiconductor 37 is connected to the
10 circuit 35, a heat spreader 36 is interposed therebetween
in many cases for the purpose of accelerating heat
dissipation, but the heat spreader 36 is not used in some
cases. Further, the control semiconductor 38 is
connected to the circuit 35 with no heat spreader
15 interposed therebetween since the control semiconductor
38 does not usually generate a large quantity of heat,
however, needless to say, a heat spreader may be
interposed therebetween. Further, in Fig. 3-1, signals
from the control semiconductor 38 are electrically
20 connected to the power semiconductor 37 through the
circuit 35 and a bonding wire 34.
The present invention is characterized in that a low
dielectric constant portion 33 is provided at least under
a circuit which is electrically connected directly to the
25 control semiconductor 38. By such a structure, the

present invention has such characteristics that it can be

applicable to a hybrid integrated circuit for such an



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

whi ch high frequency signals or the like are transmtted, when the netal
base 15 circuit board is used as a hybri®9ntegrated circuit. The

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

adhesi ve fornepglibetibnsuhati agnktayeentahdaa thkekpass odf firoamtd@ to 800 pm
is wusually sufficient. The depth of the dent portions 20 varies with each

dent portion, cbutrbhesdatitopdutionsispiatatabkyechayeahbe nsarr fddptikntwher eby
processing can be carried out all at once. Further, in the present
i nvention, thepeesifngcontmai nengbansienargdni ¢of whlieh, awcbhvweshitdlonialie dent 25
portions are filled, is not particularly limted so long as it has a | ow
di el ectri c comstant babet cprefiecr bdarrsl one nhavbegabbdhetiher mal conductivity.
31 The inorganic filler may, for exanple, be alum num oxide, silicon oxide,
aluminumritri de dn bdveow neistenitd€.nveartd canorg pelremo faltlrd mehadximestesi | i con
oxide or boron nitride is preferred, with which a low dielectric 5 constant
portion can bélobtarsedawnethwighorabbéelaranbevibgt weeh ellewtdiial ectric
constant and hi gh coefficient of thermal conductivity. The shape of
particles constant lower than that of the metal plate, and the
material is not particularly limited. For example, a
metal base circuit board wherein dent portions are
10 provided on the surface of the metal plate 31, and the
dent portions are filled with a resin containing an
inorganic filler, can be obtained without any significant
change of a process for producing a conventional metal
base circuit board. Further, such a metal base circuit
15 board is particularly preferred since a material
excellent in connectivity with the insulating layer 2 and
the metal plate 31 is likely to be selected.
With respect to the dent portion, according to
studies by the present inventors, the angle 6 formed by
20 its side wall and its bottom preferably has a gradient of
from 35° to 65° as shown in Fig. 3-2. If it is less than
35°, the area of the side wall portion tends to be large,
and it is required that the dent portion is sufficiently
large so as to secure the capacitance. If the gradient
25 exceeds 65°, if there is a corner between the side wall

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

likely to remain at the corner. In either case,



constituting the inorganic filler is not particularly |imted, but

spherical particles are preferred in view of 10 inprovenent in fluidity, and
an inorganic filler <consisting of particles having a hollow is nore
preferred since the dielectric constant at the |low dielectric constant
portion further decreases. Particularly, according to results of studies by
the present inventors, 15 fused silica (sii&con di oxi de) conprising from3.5
to 45.0 volt of particles having an average particle size of fromO0.3 to

5.0 df 18.Q tq 80.0 |t .of . ti I, ticl

i 2o of from B1E6 T30 AmEra BraErT NP GHeT PPEPAGLR BFEA: G85ma | & mor o
20 f d si, . i el A t ant ti, havi f bl

bal hnce bt veer SO LdrELEEt FFE. CoReLint oall CRLGH ‘B08ELE! OREF DRoE hor ma

conductivity n be stably. ,an curely obtai ned, the.resin, a
thFrnnsgtting%%?sFﬁagﬁcﬁfaghgnggégf? OfSt% s?ﬁP%apﬁﬁgﬁff résit? or ah

pol yi mi de resin n is p [ a_thermp ic.resin such as a
polyethylene,pgrﬁgﬁyﬁggg Igﬁéfggﬁhyiﬁéeﬁg &ﬁl8FF§%fa%a§2pl&&?yefﬁﬁvgﬁéi

Ler epht hal at e, A MRS LSRG AAAILEE By nlE AR AHNIIG SR Al | Teone
t may, I € "used.

resin or a urethane resin or ~exanple, mong them 1t 1s

f d t : [ t ' | .ati |, ay: 5
Fecin 1S prof & SRy eed T W R hae TS AE Mnel or WY (e atal

plate. In the cﬁ)lreﬁﬁ%%tl VR Qert Re mrbelig! (Al Be JREAlca1Plake ds not
particularly 'hmted so long as i1t is
applied as a method of forming dents on a metal plate.
Further, with respect to the shape of the dent

10 portion, the dimension of the dent portion when the metal
base circuit board is viewed from the upward direction is
larger than the circuit on which a control semiconductor
is mounted and the circuit to which high frequency
signals or the like are transmitted, when the metal base

15 circuit board is used as a hybrid integrated circuit.
The thickness (depth) varies depending upon e.g. the
material of the insulating adhesive forming the
insulating layer, and a thickness of from 50 to 800 um is
usually sufficient. The depth of the dent portions

20 varies with each dent portion, but the dent portions
preferably have the same depth, whereby processing can be
carried out all at once.

Further, in the present invention, the resin

containing an inorganic filler, with which the dent

25 portions are filled, is not particularly limited so long
as it has a low dielectric constant, but preferred is one

having high thermal conductivity.



excellent in
copper or a ¢

thermal conductivity, and alum num an 10 al um num al | oy,
opper alloy, which has high thermal conductivity, is

preferably selected. The thickness of the nmetal plate is not particularly

l[imted and

i nportant. Th
inorganic fil

isusually from0.3 mfmmto 4.0 nm In the present invention,
conposi tion and 15 characteristics of the insulating layer are also very

e insulating layer is forned fy a resin containing an
ler. As the inorganic filler,” an electrically insulating

t he

i norgani ¢ conpound. such as alu alunln m oxi de boron nitr.de,
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S resin or resin

an epoxy resin h is excellent
constituting the inorganic filler is not particularly

limited, but spherical particles are preferred in view of
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,
fused silica (silicon dioxide) comprising from 3.5 to
45.0 vol% of particles having an average particle size of
from 0.3 to 5.0 um and from 18.0 to 80.0 vol% of
particles having an average particle size of from 6 to 30
pm is excellent in high filling properties and is more
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
resin, a phenol resin or a polyimide resin, an
engineering plastic, a thermoplastic resin such as a

polyethylene, a polypropylene, vinylidene chloride, a

y iC resin, a'silicone

PABENL £SLBnAQL avh kYO OFRS! BnIBY. of OhapyalRLE. be used, and



10 connectability with the netal plate is preferably selected. Nanely, in
the present invention, as the conbination of the inorganic filler and the
resin, an epoxy resin containing one or nore of alumna, boron nitride, 15
alumnumnitride and silica is a preferred conbination since it has high
adhesive force with the netal plate or a nmetal foil formng a circuit, and
an insulating |layer having a high coeff|e§ nt of thermal conductivity or
having a | ow capacitance after cured can edsily be 20 obtained. Further, the
sane applies to.a rﬁ & cont ai an inorganic filler constltutln the
above | ow di BPE¥EF¥ EBﬁsFSHFPESBgQSFe ' A8Tg Aﬁétﬁ8818f°£pﬁpy grﬁﬁé ‘esi n

containing an__i norgam I n_an tuanured state (hereinafter

soneti nmes ref 8Fr &l Srgﬁﬁﬁl§e§§nln§uﬁé Fﬁ&nﬁdﬁ§§99ef t8 Frey éﬁﬁﬁﬁed
portion, generallyf a rol oat gr at er, E Kiss r ater or
screen prlntlﬂa 34 oﬁaﬁxaPB e ea%%% %y% emFut h&?, pfﬁ eFﬁ% | ati ng

adhesive is fgrned |gha gg% % Ea er or Re ul ayers. | i s _fornmed
in plural Iay r 66ess “Hecomes P5n6 tﬁ&g ﬁcﬁ8§%|ﬁaeﬁhea€géﬁ- but
d|eIectr|c br eak [esis ILARLOVES and fu t the acguracy of

t hi ckness of ?ﬁeQ?nsu?aplzg %2%%% F%g oves: ’In tﬁ@ prgseﬁp'lﬁvéntlon as a

mat eri al Of.tEEPegﬁrﬁuWHtﬁth% Egl Eg keforntng it, any one of copper,

al um num ni cke iron, tin titanium an 10 all oy containing two
or nore of such ”%Eak%e %&é%éﬁﬁminventlon, the material of the metal

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

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

In the present invention, the composition and

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

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

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

an insulating layer having extremely high thermal



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

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

i nsul ati ng adhesive.  Sone of the circuits_ of the nmetal base circuit board
of the presen@oPﬁV@H%VbﬁYaFénoﬁa?ﬁéYnP?aP pRaF&dvia an insul ating |ayer,
and the others are on_ the netal via an insulating_ layer and a | ow

di el ectric constaff §§ep6PFPBn alﬁ 6FH@§@FF6HgoFe§lﬁyﬁPF@-@ﬁtéﬁ%éﬂéﬁﬂtlrcuit
enpl oying the netal bas &CUIt board of h resent i nvention, by

mount i ng cont?%FlEPeétP ﬁpe cofipbReRts2she yé@ d&sr35983|§F0r chip and a
condenser chlg on_the, atte tcucui%ﬁ, dis %ﬁ na s fromthe
control seni CORAYBEEHF"EaRIBE FEduteRERAP 95 GnF?ﬁdn as a

sem conduct or sem conductor ., etc 0 rcuits,
excessivefﬁnc?8§¥8gﬂxi?8ﬁpe?aPBEXPSPpyﬁgneseﬁﬁeghdgﬁpﬁr§%g%§l?ﬁe Fesultlng
mal functi on can bgth even ere ﬁghala L ? hran.effect t? g
reliable oper%? b& sect mﬁo hySFﬁ& OFnFQg g& ireui t,
can be obtai ngg. aaoaggy&pgeegm BNt gacwg REGIEN o Qyeatla rJqgar ding

t he above dent porti corner

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

10 connectability with the metal plate is preferably
selected.

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

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

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

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

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

gravure coater, a kiss roll coater or screen printing



viewed fromthe upward direction has a curvature radius (roundness) of at

| east 0.4 mmas shown in Fig. 3-3. Wth respect to the shape of the dent
portion, the dent 15 portion is formed along the shape of a circuit nounted
on -the low dielectric constant portion, since the thermal conductivity at
the low dielectric constant portion is |lower than that of the netal plate.
As its shape, wusually a square or a rect le is enployed in nmany 20 cases,
but a polygon such as a triangle, a pentagg or a hexagon or a round shape
such as a circle or an ellipse na% b? engloyed in sonme cases._ The present

i nventors havB®¥ondftt 84°BRpEr i RENERPLO¥EHRdi eEUbh ehe ShEpiRERlehéndent
portion and as g result, .25 fgund t hat enlthe cor ner % rtiqon_has a
curvature radPd8e8f VGt 1FeA8F™6Y% inf RONISFPd IRVRE PEMEn PatiPHe 1EYETE of

t he dent, mhe@§b§ atnetal basg circzit QOﬁrd havi ng 36 _ predeterm ned
charact eri sti 88Bahthe&Sst PG obPaPhBi2 landY i eofri SHEG SSife NG ETER

i nvention. Th resent invention is,characterized.in that. the s | est
cor ner portigﬂgﬁasgguéuﬁggfﬁﬁglpgdﬁag EPsﬁndﬁ&és%lgﬁegﬁrﬂgagF€§ A m
regardl ess_ of _the_sh ent -pertion_as ,viewed from the upward
direction,si.E? §S§8ﬁ§§ogﬁ8%g§egrShﬁd%Eﬁégg?'F&PFh&FF%ﬁ%FH e spect to the

shape of the ggggkngggtggnthghgnggggtggéthg§e§h9#%%0§%€Larger than the 10

circuit on whi a control 'sem conduc i s nmoun a circuit to which

high frequency signal$c0p therld KeRik i df anamd tefhe hen dheyptal base
circuit board is viewed
circuit and a metal foil forming it, any one of copper,
aluminum, nickel, iron, tin, silver and titanium, an
10 alloy containing two or more of such metals, or a clad
foil using the above metal or alloy, may, for example, be
used. Further, the metal foil may be prepared either by
an electrolytic method or a calendering method, and metal
plating such as Ni plating, Ni-Au plating or solder
15 plating may be applied on the metal foil. It is more
preferred that the surface on the side to be in contact
with the insulating adhesive of the metal foil (circuit)
is preliminarily subjected to roughening treatment e.g.
by etching or plating in view of adhesion with the
20 insulating adhesive.

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

25 portion. In production of a hybrid integrated circuit

employing the metal base circuit board of the present

invention, by mounting control electronic components such



fromthe upward direction. The thickness (depth) varies depending upon e.g.
the material of the insulating 15 adhesive form ng an insulating |ayer, and
is usually from 50 to 800 pm The concave-convex shape of the dent portions
is not particularly limted, but the bottons are preferably plane, i.e.
the dent portions have the sanme depth, 20 whereby a production nethod
excellent in mass productivity such as a chani cal nethod such as pressing
or cutting or a chem cal nethod such as etthing with a chem cal can be
applied as a nethod of form ng dents on the netal plate. 25 Fig. 4-11is
drawi ngs ill udfratFR§IACPFoERLR PBF 2pFeBderfA§rachePaPrthabe éﬁﬁg@Ft board of
the present invention. First, concave, portions are formed on desired 37
portions on tﬁérEHFFﬁcedéFtarﬁéPﬁlOﬁléﬂgneééeprﬁ.tﬁglconyP; As a method of
form ng the concave portions, a, conventional t hod such as pressing,
cutting or etEﬁPﬁﬁonaPFﬁoﬁ ERBNPEal SH{ <He ﬁﬁﬂ?ﬁgn@89nﬁﬁégn€tQPWEFate used 5

is not particul arl Iin%ted so_lon sit.is de of a_ material excellent
n thermal coiBUCEPRRYS®Ohnd3aPaRFnam SCBICAPN kG aFFGy, CBoppsr or a
copper all oy, .which has high thernal. conducti vit iis preferably ect ed.
Further . the ERPBRRSSTGP {ER FACAR g8l G7CE RAC 10 PEPPFEATAR A% FEod and
5, voual Ly Y BT Sy L 3889, foRe okt he concave
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 the embodiment of the present invention,
regarding the above dent portion, the corner portion as
viewed from the upward direction has a curvature radius
(roundness) of at least 0.4 mm as shown in Fig. 3-3.
With respect to the shape of the dent portion, the dent
15 portion is formed along the shape of a circuit mounted on
the low dielectric constant portion, since the thermal
conductivity at the low dielectric constant portion is
lower than that of the metal plate. As its shape,
usually a square or a rectangle is employed in many
20 cases, but a polygon such as a triangle, a pentagon or a
hexagon or a round shape such as a circle or an ellipse
may be employed in some cases.
The present inventors have conducted experimental
studies on the shape of the dent portion and as a result,
25 found that when the corner portion has a curvature radius

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

the dent, whereby a metal base circuit board having



when the netal base circuit board is viewed fromthe 15 upward direction
shoul d be larger than a circuit on which a control sem conductor is nounted
and a circuit to which high frequency signals or the |like are transmtted,
when the nmetal base circuit board is used as a hybrid integrated circuit.
Furt her, although the thickness 20 (depth) varies depending upon e.g. the
material of an insulating adhesive formng an insulating layer, it is
usually from50 to 500 um Further, the de%?h of the concave portion may
vary with each caoncave portion, but . all the concave paortions preferably
have the sanePdEPERSTISNRReCEBY F6esSiinG can be @é@%L&quha%ﬂqdqnaWﬁme.
Then, an insul ating_adhesjve is applied to the above concave portions and
the metal pl aBECBIRer SHi8n HHife PEESSEON dRYESEO-onSPE 0P RESRENE | evel of

L o Rl D 0, R0 st g e ve
s Tormed | h' BOGFGre Pl S B Fal Hay TR W e Tnée THEL

pourating, adheside s Lot b Lol Lavers the procees ecoms 1 ong,
Then, o' et al CRGHES & 0PVt ibdtbh i hg S TACE of the * FIGE 1] dihesi ve to

forma netal I ee Fig. 4- 1 (3)), and then the netal foil of the
nmet al assenble%?ggbgﬁg'%§sed to formcircuits (see Fig. 4-1 (4)). As a

Further, with respect to the shape of the dent

portion, the dent portion should be larger than the

10 circuit on which a control semiconductor is mounted and a
circuit to which high frequency signals or the like are
transmitted, when the metal base circuit board is viewed
from the upward direction. The thickness (depth) varies
depending upon e.g. the material of the insulating

15 adhesive forming an insulating layer, and is usually from
50 to 800 pm.

The concave-convex shape of the dent portions is not
particularly limited, but the bottoms are preferably
plane, i.e. the dent portions have the same depth,

20 whereby a production method excellent in mass
productivity such as a mechanical method such as pressing
or cutting or a chemical method such as etching with a
chemical can be applied as a method of forming dents on
the metal plate.

25 Fig. 4-1 is drawings illustrating a process for
producing a metal base circuit board of the present

invention. First, concave portions are formed on desired



15 material of the netal foil used in the present invention and the
circuits forned fromthe netal foil, any one of copper, alum num nickel,
iron, tin, silver and titanium an alloy containing two or nore of such
nmetals or a clad foil using the above netal or alloy may, for exanple, be
20 used. The netal foil may be prepared either by an electrolytic method or
a cal endering nethod. Metal ©plating such as NI plating, N -Au plating or
sol der plating nmay be applied on the metal’foil. It is nore preferred that
the surface on the side to _be in contact 25 with the insulating adhesive of
the metal foiPoréipegi PR the ghsfprenati Py etbileflade d sesudhieni dglt r eat ment
e.g. by etching or plating, in view of adhesion with the 39 insulating
adhesi ve. Fi g.(ngZ |§Saadrflgwl<a@ ¢ | {_¥PraRg nghenecrRanpl BOBELiANShyri d
integrated circuit enploying a netal base circuit board obtained by the
process for pF@HM@PﬁéoéaieFEFhBQSéughcﬁﬁcQF@S§d§€d S HEHEG O&s &fChiligent i on.
As shown in Fig. on the netal base circuit_board of the present

4-2
invention, atWiEhs® CHEMLGHdsT6Y OFr Bgrtdonsd. cTheuresalpPo3racdsss
portions where the insul ati |.ayer, 1, | ocal |y thick (corresponding to the
concave potti &fis™P6 BPG&P&EE%E&Y¥ﬁémﬁ§F§|SBI&F%F éﬁdléiﬂéhPFgﬁbF%L@ded on
portions where the.insulati | ayer is _not |ocally.thick corresponding to
portions othePa%ﬁ§ﬁ h§X€8&§%95 BoFbFEH?HoFO %%ﬁﬂﬁtyblgggﬁa&PgaﬁPHVided.
By nmounting control .el ectrqgnic cog&pnents such _as a .resi st r.éﬁﬂﬂgéand 15 a

condenser chi frof EHS Y fdr Odir ETFPST $s Fof OB ToA L 10y Whi

high thermal conductivity, is preferably selected.
Further, the thickness of the metal plate is not

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

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

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

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

25 whereby processing can be carried out all at once.

Then, an insulating adhesive is applied to the above

concave portions and the metal plate other than the



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

i nvention, the conposition and characteristics of the insulating adhesive
are very 25 inportant. In the present invhtion, the insulating adhesive is
made of a resin containing an inorganic filler. As the inorganic filler, an
i norganic sub@@@ﬂ@@e4nor§y@hsaéoathﬁiﬁamealaﬁﬁhunfohﬁdehﬁ beeenFaot.r idde,
magnesi a ?ne5|un1OX|de) barium sul fate, zinc oxide, silica (silicon

di oxi de), SI| c6A) hi t Aiie gretdied tfumpRlying the pm%¢b¢@b$g adkesive. t he
resin, a thernosetting resin 5 such as an epoxy resin, a phenol resin or a
polyi mide redswalan engPhéefFPA§Spl adt gEavArehepabprasti kisesralduch as a
pol yet hyl ene, ol ypropyl ene, vinylidene chloride, a polyethylene
terephthalateCO%EeﬁBSrr%gFﬁeBrpéhngSn9e§PH 6PTaR*aBPYEI c PReSIRLON - i cone
resin or a 10 _urethane resin nmay, ,for exanple,  be preferably used. As the
conbi nati én OFUFEEGFnoFE%nFESFFP#éPgaﬁGhFﬁéveré§|ﬁorQﬁ epBxy Fesphe

cont ai ni ng ong nor e &hgl boron nitride, aluminumnitride and
silica is nor ayﬁFe?ErP Hra eKeRSs Hpbﬁidﬂﬁ%%l%ﬁﬁﬁft%h?hénﬁ%%%Flﬁgate 15

or the netal 8 andlmn%h whi.ch an 'QS I glg Sla¥ge Q%ggg% % %
coef f1ciont ofShREifE EoREEERyAEy DoREaY 1o P ec
long, thus increasing the cost, but dielectric breakdown
resistance improves and further, the accuracy of
10 thickness of the insulating layer improves.
Then, a metal foil is provided on the surface of the
insulating adhesive to form a metal assembly (see Fig. 4-
1 (3)), and then the metal foil of the metal assembly is
processed to form circuits (see Fig. 4-1 (4)). as a
15 material of the metal foil used in the present invention
and the circuits formed from the metal foil, any one of
copper, aluminum, nickel, iron, tin, silver and titanium,
an alloy containing two or more of such metals or a clad
foil using the above metal or alloy may, for example, be
20 used. The metal foil may be prepared either by an
electrolytic method or a calendering method. Metal
plating such as Ni plating, Ni-Au plating or solder
plating may be applied on the metal foil. It is more
preferred that the surface on the side to be in contact
25 with the insulating adhesive of the metal foil (circuit)
is preliminarily subjected to roughening treatment e.g.

by etching or plating, in view of adhesion with the



insul ating | ayer having a | ow capacitance after cured can easily be
obtained. In the present invention, the insulating adhesive 20 has a
coefficient of thermal conductivity after cured of preferably at least 1.3
WnK. Wen an insulating adhesive having a high coefficient of therma
conductivity is used, a hybrid integrated circuit having higher reliability
can be obtained, and it can be used as 25 hybrid integrated circuit to be
used for vehicles such as autonobiles an&&{rains, for exanple. Further, in
the present invention, it _is preferred 41 that the capacitance per unit
area between iPeukeEARI pPBEEL¥Ad the circuit in the concave portion filled
with the insulating adhesive is at nost _50 pF/cn2, and the capacitance per
unit area betweenFifle fistalSpPati€2WAlot Ré1BSErpEdNe &NSa SFeFPilen odt er t han
the concave portion (s at |east 50 pF/cn2_and at nost 160 pF/ cnR, whereby
more renar kabYRE 5Ff LRESIBACEHeCpF B eht SPRYBKEREn2WREF2bePagBt §hEH I tand a
practical hybrid integrated circuit to be used for _vehicles sugﬁ as

aut onobi | es dﬁﬂa¥?a?ﬂg?l?8 bXOtEQaﬁﬁ?%?sﬁaﬁoﬁepﬁPQVFaBQ.ahﬂﬁF h&23fet al

base circuit bpard,and it oduction [oce of the present invention wl
besexp:aiﬁéd ?hrcﬂégaP?gﬁélgélgﬁ?thEFSEEn&B3§8tEQanIg%.g%&%@%ﬂ% Elé'15m%s

shown in Fig.,6 155 él) pan L nsul tigg Ea e[t(ﬁ% 18 -Egga t hi ckness of 20 pm

made of an epdx§’r&8ih c%ﬁpgyngﬁﬁ 60 5§P% of gl nP%g sPpFETided on a

desired invention, at least two types of circuits i.e. circuits
provided on portions where the insulating layer is
locally thick (corresponding to the concave portions

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

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

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

In the present invention, the composition and

characteristics of the insulating adhesive are very

25 important. In the present invention, the insulating

adhesive is made of a resin containing an inorganic

filler. As the inorganic filler, an inorganic substance



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

surface of the netal plate (Fig. 1-5 (2)). The concave portions 11 on the
netal plate 7 were filled with an epoxy resin containing 60 volt of silica
25 to the sane |level of height as the surfgge of the insulating |ayer (A) 10
to form | ow capacitance portions 12 (Fig. 1-5 (3)). 42 Then an insulating

layer (B) 13 Eﬁggf ngé’ﬂuﬁl QxY ( a?%}g&g@?{”o%‘ﬁ' N9 &0\l b a rreta mrr%%q\@s}f{ or med

in a thickness further

| ani nated to @Hgsheséumeba;lld@sebgg%ﬁ GEigaced L35 Bhadsing the metal

base board, a circuit (pad portion) ch a control sem conductor is

mount ed and a@QEEQEond@§b&§@e9'r%ﬁﬂﬁc%nm%ﬁ%rlgkn%g‘%ﬁ%%ﬂﬂﬂ%rﬁﬂéyléé”
| ocated on the [ ow capacitance portion to prepare a nmetal base 20 CIrCUIt

board to be ugedrEorpayhyilRiedd | akegrat eds¢h! CHi theeRBLRLREAYG 2cBIVES
sem conductor and a control sem conductor to control the power

sem conduc{ or gyl B hhe cFREY rase, Clal Phichoadird A G tRl1yamRld fier

(hybrid integrated circuit) wherein a digital 15 signal I'C as a control
sem conduct or raBdnMOanFELgased riQWe b 138MiCONGUGHRIrmpy1e ST ted iah dueh

circuits was experinmentally produced and operated at an operating
frequency of 880aktalgedhgd edel,egulpo,]l yviteioill e@RS! atiimgflidene chloride,
a polyethylene terephthalate, an ABS resin or an AS
resin, or an acrylic resin, a silicone resin or a
10 urethane resin may, for example, be preferably used.

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

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

In the present invention, the insulating adhesive

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

25 a hybrid integrated circuit to be used for vehicles such

as automobiles and trains, for example.

Further, in the present invention, it is preferred



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

pl ate was coatkatwrhf aarepokyneesPAr vbhtaphfAagbedweent tbe aktmilna in a

t hi ckness of 50 €n1 and a copper foil was |am nated thereon to prepare a
metal base boatdteBRAgthReChEEHLtbABethBaFancalie Baxbioppéiddeenwashi n
Exanple 1-1 was carried out to prepare a 10 netal base circuit board, and a
di gital anplithrerinaslapiepapebcandeoperatedoahd>8sPE/Fasulandjhe

mal f uncti oned. The operating frequency was 600 kHz, which_was the sane as
in Exanpl e 1-22PTOWPARATI DEL EXAMPLEL $220¢5WARNepBRYMEESL NPeBREAPAFNGNE0 Vol %
of silica was . formed in a thickness of 300 pmon an alum num.pl ate, and a
copper foil wasTfihindted PBTprepaPEl&rnElar b3SeCOBG&VE. POSTAGRt AE At al

base board, the sa operatbon as in Exa e 1-1 s.carried out to prepare
a net al baée TeastnEO BF/cm# ang'at most {g% pF/chViwhereby more prep

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

10 example, can be provided.

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

EXAMPLE 1-1

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

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

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

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

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



20 circuit board, and a digital anplifier was prepared and operated. As a
result, it normally operated at the beginning of operation at an operating
frequency of 600 kHz, but it stopped operating after operation for five
seconds due to heat generation of a power transistor. 25 EXAMPLES 2-1 TO 2-4
AND COVPARATI VE EXAMPLES 2-1 AND 2-2 A thernosetting resist ink was applied
to a desired position on an alumnumplate of 50 nmx 50 Mmx 2 nm 44 and
a dent portion with a size and a depth as %hown in Table 2-1 was forned by
al kali etching, and then the resist ink was renoved. Then, 100 parts by
mass of a bi sphendNeR epBxyNFRERRING @Eﬁ?ﬁoﬁ@ 8b3: mé§6x9feaﬂlﬁﬁpéﬁt = 173,
manuf actured by  Japan Epoxy Resins Co., Ltd.) as an epoxy resin, 5 parts

by mass of y- 5?9énd6995ﬁéwrlﬁeéﬁyva|lét RéxFeHMane WAZ- 18¥B5d Aendf act ured by
Ni ppon Uni car Limted) as _a S|Iane coupling agent and 500 parts by
mass of alunlﬁalggnﬁﬂé-gé 3HaHBfé€ﬂQre& By (SHONA2PENRDT KPRy RateRglan
average parti Ie size of E mas an inorganic filler were ~m xed by a

uni versal m xeP11Tb4t WEsa SgénﬁFQ@uFQ %%a&&rﬁsm8§a%a?§58fb8ard (Fig.
polyoxyprggylgngagkyg (JEFFAM NE T-403: nmanufactured by 15 Texaco Chemi cal
Conpany) 0 by mass of a pol yoxypropyl ene am ne (JEFFAM NE D2000,

manuf act ured by exaco wer e bIende nd .m xed.to obtain
a resin, and the aBo¥e- Eﬁchﬁggg gg%@ %%%FlOnawﬁérFPFI pa@|?ﬁrgﬁ °Phsul ati ng
material mmde gl bienalous RERaLed; 20 RR R 1ot nbihthaeen bl and
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



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

| am nated to obtain a netal base board. Further, with respect to the netal
base board, the copper foil was subjected to etching with a ferric chloride
25 solution to formcircuits having pad portions on which a chip resistor
can be nmounted, whereby a netal base <circuit board was obtained. 45 The
nmetal base circuit board was subjected to a heat cycle test described
hereinafter, and the results are shown irt3Table 2-1. HEAT CYCLE TEST METHOD
5 Achip resistor with a size of 220 nrmx 1.25 mmis sol dered between the
pads, and a teseratedaanfledsoatresuht, ohe wgel eohéingeflr oimat40€ for seven

m nutes to +125C for seven mnutes, and presence or absence of cracks at

t he sol der ed pormabhyi spebseededopyinuaiietyséopeat Theasd Auhbur et eycl es
when occurrence of cracks at the soldered portion becones 50% or higher is
taken as the obPateking heatuepcyecfesP8thHee. 46 OC UC* 0000 "i Nv o
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COMPARATIVE EXAMPLE 1-1

5 An aluminum plate was coated with an epoxy resin
containing 60 vol% of alumina in a thickness of 50 um,
and a copper foil was laminated thereon to prepare a
metal base board. Using the metal base board, the same
operation as in Example 1-1 was carried out to prepare a

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

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

20 circuit board, and a digital amplifier was prepared and
operated. As a result, it normally operated at the
beginning of operation at an operating 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,
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and a dent portion with a size and a depth as shown in

Table 2-1 was formed by alkali etching, and then the resist
ink was removed.

Then, 100 parts by mass of a bisphenol F epoxy resin

5 (Epikote 807: epoxy equivalent = 173, manufactured by
Japan Epoxy Resins Co., Ltd.) as an epoxy resin, 5 parts
by mass of v-glycidoxypropylmethyldiethoxysilane (AZ-
6165: manufactured by Nippon Unicar Company Limited) as a
silane coupling agent and 500 parts by mass of alumina

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

To the above mixture, 25 parts by mass of a

polyoxypropyleneamine (JEFFAMINE T-403: manufactured by

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

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

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

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

HEAT CYCLE TEST METHOD

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

index of heat cycle resistance.
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N2 NNNNNNy WCW E U47 EXAWLE 3-1 A thernosetting resist ink was

applied-to a desired position on an alum numplate of 150 mmx 150 mmx 1.5
nm and dents with a depth of 300 umand a gradient at 5 the side wall of 43
were formed by etching, and then the resist ink was renoved. Then, alum na
(LS-20, manufactured by N ppon Light Metal Conpdhy, Ltd.) having an average
particle size of 2 umwas blended in an anmount of 45 volt with a bi sphenol

A 10 liquid epoxy resin (EP828, nmanufactured by Japan Epoxy Resins Co.,

Ltd.) and m xed tro—prepare—af—t+nsttatipgr—adhesive-A—Further, fused
spherical silica|(FB-1SDXg manufgctured| by Denki cﬂKagaku Kogyo Kabushi ki
Kai sha) 15 having an average partijcle |sbze ®f | &b f Thoan mount of 37 vol %
and fused spherigal sil uca @FB— 55Q, Iran@f ack uf & rﬁb& BeBki Kagaku Kogyo
. . - S | Sl e .
Kabushi ki Kai sha)l havi ng anuaver age » pakti chel s zt:ne;bel;L.B in an anount of
40 volt were bl ended w ha)aubl sphenol A liquid epoxy Yesiin (EP828, 20
manuf act ured by Japan FRo¥y Resing Co.| Ltd.)|and nixed |to prepare an
i nsul ati ng adhesijve| B. Trge i nsul gfli ng |adhesi ve B was aJppI ied to the
al um num pl ate having the dent yqytlgnsg ang 1 hen the | i psul ati ng adhesive A
. o . §i_ ol .
was applied so that| ghg Ehiccknegsss|250 of of hegl nayl atd ngl Layer at a portion
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portions would be 50 um Further, a copper foil was |amnated on the

i nsul ati ng adhesive A to obtain a netal 48 base board. Wth respect to the
net al base board, the copper foil was subjected to etching with a desired
position masked with an etching resist, and then the etching 5 resist was
removed, followed by washing and drying to formcircuits, whereby a netal
base circuit board was obtained. For for ion of the circuits, circuits on
which a resistor chip or a condenser which was to be electrically connected
directly fronhg%ﬁgﬂkrzL 10 sem conductor were fornmed on the dent portions,
and circuits Ic % power sem conductor or a control sem conductor was

to be nounted mer?a%%rgﬁgsggtﬁ or%igg& %éﬂe% %hg@gﬁg%d?%g} pg{%ion%I Wth

respect to the ne ase °circlrt Tbéar obtain he abo ejﬁﬁ%ration,

the dielectri Ogﬁg?ggogg aéogﬁgggaﬁgdgﬁ gecg@aggba%%expggpug&}Xaﬁggawefe

measured. Th electric brea \% age WwaS neasured’in accordance with

NS C110. Furhetna! Heneapasthalcaapen oinhbodnaasts cobtalned.d nesuch a

manner that t capacli tance a asur enent requenc

obt ai ned by thle_CQiHEt ﬁéilaB@ %1'?: ALES Pl -l %&ﬁrééé’ﬂin&’m SHaWBfeh Nefont act

with the insulating adhesive o circuit at e neasured porfion was
obt ai ned, and,thegrCcapacitancewdsgdi vided by the area of the circuit. 25
Principal preparation conditions of the nmetal base <circuit board and the

neasurement resul {§car € ;3RAWRA N1s-20, manufactured by Nippon Light
Metal Company, Ltd.) having an average particle size of 2
pm was blended in an amount of 45 vol% with a bisphenol A

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

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

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

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

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

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

laminated on the insulating adhesive A to obtain a metal



Table 3-1. 49 TABLE 3-1 Ex. Conp. Ex. Dent D electric breakdown voltage
(kV) 6.4 portion Capacitance (pF/cm) 10 O her Dielectric breakdown vol tage
(kV) 4.2 3.6 portion Capacitance (pF/cne) 130 128 Operation of hybrid
integrated circuit 0 X Then, using the netal base circuit board, a hybrid
integrated circuit as shown in Fig. 3-1 was prepared. 5 The hybrid
integrated circuit is a digital anplifier  having a digital signal IC as a
control sem conductor and MOS-FET as a p r sem conductor nounted. The
hybrid integrated circuit was operated at an operating frequency of 1.2
Mtz and as a r@3%lPo2%dr mal operation was 10 confirmed. COVPARATI VE EXAMPLE

3-1 The sane operation as in_Exa e 3-1 carried_out. except that a flat
al umi num pl ate wi PAt orﬁéﬂ?gtmégnggédpetamg%?ﬁﬁtg?ﬁédvn§U?aFPﬁ§e§dhesive A

was applied i 15 thickness of 50 umon the alumnum plate, .a,netal base
board was preg%f%dWa%nﬂu?%%ﬁt%SnE?a?tggéﬁch?E i & %ﬁ}ﬁgdmﬁgstéﬁﬁred. The
results of nmeasurepent of the netal base _circyit boarg are ghomn in Table
3-1. Further, P##%€ h@lggn%nnﬁﬁﬁg?n%sr?ﬁlﬁﬁanﬁpg 8hen LNQ; §FERFEnplifier 20

was prepa%gd 9ggig€e&géegegg9eg§ %oi?ggéé’b§twashing and drying to

form circuits, whereby a metal base circuit board was
obtained. For formation of the circuits, circuits on
which a resistor chip or a condenser which was to be
electrically connected directly from a control

10 semiconductor were formed on the dent portions, and
circuits on which a power semiconductor or a control
semiconductor was to be mounted were formed on a portion
other than the dent portions.

With respect to the metal base circuit board

15 obtained by the above operation, the dielectric breakdown
voltage and the capacitance per unit area were measured.
The dielectric breakdown voltage was measured in
accordance with JIS C2110. Further, the capacitance per
unit area was obtained in such a manner that the

20 capacitance at a measurement fregquency of 1 MHz was
obtained by an LCR meter, and the area of the portion
which was in contact with the insulating adhesive of a
circuit at the measured portion was obtained, and the
capacitance was divided by the area of the circuit.

25 Principal preparation conditions of the metal base
circuit board and the measurement results are shown in

Table 3-1.



mal functi oned. 50 EXAMPLE 4-1 A thernpsetting resist ink was applied to a
desired position on an alum numplate of 150 mm x 150 mmx 1.5 mm and
dent portions which were rectangular as viewed 5 fromthe upward direction
and the corner portions of which had a roundness (R) of at least 0.6 R were
formed with a depth of 300 pm by etching, and then the resist ink was
renoved. Then, alum na (LS-20, manufactured by N ppon Light 10 Metal

Conpany, Ltd.) having an average particle ¥1ze of 2 pmwas blended in an
amount of 45 vol % w th a bisphenol A liquid epoxy resin (EP828,

manuf act ur ed B4BDEpanlEpoxy Resins Co., Ltd.) and mixed to prepare an

i nsul ati ng esi : t her, fused spherical sjlical (FB-1SDX,
manuf act ur ed] by Denki Kagaku Kogyo Ka i isha Retvi hgCampe aver-age

particle sizp of 1.7{umin an nount of 37 vol % and fused 5 ical sijlica
(FB- 550, manpbact ur ed Dipiepsnks KeagdkewKogybtakebUusi k| 6Kdi sha) hawvi an
average 20 ppgéicie $ize of 11.3 in an anount of 40 vpl % we bl ended with
a bi sphenol A |iquid|epoxy reéxiaritBR828(pF mmufactured by Japan Resi ns

Co., Ltd.) aphd mi xed| to prepare an insul ating adhesiye B.| The insul at]i ng
adhesi ve B wastizppl i edPitsd echeiobrdakdonunypl e HaVI ng 4-Re| dent3 gor ti ans,
and then the|p,bpsiHati ng adhesi ve A was appl ized so that the thickness | of
the insulatiphg |ayer |at a pofapas tenher (®Ham 't he dent] 130 128

Operation of hybrid integrated circuit O X

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

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

10 confirmed.

COMPARATIVE EXAMPLE 3-1

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

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

20 was prepared and operated and as a result, it

malfunctioned.



51 portions would be 50 um Further, a copper foil was |am nated on the

i nsul ati ng adhesive A to obtain a netal base board. Wth respect to the
net al base board, the copper 5 foil was subjected to etching with a desired
position masked with an etching resist, and then the etching resist was
removed, followed by washing and drying to formcircuits, whereby a netal
base circuit board was obtained. For for ion of the circuits, circuits on
10 which a resistor chip or a condenser which was to be electrically
connect ed dirggék¥ %rgg&a control sem conductor were formed on the dent
portions, and ti £ston which a power sem conductor or a control

sem conduct or was t€h8§m88“ ?H mgégif roed on a §0ﬁti§n 15 other. than the
dent portions. w Eh respec? o Phehieral "bas&3gi PERItS o&Pdaogﬁgﬂﬁg by the
above operatign, .the dielectric breakdown valt and capaci.t ance per
unit area meréoﬁ%éggFeaﬁ %ﬁeai Pnggt ?8t8r§§k§§§nmvoﬁt§§§ ﬁ5£>%éaghred in

accordance 20.i 0,4l S.02110, FUELIEE: HNGCAPICLIANGE 1087 Nl Qe  was

obt ai ned in such a nanner € capaci tance a ~“neasurénent frequency

of 1Mz vias ebLal bed Dy ARaLGR, MRl 8h, JARd che carea,0bothe por ton i ch
t wtht h

was in contac Insul ating adhesive of a circuait at the neasured 25

portion was obhaifpedagand bigarapacikanee was 1§ia,\gitd%d % e alpa sy the
circuit. The nmetal base circuit board obtained in the present Exanple had
the sane 52 yith a depth of 300 um by etching, and then the resist
ink was removed.
Then, alumina (LS-20, manufactured by Nippon Light

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

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

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

The insulating adhesive B was applied to the
25 aluminum plate having the dent portions, and then the

insulating adhesive A was applied so that the thickness

of the insulating layer at a portion other than the dent



characteristics as in Exanple 3-1. Then, using the netal base circuit board,
a hybrid integrated circuit as shown in Fig. 3-1 was prepared. The hybrid
integrated circuit is a digital anplifier 5 having a digital signal 1C as a
control sem conductor and MOS-FET as a power sem conductor nounted. The
hybrid integrated circuit was operated at an operating frequency of 1.2
MHz and as a result, nornmal operation was ¢ confirnmed. 10 EXAMPLE 5-1 A
thernosetting resist ink was applied to a &esired position on an al unm num

plate of 150 nmm x. 150 nmm .5 and, cqncave portions with a depth of 200
pmwere for Y HYPRY c"ﬁ?‘hﬁ? 1%%&% tﬂ:élrr st aFrﬁPR%r r%?ulvé’?f‘s 15 Then,
alumna (LS manuf act ured by Nippon Light Mt Ltd. Vi ng an

average parti Oarr%l%‘?E%&ocfn Zt?hep %%P‘g?gh%e i a ezémﬁcﬁfg%?gﬁ% @oli“%/ga/i?th a

bi sphenol A giégngge(ggy resin (EP828, manufactured by Japan Epoxy Resins

Co., Ltd.) an i xed 10 prepare an insul ating 20 adhesive. The insulating

adhesi ve was appljed,tocLiig.al ugi pyin ,pLat ephaui pa.Lhe coacaug pertions so

that the concave portions were fi € I'nsu ing a ive and

that the thickness,of anjOsulatifg.|ayerqay; aPorabon-2a gubetphan the

concave portions wou um Furt a net al am nated on the

o) o010 eSS e OBk el e e Bl LT seefshgto (e 52
resist was removed, followed by washing and drying to
form circuits, whereby a metal base circuit board was
obtained. For formation of the circuits, circuits on

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

15 other than the dent portions.

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

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

25 portion was obtained, and the capacitance was divided by

the area of the circuit. The metal base circuit board

obtained in the present Example had the same



dianeter of 10 mmand a thickness of 2 mmto prepare a test specinen for
nmeasuring the coefficient of thernmal conductivity and eval uati on was
carried out and as a 5 result, it was 1.5 WnK. Further, the capacitance per
unit area between the netal plate and a circuit on the concave portion
filled wth the insulating adhesive was 35 pF/cn2, and the capacitance per
unit area between the netal plate and a 10 circuit at a portion other than
the concave portions was 120 pF/cnR. The Xapacitance per unit area was
obtained in such a manner that the capacitance at a neasurenent frequency
of 1 Mz was obharaetebysahcECRsmenheExamhéeaBed. of a portion which was in
contact with the insulating 15 adhesive of a circuit at the nmeasured portion
was obtai ned, an@hehe vapagi thaceehas Hagpdedrbyithboarda of hyblédcircuit.
Then, a hybrid integrated circuit having a control sem conductor to control
a power seni cbRbggreocedasifenatdas2ehennt he Edfcavelpypsi pnephrele net al
base board, and a circuit having a power sem conductor or a_contro
seniconductorTﬁﬁshYSFhédlﬁﬁearﬁg?QiShréPhér1ﬁhéndﬂﬁétaéoﬁ@§4éf96ﬁtions, to
obtain a metal base circuit board. Then, using the netal base circuit board,
a hybrid 25 PAveBPatedlgifedi £1982dhdnaEnaFrgntye? ReBigregaréer amke
hybrid integrated circuit is a digital anplifier having a digital signal I1C
as a control YerRiE&Rd@Et Br PAWET5FSMERNAETLAE BOPBHer - seFR@oRYBELSr nount ed.

The hybrid integrated _circuit was operated_at an operati f requenc
y 1ntggrated c1rcu&t was gperated at an gperatqgg fr queﬁ%y

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

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

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

20 adhesive.

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

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

obtain a metal base board. With respect to the



of 600 kHz and as a result, normal operation was confirnmed. 5 EXAMPLE 5-2
In the sane manner as in Exanple 5-1 except that an epoxy resin containing
60 vol % of an alumnumfiller was wused as the insulating adhesive, a cured
test specinen of the insulating adhesive, 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, ¢she capacitance per unit area
between the netal plate and a circuit at the concave portion filled with

t he insulatigg?%gf%f%¥§ %§§e§§vQF/fgﬂwagng?%ggpégggagag%%égcgﬁgﬁr unit area

bet ween t he a clrcuit at fon ©O an fhe concave

portions  vass 140 PELcaP: 14 dhokdal 1 2RI LEASE <18 prERarsdolppLbe sam

manner as in operated and as a resu confirmed

that it nor o) C i o t UL <a eratin
frequency o?a%%%tkggééiﬁgﬁP%%%fﬁ%%ggé%P LEF%-Cbggﬁ%ﬁéeggn%fngﬁggpggs in ’

Exanpl e 51 exsemtctal g ahkabyaldgt oy PR Lok Bang, coBRaYES s used and

that 25 the 1 nsulating adhesive was applied in a thickness of 60 mon the
al um num pl atges@) €ur ed gst 1spegiprn of the insulating adhesive, a netal
base board and a netal base 55 circuit board were prepared. The coefficient

of thermal condughiwvhéy, ofhéhgasst edahbsubati Ngi 8dhL8LVEWRSed- Bhe W MK and
t he capacitance per unit area between a circuit

metal plate and a circuit on the concave portion filled
with the insulating adhesive was 35 pF/cm?, and the
capacitance per unit area between the metal plate and a

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

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

Then, a hybrid integrated circuit having a control

semiconductor to control a power semiconductor was formed

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

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

The hybrid integrated circuit is a digital amplifier

having a digital signal IC as a control semiconductor and



and the netal plate was 123 pF/cne. 5 Further, a digital anplifier was
prepared in the same manner as in Exanple 5-1 and operated. As a result, it
was operated at an operating frequency of 600 kHz but mal functioned.
COVPARATI VE EXAMPLE 5-2 10 In the sanme manner as in Exanple 5-1 except that
a flat alumnumplate with no concaves was used and that the insulating
adhesi ve was applied in a thickness of 260 umon the alum numplate, a
cured test specinmen of the insulating adikdsive, a netal base board and a
netal base 15 circuit board were prepared. The coefficient of thernma
conducti vity MIStFRET g el powed atemicenifest ve masntied. WhK hydndid he

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

pF/ cm 2. Furtinfeorzaithqic el clahpl vds eppownat el epared Pperatiganére@@enaviner as
in Exanple 5-1 and operated. As a result, it normally operated at the

begi nni ng of 2thed Ypeflia ird s an ropelat | perhe booRALytddn60dskHz, but it
stopped operating after operation for fire seconds due to heat generation
of a power treaisisimed. 25 | NDUSTRI AL APPLI CABI LI TY The process for producing
a netal base circuit board 56 of the present invention is characterized in
that it can BEAMRPEF y>Sahd stably provide a netal base circuit board having

t he above characteristics, and the process is industrially very useful.
In the same manner as in Example 5-1 except that an

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

insulating adhesive, a metal base board and a metal base



5 The netal base circuit board of the present invention is characterized in
that characteristics of a circuit board varies partially even on the sane
circuit board, and various types of sem conductor devices, etc. can be
mounted 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 generatingSeIectronic conponent or a high
frequency generating apparatus can be appropriately disposed on a desired

osition of the circuyit bpard. 15 Resultingly, such .effects can al saq be
obt ai ned ¢ hatc i heiia T es dUi et ofi 18 FOitad i o Whponent
i it is _useful as a%f:%rcui t

h hi i sto. . Ther ef
board for variBiL HytH T it cyiat BiF b PEUTIRT D AHETEYSI “Bash S 1 oui t

board of t heavfr)[ esent o i veenéaiL on, h@ésmpé)t helgi rcui talgor t% onwe\e/\hrilch has a. !&ow
capachtance ; Eldntﬁh:c an ST ect Foni ¢ %onﬁgﬁﬁ%t ?%P %% | r%f?gfﬁV; hip or
a condenser tQ ro S c u t 4s suitably nounted an

circuit port iaélré:%gjev\hr?%tga)g}?%t%If‘%%t%gkﬁcﬁgﬁc%apaci tance but is excellent in
t hermal conducti W d on,whi ﬁgpt o) em. ¢ ngg r.or p

sem condugt or V\/n;@lc lytjrheegrt[}i raegd]:aﬁgitc%e% I sfsll%)létv?%s;lnz?lg w%cgbjflg %%n?%ﬁ% and
it can provi yhrigd i _Ci i | ig erat .| I .
reliability gﬁa&lr?eslhl%u%% r%%%?%/:?yfuésrg#uéy%%{g%@di %950%0 rf?E#ed)l[)‘f?’odlutcti on

Bgffieiﬁ of tRe P ESEM e i Ve | Sfer e IBE Ak DGSENEL) TGHI 0BORES Bavi ng both

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.
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INDUSTRIAL APPLICABILITY

The process for producing a metal base circuit board



whi ch has a | ow capacitance and on which an electronic conponent such as a
resistor chip or a condenser to control a power sem conductor is suitably
nount ed 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 sem conductor which requires heat dissipation is suitably nounted,
is obtained at a high yield. Accordingly, it can provide a netal base
circuit board to be used for a hybrid intgarated circuit 15 at a | ow cost,
and is industr'aé%% very useful. The entire disclosures of Japanese Patent

Appl i cation . BEOREEVIT FHYLY 6 At i Fhasic bepiszed jipabadk Pht €AR
Application No. 2003-275979 filed on July 17, 2003, Japanese Patent
Appl i cation NH#“?%%@ZSﬁﬁgS%F%Ri¥i?¥RV Sitehertase 263Ul §ap3AESe Pat ent

Application _No.. 2004-042993 filed on February 19 04 and Japanese Patent
Appl i cation MNFVZHD4 V& | FRRE B Rt ThGS T 20 gb%c%a?ﬁas is

speci fications c“9i. . dramﬁan qpq%sunnaries are incorporated herein by
reference in tHSF et 16tTeS 19888 CLAIMS 1. A netal base circuit board

to b f brid _int ted ci it j Si tal plate,
insulating |ayer FFGUTEBh BACTHGIASEAF BPaFd, Sbi roti PLepPbvi ded on the

| nsul at i ng laj}/r?\;er?tnfj 2 P “&-?A%éé( é’l‘iié?e&" Gondyct ors, roupt ed. op the ¢ireui ts,
wherein a | ow'di 6l €Ctric cons an% portion TS provided on Fhe“ferhl pl at e

under a part Of &g ohS Gt tSay POS L E1: 0Py 580 SONGHCLRE LSnounLed: ¢

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



2. The netal base circuit board according to Caiml, wherein the |ow
dielectric constant portion is fornmed by providing a dent portion on the
surface of the nmetal plate and filling the dent portion with a resin
containing an inorganic filler. 3. The metal base circuit board according
to Caim2, wherein the side wall of the dent portion has a gradi ent of
from35 to 65. 4. The netal base circuit board according to aim2 or 3,
wherein the inorganic filler is made of faded silica (silicon dioxide), and
the fused silica conprises from3.5 to 45.0 vol % of particles having an
aver age partiltgat sliAsiIRFt¥oromD. 1Bl mawneed r nd 810 ¢an 80r Ovide % of
particles having an average particle size of from6 to 30 m 5. A netal
base circuit dafer¥® Brase-4dror Hybl iwk B0 high egperadienatuit,
conprising a netal plate, an insulating |ayer provided on the netal plate,
circuits provieletrinl ithe andhsif atndies taiaklanteay preefrlty of semi conductors
nmounted on the circuits, wherein dent portions are provided on the surface
of the metal pl atZCePERING parthefPYaduet i PECHRSSwWAE chhAoPEBRFEENduUCt Or
is nounted, the dent portions are fil]led with a resin, containing an

i nor gani c °f i ISR ¢ 1 MG heta§ori it ReRrdehtvhedt PoHE BT viehed
fromthe vertical directjon has a curvature radius of at |east 0,4 mm 6.
The netal bad®tFh QAT HoHW RRBTHIHLS oaga‘?l?n‘%}}lc%%?e? et hEChor gani ¢

filler is made of fused silica . .
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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(silicon dioxide), and the fused silica conprises from3.5 to 45.0 vol % of
particles having an average particle size of from0.3 to 5.0 mand from
18.0 to 80.0 vol% of particles having an average particle size of from®6 to
30 m

58

CLAIMS

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 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.

2. The metal base circuit board according to Claim 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 containing an

inorganic filler.

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

from 35 to 65°.

4. The metal base circuit board according to Claim 2 or
3, 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 pm and from 18.0 to 80.0 vol% of

particles having an average particle size of from 6 to 30

pm.

5. A metal base circuit board to be used for a hybrid



59

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
filled with a resin 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.

6. The metal base circuit board according to Claim 5,
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.





