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Housing for an electronic compohent.

The invention relates to a housing for an elec-

- . tronic device including a ceramic substrate on which a
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maltilayer circuit is deposited by screen-printing using

" materials which are alternately conductors and insulators,

which circuit serves to bring about the connection between

the terminals of the said electronic device which is

‘secured to the substrate and the mounting pins of the =~~~ 7

housing provided in metallized holes in the substrate,

- which holes are provided-on each side of the substrate with

conducting rings, the metallization of the hoies and the
rings being carried out by screen-printing using a conduc-
ting material which is compatible with the conducting
material of the multilayer circuit.

The invention finds its application in the con-
struction of housings for integrated circuits having a
very large number of input and output terminals, the most
important qualities which the said housings should possess
being ease of manufacture, production efficiency, low cost,
electric reliability and mechanical strength; such that
they can be produced in mass and sold world-wide.,

A device comprising such a multiplayer circuit
is known from US Patent Specification No. 3,549,784. The
device desdribed in the said document comprises a multi-
layer circﬁit obtained by screen-printing on a ceramic
substrate, for examplé, of aluminium oxide. This circuit
is formed of layers which'are alternately conductors and
insulators, the conducting layeré consisting of networks
of conductors and the insulating layérs serving to embed
the conductors. The insulating 1ayer§?are made of a ceramic
which is compatible with3tﬁat hf_thé substrate. After the

different";ayers have been formed in accordance with the

stfucture:wanted for the circuit, the composite structure
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of the ceramic substrate, of the metallic non-fired layers
and q{_the insulating ceramic layvers is heated in an atmos-
phere of hydrogen and nitrogen to a temperature of 1630°C
for two hours in order to bake the ceramic and metallic

5 components. The structure thus obtained is called "co-
fired".

In accordance with the said document, the pins

of devices or the connection pins may be introduced into
metallized holes in the substrate, after which they are

10 soldered. Metallization of the holes and formation of one

!
-
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of the conductlng layers of the circuit is- done at the
same tlme and using the same material. The material diffuses
in the holes by reflowing. The sald document does not state
any metal composition which 1s suitable for solderlng or

5 hard-soldering.

The use of such a co-fired structure in the manu-
facture of the base of the housing has an important dis-
advantage. The disadvantage resides in that the structure
obtained is warped instead of flat. The said document

20 states that this problem can be solved by applying a
metallic layer to the other side of.the substrate, at such
a location that the said deformations caused by the struc-
ture of the upper side are counteracted.

Meanwhile, it is stated in an article headed

25 vNarumi va automatiser la fabrication de ses substrats
céramiques multicouches "co~cuits", published by J.P. Della
Mussia in Electronique Actualités No. 772 of 2 November
1984 that the average yield of co-fired ceramic substrates
is not higher than 30 % because due to firing the dimen-

3°_sions are reduced by shrinkage with a maximum of 17%
which often 1eeds to Ereekage of the conductors.

This major disadvantege is due to the fact that '
the adopted technology implies firlng at a very ‘high .

. temperature, wh1ch, moreover, leads to other non—negligible.-

35 disadvantages. . : .
Firzng at a very hzgh temperature renders impe-

rative the use of refractory metals, such_as tungsten or
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a molybdenum-manganese alloy, to form the conducting
layers. These metals are poor electrlc conductors,

In accordance with the said Patent Application, other
metals such .as platinum or palladium may be used and fired
in air at much lower temperature. However, apart from the

fact that these metals are very expensive, a still very

'high temperature of at least 1300°C is needed to sinter

the ceramic insulating layers, In these circumstances, a
metal such as copper, which is a far better conductor and

is a lot cheaper, cannot be used because its melting-point

_MlS well below the above-stated temperature.
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Consequently, the proposed circuit whose struc-
ture should solve, as stated in the artlcle of Della
Mussia, the pProblem of the ease of manufacture of the base
of the hou51ng due to the fact that no more than one
firing process ﬁould be needed, and which structure should
solve the problem of  the mechanical strength due to the
fact that the insulating layers are of ceramic, leads in
fact to the opposite result: the manufacturing costs are
raised due to the fact that an output as low as 30% is
obtained and that expensive materials are used, and the
reguired mechanical strength is not attained because these
circuits are subject to breakage of the conductors,

_ On the other hand, sealing of the pins poses
serious problems which have not been solved by the stated
Patent.specification. Moreover, the necessary sealing
strength largely depends on the method used to pierce and

metallize the holes and on the way the pins are fixed, in

'the holes by means of a sealing material., The strength

equally depends on the shape of the.pin.

Finally,. mountlng of the electronlc device on the
base of the housing and tightly or hermetlcally seallng a -
protectlve cap for this component forms yet another problem.
This problem is not solved by the stated Patent Speclfi—
catlon. . ' :

For this reason,'the present invention proposes
SOlntions to the problem of manufacturing these housings .
which are significantly different from the solutions
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N described in the prior art.

. According to the present invention, this problem
is solved by a hpusing as defined in the opening paragraph,
characterized in that the conducting material is a compound

5 which can be screen-printed and which is formed from, at
least, copper and a vitreous-~crystalline material, which
compound is to be fired in a neutral atmosphere at a .
temperature which is lower than the melting temperature
of copper, in that the insulating material is a vitreous-

8 crystalline screen-printable compound which is to be fired
in a neutral atmosphere at. a.temperature-which Is Suited =~

f’/' ' ' for the conducting material, the insulating material

W, having a coefficient of expansion which,ié adapted to that
#. 2B o BT of the substrate up to its firing temperature in that the

15 1ast layer of the circuit is a protective insulatiﬁg
vitreous-~crystalline layer, in that the pips have the shape
of a shank provided with a flat head, which shank passes
through the holes in the substrate and sufficiently projects
from one of the faces to ensure a proper fixation of the

20 housing, the flat head resting on the ring which is located
at the other side of the substrate, in that the pins are -
fixed by means of a metal alloy which is compatible with
‘the metallisation of the holes and conducting rings, the
melting temperature of which alloy is substantially the

25 same or lower than the firing temperature of fthe circuit

Y layers, in that the terminals of the electromic device

S ' located on the substrate are connected to the ends of the

conductors by means of flexible ﬁires,'which ends are left
free during the manufacturé of the multilayer circuit, and

30 in that the electronic device is protected by a cép.

' A method for the'manufac#ure of such a housing
is also pfoposed.'This method bginé characterized in that
it 6omprises the following.stag95° 1 A |

. a) forming a ceramic substrate, N

_35 ) b) piercing holes in the substrate to accommodate
the mounting pins of the housing while providing an area

for ‘the accommodatlon of the electronic device,
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c) metallizing thée holes and forming conducting
rings around the holes on each side of the substrate, these
operations being carried out by screen-printing using a

conducting ink which is made of, at least, copper and a

Vvitreous-crystalline material, and which is to-be- fired

in a neutral atmosphere at a temperature which is lower

‘than the melting temperature of copper, which operations

comprise depositing an amount of conducting ink at the
location of the opening of the holes, diffusing the ink
in the holes, for example by reflowing, and firing the

d) dep051t1ng a first conducting layer according
connectlng part of the terminals of the electronlc dev1ce
to part of the pins, leaving free the area for accommoda-
ting the electronic device, the said deposition being
carried out by screen~printing using a conducting ink
comprising copper,-which ink is identical to or compatible
with the ink used for metallizing the holes and the rings,
and flrlng the said layer,

e) depositing an insulating layer according to
such a pattern that two successive conducting layers are
insulated, thereby leaving free the area for'accommodating
the electronic device as well as the conducting rings and
the ends of the conductors which are located opposite the
terminals of the device, the said deposition being carried
out by means of screen-printing using an insulating vitreous-
crystalline ink which is to be fired in a neutral atmos-

Phere at a. temperature compatible with that of the conduc-

‘ting ink, the said ink hav1ng a coefficient of expansion

which is very close to that of the substrate up to the
firing temperature of the layer, and firing the said layer,
f) alternately dep031t1ng conducting and insula-

'ting layers, respectively, according to such a pattern

that the network of conductors necessary for 1nterconnect1ng
the -terminals of the electronic device and the pins of the
housing is obtained, thereby leaving free the area for

accommodating the electronic device as well as the
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conducting rings and the ends of the conductors located
opposite the terminals of the device, these deposition
procesSses .being carried out by means of screen-printing
using types of ink which are by turns conductive and insu-
5 lative, and which are identical to or compatible w1th the
types of ink which form the preceding layers, the 148t
layer ‘being a protective insulating layer, and firing the
said layers one by one,
g) temporarily protécting the zones which are
10 formed’by the area for accommodating the electronic devibe-
and the ends of the conductors located opposite the said
"ﬁfgglJuging.a”ygrnishmwhichﬂis"resistant~to the-solder used
for fixing the pins,
T h) locatlng the metal pins which consist of =
15 a shank prov1ded with a flat head, the shank going through
the substrate at the location of the holes thereby suffi-
ciently projecting from one of the faces fto ensure a proper
fixation of the housing, the flat head being supported by
the ring located at the other face of the substrate, and
20 subsequently soldering the pins using a metal alloy which
is compatible with the metal coating of the holes and rings,
the melting temperature being lower than or substantially
egqual to the firing temperature of the circuit layers,
i) removing the protective varnish,
25 j) locating and fixing the electronic device in

Lo the area reserved at the substrate, _ , :
_/ k) providing flexible metal wires between the §
terminals of the electronic device and the ends of the ' ;
conductors of the multiiayer circuit which are left free,
30 - 1) fixing the_profective cap of the electronic
"device. ' ' '
The multilayer circuit obtained by means of
v1treous-crysta111ne layers hav1ng a firing temperature well
‘below that of the ceramic layers and ‘having a coefficient
35 of expansion which is adapted to that of the substrate up-

. to the firing temperature; the said layers being fired one :
by one, exhibits qualities which are very much superipr to "g

those of the co-fired ceramic circuits. The bases on which
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the said circuits are provided are devoid of tension and,
consequently, they are not warped. Thus, it is not neces-
sary o provide additional layers to counteract warping.
The connections between layers, and the networks of
connectors -are strong and electrically reliable.

Carrying out a firing process each time a layer

has been deposited, does not render the manufacture of the

base of the housing more complicated or more expensive
because the application of low temperatures and the use

of cheap materials make it possible to substantially

The electric quality of the circuits is also very
much improved due .to the use of copper as a conducting ..
material, thé conductivity of copper being approximately
10 times that of, for example, tungsten.

_ The shape of the pins and the sealing material
used ensure that the pins are correctly mounted on the
housing. In this way, a very good mechanical strength and
a perfect'electric connection are obtained, both essential
characteristics of a housing, through using simple and
low-cost materials. '

Due to,'in particular, the mounting of the
pins and the protective cap of the electronic de#ice
using methods recommended by the invention a tightly or
even hermetically sealed housing is obtained which can
withstand high temperatures and, thus, meets the highest
requirements. ' _ |

_ The invention will be better understood from
the following description which is iilustrated by the
accompanying drawings, in whichs:

~Figure 1 is a sectional view of'a part of a
housing according to the invention;

~-Figure 2 is a sectional vipw of an alternative

‘embodiment of the same part of the housing according to

the inventionj;
. -The figures 3 are zmectional views of the same
part of the housing according to the invention and of the

‘alternative embodiment, at various stages of the manu-
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facturing process.

Each of the Figures shows substantially a cross-
section through one half of the housing, the part not
shown being symmetrical to the part shown as regards the
arrangement of the elements forming the housing.,

“THe Sectional view of Figure 1 shows that the
housing according to the invention comprises a céramic
substrate 120 whose central part supports an electronic
device 130 and a multilayer circuit 110 which ensures
the electric connections between the electronic'device and

the pins 2, A cap 141 which may be made of a ceramic

. .mateérial warrants the protect1on of the electronic device,

15

20
25
e
A
30
'35

In accordance with an alternative embodiment of
the housing»asﬂsh0wn“iﬁsFigﬁre 2,.the'cap consists of two
parts, a spacer 150 and a cover 140,

Usually, the electronic device 130 is a very |
large~-scale integrated circuit (VLSI) which is provided on
a semiconductor material and comprises a large number of
input and output terminals 7. Presently, the number of
terminals amounts to approximately 144, However, due to the
increasing demand for ever more complex circﬁits, the
number of terminals may rise to 300 in the near future.

The housing which contains the daid device is
connected to an electronic assembly, generally a printed
circuit board,; either by means of a Pin grid array socket
or directly, by soldering the housing onto the board.

In either case, the electric and mechanical connections are

‘made by terminals 2 which are introduced in holes 3 in

the substrate 120, as shown in figure 3a.

‘The number of terminals 2 is at least equal to
the number of piné 7 of the electronic device. The large
number and the requirement of a minimum spaéing to avoid

- short-circuits when the housing is connected to an'exter-
‘nal device, render it possible to place all the pins in

line with one another. Consequently,  they are distributed

over various rows at the periphery of the substrate. '
The connection between the metal pins 2 and the

termlnals 7 of the electronlc device is ensured on the one
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hand by the network 110 of the conductors which are screen-—
printed on the substrate 120, and on the other by flexible
metal wires 6, which connect the end 8 of the conductors
to the said terminals 7. '

The number of conductors which should reach 300, ..

and the pltch between their ends 8 which is in the order

" of magnitude of one tenth of a mm, necessitate the use of

several levels to form the screen-printed netword 110.
Consequently, each conductor level 10, 20, ... comprises

a part of the conductors which contact a part of the pins

_m2{"and 1s separated from the next conductor level by an

electrlcally 1nsulat1ng 1ayer 15 whlch, moreover, may be
prov1ded w1th openlngs for interconnecting two contlguous_.
conductor 1evels. The network 110 as a whole thus forms a e
multilayer circuit.

In order to overcome the problems which are
inherent in the type of multilayer circuit selected to
produce the prior-art housing, a new type of screen~print-
able materials is used to produce the housing of the inven-
tion and a new production method is proposed.

-In accordance with the'invention, a conducting
compound which can suitably be used to form a screen-

printable ink for providing the conductor layers 10, 20, ...

~comprises copper powder and a vitreous binder. The ink

obtained by means of this compound may be fired in a

non-oxydizing atmosphere, for example nitrogen, at a

" temperature lower than the melting temperature of copper.

A conducting compound which meets these requlre-
ments may be, for example, the compound described in
GB-A-1,489,031 or the British Patent Specification 2,037,270.

'On the other hand, the insulating compound _
which may suitably be used to form a; screen-printable ink
for providing the insulatiﬁg'layers 15, ess has at least

none vitreous phase. The ink obtained by means of the said

compound may be fired in a neutral atmosphere, for example
nitrogen, at a temperature which is suited for the 1nk
used to form the conducting layers 10, 20, ...




v

.,

J('

10

“PHF .84618 EP 10 O 188 838

_ An dinsulating compound which meets these re-
quirements may be, for example, the compound described in
US-A-~K,152,282 or in US-A-4,323,652,

Thg different compounds stated are very interésting
for the manufacture of the housing in accordance with the’
invention because they meet the requirements, their firing

temperature in nitrogen ranges from 850°C to 950°C and they

‘are compatible with each other. Besides,they have many

advantages.

The copper-containing conducting layers thus

obtalned exhibit a very good electric conductivity of the "~

"morder of 15 milliohms per square for conductors having a
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thickness of 20/um (20 mlcrons)

The insulating vitreous-crystalline layers
have a coefficient of thermal expansion which is ‘very
close to that of the ceramic substrate up to their firing
temperature. Consequently, the housings obtained are per-
fectly flat.'Due to the fact that the different layers

forming the housings are free from mechanical stress,

the yield in the manufacture is close to 100 %.

It is to be noted however, that the composition
of both the conducting and the insulating layers, as.given
by way of example, renders it necessary for the layers to
be fired one by one. However, the low firing temperatures
and the low cost of the materials used make it possible
to attain low manufacturing costs.

'Preferably, an insulating-protective layer 101
is formed on the last conducting layer by means of a
composition which may suitably be used to form a screen-
pPrintable ink having a vitreous phase, and which can be
fired at a low temperature of about 550°C. This firing
process must be carried out in a non-o;ydizing atmosphere,.
An insulating compound which meets fheisaid requirements
may be, for example, the compound described in US Patent
Application SN 745,734, which is equivalent to EP-A 167 198
filed on 18,06,.85, publication date 08.01.86,

| © In an éxample-of an embodiment, each conductor
layer is formed in one screen-printing operation and has
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a thickness of about 15/um after firing. Each insulating
layer, which separates two conducting layers, is formed

in two steps including an intermediate firing process,

~and after the final firing the thickness amounts to
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approximately ho/um. o
As shown in figure 3a, the holes 3 in the sub-

-strate 120 into which the pins 2 are introduced, may be

formed by different methods, such as by using a laser

beam or by boring during the manufacture of the substrate.
' The latter method is to be preferred because

of its simplicity and because the inner sides of the holes

have the same surfdace condition as that of the substrate

and, consequently, can be directly subjected to the metal-

.plating process which is necessary in view of the subse-~

quent mounting of the pins.
Laser-boring, however, causes a superficial

vitrification of the inner sides of the holes, thus forming

‘a poorly adhering crackled layer. This layer may be removed,

for example, by subjecting it to a thermal treatment or

by depositing two layers of the metal to be described below
on the inner sides of the holes, the first layer containing
an increased amount of up to 10% by weight of the vitreous
binder and the second layer containing a normal amount
(approximately 2% by weight of the vitreous binder).

After a subsfrate_has been provided with holes
the metallization of the said holes, using a copper-con-
taining ink which is identical to or compatible with the
ink used for the conducting layers 10, is carried out,
preferably; prior to the formation of the multilayer cir-
cﬁit. For this purpose, the screen-printable ink used for

‘metallizing is, for example, diffused into the hole 3 by

reflowing so as to cover the walls of this hole, after
which the ink is fired. In the same process, screen—printed

_conducting rings 11 and 12 are provided around the holes

3 on each of the faces 121 and 122, respectlvely, of the
substrate 120.
A metal area 31 on which the electronic device

- 130 is to be mounted, is provided to the central part of
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-is the last operation in the manufacture of the hou31ng.

- the housing has been mounted it is llfted from its base

" A\
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face 121 of the substrate, for example, by means of a
coppez-containing ink as stated above. The multilayer
circui% is fabricated on the same face 121 around the
electronic device and the shanks of the pins 2 project
equally from the said face 121. Such an“érrangement makes
it possible to leave free the second face 122 of the sub=-
strate, thus providing space for fitting a radiator which
dissipates the heat produced by the electronic device and
which adversely affects the service life of the components

of the electronic device. The said radiator is not shown

invention.

i The profective cap'of tﬁe electronic device may

be formed from a hollow part 141, as shown in FPigure 1, g

or from a spacer 150 and a cover 140, as shown in Figure 2.
Generally, fitting the cap 141 or the cover 140 ‘

But if the cap consists of two parts, the spacer 150 is
fitted on the protective layer 101, by means of a layer

33 which is identical to or compatible with the layer 101,
consequently this operation is carried out at a 1ow'tempe-
ratufé of approximately 550°C. Thus, the use of a itwo-

part housing excludes all but one methods of fitting the
pins, which method will be described hereinafter in the text

and according to which the temperatures will not surpass
550°¢C because, preferably, the spacer 150 is fitted on the
layer 101 prior to fitting the pins.

"A different shape is proposed for the p1ns to
avoid that they are pulled out which may happen when after

several times in sucession, for example during testing
of the electronic device. In accord&nce with the inwgntion,'“-fi
the pins have the shape of a shank with a flat head, that
si to say, the pin has about the shape of a nail with

a flat head, The pin is 1ntroduced into the metallised hole
3 so that the flat head 1 rests on the second face 122 of _
the éubstrate, the'diamefer of the said head 1 being super-
ior to the diameter of the hole 3. The shank of the pin
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sufficiently projects from the face 121 to ensure, for
example, that the housing is suitably fitted to its base
or that the housing is suitably soldered to a printed
board. . _ |

Due to their particular shape, the pins of the

housing in accordance with the invention are highly resis-

.tant to éxtraction. A metal which is suitable for forming

pins is, for example, irom-nickel-cobalt.
When the electronic device is fragile, as is
often the case, the pins are soldered before the electronic

device is mounted on its mounting area. Consequently,

'“themmounting”area“31'andwthemends“8“of“th6“conductcr5'must"
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be protected during the soldering process. This can be
accomplished,-for example, by applying a few drops of:a =
synthetic-resin varnish which is resistant to the solder
in question and which leaves no trace after it is removed,
i.es. it must not obstruct the subsequent soldering of the
said elements.

Products suitable for this purpose are, for
example, a varnish which can be peeled off or a co-polymeric
varnish of methyl-butyl polymethacrylate which can be
dissolved in acetone., Besides, these products ma& also be
used to protect the finished housing during the time it
is stored.

- For actually fixing the pins on the prepared
substrate, as described above, three methods are proposed.
by way of example. Each of the methods includes the previous
tin-plating of the pins, for example, by electro-deposition.

In accordance with the first method, the pins
are soldered using a (60/40) tin/lead solder which settles
at the locatioh 23, as shown in the figures 1, 2 or 3b.

This method comprises positioning of  the préviously tine
plated pins 2 in the metallised holes 3,:their retention
using an assembling process which is hot described because
it does not form part.of_the inventioﬁ, and fixing the pins
using solder. This fixing may be done, for examplé, by
immersing the pins in a solder bath containing the above-
mentioned tin/lead mixture, for 5 to 8 seconds at a
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temperature of 230°C, using a non-activated flux. Another
technique called "wave soldering" may also be used. After
purifying the flux and removing the protective varnish
from the metal areas, the base of the housing thus formed
may be provided with the device 130, the connecting wires
6 and the protective cap 141 as shown in figure 1 where
the éaid.cap is in'one piece or with the protective cap 141
as shown in figure 2 where the cap is made of two compo-
nent parts.

Meanwhile, the metal coating of the holes 13 and
of the rings 11 and 12 may be oxidized. If so, they must

- be treated prior to soldering the pins, which treatment
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for the removal of the oxide from the surface of the copper
layers may: be:selectéd from the treatments known. to those"
skilled in the art. Possible treatments are, for example,
immersing the base of the housing in a solution containing
120 g/l of ammonium persulphate to which 5 g/l of sulphuric
acid are added, rinsing in deionized water, drying in
compressed air and subsequently in a nitrogen atmospheré in
an oven at 80°C.

In carrying out the subsequent operations neces-
sary to finish the housing, the temperature at which the
pins have been fixed must be taken into account,

This is the reason why in accordance with the
first method of fixing the pins, the electronic device is
mounted by boundiﬁg the rear end on the copper mounting
area, using a silvéf conducting-adhesive. The bbnding . .
process is carried out in an oven, in a nitrogen atmosphere
to avoid oxidation of the copper. | '

Next, the gold wires 6 are provided which inter-
connect the terminals 7 and the ends 8 of the conductors.

This wiring process may be carried out, for example, using

-an thermosonic~soldering machine with or without heating

‘'of an ultrasonic-welding machine, the ends of the conductors

being free of oxidation.

The last operation consists in providing7the

~ hollow cap_1h1'or the cover 140. When the first method of

fixing the pins is used, this last operation consists of
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applying a prepoiymerized epoxy adhesive on the edge of
the cap or cover and fixing the relevant element by means
of potymerization in a nitrogen atmospnere for 15 minutes
at a temperature of 150°C. Thus, a very good sealing of
the cap is obtained.

The housing obtained by this first method which
includes-the fixation of the pins using a tin/lead solder
at a temperature of 230° and the fixation of the cap using
an epoxy adhesive, can only be mounted on the printed board
through the use of the spacer called "pin grid array socket",

Directly soldering the housing onto the printed board’

would require a second fIOW“soldering'processy'i.é:_for'5“'"”“““‘

to 10 seconds at a temperature of ZMOOC. However, this
temperaturé is higher than -the-mielting temperature of the
tin/lead solder when heated for the secoﬁd time, -which is
183°C. Consequently, the solder used for soldering the
pins, . in accordance with the first method, is not resis-~
tant to the soldering process in which the housing is
soldered directly onto the printed board. _

For this reason, the present invention proposes
a second and a third method of fixing the pins.

In accordance with the second method, an addi-
tional metal coating is applied to the copper rings 11 and
12 around the holes 3 prior to the fixation of the pins,
which metal coating is applied.by screen-printing an ink
which comprises a tin/lead/silver alloy, (10%/88%/2% by
weight, respectivelﬁ and which contains an averagely active

" flux which is necessary to suitably moisten the copper.

The said flux is applied to each side of the substrate so
that the supply of a sufficient amount of the alloy to

properly fill-up the space 23 (figures 1, 2 and 3b) between

the inner side of the hole and the pin ds ensured, as well
as to ensure the formation of flllets 21 and 22 between. the
said pin and the rings. Re-meltlng 1s carried out in a
conveyor oven, in a nitrogen atmosphere, for 20 to Lo
seconds at a temperature of 32000; Consequently, the pins
thué.fixedtcan withstand re-heating up to a temperature of
280°C without the risk of melting. | |
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When this second method for the fixation of the
pins is used, the housing in accordance with the invention

may be soldered onto the printed board. Meanwhile, the

~electronic device, the wires and the cap are fixed as

described with regard to the first method,

In accordance with the third method of fixing the
pins, round preforms having substantially the same shape
and dimensions as the rings 12 are fabricated using a
71.15%/28.1%/0.75% by weight, respectively, silver/copper/
nickel alloy. This ternary alloy has a temperature interval

between solldlty and llquldlty which ranges from 780°C

“to 795 c, thus, the melting cycle is l1little critical. Each

pin is inserted in the correspondlng“metalllzed hole, the
round preform being 1ntefﬁésed between ‘the nail-shaped head
1 of the pin and the face 122 of the substrate., The sol-

dering process is carried out at high speed in a conveyor

"oven for about 30 seconds. The joints obtained with the

0.09 mm thick preforms are of a very good quality.

In accordance with this third method for the
fixation of the pins, the electronic device is fitted on
the mounting area by re-melting a silicon-gold eutectic
at a temperature of h20tt6 MZSOC. The gold wires are fixed
by the method described hereinbefore, subsequently, the
cap is secured using a gold/tin solder at 350°C, thus a
hermetic sealing supperior to that of the two other methods
is ensured. '

_ These different methods for the manufacture of
the housing in accordance with the invention have been
described by way of non-limitative examples; hoﬁever, other
methods may be condeived without departing from the scope

of the invention as defined in the appended Claims.
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CLAIMS:

1. _ A housing for an electronic device including

‘a ceramic substrate on which a multilayer circuit is

- deposited by screen-printing using materiais which are
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alternately conductors and insulators, which circuit serves
to bring about the rvonnection between the terminals of the
said electronic device which is secured to the substrate
éh&mfhé'ﬁdunfihg pins of the housing, which are provided
in metallized holes in the substrate, which holes are
provided on each side of thé"substratéd With conducting
rings, the metallization of the holes and the rings being
carried out by screen-printing using a conducting material
which is compatible with the conducting material of the
multilayer circuit, characterized in that the conducting
material is a compound which can be screen-~printed and
which is formed from, at least, copper and a vitreous-
crystalline material, which compound is to be fired in a
neutral atmosphere at a temperature which is lower than
the melting temperature of copper, in that the insulating
material is a vitreous-crystalline screen;printable com-
pound which is to be fired in a neutral atmosphere at a
temperature which is suited for the conducting material,
the said insulating material having a coefficient-of
expansion which is adapted, up to its firing temperature,
to that of the substrate, in that the last layer of the
circuit is a protective insulating vitreous-crystalline
layer, in that the pins héve the shape of a shank provided
with a flat head, which shank passés:through_the holes in
the substrate and sufficiently prdjeéts from one of the -
faces to ensure.a.proper fixation of%the housihg, the flat'
head'resting on_the :ing_which is located at the other side.
of the sﬁbstrate, in that the piné are fixed by means of a
metal'alloy which is compatible with the metallization of
the hokes and the rings, the melting temperature of which

* c L N - *




PHF .84618 EP 18 0 188 838

alloy is substantially the same or lower than the firing
temperature of the circuit layers, in that the terminals
of th;-said electronic device located on the substrate
are connected to the ends of the conductors by means of
5§ flexible wires, which ends are left free during the manu~
facture of the multilayer circuit, and in that the elec-
tronic device is protected by a cap.
2. A housing as claimed in Claim 1, characterized
in that the substrate is of aluminium oxide.
o 3, A housiné as claimed in one of the Claims 1 orx
2, characterized in that the pins are of iron/nickel/cobalt ..
and have tin-~plated surfaces. _
b, A housing as claimed in apy one of the Claims 1
to 3, characterized in that the electronic device is fitted
5 on a copper mounting area, which is fabricated on the same
face of the substrate as the multilayer circuit, by means
of écreen—printing using a conducting copper-con%aining
ink which is identical to, or compatible with, the con-
ducting ink of the multilayer circuit.
20 5, A houaing as claimed in any one of the Claims 1
to 4, characterized in that the pins are fixed by means of
a tin/lead metal alloy.
6. A housing as claimed in any one of the Claims 1
to 4, characterized in that the metal alloy used for fixing
25 the pins is tin/lead/silver contained in a:'screen~printable
compound. _ '
Te A housing as claimed in any one of the Claims 5
or 6, in so. far as these Claims depend upon Claim k,
characterized in that the mounting of the electronic device
30 is carried out using~é conducting silver adhesive. '
8. | A housing as claimed in any one of the Claims 5
to 7, characterized in that the prdtectivé cap of the elec-
tronic device is formed from a singie piece and in that
it is fitted using an époiy adhesive. : o
38 g, A housing as claimed in any one of the Claims 5 .
to 7, charactérized in that the protective cap of the
device comnsists of two parts, a spacer and a cover, in -
that the spacer iS'fixed.on the proteéﬁive layver of the

A
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multilayer circuit by means of ink which is identical to
the ink which constitutes the said layer, and in that the
cover“is fixed on the spacer using an epoxy adhesive.

10. A housiﬁg as claimed in any one of the Claims 1
to 4, characterized in that the metal alloy itsed for fixing

the pins is silver/copper/nickel,

11, A housing as claimed in Claim 10 in so far as the
said Claim depends on Claim %4, characterized in that the
electronic device is fitted using a gold-siliéon eutectic.

12. A housing as claimed in Claim 9 or 10, charac=-

““terized in that the protective cap.of.the device is in one

piece and in that it is fixed using a gold-tin alloy.

FHE13e - e A housing as claimed in any one of the plalms 4
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to 12, characterized in that the flexible wires for connec—
ting the terminals of the electronic device to the ends
of the conductors of the multilayer circult are of gold and
in that they are provided by an ultrasonic connecting method.
14, A housing as claimed in any one of the preceding
Claims characterized in that the tips of the pins project
from that side of the substrate which carries the multilayer
circuit. |
15. A method of manufacturing a houbing in accordance
with Claim 1, characterized in that it comprises the
following stages: '
| a) forming a ceramic substrate,

b)_piercing holes in the substrate to accommodate
the mounting pins of the housing while providing an area
for the accommodation of the electronic device, |

c) metallizing the holes and forming conducting
rings around the holes on each side of the substrate, these
operations being carried out by screen-printing using a

conducting ink which is made of, at‘least, copper and a

-vitrebus-crysta;line material, and whlch is to be fired

" . in a neutral atmosphere at a temperature which is lower than

35

the melting temperature of copper, which operations comprise
dépositing an amount of conducting ink at the opening of

the holes, diffusing the ink in the holes, for example by -
reflowing, and firing the layers thus obtained,

A
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_pgquigctponic device, the said deposition being carried

‘well as the conductlng rings and the ends of the conductors

-which form the preceding la&ers, the last layer being a

one. by one,

PHF.84618 EP 20 0 188 838

d) depositing a first conducting layer according
to such a pattern that conductors are formed for intercon-
necting part of the terminals of the electronic device to

part of the pins, leaving free the area for accommodating

out by screen-printing using a conducting ink comprising

copper, which ink is identical to, or compatible with, the
ink used for metallising the holes and the rings, and
firing the said layer,
. e) depositing an insulating layer according to
such a pattern that the preceding conducting layer is.
1nsulated from the next conducting layer, thereby leaving
freegﬁhe area for accommodatlng the electronic device.as-
which are located opposite the terminals of the device,
the said deposition process being carried out by screen-
printing using an insulating vitreous-crystalline ink which
is to be fired in a neutral atmosphere at a temperature
compatible with that of the conducting ink, the said ink
having a coefficient of expansion which is wvery close to
that of the substrate up to the firing temperature of the
layer, and firing the said layer,

f) alternately depositing conducting and 1nsula-
ting layers, respectively, according to such a patterm

prbrEader ey

that the network of conductors necessary for interconnecting
the terminals of the electronic device and the pins of the
housing is obtained, thereby leaving free the area for
accommodating the electronic device as well as the conduc-
ting rings and the ends of the conductors located opposite

A T Ly oyt vy prage

the terminals of the device, these deposition processes

being carried out by means of screen-printing using typés
of ink which are by turns conductive{and insulative, and o
which are identical.to, or compatiblé:with, the types of ink J;

protective insulating layer, and firing the said layers

g) temporarily protectxng the zZones which are

formed by the area for accommodating the electronic device
_ i SRR
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and the ends of the conductors located opposite the said

area, using a varnish which is resistant to the solder used

for fixing the pins, _
. h) locating the métal pins which consist of a
?‘Shank-provided with a fiat head, the shank passiﬁg*tﬁrough
the substrate at the location of the holes thereby suffi-

ciently projecting from one of the faces to ensure a proper

fixation of the housing, the flat head being supported by

the ring located at the other face of the substrate, and,

10 subsequently, soldering the pins using a metal alloy which

-~ is-compatible-with - the-metal-coating of..the holes and.ringé,

' the melting temperature being lower than or substantially
requal- to .the firing temperature of'thé circuit layegg,

i) removing the protective varmish,

15 j) locating and fixing the electronic device in
the area reserved at the substrate,

k) providing flexible metal wires between the
terminals of the electronic device and the ends of the
conductors of the multilayer circuit which are left free,

20 1) fixing the protective cap of the electronic
device,
16,

A manufacturing method, as claimed in Claim 15,
of a housing in accordance with Claim 2, characterized in

that the substrate is made of aluminium oxide.

25 17. A manufacturing method, as claimed in Claim 15

or 16, of a housing in accordance with Claim 3, characte-
rized in that the pins are made of iron-nickel-cobalt and

that the surface is thin-plated.

18. 'A_manufacturing method, as claimed in any one of

3b the Claims 15 to 17, of a housing in accordance with Claim

L4, characterized in that a copper mounting area on which
the electronic device is to be mounte@, is provided on the

same face of the substrate as the mulﬁilayer dircuit at

the same time as the first conductingjlayer, and by screen-

35 priﬁting'using a

conductihg copper-containing ink which is
identical to, or

compatible with, the conducting ink of
the multilayer circuit.

A
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19. A manufacturing method, in accordance with any
one qg_the Claims 15 to 18, of a housing in accordance with
Claim 5, characterized in that the pins are fixed using

a tin/lead solder and non-activated flux by either "dip

soldering" or "wave soldering", at a temperature of 23006.““”'

20. ‘A manufacturing method, as claimed in any one
of the Claims 15 to 18, of a housing in accordance with
Claim 6, characterized in that the pins are fixed using
a tin/lead/silver alloy which is included in a screen-

pPrintable ink comprising an averagely active flux, which

the substrate, on the rings, in an amount which suffices

to fill up the interval between the wall of the hole S W

and the pin and to form solder fillets between the pin and
the rings, and comprising_remelting of the said alloy in

a neutral atmosphere at a temperature of 320°C.

21. f A manufacturing method, as claimed in Claim 19,
or 20 in so far as they depend on Claim 18, of a housing

in accordance with Claim 7, characterized in that thé
electronic device is fitted on the mounting area using

a conducting silver-~adhesive and applying heat in a neutral
atmosphere. _ .

22. . A manufacturing method, as claimed in any one of
the Claims 18 to 21, of a housing in accordance with Claim
8, characterized in that the cap of the device, which is

in one piece, is fitted by an epoxy adhesive which is poly-
merized'in a neutral atmosphere at 150°C.

23. A manufacturing method, as claimed in'any one of
the Claims 18 to 21, of a housing in accordance with Claim
9, characterized in that the protective cap of the device
is in two parts, i.e..a spacer and a cover, the'spacer is
fitted on the protectlve layer of the multilayer circuit by'
means of the same ink as that used to form the said protec-
tive 1ayer and prior to protecting the metal zones by a
varnlsh, and the cover is fitted on the spacer in the last
operation in the manufacture of the housing, u51ng‘an epoxy ..
adhesive which is polymerised in a neutral.atmdsphere at

A
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a temperature of 150°C.

24, A manufacturing method, as claimed in any one of
the Ctaims 15 to 18, of a housing in accordance with
Claim 10, characterized in that the pins are fixed using
a 511ver/copper/nlcke1 alloy, round preforms made of the
said alloy belng 1nserted between the head of the pin and
the face of the substrate which supports the head, and the

. soldering process being carried out at a temperature ran-

ging from 780°C to 795°C.

25, A manufacturing method, as claimed in Claim 24

in so far as it depends on Claim 18, of a hou51ng 1n ~accor-

" dance with Claim 11, . characterized in that the dev1ce is
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fitted us;ng a gold-sil1con eutectlc at a temperature ran-
ging from 420 to L480°c.

26. A manufacturing method, as claimed in Claim 24

or 25, of a housing in accordance with Claim 12, charac-
terized in that the protective cap of the device is in omne
piece and is fitted on the protecting layver of the multi-
layer circuit by means of a gold/tin alloy at a temperature
of 350°C.

27 A manufacturing method, as claimed in any one of
the Claims 15 to 26, of a housing in accordance with Claim
13, characterized in that the flexible wires for connecting
the terminals of the electronic device to the ends of the
conductors are made of gold and in that they are fixed by
an ultrasonic connecting method, with.or without the use
of heat. .

28. A manufacturing method, as claimed in any one of
the Claims 15 to 27, of a housing in accordance with

Claim 14, characterized in that the pins are introduced and
fixed in the holes of the housing in such a way that the
tips project'from the side of the subetrate which carries
the mult1layer circuit. _ % ' ’
29, A manufacturlng method as claimed 1n any one of
the Claims 15 to 28, characterlzed_ln-that the firing
temperature of the insulating protective layer of the
multilayer circuit is of the order of 550°C and that the
firing temperature of the other insulating conducting -
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layers is of the order of 850°C.

30. A manufacturing method as claimed in any one of
the CYaims 15 to 29, characterized in that the neutral
atmosphere used to carry out the various stages of the
method is a nitrogen atmosphere. '

31. A manufacturing method as claimed in ény one

of the Clajims 15. 1o 30, characterized in that the conduc-
tors are obtained by means of a conducting layer of approxi-~
mately 15/um, and in that the insulation between conduc-
ting layers is obtained by superposing two insulating
layers having a total thickness of approximately ho/um.

30
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