PAQKAGE FC%&RCUNTING A SEM CONDUCTOR DEVICE Field of the Invention This

I nvention relates to a package for nounting a sem conduct or device,

i ncluding a base plate and a conductive |ayer |amnated onto the base plate
via an adhesive |l ayer. Description of the Prior Art U S. Patent Nos.
4,835,120 and 4,891,687, both issued to Mallik et al., disclose packages
for semi conductor devices, including a plurality of conductive |ayers,

i.e., a power layer, a ground |ayer and a §1dné1 | ayer, | am nated together

ol yi m de- adnesi vePAGKBEE FRR BTG 8, SERRCONPAARERNERRiCE 0% 0C & gna
| ayer are bonded together via the insulating tapes. At the center of the

package is definedgpefRUREI PHaC M ENLi¥hEr € @ sem conduct or device which
may be a sem condu DL . _Then, the entire package is
encapsul atéd in a nol ded resFThissiawentieni EshateeorodavPeekaginfPiy syst em

poses the probl em h8ahtiAg &NkehecHAQUAEEr| 8efDEaPSThaladihg kebaBe t hus
| owering the heat dissipation of éhe sem ¢conduct or . de L e agd Ki t he
entire System consPUBFELATAAI RINCRREIEE (ABSFqLaRLPAFeLoPRERg P B48Fobl em
is to omt the encppateatrianannadhesfiveChageron of the resin encapsul ation,
however, results if8.L0e; bRSULTLE AL Prior art
- U.S. Patent Nos. 4,835,120 and 4,891,687,
both issued to Mallik et al., disclose packages for
semiconductor devices, including a plurality of
conductive layers, i.e., a power layer, a ground
layer and a signal layer, laminated together via
insulating tapes. ‘Both sides of each insulating tape'
are coated with a polyimide adhesive. Thus, the
power layer, the. ground layer and the signal layer
are bonded together via the-ihsulating tapes. At the
ceﬁter of the package is defined a mounting cavity,
where a semiconductor device which may be a
semiconductor chip is mounted. Then, the entire
package is encapsulated in a molded resin.

Such a semiconductor device mounting system
poses the problem that the entire package is '
encapsulated in resin, thus lowering the heat
dissipation of the semiconductor device and making
the entire system considerably bulky. One of the
ideas for solving this problem is to omit the
encapsulation in resin. Omission of the resin
encapsulation, however, results in the insufficient
rigidity of the package, thus making it impossible to
retain the semiconductor device stably. When the
semiconductor device is to be sealed by bonding a
sealing cap at a required position of the package,
moreover, the sealing properties can be easily
destroyed.
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[ |d|ty of the package thus making it inpossible to retain the
Semlconductor devi ce stably.” When the sem conductor device is to be seal ed
by bonding a sealing cap at a required position of the package, noreover,
the sealing properties can be easily destroyed. -2- To solve the

above- nentioned problemwhile increasing the rigidity of the package, it
can be proposed to | am nate a conductive Iayer such as a power |ayer, a
ground |ayer or a signal layer, onto a 5 basé@ plate of a material, such as

a ceramic or a suitable neta | dhesive | a e_ba e havi ng
‘a certain thickness and reIa#Pv?P vﬁlaﬁ PEPHFt?eX§&88Fg R§°§ge§thlle |
experience, howeveinctraesing &hesumbldlbxsefpthéephakageodmteﬁaatbbl 10

L unsatisfactory resgbbpodad kBYebiuEHaklCa BbhaULRG A" 2ULEEE: sHLRCESIRCIC (S
" a considerable difference in e coefficCient of therma ansi on between
the base plate andPPWErcdAdBE:i Regrayed ﬂaﬁﬁﬁapédatﬁégééh ANersoRake: Bve

| ayer tends tospeebagkf t.l.aeeléf abageeRiale WOER' aBeat cBramdky ormaani ng
i nsuf fici-ent heat sta

t |
bondi ng a seal i ng 835 P@ggireﬁiglggnéaggﬁggﬁgé?XeVIC F§b§§§|eﬂ§2£

destroys the seali hgving a certain thickness and relatively high
rigidity. According to our experience, however, the

use of such a base plate has produced still

10 unsatisfactory results and involved the following
problems: Since there is a considerable difference
in the coefficient of thermal expansion between the
base plate and the conductive layer laminated
thereon, the conductiwve layer tends to peel off the

15 base plate under heat history, meaning insufficient
heat stability. When the semiconductor device is
sealed by bonding a sealing cap at a required site of
the package, this peeling destroys the sealing
'properties. Furthermore, when the conductive layer

20 is formed of a flat piece with a relatively broad
area, a warp develops in the entire package including
the base plate, lowering the reliability of the
semiconductor device. Warpage of the entire package"
also damages the seal produced by the sealing cap.

25 The warpage of the entire package including the base
pPlate can be prevented by increasing the thickness of
the base piate. - Too largé_a'thickness of the base
plate, however, would increase the weight and size of
the entire package excessively and the considerable

30 difference in the coefficient of the thermal
expansion is left over.

Wlth a package hav1ng a multiplicity of
outer connecting terminals disposed therein, the
_ following problem arises: If the integration level
35 of the semiconductor device is high, the inductance
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prigper tj es. Furthernore, when the conductive |ayer 20 Is formed of a flat
piece with a relatively broad area, a warp develops in the entire package

i ncluding the base plate, lowering the reliability of the sem conductor

devi ce. Warpage of the entire package al so danages the seal produced by the
sealing cap. 25 The warpage of the entire package including the base

pl ate can be prevented by increasing the thickness of the base plate. Too

| arge a thickness of the base plate, however 3 woul d i ncrease the wei ght and
size of the entire package, excessively and the considerable 30 .dif&grence
in the coefficient°gft?ﬁee}ﬁ%Fﬁﬁfatx SORIRG Peeps TRF  CRPRcEIBIckAGe
having a nul tiplicpdyenflayerrandntiret gnguhér hayetstdi spesedteberein, the
foll ow ng problem aggi - ' r a4 I 0 3

sem conduct or devigéhﬁgéﬁ%%%,Egﬁ%iﬁéggcfgkgge gygé?gg?a%héoe gg?%?%a
connecting means fBeassnestendinghinptheeuthybelagdformedr dbanfbfayer to the

outer connectimg tﬁé&kﬂé&ﬁ bébomeselethtival yCORPQE! | BHePBBYSgENbEREIAG | N
t hrough-holes forned int

generating a consiGe?%B?%dgﬁgggggggggé gﬁggﬂgzhﬂgpgiéﬁg%égéa{8ﬁé5%g§%§by
sem conduct or devi 6€, thbi sémidynduetse device, which may arouse
' malfunctions. ' '
Summary of the Invention
10 Therefore, an object of the present

invention is to improve the heat stability of a

package for mounting a semiconductor device,

comprising a base plate and at least one conductive

layer laminated onto the base plate via an adhesive
15 layer, and prevent the occurrence of warpage.

Another object of the invention is to
provide an improved package for mounting a
semiconductor device, which fully reliably maintains
the seal of the semiconductor device by a sealing cap

20 bonded at a required position of the package.

Still'another object of the invention is to
provide a package having a multiplicity of outer
connecting terminals disposed therein, wherein
although the integration level of the semiconductor

25 device is high, the inductance of the electrical
connecting means connecting the power layer and the
ground layer to the outér connecting terminals is
sufficiently low, so that the generation of a noise
is fully suppressed during the high speed operation

30 of the semiconductor device, and malfunctions can be
prevented without fail.

Our extensive studies have led to the
following findings: Between the base plate and the
conductive layer is interposed an adhesive which has

35 rubberlike elasticity aftef curing, instead of an
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ma| f ungtions. Summary of the Invention 10 Therefore, an object
-of .the present invention is to inprove the heat stability of a package for
nmounting a sem conductor device, conprising a base plate and at |east one
conductive layer |lam nated onto the base plate via an adhesive 15 | ayer,
and prevent the occurrence of warpage. Another object of the invention is
to provide an inproved package for nounting a sem conductor device, which
fully reliably maintains the seal of the senf¢conductor device by a sealing
cap 20 bonded at a required position of the package. Still another object
of the invention iasthesiyieodndcommenc ¥gge MGG S arpolivimide P
connecting term naes a6 i@fmfiﬁllﬂ@r aipe \M&%@dﬂw&lmbwmuﬁmyd& egration

| evel of the semc¢ uct or eV| ' the |nd ta ce of the

el ectrical connectal% r?'é’fngnc&? % he%ﬁg\ﬁé’r ‘* eatgr ound | ayer
to the outer connedtabid ittyr wifhdhe packafgh (foe'nmo;mtdw,q aoaeha-thnﬁelctor
generation of 52 NQigyAde’ Jdall I SRATGRRIT i hd WeRultalhceP Sl aiiaild On

30 of the sem co ctor Vi ce, unctions can be prevented w t hout
fail. Qur extensi \f@lbth?dlfé’é-lh!a\?él%@ﬁs@@ he Impladsiditiem.; mineryLheBet ween t he

base plate and theenitGHehictdr @R deS it RRSYbARPWHILH \Wealigh has 35
rubberlike elastici tpy atlfeerseca ri n ]:)Ien”?t{[ae:l.rﬂ:a:l.neﬁ1 fully reliably.
That is, the present invention provides a
10 package for mounting a semiconductor device,

cdmprising a base plate and at least one conductive
layer laminated onto the base plate via an adhgsive
layer, wherein the modulus of elasticity at 25°C of
the adhesive layer is 10 kg/mm* or less. The modulus

15 of elasticity refers to modulus in tension which is
measured by the measuring method defined in JIS C
2321 and ASTM D-882. '

The parameter "90° peel strength" between

the base plate and the conductive layer is 0.5 kg/cm

20 or more, preferably, 1 kg/cm or more. The 90° peel
strength refers to the force necessafy to peel a 1 cm
wide conductive layer, bonded onto a base plate via
an adhesive layer, from the base plate by pulling the
conductive layer in a direction of 90° with respect

25 to the surface of the base plate. Preferably, the
modulus of elasticity at 25°C of the adhesive layer
.is 0.01 to 10 kg/mm?, more preferably 0.03 to 5
kg/mm?’, most preferably 0.05 to 2 kg/mm’. The
adhesive layer may be composed of an adhesive

30 containing a filler. The filler is silica and/or
alumina, and the average particle diameter 6f the
filler is 0.1 to 100 ‘Bm, preferably 0.3 to 30 pm.
The amount of the filler incorporated is 1 to 80% by
weight, preferébly 5 to 70% by weight, based on the

35 entire adhesive including the filler. Preferably,
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-4- adbesive in comon use, such as a polyin de adhesive or an |nsulat|ng
*tape coated with a polyi m de adhesive on both sides. By so doing, the heat
stability of the package for nounting a seniconductor 5 device can be

i nproved, and the occurrence of warpage can be fully suppressed. In
addi ti on, when the sem conductor device is to be sealed by a sealing cap,
the seal can be maintained fully reliably. That is, the present invention
provi des a 10 package for nounting a sem domduct or devi ce, conprising a

base plate and at | east one conductive | ayer | an nated otgg t he base plate
via an adhesive | &P8 ViRReRITY PhethSdadhesdiveclayerciny ®C of the

adhesi ve | ayer iscbdighion esr EOOtol 4990 fbesUanHuthESthydkndsﬁﬂaﬂnty

refers to nodul us_in _tensi.on L,C re S

defined in JIS C fb‘?lagﬁﬁ%\%ﬁvﬁ%&g& Tﬁg%?o%r ? "90 % % %Fﬂ% rength”
bet ween t he base majt beaan aﬂumdnnmuuntwedbaysramscc 5Thg/§wm@mCthﬂernwe
preferably, 1sko/qgyer EBhbrisldeaBLeRkl 1898, Skl ag%hdr Qlaet: ldhd e force

necessary to peel cm W de conquetive ayer onfo a base plate
via an adhesive I&98Pa1fﬁéﬂﬁFheaﬂésédﬁﬁgFégﬁyuﬁ M éﬁﬁﬂﬁ%ﬁmbe | ayer

in a direction of 199ker Ahterbbseaspetiveen the ad]acent layers. The
signal layer may be composed of a multiplicity of
ribbonlike leads. Preferably, an insulating hard
10 resin layer is disposed on the inner surface of each
of the inner leads of the multiple léads. In the
case of a package having a multiplicity of outer
connecting terminals disposed therein, connecting
means for electrically connecting the power layer and
15 the ground layer to the outer connecting terminals
preferably extend on the outer surface of the package
s0 as to have a sufficiently'large cross sectional
area and a sufficiently low inductance.
Brief Description of the Drawings
20 Fig. 1 is an exploded perspective view
showing a preferred embodiment of a package for
mounting a semiconductor device in accordance with
. the present invention;
Fig. 2 is a front view, partly in cross
25 section, of the package shown in Fig. 1;

Fig. 3 is a front view, partly in cross
section, of a modified example of the package shown
in Figs. 1 and 2;

Fig. 4 is a ffont view, partly in cross

30 section, of another modified example of the package
' shown in Figs. 1 and 2;

Fig. 5 is a front view, partly in cross
section, of another preferred embodiment of a package
for mounting a semiconductor device in accordance

35 with the present invention; and




25. t'o the surface of the base plate. Preferably, the nodul us of
“elasticity at 25[err]C of the adhesive layer is 0.01 to 10 kg/mfjerr], nore
preferably 0.03 to 5 kg/mierr], nost preferably 0.05 to 2 kg/mferr]. The

adhesive | ayer may be conposed of an adhesive 30 containing a filler.

The filler is silica and/or alum na, and the average particle dianmeter of
the filler is 0.1 to 100 [err]m preferably 0.3 to 30 [err]m The anount of
the filler incorporated is 1 to 80%by weigH ,~preferably 5 to 70% by

wei ght, based on the 35 entire _adhesive including

] the filler.
Preferably, 5- the viscofify &f *End gHﬁE§iV%eVay8Pr%ﬁytﬁ8 TrE&FPed
condition is 50 t set®G6nPacs, szddlt haothetk pereafertetinembdlidsent lofyar is

0 OoRto, s am Theaiafelledlonkitedfod LUTLUNALBILLE dviteathl. The
conductive 5 | ayer "conprises ‘a power 1ayer, a ground layer and a signal
| ayer, and advant &§6o¥dapcravithe thehbresentajaventiopposed bet ween t he

adJacent | ayess. DatajilghaDelsd¥ebtiBh Be ¢8ePPsa¢ePhred Embbgghhﬁthy of
ri bbonli ke | eads. Prefera %, %n Inéﬁ gklgﬂ ar resi,n layer is

di sposed on the inner surfa&SEPTEEEH eBPOERmENS.PL By REFAINEORul ti pl e
| eads. I n the casmothtinpgaakagmikandagtarndetiplel dnf weebrdaner odriohect i ng

termnal s disposeqhgh%% E%nthQg%ﬁEEQﬂ will be described in more
detail with reference to the accompanying drawings.
10 "Figs. 1 and 2 illustrate a first preferred
embodiment of a package for mounting a semiconductor
device according to the present invention. A package
shown generally at the numeral 2 has a base plafe 4,
and three conductive layers, i.e., a power layer 12,
15 a ground layer 14 and a signal layer 16, laminated
onto the base plate 4 via adhesive layers 6, 8 and
10, respectively, interposed between the adjacent
layers.
The base plate 4, optionally rectangular in
20 shape, may be formed of a suitable material having
required rigidity, such as a ceramic or a metal.

. Typical examples of the ceramic are oxides such as
alumina, mullite, bery;lia, glass ceramics and
magnesia,'nitrides such as aluminum nitride, silicon

25 nitride and boron nitride, and carbides such as
silicon carbide and boron carbide. Such a ceramic is
normally white, light gray or pink in color. To
improve shading and/or facilitate photoelectronic
detection during automatic assembly, however, a

30 colorant may be incorporated to impart a color, such
as black, dark gray, brown or black purple, to the
ceramic.

Examples of the metal that can be used
advantageously to form the base plate are copper,

35 copper alloys, aluminum, aluminum alloys, kovar



nmeans f.or electrically connecting the power |ayer and 15 the ground | ayer
to.the outer connecting ternmnals preferably extend on the outer surface of
t he package so as to have a sufficiently |arge cross sectional area and a
sufficiently low inductance. Brief Description of the Draw ngs 20

Fig. 1 is an exploded perspective view showi ng a preferred enmbodi ment of a
package for nmounting a sem conductor device in accordance with the present
invention; Fig. 2 is a front view, partly i-n%ross 25 section, of the
package shomn in Fig. 1; Fi 3is afront view, partly in cross section,

of a nodified exanﬁFépﬁﬁsﬁﬂgaﬁaEﬁaﬁemﬁﬁsmﬁlpn FR8s351whnd Ni.FL§-29 is a

front view, par“YWtD%CCGSS.naothes.@élhb.ﬂﬁde.?fbéﬂﬁghgé)@ﬂlib9d4exam3|e of

" Sect ! on. "of anot hel “pPEREPRERSERBoGPREAPLBLOR: pabrddoFol WolARR SRS O

sem conduct or devi remainderobdangeF8), iniah (heppesemtatiwmeenti on; and

6 Fig. 618 a1 eBhpNkeesoR2" §hYahNwE! 2581 $86L 50kt . 1 c3l kbl gt her

preferred enbodi nent .

remainder being Fe), tungsten, molybdenum, copper-
tungsten alloy (representative composition: 1-40 wt.¥%
Cu and the remainder being W), copper-molybdenum
alloy (representative composition: 5-70 wt.% Cu and

10 the remainder being Mo); double-sided copper clad

' molybdenum (representative thickness ratio:
Cu/Mo/Cu=1/3/1 to 3/1/3), and double-sided copper
clad invar (representative thickness ratio:
Cu/invar/Cu=1/3/1 to 3/1/3), each in the shape of a

15 rolled sheet, an extruded sheet or an electrolytic
sheet. If desired, the surface of the metallic base
plate may be Ni-plated, Al-deposited, or Ag-plated to
prevent corrosion due to oxidation or the like.

To obtain a package with good heat

20 dissipation, it is desirable to form the base plate 4
from a material with a heat conductivity of 70 W/mK
or more among the ceramics or metals, such as
aluminum nitride, silicon carbide, beryllia,
aluminum, aluminum alloy, copper, copper alloy,

25 tungsten, molybdenum copper-tungsten alloy, copper-
molybdenum alloy; or double-sided copper clad
molybdenum. In case the baée plate 4 is to be formed
from a metal with a relatively high coefficient of
thermal expansion, such as aluminum or copper, it is

30 preferred to additionally bond a material with a
coefficient of thermal expansion close to that of the
semiconductor device 18,'such as tungsten, molybdenum
or aluminum nitride, via an adhesive layer, to that-
portion of the surface of the base plate 4 on which

35 the semicénductor device 18 is to be mounted, i.e.,
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package for nounting a sem conductor device in accordance with the present
“invention. 5 Detail ed Description of the Preferred Enbodi nents Preferred
enbodi ments of a package for nounting a sem conductor device in accordance
with the present invention will be described in nore detail with reference
to the acconpanyi ng draw ngs. 10 Figs. 1 and 2 illustrate a
first preferred enbodi mrent of a package for nmounting a sem conductor device
according to the present invention. A packa§e-shown generally at the
nuneral 2 has a base plate 4, and three conductlve I ers ., a power
layer 12, 15 a GreuFeRtE§krPAuticon on skl ator ayand 1 u?ﬁn?hﬁted onto the
base plate 4 via aeeséNEuEBYLIGebicd POUtHSresnspEreialsyylesaenipgsed

betveen e, o] acell LEELsondlE k56 DL akFefe AL g2 lldmggt angilar |1 20

shape, may be for aving required rigidity, such
as a ceramc or aennaa$1oﬂypetm¢enx§hglh@sgfplhbecéranﬂcthﬁe oxi des such as

alunina, mull5te, gt bhadcs 6k AasyEe5 2B CPragd SRONCERS, adhbbidesiayel as

alum num nitri de, I con ride and boron nitride, _.and gs r bi des such

as silicon carb|dﬁraﬁﬁr55¥5nh%§rEPB%er%%Eﬂ %i%%Féﬁ%Eylésnﬁ?ﬁﬁl Swhi t e,
light gray or pinkdh8s€eeOlaydd 6"P60NE Sb8cribednihodetail| Latee.

phot oel ectroni ¢ detection dg£i§g?ﬂ%% gh% ssengt%ﬁehgmﬁ¥§rbeafggmed
t (0]

colorant may be incorporate
_ of two or more kinds of plates bonded together via an

10 adhesive layer. For instance, if an alumina plate
with a coefficient of thermal expansion relatively
close to that of the semiconductor device 18 is
bonded to a copper plate with a high thermal
conductivity via an adhesive layer, it is possible to

15 form a desirable base plate 4 with a low coefficient
. of thermal expansion and a low thermal resistance. '
Such a base plate 4 has heat dissipation comparable
to that of a base plate 4 formed of the above-
.mentioned material having a high thermal conductivity

20 of 70 W/mK or more. The adhesive layer for use in

' bonding the alumina plate and the copper plate is
preferably one having rubberlike elasticity as does
the adhesive layer 6 to be described in detail later.
The thickness of the adhesive layer is preferably 100

25 Bm or less, particularly, 50 Bm or less, in order to
prevent a considerable reduction of heat dissipation.
To improve the heat diésipation of the base plate 4,
a filler composed of a material having a high thermal
cdnductivity, such as Silver, copper, or aluminum

30 nitride, may be incorporated, where necessary, into
the adhesive layer in an amount of, say, 20 to 90% by -
weight.

To impart sufficient mechanical strength to
the package 2, it is important that the base plate 4
35 ‘should have sufficient rigidity and not be easily
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as' bl ack, dark gray, brown or black purple, to the ceramc. Exanples of the
‘Tretal that can be used advantageously to formthe base plate are copper, 35
copper alloys, alum num alum num alloys, kovar -7- (representative
conposition: 25-35 wt.% N, 15-20 wt.% Co and the remai nder being Fe),
Alloy 42 (representative conposition: 40-44 w.% N and the renai nder being
Fe), invar (representative 5 conposition: 31-37 wt.% N, 0-5 wt.% Co and
the remai nder being Fe), tungsten, nolybdernur Topper- tungsten aIon
(representative conpasitign; 1-40 wt.% Cu and the renalnder ein

copper-nDIybdenun1QF¢8§mFﬂeBWe§§HP§F|9€°€Hﬁﬁést996ﬁln5 7 rﬁP and 10
t he renmmi nder bei ngsplert,dehsl ba&bdpﬂlatepﬂeprélfédamlyyhdsnamthlckness

.. (representative thickpess ratio:. Cu/M/Cu=1/3[1 t 1/.3 Ie S|ded
" copper clad invar Qr B 85 B 8th|8ﬁ58s§rF§FF881%£/|ﬁéa?ﬁcﬁ %%

3/1/3), each in thelthepahofitas thicknekkedififess, sameuhamuaséogﬁeaa'Gp an
PLenirolytic sheel nbk. fgterddy Wifes!atace rbn! BACTBLA 633BWIE @ MY

be N -plated, Al - dep05| -pla to prevent corrosion due to
oxi dation or the | AtghtTyedghi ﬁnal sswag@msesra §b8d thigkness of the

base plate 4 is preferably 3 mm or less.
The power layer 12 laminated onto the base
‘plate 4 via the adhesive layer 6 (the adhesive layer
10 6 will be described in detail later) is formed of a
single member 20. The main part of the member 20 is
' a rectangular plate conforming to the base plate 4,
and has a rectangular opening 22 formed at its
center. At the ocuter peripheral portion of the
15 member 20 are formed a multiplicity of outer leads 24
formed.at suitable intervals. An outside portion of
the outer lead 24, shaped like a ribbon, is connected
to a so-called idle lead of a multiplicity of leads
26 in the signal layer 16 (the lead 26 of the signal
20 layer 16 will be described in detail later). The
connection between the outer lead 24 of the member 20
and the lead 26 of the signal layer 16 can be
'performed by a suitable means, such as electric spot
welding, laser welding, ultrasonic bonding, '
25 thermocompression, pressure welding, brazing,
| soldering, or bonding with a conductive adhesive.

If desired, the power layer 12 may be
formed of a single member or a plurality of members,
in other shape. For instance, the power layer 12 may

30 be formed of a member having no opening formed at a
center of the main part (in this case, the
semiconductor device 18 is mounted on top of the
power layer 12). To control the characteristic N
impedance and/or improve the adhesion, the main part

35 of the member constituting the power layer 12 may be
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20. dissipation, it is desirable to formthe base plate 4 froma nateri al
“with a heat conductivity of 70 WnK or nore anpong the ceram cs or netals,
such as alum numnitride, silicon carbide, beryllia, alum num alum num

al | oy,. copper, copper alloy, 25 tungst en, nol ybdenum copper-tungsten

al l oy, copper- nol ybdenum al | oy, or doubl e-si ded copper clad nol ybdenum In
case the base plate 4 is to be formed froma netal with a relatively high
coefficient of thermal expansion, such as-al@ri-num or copper, it is 30

preferred to additional]y bond a material wi_th a coefficient of therma
expansi on cl ose t ®ROVACes wikk JanY Hidyctolefeovi dBerdotaderraa Qfgsten, .
mol ybdenum or al urdhes® miny tdled dsnRdehtidedusaye70% o st ithe of

" the surface of th S |.a¢ Wi C t en d ggyi 18
is to be nmounted, ealzléga %ﬂo t%ag-‘ %%l\c@éntogaﬁﬁor %q%r?i.o%gh%gi ;é%%’?{aan n%ﬁent'
t he seni conduct or agtheisiaeldavear #on, t hereby l'essening the difference in

the coefficiemt of thermal AR 0RO RATY i Dred A d 5
sem conduct or device 18 (h';)g’é) 2) .. The adhesi ve | ayzlrPg pr.ef gar abl _he%& .

rubberlike el asti ci% Jra¥s Shhasisvd Yahler condyuald Vg aah kn
detail later. |If dasifeathblyie itnaayba EotnEy JF o aietl, such as

copper, a copper alloy, aluminum, an aluminum alloy,
‘an Fe-Ni~Co alloy (e.g., kovar), an Fe-Ni alloy

10 (e.g., Alloy 42), single-sided or double-sided
aluminum clad kovar (representative thickness of
aluminum: 1 to 30 Fm, representative composition of
aluminum: 0.0 to 2.0 wt.% Si and the remainder being
Al), single-sided or double-sided aluminum clad alloy -

15 42 (representative thickness of aluminum: 1 to 30 pm,
representative composition of aluminum: 0.0 to 2.0
wt.% Si and the remainder being Al), sihgle—sided or
double-sided aluminum clad copper (representative
thickness of aluminum: 1 to 30 jm, representative

20 composition of aluminum: 0.0 to 2.0 wt;% Si and the
remainder being Al), single-sided or double-sided
silver clad alloy 42 (representative thickness of
silver: 1 to 30 BEm), or single-sided or double-sided
silver clad kovar (representative thickness of '

25 silver: 1 to 30 pm). The thickness'of the member 20
is advantageously 5 to 300 Bm in the light of
machinability and ease of assembly.

Next, the adhesive layer 6 will be

described which is interposed between the base plate

30 4 and the power layer 12 in order to bond the power
llayer 12 to the top of the base plate 4. In the
present invention, it is important that the adhesive
layer 6 has a modulus of elasticity (modulus in
tension measured by the.measuring method defined in

35 JIS C 2321 and ASTM D-882) at 25°C of 10 kg/mm® or
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of .two.or nore kinds of plates bonded together via an 10 adhesi ve | ayer.
“For instance, if an alumna plate with a coefficient of thermal expansion
relatively close to that of the sem conductor device 18 is bonded to a
copper plate with a high thermal conductivity via an adhesive layer, it is
possible to 15 forma desirable base plate 4 with a | ow coefficient of

t hermal expansion and a | ow thermal resistance. Such a base plate 4 has
heat dissipation conparable to that of a basklptate 4 formed of the above-
mentioned material _having a high thermal conductivit of 70 WnK or '

more. The adhesi vi®PlyefnfoRagsEubherbhie nglaskictt %1%5?%Fa?%1%ﬁd t he
copper plate is preacedbl ypoetebabipy tnobesdunkesebfiséiastycitydaes2she

. adhesive layer 6 tQ b des i bed det e The s of the
adhesive layer is %Fe %@eiﬁﬁe Yefa$r}ﬁ$%r6}e§% légkélcuParly, 50
[err]mor |ess, i nper’dacularbrev@nm atcoﬁskgbémm’ol ancedese Ppamdficwdarly
di ssipation. Tg i n@rg¥ ﬁghf ﬂ&fﬁﬁdl sslch%atﬂ HAR thicdhrf '&ze qbgéé | er

1 al havin erna con uc :

conposed of a nater Ivity, such as silver,
copper, or al um nuRi8be 4napd; Hae H%yebelﬁﬁéﬁr bor PEAViGREr RY nERessary,

into the adhesive hangsive 2ayafoe)tiefpreéfyraBlyt 0. §0keypym\ 6L mbre]O
et suificient CReboniealyslioRgil IS oaRe artlokiatlioiie"
easily kg/cm or more, most particularly 2 kg/cm or more, in
10 terms of 90° peel strength (the force necessary to
" peel 1 cm wide power layer 12, bonded onto base plate
4 via adhesive layer 12, from the base plate 4 by
pulling the power layer 12 in a direction of 90° with _
respect to the sufface of the base plate 4, i.e., in
15 the vertical directibn). Since the modulus of
elasticity at 25°C of the adhesive layer 6 is 10
kg/mm’ or less, a relative movement generated between
the base plate 4 and the power layer 12 owing to the
difference in the coefficient of thermal expansion
20 between them is effectively buffered by the adhesive
layer 6. Thus, the decrease in the bond strength due
to thermal shock can be fully inhibited, and the _
éackage can be rendered fully durable. Furthermore,
the adhesion of the adhesive layer 6 to the base
25 plate 4 and the power layer 12 can be maintained
properly, and the hermetic bond between the base
plate 4 and the power layer 12 (the state of bonding _
in which no gas can pass through,the junction between
them) can be retained reliably. If the adhesive
30 layer is formed from a relatively hard adhesive with
a modulus of elasticity at 25°C of more. than 10
kg/cm, such as a polyimide_adhesive in customary use,
delamination may occur between the base plate .4 and
the power layer'lz under thermal shock. As a result,
35 a warp may develop in the entire package 2 including

O
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-9; deformed by stress produced therein. Fromthis aspect, the base plate 4
“preferably has a thickness of 0.2 mmor nore, nore preferably, 0.3 nmor
more, although its thickness differs somewhat according to 5 what materi al
makes it. Fromthe point of view of |ight weight and conpactness, the

t hi ckness of the base plate 4 is preferably 3 mmor |ess. The power |ayer
12 |am nated onto the base plate 4 via the adhesive |layer 6 (the adhesive

| ayer 10 6 will be described in detalll7ﬂlﬂ)‘|s forned of a single
menber 20. The nai ngaart of the menmber 20 is a rectan Iateiﬁgenforrri ng

to the base plate #e hAaphRlate fot afydihe MFRRHE zb? cent er.
At the outer peridamelplatid ioramf tHee phwer mmhsaf 120 ntye Beordetaged.

I | f i d
or t16n of Lhe ouriti (RS it endil e fledi! Oy e d Al Ba iy Yl 00
so-called idl e | eRPWET dayen i32 |shcttgldofdes;a@dolaﬁ hen ashéighyas | ayer 16
(the lead 26 & thGpadiEid. 2Qeed qj&"&dé é&é}:é&%éﬂdé’e%ﬁéh daielido®

later). The connection between t e outer |ead he menper_ 20 and the
| ead 26 of the sidiegl Iskrangh dfh b Raf3 Rl BRFS Sthe dalamingiion ch

as electric spot vt ding démeicw:ﬂlm +tHE Hexmticc il gan 35
therm)corrpreSS| on, xper\?esnsé”cf ?.Nellldx} q:%l a.l.ZI ng. '"The planar shape of the
' adhesive layer 6 is preferably substantially the same
10 as that of the main part of the member 20
constituting the power layer 12 (the part excluding
the outer leads 24).
Preferred examples of the adhesive
constituting the adhesive layer 6 are silicone rubber
15 adhesives and fluororubber adhesives which have
~excellent thermal stability. The preferred silicone
adhesives are_liquids,_pastes, or solutions in
organic solvents, prepared by mixing suitable amounts
- of adhesiveness imparting agents, such as
20 crosslinking agents or silane coupling agents,'with.
silicone oils consisting essentially of silanes or
organcpolysiloxanes (silicones). The preferred
fluororubber adhesives are liquids, pastes, or
solutions in organic solvents, consisting essentially
25 = of copolymers mainly composed of hexafluoropropylene-
v1ny11dene fluoride.

The silicone rubber adhe51ve when cured,
becomes a rubberlike elastic member having
adhesiveness. Among the silicone rubber adhesives

30 are those which are cured by a condensation reaction
going on upon reaction with moisture in the
'atmosphere at room temperature; those which are cured
by dimethylene crosslinking following an addition
reaction proceeding upon heating, or without heating,

35 in the presence of a catalyst, such as platinum, as



sql det.ing, or bonding with a conductive adhesive. |If desired, the power

* layer 12 may be fornmed of a single nenber or a plurality of nenbers, in

ot her shape. For instance, the power layer 12 may 30 be fornmed of a
menber havi ng no opening fornmed at a center of the main part (in this case,
t he sem conductor device 18 is nounted on top of the power |ayer 12). To
control the characteristic inpedance and/or inprove the adhesion, the nmain
part 35 of the nenber constituting the pok#r=1ayer 12 may be - 10 -
provided with many tiny holes. The total area of %hese tig hgl es_i.s:

advant ageousl y 703RoFhecSasgrofhgldieonsr ot hat conFe+ Bty ¥ﬁegﬁ8§83r whi ch
contacts the adheahdevifiykr gboups; and those whicheaberc@fedonsderuting the
power |ayer 12 may_he _forned Q ' | e, duci] La P rably,
it may be fornmed %?BgsﬁﬁFgF? gggﬁaigb%%gpg%gﬁg°co%hégra é% é 3n?§%§1 an
al um num al | oy, aav&dlabl€o ahtbyageagonekoomppnen FﬁpﬂiwéFFBy 10 (e.g., .
Aoy 42). 180l exahdedea! ndOubkEng! #2EnnUELRIAYCAGEnkOVARN( LARLAGENL AL [ Ve
t hi ckness of alumndm 1 to 30 _err%n& representative conﬁosLtlon. , :
aluminum 0.0 to 2ng @& twesFoRRANERE F¥RAI WRAFRPERAYLARS MIXAHFWE el or
doubl e-si ded al untgpingl agedk! @hen curing. The adhesive of a

thermosetting type which is crosslinked by addition

_ ‘reaction can be used preferably, since it is

10 substantially free from by-products when cured and

its curing time is short. ' '
To the adhesive'constituting the adhesive

layer 6 can be added a filler which affects the
viscosity and thixotropy of the adhesive. The

15 addition of such a filler can prevent the sdueeze-out
of the adhesive effectively, and improve the accuracy
of application of the adhesive. Various fillers
having insulating properties, e.g., inorganic oxides
such as alumina, silica, titanium oxide, zinc oxide,

20 beryllium oxide or calciﬁm oxide, inorganic non-
oxides such as silicon nitride, silicon carbide,
aluminum nitride or boron nitride, and organic
polymers such as epoxy resins, acrylic resin or
fluororesins, may be used singly or in combination of

25 two or more. Thé size of the filler, as the average
particle diameter, is preferably 0.1 to- 100 Pm,
particularly 0.3 to 30 pm. The shape of the filler
may be spherical, acicular'or branched. The amount
of the filler incorporated is preferably 1 to 80% by

30 weight, particularly 5 to 70% by weight, more . _
particularly 10 to 35% by weight, based on the entire
adhesive containing the filler. The addition of the
filler in this amount can adjust the viscbsity_of the
adhesive in the uncured state to the range of from 50

35 to 1000 Pa‘'s. Thus, the amount of the adhesive
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15. 42 (representative thickness of alumnum 1 to 30 [err]m
"representative conposition of -aluminum 0.0 to 2.0 wt.% Si and the

remai nder being Al), single-sided or doubl e-sided al um num cl ad copper
(representative thickness of alumnum 1 to 30 [err]m representative 20
conmposition of alumnum 0.0 to.2.0 wt.% Si and the renai nder being Al),
si ngl e-si ded or doubl e-sided silver clad alloy 42 (representative thickness
of silver: 1 to 30 [err]m, or single-sidedld ~doubl e-si ded silver clad

kovar (representative thickness of 25 silver: 1 to 30 erl?r%rﬂﬁ. The
thi ckness of the SHsazesh qut o, adesddied flak shaRe BE i#eRKEQ i ght
of machinability a¢ emsewilassemid/ addiiatd oMl damytnyean Gev | | be

descri bed which i sgint.ernpsed.between the base plate.3 4 e power
| ayer 12 in order otb(;&blg‘r?gﬂt h-gfhﬁo&%qsgé‘grrel rt"’osloe[rﬁ:eQ’fhoe%1 (ﬁh N ﬁ%qﬁéa%e pl at e
4. In the present la¥emtlins ibhonded rheorthentbasetplidke #ivist vthe ayer 6 has

~a nodul.us of astdfHdas vd™ | ' JTEaSUr € YeHd & diRars ;F&
met hod. def i neg"I in d?%Héﬁill S %92%‘;16 gnrigf%gTﬁ/lﬁlD 882) a?if;S[ erac of LI1é
r

kg/mierr] or  ted$s oFidirablanhaveves o /he iRTIELTHAILAMATRAAR ed.
Preferably, the ntiduldishdi-ciatildigid \atilostherefsubistatiiefi e e rfon s
. ga(r)tl i E:SI i?l l;g/ uul ec)r::rl}g‘erp,are'[slp%%liaarl.ll)@, -% %%t}-%xalcﬁ%/in eartrnldqu{]edremt{r?der
: reduced pressure to vacuum. In case the bonding is
100 performed in the atmosphere under reduced pressure to
vacuum, air bubbles in the adhesive can be removed,
and the bond strength enhanced. The thickness of the
adhesive layer 6 is preferably 0.005 to 3 mm. Too '
small a thickness of the adhesive layer 6 would make
15 it difficult to obtain adequate bond strength and to
achieve a hermetic bond between the base plate 4 and
the power layer 12. Too large a thickness of the
adhesive layer 6, on the other hand, would render the
entire package excessively thick.
20 '_ By forming a specific adhesive layer 6 as
| described above, our experiments have demonstrated, a
required, highly reliable bond can be achieved in any
of the following cases: '
_ (a) The base plate 4 and the power layer
25 12 to be bonded by the adhesive layer 6 are formed of
' the same kind of material (e.g., the base plate 4 is
. formed of aluminum or an aluminum alloy, and the
power layer 12 is‘formed of aluminum or an aluminum
alloy); | | |
30 (b) - The difference in the coefficient of
thermal expansion at O to 100°C between the base
plate 4 and the power layer 12 to be bonded by the
adhesive layer 6 is about 5x10°-°C?, a relatively
small difference_(ng.,_the base plate 4 is formed of
35 molybdenum, tungsten, aluminum nitride ceramic or
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5. 0.05to 2 kg/nmjerr]. The bond strength between the base plate 4 and

t he power |ayer 12, provided by the adhesive layer 6, is preferably 0.5
kg/cmor nore, particularly 1 kg/cmor nore, nore particularly 1.5 kg/cm or
nore, nost particularly 2 kg/cmor nore, in 10 terms of 90 peel strength
(the force necessary to peel 1 cmw de power |ayer 12, bonded onto base
-plate 4 via adhesive layer 12, fromthe base plate 4 by pulling the power

| ayer 12 in a direction of 90[err] with resdect to the surface of the base

plate 4, i.e., %]rl the vertical direction) Slncethe dulga‘ of
elasticity at 25[ W@%f%?@“’a‘dﬁe@ﬂe@%ﬁ?‘”@ i ayer ki PEss |
rel ative novenentaljbener42 £deded esn nidieylddereunp) Atend! and the power Iayer 12

owing to the difference in E%ﬁffere ffﬁe&éet:ﬂ?r% &L Bf‘,géf%@

between themis effectively adhesi ve | ayer :
decrease in the bEkermak cexpansiien tat tmetmalo%rfbdmemﬁlbeth%llb?% nhi b| ted

and the package cgrate 4 cder et [ Ydes AL 1 1z°%5h@érwﬁdeareyae@@w on of
-t he adhesive layer 6 to the base pl ate é?ga a er 12 can be

mai nt ai ned pr operhesive t}aver St s _RRIHE %TWt'h Bivel¥d the
power. | ayer 12 (tdwest adfHérdriddi (6. 4N, Whe lbage Gfbata pﬂesﬁhn@dlgdﬂft he

junction between can_ be r tained reliab If the adhesive.3 | ayer
is formed froma ?glf‘g%l?%lvifﬁjr SeTE %t#‘ﬁn%’ﬂuﬁ"?&a%* EI%@? %I"?y
25[err] C of nore power 1Dayey cld ssicformed gblaluniimumdie silenimumgust omary
use, 10 alloy; or the base plate 4 is formed of silicon
carbide or aluminum nitride ceramic, and the power
layer 12 is formed of aluminum, lead or zinc).
With reference to Figs. 1 and 2, the ground
layer 14 is laminated onto the power layer 12 wvia the
15 adhesive layer 8. Such ground layer 14 is also
formed of a single member 28, like the power layer
12. The main part of the member 28 is a rectangular
plate conforming to the main part of the power layer
_ 12, and has a rectangular opening 30 formed at its
20 center. At the outer peripheral portion of the
‘member 28 are formed a multiplicity of outer leads 32
formed at suitable intervals. -Each of the outer
leads 32 is disposed so as to be offset relative to
the outer leads 24 of the power layer 12. An outside
25 portion of the outer lead 32, shaped like a ribbon,
is connected to a so-called idle lead of a
multiplicity of leads 26 in the signal layer 16 (the
lead 26 of the signal layef 16 will be described in
detail later). The connection between the outer lead
30 32 of the member 28 and the lead 26 of the signal
layer 16 can be performed by a suitable means, such
as electric spot welding, laser welding, ultrasonic
bonding, thermocompression, pressure welding,
brazing, soldering, or bonding with a conductive
35 adhesive.
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del am.nati on may occur between the base plate 4 and the power |ayer 12
~under thermal shock. As a result, 35 a warp may develop in the entire
package 2 incl uding - - 12- the base plate 4, or the hernetic bond
bet ween the base plate 4 and the power |ayer 12 may be damaged. The bond
strength between the base plate 4 and the power |ayer 12 should desirably.
be as high as 5 possible. According to our experience, when the 90[err]
peel strength is 0.5 kg/cmor nore, the del¥rimnation or the destruction of
the hernetic bond can be prevented full reliablg. The pignar sﬁape of the
adhesive | ayer 6 is preferabfydesbtednt FRe| gromRdsha¥etot® U8Y(R8t of the
mai n part of the pophed 8f sosthiletmagbéheoposeplungkity2oft nembers,

excl udi ng the outerhégﬁgg %éé%?Pre $%r§€?€§gggle§%ogr&%§ Eggﬁﬁh¥9°l

constituting the &8 "6 I'cone’ rubber esives and
f1 uoror ubber adhetheeschahachehigbieximpeédance handiprsiEpreveythehe

preferred silgcon d%dg§§hye§hérﬁaihqﬁﬁgﬁ1oPaéhSSmeﬁbeﬁobdthﬂ&uhﬂn@rganiC
sol vents, prepare y m xi ng_suitable anmunt ' [

g s of . qdhesi yveness_inpparting
agents, such as 28he” greusf hR¥RY idcMeX Be EFPgﬁgeaoﬂb nﬂaﬁgegggy Wi th
silicone 0ils conhbtksng Tha&chbtall yred 6fl eheseotiny holes is

advantageously 70% or less of the area of that
portion of the member which contacts the adhesive

10 layer 8. The preferred materials for the member 28

. constituting the ground layer 14 may be the same as
the preferred materials for the member 20
constitutinq-the power layer 12.

_ _ - The adhesive layer 8 to be interposed

15 between the power layer 12 and the ground layer 14

' may be formed of the adhesive hitherto used in a
package for mounting a semiconductor device, such as
a polyimide adhesive, an epoxy adhesive or an acrylic
adhesive, or any other suitable adhesive.

20 Preferably, it is formed of an adhesive which has
rubberlike elasticity after being cured, as is the
‘adhesive layer 6 interposed between the base plate 4
and the power layer 12. The planar shape of the
adhesive layer 8 is preferably substantially the same

25 as the planar shape of the main part of the member 28
‘constituting the ground layer 14 (the part excluding
the outer leads 32), accordingly, substantially the
same as the planar shape of the main part of the"
member 20 constituting the power layer 12. '

30 In the embodiment illustrated in Figs. 1
and 2, the power_layer'lz is laminated onto the top
of the base plate 4 via the adhesive.layer 6, and the
ground layer 14 is laminated onto the top of the
_power layer 12 via the adhesive layer 8. If desired,

35 ' the ground layer may be laminated onto the top of the

B LI I e e R R
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organopol ysi | oxanes (silicones). The preferred fluororubber adhesives are
"liquids, pastes, or solutions in organic solvents, consisting essentially
25 of copolynmers nmainly conposed of hexafl uoropropyl ene- vinylidene
fluoride. The silicone rubber adhesive, when cured, becones a rubberlike

el asti c nenber having adhesi veness. Anong the silicone rubber "adhesi ves 30
are those which . are cured by a condensation reaction going on upon reaction
with nmoisture in the atnosphere at roomtenpEfature; those which are cured
by di net hyl ene crosslinking follow ng an additjon reaction groceedlng upon

heating, or mnthou?aﬁ%aP?ﬁge ¥ha the adhespiveclr¥ess andatheyBPWeEuch as
pl Stinuml'as - 13yerlhlﬂaitheCBﬁﬂlﬂitéd|bgﬂ6\etﬁéd |'Bop06fathengr&1hkll gro:Jps-
and vinyl groups; an 0se e, cured under sure_to ultirayiol et
PTant "Gner types TAYEEATES B0R RaBRE e FRvaE TR BREY Sak8, LB Ch 5
requires no mxingimpehtantuthay tigenadivbsiveulayer imtexpoaedcbepwesnt -
type which reqy'reﬁh€1ﬁégﬂ Pribe 2ak #Iﬁﬁgd %mfgfefuﬁénﬂoragﬁ éﬂhgﬁ've of

a thernosetting type wh IS Cross ditfon reaction can be used
preferably, since pERp8ive whighshas: Fapper %B% elagtbGibyoafites RA&ERIcured

and . cured, as 1s the adhesive layer 6. The adhesive
layer 1nterposed between the ground layer and the
power layer may be formed of a suifable adhesive, but
10  preferably, it is likewise formed of an adhesive
which has rubberlike elasticity after being cured.
Further with reference to Figs. 1 and 2,
the signal layer 16 is laminated onto the ground
layer 14 via the adhesive layer 10. The signal layer
15 16 in the illustrated embodiment is formed of a.
multiplicity of ribbonlike leads (so-called lead
frame) 26. The multiple leads 26 are disposed at
‘intervals so as to form a predetermined pattern. As
is well known in the art, one piece having the many
20 leads 26, and a rectangular outer ring (so-called
tie-bar) connecting the outside ends of the leads 26
is bonded to the top of the ground layer 14 via the
adhesive layer 10. Then, the outer ring is cut off
the outside ends of the leads 26, thereby achieving a
25 state in which the many leads 26 are bonded onto the
ground layer 14 via the adhesive layer 10. An
outside portion of the lead 26 (i.e., the outer lead)
is bent. Such bending can be carried out in a manner
well known in the art after the leads 26 are bonded
30 onto the ground layer 14 via the adhesive layer 10.
If desired, the signal layer 16 may be
formed of'a single member or a plurality of members,
in other shape. The preferred materials for the lead
26 constituting the signal layer 16 may be the same
35 as the preferred materials for the member 20
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‘its curing tine is short. To the adhesive constituting the adhesive |ayer 6
can be added a filler which affects the viscosity and thi xotropy of the
adhesive. The 15 addi tion of such a filler can prevent the squeeze-out of
t he adhesive effectively, and inprove the accuracy of application of the
adhesive. Various fillers having insulating properties, e.g., inorganic
oxi des such as alumna, silica, titanium oxide, zinc oxide, 20 beryl i um
oxi de or cal ci um oxi de, inorganic. non- oxi¥s-such as silicon nitride,
silicon carbide, alunfnhnumnitrjide or boron nitride_ and orggnic golﬁners
4azp

such as epoxy reSPRECLIERTIRG thepowey }RYR¥ ol 2si nthe naghpEivee gly or
i n combi nati on 010260 béWntérpdsed bdtwesh zhef gtbendi Lager 24 hhd average

particle dianete | Ss e ' 100 p [ 0.3 to 30
[err]m The shap%h%fg%ﬁégii#ggéyng?%géygﬁ e?%%%%%n%Eig%%aga%ggé¥gnched. The
amount of the fihitherteoupedairdaipagkager £t ymgunbingoaby 30  wei ght,

particularlys5 tSéﬂQ&@H&u&@&ﬁh&evf@E? E@éﬁi&H!§T$¥l§§hi8e35&ﬁé¥i$ﬁight,
based on the entire adhesiye contalning the [ The addition of the

FrTher in this oMb PPoTRAdEPBLYe (9 W SEOSYHYS AIbRELYRNCSF VESTn ¢ he
uncured state tootherrsujtablefsdiiesiveé) astds16RE #ghesivdéhlayerhs anount
of the adhesive to be interposed between the power layer 12 and the
ground layer 1l4. Preferably, it is formed of an
10 adhesive which has rubberlike elasticity after being
cured, as is the adhesive layer 6 interposed between
the base plate 4 and the power layer 12.  The planar
shape of the adhesive layer 10 is preferably '
substantially the same as the planar shape of the
15 main part of the member 28 constituting the ground
layer 14 (the part excluding the outer leads 32).
As will be'seen clearly by reference to
. Fig. 2, 'a cavit& open upwards, i.e.,'a cavity for
mounting a semiconductor device, is defined at a
20 central portion of the package 2 describe above. The
bottom surface of such a cavity is defined by the top
of the base plate 4, and the four side surfaces
thereof are defined by the inside end surfaces of the
adhesive layer 6, the power layer 12, the adhesive
25 layer 8, the_ground_layer 14, the adhesive layer 10,
and the signal layer 16. In the cavity is mounted
the semiconductor device 18, which is connected to
the power layer 12; the ground layer 14 and the
signal layer 15'by bonding wires 34. If desired, a
30 cap {not shown) is bonded to the package 2 in an
inert gas atmosphere or in vacuum to seal the cavity
where the semiconductor device has been mounted. The
way of mounting the semiconductor device 18, the way
of bonding it by the bonding wires (wire bonding),
35 and the way of sealing it with the cap are well known
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"= 14 - squeezed out of a desired flat shape can be kept to 0.5 mmor |ess,
and adequat e bond strength can -be obtained. The atnbsphere present when the
power |layer 12 is bonded to the base plate 4 via the 5 adhesi ve | ayer 6
may be the air. |If the power layer 12 is oxidizable, however, the '
preferred atnosphere is a non-oxidizing at nosphere substantially free from
oxygen, especially, a non-oxidizing atnnsphere under reduced pressure to
vacuum I n case the bonding is 10 perrb d in the atnosphere under
reduced pressure tq.,vacuu i ry Qub S t he esi v an. removed, and
the bond strengt Qﬂ'h gll'arlﬁg %ﬁe %ﬂﬂi%%ﬁ% 6 is -
preferably 0.005iss¢ﬁipﬂmoﬁExnnandM1ttddnhdmuxns(ﬁIﬂldasmﬁi&&iunuMayer 6
woul d make 15 | I dto

achi eve a her matlc(%l (ﬁlgt%\éé)ﬁq’ élral:segijp eﬁllé)q'[% t%Le povver ayer 12.
Too large a thi RdRES of mmmmm @ncbmq e rashed4 hand, woul d
render the entire package m&mw&m Rddts %hould also be %ﬁé& nfg a

speci fic adhesive |a S des rib ove, experiments have
denonstrat ed, arfe&ﬂ#feft? tﬁ? % %&F%ﬁ‘fchl eved in any of
the foll ow ng cmcqmucm htesaqd aﬂfaml-mzjuém pesribeadivith 12 to be

. bonded by the a of $q;§{|m
(e.g., the base p ate Aé %ﬁ% num or an a urf{lﬂeuma |'0y, and the
- the ground layer 14 are formed of the platelike .

10 members 20 and 28 having relatively large areas, so
that the self inductances of the power layer 12 and
the ground layer 14 are relatively small. In

- addition, a decoupling capacitor with a capacity of
about 50 to 1000 pF is formed between the power layér

15 12 and the ground layer 14. Thus, a noise to be '
generated in the power layer 12 and thé ground layer
14 can be fully suppressed. The self inductances of
the power layer 12 and the ground layer 14 are each
0.1 to 0.6 nH (frequency: 1 MHz or more) when the

20 members 20 and 28 are each formed of a metal plate
having a thickness of 0.1 mm, being a 40x40 mm square
excluding the outer leads 24 and 32, and having a
20x20 mm square opening formed at the center; or they

_ are each 0.05 to 0.3 nH (frequency: 1 MHz or more)

25 'when the members 20 and 28 are each formed of a metal

plate having a thickness of 0.1 mm, being a 40x40 mm
- square excluding the outer leads 24 and 32, and
having no opening formed at the center.

Fig. 3 shows a modified example of the

30 package for mounting a semiconductor device
illustrated in Figs. 1 and 2. 1In this modified

| example, spacer means 36 are arranged in the adhesive
layers 6, 8 and 10. The spacer means 36 is formed of

a plurality of spheres incorporated into the
35 adhesives for forming the adhesive layers 6, 8 and 10
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power layer 12 is formed of alum numor an alum numalloy); 30

*(b) The difference in the coefficient of thermal expansion at 0 to

100[ err] C between the base plate 4 and the power |ayer 12 to be bonded by

t he adhesive layer 6 is about 5x10[err], a relatively small difference
(e.g., the base plate 4 is fornmed of 35 nol ybdenum tungsten, alum num
nitride ceramc or al um na ceramc, and the power |ayer 12 is forned of
alloy 42, kovar or nolybdenum); and (c) The2@ fference in the coefficient
of thermal expansion at 0.to 100[err] C between the base 5 - pI ate 4 and t he
powver |ayer 12 toRfEPEhdhe Rahasdivamane cureder Fhes dianaters 9f

rel atively great eh}{é‘gg @ij}@;{é Gre dbhfRSRPIF ale idedifgeed of al um num
nitride ceramc or na cer the wer | ay r rmed of
al umi num or al um rﬁ‘hﬁ d%af‘mtgﬁe Pﬁ’g‘ aeﬁeé'"s4 q‘l(ﬂ’ffgd{ silicon
car_.b! de or alum nmucuﬁdmmb—iyc,er‘lﬂm desdnetd v luserofl a;tmr distander ned of
B oty en WD SIS 1€ DSl AL 2 OB 2ver
Such ground | ayer diFtangs ke %%d‘hﬁ rowahdlayereniZeranyd the @EreuRd pover
layer 12. The mai nfad ©f, i @O thrde dtidé Hdllground layer
14 and the signal layer 16. The material £or the
sphere constituting the spacer means 36 is preferably
10 the one described earlier as the preferred material
for the filler that can be added to the adhesive
which forms the adhesive layer 6. When such spacer
means 36 are disposed in the adhesive layers 6, 8 and
10, the thicknesses of the adhesive layers 6, 8 and
15 10 are defined sufficiently precisely by the
‘diameters of the spheres constituting the spacer
means 36. This prevents fluctuations or unevennesses
of the thicknesses of the adhesive layers 6, 8 and 10
_ that would otherwise occur depending on the pressure
20 exerted during lamination. If desired, before the
power layer 12, the ground layer 14 and the signal
layer 16 are laminated in this sequénce-onto the base
pPlate 4, a plurality of projections or ridges
constituting the spacer means can be formed
25 - beforehand at predetermined surfaces of the member 20
constituting the power layer 12, the member 28
constituting the ground layer 14, and the leads 26
constituting the signal layer 16. ' The constitution
of the modified example of Fig. 3, excluding the
30 spacer means 36, is substantially the same as in the
embodiment shown in Figs. 1 and 2.
Fig. 4 shows another modified example of
the package for mounting a semiconductor device
illustrated in Figs. 1 and 2. 1In this modified
-35 example, an insulating hard resin layer 38 is
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pFate‘confofning to the main part of the power |ayer 12, and has a
*rectangul ar opening 30 forned at its 20 center. At the outer peripheral

portion of the nenber 28 are formed a nultiplicity of outer

| eads 32 forned

at suitable intervals. Each of the outer leads 32 is disposed so as to be
offset .relative to the outer |leads 24 of the power layer 12. An outside
portioon of the outer |l ead 32, shaped |like a ribbon, i-s connected to a

so-called idle Iead of a nult|pI|C|ty of Ieats 26 in the S|gnal | ayer 16

25

(the lead 26 of th qﬁ% | ayer 16 will be dESC{Ibed | det #a er). The
connection betmeen e?nlﬁ%ﬂ Ipper jgupfage ol th @ ? Bad 26
of the signal Iayeinéﬁdeapobelam)f@fnENeb@nmesuléa@lefneadb oﬁutheas
electric spot wel dxh&ﬂt séf‘éeie%édéé‘gc r&‘ééiéé{?ﬂ% Q%'dé al layer 16.
t her roconpr essi on, Brazi n or Ing wWith a
conductive 35 a |Deeferredlﬁnsulatxnslh@mﬁ rﬂ%lgrg%ﬁﬂrlh§éral4 may be

formed of a siggl endBaDEE &F é-l&é‘&'{éitirYoﬁfldre’E@eiéood) N Q)R . S'iﬁd@nplréH

i nstance, in order to control the_characteristic inpedance and/ or inprove
the 5 adhesion, PhethaiPrpserred imsulaking Rard:FestRnl2YeE @F%und | ayer
14 may be prOVldEdpﬂL?ﬂmﬁEQYrésﬂUS, epoxy resins, fluororesins, acrylic

10

15

20

25

30

- 35

resins, and phenolic resins. The thickness of the
resin layer 38 is somewhat smaller than the distance
between the ground layer 14 and the signal layer 16,
and preferably, it is, say, about 0.05 to 0.7 mm,
particularly 0.1 to 0.5 mm. It is also preferred
that the adhesive layer 10 is caused to remain in a
slight thickness between the resin layer 38 and the
ground layer 14. The resin layer 38 may be a
rectangular smooth film or sheet. If desired, it is
pPermissible to use a film or sheet having numerous

holes about 0.05 to 0.5 mm in diameter, and allow the

adhesive forming the adhesive layer 10 to move into
the numercus holes. Before the signal layer 16 is
laminated onto the ground iayer 14 via the adhesive
layer 10, the resin layer 38 can be bonded by a
suitable method, such as thermocompression, at a
required site ofithe underside of the leads 26
constituting the signal layer 16. Alternatively,
when the adhesive for forming the adhesive layer 10
is in the uncured state, the resin layer 38 is
embedded ét.a required site of the adhesive, and then
the leads 26 are laminated onto the uncured adhesive,
whereby the resin layer 38 can be positioned at the
required site of the underside of the leads 26.

-When the leads 26 constituting the signal
layer 16 and the semiconductor device 18 are
connected by bonding wires, one end of the bonding
wire needs to be fixed on the upper surface of the
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‘hol es.’- The total area of these tiny holes is advantageously 70% or |ess of
"the area of that portion of the nenber which contacts the adhesive 10

| ayer 8. The preferred materials for the nenber 28 constituting the ground
| ayer 14 may be the sane as the preferred materials for the nenber 20
constituting the power |ayer 12. The adhesive layer 8 to be interposed 15
bet ween the power |ayer 12 and the ground | ayer 14 may be formed of the
adhesive hitherto used in a package for nouné?nmgy a semi conductor devi ce,

such as a polyi m de adhesi ve, an epoxy adhesive or ap acrylic_adhesive, or
any ot her suitablelﬁﬂﬁﬁsf%%S %g théQ%%éﬁ Y, $?°bsg?6}ﬂ%d1%fp§ﬁ93ﬁﬂﬁ ive
whi ch has rubberl| i &évaheagecnsyy adby esobealDed uitthrassonie wiheeabbrding | ayer
... 6 interposed bet se_pl 4 .1h o) y nar

" shape of the ad‘hgﬁ%&gg’i}%ﬁ %e"éﬁ%’fg%f‘é‘?gg’r%e%ﬁ%?m%‘t‘#gl ydt]‘%%tis[g%%’qég as
the planar shape ovibhathems.pahccordine tender egpevherteutifig the ground
llayer 14 (the Qartaéﬁééﬂéénﬂaﬁ f@tﬁéﬂgﬁggg?ét w SRE0EInIAL Yiayer 16

substantially the sanme as t e%ﬁ anar” sl e main_part of the penber

20 constituting t hdapoabberitke 19lagpicity, the adhesivie LR¥eH AEnisS

illustrated in Figelasdtbbdlly ébmpPO¥EEd| By ethd 2piesbane Nékedtedt ont BRet op

of the base plate 4 via #Qe adhes
0

lve layer 6..and. th round layer 14 is
| am nat ed ‘onto thel?%%r ?ﬂ% ﬁ%ﬁﬁ?gl%.%?ai%nﬁ?awTﬁ%eggﬂgﬁ?%é | ayer 8. |If
desired, Consequently, the inner leads are displaced slightly
10 downwardly, making the bonding operation difficult,

and relatively great ultrasonic output is required.

However, if the insulating hard resin layer 38 is
disposedlat the inside portion of the underside of
the inner leads as in the modified example shown in
15 Fig. 4, the downward displacement 6f the inner leads
during ultrasonic wire bonding is thoroughly
prevented, and the ultrasonic output regquired can be
considerably reduced.
' Fig. 5 shows another preferred embodiment
20 of a package for mounting a semiconductor device in
accordance with the present invention. A package
shown generally at the numeral 102 has a base plate
104, and three conductive layers, i.e., a ground
- layer 114, a power layer 112 and a signal layer 116,
25 laminated on the underside of the base plate 104 via
' adhesive iayers 106, 108 and 110, respectively,
interposed between the adjacent layers.
The signal layer 116 in the package 102
illustratéd in Fig. 5 is composed of a circuit
30 substrate 126. The circuit substrate 126, which may
" be of a shape well known per se, has a main part
shaped like a rectangular plate. At the center of
the main part is formed a rectangular opening 127.
One surface of the main part of the circuit substrate
35 126, namely, its underside, is provided with a



35. the ground | ayer may be | ami nated onto the top of the - 17 - base
pl ate via the adhesive | ayer, and the power |ayer may be | am nated onto the
top of the ground |ayer via the adhesive layer. In this case, it is

i mportant that the adhesive |ayer interposed between 5 t he base plate and
t he ground | ayer be formed of an adhesive which has rubberlike elasticity
after being cured, as is the adhesive |ayer 6. The adhesive |ayer

i nt er posed between the ground | ayer and the Béwer |ayer nmay be forned of a

sui t abl e adhesi.ve, but 10 pr ef er abl it s likew se forned of an
adhesi ve whi ch has Fe@s#&ed EéréF&§tPé%F?r§fﬁ@P b¥Pdghc dse FurEReTher Wit h
reference to Figs. ehuap@ea,whhh ﬁh@ﬂabuhéxeboﬁﬁebxlh@ﬂtﬁfmm&amﬁwl3ﬂhe

~ground | ayer 14 vi er,.15 t he
et ared enbodi b gﬁag‘(}?%?‘%% gg%gteﬁujclqup rllgé'borll:fe °°"‘%’ 2
(so-called | ead frofep 20- C?ﬂéedubﬁﬂélarndaagraw ar@hG|§96§@dtat |ntervals

so as to formg pr %@ﬂs%&%‘t%e(iz@afcb%s%ztu/é&n'gs tHe! lsilghawn 1ayelrN 1% pilane
pi ece having the | eads 26, a rectangular ouyteéer rin

(so-cal l ed tie-bar eb@ﬁﬁ@EP ﬂﬁedﬁﬁﬁéﬂdéﬁﬁﬁ&§ of Hife MadRy PIE %§'53ﬁﬂed
to the top of the gieuwdd %Wst%t‘él a26hmagdbes ifvemedy of ,1&aylhan, the

outer ring is cut %E&amic such as alumina or aluminum nitride, a
Plastic such as epoxy resin, phenolic resin or
10 fluororesin, glass, or a composite of these. If the
main part of the circuit substrate 126 is formed of a
ceramic, the circuit pattern 129 can be formed by
printing a paste containing a powder.of conductive
metal, such as copper or silver, on the main part_and
15 curing it, or printing a paste containing a high
melting point metal on the main part, and then
sintering it to form a metallized layer. If the main
part of the circuit substrate 126 is formed of a
plastic, the circuit pattern 129 can be formed by
20 applying a copper foil on one surface of the main
part, and etching the copper foil. The ball grid
array constituting the many outer connecting
terminals 131 can be formed of a low melting point
conductive substance such as solder. The many outer
25 connecting terminals can be formed of a pin grid
array well known in the art, which includes many pins
formed of a metal such as copper, alloy 42 or kovar,
instead of the ball grid array.
The ground layer 114 has, integrally formed
30 therewith, outer leads 132 which constitute .
'connecting'means for electrically connecting the
‘ground layer 114 to the outer connecting terminals
131. The outer leads 132 of a ribbonlike shape
extend downwardly along the side surface of the
35  package ‘102, and then extend inwardly to be connected




t he. out'si de ‘'ends of the |eads 26, thereby achieving a 25 state in which
the. many | eads 26 are bonded onto the ground |ayer 14 via the adhesive

| ayer 10. An outside portion of the lead 26 (i.e., the outer lead) is bent.
Such bending can be carried out in a manner well known in the art after the
| eads 26 are bonded 30 onto the ground layer 14 via the adhesive |ayer
10. If desired, the signal |ayer 16 nay be fornmed of a single nenber or a
plurality of menbers, in other shape The pr@ferred naterials for the | ead

26 constituting the signal Iayer be the .Sa the preferred
materials for the mypter é’(ﬂ‘i’é’ﬁct “ﬁg\%er]'%]aye %'a?‘ﬁev
adhesi ve -1 ayer 10 tth&@dw&ﬁﬂmd e Wl hhﬂ:e@“mmd( IMedLmnkwm
.signal layer 16 rraqu_[ﬁ (ﬂﬁé gpe5|v erd
for nounting a 5 Irglhe (512%8(3'11% ) ""s"t.lflcGi:lh"'iu‘téze %ﬁ%?ﬁetg d1gﬂee5| ve, an
epoxy adhesive or aimmqaclladlmnﬁ@tmq aﬂse FIRST %mﬂé‘-?ac#%s@h% as
i s the adhesive edk (dbrifed tbff RS RAlaaen | a0 Wit d:2VRiade? Bl the
ground Iayer 14 P ef erably, I's forne f an 10 ;tye whi has '
rubberlike el asticid&® &% %l%&'mll% shaReye e&'cﬁ‘f’é%dr W’&!Ferr‘ﬁé’
i.nt er posed between {l¢hdagfe mlaiee ghrrtd e e pdchierye 102 ,Thnd| trear
shape of the adheS|é/ Ia e:.rnwarcily F%:roefbeer %%lr}élected to the outer
connecting terminals 131. _
10 In the package 102 illustrated in Fig. 5, a
cavity for mounting a semiconductor device 118 is
defined below the base plate 104, and the
semiconductor device 118 is mounted at the center of
the underside of the base plate 104. The
15 semiconductor device 118 is connected to the power
layer 112, the ground layer 114 and the signal layer
116 by bonding wires 134. Then, if desired, a
suitable resin, such as epoxy resin, may be poured

into the cawvity where the semiconductor device 118 is

20 mounted, whereby the semiconductor device 118 can be
sealed, as shown by a two-dot chain line in Fig. 5.
Except the above-described constitution, the
structure of the package 102 illustrated in Fig. 5
(e.g., the materials for the base plate 104, the

25 adhesive layers 106, 108 and 110, the power layer 112
and the ground layer 114) may be substantially the
same as for the package 2 of Figs. 1 and 2.
| ' In connection with the package 102 of Fig.
5, the following facts should be given attention: 1In

30 a package having many outer connecting terminals,
such as ball grid array or pih grid array, formed on
the underside or top of the package, it has been
customary practice that the connecting means for
electrically connecting the power layer and the

35 ground layer to the outer connecting terminals are



substantially the sane as the planar shape of the 15 main part of the

" nenber 28 constituting the ground |ayer 14 (the part excluding the outer
l'eads 32). As will be seen clearly by reference to Fig. 2, a cavity open
upwards, i.e., a cavity for nounting a sem conductor device, is defined at
a 20 central portion of the package 2 describe above. The bottom surface
of such a cavity is defined by the top of the base plate 4, and the four
side surfaces thereof are defined by the +n8Pde end surfaces of the
adhesive layer 6, the power layer 12, the adhesive 25 er 8, _the ground
layer 14, the adhesmpesedyef aoconductihuesmghal P&§E%n$6aP¥A1Fﬁeleavuty is

qgun:ﬁd the sgn}ceﬁggggthggggcgoﬁﬁedmmhca Lamsﬁgaaategrhethhe power Iayer
e groun a a ayer ndi n
desi red, ga 30 anﬁbFugﬁBﬁngh?sgﬁ%#ﬁgﬁytowfgg égggaae gnp%5§§°§%%rt gas

atnDsphere or in packaget01§eahetbuteavcbynabﬂnaqthermenaésnaustor devi ce

h b d. - h
of bonding i 1°by $RASESRIefbalHd,  Ple) dPARREMEOREThE" LUEYLGR BOLRTE Y

sealing it with the @&BkaﬂéYmémﬁlknoﬂnd thuslghe FEdPﬁ§§§c§kPﬁl§Heln the
art, and their degghhedtdfgCheRhbODS 2aegaN t HEfcES' & Bonkliddeablyd, bunp

large noise is generated during high speed operation
of the semiconductor device,_thereby increasing the

10 risk for malfunctions. In the package 102 of Fig. 5,
on the other hand, the connecting means for
connecting the power layer 112 and the ground layer

- 114 to the outer connecting terminals 131 are

composed of the outer leads 124 and 132 extending

15 along the side surface of the package 102. The outer
leads 124 and 132, if considerably increased in
numbers, can be formed into shapes of a relative
large cross sectional area, and their inductances can
be maintained low. Thus, noise generation during

20 high speed operation of the semiconductor device 118.
can be fully suppressed. In addition, the numbers
and poéitions of the outer leads 124 and 132 between
the power layer 112_and ground layer 114 and the
outer connecting terminals 131 can be érbitrarily

25_ chosen, so that the ground inductance and the power
inductance can be adjusfed suitably. The positions
of the outer leads 124 and 132, in particular,
determine the inlets and outlets of current that
greatly affect the current distribution of the power

30 layer 112 and the ground layer 114 and considerably
change the inducténces.'-Hence, the possibility for
arbitrarily selecting the pbsitions of the outgr
leads 124 and 132 brings great advantage to the
design of the semiconductor device. - In the

35 embodiment of Fig. 5, the connecting means are



bondi ng or tape autonmated bonding may be used in place of the bonding by
“the bonding wires 34. 5 The followi ng facts should al so be
noted in regard to the package 2 for nounting the sen conductor device that
has been described with reference to Figs. 1 and 2: The power |ayer 12 and
the ground layer 14 are formed of the platelike 10 menbers 20 and 28
having relatively |arge areas, so that the self inductances of the power

| ayer 12 and the ground layer 14 are relati y snall.. In addition, a

decoupling capacitor with a acity of about 50 to pE is formed

bet ween the power FoBRSSetE °fc%g"ear?d¥°ﬁ¥e %&%%ﬂ&%ﬁ’% Eﬁﬂ%e, a noise to
be gener a'éed_l_ihn tgmi;n.yﬂl]l}amtmz:Mdam dragged 132 emdl Abos rgmaridil | Iy :
suppr essed. e s a r ﬁ]% ayer
14 are each 0.1 to %‘.’%%H%’f @%_&%ﬁ# rﬂ"%S}I\)/;ifz\/&e(ﬁéﬂﬁ%cr e%dléfﬁn@t%]% mber s
20 and 28 are eaclmeansnf sthemawitahle shaps |rtending mlenpditie 1 nm
bei ng a 40x40 g1 S esupddddlid¥ dH idiigd adfls, ¥ ANd B3 orfitbdid Ng a

20x20 mMm square 0 eni ngffor doj_gtathe center. or theyéﬁ{ﬁe] each 0.05 to 0.3
nH (frequency: 1 r Qﬁﬂegf ST HY SRS 2 FU¥hre each
fornmed of a netal jnductdnoe raf aHleipdweasdayferd. ll2mandeihy totdlx40 mMm
the center. Fig disiitdles MR by 0 i [0, SR, PR 2
nmounting a seni corRickess.d@anticularly, 0.5 nH or less. _
| 10 Fig. 6 shows still another preferred
embodiment of a package for mounting a semiconductor
device in accordance with the present invention. A
package shown generally at the numeral 202 has a base
Plate 204. The base plate 204, optionally in the
15 shape of a rectangular plate, may be formed of a
plastic such as epoxy resin, phenolic resin or
fluororesin, a ceramic such as alumina or aluminum
nitride, glass, or a composite 6f these. On the
underside of the base plate 204 are formed many outer
20 connecting terminals 231 composed of a ball grid
array. The ball grid array can be formed of a low
melting point conductive substance such as solder.
The many outer connecting terminals can be composed
.of a pin grid array, including many pins formed of a
25 metal such as copper,'alloy 42 or kovar, instead of
the ball grid array. On the other surface, or the
top, of the base plate 204 is formed a signal layer
216. If the base plate 204 is formed of a plastic,
the signal layer 216 can be formed by applying a '
- 30 copper sheet thereon, and etching the copper sheet.
If the base plate 204 is formed of a ceramic, the
signal layer 216 can be formed by printing a paste
containing a powder of conductive metal, such as
copper or silver, on the base plate 204 and curing
- 35 it, or printing a paste containing a high melting
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il.lustrated in Figs. 1 and 2. In this nodified exanple, spacer neans 36 are
" arranged in the adhesive layers 6, 8 and 10. The spacer neans 36 is forned
of a plurality of spheres incorporated into the 35 adhesi ves for formng
t he adhesive layers 6, 8 and 10 - 20 - before the adhesives are cured.
The di aneters of these spheres are conforned to the desired thicknesses of
t he adhesive layers 6, 8 and 10, accordinglﬁ the desired val ues of the

di st-ance 5 bet ween the base plate 4 and™t 2 Power |ayer 12, the distance

bet ween the power_layer 1 nd t he ound | ayer , an e_distance
between the orourBoiEcretal i the rgnapLatsc0ds 2R theperiafoEing: e
sphere constitutihy tbefspacarmetabtizédi Tapeef er Abl wilD bet Beenne

descri bed earlier e teri fog t LI ker 1hat be
added to the adheggéggggigg %%?%gg?ﬁg géhgg Veéfaggfgé.kghgﬁ g%%ﬁggpacer
means 36 are di spb3¥eri Aléhatathescentenyefsthe 8PRAY surfafe efi &hBesses

of the adhesige |py8esSpbaté 204, land iRsBe84d8f rBedafighilhel 2Byl ¥nPESE SEl Y
by the diameters of tge spheres, con té%ugiagvthe sﬁaier ngﬁgs 36. _This
prevents fl uctuatPBHB*HRILAFENHESR t AEVERAtckfieleEl Fhe adResive
| ayers 6, 8 and lthéhbaseopladtet2@4wase Sormeddmangdthgought-helpse2ilre
' ' which are plated with a conductive metal. Ihese
Platings connect the signal layer 216 to the outer
.10  connecting terminals 231. -

On the signal layer 216 integrally formed
on the top of the base plate 204 is laminated a power
layer 212 via an adhesive layer 206, and a ground‘
layer 214 is further laminated thereon via an

15 adhesive layer 208. As with the package 102 of Fig.
5, the power layer 212 has, integrally formed
therewith, outer leads 224 which constitute
connecting means for electrically connecting the
power layer 212 to the outer connecting terminals

20 231. The outer leads 224 are of a ribbonlike shape,

- extend downwerdly along the side surface of the
package 202, and then extend inwardly to be connected
to the outer connecting terminals 231. Similarly,
the ground layer 214 has, integrally formed

25 therewith, outer leads 232 which constitute

. connecting means for electrically connecting the
ground layer 214 to the outer connecting terminals
231. The outer leads 232 are also of a ribbonlike
shape, extend dewnwardly alenq the side surface of

30 the package 202, and then extend inwardly to be

' . connected to the outer connecting terminals 231. At
the center of the adhesive layer 206, the power layer
212, the adhesive layer 208 and the ground layer 214
is formed a :ectangular opening which defines a -

35 cavity for mounting a semiconductor device. A



20 ‘exerted during lamnation. |If desired, before the power |ayer 12, the
* ground layer 14 and the signal layer 16 are lamnated in this sequence onto
the base plate 4, a plurality of projections or ridges constituting the
spacer means can be forned 25 bef orehand at predeterm ned surfaces of the
menber 20 constituting the power |ayer 12, the nenber 28 constituting the
ground | ayer 14, and the |eads 26 constituting the signal |ayer 16. The
constitution of the nodified exanple of Fi 837 excluding the 30 spacer
means 36, is substantially the sane as_in fhe enboqénegt shown Ln Figs. 1
or:) a

and 2. Fig. 4 sho%RmiGeREestonAeyice &ifpte BPuRhe KRR FEPCRBURTI ng
sem conductor devige tép USE! thebase pUste 12040 2Sudth sémiconduétex 3S

Chner. surface (i HASVROBr 2 ek BrcPRRSFRS ko Bve BRYSE LePeiTAEE) FRa "o,
each of the nultigreuhdalisayes 2bksanduthegsidmali faver| al6rbysbording
preferred | nsyl atyngeassal e518 La¥PEed%a8 SnowDBY) 4StAb-gbBSEhaLAY Of 10
to 10000 kg/ mjerr]. anples of the preferred insulating _hard resin |ayer
are pol yim de restiBe &Rokydr e€ind, caPUSFQ  8j hended 9RFe F-Eei ﬁel? 8hd
phenolic resins. ghe ghoakaesayet 202 via a suitable adhesive layer
242 in an inert gas atmosphere or in wvacuum. As a
result, the bottom surface of the cavity where the
10 semiconductor device 218 is mounted is closed,
whereby the semiconductor device 218 can be sealed.
The cap 240, optionally in the shape of a rectangular
plate, may be formed of a ceramic or plastic. Except
the above-described constitution, the structure of
15 the package 202 illustrated in Fig. 6 (e.g., the
materials for the adhesive layers 204 and 206, the
power layer 212 and the ground layer 214) may be
substantially the same as for the package 2 of Figs.
1 and 2.
20 Next, examples and comparative examples
will be described, but the present invention is in no
way limited to these examples.
The First Examples and Comparative Examples
Silicone resin adhesives (Examples), epoxy
25 resin adhesives (Comparative Examples), and polyimide
resin adhesives (Comparative Examples) as shown in
Table 1 were each chosen as the adhesive for forming
the adhesive layer between the base plate and the
conductive layer. ‘ '



résin layer 38 is sonewhat snaller than the distance 10 between the
ground |l ayer 14 and the signal |layer 16, and preferably, it is, say, about
0.05to0 0.7 mm particularly 0.1 to 0.5 mm It is also preferred that the
adhesive layer 10 is caused to rermain in a slight thickness between the
resin layer 38 and the 15 ground layer 14. .The resin layer 38 may be a
rectangul ar snooth filmor sheet. |f desired, it is permssible to use a
filmor sheet having nunerous holes about .28 to 0.5 mmin dianeter, and
al l ow the adhesive form ng the adhesive layer 10 to nove into 20 the
nunmer ous holes. Before the signal |layer 16 is | am nated onto the ground

- layer 14 via the adhesive |layer 10, the resin |layer 38 can be bonded by a

~suitable nmethod, such as fhernmpconpression, at a required site of the
undersi de of the |eads 2§ 25; _conpti i'hglthe s$idna] layer 16.
Al ternatively, when the gdfes? fpr it k) adleesiye layer 10 is in
the uncured state, the rdsiti8agies| 394 :‘g[? jfe%sg- equired site of the
adhesive, and then the |eq§§g§6\&FE¢| i a é on{o |the~¢ncured adhesive, 30
whereby the resin |ayer 3@xay & K83 Y he at thg required site of the
underside of the |leads 2. Y®ei|t hgp llealds| 26 constijtufimg the signal |ayer
16 and the sem conductor [deji ces[I8[ afe [copngctied| by bpngi ng wires, one end
of the bonding 35 wre |nepds gjo. pe(fifxed an fthe YRPE! surface of the
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-+22 - inner lead of the lead 26. Such fixing is perforned advant ageously
by so-called ultrasonic wire bondi ng known per se which utilizes pressure
and ultrasonic vibrations. According to our experience, if the 5 adhesi ve
| ayer 10 present below the signal |ayer 16 has rubberlike elasticity, the
adhesive layer 10 is elastically conpressed by the pressure exerted on the
inner | eads during ultrasonic wre bonding. Consequently, the inner |eads
are displaced slightly 10 downwar dl y, mald%g the bondi ng operation

difficult, and relatively at ul t.rasonic ougé) Is required. However, if
the insul at| ng hard resin Igé’y'é togthesy egiies rf%?’a% ‘B%???Bﬁdof t he

under si de of the fq:methe emtb.lhss mfté]kasmrhjftpch'emﬁrl:.e S‘i‘lwvncuﬁlﬂé Fig.

4, the domnmard sonjc wire
bonding is thor oughl pr event ede andéﬁﬁeéilf%gés(}gy%%g? "El{ ﬁ’%d can be
consi derabl y red&%glfﬁgc" %Wmmm@re%osmmmmm l.of a

package for rUNtTHE modelti€ W Ut HitdeMiFend mworm Lt%&hsspfese”t
i nvention. A package shqo}\éﬂf%enerall _at t e _nuner al aseg ate
?

104, and three co IEﬁlﬁ%FtFl'bﬁFb@fll‘IlIsaFm\kr Byer
112 and a signal tlaqeslﬂﬂ:ﬁoné&eszlraradlﬁeﬁdzém At B dEiS inkeeda tée base

plate 104 via ASTM D-882 for the other resin adhesives. The
results are shown in Table 1.

10 " The epoxy resin adhesives used were two
types, one cured after mixing of the two components,
and the other containing a curing agent and capable
of B stage (semi-curing). The polyimide resin
adhesives used were two kinds, an aromatic polyimide

15 Precursor solution of a heat curing type which is
applied and then heat-cured, and a thermoplastic
adhesive called Oram (Mitsui Toatsu Chemicals; Inc.).
The silicone resin adhesives used were a total of
five kinds of adhesives, two one-component room

20 temperature curing adhesives A and B (called RTV
rubber) different in adhesiveness, and three one-
component heat curing organopolysiloxanes A, B and C
different in adhesiveness and modulus of elasticity
which contain SiH groups and vinyl groups, and which

25 are each heated togethef with a chloroplatinic acid
catalyst to undergo the eddition reaction and form
dimethylene crosslinks, resulting in curing. Of
these silicone resin adhesives, the heat curing type
A relying on addition reaction contains as the only

30 filler 25% by weight of silica having purity of
99.99% or more and an average partiele diameter of
4.5 pm. The heat curing type B contains 50% by
weight of alumina having purity of 99.99% or more and
an average particle diameter of 0.6 pm, and 20% by

35 weight of silica. The heat curing type C contains




adhesive | ayers 106, 108 and 110, respectively, interposed between the

" adj acent | ayers. The signal layer 116 in the package 102 illustrated in
Fig. 5 is conposed of a circuit 30 substrate 126. The circuit substrate
126, which nay be of a shape well known per se, has a nmain part shaped |ike
a rectangul ar plate. At the center of the main part is forned a rectangul ar
opening 127. One surface of the main part of the circuit substrate 35

126, nanely, its underside, is provided wrthla- - 23 - required circuit
pattern 129, which_is further equipped w th nany, outer copnecting.termnals
131. The many out r4cB¥n¥eishy f&r H@%Ealéﬁda?é%cBXpUgég &t °f 58;&59Ped
ball grid array. The circuiThé® sibibshéatesinbadhesivest usgdt hdlshgdah

| ayer 116 will be Lbed in_detail. herein., T i.n -R o) ircuit
substrate 126 naymgéagé%n%g 8£?s§é§}L¥ SéréﬁiggZU ﬂqﬁglﬁﬁﬁ%iﬁ%uﬁgﬁé um num
nitride, a plastitubbehlikeecpdbagtiesty, phenolic resin or 10 fluororesin,

glass, or a cgnposite of theggn, £fp19€e”8knapé6% eb-thagskkaUL18ybstrate
126 is formed of a ceramc, the circult pattern 89 can g f

anm be forned
printing a paste €BRtaiRiRg BopBREERUB; BﬁﬁﬁE?FvénﬁeFﬁl}nsGEhaQQuE¥pper or
silver, on the mabg po¥%tbgngeight, double-sided Al clad kovar (Al

thickness: 8 pm on each side), double-sided Al clad
copper (Al thickness: 8 Bm on each side), aluminum or

10 copper was used as the metallic base plate. As the
ceramic base plate was used a plate of alumina or
'aluminum nitride ceramic. These base plates were
each a 40x40 mm square plate 1 mm in thickness. The
conductive layer prepared was a layer of copper,

15 aluminum, alloy 42, kovar, zinc, molybdenum, KV-15
(Fe-Ni-Co alloy of Sumitomo Special Metals Co., Ltd.,
having a coefficient of thermal expansion, at room
temperature to up to 350°C., close to that of
aluminum nitride or silicon semiconductor), double-

20 sided Al clad alloy 42 (Al thickness: 8 Ppm on each
side), double-sided Al clad kovar (Al thickness: 8 Pm '
on each side), or double-sided Al clad copper (Al
thickness: 8 Um on each side), each layer having a
total thickness of 0.1 mm. The power layer prepared

25 was a 39x39 mm square plate having a 20x20 mm square
opening at the center. The ground layer prepared was
a 3939 mm square plate having a 22x22 mm square
opening at the center.

_ The above base plate and power layer, in

30 the combination shown in Table 2, were laminated
together via the above adhesive (coating thickness
100 pm). Onto the power layer was laminated the
ground layer of the same material via the adhesive
(coating thickness 100 Ppm). Onto the ground layer

35 was further laminated the signal layer of the



15 curing it, or printing a paste containing a high nelting point netal
"on the main part, and then sintering it to forma netallized layer. If the
main part of the circuit substrate 126 is forned of a plastic, the circuit
pattern 129 can be fornmed by 20 applying a copper foil on one surface of
~the main part, and etching the copper foil. The ball grid array
constituting the many outer connecting termnals 131 can be forned of a | ow
mel ting point conductive substance such as 38l der. The many outer 25
connecting termnals can_be_formed of .a pin grid _arrgy well known.in the
art, which incIud@§tﬁ§ﬁ?1pPhgwpoﬁﬁeaabﬁeaznﬂgalt§ﬁcﬁg§§s&33sz?3§1P8y 42 or
kovar, instead of thiekhelsls goodpa)r.ay Théhdapinate wagesubjécitasl tiontegral |y
formed 30 t her ey ..outer. |e Iy c It yt.e egt | means
for electrically g%%%%ggik%dfﬁé%§§oé%édﬁgéggsl%ggkg #heTgﬁggr&cgﬁﬁecting
termnals 131. Theopstdtuteadspagkage fori mountirg shagmicrndustedwnwar dl y
al ong the sidg sugkyqeeof & 31gnala§kyes %Qg1aaggnbﬁ%nl%é%&nﬂabﬁﬂﬁfd|y to

be connect ed - 24 - to the out'er connecting termnals Simlarly,
the power |ayer 18384ndeadsnagy QMERTr dLASIPLAE R R SoBler 38ads 124 which
constitute connecthigkieaas off00.15 mm.

In bonding the copper base plate and the
power layer, the atmosphere used was nitrogen, if the

10 heating temperature exceeded 150°C. Of the silicone
resin adhesives, those of the heat curing type and
having a low modulus of elasticity (Nos. 6, 10, 11),
however, were involved in bonding in the air or under
reduced pressure of 1x10° Torr.

15 The resulting packages were each tested for
'sealing properties or hermeticity. Initially, they
showed helium leaks of 1x10™® atm*’'cc/sec or less,
representing satisfactory hermeticity. Thén, they
were subjected to thermal shock test (a test

20 involving heating at 150°cC for 10 minutes and cooling
at -65°C for 10 minutes) conducted 1,000 times; dip-
soldering test (260°C for 5 seconds) conducted 5
times; and pressure cooker test (PCT) conducted for
100 hours at 121°C and 2 atmospheric pressure in

25 saturated steam. When the silicone resin adhesives
(the Examples) were used, there was no decrease in
the hermeticity. When the epoxy resin or polyimide
resin adhesives were used, the hermeticity declined
to 1x10° atm’cc/sec.

30 The hermeticity test using the helium leak

' method was performed by placing a silicone grease-
coated silicone rubber cap on top of the signal layer
of the package of the shape shown in Fig. 1,
evacuating the cavity, where a semiconductor device

35 was to be mounted, by means of a wvacuum pump (a



el.ectrically connecting the power |layer 112 to the 5 outer connecting
“termnals 131. The outer |eads 124 are also of a ribbonlike shape, extend
downwardly al ong the side surface of the package 102, and then extend
innardly to be connected to the outer connecting terminals 131. 10

In the package 102 illustrated in Fig. 5, a cavity for nounting a

sem conductor device 118 is defined bel ow the base plate 104, and the

senm conductor device 118 is nounted at the 88nter of the underside of the
base plate 104. The 15 sem conductor device 118 is connected to the power
| ayer 112, the gr dddfusipor punp)anblewdngi hediumagas fremyRreyRd A8ew res
134. Then, if desifed, afaStehdihg tRahBesSUahthS GBGYKe’ 6F helitn heagour ed
into the cavity where the sem conductor ,device 118 is 20 nount ed, wher eby
the seni conduct or 230¥REe 1ppAde,fhEec8¥ITEY, as shown by a two-dot chain
line in Fig. 5. Except the mbkoweadatrer ithedboads isitirehigth, bettwesiy diveur e of

t he package 1Q2 illustrated in JFid. e et ke base
plate 104, th 255as§dH§§%§baF§y§$§ gB&Er%&gy%%a %%%,bfﬁg&h&% F&Payer 112
and the ground | ajendetpniey the baset piaitel Wast guts &ee aa¥iddh ©fe 3package
2 of Figs. 1 and ﬁnm ! nlgx%%?%tfi WeMchilt bli‘éc{é%d&@% Pl 1ed Btda Taddef

€ g

following facts shoul d be given attention: In 3Q package Q%ying many
outer connecting 4% AWELER idy@Eh ddesiiongofy 99 &y 1Meng‘tj’ri Carray,
formed on bonded surface of the base plate. The average of the
10 maximum tensile strengths of these three leads was
calculated as the 90° peel strength. The results

are shown in Table 2.
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the underside or top of the package, it has been customary practice that
" the connecting neans for electrically connecting the power |ayer and the 35.
ground layer to the outer connecting termnals are - 25 - conposed of a
conductive netal plating applied in through-holes fornmed in a |am nated
structure constituting the package. Wth sudh a conventional package, if

the outer connecting ternminals are 5 densel nv91 the di aneter of the
-through-hol ¢s | s| ggs kedl ly sﬁrlg Imarﬁ t hus |t guet g K,(J:(BQ@ d@gpnecting
nmeans is | angelsHee) | 6 Idonsl digglahly! | drige li| & |cgler e &l @d|dymil hg hi gh
speed operatigm“;)\“’t el sleri ¢ohdugt dr | devii ge ebylinhdreasi hg tlthe JO
n%fmr@ﬁm@u@ﬁmW&g% Qgeggd qéQWQMbéﬁﬁém¢
tMcmm%ugum&samdm% b ROl B |} i &3] oo Je {25 |ed) eF | @) eif e d
| ayer 114 tq tpejoUter|cpnngctling tleim nlalls re ¢cohpoged ofl tlhe ¢uter
| eads 124 andt [132; gxtfend] ng |1% al ng thg gi unf acke |of| the jpdckage 102.
The outer |qasls 324nteias| )b ceils drs alily eaak b IL | BIGRSIS | &N be
fmww|nms@m@;g;QW'm¥%mﬁP€Mﬁ mm&ﬁmgvm e r
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. can be fully suppressed. In addition, the numbers and positions of the

outer |eads 124 and 132 between the power |ayer 112 and ground | ayer 114

and the outer connecting termnals 131 can be arbitrarily 25 chosen, so

that the ground inductance and the power inductance can be adjusted

suitably. The positions of the outer |eads 124 and 132, in particular,

~determne the inlets and outlets of current that greatly affect the current
di stribution of the power 30 | ayer 112 -ar@&b t-he ground | ayer 114 and

consi derably change the inductances. Hence, the possibility for arbitrarily
sel ecting the positions of M RAfkAIeRE test é&ﬁ-l@: i nkRs gkeatl?,
advantage to the 224 28 die ZE M RiktHe ¥ Q4 Gfindd #4 dfe bewdodi nent

124 and 132 for meals HLEF A1 e RTREGASASY 155 h8 £ TR ($R%%r ound | ayer
114, but they naynefehedbrptirn 90 haumlaf ithe mehs dThetpmrkaged abf e shape
ine forned of a somdist iy o Wit aly YR o selef 0 1Y
112 and the total®9 Mt%ée%kangwﬂjéﬁim%@%i@bly 1 nH or
| ess, particul arlexpressatt 28 d @fflium leak of 1x10® atm’cc/sec. or
less. The package of No. 21 was also low in bond
strength at 0.6 kg/cm (a small decrease from the
10 initial wvalue), but its helium leak was not more than
1x10® atm°®'cc/sec. The other backages of Nos. 16, 17,
20, 22-24, 25 and 27 showed no decrease in bond
strength, and their hermeticity'was-kept at 1x10°®
‘atm* cc/sec or less.
15 The above results cléarly show that the
packages having_the adhesive layers with high moduli
of elasticity that are formed of the epoxy resins and
polyimide resins_are_relatively high in the initial
bond strength between the base plate and the |
20 conductive layer, but are evidently lowered in the
adhesion after the various environmental tests;’
hence, they are inferior in the durability,
especially, the durability to thermal shock.
'The packages of the present invention, by
25 contrast, have the bond strength between the base
plate and the conductive layver maintained even after
the various environmental tests, demonstrating them
to serve as highly durable; highly reliable packages.
_ The present Examples also showed that the
30 Present invention gave highly reliable bonding even
when materials with a considerably small difference
in coefficient of thermal expansion'at 0 to 100°C, a
difference as small as 1-3x10°'°C?, were bonded
together as in the case of aluminum nitride or
35 molybdenum and (Al clad) alloy 42, or even when



10 ; Fig. 6 shows still another preferred enbodi mrent of a package
"for nounting a sem conductor device in accordance wth the present

i nvention. A package shown generally at the nuneral 202 has a base plate
204. The base plate 204, optionally in the 15 shape of a rectangul ar

pl ate, may be fornmed of a plastic such as epoxy resin, phenolic resin or
fluororesin, a ceranic such as alunina or alumnumnitride, glass, or a
conposite of these. On the underside of the 3fase plate 204 are formed nmany
outer 20 connecting termnals 231 conposed of a ball grid array, The ball
grid array can be M¥ferirbs wiith\@ ROnsiderRblY FrfucditEesemceaiRe such

as 30| der. The PHFWOMﬁi&Q@r@E]E‘&%ﬁ;E:EWAZIESf&D, ?@l&ﬁfm&ﬁbéﬁaﬁ pin
. grid array, includjng man frd _of a such as copper,
alloy 42 or kovar fji?‘%%? eaa% ﬁ#'r?%éf%al 1€ iYPER %@p@ﬁ ?%%eg??l’éra§uf?ace, or
the top, of the batke ptase &0Z4alunimmredl tridgnaid |@ppe?ldr 2intheobase
plate 204 is fgornmegd, ofp@ @é?été]f’aﬁﬂﬁrﬁhg 4 !Aye{5 216 can be formed by
heet t

applying a 30 copper s ereon, and etching the copper sheet. If the

base plate 204 is forned of Bhedrase Platrs 2fritest Nes- 214 rd b2 £orned

by printing a pastzo cRdd & g Nem a0y afi o1 SQEEBIST A vEndBéR| thé UeRt pe COPPET

or silver, on the bagf ﬁlate 204 aqg curlfg 35 L t, ar prigtlng a Qaste

contai ning a hi gh surta 5. The Al base pldate of Test No. had a Bm
anodized film on the surface.

10 The Second Examples _
' Examples of the package of Fig. 1 prepared
using as the adhesives silicone resin adhesives
containing fillers are presented. The same type of
~adhesive as the heat curing organopolysiloxane A in
15 the First Examples and Comparative Examples, which
contains SiH groups and vinyl groups, and which is
heated together with a chloroplatinic acid catalyst
to undergo the additioﬁ reaction and form dimethylene
¢rosslinks, resulting in curing, was further mixed
20 with a filler, i.e., alumina having purity of 99.99%
or more and an average particle diameter of 0.6 Bm
and/or silica having purity of 99.99% or more and an
average particle diameter of 4.5 pm to prepare pasty
adhesives. The proportions of the filler blended are
25 shown in Table 3. The resulting adhesives were each
used to bond the base plate to the power layer, the
power layer to the ground layer, and the ground layer
to the signal laver. The base plate prepared was a 1
mm thick 40x40 mm square plate of aluminum nitride
30 ceramic. The power layer prepared was a 39x39 mm
square plate of double-sided Al clad alloy 42 having
‘a 20x20 mm sguare opening at the center. The ground
layer prepared was a 39x39 mm square plate of .double-
‘sided Al clad alloy 42 having a 22x22 mm square
35 opening at the center. The signal layer prepared was



-~

. - 27 - .point netal on the base plate 204, and then sintering it to forma
netallized layer. As will be seen clearly by reference to Fig. 6, there is
no signal |ayer 216 at the center of the upper surface of the 5 base plate
204, and instead a rectangular region for nounting a sem conductor device
Is left there. In the base plate 204 are fornmed many through-holes 213,
which are plated with a conductive nmetal. These platings connect the signal
| ayer 216 to the outer 10 connecti ng ternfhars 231. On the signal |ayer

216 integrally for on the top,of .the bas | ate_ 204 is | am nated a power
| ayer 212 via an 33%2?938 E y&F b8¥ingna §°§P8uﬁ% Pége}eﬁfﬁ’i§nf8 &y

| anmi nat ed t her eonlead pitth ofa@hBsmme hagflea 2ABckndsswofhOLBS mackagd 102

of Fig. 5, the po I AN i pLe t i.th, 0 r

| eads 224 which c%%%?i?é?énég%ng%??ﬁgmﬁegﬁggkérLg%ggﬂ?igg?ﬁgbgbﬁﬁeg%gng t he
power |ayer 212 t&epkerout Upingnthesenyespeativesmagerials, thecsemeer

| eads 224 aresof procblapbki k8 $hapRe PXL8RUEfampYaLdhiqabenpatleivede
surface of the pa&égﬂgﬁégz and then extend i nward be connected to the
S

ly to
outer connecting W3g,perferme aFPyPr?HéraréﬁﬁhagﬁﬁePfZIhehas,
integrally fornedshepe ihdusurabedoiheFifealls 2PRevAdhbsivast wekceach

connecting means BﬁblggﬁCEBigaELXtERBngﬁiéﬂﬂeLQeof 100 pm by screen
printing, and cured in the air for 2 hours at 150°C.

10 In curing the adhesives, a load of 4 g/cm* was imposed
in order to enhance adhesion between the members to
be bonded, in contrast to the First Examples and
Comparative Examples. In regard to the resulting

_ packages, the amount of the silicone resin adhesive

15 squeezed out of the inside edge of the power layer
(the edge defining the 20x20 mm opening) onto the
surface of the base plate was measured in terms of
the maximum length of the squeeze-out from that
inside edge. The results are shown in Table 3.

20 ' At the same time, the silicone resin
adhesives containing the filler were measured for the
modulus of elasticity at 25°C of the curing product
of the adhesive_and_the bond strength between the
base plate and the power layer. The results are also

25 shown in Table 3. The values of the PCT are those
measured after 100 hours.
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ground | ayer 214 to the outer connecting termnals 231. The outer |eads 232
are also of a ribbonlike shape, extend downwardly al ong the side surface of
30 t he package 202, and then extend inwardly to be connected to the outer
connecting termnals 231. At the center of the adhesive |ayer 206, the
power |ayer 212, the adhesive |layer 208 and the ground layer 214 is forned
a rectangul ar openi ng which defines a 35 vity for mounting a

sem conduct or device. A - 28 - senicond or device 218 is nmounted at
the center of the top of the base plate 204. Such sem conductor device 218
is connected to the power layer 212, the ground layer 214 and the signal .

ayer on W I es . esired. as shown a two-dot chain
| 216 by b 234 _1f d d h b t dot ch
line in Fig. 6, ap- 2401i § bpnded opto tlhejtop of |the ground | ayer 214
: : e : _ .
via a suitable s%&elbaxggjggh Ag | el T 928, apnosphere or in vacuum
As a result, thel\Dpt t.om SUN (G B P R EsGay|i<t YesWh@r et he 10  semi conduct or
device 218 is mougled@ is ¢l dsef, |wher pby t|he| sémi copduct or device 218 can
be sealed. The c 240, | optijonpl lfy [i n| the |shape of & rectangul ar pl ate, may
“be formed of a cegfmMZ prpHasfT{. |[EXFept [tITF qbovey descri bed constitution,
the structure of| &b a2the|pdckpge 02| iljl ystfatfed ip Fig. 6 (e.g., the
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~meterials for the adhesive |ayers 204 and 206, the power |ayer 212 and the
“ground | ayer 214) nmay be substantially the sane as for the package 2 of _
Figs. 1 and 2. 20 . Next, exanples and conparative exanples wl|
be described, but the present inventionis in no way limted to these
exanpl es. The First Exanples and Conparative Exanples Silicone resin

adhesi ves (Exanpl es), epoxy 25 resi n adhesi ves (Conparative Exanples),
and pol yi m de resin adhesives (Conparative Bfampl es) as shown in Table 1
wer e each chosen as the adhesive for form ng the adhesive | ayer between the
base plate and the conducti #& |shpsm above,pghen the gpntent @f thfese resin

adhesives were mMeasuiRG hals esdmAaNY O ByasidigHt, athe’HRiddde-ole
curing products of, the.adhesi ves wer repar.ed under the heatin jtions
and at mospheres s ST Th ¥R FeAter S‘Fﬁ‘% S E}‘g‘;of“’?’&r’aﬁqﬁ cﬁ’ﬁ?"éfe‘g r]cC.
was neasured as t by medghts ithe eriscosilty tdfe thet pacstel ihdre@i, f or
: 5 making screen printing substantially impossible. The
bond strength in the initial stage immediately after
bonding, and that after the environmental tests
tended to lower slightly as the content of the filler
increased. However, the values of the bond strength
10 were all more than 1.5 kg/cm, presenting no problems.
As for the hermeticity of the package, even when the
filler was incorporated, the values of the helium
leak of all packages before and after the
environmental tests were 1x10® atm*cc/sec or less,
15 representing a high level of hermeticity.
The Third Examples .

The silicone resin adhesive, the base
plate, the power layer, the ground layer, and the
éignal layer were prepared in the same manner as in

20 No. 39 of the Second Examples. Then, a package
having an insulating hard resin layer formed on the
underside of the inner leads of the leads of the
signal layer was produced, as shown in Fig. 4. For
the insulating hard resin layer, the following resins

25 were used: '

(1) Polyimide resin (R-722, Kabushiki

Kaisha Tomoegawa Seishi)
(2) Epoxy resin (UH1W, Kabushiki Kaisha
- Tomoegawa Seishi)
30 ' (3) Fluororesin (PFA Film, Mitsui DuPont
Fluorodhemical)

The resulting insulating hard resin layers
were each processed to a size of 22 mm in length, 2
mm in width and 0.3 mm in thickness, and bonded to

35 the underside of the inner leads by

g



the silicone resin adhesives and by the nethod of ASTM D-882 for the other
resin adhesives. The results are shown in Table 1. 10 The epoxy -
resin adhesives used were two types, one cured after m xing of the two
conponents, and the other containing a curing agent and capable of B stage
(sem -curing). The polyimde resin adhesives used were two kinds, an
aromati ¢ polyimde 15 precursor solution of a heat curing type which is
appl i ed and then heat-cured, and a thernop#8stic adhesive called O am
(Mtsui Toatsu Chemicals, Inc.). The silicone resin adhesives used were a
total of five ki HASTBOCIARTSAFLON -t o one- component room 20 tenperature
curing adhesives A and B (mmblpchE&e@ubbthhnéﬁfh&&enEWdlwuﬂaaﬂfw&ness and

t hree one- conpo t r|n |onane fferent

i n adhesi veness a #EL% gf‘%’% cﬁ é:ﬂ' o alﬁﬂ"% Sjlréend
vinyl groups, an&onkiizig. 25TheamersabbnﬁeagedewugetMes Nhﬂbla4&m9bmdblat|nic
acid catal ysg toxuideH@o s %ﬁle Tabanth%a%k%nw%%d f%rﬂddl‘,rﬁreh)él

crosslinks, resulting in curin these silicone résin adhe3|ves
heat curing typeiR AaPeteTon FUe resHltesareoshoym dmTable fe orﬂlva 30

filler 25% by Weit.lg.hira&fon‘iid ioua;pha:viwag Ritpriegseld A% A9%aluemiied aiitdrean
50% by wei ght of U A0 RESVATSAUEPEY SPood 35t SPERTes tEom oer age.
particle dianetennahh@tdnpehﬁkd;raﬁanGﬁﬂbr was formed was defined as
10 100%. When no insulating hard resin layer was '
formed, a relatively high ultrasonic output was
'required; whereas the provision of the insulating
hard resin layer enabled wire bonding at a reduced
ultrasonic output.

L T . e g I g 3 = RN Y R YA (A By ey B, B I e e Met wa e v b ek s Miainate ey e s



. 35 weight of silica. The heat curing type C contains - 31 - 25% by

- wei ght of alum na and 20% by wei ght of silica. The silicone resin adhesives
used all had a nodulus of elasticity of 10 kg/mferr] or |ess, show ng
rubberlike elasticity. 5 - Then, a plate of a copper-tungsten

al l oy contai ning nol ybdenum tungsten and Cu in an anount of 10% by wei ght,
doubl e-sided Al clad kovar (Al thickness: 8 [err]mon each side),

doubl e-sided Al cl ad capper (Al thickness:. §jferr]mon each side), alum num
or 10 copper was used as the netallic base plate. As the ceram c base
plate was used a plate of alumina or alum numnitride ceram c. These base
pl ates were each a 40x40 nm square plate 1 mmin thickness. The conductive
| ayer prepared was a | ayer of copper, 15 al umi num alloy 42, kovar, zinc,
nol ybdenum KV-15 (Fe-Ni - Co aIon of Sum tonmo Special Metals Co., Ltd.

having a coefficient[of—tHermat—expgnsTqim, 4t room tenperature tO up tO
350[err]C., close to t@at of aluninun1nitrice or silicon sem conductor),
doubl e- 20 sided A glad &l 1oy 42 |(A |thidkness: 8 [err]mon each side),
‘doubl e-si ded Al clad &Qaar (JAI tlhi cknesq: 8 |[err] mon each side), or
doubl e-si ded Al cl adl cgBper (A fthidkneds: § [err] mon each side), each
| ayer having a SS
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_ total” thickness of 0.1 nm The power Iayer prepared 25 was a 39x39 mm
* square plate having a 20x20 mm square opening at the center. The ground
| ayer prepared was a 39x39 mm square plate having a 22x22 mm square openi ng
at the center. The above base plate and power |ayer, in.30 t he
conbi nati on shown in Table 2, were |aninated together via the above
adhesi ve (coating thickness 100 [err]m. Onto the power |ayer was | am nated
- the ground | ayer of the same naterial via-t#2 adhesive (coating thickness
100 [err]m. Onto the ground layer 35 was further |am nated the signal
| ayer of the -The FoupthrExamphewn in Table 2 via the adhesive (coating

thi ckness 100 [err]n) The haghpRhge"8e EUQhﬁﬁéertQl@ﬁ@@bﬁ&eﬁndﬁrEﬁ@e
condi ti ons shown |n Table 1 t0 conStitute a igc ngg ting §$ﬁ

seni conductor 5 Sd¥@pcRrePaRedsi ghhe PajerPhatea §?n§|8 3 ¥ 304
| eads, ‘an outer | eogapi mahsghialeSplEteasd aluhiakmenasteide. teramicl.n
bondlng the cppper.. base I e.and_t Qwer e was
ni t rogen, 5 e pﬁg EGYFEWB Ea ?egEQEQédgay%gorgng%Qg%t? L:I'hﬁ'Ell
silicone reS|n adhastheskneheseanﬂ thophéaedcdeibjetrgpdeand KdachgldaYow
modul us of 6|a5t'@2t¥AﬁNﬁﬁ1cﬁneLQ 8lim on each side). The power

layer and the ground layer were platelike and had an
- opening at the center, as in the Second Examples.
10 The signal layer was a glass epoxy printed wiring
substrate (FR-5) with a predetermined wiring pattern.
The base plate, the power layer, the ground layer and
the signal layer were bonded together using the heat
curing type A silicone resin adhesive containing 25%
15 by weight of silica as the only filler that was shown
in the First Examples and Comparative Examples. The
adhesive was applied to a coating thickness 9f_100 Bm
by screen printing, and cured in the air at 150°C for
2 hours under a load of 4 g/cm?. The ground layer and
20 the power layer each had 20 outer leads with a pitch
" of 0.2 mm. The outer leads were stripped of the clad
'Al, and then tin-plated to a thickness of 4 Bm.
"~ Then, the outer leads of the power layer and the
ground layer were bent, passed along the side surface
25 of the package, and conhected at predetermined
positions ofjthe signal layer. The connection of the
leads to the signal'layer was done using a eutectic
crystal solder (63% Sn-27% Pb). Using the same
solder, solder bumps 0.7 mm in diameter were fixed to
30 the ball grid array.

On the resulting package was mounted a
dummy semiconductor device (silicon chip) with an Al
deposit (5 um)_on:the'entire surface. Then, wire

. bonding involving an Au wire 30 um_in'diameter was
35 performed, and a sealing resin was poured into the



-

" however, were involved in bonding in the air or under reduced pressure of

Terr] Torr. 15

The resulting packages were each tested for

sealing properties or herneticity. Initially, they showed helium| eaks of
[err] atmcc/sec or |less, representing satisfactory herneticity. Then,
were subjected to thermal shock test (a test 20 I nvol vi ng heating at
150[err]C for 10 mnutes and cooling at -65[err]C for 10 m nutes) conducted

1,000 tines; dip- soldering test (260[erT]

for 5 seconds) conducted 5

t hey

times; and pressure, cooker tes PCT). conducted for 100 hours at 121[err]C

and 2 at nospher i S EESTRE PR Pethingief thespemicprduckersdeviste
resin adhesi ves qadetixanptesforective Ugfe bBoRdtnyas The dR6l8d8deresihhe

hermeticity. W he e resin. o olyj m resin hesi ves re,used,
t he hernpticitye@%%l%%é%gé%y[%?%{heigﬁ%éyébé£§§%f?‘ fﬂe s°_ ?ﬁégreé '
herneticity testPackagetfer rvaluaticn was heubjectedrtornetiabipityi ng a
silicone grE@Se'téé’@ée@n&éfiﬂ?é‘?céﬁ@.p@{oﬁépsﬂawﬁof’nofﬁb@ 51 98R4 tAYer

t he package of the shape shown in Fig. 1, evacuating

of

e cavity, ere a

seni conduct or de¥$¥ shQuR thexn vRxMtdtatgedeans of a vacuum punp (a
- 33 - diffusion punp), blThénindiedtaieqass f €06 PoweRdlaPér and the

10

15

20

ground layer was 0.5 nH at 50 MHz. To measure the
bond strength between the signal layer (the printed
wiring board) and the ground layer, the ground layer
bonded onto the printed wiring board was cut to
prepare leads with a width of 3 mm each. Three of
the leads were pulled at a rate of 40 mm/min in a
direction of 90° relative to the pPrinted wiring
board. The average of the maximum tensile strengths
of these three leads was determined as the 90° peel

‘strength. - This parameter was assessed in the same

manner as in the First Examples and Comparative
Examples. 1Its initial value was 3.8 kg/cm._ After
the thermal shock test, the dip-soldering test
(conducted 5 times) and the PCT (100 h), as conducted
in the First Examples and Comparative Examples, its
values were 3.8, 4.0 and 4.1 kg/cm, respectively.



"cap, and reading changes in the degree of heliumleak anount inside the
cavity. To neasure the bond strength between the 5 base plate and the ,
power |ayer, the power |ayer bonded onto the base plate was cut to a width
of 3 mMm Three of the cut pieces were pulled at a rate of 40 mMmimn in a
direction of 90[err] relative to the bonded surface of the base plate. The
average of the 10 maxi mum tensil e strengths of these three | eads was
cal cul ated as the 90[err] peel strength. Thg results are shown in Table 2
- 35 - The packages of test Nos. 6, 8, 10, 16, 17, 20-24, 25 and 27 were
further exam ned for the bond strength and the herneticity by the helium
| eak met hod after 500 hours of the PCT. The packages of 5 Nos. 6, 8 and

10 markedly decreased in bond strength to 0.7 to 1.2 ka/cm but maintained
hermeticity pxprgssed asi a heliymleak qof [err] jatmcc/$ec or |gss. The
package of Nb. 2[l was aljso |ow ijn bond qtrengthjat 0.6 kg/cm (ajsnal
decrease fromthe 10 iiniteal val u®), hut its heliuml ¢ak was pot nore
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‘[ferr] atmcc/sec. The other packages of Nos. 16, 17, 20, 22-24, 25 and 27
showed no decrease in bond strength, and their herneticity was kept at
[err] atmcc/sec or |ess. 15 The above results clearly show

t hat the packages having the adhesive |layers with high noduli of elasticity"
that. are fornmed of the epoxy resins and polyimde resins are relatively
high in the initial bond strength between the base plate and the 20
conductive layer, but are evidently |oweredSi+a the adhesion after the
~various environmental tests; hence, they are inferior in the durability,

especially, the Emsaﬁlﬁihy_zamnhgﬁnal shock. The packages of the present

i nvention, by 25 contraspacRayest 88 BREJsALpENGEhshewMeen Fhg.base plate
and the conductive | ayer nalntalned even after the vario envi ronnent al

tests, denonstra¥PR§ PHReAVEEASERIRI ERR;| YRS HﬁFéﬁFéesthht9 ®reliable
packages. The prmaestikXxanpbastitatingovhéd baaé phatd) therpseet i nvention

d Terence i B cobRYREr cRbeoP=ONBR ARYER ane: beaptihAs 13RE, pe wed1s™ |
di fference as snabl the édhe?;vaerﬁobonhem,tageshewnasnlWabhe faseThe
al um num ni tride, gfe39ves"RbyBdeAd s 2Ddc0AL £baEH ahha¥idés,Okype@nEnnen
to J, indicated in the First Examples and Comparative
Examples. The same method as in the Fourth Example
10 was employed in producing the packages. The curing
| conditions complied with those for the types E to J
revealed in Table 1. The bond strength between the
signal layer and the'ground layer was evaluated in
_ the same manner as in the Fourth Example. If the

15  base plate was made of Cu, it was Ni-plated to a
thickness of 4 Bm on the entire surface. The
resulting packages were measured for the inductance
of the power layer and the ground layer at 50 MHz.
The resulfs are presented in Table 6.

20 The reliabiiity tests of the packages were
conducted in the same way as in the Fourth Example,
and similar results to the Fourth Examplé were
obtained.

'In.regard to the signal layer shown in

25 Table 6, “glaés.epOXY" refers to a glass epoxy
printéd wiring board (FR-5), "alumina" refers to an
alumina multilayver sﬁbstrate with a tungsten (W)
inside layer wiring and W via holes, and "BT resin”
refers to a BT (bismaleimide triazine) resin printéd

30 multilayer wiring board, each substrate'being
provided with a predetermined wiring pattern. The
outer leads of the power'layer and the ground layer
were cleared of Al and then tin-plated for the Al
clad material as in the Fourth Example, or were

35 directly tin-plated for the Cu material. |

on — ’ B e LI e e R TR R P PR



. -"36 - materials with a considerably great difference in coefficient of
‘thernmal expansion, a difference as large as [err], were bonded together as
in the case of alum numnitride and copper or zinc, or 5 in the case of
al um num and KV-15. The base plates of Test Nos. 14 and 16 to 20 had a 3
[err]mthick Nl electroplating on the entirggsurface. The Al base plate of

Test No. 13 had a 7 _[err]lm anodized filmon the surface. 10 The Second
Exanpl es Exanpl es of ggrg_cpackage Lgf Rig.41 prﬁ,o%ag) ydsi ng_as tlhe adhesi ves
silicone resin adhepig®s £pntdi nidg flil lers |aee|sf esgnteds Thg sane type of
adhesi ve as the heal sc¥Eidng @gan@pol ysi boxang N g 15 Jhe Hirst Exanples
and Conparative Exan@‘@g,mvvm dh e®ntdi nsgSiH & @gps gnd & nyl |groups, and
which is heated tog hl orfopl atinic &cld datalyst tlo undergo the
addition reaction a Ul ferfe [croks|l ijnks| rdsdlfind i|n curing, was
further m xed 20 ' .Q.@r@ﬁﬁhﬂ@%wﬂg?nmgof 99. 99% or
nore and an average & 3?5?‘:(?’ .‘%v['é"lr'_l% i oF |"8Hli ca havi ng.
purity of 99.99% or &n yer dae partlidl ¢ fdilamefer loff 4.5 [errlmto
prepare pasty adhes lee Dritijons|of |the|f]I| gr [b] endeqd are 25 '
shown in Table 3. e wggaﬁﬁrﬁg%g‘ usefrd. fjond the base
plate to the power sige RL | <f | @)@ [0 fod)| <t| P BE 8| idlhe | and the-
ground | ayer 2&| £o
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.to the signal layer. The base plate prepared mas.a-i—nme+h+ek—46x¢61ﬂn
square plate of alumnumnitride 30 ceramc. The ared
was a 39x39 mm square plate of double-sided A cIa E&iam H! a 20x20
mm squar e opening at the center. The ground Iayer Xx39 mm
square plate of doubl e- sided Al clad alloy 42 haV|ng a 22x22 nmm square 35

openi ng at. the center. The signal |ayer prepared was - 37 - asingle
| ayer having a total of 304 |eads, an oute®7|ead pitch of 0.5 nm and a

t hi ckness of 0.1 and_al so _havi ng a 24x24 mm square openi ng defined at
the center. Lblnghggegg—ﬁeé%%e%ﬁve materials, the sane 5 procedure as in
the First Exanpl&s and CbnpapatkageEfaﬁpheﬁnﬂaﬁqperééﬁﬂEdnHﬁcﬂbepare
packages of the il hesi each
applied to a coa??ﬁgg?hlégﬁéégég glgog%err%ﬁ?gy scgeeﬁ %ggﬁﬁeﬁge and cured
inthe air for 2cABdnstiveibayerrlaningted entonghenbaaeghpiatesyia kvad of
4 g/enferr] sas h&HQEQ@e'Baﬂéﬂerwﬁéréﬂﬁaﬁﬁé ﬁé&ﬁihgno?eérﬁeeléﬁeyﬂﬁﬁbefS to

D DondSd: L1 CORk Aok e Bl S gLl HAURLoF, 208, KOVRRY AL VS ae s I
15 squeezed ou2.of the iThéedpaeckigeeodftbtapavnerwheyein(the edbepdellnlng
the 20x20 nﬂ]OplegngQﬂth£Q§en the base plate and the conductive

layer is 0.5 kg/cm or more.

10 3. : The package of claim 2 wherein the 90° peel
strength between the base plate and the conductive
layer is 1 kg/cm or more. '

.4. The package of claim 1 wherein the modulus
of elasticity at_25°C of the adhesive layer is 0.01

15  to 10 kg/mm’. _

5. The package of claim 4 wherein the modulus
of elasticity at 25°C of the adhesive layer is 0.03
to 5 kg/mm’. ' '

6. The package of claim 5 wherein the modulus

20 of elasticity at 25°C of the adhesive layer is 0.05
to 2 kg/mm
7. The package of claim 1 wherein the adhesive -
layer is composed of an adhesive containing a filler.
8. The package of claim 7 wherein the filler

25 is silica and/or alumina. '

S. The package of claim 7 wherein the average
particle diameter of the filler is 0.1 to 100 pm.
10. The package of claim 9 wherein the average
particle diameter of the filler is 0.3 to 30 Mm.

30 11. . The package of claim 7 wherein the amount
of the filler incorporated is 1 to 80% by weight
based on the entire édhesive including the filler.

12. The package of claim 11 wherein the amount
of the filler incorporated is 5 to 70% by weight

35 based on the entire adhesive including the filler.



"surface of the base pl ate was neasured in terns of the maxi num | ength of
the squeeze-out fromthat inside edge. The results—are shown in Table 3. 20

At the sane tine, the silicone resin adhesives cont gemi [ rwer e
nmeasured for the nodulus of elasticity at 25[err]C mmmﬂ““ﬁ“““m duct of
t he adhesive and the bond strength between the base yplatecrand the power

| ayer. The results are also 25 shown in Table 3. The values of the PCT
are those neasured after 100 hours. --388- - - 39 - As shown above,
when the content of the filler was |ess than 1.0% by weight, the
squeeze-out | englB-was gr eZher Papkage. sfnmladmech whereibe§b® 80% by wei ght,
the viscosity of yviBeoBatyeokNeheaadHes2ve TRYRPJifCEABNUALURFEUN]
substantially i osaLgLe. ,Thg bond §%reng§h in the initial stage

i'mmedi atel y af t eFPBORELRY, 18naCt 9t 18PPeF3i Re environnental tests tended to
| ower slightly a34the cont ®he phckhgef bl elaimcleahetdeibomhecr, 't he val ues
of the bond giregglihlss WR" end' haflBetvklykr®15065BosPEE5 Y k20 1O

P 15. : The package of claim 1 wherein the base

plate is an aluminum nitride ceramic.

16. ~ The package of claim 1 wherein the

conductive layer comprises a power layer; a ground
10 layer and a signal layer, and has the adhesive layer

interposed between the adjacent layers.

17. The package of claim 16 wherein the signal
layer is composed of a multiplicity of ribbonlike
leads.

15 18. - . The package of claim 17 wherein an

insﬁlating hard resin layer is disposed on the inner
surface of each of the inner leads of the multiple
leads. ' |
19. The package of claim 16 wherein a

20 multiplicity of outer connecting terminals are
disposed, and connecting means for electrically
connecting the power layer and the ground layer to
the outer connecting terminals extend on the outside
surface of the package. ' |



As for the herneticity of the package, even when the fill

| ncorporated, the values of the heliumleak of all packag W&H&Eﬁms BEE?I\
after the environnmental tests were [err] atmcc/sec or IeS“, 15 REPLACED
representing a high | evel of herneticity. The Third Exanpl’ STTrcone
resin adhesive, the base plate, the power |ayer, the ground |ayer, and the
signal |ayer were prepared in the sane manner as in 20 No. 39 of the
-Second Exanpl es. Then, a package having an insulating hard resin | ayer
formed on the underside of the inner |eads of the | eads of the signal |ayer
was produced, as shown in Fig. 4. For the insulating hard resin layer, the
follow ng resins 25 were used: (1) Polyimde resin (R 722, KabushiKi

Kai sha Tonpegawa Sﬁéhli (2) Epoxy resin (UH W Kabushiki Kai sha Tonpegawa
Sei shi) 30 Fluororeggn (PFA Film M tsui DuPont

Fl uor ochem cal ) The resul t| nge nsul a | ng hard resin layers were each
processed to a size of 22 mmi 3 mmin

thi ckness, and bonded to 35 | egds by

32 Q/
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ultrasonl c output at the tinme of ultrasonic wre bondi ng. hmm&*tﬂﬂ'dﬁbﬁﬁa
device was Model 4129 of 5 - Kulicke & Soffa, and the wirelwas aREBELECERT e
35 [err]min dianeter. The results are shown in Table 4. Th&~urtrasonic
out put was expressed as a value relative to 100% provided that the value
obt ai ned when no insulating hard resin | ayer was forned was defined as 10
100% When no insulating hard resin |ayer was fornmed, a relatively high
ul trasoni ¢ out put was required; whereas the provision of the insulating’
hard resin | ayer enabled wire bonding at a reduced ultrasonic output.

-41- - 42 - The Fourth Exanple A package of a shape as illustrated in
Fig. 5 was prergecQ The base plate was a 0.635 mm'thick 40x40 nm square
plate of alumnumnitride ceramc. 5 The power |ayer and the ground | ayer

were each_ 0..1 mm . .26_ . . - /2
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.i-n thickness, and conpri sed doubl e-side Al cl ad all oy 42 %@g gag; N ‘
[-err]mon each side). The power |ayer and the ground |aye eggiﬁ:§;ﬁi

and had an opening at the center, as in the Second ‘Exanpl

signal |ayer was a gl ass epoxy prlnted W ring substrate (FR—5) mnth a

- predetermined wiring pattern. The base plate, the power |ayer, the ground -
| ayer and the signal |ayer were bonded together using the heat curing type
- A silicone resin adhesive contalnlng 25% 15 by -weight of silica as the
only filler that was shown in the First Exanples and Conparative Exanpl es.
The adhesive was applied to a coating thickness of 100 [err]m by screen
printing, znuiEmgedfln the air at 150 C for 2 hours under a |oad of 4
g/cnferr]. The ground |ayer and 20 the power | ayer each had 20 outer

| eads with a pitch of 0.2 nm The oute[ | eads were stripped of the clad Al,
and then tin-plated to a thickness of 4 [err]m Then, the outer |eads of

t he power | ayer and the ground | ayer m@re bentgepasqqﬁ al ong the side

surface 25 of the package, and connetted at pkedetfer d positions of
the signal |ayer. The connection of th' | eads to th |gnal | ayer was done
using a eutectic st Sﬁ+dd &3po $hr 21% Pb) i ane sol der,
sol der bunps 0.7 At Fyey & (grld array. On
the resulting packag \§ siomtle eV| e (silicon
chi p) mﬁth-an Al depost ot &R t he : e. Then, wre
NN \\i\\\
38 12
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" bonding involving an Au wire.30 [err]min dianeter was 35p 1
a sealing resin was poured into the - 43 - cavity regi anﬂ!SrSFtEﬁTtlﬁ*%BEEN
t he  sem conductor device and the wire for the wire bondi n§. TheREBLAG
resin was an epoxy resin (CB-011, Hysol). The so prepared pactkage for
eval uati on was subjected to reliability 5 tests under the conditions shown
in Table 5, and the results shown there were obtained. The inductance of _
t he power |layer and the ground |layer was 0.5 nH at 50 MHz. To neasure the
bond strength between the signal |ayer (the printed 10 wiring board) and
the ground | ayer, the ground |ayer bonded onto the printed wiring board was
cut to prepare leads with a wwdth of 3 mm each. Three of the | eads were
pulled at a r§g %%o B40 Mminin in a direction of 90[err] relative to the.
printed wring board. The average ofi the maxi numtensile strengths of.
these three | eads was deternined as the 90[err] peel282rength. This
paraneter was assessed in the sanme manner as in the rst Exanpl es and
Conpar ati ve Exanples. Its initial val ue mas 3. 8 k After 20 the thernal
shock test, the dip-soldering té4® (cor @t ﬁes), -8A4 the PCT (100 h),
as conducted in the First Exanpléds and atlv Xanples, its
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val'ues . were 3.8, 4.0 and 4.1 kg/cm respectively: -44-
Fi -t h Exanpl es Packages of the shape as shown in Fig. 5 wer

THISSHETREAS BEEN. |
pr od iRl AGEEDN g

the wide varieties of the materials constituting the base pl pOWET
5 | ayer, the ground | ayer and the signal |ayer, .as well as the ‘adhesi ves
for them as showpacRAGE2FhR MOUNTING ACKEMICOMDUCTER QEVICE si|icone resin
adhesi ves, types Eto J. indicated in the First Exanples and Conparative
Exanpl es. The sanme nethod as in the Fourth Exanple 10 was enployed in
produci ng t he pacﬁggs. !The; gg ﬁ carbdr treons conplied with those for the
types Eto J reve trength between the signal

| ayer and the ground | ayer e Paskigetint imounkinme SARFEINACEIL t he

Fourth Exanpl e. TS U LLE Bl B il d lediudbivb alggeto a
t hi ckness of 4 [err on the entr re surface. The resulti ack S were
measured for the |yRR#R tq hey Rase %}“Freéﬁ‘d"t% ?Zgﬂe’ét 50

MHz. The results are nﬁdiﬁﬁnisecw relldtic ity at 25°C of the adhesive
layer is 10 kg/mm* or less.
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20 . .o The reliability. tests of the packages were bd}*mﬁ¢ﬂ¢ﬁﬁgahs~g {

3

‘same way as in the Fourth Exanple, and similar results to th Fourﬁ 1
Exanple were obtained. In regard:to the signal I|ayer shown i TabMéR k

"gl ass epoxy" refers to a glass epoxy printed wiring board (F v,;'
"alumna" refers to an alum na nuItTfayer substrate with a tungsten (W
. inside layer wiring and Wvia holes, and "BT resin" refers to a BT

(bismal eimde triazine) resin printed 30 mul tilayer wiring board, each
substrate being provided with a predeternmined wiring pattern. -The outer
| eads of the power |ayer and the ground | ayer were cleared of Al and then
tin-plated for theéél clad material as in the Fourth Exanple, or were 35
directly tin-plate r lthe Cu material. - - 46 -  Wat we claimis: 1.
- A package for nounting a seniegnduct devi ce, conpri-sing a base plate and

at | east one conductive Iayergﬁggcat d onto the base plate~¥|a an 5
'—\ | ; - s ‘ / .

adhesi ve | ayer, wherein the no

- - ACA\ TN

>2




25[err] C of the adhesive layer is 10 kg/mferr] or |ess. 2|| REPLACENMENT SHEET

* package of ‘claim 1l wherein the 90[err] peel strength betwegn the

and the conductive Jayer is 0.5'kg/cmor nore. 10 3. Daté'hkﬁng....
©of claim2 wherein the 90[err] peek_ strength between the b
conductive layer is 1 kg/cmor nore. 4. The package of claim1
wherein the modul us of elasticity at 25[err]C of the adhesive layer is 0.01
15 to 10 kg/mmi.err]. 5. '~ The package of claim4 wherein the nodul us
of elasticity at 25[err]C of the adhesive layer is 0.03 to 5 kg/ mf.err].

.- The package of clai.m5 wherein the nodulus 20. of elasticity at 25[err] C '
of the adhesive.laygr is 0.05 to 2 kg/mrerr]. 7. - The package of.
cl'aim1 wherei lgl-le adhesi ve | ayer is conposed of .an adhesi ve cont aining a

“filler. 8. ' The package of claimi7 wherein the fillgr 2 is silica
~and/or alunina. 9. . The package of claim7 wherej e aver age :
particle dianeter of the filler is 0.14#0-100 [err]m /10. The package

of claim9 wherein the 2gerag@ particle di ggetergof the filiér is 0.3 to 30
[err]m 30 11. }\1 package of c.I al% wh rein e anount .of the

p80%tty

filler incorporat i s g—ﬂnh entiee adhesive
including the fillen\_12L1] f_ d| 1 rein the anount
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‘of.:t he f|IIer incorporated is 5to 7096by wei ght 35 baseJ RtPLﬁgEMr“TSHEET

- adhesi ve i ncl udi ng the filler. ‘48 - 13. _ The packl of 1c8aMAR199%6 i
wherein the viscosity of the adhe5| ve layer .in the uncured: nﬂe fion 1s 850 b
to 1000 Pa s. 14. . The package of claim 1l wherein the 5 t hi ckness . of
t he adhesive layer is 0.005 to 3 15. The package of claim1 .
wherein the base plate is an aluminumnitride ceramc. 16. The
package of claim1 wherein the conductive |ayer conprises a power |ayer, a
ground 10 | ayer and a signal |ayer, and has the adhesive |ayer interposed -
bet ween the adjacent |ayers. 17. - The package of claim 16 wherein the.

signal |ayer i .IgorT#_osed_ of a multiplicity of ribbonlike |leads. 15 -18.
The package of claim 17 wherein an insdlating hard resin layer. is disposed
on the inner surface of each of the inner |eads of the nul'tiple | eads. 19.
The package of claim16 wherein a 20 multiplicity of outer connecting,
termnals are disposed, and connecting inreans foggel etri %:4al | y connecting

t he power |ayer and the ground | ayer ta \ /(
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- package.

F?g. 6

the outer connecting tern1na|s extend on the outside SurfaiaﬂiﬁLﬂﬁﬁ§d3¥T3quT
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REPLAGEMENT SMEET

PACKAGE FOR MOUNTING A SEMICONDUCTOR DEVICE

Abstract of the D;sclosure

A package for mounting a semiconductor
'device comprisés'a base plate, and a conductive layer
laminated onto the base plate via an adhesive layer.
The modulus of elasticity at 25°C of the adhesive
layer is 10 kg/mm® or Leés.

- Figure 2 -



