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2 structure has a nechanical strength of 55 kg/[err] neasured as
thr.ee-point bending strength. This 10 value is at |east tw ce that of
aluniﬁa“«;Ihe sintered silicon carbide structure also has very good pro- . .

perties(’I- to (3), (see above) as tabulated in Table-1, for exanple. The -
el ectri Jy insulating substrate structure nade of silicon carbide con- 18
taining e little berylliumis disclosed4n detail in our Japanese Patent
Publ i cati on Nos. 66086/1981 and 2591/1982. Table 1 Characteristics 20

Ther mal Coefficient of El ectric Conductivity Thermal

Exapnsion Resistivitv (Cal/cmS -[err]) (x [err]) ([err].cm

S. C Q. 65 37 4 x 1015 Al um na

0. 05 (3)p7 £Refbicient of LhermalySxRansien clogesgo that

175 2 35 to.40 Note:

«/.%X.10 6.25 .Silicon .. .30 . [ O,
"S.C." means PgiFPSO eEé?B?ﬁ%Fﬁﬁ{rf%}#ﬁﬁtQQ}*éﬁ¥jPlPﬁHPllY oL3silyf@ndi|icon
and si i con (A Sefnt chbuf BRIt Bty pro- perties. In order fo
ensure sintering ap & M&hed structure of silicon carbide con-
S taining a small quaﬁfity of beryilium has been |
noted as a substrate material which satisfies those
requirements well. The sintered silicon carbide .
structure has a mechanical strength of 55 kg/mmz, ' v
measured as thrée—point bending strength. This
19 value is at least twice that of alumina. The sintered
silicon carbide structure aiso_has very good'pro-
perties (1) to (3}, (see above) a§ tabulated in
Table 1, for example. The electrically insulating
substrate structure made.of silicon carbide con-
15 taining a little beryllium is disclosed in detail

in our Japanese Patent Publication Nos. 66055/1981

and 2591/1982. J

Table 1 Chéracteristics

20 Thermal Coefficient of Electric
' Conductivity Thermal Exapnsion Resistivity
(Cal/cm-S-°C) {(x L0~7/°C) (R-cm)
s.c. 0.65 37 4 x 1013
Alumina 0.05 67 to 75 >1014
Aluminium 0.56 . 175 2.7 x 1078
25 Silicon 0.30 35 to 40 -
Note: "S.C." means "Silicon carbide with a little

Beryllium.



density, therefore, a hot-pressing nethod at a very high tenperature and
under high pressure nust be used. As a result, the prior art has been_ahle
to provide only a sinple structure such as a sinple plate at the be X

A substrate for nonlding. with a high degree of integration nust so
bekforned with throlugh holes so as to inérease the number of outpu
termnals. A typical exanple of this type is a pin grid array package
t hrough holes are 15 formed so as to extend normal to one main face of
the substrate onto which the pellet is bonded, to the other main face
parallel to the first face. In other words, the through holes ext end

t hrough the substrate in the depthw se dlrectlon t her eof . The form ng

f through hol bstr at de.af sil bi t ' littl
beryll i um i o very oi FPECORHLCPE FECBidE SEREatnind fr igaﬁ?” ?hC'eﬂ?i on to

pro- vide a SUbE%E@Pela%rEgtgrgnéﬂigglhggm éﬁﬁhlggtcarmﬁﬁ (ENeLm

conductivity, ectrical i Asul ation pr per- Ichis SU|tabIe for

a high degree OgligESHrQgh?nwiaﬂde§QEQﬁeh@5c@bﬁi@ﬂ-f96H8§nEhSESLn in the
dept hwi se direction thereof. 5 According to a first aspect of

the present perties. In order to ensure sintering at a high

3 density, therefore, a hot-pressing method at a very
hign temperature and under high pressure must be
Y used. As a result, the prior art has beeh able to
- provide only a simple structure such as a simple
‘plate at the best.

10 A substrate for moulding w1tn a high degree of
integration must sometimes be formed with through
holes so as to increase the number of output
terminals. A tvplcal example of this type is a
pin grid array package. The through holes are

formed so as to extend normal to one main face of

-
w

‘the substrate onto which the pellet is bonded, to
the other main face parallel £o the first face.
In'ethe# words, the throuch holes extend through
‘the substrate in the depthwise direction thereof.
20 The forming of through holes in a substrate made
of silicon carbide eontaining a little beryliium

s very difficult.

It is an cojee- of the present-invention to pro-

vide a substrate structure which has excellent



I nvention there is provided a substrate structure consis- ting of a

hot - pressed sintered plate of silicon carbide based material with first and
second pap faces, wherein said sintered plate contains a plurality of «
W res 10 extend between said first and second main faces so that the-
two en each wire are exposed to the outside at the first and second
mai n face respectively. The substrate thus fabricated can have a high
mechani cal strength, a high thernal cogs ctivity, high electrical 15

i nsul ation properties, and a coefficient of thermal expansion similar to

that of the sem condu r.pel | et ' bL_o§S: d which
pellet is noEt?Fa[F‘gg S5 Cdtsu%ltil@gﬁ%' ﬁ?’gf g@é%?f/h{:ﬁe lsllli% g?%ggrg?preﬂocé%?'e I s made
of 20 silicop;garhj Nt ad ld 4.t e LY b d; a

ot -press morhan: RS TSI o o et sy PRER de i Ey PELREEREACT®Y
substrate Stapgtwhfch FRdald ety rRYd @Bdirddnl RnOBRedhepERWPEeare formed
on the surface of a flat 25 preform nmade of a powder of silicon carbide
con- tainingdbréctidme drerydds .um oxi de. A block forned by hot-pressing
together a stack of the preforns is sliced in a direction perpendicular to
that in 35 which the vheeardiniertd, a §ifrstmasplestr afesheTheesenstrat e

structure has a wiring |layer forned on either or both of main faces. The
wiring invention there is provided a substrate structure consis-

ting of a hot-pressed sintered plate of silicon carbide
based material with first and second main faces, wherein &;)
said sintered plate contains a élurality of wires which
10 extend between said first and second main faces so
that the two ends of each wire are exposed to the outside
at the firsi and second main faces, respectiVely. The
substrate thus fabricated can have a high mechanical
strength, a high thermal'conductivity, high electrical
15 insulation properties, and a coefficie&t of thermal
expénsion similar to that of the semiconductor pellet to
which it is to be bonded (and which pellet is normally
of silicon).
Preferably the sintered structure is made of
20 silicon carbide containing a little beryllium, and
prepared by a hot-press method.

The following steps may be- used to fabricate the

substrate structure. Parallel wires extending in
one direction are formed on the suffaqe of a flat
25 preform made of a powder of silicon carbide con-~
taining a little beryllium oxide.. A block formed
by hot-pressing together a stack of the preforms

is sliced in a direction perpendicular to that in



| ayer is prepared by photolithography. The wiring 5 |l ayer thus prepared has
a lamnated wiring structure in which insulating |ayers and netal |ayers
sare laid alternately. Pellets are bonded onto one of the main faces
| eads are nounted onto the other main face. The silicon carbide cort /nj ng
-a-smal |l quantity of beryllium i.e., the hot- pressed bl ock, contal(s
to 3.5% by wei ght beryllium The raw material of the silicon carbide should
contain no nore than 0. 1% by wei ght al usSri um and no nore than 0.1% by

wei ght boron. It is pre- 15 ferable that there is no al um nium or boron
con- tained tHehgh thRheinas sivtiendn &ar bpdes aubekrateshoul d not contain
nore than 0.4% by wej ght excess (or free) carbon. The berylliumis added in

the formof beryl|i thf oXPRRETI S RE Pleredas 14 ¥dRipg La¥BFde. The

hot - d bl ack wil| tain 0.1 tqQ 3.5%h ight b ITiumif 0.5t

149 by wel ght BEFYPT] T SRPIRE 1€ AR S5 Mo 25Passi BLoBbFARFon [
ducted at t . ; l[t, th

Sohtered siructtiabnss BESuftpd B bl TR RCRr ] h8 BubERY 1 O

value for sidi €9 PRI repardlt LY Alakd nb®ed #SCPRY 88PEELEPE the
invention, there is provided a process of manufacturing a substrate

in which insulating layers and metal layers are

laid alternately. Pellets are bonded onto one of

the main faces, and leads are mounted onto the

~ other main face. The silicon carbide containing

10 a_small quantity of beryllium, i.e., the hot-
pressed block, contains 0.1 to 3.5% by weight
beryllium. The raw material of the silicon carbide
should contain no more than 0.1% by weight aluminium,
and no more than 0.1% by weight boroh. It is pre-

15 ferable that there is no gluminium or boron coh—

tained therein. The raw silicon carbide material

should not contain more than 0.4% by weight excess

(or free) carbon. The beryllium is added in the

form of beryllium oxide to the powdered silicon

20 carbide. The hot-pressed block will contain 0.1 to
3.5% by weight beryllium if 0.5 to 14% by weight
beryllium oxide is added. The hot-pressing operation
is conducted at a temperature of between 1,850 to
2,500°C. As a ;esult, the sintered structure has a

25 density of at least 90% of the theoretical value for

silicon carbide.



i ncluding the steps of: (a) preparing a powler of a material for a sintered
substrate; (b) noulding said 5 powder into a plurality of preforns of

i dentical flat shape, each having two surfaces; (c) printing the surfaces -
of sel 4¢ said preforms with wiring in a stripe form (d) piling up the

pri nt eq forms so that nost of the wiring printed on one of said preforms
Is 10 ed with another preform (e) hot-pressing the piled- up preforns

into a b k; and (f) cutting the hot-_pressed bl ock al ong a pl ane crossing
all of said wiring to forma plurality of substrate structures each having
first and second main facee Wikl tor gedetBRECABpECP! 8 -tHS dnivbatioh, W res
whi ch extend between said first and second nain faces such that the two
ends of said wHeare arse provised woprbeeest stdraatfsatdrfng sd sutsstseoend main
faces, respectively. 20 The present invention will now be

descri bed in grrestustingettdie siyepsapfof (exappepsring harededencef to t he
acconpanying drawi ngs in which identical reference nunerals indicate

i denti cal par tmat@wd adorforods sintieggdesulbstsabe ar €b hpepapbeidy eSaidws of 25
consecutive steps_in one preferred formof process_of  nmanufacturing a
substrate ?tru&?t‘iﬁ‘eé’; lrfﬁtﬁuraeP}uirﬁétéfef’g]pBEFE%m%%Gv b‘?e%‘h’cﬁ%erfu npl e of

the process-(ﬁsgggg{f%%k r%a%&n%h%wgugﬁikgégs?tEyytgg?ﬁting the

surfaces of selected said preforms with wiring in a

stripe form; (d) piling up the printed preforms so that ;;)

most of the wiring printed on one of said preforms is
10 covered with another preform; (e) hot-pressing the piled-
up preforms into a bldck; and (f) cutting the hot-
pressed block along a plane crossing all of said wiring
to form a plﬁrality of substrate structures each having
first and second main faces with formed therein a plur-
15 lity of wires which extend between said first and
second main faces such that the two ends of said wires

are exposed to the outside at said first and second main

faces, respectively. - o

20 The present invention will now be described
in greater detail by way of examples with reference
to the accompanying drawings in which identical reference
numerals indicate identical parts and portions:-
Figures 1 to 6 are perspective views of
25  consecutive steps in one preferred form of process of
manufacturing a substrate stfucture:
Figure 7 is a perspecﬁive view of another
'example of the process of manufacture of the substrate

structure;



<

-7- Figure 8 is an enl arged section of an exanple of part of a substrate in
which wiring layers are forned on the substrate structure; Figure 9 is a
section through one enbodi nent of the sem conductor device using t '
substrate structure according to the present invention; Figure 10
’%ttlon t hrough anot her embodi ment of the seni conduct or devi ce usi
‘substrate structure according to the presdnt invention; and Figure 11 is a
section through still another enbodi nent of the semi conduct or devi ce usi ng
the substrate structure acgordlng to the przsent invention. Referring first

to Figures 1 to 6, a small "§gHAE Py 28f 2PoRd Fé&eﬂeﬁﬁFF?ﬂﬂ18§|ﬂ% (BEO) is
d t h [ b d Th
mxed as a S|nter|gg8 Sb?ﬁﬁ@%t WLEh P W%E%ga§' |n0§egﬁ|lalgl§ ﬁ%%g €

conposition of the dre’i s |sclose &% Pat ent

Publ i cation No. %5%1@$9ﬁ8d BﬁfEﬁéegubgt?QQ&eFtIﬂbﬁuPQWUGV ”‘Xt“re s

preformed by a press using a noul hi's preformng step is conducted
.under a pressure of 100 Fi§uZe 9 is a section through one embodiment

)
SAd/,

of the semiconductor device using the substrate
structure accofding to the preéent invention;

Figure 10 is a section through another
embodiment bf the semiconductor device using the
substrate structure according to the present
invention; and

Flgure 11 is a section through still
another embodiment of the semiconductor dev1ce.
using the substrate structure according to the
present invention.

Refer;ing first to Figures 1 to 6, a
small quantiﬁy_of powdered 5ery11ium'oxide (BEO)
is mixed as a sintering assistant with powered

L/  silicon-carbide (SiC). The composition of the
powder mixture is disclosed in detail in Japanese
Patent Publication No. 25921/1982, referred to
above. This powder mixtufe is preformed by'a press
using a mould. This preforming step is conducted

~.under a pressure of 100



to 500 kg/cmat roomtenperature. Aresultant preform 1l has the

pl at e-shaped formshown in Fig. 1. In this state, the preform1 has not yet
acqui r g6 e various characteristics tabulated in Table 1. 5 In the .
next st as shown in Fig. 2, the sur- face of the preform1 is printed -
wi th thadesired nunber of netallized-wgres (or wiring layers) 2 in stripes‘”’
arranged in one direction. The well-known screen printing technique is used
in this step. 10 Each of the wires 2 has a width of 100 [err] and a

t hi ckness of 10 [err], for exanmple. In this enbodi- nent, zirconium boride
[err] which has excellent bonding properties with silicon carbide, is used

as the material for the wires 2. The resistance 1i of ZrB2 is about [err]

cm [err] may be replaced;by tantal um boride (TaB) whose resistance is
about [err].cnfo ThRskIfeferdtl 500B ROTPEERERFOrat® EFERLERNEUDj ected to

the hot-pressing gperation that wl]| be described bel ow  20_. After

that, a desireagﬁﬁgﬁ%rio?air%?%rglaﬁeﬁ?n?aﬁﬁtFEﬁW ShApR LRdF#Srmbd with

wiring 2 are | h other sho For exanple, the

id ' Fig. 3
nunber of the gbe?ﬁggasggg?brﬁ%ec%ﬁg%%?@exgéégdnég_Yﬁsta?ﬁglgﬁ%strate
structure accorfling, Lo fhe-gor BLESENL 1 OYEPLEQaE88 DRVRaR1EOYON Y square

face 9 .
S - In the next step, as shown in Fig. 2, the sur-

face of the preform 1 is printed with the desired
number of metallized.wires (or wiring layers) 2 in o
stripes arranged in one direction. .The well-~known
screen printing technique is used in this step.
10 Each of the wires 2 has a width of 100 um and a
thickness oleO umm, for example. In this embodi-
ment, zirconium boride (ZrBZ), which has excellent

bonding properties with silicon carbide, is used

as the material for the wires 2. The resistance
15 of 2rB, is about 107° g-cm. 2rB, may be replaced

by tantalum boride (TaB) whose resistance is about
10-4 flecm. These materials do not dete?iorate even
if subjected to the hot-pressing operation that
'will be described below.
20 After that, a desired number of preforms 1l oZ
i@entical shape and formed with wiring 2 are laid
over each other, as shown in Fig. 3. For example,

the number of the overlaid preforms can be selected

so that the substrate structure according to the

[\
wul

present invention can have a roughly sguare face



onto which pellets are bonded. The resultant |am nated structure is
hot - pressed by a vacuum hot - press, not shown. The hot-pressin
are a tenperature of [err] under a pressure of 5 [err] Tor
pressure of 290 kg/[err]., for exanple. Argon, helium or nift
as-t he gas of the atnosphere. As a result, _as shown in Fig.

ditions
and )

is used

hot - pressed block 3 is prepared in which'the wiring 2 is enbedded as

internal wires 10 extending in one direction.
with their wiring 2 facing upward, .t he uppernost preform 1l used can

O the prefornms 1 | am nated

preferably have no wiring 2. The hot-pressed block 3 has a con- struction
in which wires 2 are exposed to the 15 outside only at the two end faces
thereof, as shown in Fig. 4. This structure is convenient for subsequent
handl i ng. This batepwhsshdpbloeks3acanbbadedt heTercekkedtaptoperties
tabul ated in Table 1. The preform ng and hot-pressing conditions 20 used
may be those di $emdsetieinsgapanese Pat bat-Pubksedt bynaNgacl881/1982. (a
tenperature of 1,850 2 to [err] and a pressure of 100 to 300 kg/[err]
However, the prBPSrRrA§Scondtt EbAYNcanThe BRANGEESRILNEI ACRAAGESNEhat Wil |
raise no problens in 25 handling.oThe hot - pressi ng conditions _are

5
\.J'

10

15
L

20

25

are a temperatur £ 2050°C under a pressure of

1074

Torr, and a pressure of 290 kg/cmz, for
example. Argon, helium, or nitrogen is used as
the.gas of the atmosphere. As a result, as shown
in Fig. 4, a hot-pressed block 3 is prepared in
which the wiring 2 is embedded as internal wires
extending in one direction. Of the preforms 1
laminated with their wiring 2 facing upward, the
upperrmost preform 1 used can preferably have no
wiring 2. The hot¥pressed block 3 has a con-
struction in which wires 2 are exposed to the
outside only at the two end faces thereof, as
shown in Fig. 4. This structure is convenient for
subsequent handling. This hot-~pressed block 3 can
have the excellent properties tabulated in Table 1.
The preforming and hot-pressing conditions
used may be those disclosed in Japanese Patent
Publication No. 2591/1982. (a temperature of 1,850
to 2,500°C, and a pressure of 100 to 300 kg/cmz).
However, the prefbrming conditions can be changed
within ranges that will raise no problems in

handling. The hot-pressing conditicns are



-10- preferably those disclosed in the present enbodi- nent. Next,

in Fig. 5, t
5 respegt..t
pr edet edny' s
| aser o

3, a plu I

to the outsi

| eads (pi ns)

direction corfREASIRPILhdRRS it 56

directi on of
structure 4,

in Fig. 3. The pr

wiring 2 is

10

15

20

25

as shown

he hot-pressed block 3 is sliced (or cut) at right angles with

othe wiring 2 by a dianond wheel or the like, to a

d thickness, e.g., 0.5 to 2 mm The slicing neans used may be &

3

el ectron beam By repeatedl® slicing the hot-pressed bl ock 10 -
ty of substrate structures 4 are fabricated, one o6f which is
shown in Fig. 6. The substrate structure 4 has two nmain faces whi ch extend
parallel to each other and at which the cut ends of the wires 2 are exposed
de. 15 One of these main faces provides a surface for bonding
pel l et's thereon, whereas the other provides a surface for the connection of
. The wi.res extend throu miggs substrate structure 4 in a

MakiSFeth SHRCHept hwi se

#'ﬁ% substrate structure 4. In order to fabricate the substrate
?mabrocess shown in Fig. 7 may be used instead of that shown

block 3 is sliced (or cut) at right angles with
respect to the wiring 2 by a diamond wheel or the
like, to a predetermined ihickness, e.g., 0.5 to
2 mm. The slicing means used may be a laser or an
electron beam.

By repeatedly slicing the hot-pressed block
3, a plurality of substrate structures 4 are
fabricated,_one of which is shown in Fig. 6. The
substrate structure 4 has two main faces which
extend parallel to each other and at which the
cut ends of the wires 2 are exposed to the outside.
One of these main faces provides a surface for
bonding pellets thereon, whereas the other provides
a surface for the connection of leads (pins). The

wires 2 extend through the substrate structure 4

'in a direction connecting the two main faces,

namely, in the depthwise direction of the substrate
structure 4.

In order to fabricate the substrate structure
4, the process shown in Fig. 7 may be used instead
of that shown in Fig. 3. The process of Fig. 7 is

characterized in that the metalized wiring 2 is

WeBsS, As Hbwr i PRy Char agierizad ddLdhpt the netalized



Forned both on one of the main faces of the pre- form1l, and on the other

mai n face which extends parallel to the fornmer. Each of the wire

width of 50 [err] and a thickness of 10 [err],for 5

preforns 1 are overlaid,the corresponding wires 2 forned on o
f-aces are juxtapositioned to each other” r~this purpose,

has a

corréspondi ng

wres 2 are each fornmed in an identical shape on different preforns 1. The
wires 2 thus 10 overlaid are hot-pressed into an integrated struc- ture,
so that each of the lamnated wires 2 has a thickness of 20 [err]. This
effective for reducing the electrical resistances of the wires 2 extending
t hrough the substrate structure 4. 15 This substrate structure 4 is

conposed mai nly pbrmdd iGh G RiMe SO MG ST lor QRN ey

of

beryllium so that it has excellent thernal radia- tion and el ectrical
i nsul ation propefdi®sl, arh as the efdd €imeiin Hadd e expangion little

different 20 fromthat of silicon but has a higher

mechani cal

strength.

Therefore, the ohawelXrbpsertiles Damdrwe. utBacH icedref fatdsvel ynasf the
substrate structure 4 is used as an electrlcally |nsulat|ng_substrate for
265  a seni condictisttierd G sur iR @ BEMkiERRIADL0 La, FRr

5 example. When the preforms 1 are overlzi

corresponding wires 2 formed on opposite

U juxtapositionedé to each other. For

corresponding wires 2 are each formed in

-
, The

[}

side faces are
this purpose,

an identical

shape on different preforms 1. The wires 2 thus

10 overlaid are hot-pressed into an integrated struc-

ture, so that each of the laminated wires 2 has

thickness of 20 uym. This is effective

for reducing

the electrical resistances of the wires 2 extaending
through the substrate structure 4.
15 This substrate structure 4 is compcsed mainly

of silicon carbide containing a smal

bervllium, so that it has excellent

tion and electriczal insulation properties, and has

20 from that of silicon but has a higher mechanical

strength.

Therefore, the above properties can be uti-

lized effectively if the substrate str

used as an electrically lnsuTatwqg substrate

h

25 a semiconductor device such as a semiconducter

ture 4 is

or

is



power nodule or a large scale integrated circuit. Mreover, the substrate
structure 4 is excellent as a substrate for bondi ng, because the wiring 2

is intggrated as internal wiring within a sintered 5 structure of silicon -«
carbidgfigptaining a smal | anount of berylliumby a hot-pressing operation:.
Thus it possible to bond large pellgss-to a high density by addi ng the ‘e
step of formng the cut faces with fine wiring by photolithography, 10 and
by bonding thereto pellets and 1eads. Since the present enbodi nent uses a
hot - pressing technique, the press-form ng can be con- ducted at | ow cost

by maki ng use of a large pressing nould. Mrreover, a nunber of substrate 15
structures 4 can be fabricated by a single opera- tion. Because of the

hot - pressing operation, internal wiring is integrated within the substrate
structure, angoWabbReduhptPrnathargebsfrheeintegtatedr einrcuisliminated. As

aresult, the faces do 20 not cut across bubbles in the substrate
structure, soMPREPVGErytRRWRBFEE2EF eSTERELBYShELLF e8XCBAHSRRe surface
roughness of the_cut

faces is ver mal | .. _Either _or both of the cut faces
can be fornmed®®i hSPRE“F7RE gf?iRéniﬁn%ho?%??Fﬁ%g?%ﬁhV?réﬁgS$nce t he
i nternal mﬁrigg ggge&pgtégbggrfﬁgernai &%ring within a sintersd
5 structure of silicon carbide containing a smalil
amount of beryllium by a2 hot-pressing operation.
Thus it is possible to bond large pellets to a \
high density by adding the step of forming the
cut faces with fine wiring by photolithography,
10 and by bonding thereto pellets and leads.

Since the present embodiment uses a hot-
pressing technique, the press-forming can be con-
ducted at low cost by making use ©0f a large
pressing mould. Moreover, a number of substrate

15 structures 4 can be fabricated by a single opera-
tion. Because of. the hot—pressing operation,
internal wiring 1is integrated within the substrate
structure, ané bubbles within the substrate struc-

‘ture'are eliminated. As a result, the faces dc

20 not cut across bubbles in the substrate structure,
so that very few holes are }eft by bubbles, and
the surface roughness of the cut faces is very
gmall. Either or boih of the cut faces can be
formed with the fine wiring by photolithographv.

25 Since the internal wiring and the substrate



structure are integrated, no gas can |leak through their interfaces. As a
result, the substrate structure 4 has an excellent hernetic sez —?he
substrate structure 4 can be used as an 5 electrically insul at{i#g$Ubstrate
by- printing both or one.of its cut faces with wiring and sintertmg it. Fig.
8\i's an enl arged section of part of a suBsStrate in which a nmulti-Ilayered
wiring layer is 10 fornmed by photolithography on the substrate struc- ture
4- according to the present invention. In a wiring layer 5 of this
substrate, copper layers 6 are bonded over the end faces of the wires 2
which are forned to extend in the depthw se direction 15 through the
substrate structure 4. On top of the copper |layers 6, two sets of copper

layers 7 and 8 aie,ponded cansgeuuely | fot Bk guden . fweriagubating

| ayers 9 and 10 0 are formed over strate structure 4. A pellet

12 is bonded 20¢h@ithenyBpeLrRSt cappar rkauges 8nbYspuuR-ghgctrodes 11 of
Pb- Sn sol der. The copper layers 6, 7 and 8 are deposited over all the

surface by el eckiedckaa® YagHdmagyareealieal, hbemeexamskgl.and a desired
wiring configuration is attained by the use of 25 photolithography. The
SiO lavers 9 and lO0Taees@bstrate structure 4 can be used as an
.5 electrically insuiating substrate by printing both
or one of its cut faces with wiring and sintering
\_ it.
Fig. 8 is an enlargéd section of part of a
substrété in which a multi-layered wiring layer is
10 formed by photolithography on the substrate struc-
" ture 4-according'to the present invention. In a
wiring layer 5 of this substraté,.copper layers 6
are bonded over the end faces of the wires 2 which
are formed to extend in thg depthwise direction
15 through the substrate structure 4. On top of the
copper layers 6, two sets of copper layers 7 and
8 are bonded consecutively in that order. Two
insulating layers 9 and 10 of 8102 are‘formed over
‘the substrate structure 4. A pellet 12 is bonded
20 to the uppermost copper layers 8 by bump eiectrodes
11l of Pb-Sn solder. The copper layers 6, 7 and 8§
are deposited over all the surface by electron beam
vacuum evaporation, for example, and a desirea

wiring configuration is attained by the use of

25 photolithography. The Sio2 lavers 9 and 10 are



-14- deposited over all the surface by chemnical vapour deposition (CVD),
and desired contact holes are then formed by photolithography. The wiring
isonf or med by repeating those two steps. The 5 copper |ayers can be »
her techni ques such as screen printing or- masked vapour ;
evapor tyon. The Si O | ayers can be_ fprnmed by other 2 t echni ques such as it
pl asma or sputtering. Before the copper layers 6 are forned, the 10

main face of the substrate structure 4 onto which the pellet is to be

bonded can be polished to provide a mrror surface, or the main face could
be coated thinly with glass. These can further facilitate the application

of photolithography. 15 In the substrate shown in Fig. 8, the heat
generated within the pellet 12 is transferred through the sol der bunp

el ectrodes 1lladgoditted WirestdHl eclsd raiot fuce b yrechdyiddr oyghihe copper

| ayers. Since copper has an excellent heat con- 20 ductivity, the generated
heat is transiepositipron@Vd) { andeesdrstd dentsdctudiales 4aréds a result, the
heat generated within the pellet 12 is radiated efficiently fromthe
substrate strihen tigm@ned 5 photolihggrdphthe sThe coirired |lyeR and the
Substrate

-

5 is formed by repeating those two steps. The

5 copper layers can be formed by other technigues
such. as screen printing or masked vapour evapora-
tion. <The 8102 layers can be formed by other
technigues such as plasma CVD or sputtering.

Before the copper layers 6 are formed, the

10 npain face of the subétrate structure 4 onto which
the pellet is to be bonded can be polished to
provide a mirror surface, or the main face couid
be coated thinly with glass. These can further
facilitate the application of photciithography.

15 In the substrate shown in Fig. 8, the heat

generated within the peilet 12 is transferred A;J

through the solder bump electrodes 11 to the sub-

strate structure 4 mainly through the copper

layers. Since coppef'has an excellent heat con-

20 ductivity, the generated heat is transierred
. promptly to the substrate structure 4. As a
result, the heat generated within the pellet 12
ié radiated efficiently from the substrate struc-

ture 4.

25 Even if the silicon pellet 12 and the substrate



-

structure 4 expand due to heat, the peeling of the sol der bunp el ectrodes

11 can be prevented. This is due to the fact that they have substantially
equal coefficients of thernmal expansion, as tabu- 5 | ated in Tabge &Y As
aresult, it is possible to elimnate danage caused by thermal ex Zon,
whi-ch is a major problemin the bondi ng it ltod usi ng sol der bunps di ng

to the prior art. In Fig. 8, the copper can be replaced by anot her netal
such 10 as alum ninium gold, a silver-palladiumalloy, or nickel. The SiQ2
| ayers can be replaced by other insulating filnms having a small coefficient
3.0-3.5 x [err] of thermal expansion, such as filnms of phosphosilicate
glass or borosilicate glass. The wiring layer 5 15 may be constructed of

a lamnated strugture con-, taini three or re,conduct.i | ayers. If the
| eads are bondeas"orrﬁco”t%hee 40|53(|’c3)1< %nt%g d@ﬁd%§c§§ao "t hee \ﬁ%r'(eis}n%g(i .e., the | ower

end faces in Figys 8he "é@-l@éra%%ﬁ% e iR Of o Q%r?%%sg{r%ﬂz%n%gds.t ructure 4

opposite to the wring | ayer then the substrate structure 4 can be used
as a base of a pafikaGe e & oS YR FRIC 2 td@HLL haed suDsitn@ 158611 ON

t hrough one enboci ment of the sem conductor device using the substiate
struc- 25 ture egddlusdedtidastydsbedt thermal expansion, as tabu-
5 lated in Table 1. As a result, it is possible to
eliminate damage caused by thermal expansion, which
W is a majﬁr problem in the bonding methecd using
solder bumps according to the prior azt. 1In Fig,.
8, the copper can.be replaced by another metal such
10 as aluminium, gold, a silver-palladium alloy, or
nickel. The SiO, iayers can be replaced by other insulating
films having a small coefficient 3.0-3.5 x10 °/°C of -
thermal expansion, such as films of phosphosilicate
glass or borosilicate glass. The wiring layer 5
15 may be constructed of a laminated structure con-
taining three or more conducting lavers.
If the leads are bonded onto the opposite end
faces of the wires 2 (i‘éf, the lqwef end faces in
- Fig. 8), which are on the face of the substrate
20 structure 4 opposite to the wiring laver 5, then
the substrate structure 4 can be used as a base of
a package for a semiconductor device.
Fig. 9 is a section through one embodiment of
the semiconductor device using thne substrate struc-

25 ture 4 thus far described.



-16- In the sem conductor device according to the present enbodi nent,
upper 'ace of the substrate structure 4 has a single-layered wiring |ayer
16 COHEEijf of copper layers 13 and 14 electrically 5
upper angsyof the wires 2, and an insul-ating layer 15 of SiO
| ayer s- 146 by sol der bunp el ectrodes 17. Thi s
exanpl e shows a highly inte- grated, nmultichip nodule. A cap 19, made of
either 10 silicon carbide containing a small
conposition to that of the substrate structure 4 or
mullite, is bonded over the substrate structure 4 by sealant 20 of gl ass or
The pellets 18 are 15 sealed hernetically by the cap 19. Over
the lower face of the substrate structure 4, a nmulti-layered wiring |aver
26 is formed whi chiRst2enpeRéerpiucepheteViveracearding emdt?8 con- -nected
electrically to the lower_ends of the wires_20 2, WO _ins|
OIS - 258 PO dRAE S OF HENT IR SFERER of t he

outer- nobst c efs f 1 er.layers_ 2 22,.and 23 by a
SPRRE o PUCE tnd?, ' LIGPe- PRPRRLG BV el e Uy 88 B P et 27

bondi ng agent

18 are baAded onto the copper

has the identical

epoxy resin.

| ayers 24 and®93°H¢t

(pins) 25 arg,nhde.#fof OBLELE A s PeLONPE NG d 01§ h@lg&p:pféally

5

10

15

20

bonded onto the upper ends of £he wires 2, and an
insulating layer 15 of Sioz. Two pellets 18 are
bonded onto the copper layers 14 by solder bump
electrodes 17. This example shows a highly inte-
grated, multichip module. A cap 19, made of either
silicon carbide containing a small amount of
beryllium so that it has the identical composition
to that of the substrate structure 4 or mullite,
is bonded over the substrate structure 4 by sealant
20 of glass or epoxy resin. The pellets 18 are
sealed hermetically bv the cap 19.

Over the lower face of the substrate structure
4, a2 multi-layered wiring laver 26 is formed which

is compcsed of copper lavers 21, 22, and 23 con-

- nected electrically to the lower ancds of the wirss

2, and two insulating lavers 24 ané 23 of SiO
Leads 27 are bondeé to the lower face of the outer-
most copper layers 23 cf those copper lavers 21,
22, and 23 by a bonding agent 28. If solder is
used as the bonding agent 28, the leads 27 (pins)

are made of a material beloncing to the copper

bonded onto the
Two pel | ets

anount of beryllium so that

and two insulating



-

- 17 - group. If silver solder is used as the bonding agent 28, the leads
27 are made of Kova/. The | eads 27 connect the pellets 18 electri YNWi t h
the outside by way of the wi.ring layer 16, .the 5 wres 2, and é7wiii

| ayer 26. A cooling pipe 29 is arranged so as to surround the s dé§> '
substrate structure 4. The cooling pipe %% i.s made of a material "W

smal | coeffi- cient of thermal expansion,” 'such as nol ybdenum 10 or an
iron-nickel alloy. The cooling pipe 29 is supplied with a cooling nmedi um
such as water, Freon, liquid nitrogen, or licuid heliumwhich flows
therein. Heat conducted fromthe pellets 18 through the wiring |ayer 16
and the substrate structure 4 15 is radiated nore efficiently by the action
of such a cooling pipe 29. 1In order to nmount the cooling pipe 29, the
substrate structgorpd | 9f sTAGRr 3%1RirN i8S vakautbsS L@ bbAdlhg enbodi nent
bei ng described, heat gener- 20 ated wi'thin the pelletged8 is transferred
to the substrat agemtucByr ehée tleadisgl2 7c appee malday eifs Keltiaeh havie an excel | ent
conductivity. The wiring layer 16 is especially able to transfer heat
because it is alsiafgl &7 gpanectn thgdipeildrtiso 18hedectirdcedligewi2Bb bunp

el ectrodes 17 are positioned over the copper -
the outside by way of the wiring layer 16, the

5 wires 2, and the wiring layer 26.
A cooiing pipe 29 is arranged so as to surround
. _ the sides of the substrate structure 4. The cooling
pipe 29 is made of a material with a small coeffi-
cient of thermal expansion, such as molybdenum
10 ©r an iron-nickel alloy. The coéling pipe 29 is
supplied with a cooling medium such'aé water, Freon,
liguid nitrogen, or liguid helium which flows

th

th
La]
0
3
rt

therein, Heat conducted

'

pellecs 18 through

o
ct

the wiring laver 16 and the substrate structure 4
15 is radiated more efficiently by the action of such
a cooling pipé 29, 1In orcder to mount the cooling
pipe 29, the substrate structure 4 is made as thin
&s about 5 mm.
In the embodiment being éescribed, heat gener-

20 @ated within the pellets 18 is transferred to the

J

-

_substrate structure 4 through copper lavers which
have an exéellent conductivity. The wiring layver
16 is especially able to transfer heat because it
is a single layer. In addition to this, the solder

25 bump electrodes 17 are positioned over the copper



-18 layers 13
in cont

tr ansf
is the
the acti

. In other words, the solder bunp elec- trodes 17 are enbedded

t he

copper |

much better. ]
sferred to the side faces jtighereof and is forci'bly radiated by “
of the cooling pipe 29. Since the substrate structure 4 has an.

excel - 10 lent thermal co
structure 4 is dissipated suffici- ently by the cooling operation at its
side faces alone. Heat is
15 forming the wiring |layer 16 and 15 the seal ant 20 are nade nuch thi nner
than the cap 19. Although they both have | ow thermal conduc- tivities, heat
i s al so trandBeersdlBe t BR ©4PerovorHiss ¢&e F9ldesobumst eillsGres to heat

di ssi pati on because_it is de of a.
conduct i vi t y EXREE€Sr &7 ngTEo ePReIFLEsdRt COMPEFtmERLest B8 P&t sipation of

heat generate
I nci dental ly,

d%ﬁthlnihe

|lets . b ffici tl
RV HPEMER L SE e L R

t~.holes so that they are in contact with the substrate structure 4

ayers 13 and 14. As a 5 result, heat is
The heat transferred to the .substrate structure 4 -
nductivity, the heat transferred to the substrate

al so dissipated fromthe cap 19. The [err] |ayer

made of a material with an excellent 20 thernal

conduct ed.
gation 25 from

the pellets %%1thgrghghnghEa%%%p%§ Rﬁy%@% 13 and 14. As a

5 result, heat is transferred much better. The heat

transferred to the substrate structure 4 is then

transferred to the side faces thereof and is

forcibly radiated by the action of the cooling pipe

29.

Since the substrate structure 4 has an excel-

10 lent thermal conductivity, the heat transferred to

the substrate structure 4 is dissipated suffici-

ently by the cooling operation at its side faces

alone. Heat

The S$iO, laye

2

is also dissipated from the cap 19.

r 15 forming the wiring layer 16 and

15 the sealant 20 are made much thinner than the cap

19.

Although they both have low thermal conduc-

tivities, heat is also transferred to the cap 19.

This cap 19 also contributes to heat dissipation

‘because it is made of a material with an excellent

20 thérmal conductivity.

According to the present embodiment, the dis-

sipation of heat generated within the pellets 18

can be efficiently conducted. Incidentally, when

there is no particular need for heat dissipation

25 from the pellets 18, the wiring layer 16 on the

4

a



- 19 - upper side of the substrate structure 4 can have a nmulti-|ayered
construction. As has been described herei nbefore, noreover, the sold a\Qunp
¢l ectrodes can be prevented from5 being damaged. Since the subs :
structure 4 has a high nechanical stregnth, the strength of the p
bevanproved Si nce the adhesi on bet weer tlie -substrate structure 4
wiring 2 is excel- lent, furthernore, the air-tightness of the seal 10 can
be inmproved. Fig. 10 is a section through another enbodi ment of the

sem conductor device using the substrate structure thus far described. This
enbodi nrent shows, by way of exanple, a 15'single chip structure equi pped
with.only one pellet 18. Acap |I9a is formed with radiator fins 30 thereon.

The cooling pipe surroundlng e su ate structure can rOV|ded
although it is M&PSThGRWTE 8% | H t R 3%58% Y %uflg §ansgglln§ of 20 the

cap 19a is effe St.rsu Lhich a netal layer 33 is sandw ched
bet ween net al |3§§S§'§ §e 4 EEH%ﬁgb%eﬁg ‘layers 31 and 32 are nmde of Ti

‘whi ch has an excel | epy %QBG%QH EQsEQEb@ﬁ' fl@rfe'lh%%% ”ﬁb’i‘lao'vé)éer 33 is
made of a gold-tin 25 alloy for adhering t Ti. THe leads 27 are

the solder bump electrodes can be prevented £from

5 being damaged. Since the substrate structure 4 has
a high mechanical stregﬁth, the strength of the
W ' péckage can be improved. Since the adhesion between
the substrate structure 4 and the wiring 2 is excel-
lent, furthermore, the air-tightness of the seal
10 can be improved.

Fiqg. 10 is a section tﬁrough another embodiment
of the semiconductor device using the substrate
struéture thus far described.

This embodiment shows, by way of example, a

15 single chip structure equipped with only one pellet
18. A cap 19a.is formed with radiator £ins 30
thereon. The cooling pipe surrounding the substrate
structure 4 can be provided, although it is not
‘shown, as in the embodiment of Fig..9. Sealing of

20 the cap 19a is effected by a structure in which a
metal layer 33 is sandwiched between metal layvers
31 and 32. The metal lavers 31 and 32 are made of
Ti which has an excellenﬁ adhesion to the oxide
film. The metal layer 33 is made of a gold-tin

25 alloy for adhering to the Ti. The leads 27 are’



- 20 - bonded directly to the | ower ends of the wires 2 by the bonding

agent 28. In the present enbodi nent, heat generated within the pellet 18 is
radi at gd f\rom t he substrate 5 structure 4 and the radiator fins 30. The .
transffer  gf the heat to the substrate structure 4 is.identical to that of -
t he ertbodyment of Fig. 9. The heat +ramsfer to the cap | 9a and the

radi at fins 30 is inmproved over that of the enbodinent of Frg. 9. 10

Since netal layers 31, 32, and 33 are used as the seal instead of the glass
and the epoxy resin of the previous enbodi ment, nore heat is transferred to
the cap 19a. The cap 19a and the radiator fins 30 contribute a great deal

to the heat radi ati on 15 because they are made of a material which has an

excel l ent therma opductivity, and an identjcal conposjtion,to that of the
substrate str%%?%?% %?r?ﬂt}%eg rgé%' O¥Sh ot Rt %ggi%lfﬁ% #nbodi - nent of

Fig. 9, it i 05:S] 0_prevent mage 20 to the sol der bunp el ectrodes
and i nprove ?%2 %@%E%é%ﬁ%? e%%$'ta%%'the air-tightness of the package. The

cap 19a and the raﬂaé%a%]iégieeﬁg %(q}?oﬁ ég@p%é&;@é%g&@g& by means of

adhesive after 25 they med separ at el ternatively,
within the pellet 18 is radiated from the substrate

5 structure 4 and the radiator fins 30. The transfer
" 0of the heat to the substrate structure 4 is idéntical

to that of the embodiment of Fig. 9. The heat ' 143
transfer to the cap 1%9a and the radiator fins 30 |
is improved over that of the embodiment of Fig. 9.

10 Sipce metal layers 31, 32, and 33 are used as the
séal'instead of the glass and the epoxy resin.of
the previous embodiment, more heat is transferred
to the cap 1%a. The cap 19a and the radiator fiﬁs
30 contribute a great deal to the heat radiation

15 because they are made of a material which has an
excellent thermal conductivity, and an identical
composition to that of the substrate structure 4.

In the present embodiment, as in the embodi-

‘ment of Fig. 9, it is possible to prevent damage

20 to the solder bump electrodes and improve the
package strength and the air-tightness of the
package.

The cap 18a and the radiator fins 30 are

attached to each other by means of adhésive afte;

25 they have been formed separately. Alternatively,



-21- the bulk of a sintered structure can be worked by a | aser.
shows still another enbodi ment of the sem conductor device, in_
sbondi ng pads 5 (not shown) of the pellet and the |eads to the W
stbstrate structure are.connected by wires. At the central por
Swbstrate struc- ture 4, a copper layer 2Ba-is |located which is 10 formed
si mul t aneously 'with the copper layers 13. The pellet 18 is bonded over the
copper layer 13a by a gold-silicon eutectic |ayer 34. Bonding wires 35
provi de connecti ons between the copper |layers 14 and bondi ng pads on top of
the pellet 18. The 15 nunber of output termnals can be increased because
the copper |ayers 14 can be formed by photolithography. The bonding wres
35 are nmade of alu i,um_ and are bonded b an ul trasoni c.met hod. The cap
19a and the subtg} g“g]%tor{mat TSP LS é; %%eccatrb & FUES SFher by net al
| ayers 13b, 36,, Qh . The netal |ayer 13b is a copper |layer forned

si nul t aneousl y Wit e copper layers 13. The netal layer 37 is of a

gold-tin alloy, and rtlh,e et alhdwy &t 136 la%ldﬁh&pwodl&eqpplafﬁg;% pe can be
provi ded as 25 in the "enbodi nent of Fig.

semiconductor device, in which the bonding pads

5 (not shown) of the pellet and the leads to the

wiring of the substrate structure are connected by
\_ wires.
| At the centfal portion of the substrate struc-

ture 4, a copper.layer 13a is located which is

10 formed simultaneogsly with the copper layers 13.
The peliet 18 is bqn&ed over the copper léyer l3a-
by a.gold-silicon eutectic layer 34. Bonding wires
35 provide connections between the copper layers
14 and bonding pads on top of the pellet 18. The

15 number of output terminals can be increased
because the copper layers 14 can be formed by
photolithography. The bonding wires 35 are made
ol aluminium  ang are bonded by aﬁ ultrasonic method.
The cap 19a and the substrate structure 4 are con-

20 nected to each other by metal layers 13b, 36, and
37. The metal layer 13b is a copper layer formed
simultaneously with the copper layers 13. The metal
layer 37 is of a-gold-tin alloy, and the metal layer
36 is of copper. A cooling pipe can be provided as

25 in the embodiment of Fig. 9.



-22 - In the

di.,ssipated mainly fromthe substrate structure 4.
Fig. 10, heat is also dissipated from5 the radiator fins 30.
Si nce t.e"ar a of the pellet 18 in contact with the substrate structure 4

[ transfer of heat to the substrate struc- ture 4 is excellent."w™
damage such2ds-the 10 peeling off of pellets can

enbodi nept.af

be prevented.

strength and

of tungsten,

has excellent
and which 5

10

15

20

sgnt enbodi nent ,

present enbodi ment, the heat generated within the pellet 18 is

In the sane way as in the

e

As in the enbodinment of Fig. 9, it is possible to inprove the

the air-tightness of the package. The present invention is not
limted to the enbodi nents thus far described, but can be 15 nodified in a
nunber of ways. For exanple, the shape (pattern) of the wiring 2 on the
preform1, or the direction of cutting the hot-pressed block 3 is not

limted to those of tQﬁe Pg§geﬁgbggkg§g&gnt T@ﬁévﬁéépgﬂ?ng al so be nade

%1 he pr esent

invention, it Jitnpesehll geli9eeass! vsfabsicgheed Sahsty %&étt{&éﬂ ure which
in thermal radiation and el ectrical insulation properties,

mol ybdenum o tant This; acco

subspratiededruwcthrenter nah whéi §ine way as in the
embodiment of Fig. LO, heat is also dissipated from
the radiator fins 30. Since the area of the pellet
18 in contact with the substrate stfucture 4 is
large, the transfer of heat to the substrate struc-
ture 4 is.excellent.

In the present embodiment, damage such és the
peeling off of pellets can be prevented. As in the
embodiment of .Fig. 9, it is possible to improve the
strehgth'and'the air-tightness ef the package.

The present invention is not limited to
the embodiments thus far described, but can be
modified in a2 number of ways. For example, the
shape (pattern) of the wiring 2 on the preform 1, or the

direction of cutting the hot-pressed block 3 is not

limited to those of the above embodiments., The wiring

2 may also be made of tungsten, molybdenum or

tantalum.

-



"CLAI M5, 1. A substrate structure consisting of a hot-'pressed

sintered plate of silicon carbide based material with first and se mai n
Jaces, wherein said sintered plate contains a plurality of w res/whi/€h
extend between said first and second main faces so that the two en

eagch wire are exposed to the outside at the first and second nai rces,

respectively. 2. : The substrate structure according to claiml1,
wherein said sintered plate contains 0.1 to 3.5% by wei ght beryllium 3.
The substrate structure according to claim2, wherein said wires are nade
of zirconium boride. 4. The substpate structure according to claim
3, wherein said zirconiumboride is ZrB2775. The substrate structure
according to claim?2, wherein said wires are nade of tantal um boride. 6.

The substrate structure a%ﬁdii98c89a§£§29b5th$h5£égeﬁ§akﬂvéﬁgié¥9”‘boride

is TaB. 7. The substrafe structu according to any one of the
preceding cl ai g+ wWhepgkBiBiel £8SLa8NEyOEapRidatir 8t saBdtegeand main faces
has a mrror surface. 8. The su%strate structure according to any
one of the precgdiigtGkai WRidhtRa$, enbelbentsandthernhlanddseepod nain
faces are oriented parallel to each other, and normal to said wres.

and electrical insulation properties, and which

5 is provided with internal wiring.



- 25 - 9. A process of manufacturing a substrate including the isteps

(o) ogniiapsar d pouder into a prurality of orof or ARMIMREAINFAA ) .

having two surfaces;
th wiring in a stripe form;30.

(c) printing the surfaces ‘of "sefected saieh.
(d) piling up the

-t

printed preforms so that nost of the wiring printed on one of ‘'said preforns
is covered with anot her preforn1 (e) hot-pressing the piled-up preforns

into a bl ock;
pl ane crossing all of

(f) cuttlng t he hot-pressed bl ock along a

f b
struct yres ea havi ngs% I’sé'l[\%\“!I> ;t:{?? e(,s(‘)tﬂ"(ilfl :?Bui r?pfcg%%gls\tﬁ;’tn% ]ogu Shoﬁéﬁel’ ein a
plurality of wiissahichaiandtlaes 53 ddd (aland $86aad daL0;faces 20

said

such t hat the WO ends

first and secQpdyTed it J1AGH JRINRL MG Kacks,
manuf acturing a substrate according to ciaimg,

wres are EXpOSE out si

whereiBh%aRBOQQ%%eQEd
wherei n said powder

irs of

silicon carbi ¢ xent@intidig ). gluarkd%dyy deiwdite hamilch eRcernideetRBeso t hat
sai d substrate structures are nmade of silicon

said first and second main faces so that the two ends of

each wire are exposed to the outside at the first and

second main faces, respectively.

2.

wherein

The substrate structure according to claim

said sintered plate contains 0.1 to 3.5% by

Qeight beryllium.

3f
wherein
4.
wherein
5.
wherein
6.
wherein

7.

of the preceding claims, wherein at least one of said

The substrate structure according to claim
said wires are made of zirconium boride.

The substrate structure according to cléim
said zirconium boride is ZrBZ.

The substrate structure according to claim
said wires are made of tantalum boride.

The substrate structure according to claim

said tantalum boride is TaB.

L,

2,

3,

2,

5,

The substrate structure according to any one

first and second main faces has a mirror surface.

8.

The substrate structure according to any ore

of the preceding claims 1 to 6, wherein said first and

second main faces are oriented parallel to each other,

and normal to said wires.



carbide containing 0.1 to 3.5% by wei ght ber yI The
process of manufacturing a substrate according ﬁﬂ#wﬂlw,mu , Wherein

fhe cutting in step (f) is conducted along a pla |d f 4 SO
that said substrate structures have a predeterm ned 5 thickness. )
The process of manufacturing a substrate-aggording to any one of th
preceding clains 9 to 11, wherein said wiring i s nmade of zirconium bori de.

13. The process of nuf acturing a substrate 10 accor.di to claim
12, wherein sai d82| rconi u?b%‘??%%s?s ? m?Tu%lc{urmg al'hseucbpStorcg%s of

manuf acturing a o Al p.any one of the preceding clainms 9 to
11, wherein said§§??§%gﬂgs e £%é@t%ntalun1borlde 15 15. The

process of manufacturing a(§pb§§é§g§l§§cgr§gw@bgcbfﬂéuﬂggg%léMuyay  said
tantal um boride is TaB. . he process of manufacturing a substrate
according to anysQﬁeeeédtQ@bmme@I} ng clains 9 to 15, 20 wherein step (c)
i ncludes a sub-step (h) of formng wiring of identical shape on both a
first surface5of a first ptlefonowhding seidnpowdef atetofa g lseadnd yprogEf or m
selected fromsaid preforns, and wherein step (d) includes a sub-step (|)
of making said fPprefoumg @@Ctﬁgptlcal flat shape, each having two

surfaces;
(c) printing the surfaces of selected said
> ' preforms with wiring in a stripe form;

10 (a) pilihg up the printed preforms so that
most of the wiring printed on one of said preforms is
covered with another preform;

(e) hot-pressing the piled-up preforms into
a block; and |

15 (f£) cutting the hot-pressed blbck along a
plane crossing all of said wiring to form a plurality
of substrate structures each having first and second
ma;n faces with formed therein a plurality of wires

~ which extend between said first ahd.second main faces
20 suchk that the two ends of said wires are exposed to thé
outside at said first and second main facés, respectively.
10. The process of manufacturing a substrate
according to claim 9, wherein said powder is of silicon
carbide containing 0.5 to 14% by Weight beryllium oxide,
25 so that said substrate structures are méde of silicon

carbide containing 0.1 to 3.5% by weight beryllium.



25 surfaces face each other and integrating said enti cal shape.
- 27 (vAJ7. The process of manufacturing a SWM%UE& g to any
one 'flj e preceding clains 9 to 16, further inclu

pol i s\i/ng at | east one of said first and second naln .faces of sald

substrate 5 structure to forma mrr@é surface. " The process of*v*
manuf acturing a substrate according to any one of the preceding clains 9 to

17, further ingluding argeeprblchsqf ffosnra"hwalexummtgoa lsubeegseehy on at
| east one of said first and second 10 main faces a w ring layer which

consi sts of ! acplorddlngt ¥o0lc1eapdyYcbirng ol, awdesedh WhieCkuthengonar segp one is
connected to said wiring; and a plurality of insulating | ayers each forned
bet ween adj aceért) denduciducgeldagrdonganad planengoamallutal saydovieent aot hol es
for providing 15 connecti ons between different conducting |ayers. 19.

A seni conduct ¢thadesiadd isndistdiatg: stapciugselsshrieeaspradeteeménadt ruct ed of
a hot - pressed sintered plate of silicon carbide based nmaterial with first
and second’matRifc&kaess -20 (b) a plurality of wires each forned
in said S|ntered plate so as to extend between said first and second main
faces so that he two edd§ PHRECESE SfeTBRPSSEFUESNPhE SHPSFHRLSt said first

and second rTaIrc‘:._ordlng to any one of the preceding claims 9 to 11,

&

wn=rein said W1r1ng is made of zirconium boride.
13. The process of manufacturing a substrate

10 according to claim 12, wherein said zirconium boride
is Zr32.

14, The process of manufacturing a substrate
ec:ording to any one of the preceding claims 9 to 11,
wh=rein said wiring is made of tantalum boride.

15 15.. The process of manufacturing a substrate
according to claim 14, wherein said tantalum boride
is TaB. |
l6. - The process of manufacturing a substrate
according to any one of the preceding claims 9 to 15, J

20 whesrein step (c) 1nc1udes a sub-step (h) of forming
wiring of identical shape on both a first surface of a

irst preform and a second surface of a second preform,
seiscted from said preforms, and wherein step (4)
includes a sub-step (i) of making said first and second

25 surfaces face each other and integrating said wiring of

idsntical shape.



faces, respectlve;_~_‘N‘~_“_*h‘*~‘TE) a wring layer formedon. at |east
said first main fa iﬁ" , ”ﬂlﬂ of: a plurality of cond ”g | ayers of
Wwhich the | owernost *0 "ﬂb - 28 - to said wires

correspondlng term nal s thereof afd the uppernost one is connected to a
senmi conductor pel |l et; with at |east one i nsupating |layer formed between

adj acent ones conducting layers, said conducting |ayers being 5 connect ed
to each other through a plurality of contact_ho]es. forned

: ”53' alt It ng | flylep'sal d co'ﬁBEc?Fﬂhe?%ly% smapyfag ‘élr}?l%u? att nst}ﬁ gtyer bei ng
aid alternately one.over t t
Y Qe el LENe, OLREL: oANEhL dhr Bled BRS ! PAERS BT GPNChICE OF

pel l-el bonded 1 t nain face conn ectrically to

sai d_upper most ¢gpdNGLi 9l auehg Y estebNDs) hsffﬂaéﬁswﬁh@ d8CRea0.one

The sem conduct evi ce according to claim 19, wherein said sintered pl ace

i s made of siligenggapbidesiSan@niatbhddmid f&cds 5§¢ byai@i lvsthestd | ium
21. The sem conduct or device according to claim 19 or 20, wherein

said wires age gegacefirai £60pbyim homideor 22urface. The seni conduct or device
according to claim 21, wherein said zirconiumboride is ZrB2. 20 23.

The seni conduct @8.devi ce Tbeopdpagssoof| manmuigcbur20g ahevkstratg d wires
-are made of tantal um bori de.
accerding to any one of the preceding claims 9 to 17,

further including a step (k) of forming by photo-
\w; - lithography on at least one of said first and second

10 main faces a wiring layer which consists of: a plurality
of conducting layers of which the lowermost one is |
connected to said wiring; and a plurality of insulating
layers each formed between adjacent conducting layers
and having a plurality of contactholes for providing

15 connections between different conducting layers.

19. " A semiconductor device including:
(a) a substrate structure constructed of a
hot-pressed sintered'élate of silicon carbide based
— . material with first and second main faces;

20 (B) a plurality of wires eaéh fOrmed in said
sintered plate so as to extend between said first and
second main -faces so that the two ends thereof are
exposed to the outside at said first and second main
faces, respectively;

25- _ (c) a wiring layer formed on at least said
first main face and consisting of: a plurality of

conducting layers of which the lowermost one is connected .



24. The sem conduct or device accordi ng toe—etalm-23,__wherein said

t ant m boride is TaB. 25. The semi conduct, devi ce accordi ng to any
one %f the preceding claims 19 to 24, wherei nﬂmﬂ,mwullw'gﬂmcond min
facééi%&e oriented parallel to each other, nornmal% i ] - 29 - .~
26. The sem conduct or device acgo?gigg to any one of the precedi ng
clainms 19 to 24, wherein at least said Tirst main face has a mrror

surface. 27. The sem conductor device according to any one 5 of the
precedi ng cl ai k8 §91@0W24?5mﬁér@Pﬁrgﬁpgnééﬂgc%ﬂrmﬁ@%f%rt®@¥¢@f #rd connect ed
electrically to said uppernost conducting | ayer overlying said first main
face by bunp eFB€t HFBREEMAAHOBE &P gepneshed to a seplcideghericRdt! devi ce

di t | aim 27, ,10 [ id. b | ect fod nbedded._ i id
contact ol os. 350 a¢ 12358 86E FaSRlAet b IENFE of SUBH PeyTTr e BierSr
‘n di : 0.8 . Cdvi £, D] d
| over st condaPePngorayEei 1 BPEEE: Ped ol dodhal OB AP Byl R 8% i o
insul ating bayepnpabduhcigdehBg" 6RL YEERr 0BHH %I@H‘l?&iz &b £onbRE{ ol es
are positioned over the termnals of said ends of said wres. 30.

senmi conductor Hgyeeeraeneadindsti0aCinstn d0ing PveesLid CbePhdt 0Rd
connections of said sem con-

lavers and said insulating layer being laid alternately

The

one over the other; and
(d) at least one semiconductor pellel bonded W

10 onto said first main face and connected electrically to.
said uppermost conducting layer overlying the first main
face.

20. The semiconductor device according to claim 19,
wherein said sintered place is made of silicon carbide

15 containing 0.1 to 3.5% by weight beryllium.

Zi. The semiconductor device according to claim 19
or 20, wherein said wires are made of zirconium boride.
22. : The semiconductor device according to claim 21,
wherein said zirconium boride is ZrB2.

20 23. The semiconductor device according to claim 19
or 20, wherein said wires are made of tantalum borigde.
24. The semiconductor device according to claim 23,
wherein said tantalum boride is TaB.

25. " The semiconductor device according to any one

25 of the preceding claims 19 to 24, wherein the first and
second main faces are oriented parallel to each other,

-normal to said wires.
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20 ductor pellet are effected by bonding mﬁre The sen1conductor
devi ce according to claim 30, wherein said w ’J ‘m ﬂ '
Jmain face except for the central portion thereef &0

‘exposed at said first main face are arranged in 25 the form of a
saizxd wiring layer i's forned over said fipgt-main face except for
central portion, and said sem condcutor pellet is bonded onto said central
portion of said2ki.rst nai Theasenmbiyoadgotdrsidevioa eotercdingl ageany ond2.
The sem condcut or device according to claim 31, wherein said sem conductor
pellet is bonde¢ft the poededinggclajms £8r ked24vevhenpiincant tagsposaidn of
said first main face sinultaneously with the formati on of said | owernost 5
conducti ng Iayeﬁlr§3 main fatgehadenPcHAdLEF oFUHEFFEe according to claim 19
or 20, wherein a_wiring layer is forggd over, each of said first and second

mai n faces. 34. 27- The T8&nSEBHERE Ft8§v98¥18806?8?ﬁ§1F% EPafRY 3%7€ 10
sai d f|r

wherein said MArIn | a er 0 ude | d Iomernnst
conducti ng Iaye gl c&?ﬁo Cégﬁ uc%?ﬁs | ay érthQ% gal ns%Taf?

| ayer Sand“ﬂCheg ?%ﬁ%%%”1s3§onnectedTQ?e§€91EQFF?CEQVsQ?&'8§%§§@§E@'”9

to claim33 or her conprising a plurality o eads nount onto

said second nal r&ofn@%%ttlmgoqg@e%abdey@p%gogalaoa@ygtI M8ihaysée ObySBufp
wiring |layer of said second

electrodes made of solder.

28. The semiconductor device according to claim 27,
10 wherein said bump electrodes are embedded in said contact
holes.
29. | The semiconductor device according to any one of
the preceding claims 19 to 28, wherein said wiring layer
includes said lowermost conducting Layer, said uppermost
15 conducting layer, and said insulating layer sandwiched
therebetween, and wherein said contact holes afe positioﬁed
over the terminals of said ends of said wires.
30. The semiconductor device according to claim 19
s ' or 20, wherein electrical connections of said semicon-
20 ductor pellet are effected by bonding wires.
31. The semiconductor device according to claim 30,
wherein said wires are formed ir said first main face
except for the central portion thereof so that the ends
thereof exposed at said first main face are arranged in
25 the form of a matrix, said wiring layer is formed over
said first main face except for said central portion, and
said semicondcutor pellet is bonded onto said central

portion of said first main face by a gold-silicon eutectic

layer.



mai n face by | ead-connecting netal |ayers. Th em-conduct or -
devi c
sai d
cl ai
| ower '/conductlng | ayer, said uppermagt -conducting | ayer, and said

i nsul ati'ng | ayer sandw ched therebetween. 2538. The sem conduct or

devi ce accor diyyg 0 cl aig3,nf UEbBELLOCkUGLAE 3cBbUhahb! Kook LERTs)

nount ed onto sald secon ace sai stra Factare y | eal-

connecting me{alrkdnekaid seﬁ?conductorTB€1§@g199”355395 gsvéC€oﬁ§§9£Pﬁ g

to claim 38, wherein said | eads are arranged on extensions of said wre

40. The aye gorfedt eedte¥hta aealrdingob@isAyodNeadld bikbe pagcedi ng
claims 19 to 39, further including a cooling pipe nounted around the side
faces of saidfadkstiauétaheovoslyewdthechehfiorsatdohi 6§t sabd Sewerosai n
faces, and provided with a cavity for allowing a liquid to flow

t her et hroudgh. cbpdgtting layeFhe seni conductor device according to any one
of the preceding clainms 19 to 40, further including a cap nounted over said
first main fadd-by nean?héfsamééapdﬂﬁFéﬁ Aeraeei eaFPydiegl sosaldim 19

sem conduct or peIIet 42. ienlcondu tor device according to
cl ai m 41 0, wherein a w1r1ng ayer 1s formed over each of said

first and second main faces.

34. The semiconductor device according to claim 33, 1;}
10 wherein said wiring layer on said first main face includes

said lowermost conducting layer, said uppermost condﬁcting

layér, and said insulating layer sandwiched therebetween.

35. The semiconductor device aécording to claim 33

or 34, further comprising a blurality of leads mounted
l150onto said second main face through said uppermost

conducting layer of said wiring layer of said second

main face by lead-connecting metal layers.

36. The semicondﬁctor device according to claim 19

or 20, wherein said wiring layer is formed on said first
20main face.

37. The semiconductor device accofding to claim 36,

wherein said wiring layer on said first main face includes

said lowermost conducting layer, said uppermost conducting

layer, and said insulating layer sandwiched therebetween.’
2538. The semiconductor device according to claim 36,

further inéluding a plurality of leads mounted onto said

second main face of said substrate structure by lead-

connecting metal layers.

“acsording to claim19 or 20, wherein sald ver i s formed on
Ikt }20mai n face. 37. The sem conductlmwgm, ﬂ,, ang to
/- Mherein said wiring |ayer on said first es said ,\‘

"



v

15 wherein said seal consists of a first titaniu | d-tin alloy
| ayer, and a second titaniumlayer |aid over eacq, ﬂ,!”ﬂ!? Hwe%of
shich said first titaniumlayer is formed over sa er/y 48

The sem conduct or device according to claim4l, 20 wherein said.semég’ :
densists of a first copper layer, a gold-tinsglloy |ayer, and a segond"
copper layer laid over each other consecutively, of which said first—Topper
| ayer is forned39ver sai d_substrate gstructure. . e senj conduct or

44, . Th
devi ce according’fo any oh =28°Bt cPHE"p 8Eeﬁ?ﬁbc%l%?ﬁ%f%ﬂ??otQBFI%HEr%ﬁn
said cap is Mdgyofe2nBLEG! fbakUCREECRErARGLE OL PRLL; SUDSLLALL 4

h
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structure. eni con . (
according to anyjpag. of the preceding clainms 41 to 44, further including a
plurality of radiator fins forned on said cap. 46. The sem conduct or

device accordingoto clai nrhb, sémiB6neuBtSAI dev 2k A& ofd g H S e
material identical to that of said substrate structure and said cap, an

are integratedl whéhpsacddcnp. cddims 19 td 3apsfusntiee Stineluding AnsddaictRd

substantially as herein described with reference to and as illustrated 10

in the acconpangipg @euntadgsardgnd the sideriress of sminlifsacistdate a

substrate substantially as herein described with reference to
structure other than said first and second main faces, and
provided with a cavity for allowing a liquid to flow
therethrough.

10 41. The semiconductor device according to any one of
the preceding claims 19 to 40, further including a cap
mountéd over said first méin face by means of a seal which
hermetically seals said semiconductor pellet.

42. The semicqnductor device according to claim 41,

15 wherein said seal consists of a first titanium layer, a |
gold-tin alloy layer, and a second titanium layer laid
over each'other-consecutively, of which said first
titanium layer is formed over said insulating layer:-

A 43. | The semicdnductor device according to claim 41,

20 wherein said seal consists of a first copper layer, a
gold-tin alloy layer, and a second copper layer laid
over each other éonsecutively, of which said first
copper layer is formed over said substrate structure.

44, The semiconductor device according to any one

25 of the preceding claims 41 to 43, wherein said cap is

made of a material identical to that of said substrate

structure.



Figures 1 to 6 or Figure 7 of the acconpanying draw ngs. 49. A

sem conduct or device constructed substantially 15 as herein described with

(L g e e e e S

10

15

- 32 -

45. The semiconductor device according to any one
of the preceding claims 41 to 44, further including a
plurality of radiator fins formed on said éap.

46. The semiconductor device according to claim 45,
wherein said radiator fins are made of a material
identical to that of said substrate structure and said
cap, and are integrated with said cap.

47. A substrate structure constructed substantially
as herein described with reference to and as.illustrated
in the accompanying drawiﬁgs.

48. A process'of manufacturing a substrate
substantiaily as herein described with reference to
Figures 1 to 6 or Figure 7 of the accompanying drawings.
49. A semiconductor device constructed substantially
as hesrein described with referénce.to and as illustrated

in any one of Figures 8 to 11 of'the accompanying drawings.
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